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I. Introduction

An important recent contribution of im-
munology to the biological sciences and to
clinical medicine has been the develop-
ment of sensitive, specific, precise, rapid
and convenient immunochemical assay
methods for the measurement of serum
and tissue concentrations of physiologi-
cally important substances which cannot
be readily determined by standard analyt-
ical laboratory techniques. In the field of
pharmacology, in particular, drug-specific
antibodies have been used extensively in
the past decade in the development of a
variety of immunological assay procedures
for the measurement of the concentrations
of drugs in the serum, urine and tissues of
man and of experimental animals (74, 89-
92, 110, 138, 185, 398, 410, 422, 449, 485,
629-631). This review will deal with: the

general principles of drug immunoassays;
a description of each of the individual
steps involved in the development of a
drug immunoassay; a general considera-
tion of the advantages, limitations and
applications of drug immunoassay proce-
dures; and, an individual consideration of
the specific drug immunoassay methods
which are currently available.

I1. General Principles
A. Immunoassay

The development of the radiocimmunoas-
say (RIA) and related competitive binding
immunoassay methods stems directly from
the classical studies with insulin anti-
bodies by Berson and Yalow (43, 44, 48,
729, 730). Observing that nonradioactive
insulin competed with radiolabeled insulin
for antibody binding sites, these workers
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demonstrated that known quantities of
unlabeled insulin interfered with the bind-
ing of ¥'I-insulin by antibody in such a
predictable manner that, if assayed under
appropriate conditions, the concentration
of insulin in a serum or other unknown
specimen could be inferred from the extent
to which that serum interfered with the
binding of !*I-insulin by the same anti-
body solution (45, 729-731). Not only did
Berson and Yalow demonstrate this phe-
nomenon, but they also carefully deline-
ated the general principles underlying this
and all other competitive binding immu-
noassays (46, 47, 49, 727, 728, 731-733),
thus enabling the extension of these prin-
ciples to the development of immunoassay
methods for the measurement, first of pep-
tide hormones and of proteins (3, 46, 47,
49, 322, 373, 503, 513, 518, 535, 727, 728)
and, subsequently, of drugs (74, 89-92,
110, 138, 185, 398, 410, 422, 449, 485, 629-
631), steroid hormones (2, 4, 99, 336, 465,
493, 709), thyroid hormones (84, 134), and
other small molecules of physiological and
pharmacological importance (34, 93, 518).

All drug immunoassay methods are
based on the ability of a given drug to
inhibit the reaction between drug-specific
antibodies and an appropriately labeled
drug or drug derivative; drug labels may
be radioactive, as in RIA procedures, but
the labels may also be nonradioactive, in
the form of an active enzyme (207, 397,
576, 591, 596, 597, 679, 687, 723), of a spin
label (416, 417, 476, 596), of red blood cells
(7-9, 112, 347, 434), of bentonite particles
(347) or of latex particles (572). In all
immunoassay procedures, standard solu-
tions containing known concentrations of
the drug are incubated with a constant
predetermined amount of labeled drug or
drug derivative and with a constant, but
limited, predetermined amount of drug-
specific antibody. If appropriate concentra-
tions of reagents are employed, increasing
concentrations of drug will cause increas-
ing degrees of inhibition of binding of the
labeled drug or drug derivative. If the
biological fluid to be studied does not inter-
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fere with the assay procedure, the concen-
tration of drug in that fluid can be deter-
mined from the extent to which it inhibits
the reaction between antibody and labeled
drug, when compared with a simultane-
ously performed standard curve, a repre-
sentative example of which is shown in
figure 1 (3, 7, 46, 47, 49, 89-91, 185, 200,
202, 253, 276, 322, 333, 513, 518, 519, 535,
596, 629, 634, 699, 727, 728, 730, 732).
Thus, each competitive binding immu-
noassay procedure is based upon the ana-
lytical demonstration of differences in the
binding of label by antibody in different
individual assay tubes containing various
amounts of unlabeled drug. Since all tubes
in all such assay procedures initially con-
tain identical amounts of label, it is essen-
tial that each method contain a step in
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Fi1G. 1. Representative standard curve for serum
digoxin RIA procedure. In the presence of increasing
concentrations of nonradioactive digoxin (in known
reference standard solutions), the percentage of
[*Hldigoxin (3 ng) bound by a constant amount of
rabbit antidigoxin serum (50 ul of a 1:2500 dilution)
decreases from 59% in the absence of nonradioactive
digoxin to 16% in the presence of 5§ ng (mug) of
nonradioactive digoxin, as determined by the dex-
tran-coated charcoal separation method. If, under
identical conditions, 1 ml of a patient’s serum re-
duces binding of [*H]digoxin to 29%, that serum
contains 2 ng of digoxin per ml. (Reprinted by
permission from V. P. Butler, Jr.: Digoxin: immu-
nologic approaches to measurement and reversal of

toxicity. N. Engl. J. Med. 283: 1150-1156, 1970.)
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which antibody-bound label can be accu-
rately and quantitatively distinguished
from free, unbound label. As shown in
table 1, in the RIA procedures, an actual
separation of bound from free label is
required by such means as electrophoresis
(730, 731), dialysis (201, 217), gel filtration
(234, 242, 275), selective adsorption of free
labeled drug to inert solid particles (295-
297, 452, 516, 573, 581) or.of antibody-
bound drug to membranes (244, 677), co-
precipitation of label with antibody in the
presence of an antibody precipitant such
as ammonium sulfate (128, 218, 470) or a
heterologous (“second antibody”) anti-im-
munoglobulin serum (279, 324, 478), or the
use of antibody in an easily separable solid
phase, coupled to an insoluble support (30,
55, 115, 116, 177, 192, 300, 439, 498, 586,
612, 644, 663, 666, 670, 716, 717). Many of
the nonisotopic assay methods do not re-
quire such a physicochemical separation of
bound from free label. For example, “ho-
mogeneous” enzyme immunoassays have
been developed in which drug-enzyme con-
jugates exhibit enzymatic activity only in
the free state while bound conjugates are
inactive; thus, enzymatic activity upon
addition of substrate to the unseparated
assay mixture provides a direct index of
free label (574, 576, 591, 596, 597, 723).
Spin-label immunoassay procedures like-
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wise require no separation step because
the mobility of free radicals of spin-labeled
drugs in the free state can be distinguished
from their mobility when bound to specific
antibodies, as measured in an electron
spin resonance spectrometer (416, 417, 476,
596).

B. Antibodies to Drugs

The development of immunoassays for
proteins and for large peptide hormones is
facilitated by the fact that most such sub-
stances are capable of eliciting specific
antibody production in experimental ani-
mals. Small molecules (less than 1000 dal-
tons) such as drugs, steroid hormones,
thyroid hormones and small peptide hor-
mones are not usually immunogenic and,
thus, repeated injections of such sub-
stances will not ordinarily elicit antibody
formation. To obtain antibodies specific for
a drug, it is usually necessary to conjugate
the drug (or a chemical derivative) cova-
lently as a hapten to an antigenic protein
or synthetic polypeptide carrier before im-
munization (34, 74, 90-93, 185, 208, 399,
432, 449, 517, 518). As delineated in the
classical studies of Landsteiner (399-402),
a hapten may be defined as a low molecu-
lar weight substance, too small to be im-
munogenic by itself, but which, when co-

TABLE 1
Separation of unbound from antibody-bound radiolabeled drug
Mode of Separation
Method Antibody and antibody-bound radioactiv- .
y and anf ityy oactv Unbound (free) radioactivity
Electrophoresis and chro- In y-globulin electrophoretic frac- Migrates with its own electropho-
matoelectrophoresis tion retic mobility
Equilibrium dialysis Retained inside sac Equal concentration inside and out-
side sac

Gel filtration Eluted early Eluted late
Dextran-coated charcoal Not adsorbed to charcoal; in super- Adsorbed to charcoal; in precipitate

natant after centrifugation after centrifugation
Membrane filtration Bound to nitrocellulose membrane* Washed through membrane*
Ammonium sulfate (Farr) Precipitated by (NH,),SO, In supernatant after centrifugation
Double antibody Precipitated by antibody to animal In supernatant after centrifugation

y-globulin

* Some radiolabeled drug derivatives, e.g., an adriamycin-'**I derivative, have physical properties such
that they are retained on the filter. If conditions are employed under which the capacity of the membrane
for protein is exceeded, free radioactivity is bound to the membrane, while antibody-bound radioactivity
passes through the filter (676).
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valently coupled to a large immunogenic
protein or polypeptide carrier and injected
into an animal, will give rise to the for-
mation of antibodies specific for the chem-
ically coupled small molecule (34, 93, 399,
518).

For proper appreciation of the phenom-
enon of the formation of hapten-specific
antibodies, it is important to be aware of
the fact that, while the antigen recogni-
tion and processing system of an animal is
stimulated only by injection of large mole-
cules such as proteins or hapten-protein
conjugates, antibodies formed in response
to this stimulation recognize and bind only
small segments called “antigenic determi-
nants” (362, 550) of the injected protein or
hapten-protein conjugate. Most proteins
and hapten-protein conjugates contain
many distinct antigenic determinant sites
toward which antibodies are formed and
thus antisera to such antigens contain a
heterogeneous array of antibodies to nu-
merous individual antigenic determinant
sites. If a drug constitutes a major portion
of a given antigenic determinant site, anti-
bodies with specificity for that site will be
capable of binding that drug and can be
used in the development of a specific im-
munoassay. Ordinarily, however, anti-
bodies are also formed to antigenic deter-
minant sites which do not contain hapten.
These latter antibodies will react only
with the protein or polypeptide carrier.
Fortunately, such carrier-specific anti-
bodies do not interfere with properly de-
signed drug immunoassays, but the possi-
bility of such interference must be consid-
ered and excluded in the development of
any new drug immunoassay method (93).

III. Development of Drug
Immunoassays

A. Conjugation of Drug to Protein (or
Polypeptide) Carrier
1. Choice of a carrier. In the synthesis
of a drug-protein conjugate, a protein car-
rier must first be chosen. Almost any
immunogenic protein may be used as a
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carrier for an haptenically coupled drug.
Because of their ready availability, low
cost, excellent solubility, high degree of
immunogenicity and relative resistance to
denaturation under the somewhat rigor-
ous chemical conditions of some hapten
conjugation methods, the serum albumins
of various species (notably, bovine and
human) have most frequently been em-
ployed as the carrier proteins. Various
serum globulin fractions, fibrinogen, thy-
roglobulin, ovalbumin, hemocyanin and
synthetic polypeptides have also been
widely used. The functional groups in the
carrier molecules to which drugs or drug
derivatives may be conjugated are listed
in table 2. Drugs and their derivatives
have been most frequently coupled to the
amino, carboxyl or phenolic groups of pro-
tein or polypeptide carriers (34, 74, 90-93,
185, 432, 449, 517-519).

2. Choice of a conjugation method. In
the method selected for conjugation of a
haptenic drug or drug derivative to a car-
rier, the chemical conditions must entail
minimal structural alterations of the hap-
ten and must not cause sufficient denatur-
ation of the carrier molecule to render it
insoluble. A number of such relatively
gentle conjugation.methods have been de-
scribed. These methods usually, but not
exclusively, utilize amino, carboxyl or hy-
droxyl groups in the drug or drug deriva-
tive in the coupling procedure. Although
experimental details for these methods

TABLE 2

Functional groups of carrier proteins and
polypeptides to which drugs or drug derivatives may

be conjugated
Functional Group Amino Acid(s)
Amino Lysine
NH;,-terminal amino acid
Carboxyl Glutamic acid .
Aspartic acid
COOH-terminal amino acid
Phenolic Tyrosine
Imidazo Histidine
Sulfhydryl Cysteine
Indolyl Tryptophan
Guanidino Arginine
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will not be reviewed, it should be empha-
sized that a profound knowledge of organic
chemistry is not required for the use of
any of these methods and, in many in-
stances, isolation of intermediate com-
pounds is not required. It should also be
emphasized that the most important sin-
gle consideration in the selection of a con-
jugation procedure is the availability of
potentially reactive groups in the drug. If
the drug lacks suitable functional groups
or if it is considered desirable to keep
certain functional groups intact in the
final hapten-protein conjugate, considera-
tion should be given to the use of a drug
derivative or analog which contains suita-
ble reactive groups.

Drugs or drug derivatives with free
amino groups can be coupled with the
carboxyl groups of proteins most readily
by the addition to a drug-protein mixture
of a water-soluble carbodiimide (12, 66,
131, 256, 423, 426, 441, 673, 676). Alterna-
tively, drugs with amino groups can be
conjugated to amino groups of proteins by
the addition of glutaraldehyde (238, 547,
551, 673) or of toluene 2,4-diisocyanate
(426, 593). Aromatic amino groups of drugs
or drug derivatives can be converted, us-
ing nitrous acid, to the corresponding dia-
zonium compound which, at a mildly al-
kaline pH, will react with the tyrosine,
histidine and tryptophan residues of the
protein carrier (34, 208, 282, 517, 582, 669).

Drugs or drug derivatives with free car-
boxyl groups can most readily be conju-
gated to the amino groups of carriers by
the addition to a drug-protein mixture of a
water-soluble carbodiimide (1, 243, 256,
294, 338, 367, 426, 434, 464, 490, 526, 633,
671) or by the mixed anhydride reaction
(156, 186, 188, 210, 211, 425, 494, 680, 693,
695).

Numerous methods have been developed
for conjugating compounds with free hy-
droxyl groups to carrier proteins. Since, in
general, direct coupling via the hydroxyl
group is not possible, it is necessary to
prepare intermediate compounds or deriv-
atives which can then be conjugated to the
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carrier. For example, the hydroxyl groups
of steroids and of many drugs react with
succinic anhydride to form hemisuccinates
which, via their free carboxyl groups, can
be coupled to the amino groups of proteins
by either the carbodiimide or mixed anhy-
dride method, as described above (140, 143,
198, 210, 211, 241, 247, 308, 369, 425, 473,
507). Alternatively, the hydroxyl groups of
steroids will react with phosgene to yield a
highly reactive chlorocarbonate derivative
which reacts directly with the amino
groups of protein in the presence of bicar-
bonate (210, 425). The bifunctional re-
agent, sebacoyl dichloride, has been used
to convert alcohols to acid chlorides which,
under mildly alkaline conditions, react
with amino groups of proteins (19). Phe-
nols will react readily with diazotized
p-aminobenzoic acid; the resulting deriva-
tive contains a free carboxyl group, which
can be coupled to the amino groups of
protein carriers by either the carbodiimide
or mixed anhydride method (34, 261).
Compounds, such as digitalis glycosides,
with vicinal hydroxyl groups can be con-
verted, by the addition of sodium meta-
periodate, to dialdehydes which will react
directly with the amino groups of protein
carriers under mildly alkaline conditions
(81, 94, 209, 370). Other methods are also
available for the conjugation, to protein
carriers, of compounds with hydroxyl
groups (34, 208).

Drugs or drug derivatives with keto or
aldehyde groups can be converted to O-
(carboxymethyl)oximes by adding them to
O-(carboxymethyl)hydroxylamine, (car-
boxymethoxylamine), thus introducing a
carboxyl group which can then be coupled
to the free amino groups of protein carriers
by either the mixed anhydride or the car-
bodiimide method (100, 161, 210, 211, 308,
350, 425, 461, 463, 473, 499, 540, 703).

B. Characterization of Drug-Protein
Conjugates

. Incorporation of too few, or of too many,
hapten molecules into a hapten-protein
conjugate may result in a poor antibody
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response. Several workers have stated
that substitution of between 5 and 15 hap-
tenic groups per molecule of carrier has
seemed ideal when serum albumin was
used (208, 399, 519). Thus, before immuni-
zation of experimental animals with a
drug-protein conjugate, it is useful to de-
termine the average number of drug mol-
ecules one has conjugated to each molecule
of protein carrier. In table 3 are listed five
methods by which the degree of drug incor-
poration into a conjugate can be character-
ized.

The extent of haptenic incorporation
into a conjugate can, in some instances, be
determined by direct chemical analysis of
the conjugate (117, 187, 198, 256, 352, 454,
692). If the chemically introduced haptenic
group has an absorption spectrum, either
in visible or in ultraviolet light, which will
enable one to differentiate the hapten from
the carrier, the ratio between the molar
extinction coefficient (433) of the conjugate
and that of the hapten at an appropriate
wavelength can be used to calculate the
molar incorporation of hapten into the
conjugate; even if there is overlap in spec-
tra between hapten and carrier, the molar
incorporation of hapten can be estimated
with reasonable accuracy by determining
the difference in molar extinction coeffi-
cients between conjugate and carrier, and
then comparing this difference with the
molar extinction coefficient of the hapten
at the same wavelength (208, 210, 623,
664). Other methods for determining the
extent of haptenic incorporation include
determination of the extent of incorpora-
tion of radiolabeled drug into conjugate
12, 27, 131, 136, 137, 154, 294, 350, 420,
423, 441, 464, 658) and determination of

TABLE 3
Methods for characterization of drug-protein
conjugates

1. Chemical analysis

2. Spectrophotometric analysis

3. Incorporation of radiolabeled drug
4

5

. Analysis of receptor groups in carrier
. Immunological assay
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the decrease of free amino groups in the
carrier protein, following use of a method
involving conjugation of drug to free
amino groups of the carrier (125, 151, 208,
210, 247). Finally, if one has already devel-
oped an immunoassay for a drug, the ex-
tent of drug incorporation into a conjugate
can be estimated immunologically; ob-
viously, this latter method is not useful
when one is initially synthesizing and
characterizing a new drug-protein conju-
gate.

C. Immunization with Drug-Protein
Conjugates

Although drug-specific antibodies may
be elicited in any mammalian or avian
species, animals of some species appear to
be capable of greater antibody formation
than are animals of other species. Even
within a species, however, individual ani-
mals vary greatly both in their capacity to
form antibodies to a given antigenic deter-
minant and in the specificity of the anti-
bodies formed. It is occasionally necessary
to immunize many animals before one
encounters a single animal capable of pro-
ducing antibodies of satisfactory titer,
specificity and affinity for use in an im-
munoassay procedure. Therefore, al-
though large animals such as goats and
sheep are good sources of antibodies, it is
wise initially to use smaller animals.
Some workers have employed guinea pigs
and mice with good results. In the experi-
ence of most workers, however, rabbits
have been most satisfactory from the point
of view that they are, in general, good
antibody-forming animals and that it is
possible to obtain sufficient serum (20 ml)
from a single bleeding to perform several
hundred thousand individual immunoas-
say determinations once the specificity
and affinity of that serum specimen has
been established (91, 92).

Ordinarily, drug-protein conjugates are
suspended in Freund’s complete adjuvant
mixture (129, 236) at a final concentration
of 1 mg/ml; lesser concentrations may be
employed if the available supply of the
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drug-protein conjugate is limited. Numer-
ous immunization schedules, both in
terms of antigen dosage and frequency of
injections, have been described. In our
laboratory, rabbits are injected with 0.4 to
0.6 ml doses weekly for 2 months, followed
by injections every 2 weeks for several
months and finally by single monthly in-
jections. Longer periods of time (8-16
months, in some instances) than are em-
ployed for protein antigens may be re-
quired to obtain antihapten antibody of
optimal titer, specificity, and affinity (232,
334, 519, 623, 660). Vaitukaitis and her
colleagues have described a method which
employs a small, divided primary immu-
nizing dose together with Bordetella per-
tussis vaccine and which may be partica-
larly useful when the quantity of hapten
or conjugate is limited (492, 668). These
and other practical problems connected
with raising antisera for use in immunoas-
says have been reviewed recently (326,
327, 395, 502, 585).

D. Labeling of Drugs and Drug
Derivatives

1. Radioactive labeling. The most use-
ful methods for radiolabeling of drugs for
use in the detection of drug-specific anti-
bodies involve the incorporation of either
tritium (°H) or radioiodine (**]) into drugs
or drug derivatives; *C-labeled drugs can
also be used, but the specific activities
thus achieved are relatively low. Methods

" employing C labels are thus relatively
insensitive both in the detection of anti-
bodies and in the development of radioim-
munoassays (11, 12).

Tritium can readily be introduced into
most drugs by the Wilzbach technique
(720), followed by chromatographic purifi-
cation. It has a long half-life of 12.3 years
and it represents no major external radia-
tion hazard. However, it is not ideal.
Firstly, since tritium emits only B-parti-
cles, liquid scintillation counting of ra-
dioisotopic disintegration must be em-
ployed. This can be cumbersome, time-
consuming and costly; quench corrections
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with the addition of internal standards
may be necessary, and chemiluminescence
can cause delays or misleading results
unless proper control procedures are car-
ried out (88, 291). Secondly, in the case of
certain drugs, sufficient specific activity
cannot be achieved to provide the sensitiv-
ity needed for the subsequent development
of RIA procedures.

125].]abeled drugs have certain advan-
tages over *H-labeled drugs. '®I is a y-
emitter, and gamma counting is faster,
more convenient, and less expensive than
liquid scintillation counting. In addition,
higher specific activities can be achieved
with '»] than with 3H, with resultant
increases in sensitivity, both in antibody
detection and in the subsequent develop-
ment of radicimmunoassay methods. With
the use of currently available radioiodina-
tion methods, it is difficult to achieve high
specific activities by attempting to couple
135] directly to most drugs. To facilitate
radioiodination, derivatives may be syn-
thesized which contain histamine (101,
102), desaminotyrosine (254), tyrosine
methyl ester (507, 703, 704), tyramine (404,
675) or another phenol-containing group
(405, 514, 551, 676); alternatively, drugs
and drug derivatives have been conjugated
to proteins (1, 339, 466, 697a) or to syn-
thetic polypeptides containing tyrosine
residues (32, 419, 491, 674). Such drug
derivatives can then be labeled with %];
radioiodination is usually carried out by
the chloramine T method (132, 264, 321-
323, 325), although enzymatic radioiodina-
tion using bovine lactoperoxidase (181,
445) is also feasible. An alternative
method which has been used for the ra-
dioiodination of drugs or drug derivatives
with free amino groups (76-78) is acylation
with the so-called Bolton-Hunter reagent,
125].]1abeled 3-(4-hydroxyphenyl) propionic
acid N-hydroxysuccinimide ester (61, 578).
The steps necessary to radioiodinate a
drug or drug derivative may be chemically
difficult and, moreover, the resultant
change in drug structure may alter its
immunological behavior. Other disadvan-
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tages of '»[ include: a relatively short half-
life of 60 days, possible chemical damage
to the drug caused by radioidine, the need
for frequent iodination with purification
and immunological assessment of each
newly iodinated batch and the continued
exposure of laboratory personnel to '*I
(57, 520).

2. Nonradioactive labeling. For use in
the development of enzyme-linked immu-
noassays, certain drugs and other small
molecules have been conjugated to such
enzymes as horseradish peroxidase (679),
lysozyme (597), malate dehydrogenase and
glucose 6-phosphate dehydrogenase (591);
the extent of hapten incorporation into
hapten-enzyme conjugates is deliberately
kept low in order that the conjugate may
retain enzymatic activity. In an analogous
manner, haptens such as prostaglandins
and steroid hormones have been coupled
to bacteriophage in such a manner that
the hapten-bacteriophage conjugate re-
tains its infectivity (15, 16, 277, 442). For
use in the development of spin label im-
munoassays, nitroxide spin labels have
been coupled to drugs or drug derivatives
by conventional organic syntheses (416,
417, 596). For use in the development of
hemagglutination inhibition methods,
drug-protein conjugates have been conju-
gated to red blood cells (7-9, 112, 434).

E. Detection of Drug-Specific Antibodies
. Since most animals immunized with
drug-protein conjugates form antibodies
with specificity for the carrier protein, the
method chosen for detection of drug-spe-
cific antibodies must be one in which anti-
bodies specific for the carrier will not also
interact. The simplest and most direct
methods for the detection of drug-specific
antibodies without interference by carrier-
specific antibodies involve the direct dem-
onstration of binding of radioactively la-
beled drugs or drug derivatives by anti-
body. Such binding can be demonstrated
by any of the methods listed in table 1.

Since many drugs are bound to a signifi-
cant degree by normal serum proteins (es-
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pecially in undiluted serum), it is impor-
tant to demonstrate that binding of labeled
drug is not observed with appropriate di-
lutions of control sera from nonimmunized
animals and from animals immunized
with unrelated antigens.

In the absence of radiolabeled drug,
drug-specific antibodies can be detected by
their ability to inhibit drug-enzyme conju-
gates, by their capacity to inactivate drug-
bacteriophage conjugates, by their ability
to agglutinate drug-erythrocyte conju-
gates or by their ability to alter the signal
produced by spin-labeled drugs, as as-
sessed by an electron spin resonance spec-
trometer. It is also possible to employ
classic precipitin (98, 539) or complement
fixation (282) methods to demonstrate the
interaction of drug-specific antibody with
conjugates in which the hapten is attached
to a carrier antigenically unrelated to the
carrier used for immunization.

Whatever method is selected for the
detection of drug-specific antibodies, it is
important to ascertain that the observed
interaction is specifically inhibited by free,
unconjugated drug (90, 91, 93).

F. Characterization of Drug-Specific
Antibodies

1. Specificity. Once it has been demon-
strated that a labeled drug or drug deriv-
ative is bound by an antiserum, it must be
shown that this binding is specific. First,
one must demonstrate that nonlabeled
drug is an effective inhibitor of this bind-
ing. Then, one must proceed to assess the
degree of inhibition caused by metabolic
products of the drug and by other structur-
ally related molecules. To indicate the
degree of specificity which can be achieved
in selected drug-specific antisera, the
structural formula of digoxin is compared
in figure 2 with those of digitoxin, a closely
related cardiac glycoside, and dihydrodi-
goxin, a pharmacologically ineffective
metabolic breakdown product of digoxin.
Despite the minimal chemical differences
between - digoxin and these two closely
related glycosides, it is possible to elicit
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Fi1G. 2. Structural formulas of digoxin, digitoxin and dihydrodigoxin. The portions of the digitoxin and
dihydrodigoxin molecules, respectively, which differ structurally from digoxin are depicted in boldface.
(Reprinted by permission from V. P. Butler, Jr., D. H. Schmidt, J. F. Watson and J. D. Gardner: Production
and properties of digoxin-specific antibodies. Ann. N.Y. Acad. Sci. 242: 717-730, 1974.)

digoxin-specific antibodies which bind di-
goxin 20 to 30 times more effectively than
they bind either digitoxin or dihydrodi-
goxin (92, 94, 623). Finally, it is also nec-
essary to demonstrate that structurally
more distant compounds, notably other
frequently prescribed drugs or substances
normally present in human plasma, do not
inhibit the binding of drug by antibody.
For example, antibodies to digitalis glyco-
sides react with steroid hormones (94);
therefore, it was necessary to demonstrate
that concentrations of steroid hormones
encountered in human sera did not inhibit
the binding of *H-digoxin by antidigoxin
sera before the immunoassay method
could be used clinically to measure serum
digoxin concentrations (622, 623).

In connection with studies of antibody

specificity, it is important to recognize
that antibodies to a given drug will usu-
ally react with metabolites of that drug.
With appropriate absorption techniques, it
may occasionally be possible to remove
some of the antibodies which cross-react in
this manner. It should be remembered,
however, that absolute specificity of anti-
bodies for a given molecule will rarely, if
ever, be observed (34). Cross-reactivity
with drug metabolites may not represent
a major disadvantage if, in practice, serum
concentrations of “immunoreactive” drug
correlate well with values obtained by
other methods and with the clinical state
of the patients studied. For example, such
a correlation does exist in the case of
digoxin; this correlation, however, does
not necessarily apply to other drugs be-
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cause digoxin is somewhat unusual in that
it is not extensively degraded in man, and
in that several of its major metabolites are
both pharmacologically and immunologi-
cally active (89).

Antibodies to a given drug will often
react with related drugs of the same class,
but this cross-reactivity should not consti-
tute a major problem clinically if it can be
established with certainty that the patient
is receiving a given drug and has not
recently received a chemically related
agent (89).

. If problems are encountered in obtain-
ing antibodies of satisfactory specificity for
use in an immunoassay procedure, it is
important to remember that different in-
dividual animals may produce antibodies
which vary greatly in specificity; one
should, therefore, examine several anti-
sera to select the one with optimal specific-
ity. Moreover, inasmuch as the specificity
of antihapten antibodies appears to be
directed primarily against that portion of
the hapten molecule furthest from the site
of conjugation to the carrier, antibodies of
different specificity can often be obtained
if the hapten is coupled to the carrier via a
different functional group (31, 63, 93, 208,
266, 340, 425, 495, 630, 683).

2. Affinity. Antiserum to a given drug
usually contains a heterogeneous popula-
tion of drug-specific antibodies with differ-
ent avidities or association constants. In
general, the greater the affinity of anti-
body for drug, the more sensitive will be
the immunoassay which can be developed
and the simpler it will be to make assay
behavior constant and reproducible. Ac-
cordingly, the determination of association
constants is useful in the selection of anti-
sera for use in immunoassay work; it is,
however, not essential since the avidity of
antibodies may be inferred from a variety
of measurements of hapten-antibody inter-
actions (322, 327). Recent studies have also
emphasized that dissociation constants of
drug-antibody complexes may be impor-
tant when, in an immunoassay procedure,
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the adsorbent used to separate free from
antibody-bound drug competes with anti-
body for drug molecules which dissociate
from antibody during the separation step
(460, 616, 625, 626).

It should be pointed out that no two
antisera to any antigen may ever be con-
sidered to be identical either in specificity
or in affinity. Even in antisera obtained at
different times from a single animal, strik-
ing changes in the affinity and specificity
of antidrug antibodies have been observed
with time (623). Thus, published results
regarding the specificity or affinity of an-
tidrug antibodies should never be extrap-
olated to one’s own antisera; furthermore,
it would seem reasonable to require com-
mercial suppliers of drug antisera or of
drug immunoassay kits to provide data
concerning specificity and affinity with
every sample sold.

3. Titer. By antibody titer is meant the
greatest dilution of antibody which will
produce a given degree of binding of a
stated amount of a drug (322). The higher
the titer, the more determinations one can
perform with a given volume of antiserum.
Thus, antidigoxin sera frequently can be
used at dilutions theoretically great
enough to allow 200,000 digoxin determi-
nations to be performed with 1 ml of anti-
serum. However, a high-titered antiserum
is useless unless both specificity and affin-
ity are satisfactory.

G. Immunoassay Methods

1. Radioimmunoassay. When a radio-
labeled drug or drug derivative with sat-
isfactory specific activity and radiochemi-
cal purity is available, the use of a ra-
dioimmunoassay method may be consid-
ered. Any of the separation methods listed
in table 1 may be employed (146, 180, 504,
519, 543). Equilibrium dialysis, electropho-
resis, chromatoelectrophoresis and gel fil-
tration have proved to be too cumbersome
for routine use when large numbers of
specimens must be analyzed. The separa-
tion methods which are most widely used
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at the present time include the dextran-
coated charcoal method, the double anti-
body method, the ammonium sulfate pre-
cipitation method and a variety of solid
phase antibody procedures.

The dextran-coated charcoal method
(295-297) involves the almost instantane-
ous adsorption of non-antibody-bound drug
onto charcoal particles and its rapid cen-
trifugal separation from antibody-bound
radioactivity; thus, it is not useful where
radiolabeled drugs or drug derivatives are
not effectively adsorbed to the charcoal or
where, with a high dissociation constant
for a drug-antibody complex, results vary
with time as dissociated drug is progres-
sively adsorbed to charcoal as a function of
the duration of the charcoal incubation
step in the immunoassay procedure (460,
625). The principal advantages of the dex-
tran-coated charcoal method are its con-
venience and rapidity and, when antibody
affinities are sufficiently high to permit its
use, it is one of the most satisfactory of all
RIA procedures.

As noted above, some radiolabeled drugs
and drug derivatives, notably radioiodi-
nated drug-protein or drug-polypeptide
conjugates, are not readily or completely
adsorbed to dextran-coated charcoal. In
such instances, the double antibody
method (279, 324, 478) may be employed.
This method involves the addition of an
antiserum to the immunoglobulin of the
species from which the drug-specific anti-
body was obtained; such addition of anti-
immunoglobulin serum results in the co-
precipitation of drug-specific antibody to-
gether with bound labeled drug (or drug
derivative), while free radioactivity re-
mains in the supernatant fluid after cen-
trifugation. The double antibody method
involves more manipulations than the
coated charcoal method, requires 24 to 48
hours to perform and employs large vol-
umes of anti-immunoglobulin serum (as a
source of the so-called “second antibody”),
which must ordinarily be obtained from a
large animal (sheep, goat, horse or cow) at
considerable expense. Despite these limi-
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tations, it is a specific, precise and highly
reproducible method.

The ammonium sulfate precipitation
method of Farr (128, 218, 470) involves the
coprecipitation of antibody-bound radiola-
beled drug with the entire immunoglobu-
lin fraction of antiserum, as the result of
the addition of a saturated solution of
ammonium sulfate, an effective reagent
for the precipitation of immunoglobulins
of all species. Like the dextran-coated
charcoal method, this method is rapid and
convenient and has great utility in the
initial detection of drug-specific anti-
bodies, as discussed above in section IIl E
but it is, in general, less precise and less
reproducible than the coated charcoal or
double-antibody RIA methods.

A large number of RIA methods have
been developed in which the separation of
bound from free radiolabeled tracer is sim-
plified by the use of antibody coupled to a
solid-phase support. Among the particu-
late supports to which specific antibodies
have been coupled are Sephadex (717),
polystyrene (115), polypropylene (177),
agarose (612), cellulose (644), bromoacetyl
cellulose (17), cellulose triacetate beads
(157), glass beads (55, 431), polyurethane
sponges (670), nylon nets (586) and red
blood cells (439); antibodies have also been
rendered insoluble by polymerization with
ethylchloroformate (192) or have been im-
mobilized by entrapment in polyacryl-
amide gel (255). In these instances, sepa-
ration of bound from free radiolabeled
tracer is usually achieved by centrifuga-
tion. It is also possible to couple antibody
to the surface of polypropylene or polysty-
rene test tubes; in this instance, the sepa-
ration step consists of simple decantation
of unbound tracer after an appropriate
incubation period (30, 116, 663). Recently,
methods have been described in which
antibodies have been conjugated to mag-
netic supports such as silicone-treated
(300) or polymer-coated (498) iron oxide; a
magnetic field rather than centrifugation
is used to separate unbound tracer from
tracer bound to the insolubilized antibody.
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One limitation of solid phase RIA methods
is that there may be loss of antibody dur-
ing its coupling to the solid phase; this is
not ordinarily a major consideration ex-
cept in instances in which the available
supply of a given antiserum is limited. A
more serious limitation of solid phase RIA
methods is the fact that nonspecific bind-
ing or trapping of tracer by the solid sup-
port may occur; the magnitude of such
binding or trapping may not become ap-
parent if uncoated insoluble support sub-
stances are employed in control tubes;
proper controls should include tubes con-
taining unrelated antibodies coupled to
the same insoluble support. If such bind-
ing and trapping are not significant, solid-
phase RIA methods offer advantages over
double antibody methods, in that incuba-
tion with a second antibody is not re-
quired, and over ammonium sulfate pre-
cipitation methods, in that results are
more accurate and reproducible; solid
phase RIA methods are as convenient to
employ as the dextran-coated charcoal
method and possess significant advantages
over this latter method in instances in
which either the radiolabeled drug is inef-
fectively adsorbed to the charcoal or, con-
versely, dissociates rapidly from the anti-
body and is adsorbed rapidly to the char-
coal.

2. Enzyme immunoassay. Enzyme im-
munoassays, as initially described, em-
ployed antibodies coupled to solid phase
supports to enable the separation of bound
enzyme-antigen conjugates from free en-
zyme-antigen conjugates (207, 397, 591,
679, 687). More recently, “homogeneous”
enzyme immunoassays have been devel-
oped in which drugs have been conjugated
to enzymes such as lysozyme, glucose 6-
phosphate dehydrogenase and malate de-
hydrogenase in such a way that, when the
enzyme-labeled drug is complexed with
drug-specific antibody, the enzyme is ren-
dered inactive; the mechanism by which
the enzyme is inactivated is not known,
but it has been suggested that the inacti-
vation may involve steric exclusion of the
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enzyme substrate from the enzymatically
active site. Whatever the mechanism may
be, physical separation of bound from free
drug-enzyme conjugate is unnecessary.
When this assay method is used, the addi-
tion of increasing amounts of drug to con-
stant amounts of drug-specific antibody
and drug-enzyme conjugate will reduce
the degree of enzyme inactivation in a
reproducible and predictable manner, thus
enabling the construction of standard
curves and the analysis of test specimens
(591, 596, 537). In addition to not requiring
a separation step, homogeneous enzyme
immunoassays possess a significant ad-
vantage over RIA methods in that they do
not require the use of radioisotopes, thus
rendering them safer and more convenient
for laboratory personnel. In addition, the
enzyme-labeled drugs and drug deriva-
tives remain stable for longer periods (up
to 1 year) than their radioiodinated coun-
terparts, which rarely can be used for
longer than 6 or 8 weeks. Finally, assays
of enzymatic activity require a spectropho-
tometer, which is considerably less expen-
sive than the counting equipment required
for radioimmunoassays. In view of these
advantages the use of enzyme immunoas-
says for drug measurement has increased
significantly in clinical laboratories in re-
cent years.

3. Spin label immunoassay. Spin label
immunoassay methods have employed ni-
troxide radicals which show characteristic
electron spin resonance spectra, if able to
tumble freely in solution; however, if the
mobility of these radicals is reduced, the
intensity of their electron spin resonance
signals is decreased. Thus, nitroxide-la-
beled drugs have characteristic spectra,
the intensities of which are decreased
when the spin-labeled drugs are bound to
antibodies. Unlabeled drug will, of course,
compete with nitroxide-labeled drug for
antibody combining sites, resulting in an
increase in the intensity of the electron
spin resonance signal; based upon the in-
creases in intensity observed with the ad-
dition of increasing amounts of unlabeled
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drug to a constant amount of drug-specific
antiserum and spin-labeled drug, a stan-
dard curve can be constructed and the
concentrations of drug in test specimens
determined (596). Because this method re-
quires the availability of, and familiarity
with, an electron spin resonance spectrom-
eter, its use to date has been limited.

4. Agglutination inhibition. Drug-spe-
cific antibodies will agglutinate red blood
cells (7), latex particles (572) or bentonite
particles (347) which have been “coated”
with the corresponding drug, drug deriva-
tive or drug-protein conjugate. If drug-spe-
cific antibodies are incubated with free
drug for a few minutes before the coated
red cells or particles are added, these anti-
bodies are no longer available for aggluti-
nation of the drug-coated cells. The extent
of inhibition of the agglutinating activity
of the drug-specific antibodies is, of course,
related to the concentration of free drug
added and thus the concentration of free
drug in test specimens can be determined
by the extent of inhibition of agglutination
caused by that test specimen in compari-
son with the inhibition produced by known
standard concentrations of free drug (7).
Agglutination inhibition assay methods
are less sensitive than RIA methods, but
can provide useful information when ra-
dioactively or enzymatically labeled drugs
or drug derivatives are not available.

5. Viroimmunoassay. Although its use
in drug measurements has not been re-
ported, the viroimmunoassay method has
been used in the assay of estradiol-178 (15)
and of prostaglandin F,, (16) and could be
used for drug assays. This method employs
the ability of hapten-specific antisera to
neutralize bacteriophage-hapten conju-
gates; such inactivation is inhibited by
free hapten and this inhibition has formed
the basis for the development of viroim-
munoassay methods capable of detecting
as little as 1 or 2 pg of free hapten (15, 16)

6. Immunoradiometric assay. Immu-
noradiometric assays have been used
mainly in the assay of peptide hormones,
and their use for drug assay has not been
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reported. The immunoradiometric assay
method involves the use of solid phase
antigen coupled to an insoluble support.
Radiolabeled antibodies will ordinarily be
bound to solid phase antigen, but this
binding will be inhibited if soluble antigen
is added to the radiolabeled antibody be-
fore its incubation with the solid phase
antigen. When different amounts of solu-
ble antigen are added to radiolabeled an-
tibody, the amount of radioactivity re-
maining in solution is related to the
amount of soluble antigen added, thus
enabling the formation of a standard
curve, from which the concentration of
soluble antigen in test specimens can be
determined (5, 6, 467-469, 564, 725).

7. Other immunoassay methods. Hap-
tens have also been measured by fluores-
cence polarization immunoassay (179) and
by fluorescence excitation transfer immu-
noassay (665), but the applicability of
these methods to the measurement of
drugs or other substances in biological
fluids has not yet been established.

H. Application of Immunoassay Methods
to Biological Fluids

Before an immunoassay method can be
used to measure concentrations of a given
drug in serum, plasma, urine or another
biological fluid, it must be determined that
the fluid to be assayed, when obtained
from individuals who have not received
the drug, does not contain substances
which interfere with the binding of tracer
by drug-specific antibodies. Such interfer-
ence most commonly is caused by natu-
rally occurring substances which cross-
react with drug-specific antibodies; it may
also be caused by substances which de-
grade a labeled drug derivative (647) or by
substances which bind the tracer (288, 299,
536).

Drug standards for immunoassay deter-
minations should be very carefully pre-
pared (22-24, 162) in the presence of the
fluid to be assayed. Such fluid should be
obtained from normal individuals who are
receiving no drug, and the volume used
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should be identical with the volume em-
ployed in the assay procedure; it should be
established that standards prepared from
the fluids of several individuals not receiv-
ing the drug yield comparable results be-
fore the assay method is employed in the
analysis of test specimens from drug-
treated individuals.

Many drug immunoassay procedures
can be carried out with untreated and
unextracted serum, plasma or other bio-
logical fluid. It is, however, sometimes
necessary to carry out extractions or other
separatory procedures before the immu-
noassay in order to concentrate the test
substance, to remove it from a normal
binding site on a protein in the test serum,
or to separate it from certain of its meta-
bolic derivatives or from other structurally
related substances which are capable of
inhibiting the reaction between drug-spe-
cific antibody and the labeled drug or drug
derivative. Occasionally, a prior treat-
ment or separatory procedure is required
to inactivate or remove substances which
degrade or metabolize the labeled drug or
drug derivative.

The stability of the drug in each biolog-
ical fluid to be assayed must be established
and appropriate conditions for storage de-
termined by assaying identical standard
specimens at various time intervals after
the addition of drug and by the repetitive
analysis of test specimens at varying time
intervals after the specimen is obtained;
such assessment of stability is particularly
important in the case of urine immunoas-
says.

1. Analysis of Results

Numerous methods are available for the
analysis of data obtained by immunoassay
procedures. Most commonly, a binding pa-
rameter is expressed graphically on the
ordinate as a function of drug concentra-
tions in standard specimens as plotted
(usually, but not exclusively, logarithmic-
ally) on the abscissa; then, the drug con-
centrations in identical volumes of simul-
taneously analyzed test specimens are de-
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termined from this standard curve on the
basis of the extent of binding of labeled
drug or drug derivative observed in the
presence of each test specimen. The bind-
ing parameters which have been expressed
graphically include the ratio of antibody-
bound (B) to free (F) labeled drug or drug
derivative (B/F ratio), the percentage of
label bound (fig. 1) or the percentage of
inhibition of binding of the labeled com-
pound; in the case of RIA, results have
also been expressed as units of radioactiv-
ity bound, whereas, in the instances of
homogeneous enzyme immunoassays and
spin label immunoassays, results have
been expressed as enzymatic activity or as
the peak heights of the electron spin reso-
nance signal. The mathematical signifi-
cance and the computerized processing of
immunoassay data, particularly those ob-
tained by RIA procedures, has been the
subject of numerous treatises; in the
course of these studies and analyses,
methods have been devised to develop em-
pirical quality control systems to obtain
estimates of the stability, precision and
reproducibility of RIA systems (127, 195,
220, 221, 225, 302, 451, 556-563, 700, 724).

IV. General Considerations
A. Advantages of Immunoassay Methods

In the past decade, the development and
refinement of spectrophotofluorometric,
gas chromatographic, mass spectrometric
and high pressure liquid chromatographic
methods have provided clinical and inves-
tigative laboratories with the capacity to
measure drug concentrations, at the pi-
comolar level, in tissues and biological
fluids (548, 682). Many such assay methods
are sensitive and highly specific but they
are often cumbersome and, in most in-
stances, require one or more extraction
steps, thus making the analysis of large
numbers of specimens difficult; further-
more, milliliter volumes of serum are usu-
ally required for analysis. Immunoassay
methods are also sensitive and specific
but, in addition, they often provide the
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rapidity and convenience needed for the
daily performance of large numbers of
drug analyses on small volumes of serum
in clinical laboratories. It is not difficult
for one technician to perform blood drug
level determinations on microliter vol-
umes of serum from 40 patients within a
few hours (92) and the development of
automated immunoassay methods (72,
152, 203) will further increase the capacity
of the clinical laboratory. The rapid anal-
ysis of large numbers of samples is often
highly desirable clinically in the evalua-
tion of drug therapy and in the prompt
determination of appropriate dosage
schedules for individual patients being
treated with a given drug; for example,
the availability of digoxin immunoassay
methods has provided aid to physicians in
properly individualizing digoxin dosage
schedules (89, 95, 414, 528, 619, 621) and
appears to have contributed to a tempo-
rally related decrease in the incidence of
digoxin intoxication in digoxin-treated pa-
tients (197, 381). The simplicity and con-
venience of drug immunoassay methods
also render them highly suitable for large-
scale studies of drug bioavailability (196,
427, 429, 457, 538, 549, 604, 689), pharma-
cokinetics (41, 51, 156, 188, 212, 304, 343,
461, 599, 601, 659), compliance (38, 609,
708) and abuse (110, 138, 485).

B. Limitations of Immunoassay Methods

1. Specificity. Since antibodies to a
given drug may cross-react to varying de-
grees with metabolic derivatives of the
drug, drug metabolites may contribute to
observed serum concentrations of “immu-
noreactive” drug. Although immunoreac-
tive drug concentrations are often propor-
tional to tissue concentrations of biologi-
cally active drug, it should be noted that
immunoassay methods are sometimes less
specific than other assay methods in that
immunoreactive drug concentrations may
reflect not only the drug but also certain
active and/or inactive metabolites. It is
therefore useful to assess the significance
of serum drug concentrations as measured
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by immunoassay by comparison of the
observed results with values obtained by
other methods of analysis in specimens
obtained from individuals (or from experi-
mental animals) receiving this drug; alter-
natively, serum concentrations of immu-
noreactive drug may be compared with a
quantifiable pharmacological or toxic ef-
fect of the drug, or empirically with the
clinical response to the drug (89).

2. Stability of reagents. Although anti-
bodies are stable for many years if
properly stored in concentrated form, de-
terioration of antisera may occur if appro-
priate precautions are not taken (249, 373).
Deterioration of labeled drugs or drug de-
rivatives may also occur with time, partic-
ularly in the case of radioiodinated drug
derivatives (373). The stability of stan-
dards must also be assessed if stored,
rather than freshly prepared, standards
are to be employed in immunoassay pro-
cedures (22-24, 29, 162, 571).

C. Applications of Drug Immunoassays

Drug immunoassay methods have been
used most extensively in the clinical as-
sessment of patients, with particular re-
spect to the determination of optimal dos-
age schedules for individual patients being
tested with a given drug. As with all drug
assay procedures, drug immunoassay
methods will yield clinically useful infor-
mation only if it can be established, exper-
imentally or on clinical grounds, that the
drug concentrations in the specimens
being analyzed bear some relationship to
a pharmacological effect of, or the clinical
response to, that drug (71, 182, 379, 380,
682). In this connection, the time at which
the specimen is best obtained with respect
to the last dose of the drug is quite impor-
tant and must be established before the
immunoassay procedure can be used
properly (89, 379, 380). With the increasing
availability of such information, much has
been learned about heretofore obscure
processes which contribute to the long-rec-
ognized but hitherto poorly understood in-
dividual variability in drug dosage re-
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quirements and in susceptibility to the
toxic effects of drugs (95, 546, 681). For
example, immunoassay methods have
been used to identify and characterize cer-
tain drug-drug interactions(80, 358, 428,
529, 686), and to define clinically impor-
tant differences in the bioavailability of
different preparations of the same drug
(427, 429, 457, 538, 549, 604, 689). Drug
immunoassay methods have also provided
much useful pharmacokinetic information
concerning drug absorption (14, 80, 216,
290, 318, 320, 341, 343, 344, 358, 428, 443,
482, 501, 505, 603, 686, 711, 713), compart-
mental distribution (388, 650), metabolic
degradation (96, 230, 409, 463) and excre-
tion (33, 79, 223, 239, 262, 269, 280, 328,
360, 385, 455, 640).
V. Specific Drug Immunoassays

Table 4 lists drugs for which immunoas-
says and/or antibodies are currently avail-
able. This section contains descriptions of
the methods used to elicit drug-specific
antibodies, of the use of drug-specific anti-
bodies in the development of immunoassay
methods and of the clinical and investiga:
tive applications of drug-specific immu-
noassay procedures.

A. Adrenergic Blocking Agents

1. Propranolol. To conjugate the beta
adrenergic blocking agent, propranolol, to
protein carriers, Kawashima et al. (369)
first prepared a hemisuccinate derivative
of propranolol by the interaction between
the drug and succinic anhydride, resulting
in the formation of an ester bond between
the succinyl group and the 2-hydroxyl
group in the propranolol sidechain. The
propranolol hemisuccinate was then cou-
pled via the hemisuccinate carboxyl group
to the amino groups of bovine serum albu-
min by the mixed anhydride method; con-
Jjugates containing either di-propranolol or
l-propranolol were prepared in this man-
ner. Rabbits immunized with either of
these conjugates formed antibodies capa-
ble of binding dl-propranolol-*H, as as-
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sessed by the ammonium sulfate precipi-
tation method. As determined by inhibi-
tion of binding of dl-propranolol-*H, anti-
serum against dl-propranolol recognized
both d- and /-propranolol to the same de-
gree, while antiserum against /-proprano-
lol bound [-propranolol more selectively
than it bound the d-isomer, thus enabling
the development of stereospecific ammo-
nium sulfate RIA methods capable of de-
tecting as little as 10 pg of propranolol
isomers in 10 ul of unextracted rat serum.
Metabolites of propranolol do not interfere
with the assay unless concentrations are
very high and thus the method has proved
to be useful in the measurement of pro-
pranolol in the serum and tissues of rats
and mice (369, 421).

More recently, a propranolol derivative,
desisopropylpropranolol has been conju-
gated via the amino group in its side chain
to bovine serum albumin, using a water-
soluble carbodiimide as the coupling re-
agent. Rabbits immunized with the result-
ing conjugates have formed antibodies ca-
pable of binding propranolol-*H or an '®]-
labeled propranolol derivative, as deter-
mined by the dextran-coated charcoal and
double antibody methods, as well as by a
solid-phase antibody approach. With the
use of these antibodies and the '*]-labeled
propranolol derivative, a sensitive dex-
tran-coated charcoal radioimmunoassay
method has been developed for the mea-
surement of propranolol concentrations in
50 ul aliquots of unextracted human se-
rum.§

B. Anti-Anxiety Drugs

1. Benzodiazepines. a. Chlordiazepox-
ide. To conjugate chlordiazepoxide (7-
chloro-2-methylamino-5-phenyl-3H-1,4
benzodiazepine 4-oxide) to a protein car-
rier, an analog, the 4-hydrazinocarbonyl-
methoxy-5-phenyl derivative, was con-
verted to a reactive acyl azide and then
coupled to bovine serum albumin by addi-
tion to this protein carrier at pH 8.5.

$ V. P. Butler, Jr., D. T. Eng, J. P. Bilezikian and N. H. Wassermann, unpublished observations.
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TABLE 4
Available drug immunoassays
Adrenergic blocking agents Minoxidil
Propranolol Propranolol
Anti-anxiety drugs Reserpine
Benzodiazepines Saralasin
Chlordiazepoxide Anti-inflammatory agents
Diazepam Acetylsalicylic acid*
Butyrophenones Antipyrine
Haloperidol Colchicine
Dibenzodiazepines Corticosteroids
Clozapine Indomethacin
Flupenthixol Phenylbutazone
Phenothiazines Antimuscarinic drugs
Chlorpromazine Atropine
Anti-arrhythmic agents Anti-tumor drugs
Aprindine Actinomycin D
Cardiac glycosides Adriamycin (doxorubicin)
Diphenylhydantoin 1-8-p-Arabinofuranosylcytosine
Procaine amide* 1-8-p-Arabinofuranosyluracil
Propranolol Bleomycin
Quinidine Daunorubicin
Antibiotics Macromycin
Aminoglycosides Methotrexate
Amikacin L-Phenylalanine mustard*
Gentamicin Vinca alkaloids
Netilmicin Anti-ulcer drugs
Sisomicin Carbenoxolone
Tobramycin Bronchodilators
Chloramphenicol Theophylline
Clindamycin Cardiac glycosides
Dapsone Acetylstrophanthidin
Isoniazid Digitoxin
Penicillin Digoxin
Rifampin Gitaloxin
Sulfonamides* Gitoxin
Viomycin Lanatoside C
Anticoagulants B-Methyldigoxin
Warfarin y Ouabain
Anticonvulsants Proscillaridin
Carbamazepine CNS stimulants and hallucinogens
Clonazepam Amphetamine
Diphenylhydantoin Caffeine
Ethosuximide Cocaine
Phenobarbital 2,5-Dimethoxy-4-methylamphetamine
Primidone Lysergic acid diethylamide
Antidepressants Mescaline
Non-tricyclic Nicotine
Nomifensine Pimozide
Tricyclic Tetrahydrocannabinol
Amitriptyline and nortriptyline Theophylline
Clomipramine Cholinergic agents
Desmethylimipramine Nicotine
Antidiarrheal drugs Diuretics
Loperamide Bumetanide
Antihypertensive drugs Local anesthetic agents
Clonidine Cocaine
Debrisoquin Narcotic antagonists
Hydralazine* Cyclazocine
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TABLE 4—Continued
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(+)-2-Hydroxy-N-cyclopropylmethylmorphinan
Naloxone
Narcotics and analgesics
Acetylsalicylic acid*
Anileridine
Antipyrine
Codeine
Etorphine
Fentanyl
Hydromorphone
Meperidine
Methadone
Morphine
Pentazocine
Neuromuscular blocking agents
d-Tubocurarine
Oral hypoglycemic agents
1-Butylbiguanide
Glibenclamide
Glisoxepide
Oxytocic agents
9,10-Dihydroergotamine
Renal tubular transport inhibitors
Probenecid
Sedatives and hypnotics
Barbiturates
Glutethimide
Methaqualone
Synthetic steroids
Betamethasone
Betamethasone 17-benzoate
Cyproterone acetate

Dexamethasone
Ethynylestradiol
Fluoxymesterone
Medroxyprogesterone acetate
Mestranol
Methylprednisolone
Metyrapone
Nandrolone
Norethindrone
Norgestrel
Prednisolone
Prednisone
Triamcinolone acetonide
Trienbolone acetate
Toxins
Amanitin
Arsenicals*
Carcinogens
Genistein
Insecticides
Ochratoxin A
Paralytic shellfish poison
Paraquat
Strychnine*
Tartrazine*
Vitamins
Pantothenic Acid
Vitamin A*
Vitamin B,
Vitamin D
Vitamin K*

* Antibodies available, but immunoassay not described to date.

Approximately 8 molecules of hapten were
coupled to each molecule of albumin, as
estimated by differential pulse polarogra-
phy against a known amount of chlordi-
azepoxide. Rabbits immunized with the
hapten-protein conjugate formed anti-
bodies which bound chlordiazepoxide-4C,
as determined by the ammonium sulfate
precipitation method. Nonradioactive
chlordiazepoxide specifically inhibited the
binding of radiolabeled drug, while other
benzodiazepines were ineffective inhibi-
tors. There was slight cross-reactivity of
the chlordiazepoxide antibodies with N-
desmethylchlordiazepoxide, a metabolite
of the parent drug. By using these anti-
bodies together with chlordiazepoxide-‘C,
an ammonium sulfate RIA method was
developed which was capable of detecting
as little as 20 ng of drug per ml in 0.1 ml
samples of unextracted plasma from hu-

man subjects who had received chlordiaze-
poxide; the maximum error in the deter-
mination of this drug due to the presence
of its metabolite, N-desmethylchlordiaze-
poxide, was felt to be no greater than 10%
187.

b. Diazepam. Derivatives of diazepam
and of its N-demethylated metabolite, N-
desmethyldiazepam, have been diazotized
and then directly conjugated to the tyro-
sine, histidine and tryptophan groups of
bovine serum albumin. Rabbits immu-
nized with each of these conjugates have
formed antibodies capable of binding di-
azepam-'‘C, as determined by the ammo-
nium sulfate precipitation method. Both
diazepam and N-desmethyldiazepam are
capable of inhibiting the binding of labeled
diazepam by antiserum to the N-desmeth-
yldiazepam derivative, while antiserum to
the diazepam binds only the parent drug
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and not its N-desmethylated metabolite.
By using antisera to both antigens to-
gether with diazepam-*C, an ammonium
sulfate RIA procedure has been developed
for the measurement of diazepam and of
N-desmethyldiazepam. This RIA method
is capable of detecting concentrations of
these compounds as low as 20 ng/ml in 50
pl of human blood (527). Greater sensitiv-
ity can be achieved if an extraction step is
carried out on a 0.5 ml serum specimen
before the RIA procedure; results obtained
by this approach correspond well with se-
rum concentrations determined by a gas
chromatographic method (240a).

2. Butyrophenones. a. Haloperidol. To
couple haloperidol to bovine serum albu-
min, a hydrazide derivative of bovine se-
rum albumin was prepared by adding hy-
drazine hydrate to the albumin in the
presence of water-soluble carbodiimide.
The albumin-hydrazide and haloperidol
were mixed and allowed to react for 7 days
in the dark. On the basis of incorporation
of haloperidol-°H into the conjugate, it was
estimated that from 2 to 6 molecules of
haloperidol were covalently attached to
each molecule of bovine serum albumin
(137). Alternatively, an O-(carboxy-
methyl)oxime derivative was prepared by
reacting the drug with O-(carboxymethyl)-
hydroxylamine, and this derivative was
coupled to bovine serum albumin by the
mixed anhydride procedure, yielding a
product containing 14 haloperidol residues
per mole of conjugates, as estimated spec-
trophotometrically (611a). Rabbits immu-
nized with either of these conjugates
formed antibodies capable of binding halo-
peridol-°*H; these antibodies were specific
for haloperidol and, in general, none of the
known major metabolites of haloperidol
exhibited significant crossreactivity (137,
611a). With the use of haloperidol-specific
antibodies and haloperidol-*H, a dextran-
coated charcoal immunoassay has been
developed for the measurement of concen-
trations of haloperidol in 50 ul aliquots of
unextracted human serum (137).

3. Dibenzodiazepines. a. Clozapine. A
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derivative of clozapine, viz. 11-(4-carboxy-
methyl-1-piperazinyl)-5H-dibenzo[b,e] [1,4}-
diazepine, was conjugated to bovine serum
albumin by the carbodiimide method. A
goat immunized with this conjugate
formed antibodies capable of binding *H-
clozapine as determined by a gelatin-
coated charcoal separation method. These
antibodies exhibited greater affinity for
clozapine than for its known metabolites,
thus permitting the use of these anti-
bodies, together with *H-clozapine, in the
development of a gelatin-coated charcoal
RIA method which has been used to deter-
mine plasma clozapine concentrations in
patients given this drug (570a).

4. Flupenthixol. To elicit antibodies to
the neuroleptic drug, flupenthixol, a deriv-
ative of the drug, 7-carboxyflupenthixol,
was conjugated to ovalbumin by the car-
bodiimide method, with the resulting con-
jugate containing approximately 45 hap-
tenic molecules coupled to each carrier
protein molecule, as estimated by ultravi-
olet spectrophotometry. A sheep immu-
nized with this conjugate formed anti-
bodies capable of binding flupenthixol-*H,
as determined by a dextran-coated char-
coal separation method. Flupenthixol and
the closely related drug, fluphenazine,
were effective inhibitors of this binding;
two known flupenthixol metabolites were
moderately effective as inhibitors but
other tricyclic drugs were ineffective in-
hibitors. The ability of nonradioactive flu-
penthixol to inhibit the binding of flupen-
thixol-*H by antibody has enabled the de-
velopment of a dextran-coated charcoal
RIA capable of detecting flupenthixol con-
centrations as low as 2 ng/ml in 0.1 ml of
plasma. This RIA has been used in studies
of the pharmacokinetics of flupenthixol in
man (555a).

5. Phenothiazines. a. Chlorpromazine.
Antibodies to the phenothiazine drug,
chlorpromazine, have been successfully
elicited by immunization with each of
three different phenothiazine-protein con-
jugates. Desdimethylchlorpromazine has
been conjugated via its amino group to the
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free carboxyl groups of bovine serum al-
bumin by the carbodiimide method, ap-
proximately 11 moles of hapten being cou-
pled to each mole of albumin as estimated
spectrophotometrically. The hemisuccin-
ate of the phenothiazine, perphenazine,
has been synthesized and coupled via its
carboxyl group to the free amino groups of
bovine serum albumin by the mixed an-
hydride method; an estimated 15 moles of
the phenothiazine derivative were conju-
gated to each mole of protein, as deter-
mined spectrophotometrically. Rabbits im-
munized with either of these conjugates
formed antibodies capable of binding “C-
chlorpromazine, as determined by the dex-
tran-coated charcoal method (611). Utiliz-
ing a different approach, Kawashima et
al. (368) coupled diazotized p-aminoben-
zoic acid to chlorpromazine. The resulting
derivative was conjugated via the carboxyl
group in the benzoic acid moiety to the
free amino groups of bovine serum albu-
min with the mixed anhydride method;
the approximate number of haptenic mol-
ecules per albumin molecule was 9, as
estimated spectrophotometrically. Rabbits
immunized with the chlorpromazine-albu-
min conjugate formed antibodies capable
of binding *H-chlorpromazine, as deter-
mined by an ammonium sulfate precipita-
tion method. Chlorpromazine and certain
structurally related derivatives are effec-
tive inhibitors of the binding of tritiated
chlorpromazine by antibody but three ma-
jor chlorpromazine metabolites, chlorpro-
mazine sulfoxide, nor,-chlorpromazine and
nor,-chlorpromazine are ineffective inhib-
itors of this binding, thus enabling the
deévelopment of an ammonium sulfate RIA
method capable of detecting as little as 10
pg of chlorpromazine. This RIA method
has been used in studies of the pharmaco-
kinetics of chlorpromazine in rat plasma
and tissues (368).

C. Anti-Arrhythmic Agents

1. Aprindine. Aprindine, (N-[3-diethyl-
amino]propyl)-N-phenyl-2-indanamine, is
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a new antiarrhythmic agent used in the
treatment of disorders of ventricular irrit-
ability. Aprindine was diazotized in posi-
tion 4 of its phenyl ring and then conju-
gated directly to the tyrosine, tryptophan
and histidine residues of human serum
albumin; it was estimated that 11 mole-
cules of aprindine were conjugated to each
albumin molecule. Rabbits immunized
with aprindine-albumin conjugates formed
antibodies capable of binding aprindine-
3H, as demonstrated by the dextran-coated
charcoal separation method. Nonradioac-
tive aprindine was an effective inhibitor of
this binding; two of four aprindine metab-
olites studied, namely the desethyl and
parahydroxy derivatives, also inhibited
this binding but the cross-reactivity of the
other two metabolites, the dephenyl and
the desindanyl derivatives, was undetect-
able. Antiserum from one rabbit has been
used, together with aprindine-*H, in the
development of a dextran-coated charcoal
RIA method capable of detecting aprindine
concentrations as low as 10 ng/ml in ca-
nine plasma and in extracts of canine
cardiac tissue. Results obtained by RIA
were very similar to those obtained by gas
chromatographic analysis of the same
plasma and tissue specimens (415a).

2. Cardiac Glycosides. See section V O.

3. Diphenylhydantoin. See section V F.

4. Procaine amide. Procaine amide has
been diazotized and conjugated to protein
carriers via the newly introduced diazo-
nium group. Rabbits immunized with pro-
caine amide-protein conjugates have,
formed antibodies to procaine amide as
detected by hemagglutination of procaine
amide-coated sheep erythrocytes and by
precipitation of heterologous procaine
amide-protein conjugates; the specificity of
these hemagglutination and precipitation
reactions was established by demonstrat-
ing the capacity of procaine amide to in-
hibit both reactions (251, 579). The use of
these antibodies in the development of a
procaine amide immunoassay has not been
reported.

5. Propranolol. See section V A.
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6. Quinidine. The antiarrhythmic drug,
quinidine, has been demethylated to yield
a phenol, which was then alkylated with
methyl 5-bromovalerate. This alkyl ester
was then hydrolyzed to form the corre-
sponding carboxylic acid, which could then
be conjugated to the free amino groups of
bovine serum albumin by the mixed an-
hydride method; 29 molecules of the quin-
idine derivative were found to be coupled
to each molecule of albumin. Rabbits and
sheep immunized with these conjugates
formed antibodies capable of binding di-
hydroquinidine-*H. An antiserum selected
for use in a quinidine RIA was reasonably
specific for quinidine in comparison with
its 2’-oxo and 3-hydroxy metabolites. With
the use of this antiserum and dihydroquin-
idine-*H, a solid phase RIA system has
been developed which employs antibody
coupled to cellulose triacetate beads and
which is capable of detecting as little as 50
pg of quinidine (157).

D. Antibiotics

1. Aminoglycoside antibiotics. a. Ami-
kacin. Amikacin has been coupled via its
amino groups to the free carboxyl groups
of porcine thyroglobulin by the carbodi-
imide reaction, with 115 amikacin mole-
cules being coupled to each molecule of
thyroglobulin, as estimated by the incor-
poration of amikacin-*H into the conju-
gate. Rabbits immunized with amikacin-
thyroglobulin conjugates formed anti-
bodies capable of binding amikacin-*H, as
determined by a double antibody method,
employing sheep anti-rabbit y-globulin se-
rum. Amikacin and another aminoglyco-
side antibiotic, kanamycin, were effective
inhibitors of the binding of labeled amika-
cin by antibody but other aminoglycoside
antibiotics, including gentamicin, neomy-
cin, streptomycin and tobramycin, all ex-
hibited negligible cross-reactivity with the
antibodies to amikacin. The specificity of
these antibodies has enabled their use,
together with amikacin-*H in the develop-
ment of a double antibody method capable
of detecting as little as 5 ng of amikacin in
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specimens of human serum, cerebrospinal
fluid or urine (424).

b. Gentamicin. Gentamicin has been
conjugated via its amino groups to the free
carboxyl groups of several different pro-
tein antigens by the carbodiimide method;
a representative gentamicin-human se-
rum albumin conjugate contained 16 mol-
ecules of gentamicin per molecule of albu-
min, as estimated by incorporation of gen-
tamicin-*H. Rabbits immunized with gen-
tamicin-protein conjugates have formed
antibodies capable of binding gentamicin-
3H, as determined by the double antibody
and dextran-coated charcoal methods.
Gentamicin was found to be an effective
inhibitor of the binding of labeled genta-
micin by antibody (423, 441). Sisomicin
also competes effectively with labeled gen-
tamicin for antibody binding sites (77, 471)
but other antibiotics tested to date, includ-
ing several aminoglycoside antibiotics, ex-
hibit insignificant cross-reactivity. Genta-
micin antibodies have been used, together
with gentamicin-*H in the development of
sensitive and specific double antibody and
dextran-coated charcoal RIA methods, ca-
pable of determining concentrations of
gentamicin as low as 3 ng/ml in human
serum (423, 437, 441, 471, 642). Recently,
gentamicin has been labeled with 2] by
the procedure of Bolton and Hunter (61),
enabling the development of a dextran-
coated charcoal RIA procedure capable of
detecting 80 pg of gentamicin in human
serum (76).

c. Netilmicin. Netilmicin, a new semi-
synthetic aminoglycoside antibiotic, has
been conjugated by its amino groups to the
free carboxyl groups of porcine thyroglob-
ulin, using the carbodiimide method. Rab-
bits immunized with netilmicin-thyroglob-
ulin conjugates formed antibodies capable
of binding an '*I-labeled netilmicin deriv-
ative, as determined by the dextran-coated
charcoal separation method. Netilmicin
was an effective inhibitor of this binding,
whereas other aminoglycoside antibiotics,
such as gentamicin, sisomicin, tobramycin
and amikacin exhibited little or no inhibi-
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tory capacity; the effectiveness of netilmi-
cin as an inhibitor of binding has enabled
the use of netilmicin antibodies, together
with the radioiodinated netilmicin, in the
development of a sensitive and specific
RIA procedure capable of detecting as lit-
tle as 500 pg of netilmicin (643).

d. Sisomicin. Antibodies to gentamicin
often cross-react significantly with the
structurally related aminoglycoside anti-
biotic, sisomicin (77, 471), and are capable
of binding an '*I-derivative of sisomicin,
radioiodinated by the method of Bolton
and Hunter (61). Thus, gentamicin anti-
bodies and the !*I-sisomicin derivative
have been used in the development of a
dextran-coated charcoal RIA system which
has been used to measure concentrations
of sisomicin in the serum of patients re-
ceiving this drug (77).

e. Tobramycin. Tobramycin has been
conjugated via its amino groups to the free
carboxyl groups of bovine serum albumin
by the carbodiimide method. For the detec-
tion of antibodies, tobramycin was labeled
with '] by the method of Bolton and
Hunter (61). Rabbits immunized with the
tobramycin-albumin conjugate formed
antibodies capable of binding the *I-to-
bramycin derivative, as assessed by the
dextran-coated charcoal method. Tobra-
mycin was the most effective inhibitor of
this binding. Kanamycin, an aminoglyco-
side antibiotic which differs from tobra-
mycin by one substituent group, showed
partial cross-reactivity, while other ami-
noglycosides exhibited minimal or no
cross-reactivity at the highest concentra-
tions tested. However, although carbeni-
cillin does not interfere with the binding
of the radioiodinated tobramycin deriva-
tive by antibody, this antibiotic (but not
two others containing the g-lactam ring,
viz., methicillin and cephaloridine) does
interfere with the immunoreactivity of to-
bramycin in vitro (78) perhaps by forming
a complex with tobramycin (459, 696).
Antibodies to tobramycin, together with
the '*I-labeled tobramycin derivative,
have been used in the development of a
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dextran-coated charcoal RIA system capa-
ble of detecting 280 pg of tobramycin in
specimens of human serum (78).

2. Chloramphenicol. To permit conju-
gation of chloramphenicol, its nitro group
was reduced to form a p-aminophenyl de-
rivative. This aromatic amine was then
converted to the diazonium derivative and
coupled, principally to tyrosine, but also to
histidine and tryptophan, residues in sev-
eral different protein carriers. Spectropho-
tometric analysis for azo groups indicated
an average of 5 molecules of the chloram-
phenicol derivative per molecule of carrier
protein. Rabbits immunized with chlor-
amphenicol-bovine y-globulin conjugates
produced antibodies which reacted with
chloramphenicol-rabbit serum albumin
conjugates, as detected by the complement
fixation method (282). The capacity of free
chloramphenicol to inhibit this comple-
ment fixation reaction (282, 283) has
served as the basis for the development of
an immunoassay method capable of detect-
ing picogram quantities of chlorampheni-
col in biological specimens (282), but the
use of this assay to measure serum concen-
trations of this antibiotic has not been
described to date.

3. Clindamycin. Clindamycin-2-hemi-
succinate was synthesized, isolated and
conjugated via the carboxyl group in the
succinyl moiety to the free amino groups
of bovine serum albumin, using a water-
soluble carbodiimide as the coupling re-
agent. The resulting conjugate contained
an average of 30 clindamycin residues per
molecule of protein as determined by the
reduction in the number of free amino
groups in the albumin carrier. Rabbits
immunized with this conjugate formed
antibodies capable of binding clindamycin-
3H, as determined by a double antibody
method. Clindamycin and its derivatives
and metabolites were capable of inhibiting
the binding of clindamycin-*H; lincomycin
was a weak inhibitor of this binding, but
no other antibiotic tested exhibited signifi-
cant inhibition. Clindamycin antibodies
and the tritiated drug have been used in
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the development of a double antibody RIA
capable of detecting clindamycin concen-
trations of 100 ng/ml in human serum,
with the possibility of achieving a 20-fold
increase in sensitivity with the synthesis
of labeled clindamycin of higher specific
activity (247).

4. Dapsone. Dapsone has been diazo-
tized and conjugated to the tyrosine, histi-
dine and tryptophan groups of bovine se-
rum albumin. Rabbits immunized with
this conjugate formed antibodies which
could be bound by a solid-phase dapsone-
hemocyanin conjugate as determined by
an enzyme-linked immunosorbent assay.
Dapsone inhibited the binding of antibody,
thus enabling the development of an assay
system capable of detecting dapsone con-
centrations as low as 0.3 ug/ml. This assay
has been used to detect dapsone in the
serum and urine of leprosy patients being
treated with this drug (320a).

5. Penicillin. Penicilloyl-protein conju-
gates have been synthesized. Rabbits im-
munized with penicilloyl-protein conju-
gates have formed antibodies capable of
causing immune hemolysis of penicillin-
coated erythrocytes in the presence of com-
plement (718), or capable of binding an
1%].bovine serum albumin conjugate
(697a) or an *S-penicillin derivative (363).
The ability of penicillin to inhibit these
interactions between penicillin derivatives
and antipenicilloyl sera has formed the
basis for the development of immunoassay
procedures for the detection and measure-
ment of penicillins and their derivatives in
biological fluids (363, 697, 718).

6. Rifampin. The rifampin derivative,
3-formylrifampicin-SV, contains a free al-
dehyde group which will react with the
free amino groups of proteins at a mildly
alkaline pH. With the use of this reaction,
3-formylrifampicin-SV has been conju-
gated to bovine serum albumin, with an
estimated 7 to 8 residues of the rifampin
derivative being incorporated into the car-
rier protein, as determined spectrophoto-
metrically. Rabbits immunized with these
conjugates form antibodies capable of
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binding rifampin-*H, as determined by
equilibrium dialysis. Rifampin and its de-
rivatives are effective inhibitors of this
binding, suggesting that this assay system
may be useful in the future development
of a rifampin RIA procedure (354).

7. Isoniazid. The antituberculosis drug
isoniazid, or isonicotinic acid hydrazide,
was coupled via its hydrazide group to the
carboxyl groups of human serum albumin
by the carbodiimide method, with the re-
sulting conjugates containing 13 isoniazid
residues per molecule of carrier, as deter-
mined by a spectrophotometric method
(664). Rabbits immunized with isoniazid-
albumin conjugates formed antibodies ca-
pable of binding isoniazid-*H, as assessed
by the ammonium sulfate precipitation
method. Isoniazid and the structurally re-
lated compound, isonicotinamide, were ef-
fective inhibitors of this binding, but the
two major metabolites of isoniazid in man,
isonicotinic acid and acetylisoniazid, ex-
hibited minimal cross-reactivity, thus en-
abling the use of these antibodies together
with isoniazid-*H in the development of an
ammonium sulfate RIA method capable of
detecting serum isoniazid concentrations
as low as 50 ng/ml. This RIA method has
been used to measure isoniazid concentra-
tions in the serum of patients with tuber-
culosis who are being treated with this
drug (598). Patients who acetylate isonia-
zid slowly may be more susceptible to the
development of adverse reactions to this
drug (617), and so the RIA method has also
been used to classify isoniazid-treated pa-
tients into two groups according to the
genetically predetermined rate at which
they convert this drug to the inactive
metabolite, acetylisoniazid (598).

8. Sulfonamides. Sufanilamide, sulfa-
pyridine, sulfathiazole and sulfanilic acid
contain aromatic amino groups which
have enabled the conversion of these com-
pounds to their corresponding diazonium
derivatives and the subsequent conjuga-
tion of these diazo compounds to the tyro-
sine, histidine and tryptophan groups of
carrier proteins. Rabbits immunized with
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sulfonamide-protein conjugates form anti-
bodies capable of reacting with sulfon-
amide-protein conjugates as determined
by precipitation (705) and passive hemag-
glutination (577) reactions which were in-
hibited by the corresponding sulfonamide.
These antibodies have not been employed
to date in drug immunoassays.

9. Viomycin. Viomycin has been con-
verted to Ng-monoacetylviomycin, which
has then been treated with succinic anhy-
dride to form the corresponding hemisuc-
cinyl derivative. The free carboxyl group
in the succinyl residue provided a means
by which this hemisuccinyl derivative
could be coupled to the free amino groups
of bovine serum albumin by the mixed
anhydride method. It was estimated that
approximately 8.6 molecules of the viomy-
cin derivative had been introduced into
each molecule of albumin. Rabbits immu-
nized with viomycin-bovine serum albu-
min formed antibodies capable of binding
a viomycin-8-p-galactosidase conjugate, as
detected by precipitation of enzymatic ac-
tivity. Since the binding of the conjugate
by antibody is inhibited by free viomycin,
it has been possible to develop an enzyme
immunoassay capable of detecting as little
as 100 pg of viomycin (375).

E. Anticoagulants

1. Warfarin. The 4'-carboxyethyl ana-
log of RS-warfarin was resolved and the
enantiomeric acids were coupled to bovine
serum albumin. Rabbits immunized with
either of these conjugates formed anti-
bodies which selectively bound the pre-
dicted H-warfarin enantiomer. Cross-re-
actions with various warfarin metabolites
were low (0.2-3%) as were cross-reactions
with the opposite enantiomer (approxi-
mately 7%), enabling the development of
an RIA procedure which has been used to
study the pharmacokinetics of warfarin
enantiomers in rats given racemic war-

" farin (153a).

F. Anticonvulsants
1. Carbamazepine. A commercial firm
has developed an enzyme immunoassay
. for carbamazepine which can be used to
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measure its concentration in the serum of
patients receiving this drug. Results ob-
tained by this method were similar to
those obtained by gas chromatography,
which suggests that the two methods can
be used interchangeably (648a).

2. Clonazepam. Clonazepam is a mem-
ber of the 1,4-benzodiazepine class of com-
pounds which has recently been found to
be clinically effective in controlling petit
mal seizures. The 3-hemisuccinyloxy de-
rivative of clonazepam was synthesized
and conjugated via its carboxyl group to
the free amino groups of bovine serum
albumin by the mixed anhydride method.
It was estimated spectrophotometrically
that the conjugate contained 35 moles of
the clonazepam derivative per mole of al-
bumin. Rabbits immunized with this con-
jugate formed antibodies capable of bind-
ing clonazepam-*H, as determined by an
ammonium sulfate precipitation tech-
nique. Clonazepam and its 3-hydroxy de-
rivative (a minor metabolite) were effec-
tive inhibitors of this binding of clonaze-
pam-*H by antibody, while the two major
known metabolites of clonazepam, the 7-
amino and the 7-acetylamino derivatives,
exhibited minimal cross-reactivity; simi-
larly, certain structurally related com-
pounds such as diazepam, nitrazepam and
oxazepam displayed insignificant cross-
reactivity, as did five structurally unre-
lated anticonvulsant drugs (189). Accord-
ingly, these antibodies were used, initially
with clonazepam-*H (189), and subse-
quently with an !*I-labeled clonazepam
derivative (185b), in the development of
specific and rapid ammonium sulfate and
polyethylene glycol precipitation RIA
methods for the measurement of clonaze-
pam concentrations in the plasma of pa-
tients receiving this drug.

3. Diphenylhydantoin. Diphenylhydan-
toin (phenytoin) was allowed to react with
methyl 5-bromovalerate, followed by hy-
drolysis of the resulting ester to yield
5,5-diphenylhydantoin-3-(w-valeric acid),
which was coupled via the carboxyl group
in the newly introduced valeric acid side
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chain to the free amino groups of bovine
serum albumin by the mixed anhydride
reaction. The resulting conjugate con-
tained 29 residues of diphenylhydantoin
per molecule of bovine serum albumin, as
estimated from the extent of incorporation
of diphenylhydantoin-*C into the conju-
gate (154). Diphenylhydantoin-bovine se-
rum albumin conjugates containing 32
moles of diphenylhydantoin per mole of
albumin have been prepared by direct cou-
pling, using a water-soluble carbodiimide
(554). Rabbits immunized with either of
these conjugates have formed antibodies
capable of binding diphenylhydantoin-*H,
as assessed by the dextran-coated charcoal
method (154, 554), or of binding diphenyl-
hydantoin-"*C (522) or an '*I-labeled di-
phenylhydantoin derivative (523), as stud-
ied by the double antibody method. Di-
phenylhydantoin is an effective inhibitor
of this binding but 5-(p-hydroxyphenyl)-5-
phenylhydantoin, its major metabolite, is
ineffective; structurally related hydan-
toins and barbiturates are likewise ineffec-
tive inhibitors of this binding (154, 522,
554). Other methods of eliciting antibodies
to diphenylhydantoin have been described
(522, 662), but in general are less satisfac-
tory. For example, the reaction of 5-(p-
hydroxyphenyl)-5-phenylhydantoin with
chloroacetic acid results in the formation
of the 5-(p-carboxymethoxyphenyl) deriv-
ative which can be conjugated to the
amino groups of proteins by the mixed
anhydride reaction. Antisera produced by
rabbits in response to immunization with
this immunogen cannot distinguish di-
phenylhydantoin from its major metabo-
lite, 5-(p-hydroxyphenyl)-5-phenylhydan-
toin (662).

Several immunoassays have been devel-
oped for the determination of diphenylhy-
dantoin concentrations in serum and other
body fluids. These include dextran-coated
charcoal RIA methods using diphenylhy-
dantoin-*H (153, 154, 512, 554), an ammo-
nium sulfate precipitation RIA method us-
ing diphenylhydantoin-*C (662), double
antibody radioimmunoassays using di-
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phenylhydantoin-“C (522) or an '*I-la-
beled diphenylhydantoin derivative (523),
a spin-label immunoassay (476, 477) and
an enzyme immunoassay (62, 595, 637);
the enzyme immunoassay has recently
been adapted for use in the centrifugal
analyzer (83, 224). Diphenylhydantoin im-
munoassay methods have been very useful
in monitoring serum concentrations of this
drug in patients with convulsive disorders.

4. Ethosuximide. A commercially avail-
able enzyme immunoassay has been used
to measure concentrations of ethosuximide
in the serum of patients receiving this
drug. Results obtained with this immu-
noassay and results obtained by gas chro-
matography were comparable, which sug-
gests that the two methods can be used
interchangeably (648a).

5. Phenobarbital. See section V Z.

6. Primidone. An enzyme immunoas-
say for primidone has recently become
available commercially. Experimental de-
tails concerning the developments of anti-
bodies and of the immunoassay method
are not available in the literature, but the
antibodies are reported to be highly spe-
cific for primidone, with minimal cross-
reactivity with barbiturates and other an-
ticonvulsants. Results obtained by this im-
munoassay procedure on 94 serum speci-
mens obtained from patients on primidone
therapy agreed well with results obtained
by a gas-liquid chromatographic assay,
with a correlation coefficient of 0.98 (649).

G. Antidepressants

1. Non-tricyclic. a. Nomifensine. In or-
der to develop a nomifensine RIA, N-(8-
nomifensine) succinamic acid was conju-
gated via its carboxyl group to the free
amino groups of bovine serum albumin by
the carbodiimide method; acid hydrolysis
of the conjugate revealed that approxi-
mately 20 moleucles of hapten had been
conjugated to each molecule of albumin,
as estimated by high pressure liquid chro-
matography of the hydrolysate. Rabbits
immunized with this conjugate formed
antibodies capable of binding H-nomifen-
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sine, as determined by a dextran-coated
charcoal separation method. Nomifensine
was an effective inhibitor of this binding,
while its known metabolites were rela-
tively ineffective inhibitors, enabling the
development of a dextran-coated charcoal
RIA method capable of detecting nomifen-
sine concentrations of 300 pg/ml in 0.1 ml
aliquots of unextracted human plasma;
acid-labile nomifensine metabolites in the
plasma of nomifensine-treated subjects
can be quantified by determining the dif-
ference in immunoreactive nomifensine in
plasma specimens from such subjects be-
fore and after acid treatment of the
plasma. The nomifensine RIA method has
been used in studies of the pharmacoki-
netics of this drug in man (29%4a).

2. Tricyclic. a. Amitriptyline and nor-
triptyline. To develop radioimmunoassays
for amitriptyline and nortriptyline, a de-
rivative, N-4-aminobutyl nortriptyline
was synthesized and coupled via its amino
group to the free carboxyl groups of bovine
serum albumin by the carbodiimide
method. Approximately 2 or 3 residues of
nortriptyline were conjugated to each mol-
ecule of albumin, as estimated by the
extent of incorporation of *C-nortriptyline
into the conjugate. Sheep immunized with
this conjugate formed antibodies capable
of binding “C-nortriptyline, as determined
by the dextran-coated charcoal separation
method. Nortriptyline, amitriptyline, imi-
pramine and other tricyclic antidepres-
sants were effective inhibitors of this bind-
ing. Because of the low specific activity of
the “C-nortriptyline, the dextran-coated
charcoal RIA method originally developed
with these antibodies was not very sensi-
tive, being capable of detecting no less
than 200 ng/ml (12). Recently, with the
availability of *H-imipramine, a signifi-
cant increase in the sensitivity of the RIA
method has been achieved, so that concen-
trations of nortriptyline or of amitriptyline
as low as 500 pg/ml can be measured (11).
Alternatively, a bovine serum albumin-N-
succinyl nortriptyline conjugate has been
prepared, and rabbit antibodies to this
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conjugate have been shown, by the ammo-
nium sulfate precipitation method, to be
capable of binding H-nortriptyline or 3H-
amitriptyline. These antibodies reacted ef-
fectively both with amitriptyline and with
nortriptyline (367a). This cross-reactivity
creates no problem in plasma assays of
nortriptyline-treated patients. However,
since nortriptyline is a major metabolite of
amitriptyline, it is necessary to extract
each of these compounds selectively from
plasma at a different pH if one wishes to
measure concentrations of both com-
pounds in the plasma of patients treated
with amitriptyline (438a).

b. Clomipramine. The 10/11-hydroxy
derivative of clomipramine was allowed to
react with succinic anhydride and the re-
sulting hemisuccinate was conjugated via
its carboxyl group to the free amino groups
of bovine serum albumin, using the mixed
anhydride reaction. Rabbits immunized
with this conjugate formed antibodies ca-
pable of binding 3H-10/11-dehydroclomi-
pramine, as determined by the dextran-
coated charcoal separation method. Clom-
ipramine was an effective inhibitor of this
binding and other tricyclic antidepres-
sants were moderately effective inhibitors.
However, known metabolites of clomipra-
mine as well as other drugs commonly
given with clomipramine were relatively
ineffective inhibitors, thus enabling the
use of clomipramine antibodies together
with 3H-10/11-dehydroclomipramine in the
development of a dextran-coated charcoal
RIA method which is capable of detecting
clomipramine concentrations as low as 200
pg/ml in extracts of human plasma (546a).

¢. Desmethylimipramine. To elicit anti-
bodies specific for desmethylimipramine,
the active metabolite of imipramine, dia-
zotized p-aminobenzoic acid was coupled to
desmethylimipramine by a diazonium
linkage. The resulting desmethylimipra-
mine derivative was coupled via its ben-
zoic acid group to the free amino groups of
bovine serum albumin by the carbodiimide
method. Rabbits immunized with the des-
methylimipramine conjugate formed anti-
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bodies capable of binding *H-desmethyl-
imipramine, as demonstrated by the am-
monium sulfate precipitation method.
Compounds such as imipramine and des-
methylimipramine, which contain an un-
substituted dibenzylazepine ring configu-
ration, are effective inhibitors of this bind-
ing, thus enabling the development of an
ammonium sulfate RIA method which has
been used to measure desmethylimipra-
mine concentrations in extracts of rat
plasma and brain tissue (635).

H. Antidiarrheal Drugs

1. Loperamide. To enable the conjuga-
tion of loperamide, 4-(4-chlorophenyl)-4-
hydroxy-N,N-dimethyl-a, a-diphenyl-1-pi-
peridinebutanamide, to protein carriers,
this drug was converted to a hemisuccinyl
derivative by the addition of succinic an-
hydride; the resulting loperamide deriva-
tive was then conjugated via its carboxyl
group to the amino groups of bovine serum
albumin by the carbodiimide method. Rab-
bits immunized with the resulting loper-
amide-albumin conjugate formed anti-
bodies capable of binding *H-loperamide,
as determined by a dextran-coated char-
coal separation method. Nonradioactive
loperamide was an effective inhibitor of
this binding, as was fluperamide, a struc-
turally related compound; known and sus-
pected metabolites of loperamide were in-
effective inhibitors of this binding, as were
other structurally related drugs. The spec-
ificity of these antibodies for loperamide
has enabled their use, together with 3H-
loperamide, in the development of a dex-
tran-coated charcoal RIA method, capable
of detecting loperamide concentrations as
low as 100 pg/ml in 0.5 ml of human
plasma. This RIA method has been used
in studies of the pharmacokinetics of loper-
amide in man (464a).

I. Antihypertensive Drugs

1. Clonidine. The 4-hydroxy derivative
of clonidine has been conjugated to bovine
serum albumin via a diazo linkage. Rab-
bits immunized with this conjugate formed
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antibodies capable of binding !*C-cloni-
dine. Clonidine and 4-hydroxyclonidine
were equally effective in inhibiting the
binding of C-clonidine by antibody. How-
ever, extraction of clonidine from plasma
and tissues made possible the selective
measurement of clonidine by RIA. This
clonidine assay method has been used in
studies of the pharmacokinetics of cloni-
dine in rats (337).

2. Debrisoquin. A butanoic acid deriv-
ative of debrisoquin has been synthesized
and conjugated via its carboxyl group to
the free amino groups of bovine serum
albumin by the mixed anhydride reaction.
Approximately 22 moles of the debrisoquin
derivative were conjugated to each mole of
albumin carrier, as estimated by the de-
crease in the number of free amino groups
in the carrier after the conjugation proce-
dure. Rabbits immunized with the conju-
gate formed antibodies capable of binding
debrisoquin-°H, as assessed by the ammo-
nium sulfate precipitation method. Debri-
soquin was an effective inhibitor of this
binding, whereas various debrisoquin me-
tabolites and other antihypertensive
agents were ineffective inhibitors, thus
permitting the use of these antibodies,
together with debrisoquin-*H in an am-
monium sulfate RIA system capable of
measuring debrisoquin concentrations as
low as 1 ng/ml in 100 pl aliquots of human
plasma (186).

3. Hydralazine. Rabbits and guinea
pigs immunized with hydralazine-albumin
conjugates, prepared by various methods,
have formed antibodies to hydralazine
(204, 237, 734), but the use of such anti-
bodies in immunoassay procedures has not
been described.

4. Minoxidil. To elicit antibodies spe-
cific for minoxidil, 2,4-diamino-6-piperidi-
nopyrimidine-3-oxide, the N-4-glutaryl de-
rivative has been prepared by addition of
glutaric anhydride to minoxidil and has
been conjugated to bovine serum albumin
by the carbodiimide method. Alterna-
tively, a dipiperidine derivative has been
synthesized and attached to a modified
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sepharose gel which, in turn, was conju-
gated to bovine serum albumin. Rabbits
immunized with either of these conjugates
formed antibodies capable of binding mi-
noxidil-*H, as determined by a double an-
tibody precipitation method. Minoxidil
was an effective inhibitor of this binding
while known metabolites of minoxidil
were, in general, ineffective inhibitors,
thus enabling the use of minoxidil anti-
bodies, together with minoxidil-*H, in the
development of a double antibody RIA
method which has been used in the mea-
surement of minoxidil concentrations in
the serum of patients receiving this drug
(575a).

5. Propranolol. See section V A.

6. Reserpine. The antihypertensive al-
kaloid, reserpine, has been conjugated to
bovine serum albumin by two different
procedures. In the first procedure, diazo-
tized p-aminobenzoic acid was reacted
with reserpine, and the product was then
coupled via the carboxyl group in the ben-
zoic acid moiety to the free amino groups
of albumin, using the mixed anhydride
reaction; as estimated by incorporation of
3H-reserpine into the conjugate, an aver-
age of 23 haptenic molecules were conju-
gated to each albumin molecule. In the
second method, the Mannich reaction was
used to conjugate reserpine through its
indolic nitrogen to the free amino groups
of the protein carrier; the number of reser-
pine molecules coupled to each albumin
molecule by this method was estimated to
be 5. Rabbits immunized with each of the
conjugates formed reserpine-specific anti-
bodies, as determined by their ability to
bind 3H-reserpine, as demonstrated by a
polyethylene glycol technique for the sep-
aration of free from bound tracer. Reser-
pine inhibited this binding specifically
while one major reserpine metabolite,
methyl reserpate, cross-reacted to a slight
extent; the cross-reactivity of the other
major reserpine metabolite, reserpic acid,
was barely detectable. With the use of 3H-
reserpine and antibodies elicited by the
diazo-coupled immunogen (which were
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higher in titer than those elicited by the
Mannich reaction immunogen), a polyeth-
ylene glycol RIA for reserpine has been
developed. This RIA is capable of detecting
reserpine concentrations of 15 ng/ml in
unextracted serum, enabling its use in
pharmacokinetic studies of reserpine in
rats (420).

7. Saralasin. The synthetic peptide an-
giotensin II analog and antagonist, (Sar!,
Ala®)-angiotensin II (saralasin), was con-
jugated to bovine y-globulin by the carbo-
diimide method. Rabbits immunized with
saralasin-protein conjugates formed anti-
bodies capable of binding !**I-saralasin, as
determined by a dextran-coated charcoal
separation technique. Saralasin was an
effective inhibitor of this binding, while
angiotensins I, II and III were relatively
ineffective, thus enabling the development
of a dextran-coated charcoal RIA for the
measurement of plasma saralasin concen-
trations (530). This RIA has been used in
studies of the pharmacokinetics of sara-
lasin in rats and man (530, 531).

J. Anti-Inflammatory Agents

1. Acetylsalicylic acid. Several meth-
ods have been employed to conjugate de-
rivatives of acetylsalicylic acid (aspirin) to
protein carriers. Acetylsalicyl (aspiryl)
azide has been synthesized and conjugated
to horse serum globulin at an alkaline pH
(87). Aspiryl chloride has been synthesized
and conjugated to ovalbumin, bovine se-
rum albumin, bovine vy-globulin, and key-
hole limpet hemocyanin by a modified
Schotten-Baumann reaction (13, 309, 707,
715). Aspirin anhydride, a frequent con-
taminant of commercial aspirin prepara-
tions (185a), has been shown to be capable
of acetylating proteins directly. Rabbits
and guinea pigs immunized with these
aspiryl-protein conjugates have formed as-
piryl-specific antibodies, as demonstrated
by positive precipitation (87, 309, 707, 715)
and passive hemagglutination (13, 707,
715) reactions with heterologous aspiryl-
protein conjugates, by inactivation of as-
piryl-bacteriophage (13), and by the bind-
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ing of a “C-aspiryl derivative, as demon-
strated by equilibrium dialysis (309); in
most instances, aspirin was shown to be
capable of inhibiting the reaction between
antibodies and aspiryl proteins. The use of
antibodies in the development of an im-
munoassay for aspirin has not been re-
ported to date.

2. Antipyrine. Succinic anhydride was
coupled to the amino group of 4-aminoan-
tipyrine, producing N-(4-antipyrinyl)-suc-
cinamic acid which was coupled via its free
carboxyl groups to the free amino groups
of bovine serum albumin with the mixed
anhydride procedure. From the decrease
in free amino groups available to react
with fluorescamine, it was estimated that
18 moles of hapten were present in each
mole of hapten-albumin conjugate. A rab-
bit immunized with this conjugate formed
antibodies capable of binding antipyrine-
3H, as determined by the ammonium sul-
fate precipitation method. Antipyrine in-
hibited this binding of antipyrine-°H, but
its major metabolic product, 4-hydroxyan-
tipyrine, also was an effective inhibitor.
With the use of these rabbit antibodies
together with antipyrine-°’H, an ammo-
nium sulfate RIA method has been devel-
oped which is capable of measuring anti-
pyrine concentrations as low as 10 ng/ml
in 0.1 ml samples of human plasma or
saliva. This assay method has been used
in studies of the pharmacokinetics of anti-
pyrine in man (125).

3. Colchicine. A colchicine derivative,
N-desacetylthiocolchicine, which pos-
sesses a free amino group, has been conju-
gated to the free carboxyl groups of bovine
serum albumin, using the carbodiimide
method; spectrophotometric measure-
ments at 375 nm indicated a ratio of 7
moles of hapten per mole of albumin car-
rier (66). Alternatively, colchicine has
been conjugated to bovine serum albumin
through the keto group on ring C, using a
colchicine oxime as an intermediate (212).
Rabbits immunized with either of these
conjugates formed antibodies capable of
specifically binding colchicine-*H, as de-
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termined by the double antibody method,
thus enabling the development of sensitive
and specific RIA methods for the measure-
ment of colchicine (66, 212). One of these
assay methods has been used extensively
in studies of the pharmacokinetics of col-
chicine in man (212).

4. Corticosteroids. See section V AA.

5. Indomethacin. Indomethacin has
been conjugated via its carboxyl group to
the free amino groups of antigenic protein
carriers, utilizing either the N-hydroxy-
succinimide active ester procedure (284a)
or direct carbodiimide conjugation, with-
out the preparation of an active interme-
diate (490); average incorporations of 17
molecules of indomethacin per molecule of
bovine serum albumin (284a) and 19 drug
residues per porcine thyroglobulin mole-
cule (490) were obtained by these methods.
Rabbits immunized with either of these
conjugates formed antibodies capable of
binding *C-indomethacin (284a) or H-in-
domethacin (490). The ability of nonradio-
active indomethacin to inhibit this binding
has enabled the development of dextran-
coated charcoal (284a) and double antibody
RIA methods (490) for the measurement of
indomethacin concentrations in human se-
rum or urine. However, the specificity of
indomethacin antisera tested to date indi-
cates that certain indomethacin metabo-
lites, notably its glucuronide conjugate, a
major metabolite, are more effective inhib-
itors of the binding of *C-indomethacin by
antibody than is indomethacin itself.
Thus, the RIA method is not totally spe-
cific; however, if urine extracts are pre-
pared for RIA before and after glucuroni-
dase hydrolysis, concentrations of free and
conjugated indomethacin can be calculated
by difference (284a).

6. Phenylbutazone. An acid analog of
phenylbutazone has been prepared and
conjugated to bovine serum albumin by
means of the N-hydroxysuccinimide ester.
The resulting conjugate, containing 27
moles of hapten per mole of albumin, was
used to immunize rabbits, which formed
antibodies capable of binding phenylbuta-
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zone-*H. As little as 20 pg of phenylbuta-
zone effectively inhibited this binding,
while the p-hydroxyphenyl metabolite was
a weak inhibitor. The application of these
antibodies to the assay of phenylbutazone
in biological fluids has not yet been re-
ported (155).

K. Antimuscarinic Drugs

1. Atropine. To introduce a carboxyl
group which would facilitate the conjuga-
tion of atropine to a protein carrier, atro-
pine has been converted to atropine-9-O-
hemisuccinate by treatment with succinic
qnhydride (218a); alternatively, p-amino-
benzoic acid has been diazotized and cou-
pled to the benzene group in the atropine
molecule (725a). These atropine deriva-
tives have been conjugated via their car-
boxyl groups to the free amino groups of
bovine serum albumin by the carbodiimide
method; from 15 to 21 haptenic molecules
were coupled to each molecule of albumin,
as estimated by the extent of incorporation
of H-atropine into the albumin-atropine
conjugates. Rabbits immunized with these
conjugates formed antibodies capable of

"binding *H-atropine, as determined by the
ammonium sulfate precipitation tech-
nique. Atropine and certain structurally
related antimuscarinic alkaloids were ef-
fective inhibitors of this binding (218a,
725a), but, in the case of sera elicited by
the hemisuccinate derivative, atropine
breakdown products were relatively inef-
fective inhibitors (725a). Atropine anti-
bodies have been used, together with the
SH-labeled drug, in the development of
ammonium sulfate RIA methods (218a,
725a) capable of detecting atropine concen-
trations as low as 6 ng/ml in 10 ul speci-
mens of unextracted plasma (725a). These
RIA methods have been used in studies of
atropine pharmacokinetics in mice (218a)
and in dogs 725a).

L. Anti-Tumor Drugs

1. Actinomycin D. Actinomycin D has
been conjugated, presumably via its free
amino group, to bovine serum albumin by
the carbodiimide method. Rabbits immu-
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nized with the albumin-actinomycin D
conjugate formed antibodies capable of
binding 3H-actinomycin D, as determined
by the double antibody precipitation
method. Actinomycin D and actinomycin
C; were equally potent inhibitors of this
binding, but more extensive studies of
specificity and use of actinomycin D anti-
bodies in an RIA procedure have not yet
been reported (542).

2. Adriamycin. The anthracycline anti-
biotic, Adriamycin (doxorubicin), has been
conjugated via its amino group to the free
carboxyl groups of human serum albumin
and of keyhole limpet hemocyanin, using
the carbodiimide method; Adriamycin has
also been coupled via this amino group to
the free amino groups of human serum
albumin by the glutaraldehyde method.
The various conjugates contained between
8 and 15 moles of Adriamycin per mole of
carrier as determined spectrophotometric-
ally. Rabbits, monkeys and a goat immu-
nized with Adriamycin-protein conjugates
formed antibodies capable of binding an
125].]abeled Adriamycin derivative, as de-
termined by the double antibody method.
The ability of Adriamycin and structurally
related compounds to inhibit this binding
has formed the basis for the development
of double antibody and nitrocellulose
membrane filtration assay methods capa-
ble of detecting as little as 2 pmol of
Adriamycin per ml in the unextracted
plasma or urine of man and of experimen-
tal animals (676). The double antibody
RIA method has been used to study the
pharmacokinetics of Adriamycin in man
(18) and in experimental animals (676).

Since the Adriamycin RIA detects the
drug and its metabolites, this RIA method
has been used in conjunction with high-
pressure liquid chromatography (HPLC)
to measure the concentrations of Adria-
mycin and its metabolites in the urine of
patients receiving this drug; HPLC was
used to separate Adriamycin, adriamyci-
nol and Adriamycin aglycone(s) and the
concentrations of the isolated compounds
in HPLC fractions were determined by
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RIA. This combined HPLC-RIA system
appears to offer an efficient and sensitive
assay procedure which is not subject to the
interference from nonrelated endogenous
substances which may affect results ob-
tained with other methods (409).

3. 1-B-D-Arabinofuranosylcytosine. The
5'-hydroxyl group of 1-8-p-arabinofurano-
sylcytosine (ara-C) was selectively acyl-
ated with 2,2,2-trichloroethyl succinyl
chloride yielding the 2,2,2-trichloroethyl
hemisuccinate. The addition of glacial
acetic acid converted the trichloroethyl
succinyl ara-C to succinyl ara-C which was
coupled via the succinyl carboxyl group to
the amino groups of human serum albu-
min by the carbodiimide method. The re-
sulting conjugate contained approximately
8 residues of ara-C per molecule of albu-
min. Rabbits immunized with ara-C-albu-
min conjugates formed antibodies capable
of binding 3H-ara-C as determined by a
Millipore membrane technique. The abil-
ity of ara-C to inhibit this binding has
enabled the development of a Millipore
membrane RIA method capable of detect-
ing 20 ng of ara-C per ml of plasma. This
assay method is practically free from inter-
ference by cytidine, deoxycytidine, 1-8-p-
arabinofuranosyluracil (an ara-C metabo-
lite), other nucleosides and various antibi-
otics (506a).

4. 1-B-D-Arabinofuranosyluracil. At
mildly alkaline pH, 1-g8-p-arabinofurano-
syluracil (ara-U) shows marked pH-de-
pendent cross-reactivity with antibodies
directed toward 1-g8-p-arabinofuranosylcy-
tosine (ara-C). It is felt that this ability of
ara-U to inhibit the binding of *H-ara-C by
ara-C antibodies, which is not observed at
pH 6.2, may be due to base-catalyzed tau-
tomerism of ara-U to its enolic form,
thereby rendering it more similar struc-
turally to ara-C. By performing RIA deter-
minations at both pH 6.2 and 8.6, ara-C
and ara-U could be determined simulta-
neously in mouse plasma. (506)

With the use of methods described pre-
viously in the synthesis of albumin-ara-C
conjugates (506a), the 5’-hydroxyl group of
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ara-U was selectively acylated with 2,2,2-
trichloroethyl succinyl chloride to form the
2,2,2,-trichloroethyl hemisuccinate which
was, in turn, converted to the succinate by
treatment with glacial acetic acid in the
presence of zinc dust. Succinyl ara-U was
conjugated via its carboxyl group to the
free amino groups of human serum albu-
min by the carbodiimide method; the re-
sulting conjugate contained about 4.7 ara-
U residues per molecule of albumin, as
estimated spectrophotometrically. Rabbits
immunized with albumin-ara-U conju-
gates formed antibodies capable of binding
SH-ara-U as determined by a Millipore
membrane assay method. Ara-U was an
effective inhibitor of this binding and two
of four antisera studied in detail exhibited
sufficiently high specificity for ara-U to
permit their use in the development of a
sensitive and reliable RIA method, which
has been used in the determination of ara-
U concentrations in the plasma (506b) of
mice treated with ara-C.

5. Bleomycin. Bleomycin has been con-
Jjugated to bovine and human serum albu-
mins by the carbodiimide method (75, 205).
The molar ratio of bleomycin to albumin
in one such conjugate was estimated spec-
trophotometrically to be approximately
28:1 (75). Rabbits immunized with bleo-
mycin-albumin conjugates formed anti-
bodies capable of binding *3I-bleomycin,
as demonstrated by the dextran-coated
charcoal technique (75) or of binding 3"Co-
labeled bleomycin, as demonstrated by the
polyethylene glycol separation method
(205). Bleomycin was capable of inhibiting
this binding, while other antineoplastic
drugs were ineffective inhibitors (75, 176,
205), thus enabling the development of
sensitive and specific RIA methods capable
of measuring bleomycin concentrations as
low as 250 pg/ml (75, 205). The bleomycin
RIA method has been used to study the
pharmacokinetics of bleomycin in experi-
mental animals (656) and in man (175,
656).

6. Daunorubicin. The anthracycline
antibiotic, daunorubicin, differs structur-
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ally from Adriamycin only in that it lacks
the hydroxyl group present in Adriamycin
at the carbon-14 position. Because of this
structural similarity, daunorubicin is al-
most as effective as Adriamycin in inhibit-
ing the binding of an '**]-labeled Adria-
mycin derivative by anti-Adriamycin sera.
Accordingly, the '*I-labeled Adriamycin
derivative and anti-Adriamycin sera have
been used in the development of a double
antibody RIA procedure capable of detect-
ing daunorubicin concentrations as low as
2 pmol/ml in unextracted plasma or urine
(18, 676).

7. Macromycin. The polypeptide anti-
tumor agent, macromycin, has been con-
jugated to hemocyanine by the carbodi-
imide reaction, with the resulting deriva-
tive containing approximately 4 moles of
drug per mole of hemocyanin, as estimated
by the extent of incorporation of !*I-la-
beled macromycin into the conjugate. Rab-
bits immunized with this conjugate formed
antibodies capable of binding **I-labeled
macromycin, as determined by the dex-
tran-coated charcoal separation method.
Macromycin was an effective inhibitor of
this binding whereas other antitumor
drugs such as bleomycin and actinomycin
D exhibited minimal cross-reactivity, thus
enabling the development of a dextran-
coated charcoal RIA method capable of
detecting as little as 100 pg of macromycin
(722).

8. Methotrexate. With the carbodi-
imide method, the folic acid antagonist,
methotrexate, has been coupled via its
carboxyl group to synthetic polypeptides
(338, 435), hemocyanin (418), methylated
bovine serum albumin (60, 292, 542a), and
human serum albumin (435). Rabbits and
a goat immunized with methotrexate-poly-
peptide or methotrexate-protein conju-
gates have formed antibodies capable of
binding *H-methotrexate as demonstrated
by the double antibody method (60, 418).
Methotrexate is an effective inhibitor of
this binding of 3H-methotrexate by anti-
body while folic acid and folinic acid are
relatively ineffective inhibitors, thus ena-
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bling the use of *H-methotrexate and
methotrexate-specific antibodies in the de-
velopment of double antibody (60, 418),
nitrocellulose membrane (542a), polyeth-
ylene glycol (292) and dextran-coated char-
coal (12a, 435) RIA methods for the mea-
surement of methotrexate in biological
fluids.

9. L-Phenylalanine mustard. L-Phen-
ylalanine mustard, when added to human
v-globulin at pH 6.6, alkylates free amino
groups in the protein, thereby forming a
protein-L-phenylalanine mustard conju-
gate. Rabbits immunized with this conju-
gate formed antibodies capable of precipi-
tating with a bovine serum albumin-L-
phenylalanine mustard conjugate, but in-
hibition studies with L-phenylalanine
mustard or its derivatives were not de-
scribed (85). The use of antibodies to L-
phenylalanine mustard in the develop-
ment of an immunoassay for this drug has
not yet been described.

10. Vinca alkaloids. The Vinca alka-
loid, vinblastine, was conjugated via its
indole group to the free amino groups of
bovine serum albumin in the presence of
formaldehyde by the Mannich reaction.
The resulting cenjugates contained be-
tween 8 and 11 moles of vinblastine per
mole of albumin carrier, as estimated
spectrophotometrically. Rabbits immu-
nized with vinblastine-albumin conjugates
formed antibodies capable of binding 3H-
vinblastine, as demonstrated by the dex-
tran-coated charcoal separation method.
Vinblastine and the structurally related
Vinca alkaloid, vincristine, were effective
inhibitors of this binding, while the other
alkaloids and cytotoxic agents tested ex-
hibited no cross-reactivity. Since little is
known about the metabolic derivatives of
Vinca alkaloids, their cross-reactivity
with antivinblastine serum could not be
assessed. Nevertheless, the ability of un-
labeled vinblastine and vincristine, re-
spectively, to inhibit the binding of 3H-
vinblastine by antibody has enabled the
development of a dextran-coated charcoal
RIA system capable of detecting less than
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5 ng of immunoreactive Vinca alkaloid per
ml in the plasma of patients receiving
either vinblastine or vincristine (655).

M. Anti-Ulcer Drugs

1. Carbenoxolone. Carbenoxolone has
been conjugated via its carboxyl groups to
the free amino groups of bovine serum
albumin by the carbodiimide method. Ap-
proximately 10 molecules of carbenoxolone
were coupled to each molecule of albumin,
as estimated spectrophotometrically. Rab-
bits immunized with this conjugate formed
antibodies capable of binding H-carben-
oxolone, as determined by a charcoal sep-
aration method. Carbenoxolone and cer-
tain closely related derivatives were effec-
tive inhibitors of the binding of 3H-carben-
oxolone by antibody, thus enabling the
development of a charcoal RIA method
capable of detecting carbenoxolone concen-
trations as low as 1 ng/ml (526).

N. Bronchodilators

1. Theophylline. Two methods have
been described for the experimental pro-
duction of antibodies to theophylline. The
8-(3-carboxypropyl) derivative of theophyl-
line (1,3-dimethylxanthine) has been con-
jugated to bovine serum albumin, 30 to 40
theophylline residues being coupled to
each albumin molecule, as estimated spec-
trophotometrically (159). Alternatively 8-
carboxytheophylline has been synthesized
and conjugated to methylated bovine se-
rum albumin by the carbodiimide method
(488). Rabbits immunized with these con-
jugates formed antibodies which bound H-
theophylline as determined by ammonium
sulfate precipitation methods. Theophyl-
line was an effective inhibitor of this bind-
ing; caffeine (1,3,7-trimethylxanthine)
cross-reacted weakly and other xanthines
exhibited little or no cross-reactivity with
antitheophylline serum. Antitheophylline
serum has been used together with 3H-
theophylline to develop RIA methods for
the measurement of theophylline in bio-
logical fluids. These RIA methods have
been used to measure theophylline concen-
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trations in the plasma of adult patients
(159) and premature infants (488) receiv-
0. Cardiac Glycosides

1. Acetylstrophanthidin. Acetylstro-
phanthidin is not a glycoside, but repre-
sents the synthetic C-3 acetyl ester of the
aglycone, strophanthidin. Strophanthidin
is structurally similar to ouabagenin, the
aglycone of the cardiac glycoside, ouabain,
which is also derived from Strophanthus
seeds, and hence acetylstrophanthidin is a
very effective inhibitor of the binding of
ouabain-*H by antiouabain sera (620). Ac-
cordingly, ouabain antisera have been
used, together with ouabain-*H, in the
development of a dextran-coated charcoal
RIA method capable of detecting as little
as 100 pg of acetylstrophanthidin in 1 ml
of unextracted plasma, urine or bile. This
method has been used to study the phar-
macokinetics of acetylstrophanthidin in
dogs and in human subjects (599).

2. Digitoxin. Ta elicit antibodies for the
cardiac glycoside, digitoxin, its aglycone,
digitoxigenin, was allowed to react with
succinic anhydride to yield the reaction
product, 3-O-succinyl digitoxigenin. This
latter derivative was then conjugated via
its carboxyl group to the free amino groups
of human or bovine serum albumin, using
either the carbodiimide or the mixed an-
hydride coupling method, yielding conju-
gates which contained between 5 and 13
digitoxigenin residues per molecule of al-
bumin. Rabbits immunized with these
conjugates formed antibodies capable of
binding !*]-labeled succinyl digitoxigenin
tyrosine methyl ester, as demonstrated by
a double antibody method. Nonradioactive
digitoxin was an effective inhibitor of this
binding. A closely related glycoside, di-
goxin, or 12-hydroxydigitoxin, is about
one-tenth as effective an inhibitor as digi-
toxin, while steroid hormones are ineffec-
tive inhibitors at physiological concentra-
tions. Thus, the ability of nonradioactive
digitoxin to inhibit the binding of the !*I-
labeled digitoxigenin derivative by digi-
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toxigenin-specific antibodies has enabled
the use of these antibodies, together with
the radioiodinated digitoxigenin deriva-
tive, in the development of a sensitive and
specific double antibody RIA method ca-
pable of detecting as little as 1 ng of
digitoxin per ml in extracts of human
serum (507). Since digoxin is structurally
so similar to digitoxin, antibodies to di-
goxin bind digitoxin-*H with high affinity
and have been used together with digi-
toxin-*H in the development of a rapid
dextran-coated charcoal RIA method ca-
pable of detecting as little as 2 ng of
digitoxin per ml of unextracted human
serum (618). A solid phase RIA method
employing an '*]-labeled digitoxigenin de-
rivative and digitoxin-specific antibodies
coupled to sepharose has also been de-
scribed (59). Digitoxin RIA methods detect
digitoxin metabolites in addition to detect-
ing digitoxin (281, 645), but, nonetheless,
measurements of serum concentrations of
immunoreactive digitoxin have been
found to be of value in determining opti-
mal digitoxin dosage schedules for adult
patients receiving this drug (35, 53, 89,
124, 133, 194, 223, 414, 507, 528, 618, 619,
621). Similar studies with a serum digi-
toxin RIA in infants and children have
provided evidence that infants and chil-
dren tolerate higher serum digitoxin con-
centrations than do adults without devel-
oping toxic manifestations and that in-
fants and children may require more digi-
toxin on a milligrams per kilogram basis
than do adults for a therapeutic effect
(246). Digitoxin RIA methods have also
been used in studies of digitoxin bioavail-
ability (645) and of the effects of rifampicin
on digitoxin metabolism in man (529), as
well as in studies of digitoxin pharmaco-
kinetics in dogs (51).

3. Digoxin. Digoxin, the most widely
used cardiac glycoside in the United
States, consists of an aglycone, digoxi-
genin, and 3 glycosidic digitoxose residues
linked to the aglycone at the C-3 position.
The terminal digitoxose residue contains
vicinal hydroxyl groups which, following
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oxidation with sodium periodate, yield a
dialdehyde derivative of digoxin which can
be coupled to the free amino groups of
bovine or human serum albumin; approxi-
mately 2 to 7 molecules of digoxin are
ordinarily conjugated to each molecule of
albumin, as estimated spectrophotometri-
cally. Rabbits immunized with these con-
jugates have formed antibodies capable of
binding digoxin-°H, as determined by
equilibrium dialysis and by the dextran-
coated charcoal separation method (94,
623); the specificity and affinity of these
antibodies for digoxin were found to be
greater after several months of immuni-
zation than after a few weeks of immuni-
zation (623, 625).

The specificity of digoxin antisera has
been studied extensively. Antidigoxin sera
are capable of binding cortisone-
3H hydrocortisone-*H and dehydroepian-
drosterone-*H, as demonstrated by equilib-
rium dialysis (94). However, in compari-
son with digoxin, much higher concentra-
tions of these and other endogenous ste-
roids of man are required to produce sig-
nificant inhibition of the binding of radio-
labeled digoxin by antidigoxin sera (94,
623, 625). If antisera of sufficient specific-
ity are selected for use in the development
of digoxin RIA methods, the concentra-
tions of endogenous steroids encountered
in human serum will not interfere signifi-
cantly (622, 625). However, if antidigoxin
sera with significant cross-reactivity are
employed, endogenous steroids (625) and
prednisone (736) may interfere with di-
goxin RIA procedures. Similarly, the al-
dosterone antagonist, spironolactone, may
also interfere with the binding of radiola-
beled digoxin by some antidigoxin sera
(532, 736), but the presence of this drug in
clinical serum samples should not consti-
tute a problem if antisera of proper speci-
ficity are employed (316, 545).

Metabolic derivatives of digoxin, or di-
goxigenin tridigitoxoside, cross-react with
different digoxin antibodies to varying de-
grees. Since the immunogenic digoxin-pro-
tein conjugate contains an intact digoxi-
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genin moiety, most antidigoxin sera cross-
react extensively with digoxin derivatives
which contain the intact aglycone. Digox-
igenin and its mono- and bisdigitoxosides
are therefore highly immunoreactive in
most digoxin RIA systems (36, 228, 396,
411, 447, 646). Since these three metabolic
derivatives are cardioactive as well as im-
munoreactive, the presence of significant
quantities of these compounds in serum
may not constitute a practical disadvan-
tage if measurements of immunoreactive
digoxin provide an accurate clinical reflec-
tion of pharmacologically active digoxin
derivatives present in a patient’s serum
(89). Other digoxin metabolites which lack
significant pharmacological activity, such
as dihydrodigoxin, may also inhibit the
binding of radiolabeled digoxin by anti-
body (387), but the presence of such car-
dioinactive metabolites should not consti-
tute a significant problem if antibodies of
appropriate specificity are employed (95,
396).

Other cardiac. glycosides containing di-
goxigenin, such as deslanoside, lanatoside
C, a-acetyldigoxin, g-acetyldigoxin and
B-methyldigoxin are very effective inhibi-
tors of the binding of radiolabeled digoxin
by antidigoxin sera (17, 227, 287, 343, 364,
623) to an extent that digoxin RIA systems
can be used to measure serum and urinary
concentrations of these cardiac glycosides
in individuals who are being treated with
one of these medications, but who are not
also receiving digoxin (52, 54, 56, 190, 227,
274, 287, 343, 364, 448, 552).

Digitoxin differs structurally from di-
goxin only in that it lacks the C-12 hy-
droxyl group present in digoxin. It is
therefore often 20 to 30 times less effective
than digoxin in inhibiting the binding of
radiolabeled digoxin by antidigoxin sera.
This cross-reactivity will not constitute a
problem in serum digoxin measurements
if it is known with certainty that a patient
has received no cardiac glycoside other
than digoxin. However, serum digitoxin
concentrations in patients receiving digi-
toxin or digitalis leaf are ordinarily much
higher than serum digoxin concentrations;

BUTLER

therefore, if a serum digoxin measurement
is erroneously performed on such a pa-
tient, a meaningless serum digoxin level
will be reported to the physician. Accord-
ingly, when a serum digoxin measurement
is performed, it is essential that the pa-
tient be receiving only digoxin (89).

The affinity of digoxin antibodies for
digitoxin, while less than their affinity for
digoxin, is sufficiently great to allow their
use together with digitoxin-°H in the de-
velopment of digitoxin RIA procedures
(618). Similarly, antibodies to digoxin
have been employed, together with radio-
labeled digitoxin, in the development of
RIA methods for the measurement of two
other digitalis glycosides, gitaloxin and
gitoxin (413).

The average intrinsic affinity constants
of antidigoxin sera are often in the range
of 10° to 10 M, particularly after several
months of immunization. Affinity con-
stants may, however, be lower during the
early weeks of immunization. If antiserum
of relatively low affinity is used in a dex-
tran-coated charcoal RIA procedure, ex-
tensive dissociation of digoxin from anti-
body accompanied by adsorption to char-
coal may occur during incubation with
dextran-coated charcoal; as much as 60%
of the bound digoxin may dissociate within
15 minutes. Since the extent of such disso-
ciation is related to the duration of expo-
sure to dextran-coated charcoal, the appar-
ent percentages of radiolabeled digoxin
bound in various individual tubes will
vary significantly if there is a slight tube-
to-tube variability in the duration of the
charcoal incubation step; such variability
in bound radiolabeled digoxin may cause
significant errors in assay results (460,
625). If antiserum of high affinity is used,
however, the rate of dissociation is rela-
tively slow and does not constitute a sig-
nificant source of error in the RIA proce-
dure (625, 626).

The original digoxin RIA method em-
ployed digoxin-*H and the dextran-coated
charcoal separation method (622). Subse-
quently, digoxin RIA procedures have
been described which employ !*I-labeled
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digoxin derivatives (118, 123, 193, 265, 271,
313, 396, 533, 653) and a variety of methods
for the separation of antibody-bound from
free radiolabeled digoxin, including Somo-
gyi precipitation (460), ammonium sulfate
precipitation (193), polyethylene glycol
precipitation (26, 199, 608), gel equilibra-
tion (265), double antibody separation
(199, 396), Sephadex separation (135),
membrane filtration (244) and several
solid-phase RIA methods (17, 58, 386, 431,
735). Recently, use of an enzyme immu-
noassay for digoxin has been reported (569,
648).

Kits for the measurement of digoxin by
RIA have been marketed by many manu-
facturers and comparison of results ob-
tained using various kits have appeared in
the literature (28, 36, 86, 284, 391-394, 440,
486, 487, 592, 602, 688). Some inaccuracies
have been encountered by these and other
(82, 311, 515) authors when commercial
kits are employed. However, if antisera of
high affinity and specificity are provided
(625) and if proper experimental technique
is employed (310, 602, 607), reliable and
reproducible results can be obtained with
commercial RIA kits.

Over the past decade, considerable clin-
ical experience has been obtained with
radioimmunological measurements of se-
rum or plasma digoxin concentrations in
adult patients with and without clinical
evidence of digoxin toxicity. Although
most toxic patients have serum digoxin
levels in excess of 2 ng/ml, a significant
overlap exists between serum digoxin con-
centrations in patients with and without
clinical evidence of toxicity. Thus, an ele-
vated serum digoxin level alone can never
be used to make a diagnosis of digoxin
.intoxication. However, a knowledge of the
serum digoxin concentration, when con-
sidered together with other clinical and
laboratory parameters, is often of great
value to physicians in determining optimal
digoxin dosage schedules for patients re-
quiring this drug who: 1) are suspected, on
clinical grounds to be digoxin-toxic; 2) are
at high risk for the development of digoxin
intoxication, due to impaired renal func-
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tion; 3) are unable to give a reliable history
of recent digoxin ingestion; or, 4) respond
poorly to a given dose of digoxin on the
basis of impaired absorption or accelerated
metabolic degradation of the drug (35, 53,
89, 95, 97, 108, 120-122, 130, 191, 194, 213,
214, 231, 252, 273, 307, 315, 319, 332, 351,
356, 414, 508, 511, 537, 553, 568, 588, 615,
619, 621, 622, 624, 625, 714, 736).

A major goal in the development of the
digoxin RIA was the safe and more effec-
tive use of this digitalis glycoside. In this
connection it should be noted that, al-
though the compliance of some patients
with the instructions of their physicians
regarding digoxin administration has been
found by radioimmunological serum di-
goxin measurements to be suboptimal (38,
609, 708), the finding of a low serum di-
goxin level has enabled physicians to iden-
tify and improve the compliance of pa-
tients who have previously failed to take
their digoxin regularly (38). Another study
has provided evidence which suggests that
the use of the serum digoxin RIA for
adjustment of digoxin dosage reduces the
frequency of digoxin intoxication in di-
goxin-treated patients (197, 381).

Infants in the first year of life are often
given digoxin doses up to 3 times as great
as doses given to adults, on a milligrams
per kilogram basis (260, 289, 489, 580) and
several studies have revealed that serum
digoxin concentrations in infants without
clinical evidence of digoxin intoxication
are significantly higher than in older chil-
dren and adults. These studies provide
strong evidence that digoxin-treated in-
fants with cardiac disease are more resist-
ant to the development of toxic arrhyth-
mias than are digoxin-treated adults with
cardiac disease (289, 328, 390, 403, 456,
510, 567, 584, 710, 712, 721).

In addition to their widespread clinical
use in the monitoring of serum digoxin
levels, digoxin RIA methods have been
used extensively in investigative studies,
both in man and in experimental animals.
Digoxin RIA methods have been employed
in studies of the bioavailability (54, 216,
235, 262, 263, 318, 342, 344, 365, 427, 429,
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430, 443, 446, 457, 497, 500, 538, 549, 603-
606, 689, 738), pharmacokinetics (50, 70,
260, 305, 360, 384, 388, 496, 641) and sali-
vary excretion (317) of digoxin in man.
Digoxin RIA methods have also been used
to study the intestinal absorption of di-
goxin (14, 68, 290, 320, 341, 359, 482, 501,
505, 661, 711, 713) as well as the interfer-
ence, by other drugs, with digoxin absorp-
tion in man (80, 358, 428, 686). Digoxin
RIA methods have been used to study the
effects of thyroid disease (178), altered
renal function (33, 36, 79, 223, 239, 269,
280, 331, 377, 385, 455, 640, 650, 690),
maintenance hemodialysis (329) and car-
diopulmonary bypass (107, 148, 389, 481)
on serum levels and urinary excretion of
digoxin in man. In other studies, serum
immunoreactive digoxin concentrations
have been correlated with the acetylstro-
phanthidin tolerance of digoxin-treated
patients (378) and with the effects of di-
goxin on echocardiographically assessed
left ventricular performance (163), systolic
time intervals (103, 306) and several elec-
trocardiographic parameters of digoxin ac-
tion (355, 357). Digoxin RIA methods have
been used to determine concentrations of
digoxin in the myocardium and other tis-
sues obtained surgically or at autopsy from
digoxin-treated individuals (104, 147, 149,
150, 259, 270, 286, 361, 366, 372, 587) or
from patients who ingested toxic amounts
of digoxin with suicidal intent (330).

The serum digoxin RIA method has also
been used to measure digoxin concentra-
tions in the serum, urine and tissues of
experimental animals (25, 69, 126, 215,
233, 245, 684) and in crude extracts of
Digitalis leaf (706).

4. Gitaloxin. Gitaloxin, 16-formylgi-
toxin, is a glycoside derived from Digitalis
leaf. The ability of gitaloxin to inhibit the
binding of digitoxin-*H by antidigoxin sera
has formed the basis for a dextran-coated
charcoal RIA of gitaloxin in human
plasma (413).

Recently, the aglycone of gitaloxin, gi-
taloxigenin, has been combined with suc-
cinic anhydride to produce gitaloxigenin
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hemisuccinate; this gitaloxigenin deriva-
tive has been coupled via its carboxyl
group to the free amino groups of human
serum albumin, using the carbodiimide
method. Rabbits immunized with this con-
jugate have formed antibodies capable of
binding digitoxin-*H, as determined by the
dextran-coated  charcoal separation
method. Gitoxin was a more effective in-
hibitor of this binding than was gitaloxin,
suggesting that hydrolysis of the formyl
group may have occurred soon after the
injection of the conjugate into the rabbit.
Thus, although the antibodies elicited in
response to the gitaloxigenin-protein con-
jugate must be considered as being of the
antigitoxin, rather than antigitaloxin,
type, preliminary studies suggest that
these antibodies can be used together with
digitoxin-*H in the radioimmunological
measurement of gitaloxin after a prior
deformylation step (415).

5. Gitoxin. Like gitaloxin, gitoxin is
also a glycoside derived from Digitalis
leaf. It is more effective than gitaloxin in
inhibiting the binding of digitoxin-*H by
antidigoxin sera (413) or by antibodies
elicited in response to immunization with
a gitaloxigenin-protein conjugate (415).
The ability of gitoxin to inhibit such bind-
ing has enabled the immunological mea-
surement of gitoxin in human plasma by a
dextran-coated charcoal assay method
(413, 415).

6. Lanatoside C. Lanatoside C is a car-
diac glycoside derived from the leaves of
Digitalis lanata and it differs from digoxin
only in that its terminal digitoxose con-
tains additional glucose and acetyl moie-
ties. Since its aglycone is digoxigenin, it is
a very effective inhibitor of the binding of
radiolabeled digoxin by antidigoxin sera
thus enabling its measurement in a dex-
tran-coated charcoal RIA system, employ-
ing digoxin antisera and radiolabeled di-
goxin. This RIA method has been used to
measure concentrations of lanatoside C in
the serum of patients being treated with
this drug (54, 364).

7. B-Methyldigoxin. B-Methyldigoxin
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differs from digoxin only in that it contains
an additional methyl group in the termi-
nal digitoxose residue. It is an effective
inhibitor of the binding of radiolabeled
digoxin by antidigoxin sera, thus enabling
its measurement in RIA systems using
radiolabeled digoxin and antidigoxin anti-
bodies. B-Methyldigoxin RIA methods
have been used to measure serum and
urine concentrations of this drug in phar-
macokinetic studies in human subjects (52,
56, 274, 287, 343, 448, 552).

8. Ouabain. Ouabain has been conju-
gated via its glycosidic rhamnose residue
to the free amino groups of poly (pL-
alanyl)-human serum albumin by the per-
iodate oxidation method. Rabbits immu-
nized with this conjugate formed anti-
bodies which were capable of binding oua-
bain-H as determined by the dextran-
coated charcoal separation method (616,
620). Ouabain and a structurally related
compound, acetylstrophanthidin, were
very effective inhibitors of the binding of
ouabain-*H, while digoxin and digitoxin
were only 1/15 as effective as ouabain in
inhibiting this binding. Endogenous ste-
roids did not cross-react to a measurable
extent even when present in concentra-
tions more than 1000-fold in excess of in-
hibitory ouabain concentrations (620). The
specificity of ouabain antibodies has ena-
bled their use, together with ouabain-°H,
in the development of a sensitive and
specific RIA method capable of detecting
less than 100 pg per ml of plasma or urine.
This RIA method has been used in studies
of the myocardial uptake of ouabain in
man (600) and in studies of the pharmaco-
kinetics of ouabain in dogs and in man
(601). Ouabain antibodies have also been
used together with ouabain-*H, in the de-
velopment of an RIA method for the study
of the pharmacokinetics of acetylstrophan-
thidin (599).

9. Proscillaridin. Proscillaridin, a squill
glycoside, has been conjugated via its
rhamnose moiety, to the free amino groups
of human serum albumin by the periodate
oxidation method. Rabbits immunized
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with this conjugate formed antibodies ca-
pable of binding proscillaridin-*H, as dem-
onstrated by the dextran-coated charcoal
separation method. Proscillaridin and cer-
tain related derivatives were effective in-
hibitors of this binding while more dis-
tantly related cardiac glycosides, such as
digoxin, digitoxin and ouabain were very
weak inhibitors; cholesterol and testoster-
one exhibited no inhibition at the highest
concentrations tested. Thus, proscillari-
din-*H and antiproscillaridin sera can be
used to measure nonradioactive proscillar-
idin. Unfortunately, the sensitivity of the
presently available RIA system (15 ng/ml)
is not high enough to determine plasma
proscillaridin levels in man without a
prior extraction step; radiolabeled proscil-
laridin of higher specific activity will be
required to increase the sensitivity of this
RIA method (37).

P. Central Nervous System Stimulants
and Hallucinogens

1. Amphetamine. To develop an immu-
noassay for amphetamine, a derivative of
methamphetamine was synthesized by the
addition of N-(4-bromobutyl)phthalimide
to methamphetamine. The derivative, N-
(4-aminobutyl)methamphetamine, was
conjugated via its amino group to the free
carboxyl groups of bovine serum albumin
by the carbodiimide. Rabbits immunized
with this conjugate formed antibodies
which bound 3H-amphetamine, as deter-
mined by an ammonium sulfate precipita-
tion method. Amphetamine and metham-
phetamine were effective inhibitors of the
binding of *H-amphetamine by antibody;
mephenterine and norephedrine were
moderately effective inhibitors, whereas
the inhibition produced by methylbenzy-
lamine, tyramine and isoproterenol was
minimal (131). The specificity of anti-
bodies elicited by this approach has been
extensively characterized, enabling the
development of an RIA method in which
canine plasma and tissue amphetamine
concentrations are determined by the abil-
ity of plasma or of tissue homogenates to
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inhibit the binding of SH-amphetamine by
antibody, as determined by an equilibrium
dialysis method (217). Recently, an am-
monium sulfate RIA method employing an
125].]abeled amphetamine derivative has
been described (65) as has an enzyme-
linked immunoassay for amphetamine
(65, 67, 483, 596).

2. Caffeine. A caffeine derivative, 7-(5-
carboxypentyl)-1,3-dimethylxanthine was
synthesized and conjugated via its car-
boxyl group to the free amino groups of
bovine serum albumin by the mixed an-
hydride method, an estimated 24 residues
of caffeine being incorporated into each
molecule of conjugate, as determined by
differential spectrophotometry. Rabbits
immunized with caffeine-albumin conju-
gates formed antibodies capable of binding
an 3H-labeled 7-propyl analog of caffeine,
as determined by a dextran-coated char-
coal separation method. Caffeine was an
effective inhibitor of the binding of the H-
caffeine derivative; theophylline was a
weak inhibitor and the inhibition of bind-
ing caused by uric acid and other xanthine
derivatives was negligible. The ability of
caffeine to inhibit the binding of the 3H-
labeled derivative by antibody has enabled
the development of a dextran-coated char-
coal RIA method which has been used in
pharmacokinetic studies of caffeine con-
centrations in the plasma and saliva of
human subjects (156).

3. Cocaine. See section V S.

4. 2,5-Dimethoxy -4 - methylampheta-
mine. The hallucinogen, 2-5-dimethoxy-
4-methylamphetamine (DOM), has been
conjugated via its methylamino group to
the free amino groups of rabbit serum
albumin by the glutaraldehyde method, 14
residues of hapten having been coupled to
each molecule of albumin, as estimated
spectrophotometrically. Rabbits immu-
nized with this conjugate formed hapten-
specific antibodies which reacted with the
DOM-rabbit albumin conjugate as de-
tected by a complement fixation reaction
which was inhibited by DOM, but not by
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amphetamine or by 3,4-dimethoxyphen-
ylethylamine (673). Guinea pigs immu-
nized with a DOM-human serum albumin
conjugate prepared in a similar manner
formed antibodies capable of binding 3H-
DOM, as determined by an ammonium
sulfate precipitation method, thus ena-
bling the development of an RIA method
for the measurement of serum concentra-
tions of DOM (371). An *I-labeled deriva-
tive of DOM has been synthesized and
used, together with DOM-specific anti-
bodies, in the development of a double
antibody RIA method capable of detecting
as little as 2 ng of DOM (551).

5. Lysergic acid diethylamide. To elicit
antibodies to lysergic acid diethylamide
(LSD), lysergic acid has been coupled by
its carboxyl groups to the free amino
groups of poly (L-lysine), using the carbo-
diimide method. The extent of substitution
in the resulting conjugate, as estimated
from spectrophotometric measurements,
was approximately 1 molecule of lysergic
acid per 6 to 10 molecules of lysine. An
electrostatic complex of lysergic acid-poly-
lysine with succinylated hemocyanin was
used to immunize rabbits and guinea pigs.
Antisera from these animals fixed comple-
ment in the presence of lysergic acid-poly-
lysine, but not in the presence of polyly-
sine alone (674). Antisera from rabbits
immunized with conjugates prepared in a
similar manner bound 3H-LSD as deter-
mined by equilibrium dialysis and by an
ammonium sulfate precipitation method
(438); antisera from rabbits immunized
with lysergic acid-human serum albumin
conjugates prepared by the carbodiimide
method also bound *H-LSD as demon-
strated by the dextran-coated charcoal sep-
aration technique (436). Antisera from an-
imals immunized with lysergic acid-poly-
lysine conjugates complexed with succin-
ylated hemocyanin were shown to be ca-
pable of binding an '*I-labeled lysergic
acid-polyamino acid conjugate, as detected
by the double antibody method; p-lysergic
acid, LSD and four ergot alkaloids were
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effective inhibitors. Serotonin and several
other compounds whose structures differ
appreciably from LSD were also strong
inhibitors of the binding of the '*I-deriva-
tive by antibody, thus limiting the use of
antibodies to lysergic acid in the develop-
ment of a specific RIA for LSD (674).

LSD itself has been conjugated through
its indole nitrogen to the amino groups of
human and bovine serum albumins by the
Mannich reaction, 10 to 40 LSD residues
being coupled to each molecule of albumin,
as estimated spectrophotometrically. Rab-
bits immunized with these conjugates
formed antibodies which bound an '*]-la-
beled LSD-polyamino acid conjugate, as
demonstrated by the double antibody
method (654), or which bound *H-LSD, as
demonstrated by the dextran-coated char-
coal (109) and double antibody (544) meth-
ods. Antibodies elicited by LSD-protein
conjugates prepared by the Mannich reac-
tion exhibited much greater specificity for
LSD, as demonstrated by hapten inhibi-
tion experiments, than did the previously
elicited antibodies to lysergic acid. The
specificity of these antibodies has enabled
their use in the development of double
antibody (544, 654) and dextran-coated
charcoal (109) RIA methods for the mea-
surement of picogram quantities of LSD in
the serum and urine of users of this drug.

Recently, a conjugate has been prepared
in which a four-carbon “spacer” chain has
been substituted for an ethyl group in LSD
and has been used to couple LSD to bovine
serum albumin. A sheep immunized with
this lysergic acid N-ethyl-N-(5-carboxy-
amyl)amide-bovine serum albumin conju-
gate (which contained between 12 and 15
hapten molecules per molecule of albumin,
as estimated by ultraviolet absorption and
spectrofluorometry) formed antibodies ca-
pable of binding *H-LSD, as determined
by the double antibody method. These
antibodies have been used, together with
SH-LSD, in the development of a sensitive
double antibody RIA method for the mea-
surement of LSD in human serum and
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urine. This RIA method exhibits excellent
specificity for LSD and was not as signifi-
cantly affected by immunoreactive LSD
metabolites as was a similar RIA method
employing antibodies elicited by an LSD-
albumin conjugate prepared by Mannich
condensation (544).

6. Mescaline. Mescaline (3,4,5-trime-
thoxyphenylethylamine) has been conju-
gated to the free carboxyl groups of poly-
glutamic acid by the carbodiimide method,
with incorporation of about 3 or 4 hapten
residues per 10 residues of glutamic acid,
as estimated spectrophotometrically. Rab-
bits were immunized with electrostatic
complexes formed between these conju-
gates and methylated bovine serum albu-
min. After absorption of antibodies to
polyglutamic acid, antisera from these
rabbits reacted with mescaline-polyglu-
tamic acid conjugates, as detected by com-
plement fixation. Mescaline and its ana-
logs with methoxy groups on positions 3,4
and 5 on the benzene ring were effective
inhibitors of this complement fixation re-
action, but removal of one methoxy group
from position 4 or 5 reduced the inhibitory
effectiveness at least 50-fold (673). Mesca-
line antibodies of similar specificity have
been raised in rabbits immunized with
mescaline-human serum albumin or N-
succinylmescaline-human serum albumin
conjugates prepared by the carbodiimide
method. These antibodies have been used,
together with an '*I-labeled mescaline de-
rivative, in the development of a double
antibody RIA method which is capable of
detecting as little as 100 pg of mescaline
and which has been used in studies of
mescaline metabolism in rabbits (551).

7. Nicotine. See section V Q.

8. Pimozide. An acetic acid homolog of
the neuroleptic drug, pimozide, was pre-
pared and conjugated to bovine serum al-
bumin by the carbodiimide method; the
degree of hapten substitution was esti-
mated to be 2 to 3 moles of pimozide per
mole of protein, as measured by incorpo-
ration of *H-labeled pimozide homolog into
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the conjugate. Rabbits immunized with
this conjugate formed antibodies capable
of binding *H-pimozide, as determined by
a dextran-coated charcoal separation
method. Pimozide and related neuroleptic
drugs of the diphenylbutylamine series
were effective inhibitors of this binding,
but the major metabolites of pimozide
were very ineffective inhibitors. Although
this RIA method has not yet been applied
to the measurement of pimozide in biolog-
ical fluids, this assay is theoretically ca-
pable of detecting as little as 50 pg of
pimozide (464).

9. Tetrahydrocannabinol. Tetrahydro-
cannabinol (THC), the main pharmacolog-
ically active constituent of cannabis, has
been conjugated to protein carriers by
three different methods. THC has been
coupled with diazotized p-aminobenzoic
acid and the product has been coupled via
its benzoyl carboxyl group to the free
amino groups of keyhole limpet hemocya-
nin by the carbodiimide method; the mini-
mum hapten/protein molar ratio was 30:1,
as determined spectrophotometrically
(261). The chlorocarbonate derivative of
THC was prepared by the reaction of THC
with phosgene, and the derivative was
then conjugated to bovine serum albumin
by the Schotten-Baumann reaction; by in-
cluding *H-THC in the process, it was
shown that an average of 12 THC mole-
cules were conjugated to each albumin
molecule (658). The hemisuccinate ester of
THC has been prepared and conjugated
via its carboxyl group to the free amino
groups of bovine serum albumin by the
carbodiimide method; measurement of
tracer *H-THC present in the conjugate
showed that an average of 25 THC mole-
cules were attached to each albumin mol-
ecule (660).

Animals immunized with each of these
conjugates formed THC-specific anti-
bodies, as demonstrated by fluorescence
quenching with THC-azobenzoic acid (261)
and by binding of H-THC in uncoated
charcoal (658) and dextran-coated charcoal
(268, 627, 659, 660) separation systems;
THC was capable of inhibiting the fluores-
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cence quenching and the binding of °H-
THC. Most antisera cross-reacted exten-
sively with 11-hydroxy-THC, a major THC
metabolite (268, 660).

Anti-THC sera have been used together
with 3H-THC in the development of dex-
tran-coated charcoal RIA methods for the
measurement of cannabinoids in extracts
of plasma and urine (268, 627, 657, 660).
These RIA methods have been used in the
detection of cannabis use in man (450,
656a) and in studies of the pharmacoki-
netic behavior of cannabinoids in man
(627, 659) and in experimental animals
(657, 660).

Recently, cannabinoid acids have been
conjugated via their carboxyl groups to the
free amino groups of ovalbumin and of
bovine serum albumin by the mixed an-
hydride method; from 4 to 26 molecules of
these haptens were coupled to each mole-
cule of the carrier proteins, as estimated
spectrophotometrically. Rabbits immu-
nized with cannabinoid acid-bovine albu-
min conjugates formed hapten-specific
antibodies which precipitated with canna-
binoid acid-ovalbumin conjugates; the pre-
cipitation reaction was inhibited by free
hapten. Three spin-labeled cannabinoid
derivatives have been synthesized and are
being used in the development of spin
label immunoassays for the detection and
measurement of cannabinoids in human
urine (96).

10. Theophylline. See section V N.

Q. Cholinergic Agents

1. Nicotine. Three methods have been
used to date to elicit antibodies specific for
the major tobacco alkaloid, nicotine. In the
first method described, 3’-succinylmethyl-
nicotine was isolated after the reaction of
equimolar quantities of succinic anhydride
and 3'-hydroxymethylnicotine. The 3'-suc-
cinylmethylnicotine was conjugated via its
free succinyl carboxyl group to the amino
groups of protein and poly(L-lysine) car-
riers by the carbodiimide method. The
degree of coupling varied between 6 and 18
molecules of hapten per molecule of conju-
gate, as estimated spectrophotometrically
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(405). In the second method, 6-(p-nitro-
benzamido)nicotine was synthesized by
the addition of p-nitrobenzoyl chloride to
6-aminonicotine. After catalytic reduction
of the nitro group, the resulting 6-(p-ami-
nobenzamido)nicotine was diazotized and
conjugated to the tyrosyl, histidine and
tryptophan residues of bovine serum albu-
min; approximately 30 residues of nicotine
were conjugated to each molecule of albu-
min, as determined by acid hydrolysis of
the conjugate and high pressure liquid
chromatographic assay of released 6-ami-
nonicotine (454). Finally, 6-aminonicotine
has been treated with succinic anhydride
to yield N-succinyl-6-aminonicotine which
was coupled via the free succinyl carboxyl
group to the free amino groups of protein
carriers by the carbodiimide method; the
extent of conjugation was determined by
ultraviolet spectroscopy, which indicated
that 4 to 10 molecules of nicotine were
coupled to each protein molecule (278).
Rabbits immunized with each of these
conjugates formed antibodies capable of
binding 3H-nicotine, as determined by the
double antibody (278, 405) and ammonium
sulfate precipitation (453) methods. Nico-
tine is an effective inhibitor of this bind-
ing, whereas cotinine and other nicotine
metabolites are very ineffective inhibitors.
This ability of nicotine antibodies to dis-
tinguish nicotine from its major metabo-
lites has enabled the development of spe-
cific and sensitive double antibody (278,
405) and ammonium sulfate (453) RIA
methods capable of detecting as little as
350 pg of nicotine in unextracted plasma
or urine.

Nicotine RIA methods have been used to
characterize the formation of a nicotine
analog of triphosphopyridine nucleotide in
rat liver microsomal preparations (610)
and to study nicotine concentrations in the
plasma and urine of tobacco smokers (278,
405, 406).

In order to elicit antibodies to cotinine,
a major metabolite of nicotine, trans-4’-
carboxycotinine was conjugated via its car-
boxyl group to the free amino groups of
protein and poly(vL-lysine) carriers by the
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carbodiimide method; between 6 and 18
molecules of hapten were incorporated into
each molecule of conjugate, as estimated
spectrophotometrically. Rabbits immu-
nized with the conjugate formed antibodies
capable of binding '#I-labeled N-(p-hy-
droxyphenethyl)-trans-cotinine carboxam-
ide, as determined by the double antibody
method. Cotinine is 2000 times more effec-
tive than its parent compound, nicotine, in
inhibiting this binding, thus enabling the
development of a sensitive and specific
double antibody RIA method capable of
detecting as little as 200 pg of cotinine in
unextracted plasma or urine (405). Since
nicotine is metabolized rapidly, it has been
suggested that it may be advantageous to
measure cotinine, its longer lived and
more abundant metabolite, in studies de-
signed to relate the effects of smoking to
health (406). The measurement of 24-hour
urinary cotinine excretion by RIA has
been used to document the absorption of
nicotine by workers harvesting green to-
bacco and to implicate absorption of nico-
tine as the likely cause of green tobacco
sickness, an occupational illness of tobacco
harvesters (240).

To develop an immunoassay for y-(3-
pyridyl)-y-oxo-N-methylbutyramide (oxo-
amide), a metabolite of cotinine, y-(3-pyri-
dyl)-y-oxobutyric.acid was conjugated via
its carboxyl group to the free amino groups
of human serum albumin and of hemocya-
nin by the carbodiimide method. Rabbits
immunized with these conjugates formed
antibodies capable of binding an '*I-la-
beled analog of oxoamide, as demonstrated
by the double antibody method. Oxoamide
was an effective inhibitor of this binding,
whereas nicotine, cotinine and several
other metabolites were poor inhibitors,
thus making it possible to determine ox-
oamide concentrations at the picomole
level by RIA. This RIA method has been
used to study the enzyme system respon-
sible for the conversion of cotinine to
oxoamide in rabbit liver extracts and to
measure oxoamide levels in the serum,
urine and amniotic fluid of tobacco smok-
ers. (404).
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To study other metabolites of nicotine
and cotinine, the mononucleotides of nico-
tine and of cotinine were conjugated to
bovine serum albumin. Animals immu-
nized with these conjugates formed anti-
bodies which were highly specific for the
hapten nucleotide. For example, the di-
phosphopyridine analogs and the mono-
nucleotides were 1000-fold more effective
than nicotine, cotinine or diphosphopyri-
dine nucleotide in inhibiting the binding
of radiolabeled antigen by specific anti-
bodies, thus enabling the development of
radioimmunoassay methods which have
been used to demonstrate the existence of
the nucleotide analogs in tissues of rabbits
injected with nicotine or cotinine (610a).

R. Diuretics

1. Bumetanide. A glycine derivative of
the sulfonamide diuretic, bumetanide, has
been conjugated via its glycyl carboxyl
group to the amino groups of bovine serum
albumin by the mixed anhydride method;
it was estimated spectrophotometrically
that the resulting conjugate contained ap-
proximately 40 moles of drug coupled to 1
mole of albumin. Rabbits immunized with

-this conjugate formed antibodies capable
of binding *H-bumetanide, as determined
by an ammonium sulfate precipitation
method; bumetanide was an effective in-
hibitor of this binding while the N-desbu-
tyl derivative, a known metabolite of bu-
metanide, exhibited minimal cross-reac-
tivity. Antibumetanide sera have been
used together with 3H-bumetanide in the
development of an ammonium sulfate RIA
method for the measurement of bumetan-
ide concentrations in extracts of plasma or
urine; using 0.1 ml of plasma or urine,
bumetanide concentrations as low as 1 ng/
ml can be determined by this technique.
This method has been used in studies of
the pharmacokinetics of bumetanide in
man (188).

S. Local Anesthetic Agents

1. Cocaine. Cocaine (benzoyl methylec-
gonine) is rapidly metabolized in man; the
principal metabolite appearing in the
urine is benzoylecgonine, with smaller
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amounts of ecgonine also being present.
Cocaine lacks the proper groups which
would enable it to be conjugated directly
to protein by currently available methods,
and it was not possible to conjugate benz-
oylecgonine to protein carriers. Accord-
ingly, ecgonine was conjugated via its car-
boxyl group to the free amino groups of
sheep 7y-globulin by the -carbodiimide
method. Rabbits and sheep immunized
with the ecgonine-sheep y-globulin conju-
gate formed antibodies capable of binding
an '*]-labeled benzoylecgonine derivative,
as determined by the ammonium sulfate
precipitation method. Benzoylecgonine
was the most effective inhibitor of this
binding, with ecgonine being about half as
effective; cocaine showed 15% cross-reac-
tivity and benzoylnorecgonine exhibited
10% cross-reactivity. Other related com-
pounds, other local anesthetic agents and
other drugs of abuse exhibited little or no
cross-reactivity in this system (367), ena-
bling the development of an ammonium
sulfate RIA method for the measurement
of immunoreactive cocaine metabolites in
the urine of human subjects and in the
plasma, urine and tissues of rabbits receiv-
ing an intravenous dose of cocaine (367,
484). Ecgonine antibodies have recently
been used in the development of a hemag-
glutination inhibition assay which is ca-
pable of detecting the major immunoreac-
tive metabolites of cocaine in urine or
serum in concentrations as low as 1 ng/ml
(183b). An enzyme immunoassay for co-
caine metabolites has also been described
(67, 483, 484, 596, 672).

T. Narcotic Antagonists

1. Cyclazocine. An azobenzoic acid de-
rivative of cyclazocine was conjugated to
poly(L-lysine) by a carbodiimide conden-
sation; the resulting conjugate was found
to have a cyclazocine content of 6%. Rab-
bits immunized with this conjugate formed
antibodies which bound 3H-cyclazocine as
determined by an unspecified method. Cy-
clazocine and certain other benzazocines
were effective inhibitors of this binding
(534). The use of these antibodies in a
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plasma cyclazocine RIA has not yet been
described.

2. (+)-2-Hydroxy-N-cyclopropylmeth-
ylmorphinan. The (+)-2-[4-(4-amino-
benzoyl)-aminobutoxy] derivative of the
narcotic antagonist, (+)-2-hydroxy-N-cy-
clopropylmethylmorphinan has been syn-
thesized, diazotized and coupled to the
tyrosine, tryptophan and histidine groups
of bovine serum albumin. Rabbits immu-
nized with the albumin-drug conjugate
formed antibodies capable of binding 3H-
labeled drug. Nonradioactive drug was an
effective inhibitor of this binding, while
several narcotics and other narcotic antag-
onists were ineffective inhibitors, thus en-
abling the development of an RIA method
capable of detecting drug concentrations
as low as 2 ng/ml in 0.1 ml plasma samples
of canine plasma (735a).

3. Naloxone. In order to conjugate nal-
oxone, a potent and specific antagonist of
narcotic analgesics, to bovine serum albu-
min, ethyl-N-carbamyl-cyanomethylace-
timidate was first conjugated to bovine
albumin. The albumin derivative was dia-
zotized and immediately mixed with nal-
oxone, reacting with its phenolic ring to
form a naloxone-albumin conjugate. Rab-
bits immunized with this conjugate formed
antibodies capable of binding *H-naloxone,
as determined by an ammonium sulfate
precipitation technique. Naloxone was an
effective inhibitor of this binding. A nal-
oxone analog, naltrexone, and the reduced
metabolite of naloxone were also effective
inhibitors. However, the cross-reactivity
of morphine and of two other naloxone
metabolites, naloxone-3-glucuronide, the
major metabolite, and N-dealkylnaloxone,
was weak, thus enabling the development
of an ammonium sulfate RIA method ca-
pable of detecting as little as 100 pg of
naloxone in specimens of serum or of brain
tissue. This assay method has been used
to study the pharmacokinetics of naloxone
in rats (40).

U. Narcotics and Analgesics

1. Acetylsalicylic acid. See section V J.
2. Anileridine. The N-succinyl deriva-
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tive of anileridine, a synthetic phenylpi-
peridine analgesic agent, has been pre-
pared and “activated” by the addition of
N-hydroxysuccinimide and N,N’-dicyclo-
hexylcarbodiimide. The activated N-hy-
droxysuccinimide ester of N-succinylani-
leridine was then conjugated directly to
protein carriers. Rabbits and a goat im-
munized with N-succinylanileridine-pro-
tein conjugates formed antibodies capable
of binding an '*I-tyramine derivative of
N-succinylanileridine, as determined by
the double antibody method. Anileridine
and N-acetylanileridine, a metabolite of
the drug in some species, were very effec-
tive inhibitors of this binding. Two other
synthetic phenylpiperidine analgesics,
meperidine and piminodine, were moder-
ately effective inhibitors while normeperi-
dine, an anileridine metabolite, was a
weaker inhibitor. No significant cross-
reactivity of anti-N-succinylanileridine
sera was observed with anileridine acid
(an anileridine metabolite), a-prodine (a
synthetic phenylpiperidine analgesic),
morphine or methadone. These antisera
have been used together with the '*I-tyr-
amyl derivative of N-succinylanileridine
in the development of a double antibody
RIA which has been used to measure con-
centrations of anileridine and of meperi-
dine in the plasma of experimental ani-
mals (675).

3. Antipyrine. See section V J.

4. Codeine. To elicit antibodies with a
high degree of specificity for codeine, co-
deine-6-hemisuccinate was synthesized
and conjugated via its succinyl carboxyl
group to the free amino groups of bovine
serum albumin by the mixed anhydride
method; alkaline hydrolysis of the result-
ing conjugate revealed that the molar in-
corporation ratio of hapten was 28 moles of
codeine per mole of bovine serum albumin.
Rabbits immunized with codeine-albumin
conjugates formed antibodies capable of
binding *C-codeine, as determined by an
ammonium sulfate precipitation method.
Codeine was a very effective inhibitor of
this binding while heroin and morphine
were moderately effective; nalorphine, me-



148

peridine, naloxone and methadone were
relatively ineffective inhibitors. The use of
these antibodies in a codeine RIA has not
yet been described (692).

By using another approach, N-butyroyl-
norcodeine has been synthesized and con-
jugated to bovine serum albumin by the
carbodiimide method. Rabbits immunized
with this conjugate have formed anti-
bodies capable of binding 3H-codeine as
determined by an albumin-coated charcoal
separation method. Codeine is an effective
inhibitor of this binding; of the other in-
hibitors tested, only ethylmorphine, dihy-
drocodeine and norcodeine cross-reacted
significantly. No significant cross-reactiv-
ity was observed with heroin, morphine,
6-monoacetylmorphine or codeine-6-glucu-
ronide, thus enabling the development of
an albumin-coated charcoal RIA capable
of detecting codeine concentrations of 1 ng/
ml or less in biological fluids (222).

Antibodies to morphine often cross-react
extensively with codeine (10, 382, 628, 631,
878, 693). Morphine immunoassay proce-
dures employing antibodies which cross-
react extensively with codeine have been
used to study the pharmacokinetics of co-
deine in rat plasma and brain; in this
study, antibodies to N-carboxymethylnor-
morphine which do not react with codeine
were also used to detect and quantify the
extent of the biotransformation of codeine
to morphine (248). Morphine antibodies
which cross-react with codeine can be used
to detect codeine in human urine; how-
ever, unless it is known with certainty
that an individual has ingested no other
opiate, it is necessary to combine immu-
noassay with a subsequent chromato-
graphic step for identification of the im-
munoreactive substance as codeine (335).

5. Etorphine. To elicit antibodies spe-
cific for etorphine, an analgesic agent
1,000 to 80,000 times more potent than
morphine, etorphine-3-hemisuccinate was
synthesized and conjugated to bovine se-
rum albumin by the carbodiimide method.
Rabbits immunized with this conjugate
formed antibodies capable of binding *H-
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etorphine, as determined by a dextran-
coated charcoal separation method. Etor-
phine was an effective inhibitor of this
binding; there was no significant cross-
reactivity of the etorphine antibodies with
other opiate alkaloids, including mor-
phine, codeine, nalorphine, diamorphine
and normorphine, thus enabling the use of
these antibodies in the development of a
dextran-coated charcoal RIA suitable for
clinical application and capable of detect-
ing serum etorphine concentrations as low
as 1 ng/ml (555).

6. Fentanyl. To elicit antibodies to the
synthetic opioid, fentanyl, an analog, car-
boxyfentanyl, was synthesized and conju-
gated to bovine y-globulin by the carbodi-
imide method; the resulting conjugate con-
tained approximately 12 moles of fentanyl
per mole of y-globulin, as determined by
the incorporation of “C-fentanyl into the
conjugate. Rabbits immunized with car-
boxyfentanyl-bovine y-globulin formed
antibodies capable of binding *H-fentanyl,
as determined by the ammonium sulfate
precipitation method. Fentanyl was a
highly specific inhibitor of this binding,
thus enabling the development of an am-
monium sulfate RIA method capable of
detecting as little as 10 ng of fentanyl in
serum (293, 294). This RIA method has
been used to study fentanyl pharmacoki-
netics in dogs (294) and in man (594).

7. Hydromorphone. Hydromorphone-6-
carboxymethyl oxime was synthesized and
conjugated to bovine serum albumin by
the mixed anhydride method; the extent of
incorporation of hydromorphone into this
conjugate was not determined. Rabbits im-
munized with this conjugate formed anti-
bodies capable of binding 3H-dihydromor-
phine, as determined by an ammonium
sulfate precipitation method. Hydromor-
phone, heroin and morphine were the most
effective inhibitors of this binding, while
nalorphine, naloxone and meperidine
were weaker inhibitors of this binding.
The use of these antibodies in a hydromor-
phone RIA has not yet been described
(692), but it has been reported that a



IMMUNOLOGICAL ASSAY OF DRUGS

morphine RIA method can be used to de-
tect hydromorphone concentrations in the
10 to 40 ng/ml range in 0.1 ml of plasma
(311a).

8. Meperidine. Two methods have been
used to elicit antibodies specific for meper-
idine, a synthetic narcotic analgesic drug.
In one of these methods, meperidinic acid
was prepared by alkaline hydrolysis of
meperidine. Meperidinyl chloride was
formed by refluxing meperidinic acid with
thionyl chloride; this acyl chloride was
then reacted with ethyl glycollate to form
ethyl O-meperidinyl glycollate which was
subsequently hydrolyzed in KOH to yield
O-meperidinyl glycollic acid. This latter
derivative was covalently attached to bo-
vine serum albumin by the mixed anhy-
dride procedure; with the use of a variety
of analytical methods, it was estimated
that approximately 49 molecules of O-me-
peridinyl glycollic acid had been conju-
gated to each molecule of albumin. Anti-
sera obtained from rabbits immunized
with this conjugate contained antibodies
which bound 3H-meperidine as determined
by an ammonium sulfate precipitation
method. Meperidine was an effective in-
hibitor of the binding of *H-meperidine by
antibody. Two major metabolites of meper-
idine, meperidinic acid and normeperi-
dinic acid, were very weak inhibitors but
a third major metabolite, normeperidine,
cross-reacted to some degree; the degree of
normeperidine interference was, however,
found to be comparable to the degree of its
interference in other assay systems (695).
In the other method, a hydrazide deriva-
tive of meperidine was prepared by the
reaction of meperidine with hydrazine hy-
drate; the hydrazide derivative was con-
verted to an azide derivative which was
then coupled directly to bovine serum al-
bumin. By gas chromatographic analysis
of the acid-hydrolyzed conjugate, it was
estimated that an average of 17 molecules
of meperidine had been conjugated to each
molecule of the albumin carrier. Rabbits
immunized with this conjugate formed
antibodies which bound 3H-meperidine as

149

determined by an ammonium sulfate pre-
cipitation method. Meperidine was an ef-
fective inhibitor of this reaction; meperi-
dinic acid was a weak inhibitor and the
inhibition by morphine, codeine, naloxone
and fentanyl was minimal. The sensitivity
of this assay method is approximately 30
ng of meperidine per ml (114). The clinical
and experimental use of these two meper-
idine RIA systems has not yet been re-
ported.

Meperidine is an effective inhibitor of
the binding of an '*I-tyramyl derivative of
N-succinylanileridine by anileridine anti-
bodies. Hence, this tracer and these anti-
bodies have been employed in the devel-
opment of a double antibody RIA method
which is capable of detecting as little as
100 pg of meperidine and which has been
used to measure plasma meperidine con-
centrations in experimental animals and
in man (675).

To develop a radioimmunoassay for nor-
meperidine, a metabolic derivative of me-
peridine, normeperidine was hydrolyzed to
form normeperidinic acid which was, in
turn, coupled to protein carriers by the
carbodiimide method. Rabbits immunized
with the normeperidinic acid-protein con-
jugate formed antibodies which bound **]-
labeled O-tyramyl normeperidinic acid, as
determined by a double antibody method.
Normeperidine and normeperidinic acid
were effective inhibitors of this binding
while meperidine and anileridine were in-
effective inhibitors, thus enabling the de-
velopment of a sensitive and specific dou-
ble antibody RIA method which has been
used to study the conversion of meperidine
or anileridine to normeperidine in experi-
mental animals and in man (235a).

9. Methadone. A methadone derivative,
4-dimethylamino-2,2-diphenylvaleric acid
was conjugated via its carboxyl group to
the free amino groups of bovine serum
albumin by the carbodiimide method; it
was subsequently estimated by immu-
noassay that from 3 to 6 moles of hapten
had been conjugated to each mole of albu-
min carrier. Antisera from rabbits immu-
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nized with the conjugate contained anti-
bodies which bound *C-methadone, as de-
termined by an ammonium sulfate precip-
itation method. After absorption of anti-
sera with carbodiimide-treated bovine se-
rum albumin to remove carrier-specific
antibodies, the residual hapten-specific
antibodies agglutinated sheep erythro-
cytes coated with the hapten-albumin con-
jugate. Methadone was an effective inhib-
itor of this hemagglutination. Dextropro-
poxyphene was a weak inhibitor of hemag-
glutination but morphine, codeine, co-
caine, amphetamine and naloxone ex-
hibited no significant inhibition, thus en-
abling the development of a hemaggluti-
nation inhibition test which can detect
methadone in human urine in concentra-
tions of 1 ng/ml; the simultaneous use of
heroin with methadone does not interfere
with this immunoassay procedure (434).
Alternatively, methadol has been pre-
pared by reduction of methadone and al-
lowed to react with succinic anhydride to
form methadol hemisuccinate. The meth-
adol hemisuccinate was conjugated via its
carboxyl group to the free amino groups of
bovine thyroglobulin by the carbodiimide
method; it was estimated that 135 residues
of hapten had been conjugated to each
molecule of thyroglobulin, as determined
by incorporation of *H-methadone. Rabbits
immunized with methadol-thyroglobulin
conjugates formed antibodies capable of
binding 3H-methadone, as determined by
the dextran-coated charcoal separation
method. Methadone and methadol in-
hibited this binding but morphine, propox-
yphene and meperidine exhibited no sig-
nificant effect, thus enabling the develop-
ment of a dextran-coated charcoal RIA
method capable of detecting 1.4 pmol of
methadone in 100 ul of human serum (27).
A methadone RIA employing an ']-la-
beled methadone derivative has been de-
scribed (566), as has an enzyme immu-
noassay for methadone (73, 458, 596).
Methadone immunoassay procedures have
been used to detect and quantify metha-
done in the serum and urine of patients
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receiving this drug (27, 434, 458, 566).
Methadone antibodies have also been used
to demonstrate specific neuronal staining
for methadone by the immunofluorescent
technique in the brain tissue of 10 drug
addicts who had died from drug overdos-
age (525).

10. Morphine. Antibodies to morphine
have been elicited by several different
methods. For example, the reaction of the
phenolic group of morphine with sodium-
B-chloroacetate yielded 3-O-carboxy-
methylmorphine which, in turn, was con-
jugated via its carboxyl group to the free
amino groups of bovine serum albumin by
the carbodiimide method; approximately 3
to 4 carboxymethylmorphine groups were
coupled to each molecule of albumin, as
estimated spectrofluorometrically (633).
Alternatively, the reaction of the phenolic
group of morphine with succinic anhydride
yielded morphine-6-hemisuccinate (613,
694), which was conjugated via its carboxyl
group to the free amino groups of bovine
serum albumin by the mixed anhydride
method; spectrophotometric analysis of an
alkaline hydrolysate of morphine-6-succi-
nyl-albumin revealed that approximately
6.5 residues of morphine had been conju-
gated to each molecule of albumin (693).
Oxymorphone 6-(O-carboxymethyl)oxime
has been synthesized by heating oxymor-
phone with O-(carboxymethyl)hydrox-
ylamine in alcoholic alkali solution and
has been conjugated via its carboxyl group
to the free amino groups of bovine serum
albumin by the carbodiimide method; ap-
proximately 5 moles of hapten were cou-
pled to each mole of albumin carrier, as
estimated spectrophotometrically (382).
Diazotized ethyl p-aminobenzoate has
been coupled to morphine and the azomor-
phine product has been conjugated to bo-
vine serum albumin by the carbodiimide
method (267). Another morphine deriva-
tive, 2-(p-aminophenylazo)-morphine, has
been synthesized and conjugated to bovine
serum albumin (631), but the details have
not been described. To conjugate morphine
to carrier proteins through its heterocyclic
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nitrogen, morphine has been converted to
normorphine (248, 298, 479) which was
then N-acylated with succinic acid to form
N-succinyl-normorphine (479) or was N-
alkylated with ethylbromoacetate to form
N-ethoxycarbonylmethylnormorphine
which was, in turn, hydrolyzed to form N-
carboxymethylnormorphine (248, 298). N-
succinylnormorphine and N-carboxyme-
thylnormorphine were then conjugated via
their carboxyl groups to the free amino
groups of bovine serum albumin by the
carbodiimide or mixed anhydride method
(248, 298, 479). Rabbits immunized with
each of these conjugates have formed anti-
bodies capable of binding morphine. The
presence of such antibodies has been dem-
onstrated by the capacity of antisera from
these rabbits to bind SH-dihydromorphine
or “C-morphine, as demonstrated by the
ammonium sulfate precipitation method
(248, 267, 298, 382, 631, 633, 691, 693) or by
equilibrium dialysis (298). Antisera elic-
ited by similar techniques have also been
shown to be capable of causing: hemagglu-
tination of tanned sheep erythrocytes
coated with a carboxymethylmorphine-
rabbit albumin conjugate (8); binding of
an '*J-carboxymethylmorphine-polyamino
acid conjugate, as demonstrated by a dou-
ble antibody method (678); inhibition of
the enzymatic activity of a carboxymethyl-
morphine-lysozyme conjugate (576); and
decreased mobility of the nitroxide radical
in a spin-labeled morphine derivative
(417). Morphine has been a very effective
inhibitor of each of these reactions be-
tween morphine derivatives and the anti-
bodies elicited by various morphine-pro-
tein conjugates. However, the capacity of
morphine metabolites and of other opiates
to inhibit this binding has varied consid-
erably from antiserum to antiserum, the
_ principal determinant in this variability
appearing to be the mode of linkage be-
tween the morphine hapten and the albu-
min carrier in conjugates prepared by dif-
ferent coupling methods (631). In general,
antibodies elicited by the 3-O-carboxyme-
thylmorphine conjugate, by the morphine-
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6-succinyl conjugate, and by the 2-(p-ami-
nophenylazo)-morphine conjugate formed
antibodies which were not effective in dis-
tinguishing morphine from codeine or her-
oin (10, 382, 628, 631, 678, 691, 693). How-
ever, antibodies from rabbits immunized
with N-succinylnormorphine-protein or N-
carboxymethylnormorphine-protein conju-
gates exhibit little or no detectable cross-
reactivity with codeine (248, 479).

Antibodies elicited by the various mor-
phine-protein conjugates have been used
together with 3H-dihydromorphine (10,
113, 628, 677) or '*I-labeled morphine de-
rivatives (183, 634, 667, 678) in the devel-
opment of ammonium sulfate (113, 183,
628, 634, 667), double antibody (678) and
nitrocellulose membrane (677) RIA proce-
dures for the detection and measurement
of morphine in serum and urine. Morphine
antibodies have also been employed in the
development of a number of nonisotopic
morphine immunoassay methods, includ-
ing hemagglutination inhibition (7-9), en-
zyme immunoassay (67, 73, 483, 574, 576,
596, 597), spin-label immunoassay (67, 160,
416, 417, 475, 476, 596) and latex aggluti-
nation-inhibition (572).

RIA and nonisotopic immunoassay
methods have been used extensively in
studies of the pharmacokinetics of mor-
phine in the serum and urine of man and
experimental animals (39, 41, 111, 628,
636, 651) and in the detection of morphine
and other opiates in the serum and urine
of users of these drugs (112, 113, 257, 258,
335, 678).

11. Pentazocine. Carboxymethyl and
azobenzoic acid derivatives of pentazocine
have been coupled by carbodiimide con-
densation through their carboxylic acid
groups to the free amino groups of poly(L-
lysine); the conjugates contained between
0.2 and 1 molecule of hapten for each 10
molecules of lysine, as estimated spectro-
photometrically. Rabbits immunized with
either of these conjugates formed anti-
bodies capable of binding *H-pentazocine,
as determined by an ammonium sulfate
precipitation method. Pentazocine was an
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effective inhibitor of this binding, but none
of the known metabolites of the drug cross-
reacted to any appreciable extent with the
pentazocine antibodies. This specificity en-
abled the development of an ammonium
sulfate RIA method for pentazocine.
Plasma and urine interfered significantly
with the RIA, but it was possible to use
this RIA method to measure pentazocine
concentrations in benzene extracts of hu-
man plasma and urine (719).

V. Neuromuscular Blocking Agents

1. d-Tubocurarine. Diazotized p-ami-
nobenzoic acid was coupled to d-tubocura-
rine via its diazonium group and the re-
sulting  d-tubocurarine-p-aminobenzoic
acid derivative was coupled via its car-
boxyl group to the free amino groups of
bovine serum albumin by the carbodiimide
method. Rabbits immunized with the tu-
bocurarine-albumin conjugate formed
antibodies capable of binding *H-d-tubo-
curarine, as determined by an ammonium
sulfate precipitation method. d-Tubocu-
rarine was a highly specific inhibitor of
this binding; high concentrations of three
curare analogs, curine, isochondodendrine
and chondocurine produced only a small
degree of inhibition and there was essen-
tially no cross-reaction with other drugs
known to’ act on the neuromuscular junc-
tion. The excellent specificity of the bind-
ing of 3H-d-tubocurarine by antibodies has
enabled the development of an ammonium
sulfate RIA method capable of detecting d-
tubocurarine concentrations as low as 5
ng/ml in 10 ul of serum or urine. This RIA
method has been used in studies of the
pharmacokinetics of d-tubocurarine in
cats and in man (314).

W. Oral Hypoglycemic Agents

1. 1-Butylbiguanide. To elicit anti-
bodies to 1-butylbiguanide, an analog, p-
carboxyphenethylbiguanide was conju-
gated via its carboxyl group to the free
amino groups of bovine seruin albumin by
the carbodiimide method; the extent of
incorporation of biguanide groups into the
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conjugate was 33 moles per mole of albu-
min, as estimated by a chemical method.
Rabbits immunized with these hapten-pro-
tein conjugates formed antibodies capable
of binding '*I-p-hydroxyphenethylbiguan-
ide, as determined by a charcoal separa-
tion method. Phenethylbiguanide and p-
hydroxyphenethylbiguanide were the most
effective inhibitors of this binding, but 1-
butylbiguanide was sufficiently effective
as an inhibitor to enable the development
of a charcoal RIA capable of detecting as
little as 1.5 ng of 1-butylbiguanide in ali-
quots of human serum (514).

2. Glibenclamide. The hemisuccinate
derivative of a glibenclamide metabolite,
4-hydroxyl-glibenclamide, has been conju-
gated via its carboxyl group to the free
amino groups of bovine serum albumin by
the mixed anhydride method. The result-
ing conjugate contained approximately 28
molecules of the glibenclamide metabolite
per molecule of albumin, as estimated
spectrophotometrically. Antisera obtained
from rabbits immunized with this conju-
gate contained antibodies which bound
14C-glibenclamide, as determined by the
dextran-coated  charcoal  separation
method. Glibenclamide and two of its me-
tabolites were effective inhibitors of this
binding, while other oral hypoglycemic
agents were ineffective inhibitors, thus
enabling the development of a dextran-
coated charcoal RIA procedure capable of
detecting immunoreactive glibenclamide
concentrations as low as 20 ng/ml in the
serum of individuals receiving this drug
(250, 250a).

3. Glisoxepide. A piperidine carboxylic
acid analog of glisoxepide has been conju-
gated via its carboxyl group to the free
amino groups of bovine serum albumin by
the mixed anhydride method. The carbox-
ylic acid analog coupled to 3H-tyrosine
methyl ester was used as the tracer; anti-
sera from rabbits immunized with the hap-
ten-albumin conjugate formed antibodies
capable of binding the tritiated tracer, as
determined by the dextran-coated charcoal
separation method. Glisoxepide specifi-
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cally inhibited this binding, thus enabling
the development of a dextran-coated char-
coal RIA method which has been used to
determine plasma glisoxepide concentra-
tions and has been employed in studies of
the pharmacokinetics of glisoxepide in
man (494).
X. Oxytocic Agents

1. 9,10-Dihydroergotamine. The 6-nor-
6-carboxymethyl derivative of 9,10-dihy-
droergotamine has been prepared and con-
jugated via its carboxyl group to the free
amino groups of bovine serum albumin by
the carbodiimide method. Rabbits immu-
nized with the dihydroergotamine-albu-
min conjugate produced antibodies capable
of binding *H-9,10-dihydroergotamine, as
determined by a charcoal separation
method. This binding was effectively in-
hibited by 9,10-dihydroergotamine; since
its known metabolites were ineffective in-
hibitors, this binding of *H-9,10-dihydro-
ergotamine by antibody formed the basis
for the development of a specific RIA for
the detection of picomolar quantities of
9,10-dihydroergotamine in human serum
(570).

Y. Renal Tubular Transport Inhibitors

1. Probenecid. Probenecid was conju-
gated via its carboxyl group to the free
amino groups of bovine serum albumin by
the carbodiimide method. It was estimated
that between 12 and 20 molecules of drug
were coupled to each molecule of albumin,
as determined by the extent of incorpora-
tion of C-probenecid into the conjugate.
Rabbits immunized with this conjugate
formed antibodies capable of binding *H-
probenecid, as determined by the dextran-
coated charcoal separation method. Pro-
benecid and certain structurally related

“analogs were effective inhibitors of this
binding while probenecid metabolites
were, in general, relatively ineffective in-
hibitors. (482a) The ability of probenecid
to inhibit the binding of 3H-probenecid by
specific antibodies has enabled the devel-
opment of a dextran-coated charcoal RIA
method which has been used to study the
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pharmacokinetics of probenecid in the
plasma and cerebrospinal fluid of experi-
mental animals (608a).

Z. Sedatives and Hypnotics

1. Barbiturates. Three general methods
have been used to elicit antibodies which
can be employed to detect various barbi-
turate sedatives. In the first of these meth-
ods, 5-allyl-5-(1-carboxyisopropyl)barbitu-
ric acid was allowed to react with p-nitro-
phenol to yield 5-allyl-5-(1-p-nitrophenyl-
oxycarbonylisopropyl)barbituric acid; this
latter derivative was conjugated to the
free amino groups of bovine y-globulin in
the presence of dicyclohexylcarbodiimide.
The barbiturate-bovine vy-globulin conju-
gate was found to contain 2 to 3 moles of
barbiturate per mole of protein, as esti-
mated spectrophotometrically (632). In the
second method, a phenobarbital analog, 5-
phenyl-5-(4-aminobutyl)barbituric acid was
conjugated via its amino group to the free
carboxyl groups of bovine serum albumin
by the carbodiimide method; on the basis
of incorporation of *C-labeled barbiturate,
it was estimated that each molecule of
conjugate contained 33 barbiturate resi-
dues (136). Finally, phenobarbital was
converted to p-nitrophenobarbital and
then catalytically reduced to form p-ami-
nophenobarbital; the p-aminophenyl de-
rivative was then diazotized and the dia-
zonium derivative was coupled directly to
the tyrosine and histidine residues of ace-
tylated bovine serum albumin. On the
basis of the decrease in the number of
unsubstituted tyrosine and histidine resi-
dues found on amino acid analysis of the
conjugate, it was estimated that 20 moles
of hapten had been conjugated to each
mole of protein carrier (582).

Rabbits immunized with barbiturate-
protein conjugates prepared by each of
these three methods have formed anti-
bodies capable of binding various radiola-
beled barbiturates, including '*C-pento-
barbital (632), “C-barbital (229), *C-phe-
nobarbital (583) and 3H-phenobarbital
(136, 230, 583), as determined by the am-
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monium sulfate precipitation method.
Antibodies elicited by the 5-allyl-5-(1-car-
boxyisopropyl)barbituric acid-protein con-
jugate reacted equally well with barbital,
pentobarbital, phenobarbital and secobar-
bital but their cross-reactivity with meth-
arbital, hexobarbital and barbituric acid
was insignificant (229, 632). In contrast,
antibodies elicited by the other two conju-
gates, both of which contained phenobar-
bital analogs, reacted much more effec-
tively with phenobarbital than with other
barbiturate derivatives, lacking the 5-
phenyl ring (136, 583).

Barbiturate-specific antibodies have
been used, together with “C-labeled (229),
3H-labeled (136, 153, 230, 583) and '*I-
labeled (139, 667, 685) barbiturates in the
development of RIA methods for the deter-
mination, in man and in experimental
animals, of serum, urine and tissue con-
centrations of barbital, pentobarbital (229)
and phenobarbital (583). Barbiturate-spe-
cific antibodies have also been used in the
development of an enzyme immunoassay
for barbiturates (62, 73, 595, 596, 637, 698).

Barbiturate immunoassay methods have
been used in studies of the pharmacoki-
netics of barbital, pentobarbital (229) and
phenobarbital (583). Since antibodies elic-
ited by 5-allyl-5-(1-carboxyisopropyl)bar-
bituric acid-protein conjugates recognize
barbital but not metharbital, such anti-
bodies have been used to study the meta-
bolic conversion, by N-demethylation, of
metharbital to barbital by mouse liver
enzymes (230). Barbiturate immunoassay
methods have been used extensively in the
detection of barbiturates in the serum and
urine of patients being treated with barbi-
turates for seizure disorders and in the
serum and urine of comatose patients and
other individuals suspected of drug abuse
(62, 139, 565, 667, 698).

2. Glutethimide. To elicit antibodies
specific for the piperinedione hypnotic,
glutethimide, or 2-phenyl-2-ethylglutar-
imide, an analog, 2-(p-aminophenyl)-2-
ethylglutarimide, was diazotized and con-
jugated to the tyrosine and histidine resi-
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dues of bovine serum albumin. Rabbits
immunized with this conjugate formed
antibodies which agglutinated tanned
sheep red blood cells coated with a gluteth-
imide-ovalbumin conjugate. Glutethim-
ide, but not phenobarbital or diphenylhy-
dantoin, was capable of inhibiting this
hemagglutination reaction, thus enabling
the development of a hemagglutination-
inhibition assay capable of detecting 50 ng
of glutethimide in 0.1 ml of serum or urine
(669).

3. Methaqualone. The use of an ammo-
nium sulfate RIA method, employing an
1%].]1abeled methaqualone derivative and
methaqualone antibodies, has been re-
ported. The reagents needed for this RIA
are commercially available, but the details
of the methods used to elicit these anti-
bodies have not been reported. The anti-
bodies used in this RIA react with metha-
qualone and four of its metabolites. The
use of this RIA in the detection of metha-
qualone in human urine (42) and serum
(64) is being evaluated.

AA. Synthetic Steroids

1. Betamethasone. To elicit antibodies
specific for betamethasone, a synthetic
glucocorticoid,  O-(carboxymethoxyl)hy-
droxylamine was added to form beta-
methasone-3-(0-carboxymethyl)oxime,
which was conjugated to bovine serum
albumin by the mixed anhydride method;
on the basis of incorporation of *H-beta-
methasone into the conjugate, it was esti-
mated that the molar ratio of betametha-
sone to albumin was 26.5:1. Rabbits im-
munized with betamethasone-albumin
conjugates formed antibodies which bound
SH-betamethasone, as determined by a
dextran-coated  charcoal  separation
method. Betamethasone was an effective
inhibitor of this binding; dexamethasone
and beclomethasone were weak inhibitors
and negligible inhibition was caused by
betamethasone-17-valerate, by other syn-
thetic steroids and by four naturally occur-
ring corticosteroids. Betamethasone anti-
bodies have been used, together with H-
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betamethasone, in the development of a
dextran-coated charcoal RIA method
which has been employed in the determi-
nation of betamethasone concentrations in
plasma specimens from a patient receiving
this drug (350). -

2. Betamethasone 17-benzoate. Beta-
methasone 17-benzoate-21-hemisuccinate
was prepared and conjugated to bovine
serum albumin by the mixed anhydride
method; approximately 44 residues of be-
tamethasone 17-benzoate were present in
each molecule of conjugate, as estimated
spectrophotometrically. Alternatively, be-
tamethasone  17-benzoate-3-(O-carboxy-
methyl)oxime was prepared and conju-
gated to human serum albumin by the
carbodiimide method, approximately 15
molecules of betamethasone 17-benzoate
being coupled to each molecule of albumin,
as estimated spectrophotometrically. Rab-
bits injected with either conjugate formed
antibodies capable of binding H-betame-
thasone 17-benzoate, as demonstrated by a
dextran-coated charcoal separation sys-
tem. Antibodies to the 21-hemisuccinate
derivative exhibited greater specificity for
betamethasone 17-benzoate; cross-reactiv-
ity with betamethasone, dexamethasone,
cortisol and other endogenous steroids was
minimal. These antibodies have been used
together with 3H-betamethasone 17-ben-
zoate in the development of a sensitive and
specific dextran-coated charcoal RIA
method capable of detecting as little as 50
pg of betamethasone 17-benzoate in ex-
tracts of human and rabbit plasma (473).
This RIA method has been used to mea-
sure plasma concentrations of betametha-
sone 17-benzoate after its topical applica-
tion in creams and gels to the skin of
rabbits and of man (472, 473).

3. Cyproterone acetate. To elicit anti-
bodies capable of binding cyproterone ace-
tate, the hemisuccinate derivative of 11a-
hydroxycyproterone acetate was prepared
and was conjugated via its carboxyl group
to the free amino groups of bovine serum
albumin by the mixed anhydride reaction;
it was estimated that 18 moles of steroid
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were coupled to each mole of albumin, as
determined by the decrease in free amino
groups in albumin after the conjugation
procedure. Rabbits immunized with these-
protein-steroid conjugates formed anti-
bodies capable of binding 11a-hydroxycy-
proterone  acetate-11-succinoyl-'*I-iodo-
histamine, as determined by the dextran-
coated charcoal separation method. Cypro-
terone acetate and its 11a-succinoyl deriv-
atives were effective inhibitors of this
binding, as were steroids with identical A
and B rings, while the other steroids tested
were relatively ineffective inhibitors of the
binding of '*I-labeled tracer by antibody.
The inhibitory capacity of cyproterone ace-
tate enabled the development of a dextran-
coated charcoal RIA procedure for the
measurement of this drug in human serum
(4%4a).

4. Dexamethasone. To elicit antibodies
specific for the synthetic glucocorticoid,
dexamethasone, dexamethasone-21-hemi-
succinate (198, 301, 412) and dexametha-
sone-3-(O-carboxymethyl)oxime (461) have
been synthesized and conjugated to the
free amino groups of bovine serum albu-
min by the mixed anhydride method (198,
412) and by carbodiimide condensation
(301, 461); it was estimated by various
methods that the individual dexametha-
sone-albumin conjugates contained be-
tween 5 and 28 molecules of dexametha-
sone per molecule of conjugate. Rabbits
immunized with conjugates prepared by
each of these methods formed antibodies
which bound *H-dexamethasone, as deter-
mined by the ammonium sulfate precipi-
tation (198, 412), dextran-coated charcoal
separation (198, 301) and double antibody
(461) methods. Dexamethasone is an effec-
tive inhibitor of this binding. There is
some degree of cross-reactivity of dexa-
methasone antibodies with certain steroid
hormones of man, notably testosterone
and cortisol (301, 412, 461), but these anti-
bodies have been used, together with H-
dexamethasone, in the development of
double antibody (461), ammonium sulfate
(412) and dextran-coated charcoal (206,
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301) RIA procedures for the determination
of plasma and urinary dexamethasone
concentrations in man. Dexamethasone
RIA methods have been used in studies of
the pharmacokinetics (206, 301, 412, 461),
bioavailability (196, 285) and percutaneous
absorption (737) of dexamethasone in man.

5. Ethynylestradiol. The 6-(O-carboxy-
methyl)oxime derivative of 6-oxo-17a-
ethynylestradiol, a synthetic estrogen,
was prepared from 3-methoxy-6-oxoes-
trone and conjugated to the free amino
groups of bovine serum albumin by the
mixed anhydride method to yield a conju-
gate which contained 42 steroid residues
per mole of albumin, as estimated spectro-
photometrically (540). By using another
approach, ethynylestradiol-3-hemisuccin-
ate was synthesized and conjugated via its
carboxyl group to the free amino groups of
bovine serum albumin, also by the mixed
anhydride method, yielding a conjugate
which contained 39 residues of steroid per
molecule of albumin (702). Finally, an
ethynylestradiol derivative substituted in
position 7 with a 3-thiopropionic acid side
chain was coupled via its carboxyl group
to the free amino groups of bovine serum
albumin by the mixed anhydride reaction,
yielding a conjugate which contained 27
steroid residues per molecule of protein
carrier (158). Rabbits immunized with
each of these ethynylestradiol-albumin
conjugates have formed antibodies capable
of binding *H-ethynylestradiol, as demon-
strated by the dextran-coated charcoal sep-
aration method (158, 702). Ethynylestra-
diol antibodies have exhibited excellent
specificity; their cross-reactivity with nat-
urally occurring estrogens and other syn-
thetic estrogens has, in general, been min-
imal, thus enabling their use in the devel-
opment of sensitive and specific dextran-
coated charcoal RIA methods capable of
detecting picogram quantities of ethy-
nylestradiol in extracts of human plasma
(158, 184, 702).

6. Fluoxymesterone. The 3-(O-carboxy-
methyl)oxime derivative of fluoxymester-
one, a synthetic androgen, was synthe-
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sized and conjugated to the free amino
groups of bovine serum albumin by the
carbonyldiimidazole reaction, yielding a
conjugate which contained approximately
38 moles of steroid per mole of albumin, as
estimated spectrophotometrically. Rabbits
immunized with fluoxymesterone-albu-
min conjugates formed antibodies capable
of binding H-fluoxymesterone, as deter-
mined by the double antibody method.
Fluoxymesterone was an effective inhibi-
tor of this binding, while androgens and
other naturally occurring steroids were
ineffective inhibitors, thus enabling the
use of these antibodies in the development
of a sensitive and specific double antibody
RIA method, capable of detecting 25 pg of
drug in 0.1 ml of unextracted human or
animal serum (142).

- 7. Medroxyprogesterone acetate. Two
methods have been utilized to conjugate
medroxyprogesterone acetate to protein
carriers. In the first of these, the 3-(O-
carboxymethyl)oxime derivative of me-
droxyprogesterone acetate was prepared
and conjugated to the free amino groups of
bovine serum albumin by the mixed an-
hydride method (161). In the other ap-
proach, the 11a-hydroxy derivative of me-
droxyprogesterone acetate was synthe-
sized and allowed to react with succinic
anhydride; the hemisuccinate ester of 11a-
hydroxymedroxyprogesterone acetate was
then conjugated via its carboxyl group to
the free amino groups of bovine serum
albumin in the presence of carbonyldiimi-
dazole. Approximately 9 moles of medrox-
yprogesterone acetate were conjugated to
each mole of albumin by this method, as
estimated spectrophotometrically (575).
Rabbits and a goat immunized with these
conjugates produced antibodies capable of
binding *H-medroxyprogesterone acetate,
as determined by the double antibody
method. Medroxyprogesterone acetate was
an effective inhibitor of this binding and,
while certain analogs also inhibited bind-
ing, the inhibition produced by naturally
occurring steroid hormones was negligi-
ble, thus permitting the development of
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double antibody (161, 575) and dextran-
coated charcoal (304) RIA methods for the
measurement of serum concentrations of
medroxyprogesterone acetate in experi-
mental animals and man. These RIA
methods have been used to study the phar-
macokinetics of medroxyprogesterone ace-
tate when administered orally, intramus-
cularly and via intravaginal rings (161,
304, 374, 575).

8. Mestranol. To elicit antibodies spe-
cific for mestranol, a synthetic estrogen,
the 6-(O-carboxymethyl)oxime derivative
of 6-oxomestranol was prepared and con-
jugated to the free amino groups of bovine
serum albumin by the mixed anhydride
method, yielding a conjugate which con-
tained approximately 32 molecules of ste-
roid per molecule of albumin as estimated
spectrophotometrically (540). Alterna-
tively, a mestranol derivative containing
a 3-thiopropionic acid side chain substi-
tuted in position 7 was synthesized and
conjugated via its carboxyl group to the
free amino groups of bovine serum albu-
min by the mixed anhydride method; this
conjugate contained 29 steroid residues per
molecule of albumin, as estimated spectro-
photometrically (158). Rabbits immunized
with either of these conjugates formed
antibodies capable of binding °H-mes-
tranol, as determined by the dextran-
coated charcoal separation method. Mes-
tranol was an effective inhibitor of this
binding, while ethynylestradiol was a
weak inhibitor, and there was minimal
cross-reactivity with naturally occurring
estrogens (158, 541), thus enabling the use
of these antibodies in the development of a
dextran-coated charcoal RIA method
which has been used to study the pharma-
cokinetics of mestranol in women receiv-
ing this drug (184).

9. Methylprednisolone. The 3-(O-car-
boxymethyl)oxime derivative of the syn-
thetic glucocorticoid hormone, methyl-
prednisolone, was prepared and conju-
gated to the free amino groups of bovine
serum albumin by the carbonyldiimida-
zole reaction. Rabbits immunized with the
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methylprednisolone-albumin  conjugate
formed antibodies capable of binding 3H-
methylprednisolone, as determined by the
double antibody method. Methylpredniso-
lone and related synthetic steroids were
effective inhibitors of this binding, while
cortisol was a weak inhibitor and other
naturally occurring steroid hormones were
ineffective inhibitors at physiological con-
centrations. These antibodies have been
used in the development of a sensitive and
specific double antibody RIA method,
which is capable of detecting femtogram
quantities of methylprednisolone in unex-
tracted serum and which has been used to
study the pharmacokinetics of this drug in
experimental animals and in man (144).

10. Metyrapone. The carboxymethylox-
ime derivative of metyrapone, a synthetic
inhibitor of adrenal cortical 118-hydroxyl-
ase, has been prepared and coupled to the
free amino groups of bovine serum albu-
min by the carbodiimide method. The con-
jugate contained approximately 5 metyra-
pone residues per mole of albumin. Rab-
bits immunized with this conjugate formed
antibodies capable of binding *H-metyra-
pone, as determined by the double anti-
body method. Metyrapone was an effective
inhibitor of this binding. However, re-
duced metyrapone, an active metabolite,
was also an effective inhibitor of this bind-
ing. Therefore, a column chromatography
procedure must be performed on plasma
extracts to separate metyrapone from re-
duced metyrapone; metyrapone and re-
duced metyrapone can then be measured
individually by double antibody RIA pro-
cedures. This assay method has been used
to study the conversion of metyrapone to
reduced metyrapone in man (463); it has
also been used to determine plasma levels
of metyrapone and reduced metyrapone in
patients with normal and abnormal clini-
cal responses to metyrapone, administered
for assessment of the integrity of the pitui-
tary-adrenal axis (638).

11. Nandrolone. The 3-(O-carboxy-
methyl)oxime derivative of the anabolic
steroid, nandrolone (19-nortestosterone),
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has been synthesized and conjugated to
bovine serum albumin by the carbodiimide
method, yielding a conjugate which con-
tained an average of 16 nandrolone resi-
dues per mole of albumin, as estimated
spectrophotometrically. Sheep immunized
with this conjugate formed antibodies ca-
pable of binding nandrolone-*H, as deter-
mined by a dextran-coated charcoal sepa-
ration method. Nandrolone was a very
effective inhibitor of this binding, while
testosterone was a moderately effective
inhibitor. Other naturally occurring ste-
roids exhibited little inhibitory effect thus
permitting the use of nandrolone-specific
antibodies together with nandrolone-*H in
the development of a dextran-coated char-
coal RIA method which was used initially
in the measurement of drug concentra-
tions in animal urine (353a) and more
recently has been used to measure nandro-
lone concentrations in the unextracted
plasma of experimental animals (353b).
12. Norethindrone (norethisterone).
The 3-(O-carboxymethyl)oxime derivative
of the synthetic progestin, norethindrone,
also known as norethisterone, has been
synthesized and coupled to the free amino
groups of bovine serum albumin, usually
by the mixed anhydride method, yielding
conjugates which contained from 21 to 25
moles of norethindrone per mole of albu-
min carrier, as estimated spectrophoto-
metrically, (100, 499, 701, 703). Norethin-
drone-11a-hemisuccinate-bovine serum al-
bumin (100) and norethindrone-17 8-hemi-
succinate-bovine serum albumin conju-
gates (704) also have been prepared. Rab-
bits and sheep immunized with these con-
jugates have formed antibodies capable of
binding 3H-norethindrone (480, 499, 701,
704) or an '*]-labeled norethindrone deriv-
ative, such as norethindrone 3-(O-car-
boxymethyl)oxime-'*I-labeled histamine,
norethindrone 1la-hemisuccinate-?*I-la-
beled histamine, norethindrone 178-
acetate 3-(O-carboxymethyl)oxime-!#5]-la-
beled histamine (100, 101, 303, 480) or
norethindrone 3-(0-carboxymethyl)oxime-
125].]labeled tyrosine methyl ester (703,
704), as demonstrated by the double anti-
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body or dextran-coated charcoal separa-
tion methods. Nonradioactive norethin-
drone is an effective inhibitor of the bind-
ing of radiolabeled norethindrone and no-
rethindrone derivatives by antibody; while
other synthetic steroids cross-react signifi-
cantly with many antinorethindrone sera,
these antisera do not, in general, exhibit
significant cross-reactivity with the natu-
rally occurring steroids of man. Antinor-
ethindrone sera have been employed, to-
gether with 3H-norethindrone or with #]-
labeled norethindrone derivatives, in the
development of sensitive and specific dex-
tran-coated charcoal RIA methods capable
of detecting picogram quantities of the
drug in extracts of human plasma (480,
499, 701, 703, 704). These RIA methods
have been employed in studies of the phar-
macokinetics of norethindrone in human
subjects (480, 499, 703) and in rhesus mon-
keys (499).

13. Norgestrel. The 3-(O-carboxy-
methyl)oxime (101, 703), 11a-hemisuccin-
ate (101) and 3-(O-carboxymethyl)oxime-e-
aminocaproic acid (639) derivatives of the
synthetic progestin, norgestrel, have been
prepared and coupled to the free amino
groups of bovine serum albumin, usually
by the mixed anhydride reaction. Rabbits
immunized with these conjugates have
formed antibodies capable of binding nor-
gestrel 3-(0-carboxymethyl)oxime-'#5]-la-
beled tyrosine methyl ester (703, 704) or
norgestrel 3-(O-carboxymethyl)oxime-125]-
labeled histamine (101, 102, 639), as deter-
mined by the dextran-coated charcoal sep-
aration method. Norgestrel and certain of
its metabolites were effective inhibitors of
this binding but, in general, naturally
occurring steroids in physiological concen-
trations exhibited little or no inhibition of
binding (639, 703), thus enabling the de-
velopment of sensitive and specific dex-
tran-coated charcoal RIA methods for the
determination of norgestrel concentrations
in extracts of human plasma (639, 703,
704). These RIA methods have been used
in studies of the pharmacokinetics of nor-
gestrel in women after its oral (639, 703)
and intravaginal (639) administration.
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14. Prednisolone. The 21-hemisuccinate
derivative of the synthetic glucocorticoid
hormone, prednisolone, has been prepared
and conjugated via its carboxyl group to
the free amino groups of bovine serum
albumin by the carbodiimide method (143)
or by the mixed anhydride method (589).
Conjugates prepared by these methods
contained between 6 and 20 prednisolone
residues per molecule of albumin (462,
589). Rabbits immunized with predniso-
lone-21-hemisuccinate-albumin conjugates
formed antibodies capable of binding °H-
prednisolone, as determined by the double
antibody (143, 462) and ammonium sulfate
precipitation methods (589). These anti-
bodies react primarily with prednisolone
but, in most instances, cross-react signifi-
cantly with 208-hydroxyprenisolone, a
metabolite, and with hydrocortisone. Anti-
bodies to prednisolone-21-hemisuccinate-
albumin conjugates have been used, to-
gether with 3H-prednisolone, inthe devel-
opment of double antibody (143, 145, 462)
and ammonium sulfate (589) RIA methods
for the measurement of prednisolone con-
centrations in the serum of experimental
animals and of man. These RIA methods
have been employed in studies of the phar-
macokinetics and bioavailability of pred-
nisolone in man (143, 462, 647a, 660a) and
in experimental animals (145). Since the
antibodies employed do not cross-react ex-

‘ tensively with prednisone, these RIA
methods have also been used to detect the
appearance of prednisolone in the serum
of prednisone-treated humans or experi-
mental animals, reflecting the in vivo con-
version of prednisone to prednisolone (143,
145, 462, 589).

A  prednisolone-8-(0O-carboxymethyl)-
oxime-bovine serum albumin conjugate
has also been prepared. Antibodies to this
conjugate react more avidly with hydro-
cortisone than they react with predniso-
lone, thus permitting their use, together
with 3H-hydrocortisone, in the develop-
ment of a sensitive and specific double
antibody RIA method for the measure-
ment of hydrocortisone concentrations in
extracts of human plasma (141).
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15. Prednisone. The 21-hemisuccinate
derivative of the synthetic glucocorticoid
hormone, prednisone, was prepared and
conjugated via its carboxyl group to the
free amino groups of bovine serum albu-
min by the carbodiimide method (140). A
conjugate prepared by this method con-
tained 18 moles of prednisone per mole of
albumin carrier (462). Rabbits immunized
with prednisone-21-hemisuccinate-albu-
min conjugates formed antibodies capable
of binding *H-prednisone, as determined
by the ammonium sulfate precipitation
(140) or double antibody (462) methods.
Nonradioactive prednisone was an effec-
tive inhibitor of this binding; cortisone
also inhibited the binding of >H-prednisone
by antiprednisone sera, but prednisolone
was a weak inhibitor and endogenous ste-
roids other than cortisone exhibited no
significant inhibition (140, 462, 589). Anti-
prednisone sera have been used, together
with H-prednisone, in the development of
sensitive and specific ammonium sulfate
(140, 145, 589) and double antibody (462)
RIA methods for the determination of
prednisone concentrations in the serum of
experimental animals and man. These as-
say procedures are usually performed on
serum specimens which have been diluted
sufficiently to minimize interference with
cortisone and are capable of detecting as
little as 6 pg of prednisone in 0.1 ml of
unextracted diluted serum. Prednisone
RIA procedures, used in conjunction with
prednisolone RIA methods, are useful in
determining the interconversion rates of
these two compounds in experimental ani-
mals and in man (140, 145, 462, 589).

16. Triamcinolone acetonide. Triam-
cinolone acetonide-21-hemisuccinate has
been conjugated to bovine serum albumin
by the mixed anhydride reaction; the re-
sulting conjugate contained 17 moles of
steroid per mole of albumin. Rabbits im-
munized with this conjugate formed anti-
bodies capable of binding *H-triamcinolone
acetonide, as determined by the dextran-
coated charcoal separation method. Tri-
amcinolone and triamcinolone acetonide
were effective inhibitors of this binding
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while various naturally occurring steroid
hormones, including cortisol, progester-
one, testosterone, dehydroepiandrosterone
and aldosterone did not exhibit significant
inhibitory effects, thus enabling the use of
triamcinolone acetonide antibodies to-
gether with radiolabeled drug in the devel-
opment of a dextran-coated charcoal RIA
method capable of detecting as little as 200
pg of the nonradioactive drug in plasma
samples. This RIA method has been used
in studies of the pharmacokinetics of tri-
amcinolone acetonide in rats and in the
measurement of plasma levels of the drug
in psoriatic patients being treated with
topical application of triamcinolone aceto-
nide cream (534a).

17. Trienbolone acetate. The 3-(O-car-
boxymethyl)oxime derivative of trienbo-
lone acetate, a potent synthetic anabolic
steroid, has been synthesized, as has the
17-hemisuccinate derivative of its major
metabolite, trienbolone. These steroid de-
rivatives have been conjugated to the free
amino groups of bovine serum albumin by
the mixed anhydride method. Rabbits im-
munized with the trienbolone acetate con-
jugate formed antibodies which bound *H-
trienbolone acetate, as determined by the
dextran-coated charcoal separation method;
this binding was inhibited by nonradioac-
tive trienbolone acetate, but was not sig-
nificantly inhibited by trienbolone or by
other synthetic and endogenous steroids.
Rabbits immunized with the trienbolone-
17-hemisuccinate-albumin conjugate
formed antibodies which bound *H-trien-
bolone, as determined by the dextran-
coated charcoal separation method; this
binding was effectively inhibited both by
trienbolone and by trienbolone acetate,
but was not significantly inhibited by en-
dogenous steroids. Antibodies to trienbo-
lone acetate and to trienbolone have been
used, together with the corresponding trit-
iated steroids, in the development of sen-
sitive and specific dextran-coated charcoal
RIA methods capable of detecting less
than 100 pg of the corresponding unlabeled
steroids in extracts of bovine plasma and
tissues (308).
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BB. Toxins

1. Amanitin. Amanitins are the princi-
pal toxins of the toadstools Amanita phal-
loides and Amanita verna; their molecular
weights are in the 900 range. To elicit
antibodies, S-amanitin was conjugated to
rabbit serum albumin by the carbodiimide
method, yielding a conjugate with a molar
ratio of amanitin to albumin of 1:4; rats
immunized with these amanitin-albumin
conjugates formed antibodies capable of
binding a tritiated amanitin derivative, as
determined by the ammonium sulfate pre-
cipitation method (226). Alternatively, the
N-hydroxysuccinimide ester of S-amanitin
was prepared and coupled to the free
amino groups of bovine serum albumin;
the amanitin-albumin conjugate was then
cross-linked via its remaining free amino
groups to the amino groups of poly(r-ly-
sine) by the glutaraldehyde method; rab-
bits immunized with the amanitin-albu-
min-polylysine conjugate formed anti-
bodies which bound a tritiated amanitin
derivative, as determined by the dextran-
coated charcoal separation method (219).
The binding of the tritiated amanitin de-
rivative, *H-O-methyl-demethyl-y-amani-
tin was inhibited by a-, 8 and y-amanitins
(219, 226), thus enabling the development
of an ammonium sulfate RIA method ca-
pable of detecting as little as 500 pg of
amanitins in 1 ml of serum; this RIA
method has been used to study the clear-
ance of a-amanitin from the blood of poi-
soned mice (226).

2. Arsenicals. The diazonium derivative
of p-aminophenylarsenic acid has been
conjugated to protein carriers, and rabbits
immunized with these conjugates have
formed antibodies specific for azophenylar-
sonate (521, 614). These antibodies ap-
peared to confer some protective effect
against the toxic effects of an arsenical
compound in mice (614), but the use of
antibodies to arsenicals in immunoassay
procedures has not been reported.

3. Carcinogens. The isocyanate deriv-
atives of numerous carcinogenic sub-
stances have been conjugated to the free
amino groups of protein carriers via car-
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bamido linkages; these substances have
included anthracene, 1,2,5,6-dibenzan-
thracene (165), 1,2-benzanthracene (168),
3,4-benzpyrene, 10-methyl-1,2-benzathra-
cene, B-anthracene (169, 170), 2-acetylami-
nofluorene, 4-dimethylaminostilbene, 2'-
methyl-4-dimethylaminostilbene (174, 524)
and 4-dimethylaminoazobenzene (20, 21).
Carcinogenic compounds such as S-naph-
thylamine (383), 2-aminofluorene (376) or
analogs such as azobenzene and p-dimeth-
ylaminoazobenzene (105) have been diazo-
tized and then conjugated to protein car-
riers. The O-carboxymethyloxime deriva-
tives of aflatoxin B, and of a structural
analog have been conjugated to the amino
groups of poly(i-lysine) by the carbodi-
imide method, and the resulting conjugate
was electrostatically complexed with suc-
cinylated bovine serum albumin before
immunization (408). A hemisuccinyl deriv-
ative of 2-acetylaminofluorene has been
synthesized and conjugated via its car-
boxyl group to the free amino groups of
protein carriers (119). Another carcinogen,
1,2-naphthoquinone has been conjugated
directly to protein carriers without chemi-
cal manipulation, by an unspecified mech-
anism (509). Finally, a hemisuccinyl deriv-
ative of 4-aminobiphenyl has been synthe-
sized and conjugated to bovine thyroglob-
ulin (345). Rabbits immunized with these
carcinogen-protein conjugates have formed
antibodies with specificity for the intro-
duced carcinogenic groups (20, 21, 105,
119, 164, 166, 167, 171-173, 345, 376, 383,
408, 509).

The use of carcinogen specific antibodies
to detect carcinogens in tissues and biolog-
ical fluids has not been extensive to date.
Antibodies to 4-dimethylaminoazobenzene
have been used to localize, by the immu-
nofluorescent method, protein-bound car-
cinogen in rat liver and to demonstrate, by
precipitation reactions, the presence of
the 4-dimethylaminoazobenzene pros-
thetic group in rat liver antigens during
the early stages of 4-dimethylaminoazo-
benzene carcinogenesis (20, 21). Fluores-
cein-conjugated antibodies specific for the
2-azofluorenyl group have been used to
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investigate the behavior and localization
of hepatocellular components capable of
binding 2-acetylaminofluorene in rat liv-
ers during chemical carcinogenesis; these
experiments provided evidence that car-
cinogen-binding components are present
in high concentrations at the cell boundary
and in the perinuclear zone, and that these
components are partially deleted in cells of
hyperplastic nodules, which appear at the
later stages of carcinogenesis and are al-
most completely deleted in carcinomatous
cells (652). More recently, similar immu-
nofluorescent techniques have been used
to study the distribution of carcinogen-
binding cells (105) and of carcinogen pros-
thetic groups (106) in the livers of rats fed
large doses of p-dimethylaminoazobenzene
or 3'-methyl-p-dimethylaminoazobenzene.

Antibodies to aflatoxin B, or its nonmu-
tagenic analog, 5,7-dimethoxycyclopen-
tenon(2,3-c)coumarin, have been shown
by the double antibody method to be capa-
ble of binding 3H-aflatoxin B,. Aflatoxin
B, inhibits this binding more effectively
than other aflatoxins, thus enabling the
development of sensitive and specific dou-
ble antibody RIA methods for the detection
of aflatoxin B, in serum and urine and in
crude extracts of foodstuffs in which afla-
toxin B, contamination is sometimes en-
countered. As little as 60 pg of the afla-
toxin can be detected in body fluids, and
as little as 1 ug/kg can be detected in
foodstuffs (408). Antibodies to 2-acetylami-
nofluorene have been used, together with
an '®I-tyramine derivative, in the devel-
opment of an RIA method capable of de-
tecting picomole quantities of this carcin-
ogen (119).

4. Genistein. Genistein, 5,7,4'-trihy-
droxyisoflavone, and several closely re-
lated isoflavones, which occur as glyco-
sides in many forage legumes, exert an
estrogen-like effect in animals and have
been isolated as the free aglycones from
the plasma of sheep grazing in clover pas-
tures. Excessive ingestion of these phy-
toestrogens has been implicated as a pos-
sible cause of serious infertility in grazing
sheep and cattle. Genistein-2-carboxylic
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acid was prepared and, using the carbodi-
imide method, was conjugated via its car-
boxyl group to the free amino groups of a
synthetic copolymer of tyrosine, glutamic
acid and lysine. The resulting conjugate
contained 4.3% genistein, as estimated
spectrophotometrically. Rabbits immu-
nized with the genistein-polypeptide con-
jugate formed antibodies which bound the
125].]abeled genistein-polypeptide conju-
gate, as determined by the ammonium
sulfate precipitation method. Genistein
and a closely related estrogenic isoflavone,
biochanin-A, inhibited this binding, while
estradiol-178 was not an effective inhibi-
tor, which suggests that antibodies to iso-
flavones might be used in the development
of an RIA method for the detection of
phytoestrogens in the plasma of grazing
sheep and cattle (32).

5. Insecticides. DDA [2,2-bis(p-chloro-
phenyl)acetic acid], a DDT analog in
which the trichloroethane moiety is re-
placed by an acetic acid residue, was re-
acted with thionyl chloride to form the
acid chloride which, in turn, was conju-
gated directly to the amino groups of bo-
vine fibrinogen (272). Alternatively, the
anhydride of DDA was synthesized and
added to bovine serum albumin, resulting
in the coupling of approximately 25 DDA
residues to the free amino groups of each
albumin molecule (117). Rabbits immu-
nized with DDA-protein conjugates formed
antibodies which caused hemagglutina-
tion of erythrocytes coated with DDA-pro-
tein conjugates. DDA or DDA derivatives
inhibited these passive hemagglutination
reactions, but the use of antibodies to DDA
in immunoassay systems has not been
reported (117, 272).

The half-ester of the organophosphate
insecticide, Malathion, was mixed with
thionyl chloride to form an acid chloride
derivative, which was conjugated directly
to the amino groups of protein carriers
(272). Alternatively, the ashydride of a
Malathion metabolite, O,0-dimethyl S-
(1,2-bis-carboxyethyl)-phosphorodithioate,
was synthesized and conjugated directly to
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the free amino groups of bovine serum
albumin, yielding a conjugate which con-
tained 12 residues of the Malathion metab-
olite per molecule of albumin, as estimated
by the phosphorus content of the conjugate
(117). Rabbits immunized with the conju-
gates formed antibodies which, after ab-
sorption with the protein carrier, agglutin-
ated erythrocytes coated with the corre-
sponding hapten-protein conjugate. Mala-
thion and a Malathion derivative were
capable of inhibiting these passive hemag-
glutination reactions, but the use of anti-
bodies to Malathion derivatives in immu-
noassay systems has not been reported
117, 272).

To elicit antibodies capable of detecting
the structurally related organochlorine in-
secticides, aldrin and dieldrin, 6,7-dihy-
dro-6-carboxyaldrin was synthesized and
activated by the addition of N-hydroxysuc-
cinimide and N,N’-dicyclohexylcarbodi-
imide; the activated N-hydroxysuccinim-
ide ester was then conjugated directly to
human serum albumin. Rabbits immu-
nized with this hapten-protein conjugate
formed antibodies capable of binding an
125].]abeled tyramine derivative of 6,7-di-
hydro-6-carboxyaldrin, as determined by
the double antibody method. Dieldrin, ald-
rin and structurally related compounds
were effective inhibitors of this binding,
while other polychlorinated insecticides
inhibit too weakly to interfere with the
assay of dieldrin or aldrin. This specificity
has enabled the development of a double
antibody RIA method capable of detecting
as little as 150 pg of dieldrin or 700 pg of
aldrin (407).

6. Ochratoxin A. Ochratoxin A, a dihy-
dro-isocoumarin derivative linked through
its 7-carboxyl group to L-B-phenylalanine,
is a nephrotoxic metabolite produced by
several fungal species. Ochratoxin A was
conjugated via the carboxyl group in its
phenylalanine moiety to the free amino
groups of bovine vy-globulin by the carbo-
diimide method. Rabbits immunized with
this conjugate formed antibodies capable
of binding an '*I-labeled ovalbumin-
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ochratoxin A conjugate, as determined by
the double antibody method. This binding
could readily be inhibited by as little as 2
ng of ochratoxin A, thus suggesting that
the antibodies may be useful in the devel-
opment of an RIA method for the detection
and measurement of ochratoxin A in bio-
logical fluids (1).

7. Paralytic shellfish poison. Paralytic
shellfish poison (PSP) is a potent neuro-
toxin which is produced by Gonylaulax
catanella and related dinoflagellates and
which is concentrated, without ill effects,
in clams and mussels which use these
dinoflagellates as a food source. However,
human ingestion of PSP may result in
paralysis and, occasionally, death; toxic
manifestations usually occur in man only
after shellfish have been exposed to unus-
ually large numbers of these dinoflagel-
lates (a phenomenon associated with the
discoloration of sea water, which has been
referred to as the “red tide”). The chemical
structure of PSP is not known, but it has
the empirical formula C,H,;N,0.-2HC1
(474, 590). With formaldehyde as a cou-
pling agent, PSP has been conjugated to
bovine serum albumin. Rabbits immu-
nized with PSP-albumin conjugates have
formed antibodies which agglutinated
erythrocytes coated with various PSP-pro-
tein conjugates and which protected mice
against the toxic effects of a lethal dose of
PSP (346). By using inhibition of passive
hemagglutination of PSP-coated erythro-
cytes or inhibition of flocculation of PSP-
coated bentonite particles, it is possible to
detect PSP in contaminated shellfish (347).

8. Paraquat. A preliminary note has
appeared, describing the development of
antibodies specific for the herbicide, para-
quat, and the use of these antibodies in
the development of an RIA method for the
detection of paraquat in human plasma
(419a). This RIA has been used to docu-
ment decreases in blood paraquat concen-
trations during therapeutic plasmaphe-
resis in a patient who had swallowed a
large amount of this herbicide (183a).

9. Strychnine. An amino derivative of
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mononitrostrychnine was prepared and
diazotized; the diazonium derivative was
coupled to protein carriers. Rabbits im-
munized with monoaminostrychnine-he-
mocyanin conjugates produced antibodies
which formed precipitates with monoami-
nostrychnine-casein conjugates. Strych-
nine and certain of its derivatives in-
hibited this precipitation reaction but the
use of antibodies to strychnine in an im-
munoassay procedure has not been re-
ported (312).

10. Tartrazine. Tartrazine, a synthetic
organic dye used as a color additive in
foods and drugs, has been conjugated to
bovine serum albumin by two methods: a)
by means of the bifunctional diazonium
reagent, bis-diazotized benzidine, yielding
a conjugate containing approximately 5
moles of tartrazine per mole of albumin,
as estimated spectrophotometrically; and,
b) by the carbodiimide method, utilizing
the formation of a peptide bond between
the carboxyl group of the pyrazolone ring
of tartrazine and the free amino groups of
albumin and yielding conjugates contain-
ing up to 8 residues of tartrazine per
molecule of albumin (348). Rabbits immu-
nized with either of these conjugates form
antibodies which are capable of binding an
%].]1abeled tartrazine-rabbit serum albu-
min conjugate, as demonstrated by a solid-
phase technique, employing antibody-
coated tubes. Tartrazine is capable of in-
hibiting this binding, but the use of anti-
tartrazine antibodies in the development
of a tartrazine immunoassay has not been
reported (349).

CC. Vitamins

1. Pantothenic acid. Pantothenic acid
has been conjugated to bovine serum al-
bumin through a bromoacetyl derivative,
with the resulting conjugate containing 24
to 28 pantothenic acid residues per mole-
cule of protein. Rabbits immunized with
this conjugate formed antibodies capable
of binding 3H-pantothenic acid (726).
These antibodies have been used, together
with SH-pantothenic acid, in the develop-
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ment of an ammonium sulfate RIA method
for the measurement of blood pantothenic
acid concentrations in human subjects. Re-
sults obtained by this RIA method ex-
hibited a highly significant correlation
with results obtained by a microbiological
assay method (726a).

2. Vitamin A. Vitamin A acid (retinoic
acid) was conjugated via its carboxyl group
to the free amino groups of human serum
albumin by the mixed anhydride method.
It was estimated that between 28 and 37
molecules of retinoic acid had been incor-
porated into each molecule of conjugate, as
determined spectrophotometrically and by
the extent of the decrease in the number
of free amino groups in albumin after the
conjugation procedure. Rabbits immu-
nized with retinoic acid-albumin conju-
gates formed antibodies capable of binding
3H-retinol, as demonstrated by the dex-
tran-coated charcoal method. Retinol, re-
tinoic acid and certain related compounds
are effective inhibitors of this binding, but
technical problems have prevented the de-
velopment of a practical RIA method to
date (151).

3. Vitamin B,;. Two approaches have
been used successfully to elicit antibodies
capable of binding vitamin B,,. Firstly, a
carboxypropyl derivative of vitamin B,,
was prepared and conjugated via its car-
boxyl group to the free amino groups of
poly(L-lysine) by the carbodiimide method;
an electrostatic complex formed between
the carboxypropyl-B,,-poly(L-lysine) con-
jugate and succinylated hemocyanin was
used as the immunogen (243). Secondly,
the carboxyamide groups in vitamin B,,
were converted to carboxylic groups,
which were coupled to the amino groups of
bovine serum albumin by the carbodiimide
method; this B,.-albumin immunogen con-
tained about 1 molecule of vitamin B,, per
4 molecules of protein, as estimated spec-
trophotometrically (671). Rabbits and a
guinea pig immunized with these antigens
formed antibodies capable of binding 3’Co-
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cyanocobalamin, as demonstrated by
membrane filtration (243) and dextran-
coated charcoal (671) separation methods.
Vitamin B,, is an effective inhibitor of this
binding (243), thus enabling the use of
anti-B,, antibodies in the development of
a solid-phase antibody RIA method for the
measurement of vitamin B,, in human
serum (670).

4. Vitamin D. The 3-hemisuccinate of
cholecalciferol (vitamin D;) was synthe-
sized and conjugated to bovine serum al-
bumin by the mixed anhydride method,
approximately 10 to 15 molecules of hapten
being coupled to each molecule of albumin
carrier. The poor solubility of vitamin D,
in aqueous systems interfered with vi-
tamin D;-binding studies, but it was dem-
onstrated that rabbits immunized with the
cholecalciferol-albumin conjugate formed

"antibodies capable of binding ®H-25-hy-

droxycholecalciferol, as demonstrated by
the dextran-coated charcoal separation
method. The ability of 25-hydroxycholecal-
ciferol to inhibit this binding formed the
basis for the development of a dextran-
coated charcoal RIA method capable of
detecting as little as 0.1 ng of 25-hydroxy-
cholecalciferol in serum extracts (241).

5. Vitamin K. Menadione (vitamin Kjy)
was coupled to the thiol groups of bovine
y-globulin which had been thiolated with
N-acetylhomocysteine thiolactone; approx-
imately 25 to 35 menadione residues were
conjugated to each molecule of y-globulin,
as estimated both spectrophotometrically
and by chemical analysis of an alkaline
hydrolysate of the conjugate. Rabbits im-
munized with menadione-bovine-y-globu-
lin conjugates formed antibodies which
bound C-menadione-butyrate as shown
by equilibrium dialysis. The use of these
antibodies in menadione immunoassays
has not yet been reported (352, 353).

Acknowledgment. 1 am deeply indebted to Kath-
leen Donnelly for her indefatigable secretarial as-
sistance in the preparation of this manuscript.



IMMUNOLOGICAL ASSAY OF DRUGS

REFERENCES

1. AaLunp, O., Brunrzror, K., Hawp, B., KrocH, P.

AND Pouulu, K.: A radicimmunoassay for ochra-

preliminary investigation. Acta Pathol.
Microbiol. Scand. 83: 390-392, 1975.

2. ABraHAM, G. E.: Radicimmunoassay of steroids in
biological fluids. J. Steroid Biochem. 6: 261-270,
1975

3. AmraHaM, G. E., Eprror: Handbook of Radioimmu-
noassay, Marcel Dekker, Inc., New York, 1977.

4. AsraHAM, G. E., MANLIMOS, F. S. AND GARzA, R.:
Radioimmunoassay of steroids. In Handbook of Ra-
dicimmunoassay, ed. by G. E. Abraham, pp. 591-
656, Marcel Dekker, Inc., New York, 1977.

5. AppisoNn, G. M.: New developments in the immunora-
diometric assay. In Radioimmunoassay and Related
Procedures in Medicine, vol. I, pp. 131-147, Inter-
national Atomic Energy Agency, Vienna, 1974.

6. ApmisoN, G. M. anND Havzs, C. N.: The immunoradi-
ometric assay. In Radicimmunoassay Methods, ed.
by K. E. Kirkham and W. M. Hunter, pp. 447461,
The Williams & Wilkins Company, Baltimore, 1971.

7. Anuer, F. L.: Drug testing by hemagglutination-inhi-
bition. In Immunoassays for Drugs Subject to
Abuse, ed. by S. J. Mulé, 1. Sunshine, M. Braude,
and R. E. Willette, pp. 37-43, CRC Press Inc.,
Cleveland, 1974.

8. Apizz, F. L. aAND Livu, C.-T.: Detection of morphine by
hemagglutination-inhibition. J. Immunol. 106:
1684-1685, 1971.

9. Apisg, F. L., Ly, C.-T. AND CatLIN, D. H.: Immuno-
logical studies on heroin addiction. I. Methodology
and application of a hemagglutination inhibition
test for detection of morphine. Clin. Immunol. Im-
munopathol. 1: 53-68, 1972.

10. AumanNg, G. W., Mazks, V., Mozrais, B. A, PiawL, E.
M., RoBmnsoN, J. D. aNp Twycross, R. G.: The
measurement of serum morphine levels by radioim-
munoassay following oral administration of diamor-
phine or morphine. Brit. J. Pharmacol. 54: 228P-
229P, 1975.

11. Aaxang, G. W., Mazxs, V., MouLp, G. AND Stourt, G.:
Radioimmunoassay for nortriptyline and amitryp-
tyline. Lancet 1: 1214, 1977.

uAmmGW P, E. M. aAND Mazxs, V.: The

radicimmunoassay of tricyclic antidepressants.
Brit. J. Clin. Pharmacol. 3: 561-565, 1976.

12a. AHERNE, G. W., PiALL, E. M. AND Mazxs, V.: Devel-
opment and application of a radioimmunoassay for
methotrexate. Brit. J. Cancer 36: 608-617, 1977.

13. Amos, H. E., Wnson, D. V., Taussic, M. J. AND
CARLTON, 8. J.: Hypersensitivity reactions to acetyl-
salicylic acid. 1. Detection of antibodies in human
sera using acetylsalicylic acid attached to proteins
through the carboxyl group. Clin. Exp. Immunol. 8:
563-872, 1971.

vein catheterization. Eur. J. Clin. Pharmacol. 9: 38-
47, 19785,

15. ANDRIzU, J. M., MAMAS, S. AND D2AY, F.: Detection of
anh-edndlol antibodies and of 17B-estradiol by
means of a 178-estradiol-bacteriophage T4 conju-
gate. Dependence of the haptenated phage reaction
on several physical parameters. Eur. J. Immunol.4:
417-421, 1974.

16. Anpaizu, J. M., MAMAS, S. AND Dray, F.: Viroimmu-
noassay of prostaglandin F,, at the picogram level.
Prostaglandins 6: 15-22, 1974.

17. Annprs, D A solid phase radicimmunoassay for d:-
goxin and its acylated derivatives. Na
deberg’s Arch. Pharmacol. 287: 309-319, 1975.

18. Bacuur, N. R, Rigas, C. E,, Jr., GreznN, M. R,,
Lancone, J. J., VAN Vunaxis, H. AnND Leving, L.:

19.

20.

21

27.

31

32.

317.

165

Plasma adriamycin and daunorubicin levels by flu-
orescence and radioimmunoassay. Clin. Pharmacol.
Ther. 21: 70-77, 1977.

Bamzy, J. M., BriGHT, R. AND ToMAR, R.: Inmuniza-
tion with a lyntheuc cholesterol-ester antigen and
induced atherosclerosis in rabbits. Nature (London)
201: 407408, 1964.

Barowin, R. W.: Studies on rat liver cell antigens
during the early stages of azo dye carcinogenesis.
Brit. J. Cancer 16: 749-756, 1962.

BaLowin, R. W., Beswick, J., CHAYEN, J. AND CUN-
NINGHAM, G. J.: Immunochemical studies of pro-
tein-carcinogen binding in rat liver during azo dye
carcinogenesis. Acta Unio Int. Contra Cancrum 1:
47-52, 1960.

. BANGHAM, D. R.: Standardization in peptide hormone

immunoassays: Principle and practice. Clin. Chem.
22: 957-963, 1976.

. BANGHAM, D. R. AND Corss, P. M.: Reference stan-

dards for radioimmunoassays. In Radicimmunoas-
say Methods, ed. by K. E. Kirkham and W. M.
Hunter, pp. 345-368, The Williams & Wilkins Com-
pany, Baltimore, 1971.

. BANGHAM, D. R. aND Corzs, P. M.: Standardization

and standards. Brit. Med. Bull. 30: 12-17, 1974.

. Barg, 1., Surra, T. W., Kuzin, M. D., Hacemzwize, F.

AND Lown, B.: Correlation of the electrophysiologic
action of digoxin with serum digoxin concentration.
J. Pharmacol. Exp. Ther. 180: 710-722, 1972.

. BarreTT, M. J. AND COHEN, P. 8.: Radicimmunoassay

of serum renin activity and digoxin concentrations,
with use of polyethylene glycol to separate free and
antibody-bound ligand. Clin. Chem. 18: 1339-1342,
1972.

Barros, F., OLszN, G. D., Lzcez, R. N. AND Barros,
D.: Stereospecific antibodies to methadone. I. Ra-
dioimmunoassay of d,l-methadone in human serum.
Res. Commun. Chem. Pathol. Pharmacol.16: 131-
143, 1977.

. BATTAGLIA, D. J. AND CiaANCI, M. L. Iodine-125-di-

goxin radioimmunoassay: of commer-
cial kits. J. Nucl. Med. 17: 847-849, 1976.

. BATTY, L.: Progress in standardization: 4. Inmunolog-

ical reagents. Bull. WHO 54: 123-128, 1976.

. BAUMANN, J. B. AND GIRARD, J.: Solid phase radioim-

munoassay: Suitability of antisera for coating poly-
styrene tubes. In Radicimmunoassay Methods, ed.
by K. E. Kirkham and W. M. Hunter, pp. 412416,
The Williams & Wilkins Company, Baltimore, 1971.

BAUMINGER, S., KouzN, F. AND LinDNzR, H. R.: Ste-
roids as haptens: Ophmnldeu;nofmhmforthe
formation of antibodies to steroid hormones. J. Ste-
roid Biochem. 5: 739-747, 1974.

BAUMINGER, S., LINDNER, H. R., Pxrzr, E. AND Ax-
NoN, R.: Antibodies to a phyto-oestrogen: Antigen-
icity of genistein coupled to a synthetic polypeptide.
J. Endocrinol. 44: 567-578, 1969.

. Bavus, E. M., Hawu, M. S., Lzwis, G. AND Mazxs, V.:

Effects of renal function on plasma digoxin levels in
elderly ambulant patients in domiciliary practice.
Brit. Med. J. 1: 338-341, 1972.

. Briszr, S. M., BurLzr, V. P., Jz. AND EzLANGER, B.

F.: Hapten-protein conjugates: Methodology and ap-
plication. In Textbook of Immunopathology, 2nd
ed., pp. 15-29, ed. by P. A. Miescher and H. J.
Miiller-Eberhard, Grune and Stratton, New York,
1976.

. Beuxr, G. A., Suare, T. W., AszLMaNN, W. H,,

Haszs, E. anp Hoop, W. B., Jz.: Digitalis intoxica-
tion: A prospective clinical study with serum level
correlations. N. Engl. J. Med. 284: 989-997, 1971.

. BeLramzs, F. M., Bogazzr, M. G. aNp Dz Brozx, M.

E.: Radicimmunoassay of digoxin in renal failure: A
comparison of different commercial kits. Clin.
Chim. Acta 62: 255-261, 1975.

Bz, G. G., Brecu, W. J., KLzxsErG, U. R., Runor-



166

41.

47.

49.

51

517.

BUTLER

sxy, G. mBn.z.G Characterization and specific-
ity of antibodies. Naunyn-Schmiede-
berg’s Arch. Pharmacol. 279: 105-114, 1973.

. BeRGMAN, U., Ss0qvist, F. AND SoperHIELM, L.: Use

of digoxin in a low density population area in
Sweden. Eur. J. Clin. Pharmacol. 10: 19-24, 1976.

. Berxowrrz, B. A., CerreTA, K. V. AND SPECTOR, S.:

The influence of physiologic and pharmacologic fac-
tors on the disposition of morphine as determined
by radioimmunoassay. J. Pharmacol. Exp. Ther.
191: 527-534, 1974.

. Beaxowrrz, B. A., Ngal, S. H., HemperzAD, J. AND

Spxcror, S.: Disposition of naloxone: Use of a new
radioimmunoassay. J. Pharmacol. Exp. Ther. 195:
499-504, 1975.

Beaxowrrz, B. A., Naai, S. H., Yang, J. C., Hemp-
STRAD, J. AND SpeCTOR, S.: The disposition of mor-
phine in surgical patients. Clin. Pharmacol. Ther.
17: 629-635, 1975.

. BerMAN, A. R., McGraTH, J. P., PerMisonn, R. C.

AND CxLLA, J. A.: Radioimmunoassay of methaqua-
lone and its monohydroxy metabolites in urine.
Clin. Chem. 21: 1878-1881, 1975.

. BemsoN, S. A. AND YaLow, R. S.: Isotopic tracers in

the study of diabetes. Advan. Biol. Med. Phys. 6:
349-430, 1958.

. BemsoN, S. A. AND YaLow, R. S.: Quantitative aspects

of the reaction between insulin and insulin-binding
antibody. J. Clin. Invest. 38: 1996-2016, 1959.

. BemsoN, S. A. AND YaLow, R. S.: Plasma insulin in

health and disease. Amer. J. Med. 31: 8§74-891, 1961.

. BzrsoN, S. A. AND YaLow, R. S.: Peptide hormones in

plasma. Harvey Lect. 62: 107-163, 1966.

BersoN, S. A. AND YaLow, R. S.: Radioimmunoassays
of peptide hormones in plasma. N. Engl. J. Mod
277: 640-647, 1967.

. BemsoN, S. A., Yarow, R. S., BAumaN, A., Roras-

cHILD, M. A. AND Neweary, K.: Insulin-I'*' me-
tabolism in human subjects: Demonstration of insu-
lin binding globulin in the circulation of insulin
treated subjects. J. Clin. Invest. 85: 170-190, 1956.

Berson, 8. A., Yarow, R. S, Guick, S. M. anND Rors,
J.: Immunoassay of protein and peptide hormones.
Metab. (Clin. Exp.) 13: 1135-1153, 1964.

. BerTLER, A., GUSTAFSON, A. AND REDrFozs, A.: Mas-

sive digoxin intoxication. Report of two cases with
pharmacokinetic correlations. Acta Med. Scand.
194: 245-249, 1973.

BruscHxEe, V. AND ViANA, A. P.: Digitoxin plasma
half-life in the dog after administration of toxic
doses. Arzneimittel-Forschung 26: 591-592, 1976.

. Boozu, G., Bowor, U. AND Ocas, H.: Konzentrationen

von Digoxin und Beta-Methyldigoxin im Liquor und
Plasma. Klin. Wochenschr. 55: 355-356, 1977.

. BopeM, G. AND GrLrrICH, H. J.: Methoden zur Bestim-

mungvonD:gmnundegxtonnxmBlutundlhre
klinische Bedeutung. Klin. Wochenschr. 51: 57-62,
1978.

.BoomG Ocas, H., HanN, E. Anp DencLER, H. J.:

Prﬁmng der blologud:en Verfiigbarkeit
von Lanatosid C und Digoxin im Langzeitversuch.
Schweiz. Med. Wochenschr. 107: 658-666, 1977.

Boowzy, F. H., CraPpeLAINE, A., FLiCKINGER, G.,
MixHAL, G., YAVERBAUM, S. mRonn'u,K D.:
A quhly specific radioimmunoassay for progester-
one using antibodies covalently linked to arylamine-
glass particles. Steroids 21: 1-16, 1973.

. BoxrnzR, D., OLCAY, A., SCHAUMANN, W. AND Wgiss,

W.: Abeorption of B-methyl-digoxin determined
after a single dose and under steady state condi-
tions. Eur. J. Clin. Pharmacol. 9: 307-314, 1876.
Bogpanove, E. M. AND Strasa, A. M.: Radioiodine
escape is an unexpected source of radioimmunoas-
say error and chronic low level environmental con-
tamination. Nature (London) 257: 426-427, 1975.

. BocusLasxi, R. C. AND DeNNING, C. E.: A column

59.

60.

61.

67.

70.

1.

78.

4.

5.
76.

7.

8.

79.

radicimmunoassay method for the determination of
digoxin. Biochem. Med. 14: 83-92, 1975.

Bogusitasxi, R. C. AND ScEwarTtz, C. L.: Column
radioimmunoassay method for the determination of
digitoxin. Anal. Chem. 47: 1583-1586, 1975.

BoHuoN, C., Durrey, F. AND Boupeng, C.: Radioim-
munoassay of methotrexate in biological fluids.
Clin. Chim. Acta 57: 263-267, 1974.

Bovron, A. E. AND HunTER, W. M.: The labelling of
proteins to high specific radioactivities by conjuga-
tion to a **]-containing acylating ngent Application
to the radicimmunoassay. Biochem. J. 133: 529-538,
1978.

Booxzr, H. E. AND Daxcey, B. A.: Enzymatic immu-
noassay vs. gas/liquid chromatography for determi-
nation of phenobarbital and diphenylhydantoin in
serum. Clin. Chem. 21: 1766-1768, 1975.

. Bosc, A. M. G., peN HoLLANDER, F: C. anp Woons,

G. F.: Specificities of antisera against testosterone
linked to albumin at different positions (C;, C,,,
Cyy). Steroids 23: 699-711, 1974.

. Bosr, R. O., SutuziMER, C. A. AND SunsuiNe, I.:

Methaqualone assay by radioimmunoassay and gas
y. Clin. Chem. 22: 689-690, 1976.

chromatograph
. Bosr, R. O., SurHziMzr, C. A. AND SunsHINE, L.:

Relative ments of some methods for amphetamine
assay in biological fluids. Clin. Chem. 22: 789-801,
1976.

. Bounenz, C., Durzzy, F. ANDp Boruon, C.: Radioim-

munoassay of colchicine. Biochem. J. 151: 413-415,
1976.

BratriN, W. J. aND Sunsaing, I.: A comparison of
available immunoassays for drugs of abuse in urine.
In Immunoassays for Drugs Subject to Abuse, ed. by
8. J. Mulé, I. Sunshine, M. Braude, and R. E.
Willette, pp. 107-116, CRC Press, Inc., Cleveland,
1974.

. BracETEL, R. AND GrLFRICH, H. J.: Die intestinale

Resorption von Digoxin bei Patienten mit progree-
siver Sklerodermie. Klin. Wochenschr. 55: 439-444,
1977.

3 Blocx,A. Amdnolmmummfordngonnmnmm.

urine and myocardial tissue. Acta Pharmacol. Tox-
icol. 34: 198-204, 1974.

Brock, A. AND CHRisTENSEN, E.: On the elimination
of digoxin from serum after intravenous injections.
Acta Pharmacol. Toxicol. 34: 205-210, 1974.

Bropiz, B. B. AND Reip, W. D.: The value of determin-
ing the plasma concentration of drugs in animals
and man. In Fundamentals of Drug Metabolism and
Drug Disposition, ed. by B. N. La Du, H. G. Mandel
and E. L. Way, pp. 328-339, The Williams & Wilkins
Company, Baltimore, 1971.

. Brooxzr, G., Terasaxi, W. L. aAND Pmicz, M. G.:

Gammaflow: A completely automated radioimmu-
noassay system. Science (Washington) 194: 270-276,
1976.

BroUGHTON, A. AND Ross, D. L.: Drug screening by
enzymatic immunoassay with the centrifugal ana-
lyzer. Clin. Chem. 21: 186-189, 1975.

BRoUGHTON, A. AND STRONG, J. E.: Radioimmunoas-
say of antibiotics and chemotherapeutic agents.
Clin. Chem. 22: 726-732, 1976.

BROUGHTON, A. AND STRONG, J. E.: Radicimmunoas-
say of bleomycin. Cancer Res. 36: 1418-1421, 1976.

BROUGHTON, A. AND STRONG, J. E.: Radicimmunoas-
say of iodinated gentamicin. Clin. Chim. Acta €6:
125-129, 1976.

BrougHTON, A., Snom. J. E. anp Boozy, G. P.:
Radmmmunonnay of sisomicin. Antimicrob. Agents
Chemother. 9: 247-250, 1976.

BRroUGHTON, A., STRONG, J. E., PIcKERING, L. K. AND
Bopey, G. P.: Radioimmunoassay of iodinated to-
bramycin. Antimicrob. Agents Chemother. 10: 652-
656, 1976.

BrownN, D. D., Dormois, J. C., AsraHAM, G. N.,



81,

82.

®

100.

101.

IMMUNOLOGICAL ASSAY OF DRUGS

Lzwis, K. AND D1xoN K.: Effect of furosemide on the
renal excretion of digoxin. Clin. Pharmacol. Ther.
20: 395-400, 1976.

Brown, D. D. aND JuHL, R. P.: Decreased bioavaila-
bility of digoxin due to antacids and kaolin-pectin.
N. Engl. J. Med. 295: 1034-1037, 1976.

BrowN, D. M. AND Rzap, A. P. Nucleotides. Part
XLIX. The reduction of the adduct of periodate-
oxidised adenosine-5' phosphate and methylamine.
J. Chem. Soc. 1: 5072-5074, 1965.

BrowN, M. L., HANNAH, T. AND StPHENS, G.: Cross-
reaction of Schwarz/Mann digoxin antibody with a
normal control serum. J. Nucl. Med. 15: 465, 1974.

Brung, S. D., Hansoannou, T. P., HADsnoANNoOU,
8. I. AND MaLMsTADT, H. V.: Adaptation of "EMIT”
technique for serum phenobarbital and dxphenylhy-
dantoin aseays to the miniature centrifugal ana
lyzer. Clin. Chem. 22: 905-907, 1976.

. Burke, C. W. aND EasTMaN, C. J.: Thyroid hormones.

Brit. Med. Bull. 30: 93-99, 1974.

. Burxs, J. F., Mazrk, V. H., SoLoway, A. H. anD

Lzsxowrrz, S.: The effect of antibody to L-phenylal-
anine mustard conjugate on malignant cells selec-
tively marked through “early inflammatory-like”
vascular permeability. Cancer Res. 26: 1893-1904,

966.
. BurnzTT, G. H., CoNKLIN, R. L., WaAS80ON, G. W. AND

MACKINNRY, A. A.: Variability of standard curves
in radicimmunoassay of plasma digoxin. Clin.
Chem. 19: 725-728, 1973.

. Burizz, G. C., HaringTON, C. R. AND Yumi, M. E.:

Studies in synthetic immunochemistry. 5. Observa-
tions on antisera against aspirin-protein complexes.
Biochem. J. 34: 838-845, 1940.

. BurLeg, V. P., Jz.: Digoxin radioimmunoassay. Lan-

cet 1: 186, 1971.

. Burizs, V. P, Jr.: Assays of digitalis in the blood.

Progr. Cardiovasc. Dis. 14: 571-600, 1972.

. Buriag, V. P., Jz.: Radicimmunoassay and competi-

tive binding radioassay methods for the measure-
ment of drugs. Metab. (Clin. Exp.) 22: 1145-1153,
1973.

. Burzg, V. P, Jz.: Drug immunocassays. J. Immunol.

Methods 7: 1-24, 1975.

. BurLzr, V. P., Jr.: Assay of drugs and other trace

compounds in biological fluids. Methodological Dev.
Biochem. 5: 71-85, 1976.

. Burize, V. P., Jr. AND Briszz, S. M.: Antibodies to

small molecules: biological and clinical applications.
Advan. Immunol. 17: 255-310, 1973.

. Burizr, V. P., Jr. AND CHEN, J. P.: Digoxin-specific

antibodies. Proe. Nat. Acad. Sci. U.S.A. 57: 71-78,
1967.

. Bm, V. P., Jr. AND LiNDENBAUM, J.: Serum digi-

talis measurements in the assessment of digitalis
resistance and sensitivity. Amer. J. Med. 58: 460-
469, 1975.

. Cais, M., Dani, S., Joszrry, Y., MoniaNo, A., GEz-

suoN, H. AND MecHOULAM, R.: Studies of cannabi-
noid metabolites— A free radical immunoassay.
FEBS Lett. 55: 257-260, 1975.

. CaLvEmizy, R. K.: An anaesthetic application of se-

rum digoxin radicimmunoassay. Can. Anaesth. Soc.
J. 19: 20-34, 1972.

Camaiago, C. L., Riccoms, H. A., Masson, P. L. AN
HzreMANS, J. F.: Automated nephelometric immu-
noassay. II. Its application to the determination of
hapten. J. Immunol. Methods 5: 293-302, 1974.

. Camzaon, E. H. D., HiLuiz, S. G. AND Garrrrras, K.,

Eprross: Steroid , Alpha Omega Pub-
lishing Ltd., Cardiff, 1975.

Camzron, E. H. D., Moaais, S. E., Scanssrick, J. J.
AND HiLizg, S. G.: Some observations on the use of
18] labelled in steroid radicimmunoassay.
Biochem. Soc. Trans. 1: 1115-1117, 1973.

Camzzon, E. H. D., Scanissrick, J. J., Mozeis, S. E.,

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114

116.

116.

117.

118.

119.

120.

167

Howme, S. G. AND Rzap, G.: Some aspects of the
use of '*]-labelled ligands for steroid radioimmu-
noassay. J. Steroid Biochem. 5: 748-756, 1974.

Camzron, E. H. D., Scarissrick, J. J., Mozsis, S. E.
AND Rzap, G.: '®l-iodohistamine derivatives as
tracers for the radioimmunoassay of progestagens.
In Steroid Inmunoassay, ed. by E. H. D. Cameron,
S. G. Hillier and K. Griffiths, pp. 153-176, Alpha
Omega Publishing Ltd., Cardiﬂ', 1976.

CarLinzg, N. H., Gruezer, C. A., Prurrr, A. W. AND
GoLpeerG, L. I.: Effects of maintenance digoxin
therapy on systolic time intervals and serum di-
goxin concentrations. Circulation 50: 94-98, 1974.

Carroir, P. R., GeLBART, A., O'Rourks, M. F. AND
SHoRrTUS, J.: Digoxin concentrations in the serum
and myocardium of digitalised patients. Aust. N. Z.
J. Med. 3: 400-403, 1973.

Carrurnzas, C., Baumizg, A., NzmwsoN, A. aND
PressMaN, D.: Binding of t.he azocarcinogen 3'-
methyl-p-dimethylaminoazobenzene to cellular
components of normal rat liver and azocarcinogen-
induced hepatomas. Cancer Res. 35: 3798-3806,
1975.

CarrurHERs, C., BauMpER, A., NEnsoN, A. AND
PressmaN, D.: Detection of liver-bound metabolites
of azocarcinogens by the use of anti-hapten anti-
bodies. Cancer Res. 38: 1568-1572, 1976.

CARRUTHERS, S. G., CLELAND, J., KELLY, J. G., LYONS,
S. M. ANnMchvm D. G thandmtue
digoxin concentrations in patients
diopulmonary bypass. Brit. Heart J. 37: 313-820
19765.

CarrurHEss, S. G., Kzwuy, J. G. aND McDzvrrT, D.
G.: Plasma digoxin concentrations in patients on
admission to hoepital. Brit. Heart J. 86: 707-712,
1974.

Castro, A., GrerrIx, D. P., BaRTOS, F. AND BARTOS,
D.: LSD radioimmunoassay. Res. Commun. Chem.
Pathol. Pharmacol. 6: 879-886, 1973.

CastRO, A. AND MALXUS, H.: Radicimmunoassays of
drugs of abuse in humans: A review. Res. Commun.
Chem. Pathol. Pharmacol. 16: 291-309, 1977.

Camuin, D. H.: Pharmacokinetics of morphine by ra-
dioimmunoassay: The influence of immunochemical
factors. J. Pharmacol. Exp. Ther. 200: 224-235, 1977.

CaruiN, D. H., Apwsr, F. L. ANp Liv, C.-T.: Immuno-
logical studies on heroin addiction. II. Applications
of a sensitive hemagglutination-inhibition test for
detecting morphine to diagnostic problems in
chronic heroin addiction. Clin. Immunol. Immuno-
pathol. 1: 446-455, 1973.

Catun, D., CrxxLAND, R. AND GRUNBERG, E.: A sen-
gitive, rapid radioimmunoassay for morphine and
immunologically related substances in urine and
serum. Clin. Chem. 19: 216-220, 1973.

Catun, D. H., ScHARFFER, J. C. AND Fiscuze, J. F.:
Production and characterization of antibodies to
meperidine. Res. Commun. Chem. Pathol. Phar-
macol. 11: 245-256, 1975.

Carr, K., N1awr, H. D. AND TrecraR, G. W.: Solid
phase radioimmunoassay. Nature (London) 213:
825-827, 1967.

Cartr, K. AND TREGEAR, G. W.: Solid-phase radioim-
munoassay in antibody-coated tubes. Science
(Washington) 158: 15701572, 1967.

CentxNo, E. R, JounsoN, W. J. AND SzHON, A. H.:
Antibodies to two common , DDT and
Malathion. Int. Arch. Allergy Appl. Immunol. 37:
1-13, 1970.

Cxxceo, E. AN ELLoso, C. A.: Factors affecting the
radicimmunoassay of digoxin. Clin. Chem. 18: 539-
543, 1972.

Ceanoezx, S. F., Jr. AND GuTizRrEz-CErNOsEK, R.
M.: Radiounmunouuy for the chemical
2- uorene. Fed. Proc. 34: 518, 1975.

CHAMBERLAIN, D. A.: Plasma concentrations



168

121.

123.

125.

127.

129.

130.

181.

132.

183.

134.

135.

136.

137.

BUTLER

as a guide to therapeutic requirements. In Biologi-
cal Effects of Drugs in Relation to Their Plasma
Concentrations, ed. by D. S. Davies and B. N. C.
Prichard, pp. 135-143, University Park Press, Bal-
timore, 1973.

CHAMBERLAIN, D. A.: The relation of clinical effect to
plasma digoxin concentration. Postgrad. Med. J. 50:
suppl. 6, 29-35, 1974.

. CHAMBERLAIN, D. A., Warrz, R. J., Howarp, M. R.

in concentrations in

patients with atrial fibrillation. Brit. Med. J. 3:
429-432, 1970.

Cuameers, R. E.: Digoxin radicimmunoassay: Im-

proved precision with iodinated tracer. Clin. Chim.

Acta 57: 191-193, 1974.

AND Surra, T. W.: Plasma digoxin

. CHANARD, J., Baber, C., AssanLy, J. AND Funck-

BreNTANO, J.-L.: Donge plasmatique de la digitox-
ine et de la digoxine. Comparaison de la méthode
par incorporation érythrocytaire du 86 Rb et de la
méthode radicimmunologique. Pathol.-Biol. 21:
725-730, 1973.

CHANG, R. L., Woop, A. W., Dixon, W. R., CoNnzy,
A. H., ANpzrooN, K. E., EISEMAN, J. AND ALVARES,
A. P.: Antipyrine: Radioimmunoassay in plasma
and saliva following administration of a high dose
and a low dose. Clin. Pharmacol. Ther. 20: 219-226,
1976.

. Cuarriz, D. J., HucHss, R. AND JonnsoN, B. F.: The

relationship between cardiotoxicity and plasma di-
goxin concentration in conscious dogs. Brit. J. Phar-
macol. 57: 23-27, 1976.

CHARD, T.: Observations on the uses of a mathematical
model in radiocimmunoassay. In Radioimmunoassay
Methods, ed. by K. E. Kirkham and W. M. Hunter,
pp. 595-598, The Williams & Wilkins Company,
Baltimore, 1971.

. CHARD, T., MARTIN, M. AND LANDON, J.: The separa-

tion of antibody bound from free peptides using
ammonium sulphate and ethanol. In Radicimmu-
noassay Methods, ed. by K. E. Kirkham and W. M.
Hunter, pp. 257-266, The Williams & Wilkins Com-
pany, Balumon 1971.

Crasz, M. W.: Preparation of immunogens. In Meth-
odlmlmmumlogyandlmm , vol. I,
pp- 197-209, ed. by C. A. Williams and M. W. Chase,
Academic Press, New York, 1967.

CHAVAZ, A., BALANT, L. AND FaBre, J.: Digoxinémie
et digitalisation. Schweiz. Med. Wochenschr. 104:
65-74, 1974.

Cuzng, L. T., K, S. Y., CHUNG, A. AND CasTRO, A.:
Amphetamines: New radioimmunocassay. FEBS
Lett. 36: 339-342, 1973.

Cuzrvy, L. R. AND MurTy, D. R. K.: Radiolabeling of
antigens: procedures and assessment of properties.
Semin. Nucl. Med. 5: 157-172, 1975.

Cuicuz, P., BALIGADOO, S., LaruzLLE, P. AND Bor-
GARD, J. P.: Intoxications digitaliques et déviations
de l'activité thérapeutique de la digitaline. Corréla-
tions avec les concentrations plasmatiques. Coeur
Med. Interne 15: 249-262, 1976.

Cuorra, 1. J.: Radicimmunoassay of iodothyronines.
In Handbook of Radioimmunoassay, ed. by G. E.
Abraham, pp. 679-703, Marcel Dekker, Inc., New
York, 1977.

, N. J. B. AND NizrszN, M. D.: Digoxin
rndiolmmunoam Sephadex ion of free
&omnnhbody-bmnddlgmn. Clin. Chim. Acta 42:
125-129, 1972.

CHUNG, A., KM, 8. Y., CHENG, L. T. AND CasTRO, A.:
Phenobarbital specific antisera and radioimmu-

noassay. Experientia (Basel) 29: 820-821, 1973.

Cx.nx B. R, Towzz, B. B. AND RuBiN, R. T.: Ra-
dicimmunoassay of haloperidol in human serum.
Life Sci. 20: 319425 1977.

. CLeELAND, R., CHRisTENSON, J., UsATEGUI-GOMRYZ,

139.

140.
141,

142.

143.
144.

145.

146.

147.
148.

149.

150.

151.

152.

153.

A summary of published data and some new infor-
mation. Clin. Chem. 22: 712-725, 1976.

CrLzzLAND, R., Davis, R., HzvERAN, J. AND GRUN-
BERG, E.: A simple, rapid '] radicimmunoassay for
the detection of barbiturates in biological fluids. J.
Forensic Sci. 20: 45-57, 1975.

CowsurN, W. A.: Radicimmunoassay for prednisone.
Steroids 24: 95-106, 1974.

CowsurN, W. A.: Radicimmunoassay for cortisol using
antibodies against prednisolone conjugated at the 3-
p;,nsnon J. Clin. Endocrinol. Metab. 41: 868-875,
1975.

Cowsurn, W. A.: Radicimmunoassay for fluoxymes-
terone (Halotestin®). Stercids 28: 43-52, 1975.

CoLsurN, W. A AND Buirzz, R. H.: Radicimmunoas-

.: Radicimmunoas-
meﬂxylpndnmolone (Medml@) Steroids 22:
687-698, 1973.
CoLBURN, W A., SiBLzy, C. R.van.n,R.H

: prednisolone
administration to beagle dogs. J. Pharm. Sci. 65:
997-1001, 1976.

CoLLiNs, W. P., BARNARD, G. J. R. AND HENNANM, J.
F.: Factors affecting the choice of separation tech-
nique. In Steroid Immunoassay, ed. by E. H. D.
Cameron, 8. G. Hillier and K. Griffiths, pp. 223-
228, Alpha Omega Publishing Ltd. Cardiff, 1975

Courarr, J.: Therapeutic myocardial digoxin concen-
trations. Amer. Heart J. 85: §71-572, 1973.

Covrarrt, D. J., CHAMBERLAIN, D. A., Howarp, M. R,
Kerrizwzw, M. G., Mzaces, J. L. anp Surma, T.
W.: Effect of cardiopulmonary bypass on plasma
digoxin concentrations. Brit. Heart J. 33: 334-338,
1971,

Courarr, D. J., GoLunxr, H. G., BoLivonaM, M.,
GowoMaN, R. H., StinsoN, E. B KaLMaN, 8. M
AND l-hnnou D C. Phyuiologmul dumbuhon of
digoxin in human heart. Brit. Med. J. 4: 733-736,
1974.

CoLtART, J., HowARD, M. AND CHAMBERLAIN, D.:
Myocardial and skeletal muscle concentrations of
digoxin in patients on long-term therapy. Brit. Med.
J. 2: 318-319, 1972.

ConraD, D. H. AND Winrz, G. H.: Characterization of
antibodies to vitamin A. Immunochemistry 10: 273~
275, 1973.

Coox, B.: Automation and data processing for radioim-
munoassays. In Steroid Inmunoassay, ed. by E. H.
D. Cameron, 8. G. Hillier and K. Griffiths, pp. 293-
310, Alpha Omega Publishing Ltd., Cardiff, 1975.

Coox, C. E., AMzrson, E., Poous, W. K., Lzsezz, P.
AND O'Tuama, L.: Phenytoin and phenobarbital
concentrations in saliva and plasma measured by
radioimmunoassay. Clin. Pharmacol. Ther. 18: 742-
747, 1975.

153a. Coox, C. E., BaLLanTINE, N., SzLTzMAN, T. AND

154.

156.

156.

TaLLanT, C. R.: Immumuuayuawolforannlym
of enantiomers: Sterecselective radicimmunoassay
for R- and S-warfarin. Pharmacologist 19: 128, 1977.
Coox, C. E., Km.nJAmCm,HD

Pharmacol. 5: 767-774, 1978.

Coox, C. E., TawLenT, C. R., AMERSON, E., CHRISTEN-
sxN, H. D., TavLoz, G. AND KxrLER, J. A.: Phenyl-
butaszone antiserum. Fed. Proc. 34: 759, 1975.

Coox, C. E., Tarrznt, C. R., AMaRsoN, E. W., Myzas,
MW, Km.nJ A., TavLom, G. F. AND CHRisTEN-
llu.H. D..Oaﬁdnemphmndnhnbya
radicimmunoassay procedure. J. Pharmacol. Exp.
Ther. 199: M 1976.



167.

168.

159.

160.

161.

182.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172,

178.

174.

175.

IMMUNOLOGICAL ASSAY OF DRUGS

Coox, C. E., TaLLenT, C. R., AMzrsoN, E., TavLoR,
G. anD Kxruxr, J. A.: Quinidine radicimmunoas-
say: davelq)mt and characterization of antise-
rum. Pharmacologist 17: 219, 1975.

Coox, C E., TaLLeNT C. R. AND CHrisTENSEN, H. D.:

i a thio-

propionic acid link. Life Sci. 14: 1075-1087, 1974.
Coox, C. E., Twing, M. E., Myzss, M., Auxzson, E.,
Kmn J A. aAND Tam, G. F. : Theophylline

Corluun E. 8. Theeﬂ‘eaofambm.utempmmre
on spin-label immunoassay for
N.Y. Acad. Sci. 222: 1097-1101, 1973.

Corss, P. M.: Standards and reference reagents for
radioimmunoassay of peptide hormones and related
substances. In Radicimmunocassay and Related Pro-
cedures in Medicine vol. I, pp. 71-87, International
Atomic Energy Agency, Vienna, 1974.

Crawrosp, M. H., KaruNzR, J. S., AND O'Rourkx, R.
A.: Favorable effects of oral maintenance digoxin
therapy on left ventricular performance in normal
subjects: Echocardiographic study. Amer. J. Car-
diol. 38: 843-847, 1976.

Caxzch, H. J.: Chemical and immunological proper-
ties of i -protein conjugates. Cancer Res.
12: 557-564, 1952.

CrexcH, H. J. AND FrANKS, W. R.: Compoundssyntbe—
sized ﬁ'«n proteins and carcinogenic
Amer. J. Cancer 30: 555-562, 1937.

Crezxcy, H. J., HAvu,HFmAnmJ Immu-

gates con!
2'- methylanalog Cancer Res. 13: 335-342, 1953.

CrexcH, H. J., Havas, H. F. AND Anpre, J.: Immu-
nologieal propenieo of carcinogen-protein conju-
gates containing polycyclic aromatic
and substituted stilbenes. Cancer Res. 15: 726-733,
1965.

CazzcH, H. J. AND Jonzs, R. N.: The conjugation of
horse serum albumin with 1,2-benzanthryl isocyan-
ates. J. Amer. Chem. Soc. 62: 1870-1975, 1940.

Crzaca, H. J. AND Jonzs, R. N.: The conjugation of
horse serum albumin with isocyanates of certain

polynuclear aromatic hydrocarbons. J. Amer.
Chem. Soc. 63: 1661-1669, 1941.

Crzzca, H. J. aND Jonzs, R. N.: Conjugates synthe-
sized from various proteins and the isocyanates of
certain aromatic polynuclear hydrocarbons. J.
Amer. Chem. Soc. 63: 1670-1673, 1941.

Crexca, H. J., OciNexy, E. L. ANp AwieN, O. N.:
Immunological studies of hydrocarbon-protein con-
jugates. II. Quantitative results. Cancer Res. 7: 297-
300, 1947.

CrzzcH, H. J., OGINsxy, E. L. AND CHzzVER, F. S.:
Immunological studies of hydrocarbon-protein con-
jugates. I. Precipitin reactions. Cancer Res. 7: 290-
298, 1947.

Cazech, H. J., OontmELmT:mM Immu-
nological d.udul of hydrocarbon-protein conjugates.
III. Inhibition reactions. Cancer Res. 7: 301-304,
1947.

Crzzca, H. J. aAND Pecx, R. M.: Conjugates synthe-
sized from proteins and the isocyanates of certain
systemic carcinogens. J. Amer. Chem. Soc. 74: 463-
468, 1952.

Crooxz, 8. T., Lurr, F., BRougHTON, A., STRONG, J.
Casson, K AND Enmont L.: Bleomycin serum

as determined by a radioimmu-

169

noassay and a microbiologic assay in a patient with
compromised renal function. Cancer 39: 1430-1434,
1971.
Crooxz, S. T., SreonNg, J. E. AND BrouGHTON, A.:
Bleomyun ndwxmmunoamy antibody specifici-
ties. Fed. Proc. 36: 303, 1977.
CRrosIGNANI, P. G., NAxAMURA, R. M., HovLAND, D.
N. aAnp Misazw, D. R., Jz.: A method of solid phase
radioimmunoassay utilizing polypropylene discs. J.
Clin. Endocrinol. Metab. 30: 1563-160, 1970.
CroxsoN, M. S. AND InBzr180N, H. K.: Serum digoxin
in patients with thyroid disease. Brit. Med. J. 3:
566-568, 1975.
Danpuixze, W. B.,, Kzwy, R. J., Danpuixzs, J.,
FARQUHAR, J. AND LzvIN, J.: Fluorescence polari-
zation immunoassay. and experimental
method. Immunochemistry 10: 219-227, 1973.
DaAuGHADAY, W. H. AND Jacoss, L. S.: Methods of
separating antibody-bound from free antigen. In
Principles of Competitive Protein-Binding Assays,
ed. by W. D. Odell and W. H. Daughaday, pp. 303-
324, J. B. Lippincott Company, Philadelphia, 1971.
Davmp, G. S. AND ResrzLp, R. A.: Protein iodination
with solid state lactoperoxidase. Biochemistry 13:
1014-1021, 1974.
Davizs, D. S. aAND PricHarp, B. N. C., Eprross:
Biological Effects of Drugs in Relation to their
Plasma Concentrations, University Park Preess,
Baltimore, 19783.
Davis, R., FripaAuUs, J., HEvERaN, J., Wicks, R. AND
PrcxuAM, M.: Iodmatlon of m'phme and dihydro-
morphine, as related to radicimmunoassay. Clin.
Chem. 21: 1498-1505, 1975.
183a. DzarNALZY, D. P. AND MaRTIN, M. F. R.: Plasma-
pheresis for paraquat poisoning. Lancet 1: 162, 1978.

183b. Dzcaro, L., Jz., Liu, C.-T. AND Apizx, F. L.: Immu-
nologi¢ studies on drug addiction. III. Antibodies
reactive with cocaine metabolites and their use for
drug detection. J. Immunol. Methods 18: 201-213,
1977

184. px LA PENA, A, CHENAULT, C. B. AND GoLDzZIEHER, J.
W.: Radioimmunoassay of unconjugated plasma
ethynylestradiol in women given a single oral dose
of ethynylestradiol or mestranol. Steroids 25: 773-
780, 1975.
185. Dzspaux, N., Durrsy, F., Boruon, C. AND Boupznz,
C.: Les radioimmunoessais: Leur application en
toxicologie. Pathol.-Biol. 24: 419-429, 1976.
185a. b2 Weck, A. L.: Immunological effects of aspirin
anhydride, a codtaminant of commercial acetylsali-
cylic acid preparations. Int. Arch. Allergy Appl.
Immunol. 41: 383418, 1971.
185b. Drxon, R. AND Crews, T.: An '*]-radicimmunoassay
for the determination of the anticonvulsant agent
clonazepam directly in plasma. Res. Commun.
Chem. Pathol. Pharmacol. 18: 477-486, 1977.

Dixon, R., FarrenHOLTZ, K. E., BURGER, W. AND
Pxrry, C.: Radioimmunoassay of the anti-hyperten-
sive agent debrisoquin. Res. Commun. Chem. Pa-
thol. Pharmacol. 16: 121-129, 1977.

187. DixoN, W. R., EarLEY, J. AND PosTMA, E.: Radioim-

176.

1717.

178.

179.

180.

181.

182.

183.

186.

188.

189. D:xou,W R., Young, R. L., NING, R. AND LizBMAN,
A.: Radnounmunomy of the anticonvulsant agent
clonazepam. J. Pharm. Sci. 66: 235-237, 1977.

Deleted in proof.

Donzzry, J. E.: Digitalis serum levels: Clinical use.
Ann. Intern. Med. 74: 787-789, 1971.

Donmni, S. aNp Doning, P.: Radioimmunoassay em-

180.
191.

192.



!

170 BUTLER

ploying polymerized antisera. Acta Endocrinol 212.

suppl. 142, 257-278, 1969.
193. Drewes, P. A. AND P1LEGGI, V. J.: Faster and easier
radioimmunoassay of digoxin. Clin. Chem. 20: 343-

347, 1974. 213.

184. DucLoux, G., DessaINT, J. P. AND WAREMBOURG, H.:
L'intoxication digitalique massive ou importante ou

supposée telle apport des dosages sanguins. Coeur  214.

Med. Interne 15: 237-247, 1976.
1985. Duppizson, W. G., MipGLEY, A. R., JR. AND NISWEN-

DER, G. D.: Computer program sequence for analysis  215.

and summary of radioimmunoassay data. Comput.
Biomed. Res. 5: 205-217, 1972.
196. Duagan, D. E., Y=g, K. C., MATALIA, N., Drrzizz, C.

A. AND McMaHON, F. G.: Bioavailability of oral 216.

dexamethasone. Clin Pharmacol. Ther. 18: 205-209,
1975,
197. DuaMz, D. W., GREENBLATT, D. J. AND KOoCH-WxsER,

J.: Reduction of digoxin toxicity associated with  217.

measurement of serum levels. Ann. Intern. Med.
80: 516-519, 1974.

198. Dumasia, M. C., CHAPMAN, D. 1., Moss, M. S. AND
O’ConNoR, C.: Production and properties of antisera

to dexamethasone-protein conjugates. Biochem. J.  218.

133: 401-404, 1973.
199. DwenGER, A., Zick, R., FrizpzL, R. AND TrAUT-

ErtzL, N. H., MITTLER, J. C., AKGUN, S. AND WAL-
Lace, S. L.: Radioimmunoassay for colchicine in
plasma and urine. Science (Washington) 193: 233-
235, 1976.

Everep, D. C. AND CHAPMAN, C.: Plasma digoxin
concentrations and digoxin toxicity in hospital pa-
tients. Brit. Heart J. 33: 540-545, 1971.

Everep, D. C., CHAPMAN, C. AND HAYTER, C. J.:
Measurement of plasma digoxin concentration by
radioimmunoassay. Brit. Med. J. 3: 427-428, 1970.

Evzeux, J. Cl., Rovzioux, J. M., BAZAUGOUR, R. AND
BerNoN, H.: Evolution des concentrations tissu-
laires de la digoxine apres injection intra-veineuse
d'une dose toxique. Lyon Med. 3: 243-245, 1973.

Favrch, D., TxizN, A. AND BsxrxxLUND, C. J.: Compar-
ative study of the absorption, plasma levels, and
urinary excretion of the “new” and the “old” Lan-
oxin. Brit. Med. J. 1: 695-697, 1973.

Farasg, B. A,, IszanLl, Z. H., KigaT, N. E., SMissMAN,
E. E. AND Pazoernix, T. J.: Specificity of an anti-
body directed against d-methamphetamine. Studies
with rigid and nonrigid analogs. J. Med. Chem. 19:
20-25, 1976.

Farg, R. S.: A quantitative immunochemical measure
of the primary interaction between I*BSA and anti-
body. J. Infect. Dis. 103: 239-262, 1958.

scHOLD, I.: Separation techniques in radioimmu- 218a. Fasth, A., SOLLENBERG, J. AND SO=BO, B.: Production

noassays for digoxin and insulin. Z. Anal. Chem.
279: 108-109, 1976.

200. Ecxxer, H. G.: Radioimmunoassay. Angew. Chem.  219.

Int. Ed. 15: 525-533, 1976.
201. Eiszn, H. N.: Equilibrium dialysis for measurement

of antibody-hapten affinities. Methods Med. Res. 10:  220.

106-114, 1964.

. Exins, R. P.: Basic principles and theory. Brit. Med.
Bull. 30: 3-11, 1974.

. Exing, R. P.: Automation of radicimmunoassay and

g B

other saturation assay procedures. /n Radioimmu-  221.

noassay and Related Procedures in Medicine vol. I.,
pp. 91-109, International Atomic Energy Agency,
Vienna, 1974.

204. ELLMAN, L., INMAN, J. AND GrExN, I.: Strain differ- 222.

ence in the immune response to hydralazine in
inbred guinea-pigs. Clin. Exp. Immunol. 9: 927-937,
1971.

205. Erson, M. K., OxsN, M. M. AND Suarxz, R. B.: A 223,

radioimmunoassay for bleomycin. J. Nucl. Med. 18:
296-299, 1977.
208. ENgLisH, J., CHAKRABORTY, J., MARKS, V. AND PARKE,

A.: A radioimmunoassay procedure for dexametha-  224.

sone: Plasma and urine levels in man. Eur. J. Clin.
Pharmacol. 9: 239-244, 1975.

207. EnavaLL, E. AND PERLMANN, P.: Enzyme-linked im-
munosorbent assay (ELISA): Quantitative assay of

225
immunoglobulin G. Immunochemistry 8: 871-874, 226.

1971.
208. ErLancER, B. F.: Principles and methods for the
preparation of drug protein eomugam for immuno-

logical studies. Pharmacol. Rev. 25: 271-280, 1973.  227.

209. ErLaNGER, B. F. AND Briszs, S. M Antlbodlesspe-
cific for ribonuclecsides and ribonucleotides and

their reaction with DNA. Proc. Nat. Acad. Sci.  228.

U.S.A. 52: 68-74, 1964.
210. ErLANGER, B. F., Borex, F., Briszr, S. M. AnD Liz-

BERMAN, S.: Steroid-protein conjugates. I. Prepara-

tion and characterization of conjugates of bovine  229.

serum albumin with testosterone and with corti-
sone. J. Biol. Chem. 228: 713-727, 1957.

211. EzrvanGER, B. F., Borex, F., Briszr, S. M. AND Liz-  230.

BERMAN, S.: Steroid-protein conjugates. II. Prepa-
ration and characterization of conjugates of bovine

serum albumin with progesterone, deoxycorticoster-  231.

one, and estrone. J. Biol. Chem. 234: 1090-1094,
1969.

and characterization of antibodies to atropine. Acta
Pharm. Suec. 12: 311-322, 1975.

Fauwstich, H., TriscHMANN, H. aAND ZoBRLEY, S.: A
radioimmunoassay for amanitin. FEBS Lett. 56:
312-315, 1975.

FxLDMAN, H. AND RoDBARD, D.: Mathematical theory
of radicimmunoassay. In Principles of Competitive
Protein-Binding Assays, ed. by W. D. Odell and W.
H. Daughaday, pp. 158-208, J. B. Lippincott Com-
pany, Philadelphia, 1971.

FzLouan, H., RobBarp, D. AND LxviNg, D.: Mathe-
matical theory of cross-reactive radioimmunoassay
and ligand-binding systems at equilibrium. Anal.
Biochem. 45: 530-566, 1972.

FinpLay, J. W. A,, Burz, R. F. AND WrLcH, R. M.: A
codeine radioimmunoassay exhibiting insignificant
cross-reactivity with morphine. Life Sci. 19: 389-
394, 1976.

FinxzLsTRIN, F. O., Gorrinet, J. A., HENDLER, E. D.
AND LiNpENBAUM, J.: Pharmacokinetics of digoxin
and digitoxin in patients undergoing hemodialysis.
Amer. J. Med. 58: 525-531, 1975.

Fmnizy, P. R., Wu.uuu,R.J AND Byzrs, J. M., I11.:
Assay pf phenytoin: Adaptahonof"Em'l"tothe

centrifugal analyzer. Clin. Chem. 22: 911-914, 1976.

. FINN=Y, D. J.: Radioligand assay. Biometrics 32: 721-

740, 1976.

Fruuz, L., Busi, C., CampapziLi-FrluMe, G. AND
FrancescHi, C.: Production of antibodies to amani-
tins as the basis for their radioimmunoassay. Exper-
ientia (Basel) 31: 1233-1234, 1975.

FrascH, H.: Die biologische Verfiigbarkeit von g-Ace-
tyldigoxin und Digoxin. Klin. Wochenschr. 53: 873-
877, 1975.

Frasch, H., HziNz, N. AND PeTERsEN, R.: Affinitit
von polaun Digoxin- und Digitoxin-Metaboliten zu

und Digitoxin-Antikorpern. Arzneimittel-
Forschung 27: 649-653, 1977.

FLYNN, E. J. AND SpPECTOR, S.: Determination of bar-
biturate derivatives by radicimmunoassay. J. Phar-
macol. Exp. Ther. 181: 547-554, 1972.

FLYNN, E. J. AND Spxcron, S.: Radicimmunoassay for
hepatic N-demethylation of metharbital in vitro. J.
Pharmacol. Exp. Ther. 189: §50-556, 1974.

FoaELMAN, A. M., LA MonT, J. T., FINxzLSTEIN, S.,
Rapo,-E. AND Praxce, M. L.: Fallibility of plasma-
digoxin in differentiating toxic from nontoxic pa-



IMMUNOLOGICAL ASSAY OF DRUGS

tients. Lancet 2: 727-729, 1971.

the C, position: Study of the characteristics of anti-
bodies against 17a-hydroxyprogesterone and testos-
terone and of their evolution with time. Steroids 28:
815-827, 1976.

233. FraNcroRT, P. AND SCHATIMANN, H. J.: Pharmacolog-
ical experiments as a basis for the administration of
digoxin in the horse. Res. Vet. Sci. 20: 84-89, 1976.

234. Frinzx, M. and HruUBxA, K. J.: Separation of free and
protein-bo\md ligands in the radicimmunoassay by
gel filtration-centrifugation. J. Chromatogr. 119:
167-172, 1976.

235. Fraszz, E. J., Leach, R. H,, Poston, J. W., Bowp, A.
M., CuLang, L. S. AnD Lirene, A. B.: Dissolution
and bioavailability of digoxin tablets. J. Pharm.
Pharmacol. 25: 968-973, 1973.

235a. FrEzMAN, D. 8., GJixa, H. B. AND VAN Vunaxis, H.:
Radicimmunoassay for normeperidine: Studies on
the N-dealkylation of meperidine and anileridine.
J. Pharmacol. Exp. Ther. 203: 203-212, 1977.

236. Frunp, J., THOMSON, K. J., Houcs, H. B., SoMmzR,
H. E. anD Psan1, T. M.: Antibody formation and
sensitization with the aid of adjuvants. J. Immunol.
60: 383-398, 1948.

237. FrizpMaN, H. anp Hzinx, W. I.: Demonstration of
anti-hydralazine antibody in hydralazine induced
11';1:3” erythematosus. Experientia (Basel) 19: 10-11,

238. FroHMAN, L. A., ReiCHLIN, M. AND SoxaL, J. E.:
Immunologic and biologic properties of antibodies to
a glucagon-serum albumin polymer. Endocrinology
87: 1056-1061, 1970.

239. Gaurr, M. H., Jerrrzy, J. R., CHIRITO, E. AND WARD,
L. L.: Studies of digoxin dosage, kinetics and serum
concentrations in renal failure and review of the
literature. Nephron 17: 161-187, 1976.

240. GzHLBACH, S. H., Pexey, L. D.,, WnLiams, W. A,
FrEEMAN, J. 1., LANGONE, J. J., PETA, L. V. AND
VaN Vunaxis, H Nicotine abeorpaon by workers
harvesting green tobacco. Lancet 1: 478-480, 1975.

240a. Gzrexz, H. P., Scruicar, H. J. AND SceMipr, G.:
Radioimmunological screening and gas chromato-
graphic identification of diazepam in blood and
serum. Arch. Toxicol. 38: 296-305, 1977.

GzumiNe, M.: Radioimmunologische Bestimmung
von 25-Hydroxycholecalciferol. Mikrochim. Acta 2:
161-178, 1976.

. GeNuTH, S., FrouMAN, L. A. AND Lesovrrz, H. E.: A
radioimmunological assay method for insulin using
insulin-*] and gel filtration. J. Clin. Endocrinol.
Metab. 25: 1043-1049, 1965.

. GERsHMAN, H., NATHANSON, N., AnziEs, R. H. AND
Lzving, L.: Production and specificity of antibodies
to B,; derivatives. Arch. Biochem. Biophys. 153:
407409, 1972.

. GeesEMAN, H., Powm E., Lzving, L. aND Vm

A41.

cyclicmonophosphate with nitrocellulose mem-
branes. Prostaglandins 1: 407-423, 1972,

. GHANI, M. F.: The treatment of elevated serum di-
goxin levels with penicillamine: An experimental
study. J. Lab. Clin. Med. 84: 823-827, 1974.

GIARDINA, A. C. V., Exrzss, K. H., Moarmon, J. B.
anD EngLz, M. A.: Serum digitoxin concentrations
in infants and children. Circulation 51: 713-717,
19765.

Guazzreon, T. J. AND Stavp, R. P.: Radicimmunoas-

say for clindamycin. Clin. Chem. 22: 828-831, 1976.

Gm.A.R. Mosacsi, E. aND Spxcror, S.: Ra-
dicimmunoassay for the simultaneous dgtammn
tion of morphine and codeine. Eur. J. Pharmacol.

47.

1M

38: 149-156, 1976.

249. Guick, S. M.: Loss of antigen-antibody affinity with
storage of antiserum at —20 C. J. Clin Endocrinol.
Metab.37: 461-462, 1973.

250. GLOGNER, P., BurmzmisTER, P. AND HENi, N.: Radicim-
munologische Bestimmung von Glibenclamid im
Serum. Klin. Wochensachr. 51: 352, 1978.

250a. GLOGNER, P., HEN1, N. AND NissaN, L.: The radioim-
munological determination of glibenclamide and its
metabolites in serum. Arzneimittel-Forschung 27:
1703-1708, 1977.

Gowp, E. F., BeN-Erraln, S., Farviszwrrz, A., StEI-
NER, Z. AND KLAJMAN, A.: Expu-xmental studies on
t.he mechamlm of induction of anti-nuclear anti-

bodies by ide. Clin. Immunol. Immuno-
pathol. 7: 176-186, 1877.

GOLDMAN, S., Prossr, P., SzrzER, A., AND ConN, K.:
Inefficacy of "therapeutic" serum levels of digoxin
in controlling the ventricular rate in atrial fibrilla-
tion. Amer. J. Cardiol. 35: 651-865. 1975.

. GoLpeMrTs, S. J.: Radicimmunoassay: Review of basic

principles. Semin. Nucl. Med. 8: 125-152, 1975.

. GoopeRiEND, T. L. AND Bawy, D. L.: Radicimmunoas-
say of bradykinin: Chemical modification to enable
use of radioactive iodine. J. Lab. Clin Med. 73: 501-
511, 1969.

. GooprriEND, T., BALL, D. AND UpPnixs, S.: Antibody in
polyacrylamide gel, a solid phase reagent for ra-
dioimmunoassay. Immunochemistry 6: 481-484,
19869.

. GooprriEND, T. L., LeviNg, L. AND Fasman, G. D.:
Anhbodmtohndyhmnlnd.npotennn.Aund'
carbodiimides in immunology. Science (Washing-
ton) 144: 1344-1346, 1964.

GoropzTzxy, C. W., AngEL, C. R., BRACH, D. J.,
CatuN, D. H. mYn S.-Y.: Vahdntyofmcnmg
methods for drugs of abuse in biological fluids. I.
Heroin in urine. Clin. Pharmacol. Ther. 15: 461-
472, 1974.

. GoropeTzKY, C. W. AND KULLBERG, M. P.: Validity of
screening methods for drugs of abuse in biological
fluids. II. Heroin in plasma and saliva. Clin. Phar-
macol. Ther. 15: 579-587, 1974.

Gorobiscuzr, R., Jusxo, W. J. anp Yarm, S. J.:
Tissue and distribution of digoxin in
infants. Clin. Pharmacol. Ther. 19: 256-263, 1976.

GorobiscHER, R., Jusxo, W. J. aND Yarm, 8. J.:
Renal clearance of digoxin in young infants. Res.
Commun. Chem. Pathol. Pharmacol. 16: 363-374,
1977.

GraNT, J. D., Gross, S. J., LoMax, P. AND WoNgG, R.:
Antibody detection of marihuana. Nature New Biol.
236: 216-217, 1972.

. GREENBLATT, D. J., Duamz, D. W., Koca-Weszz, J.
AND Surrs, T. W Companoonofone-mdnx—day .
urinary digoxin excretion in single-dose biocavaila-
bility studies. Clin. Pharmacol. Ther. 16: 813-816,
1974.

GREENBLATT, D. J Dunuz, D. W., Koca-Wesze, J.
AND Surra, T. W Equivnlent bioavailability from
digoxin elinr id-dissolution tablets. J.
Amer. Med. Ass. 229: 1774-1776, 1974.

. GazeNwoop, F. C.: Radioiodination of peptide hor-

mones: Procedures and problems. In Principles of

251.

252.

¥ B

257.

260.

261.

. GaeeNwoop, H.,
rapid, simple assay forthgmn J. Clin. Pathol 27
490494, 1974.

. Groes, S. J., CampexrL, D. H. and Wesrawr, H. H.:
Production of antisera to steroids coupled to proteins
directly through the phenolic A ring. Inmunochem-
istry 5: 556-65, 1968.



172

267. Groes, S. J., GranT, J. D., Wonag, S. R., ScHUSTER,
R., LoMax, P. AND CampeELL, D. H.: Critical anti-
genic determinants for production of antibody to
distinguish morphine from heroin, codeine and dex-
tromethorphan. Immunochemistry 11: 453-456,
1974,

268. Gross, S. J., Soares, J. R.,, Wong, S-L. R. anD
ScHuSsTER, R E.: Mnruuammotabohm measured
by a radicimmune technique. Nature (London) 252:
581-582, 1974.

269. Ganocxnon, F., Hzngews, K.-J., Frrrsch,

W.-P., GrABENSEE, B mmwuunu,'l‘ U.: Ser-
umdngmupugol und Nierenfunktion. Dtsch. Med.
Wochenschr. 98: 15471551, 1973.

270. GOLLNER, H.-G., STiNsoN, E. B., Harrison, D. C. AND
KaLMAN, S. M.: Correlation of serum concentrations
with heart concentrations of digoxin in human sub-
jects. Circulation 50: 653-655, 1974.

271. GurcHo, S., McCArTzR, H. AND RAPUN, R.: Radioim-

munoassay of digoxin: An inte: ison of results
with three methods. Clin. Chem. 19: 1058-1059,
1973.

272. Haas, G. J. AND GUARDIA, E. J.: Production of anti-
Soc. Exp. Biol. Med. 129: 546-551, 1968.

273. Haass, R. AND LarsiG, D.: Serumglykosidkonzentra-
tion und Digitalisintoxikation. Dtach. Med. Woch-
enschr. 100: 1768-1773, 1975.

274. Haass, R., Lnno, D. anp Kienk, K. O.: Glykosid-
konzentntlon im Serum und Urin bei Herzgesun-
den nach Gabe von Beta-Methyl-Digoxin. Klin.
Wochenschr. 53: 529-533, 1975.

2765. Hnn.E Pags, L. B. AND Ricranrps, F. F.: Radio

immunoassay employing gel filtration. Anal. Bio-
chem. 12: 163-172, 1965.

276. Haser, E. AND PouLszn, K.: The application of anti-
body to the measurement of substances of physiolog-
ical and pharmacological interest. In The Antigens,
volume II, ed. by M. Sela, pp. 249-275, Academic
Press, New York, 1974.

277. Hamvovicr, J., Hurwrrz, E., Novik, N. AND SELa,
M.: Use of protein-bacteriophage conjugates for de-
tection and quantitation of proteins. Biochim. Bio-
phys. Acta 207: 125-129, 1970.

278. Haings, C. F., Jr., MaBAJAN, D. K., Mnixovi¢, D.,
Mnsxovié, M. AND VeszwL, E. S.: Radicimmunoas-
say of plasma nicotine in habituated and naive
smokers. Clin. Pharmacol. Ther. 16: 1083-1089,
1974.

279. Harzs, C. N. AND Ranpiz, P. J.: Immunoassay of
uuulm with insulin-antibody precipitate. Biochem.
J. 88: 137-146, 1963.

280. HaLxin, H., SeziNER, L. B., Pxcx, C. C. AND MELMON,
K. L.: Determinants of the renal clearance of di-
goxin. Clin. Pharmacol. Ther. 17: 385-394, 1975.

281. Hamamoro, H., Taxepa, H., Kartos, T., Toxvoxa, T.,
Krramura, K. AND Taxanasal, T.: Correlation be-
tween myocardial and plasma concentration of digi-
toxin and its metabolites with special reference to
digitoxin radio-immunoassay. Jap. Circ. J. 40: 747-
751, 1976.

282. HamBurGER, R. N.: Chlommpbemeol-speuﬁc anti-

Science (W

phenicol-specific antibody. II. Reaehvlty to ana-
logues of chloramphenicol. Immunology 17: 587-591,
1969.

284. HansziL, J. R.: Three-years’ experience in interlabo-
ratory testing of commercial digoxin kits. Amer. J.
Clin. Pathol. 66: 234-237, 1976.

284a. Hars, L. E., Drrzizz, C. A. AND DuaGan, D. E.:
Radioimmunoassay of indomethacin in biological
fluids. J. Pharm. Sci. 66: 486-489, 1977.

285. Haze, L. E., Yeu, K.C., Drrzuzz, C. A., MCMAHON,

BUTLER

F G. mDuooAu D. E.: Bioavailability of dexa-
I. Dexamethasone phosphate. Clin.
Phnmml Ther. 18: 330-337, 1975.
286. HArTeL, G., KYLLONEN, K., MERIxALLIO, E., OJALA,

myocardium
19: 153-157, 1976.
287. HarmoL, G., , V., MELIN, J. AND APAJA-
LAHTI, A.: Serum-digoxin concentrations with a new
digoxin derivative, g-methyl-digoxin. Ann. Clin.

Res. 5: 87-90, 1973.
288. Hasuzr, M. J., PaInTzR, K. AND Niswznpae, G. D.:
An "].]abeled cortisol radicimmunoassay in which

serum binding proteins are dena-
tured. Clin. Chem. 22: 1850-1854, 1976.

289. Haves, C. J., Burzr, V. P., Jr. and Gersony, W. M.:
Serum digoxin studies in infants and children. Pe-
diatrics 52: 561-568, 1973.

200. Herzzz, W. D., Sarra, T. W. mGo:mn.S. E.
Absorption af (hgonn in patients with
tion syndromes. N. Engl. J Med. 285: 257-259, 1971.

291. HxLMAN, E. Z., Srizniex, V. AND HowLAND, 8.: Elim-
mnnonofenoreuundbyhmolymmdbihmbm-
induced color quenching in clinical radicimmunoas-
says. Clin. Chem. 20: 1187-1193, 1974.

292. Henpsw, J., Sarex, L. J. AND Hvipezeg, E. F.: Rapid
radioimmunoassay for methotrexate in biological
fluids. Clin. Chem. 22: 813-816, 1976.

293. HenpersoN, G., Frincks, J., Leung, C. Y., TorTEN,
M. anD BensaMani, E.: Radioimm of fen-
tanyl. Proc. West. Pharmacol. Soc. 17: 64-68, 1974.

294. Henpzrson, G. L., Frincks, J., Lzung, C. Y., Tos-
TN, M. AND BeNsAMINT, E.: Antibodies to fentanyl.
J. Pharmacol. Exp. Ther. 192: 489-496, 1975.

294a. Herrnzz, W., Babian, M. J., BauDnzs, S., Crust,
O.E., Faassz, H. M., Rure, W., Wenuez, K. E. AND
WissMANN, H.: Determination of nomifensine by a
sensitive radioimmunoassay. Brit. J. Clin. Phar-
macol. 4: 1238-1278, 1977.

295. Hemszar, V.: Coated charcoal separation of free la-
belled hormone from hormone bound to antibody.
Protein and Polypeptide Hormones, Excerpta Med-
ica Int. Congr. Ser. 161: 55-60, 1968.

296. Hezszer, V., Lau, K.-8. AND Gorruxs, C. W.: Coated
charcoal assay of vitamins, minerals, hormones,
and their bmden Advan. Tracer Methodol. 4: 273-
290, 1968.

297. Hemszrr, V., Lau, K.-S,, Gorr.zs, C. W. aAND
BLzICHER, S J Coated charcoal immunoassay of
insulin. J. Clin. Endocrinol. Metab. 25: 1375-1384,
1965.

m.HnNnoNBL.PAuu,K.BAmDHm

299, Hmumu,J., Kuzy, H. x.,mn;om K. H., Knous,

101: 966-968, 1976.

300. Hxmsn, L. 8. aND YavERBAUM, S.: Magnetic solid-
phase radicimmunoassay. Clin. Chim. Acta 63: 69-
72, 1975.

301. Hicaens, M. AND Hogans, A. F.: Radicimmunoassay
for dexamethasone in plasma. Clin. Chem. 20: 266-
271, 1974.

302. Hioargo, J. U., Mabuzw, C. R., Brocs, T., SroHzzez,
L. R. AND WooTzN, M.: Precision of radicimmunoas-
say with is on curve-fitting procedures.
Semin. Nucl. Med. 5: 153-156, 1975.

303. HoLuxs, S. G. AND Reap, G. F.: Rndmmmnnoamya
for plasma norethisterone and testosterone using



310.
311.

IMMUNOLOGICAL ASSAY OF DRUGS

antisera raised against C-11 conjugated haptens and
radio-iodinated ligands. J. Endocrinol. 67: 5P-6P,
1975.

. Himot, M., Sranczyk, F. Z., GoxBELSMANN, U., BreN-

NER, P. F., LuMxiN, M. E. AND MisazLL, D. R. JR.:
Radioimmunoassay of serum medroxyprogesterone
acetate (Provera®) in women following oral and
intravaginal administration. Steroids 26: 373-386,
1975.

. HoBsoN, J. D. AND ZETTNER, A.: Digoxin serum half-

life following suicidal digoxin poisoning. J. Amer.
Med. Ass. 223: 147-149, 1973.

. HomscueN, R. J. AND Cupby, T. E.: Dose-response

relation between therapeutic levels of serum digoxin
and systolic time intervals. Amer. J. Cardiol. 35:
469-472, 1975.

. HomscHzN, R. J. AND PRovVEDA, V.: Serum digoxin by

radicimmunoassay. Can. Med. Ass. J. 105: 170-173,
1971.

. HorrMANN, B. AND OzTTEL, G.: Radioimmunoassays

for free and conjugated trienbolone and for trienbo-
lone acetate in bovine tissue and plasma samples.
Steroids 27: 509-523, 1976.

. HorvMmanN, D. R. aAND CampBrLy, D. H.: Model sys-

tems for the study of drug hypersensitivity. I. The
specificity of the rabbit anti-aspiryl system. J. Im-
munol. 103: 655-661, 1969.

HoruaN, L. F.: More accurate radioassay of digoxin.
Clin. Chem. 19: 1413-1414, 1973.

HourzMAN, J. L., SuArze, R. B. AND Ericxson, R. R.:
Methodological causes of discrepancies in radioim-
munoassay for digoxin in human serum. Clin.
Chem. 20: 1194-1198, 1974.

311a. HoNnigBERG, 1. L., STRWART, J. T., BROWN, W. J.,

312.

314.

315.

s16.

.
318.

319.

320.

Jun, H. W., NxzpaAM, T. E. AND VALLNER, J. J.:
Radioimmunoassay of hydromorphone in plasma. J.
Anal. Toxicol. 1: 70-72, 1977.

Hooxzg, S. B. AND Boyp, W. C.: Antibodies to strych-
nine. J. Immunol. 38: 479-490, 1940.

. HomaaN, E. D. aND Rizy, W. J.: Radicimmunoassay

of plasma digoxin, with use of iodinated tracer.
Clin. Chem. 19: 187-190, 1973.

Hozowrrz, P. E. AND SpecroR, S.: Determination of
serum d-tubocurarine concentration by radioimmu-
noassay. J. Pharmacol. Exp. Ther. 185: 94-100,
1973.

Howarp, D., Suith, C. 1., STeWART, G., VADAS, M.,
TiLzr, D. J., HEnsLzy, W. J. AND RicHARDS, J. G.:
A prospective survey of the incidence of cardiac
intoxication with digitalis in patients being ad-
mitted to hospital and correlation with serum di-
goxin levels. Aust. N. Z. J. Med. 3: 279-284, 1973.

Hurrman, D. H.: The effect of spironolactone and
canrenone on the digoxin radioimmunoassay. Res.
Commun. Chem. Pathol. Pharmacol. 9: 787-790,
1974.

Hurrman, D. H.: Relationship between digoxin con-
centrations in serum and saliva. Clin. Pharmacol.
Ther. 17: 310-312, 1975.

HurrMan, D. H. AND AzarNorr, D. L.: Absorption of
orally given digoxin preparations. J. Am. Med. Ass.
222: 957-960, 1972.

Hurrman, D. H., Crow, J. W., PENTIKAINEN, P., AND
Azaznorr, D. L.: Association between clinical car-
diac status, laboratory parameters, and digoxin
usage. Amer. Heart J. 91: 28-34, 1976.

Hurrman, D. H., MaNION, C. V. AND AzarNorr, D.
L.: Intersubject variation in abeorption of digoxin in
normal volunteers. J. Pharm. Sci. 64: 433-437, 1975.

820a. HuixesuoveN, H., LANDHEER, J. E., voN DENDEREN,

A. C., VLasmaN, M., Lxixsr, D. L, Das, P. K.,
Goloring, O. L. AND PonpMAN, K. W.: Demonstra-
tion of dapeone in urine and serum by ELISA
inhibition. Lancet 1: 280-281, 1978.

321

322.

323.
324.

325.

326.
327.

328.

329.

331.

332.

g

336.
337.

341.

173

. Hunter, W. M.: The preparation and assessment of
iodinated antigens. In Radicimmunoassay Methods,
ed. by K. E. Kirkham and W. M. Hunter, pp. 3-23,
The Williams & Wilkins Company, Baltimore, 1971.

Hunrze, W. M.: Radicimmunoassay. /n Handbook of
Experimental Immunology, ed. by D. M. Weir, 2nd
ed., pp. 17.1-17.36, Blackwell Scientific Publica-
tions, Oxford, 1973.

Huntee, W. M.: ion and assessment of radio-
active tracers. Brit. Med. Bull. 30: 18-23, 1974.

Huntzr, W. M. AND GANGULL, P. C.: The separation
of antibody bound from free antigen. In Radioim-
munoassay Methods, ed. by K. E. Kirkham and W.
M. Hunter, pp. 243-257, The Williams & Wilkins
Company, Baltimore, 1971.

Hunter, W. M. AND GrEENWOOD, F. C.: Preparation
of iodine-131 labelled human growth hormone of
high specific activity. Nature (London) 194: 495-496,
1962

HurN, B. A. L.: Practical problems in raising antisera.
Brit. Med. Bull. 30: 26-28, 1974.

HugrN, B. A. L. AND LANDON, J.: Antisera for radioim-
munoassay. In Radioimmunoassay Methods, ed. by
K. E. Kirkham and W. M. Hunter, pp. 121-142, The
Williams & Wilkins Company, Baltimore, 1971.

Iisaro, E. AND DAL, M.: Serum levels and renal
excretion of digoxin during maintenance therapy in
children. Acta Paediatr. Scand. 63: 699-704, 1974.

Iisaro, E. aAND ForseTeOM, J.: Elimination of digoxin
during maintenance haemodialysis. Ann. Clin. Res.
6: 203-208, 1974.

. Iisaro, E. AND NuuTiLA, M.: Myocardial digoxin con-
centrations in fatal intoxications. Lancet 1: 257,
1978.

Iisaro, E. AND RUIKKA, I.: Serum levels and renal
excretion of digoxin in the elderly. A comparison
between three different preparations. Acta Med.
Scand. 196: 59-63, 1974.

INGELFINGER, J. A. AND GOLDMAN, P.: The serum
digitalis concentration—Does it diagnose digitalis
toxicity? N. Engl. J. Med. 294: 867-870, 1976.

. INTERNATIONAL ATtomic ENnEmoY AcENCY Panzu:
Standardization of radicimmunoassay procedures.
Int. J. Appl. Radiat. Isot. 25: 145-160, 1974.

. Jarre, B. M., Surra, J. W., Nzwron, W. T. anD

Parxzr, C. W.: Radioimmunoassay for prostaglan-

dins. Science (Washington) 171: 484-496, 1971.

. JAIN, N. C., SnzatH, T. C., Lzung, W. J. AND Bubpb,

R. D.: Mass screening and confirmation of codeine
and morphine in urine by radicimmunoassay-GLC.
J. Pharm. Sci. 66: 66-69, 1977.

Jamzs, V. H. T. AND Jerrcoare, S. L.: Steroids. Brit.
Med. Bull. 30: 50-54, 1974.

JARROTT, B. AND SPECTOR, S.: Development of a ra-
dioimmunoassay for clonidine. Fed. Proc. 36: 949,
1977.

. JATON, J.-C. AND UNGAR-WaARON, H.: Antibodies to
folic acid and methotrexate obtained with conju-
gates of synthetic polypeptides. Arch. Biochem. Bio-
phys. 122: 157-163, 1967.

. JEFFCOATE, S. L., GILBY, E. D. AND EDWARDS, R.: The

preparation and use of ['**I}steroid-albumin conju-
gates as tracers in steroid radioimmunoassays. Clin.
Chim. Acta 43: 343-349, 1973.

. JEFFCOATE, S. L. AND SzarLE, J. E.: Preparation of a

specific antiserum to estradiol-178 coupled to pro-
tein through the B-ring. Steroids 19: 181-188, 1972.

JounsoN, B. F. anp Byz, C.: Maximal intestinal
abeorption of digoxin, and its relation to steady
state plasma concentration. Brit. Heart J. 37: 203-
208, 1975.

. JoHNBSON, B. F., By, C., JoN=s, G. AND SaBRY, G. A.:

A completely absorbed oral preparation of digoxin.
Clin. Pharmacol. Ther. 19: 746-751, 1976.



174

343. JonNsoON, B. F., Byx, C. E., Jonzs, G. E. AND SaBzy,

A.: The pharmacokinetics of beta-methyl digoxin

compared with digoxin tablets and capsules. Eur. J.
Clin. Pharmacol. 10: 231-236, 1976.

. JoHNsON, B. F., Grezr, H., McCreriz, J., Byz, C.
AnDp FowLz, A.: Rate of dissolution of digoxin tablets
as a predictor of absorption. Lancet 1: 1473-1475,
1973.

Jonnson, H. J., CzrNoezk, S. F. AND CerNoszk, R.
M.: Radioimmunoassay for a derivative of 4-amino-
biphenyl. Fed. Proc. 36: 867, 1977.

. JounsoN, H. M., Frey, P. A., ANgxLOTTI, R., CAMP-
BELL, J. E. AND Lzwis, K. H.: Haptenic properties of
paralytic shellfish poison conjugated to proteins by
formaldehyde treatment. Proc. Soc. Exp. Biol. Med.
117: 425-430, 1964.

JonnsoN, H. M., AND MuLBERRY, G.: Paralytic shell-
fish poison: Serological assay by passive haemagglu-
tination and bentonite flocculations. Nature (Lon-
don) 211: 747-748, 1966.

. JornsoN, H. M. aND SaatH, B. G.: Haptenic relation-
shipe of p-azobenzenesulfonate and some structur-
ally-related food dyes. Inmunochemistry 9: 253-261,
1972.

JonnsoN, H. M., Surri, B. G. AND Kaurruan, P. E.:
Tartrazine: Solld phue radioimmunoassay studies
of an azo dye implicated in allergic reactions (azo
dyes and allergy). Proc. Soc. Exp. Biol. Med. 150:
278-281, 1975.

JoHNsoN, M. W., YOUSSEFNRJADIAN, E. AND CrarFr I.:
A radioimmunoassay for betamethazone: Prepara-
tion of a specific antiserum to betamethazone-3 (O-
carboxymethyl) oxime-bovine serum albumin and
evaluation of method. J. Steroid Biochem. 7: 795-
799, 1976.

Jonnston, C. 1., PiNnxus, N. B. AND Down, M.: Plasma
digoxin levels in digitalized and toxic patients. Med.
J. Aust. 1: 863-866, 1972.

Jonnsron, M. F. M. AnD Eiszn, H. N.: Preparation

and rization of antibodies to menadione.
Biochemistry 13: 5547-55562, 1974.

. JoHNsTON, M. F. M. AND E1s2N, H. N.: Cross-reactions
between 2,4-dinitrophenyl and menadione (vitamin
K,) and the general problem of antibody specificity.
J. Immunol. 117: 1189-1196, 1976.

353a. Jonporr, W. R.: 19-Nortestosterone, a model for the
use of anabolic steroid conjugates in raising anti-
bodies for radioimmunoassay. Xenobiotica 7: 671-
681, 1977.

353b. Jonporr, W. R. AND MacDougaLL, D. F.: Application
of radioimmunoassay method for detecting 19-nor-
testosterone (nandrolone) in equine and canine
plasma. Vet. Rec. 100: 560-562, 1977.

354. JoNiAu, M., StzvENs, E., pe Sumt, A. AND VERBIST,
L.: Immunochemical studies on rabbit antibodies
which bind rifampicin. Immunochemistry 13: 715-
720, 1976.

356. Jouserr, P., KROENING, B. AND WRINTRAUB, M.: Se-
rial serum dlgoxm concentrations and quantitative
electrocardi c changes. Clin. Pharmacol.
Ther. 18: 757-760, 1975

356. Jouskrt, P. H., MULLER, F. O. AND PANsEGROUW, D.
F.: Importance of pharmacokinetics and dosage in
digoxin maintenance therapy: A retrospective anal-
ysis of serum digoxin levels. S. Afr. Med. J. 48: 907-
909, 1974.

357. Jouskrrt, P. H., MULLER, F. O., PANszGrOUW, D. F.
AND KiLxYNHANS, P. H. T.: A correlative study of
serum digoxin levels and electrocardi ic mea-
surements. S. Afr. Med. J. 49: 1177-1181, 1975.

358. Junr, R. P., Summzrs, R. W., Gumrory, J. K.,
Braug, S. M CHzng, F. H. mBmwu.D D.:
Effect of sulfasalaxme on digoxin bioavailability.
Clin. Pharmacol. Ther. 20: 387-394, 1976.

345.

347.

349.

350.

361.

352.

BUTLER

359. Jusxo, W. J., Conmi, D. R., MoLsoN, A., Kurrrzxy,
P., GILLER, J. AND ScHULTZ, R.: Digoxin absorption
from tablets and elixir. The effect of radiation-in-
duced malabeorption. J. Amer. Med. Ass. 230: 1554
1555, 1974.

. Jusxo, W. J., SzzrLeg, S. J. mGouwm A. . L:

Pharmaeohneuc design of di dosage regimens
in relation to renal function. J. Clin. Pharmacol. 14:
526-535, 1974.

Jusxo, W. J. AND WEINTRAUB, M.: Myocardial distri-
bution of digoxin and renal function. Clin. Pharma-
col. Ther. 16: 449-454, 1974.

. Kasat,E. A.: Structural Coneepts in Immunologyand
Immunochemistry, 2nd ed., Holt, Rinehart and
Winston, New York, 1976.

. KarcHMER, A. W., Disnuxss, W. E., pzRizw, K. AND
Hyswop, N. E., Jr.: Specificity of antipenicilloyl
antibodies: Utility in radicimmunoassay of penicil-
lins. Clin. Res. 20: 531, 1972.

. KARJALAINEN, J. AND OsaLa, K.: Therapeutic and
toxic lanatoside C serum concentrations in hospital
patients. Klin. Wochenschr. 53: 685-686, 1975.

. KARJALAINEN, J., OJaLA, K. AND ResszLr, P.: Non-
equivalent digoxin tablets. Ann. Clin. Res. 6: 132-
136, 1974.

. KARJALAINEN, J., OJaLA, K. AND Re1sszLL, P.: Tissue
concentrations of digoxin in an autopsy material.
Acta Pharmacol. Toxicol. 34: 385-390, 1974.

. Kaur, B., MiLLiaN, S. J. AND Davioow, B.: The
development of a radicimmunoassay for detection of
cocaine metabolites. J. Pharmacol. Exp. Ther. 199:
171-178, 1976.

367a. KauL, B., Quanz, B. AND Davinow, B.:
for tricyclic antidepressant drugs in biological spec-
imens by radioimmunoassay. J. Anal. Toxicol. 1
236-243, 1977.

. KawasumMa, K., DixoN, R. AND SrecroR, S.: Devel-
opment of radicimmunoassay for chlorpromazine.
Eur. J. Pharmacol. 32: 195-202, 1975.

. KawasHiMA, K., Levy, A. AND Spector, S.: Stereospe-
cific radioimmun y for propranolol isomers. J.
Pharmacol. Exp. Ther.196: 517-523, 1976.

Kayu, J. X.: The reaction of methylamine with perio-
date-oxidized adenosine 5'-phosphate. Biochemistry
2: 344-350, 1963.

Kipo, Y., NacaMaTsy, K. AND IsHizexi, C.: Studies
on radioimmunoassay of 2,5-dimethoxy-4-methyl-
amphetamine. Yakugaku Zasshi 94: 1290-1295,
1974.

Kid, P. W., Krasura, R. W., Sovxa, L. F. anp
HASTREITER, A. R.: Postmortem tissue digoxin con-
centrations in infants and children. Circulation 52:
1128-1131, 1975.

Kmxuau, K. E. ANp Huntzr, W. M., Eprrors: Ra-
dicimmunoassay Methods, pp. 100-104, 189-193,
The Williams & Wilkins Company, Baltimore, 1971.

KmroN, K. T. AND CorNETTE, J. C.: Return of ovula-
tory cyclicity following an intramuscular injection

of medroxyprogesterone acetate (Provera®). Con-
traception 10: 39-45, 1974.

Krragawa, T., Fuarraxe, T., TANTYAMA, H. AND AlI-
xAWA, T.: Enzyme-coupled immunoassay of viomy-
cin. J. Antibiot. 29: 1343-1345, 1976.

Krragawa, M., Yaal, Y., PLANINSEK, J. AND Press-
MAN, D.: In vivo localization of anticarcinogen anti-
body in organs of carcinogen-treated rats. Cancer
Res. 26: 221-228, 1966.

Krauser-Reucksr, C., FerriNg, B., KLAuUsER, H. AND
Moccerri, T.: Klinische Bedeutung der Digoxin-
und Digitoxinbestimmung im Serum bei Nierenin-
suffizienz. Schweiz. Med. Wochenschr. 105 1784-
1786, 1975.

KuziN, M. D., Lown, B., Barg, 1., HAcEMzLER, F.,
GARRISON, H. AND AxzLroD, P.: Comparison of se-

361.

370.

371.

372.

373.

374.

375.

376.

371.

378.



379.
. Koca-Waszz, J.: The serum level approach to indivi-

381.

387.

391.

IMMUNOLOGICAL ASSAY OF DRUGS

rum digoxin level measurement with acetyl stro-
phanthidin tolerance testing. Circulation 49: 1053-
1062, 1974.

Kocu-Weszz, J.: Serum drug concentrations as thera-
peutic guides. N. Engl. J. Med. 287: 227-231, 1972.

dualization of drug dosage. Eur. J. Clin. Pharmacol.
9: 1-8, 1975.

Kocu-Weszz, J., DuaMz, D. W. AND GREENBLATT, D.
J.: Influence of serum digoxin concentration mea-
surements on frequency of digitoxicity. Clin. Phar-
macol. Ther. 16: 284-287, 1974.

. Koipa, M., TaxanAsHI, M.. MURAOKA, 8. AND Ka-

NE70, H.: Antibodies to BSA conjugates of morphine
derivatives: Strict dependency of the immunological
specificity on the hapten structure. Jap. J. Phar-
macol. 24: 165-167, 1974.

. Kouocmxu,T A. AND SACHEOV, A. P.: Study of

carcinogenic aromatic amines as haptens. Vopr.
Onkol. 10: 72, 1964; Fed. Proc. 24: transl. suppl.
T873-T876, 1965.

. Koup, J. R., GazenarATT, D. J., Jusxo, W. J., SurrH,

T. W. anp Kocu-Weszz, J.: Pharmacokinetics of
digoxin in normal subjects after intravenous bolus
and infusion doses. J. Pharmacokinet. Biopharm. 3:
181-192, 1975.

. Koup, J. R., Jusxo, W. J., ELwoop, C. M. AND KoHu1,

R. K. Dlgoxm ylnrmaeohmhes: Role of renal
failure in dosage regimen design. Clin. Pharmacol.
Ther. 18: 9-21, 1975.

KzaMzr, P., SauL, J., Kotas, E. AND ScHzLER, F.:
Vereinfachte Schnellbestimmung von Plasma-Di-
goxin. Methodik und klinische Erfahrungen. Klin.
Wochenschr. §3: 215-219, 1975.

KaaMER, W. G., BATHALA, M. S. AND R2UNING, R. H.:
Speaﬁcnty of the dlconn radiocimmunoassay with

. Res. Commun. Chem.

respect to
Pathol. 1. 14: 88-83 1976.

. Kramzr, W. G., Lzwis, R. P., Coss, T. C., ForesTsR,

W. F., J»., VisconT1, J. A., WaNkz, L. A., Boxzn-
BAUM, H. G. AND ReuNING, R. H.: Pharmacokinetics
o(digoximCompaﬁmnofatwoandathmm-
partment model in man. J. Pharmacokinet. Bio-
pharm. 2: 299-312, 1974.

. Krasura, R. W., Hasmazrrez, A. R., Levirexy, S,

Ymmx,RmSonA L. F.: Serum, atrial, and
urinary digoxin levels during cardiopulmonary by-
pass in children. Circulation 49: 1047-1052, 1974.

. Krasura, R., YANAG, R., Hastasrmee, A. R., Levir-

sxY, S. AND Soyxa, L. F.: Digoxin intoxication in
infants and children: Correlation with serum levels.
J. Pediatr. 84: 265-269, 1974.
Kueasix, N. P., Brooy, B. B. AND Barowp, S. S.:
Problems in measurement of serum digoxin by com-
available radicimmunoassay kits. Amer.
J. Cardiol. 36: 975-977, 1975.

. Kusasix, N. P., Hawy, J. L., Bazowp, S. 8., VorosIN,

M. T. AND Sinz, H. E.: Evaluation of the sensitivity
of commercially available digoxin radioimmunoas-
say kits. Chest 70: 217-220 1976.
Kusasix, N. P., Norxus, N. S. anp Sing, H. E.:

Comparison of commercial hu for radiocimmunoas-
say: II. The radioimmunoassay of serum digoxin
using iodinated tracer. Clin. Biochem. 7: 307-312,
1974.

. Kusasix, N. P., ScuausziL, S. aNp SNz, H. E.:

Comparison of eommemd kits for radioimmunoas-
say: I. The radicimmunoassay of serum digoxin
using tritium tracer. Clin. Biochem. 7: 208-211,
1974.

. Lapzs, 8., HuaN, B. A. L. AND Courr, G.: A compar-

ative assessment of immunisation procedures for
radicimmunoassay. In Radicimmunoassay and Re-
lated Procedures in Medicine, vol. 1, pp. 31-44,

396.

397.

398.
399.

401.

402.

405.

408.

8

410.

411.

412.

413.

414.

175

International Atomic Emgy Agency, Vienna, 1974.

Lapzz, S. mJomam, : Interpretation of results
obtained using digoxin mdnotmmunoa-ay Post-
grad. Med. J. 50:suppl. 6, 18-23, 1974.

LANDON, J., CROOKALL, J. AND McGl.loon, A.: En-
zyme-labelled immunoassays for steroids. In Steroid
Immunoassay, ed. by E. H. D. Cameron, S. G.
Hillier and K. Griffiths, pp. 183-188, Alpha Omega
Publishing Ltd., Cardiff, 1975.

LANDON, J. AND Morrar, A. C.: The radioimmunoas-
say of drugs. Analyst 101: 225-243, 1976.

LanpeTzINER, K.: The Specificity of Serological Reac-
tions, revised ed., Harvard University Press, Cam-
bridge, Massachusetts, 1945 (republished by Dover
Publications, New York, 1962).

LANDSTRINER, K. AND VAN DER SCHEER, J.: Serological
differentiation of steric isomers. J. Exp. Med. 48:
315-320, 1928.

LanperziNER, K. AND VAN DER ScHEER, J.: On the
specificity of serological reactions with simple chem-
ical compounds (inhibition reactions). J. Exp. Med.
54: 295-305, 1931.

LANDeTEINER, K. AND VAN DER SCHEER, J.: Serological
studies on azoproteins: Antigens containing azocom-
ponents with aliphatic side chains. J. Exp. Med. 58:
751-768, 1934.

. LaNG, D., Briz, G. G., HorsTeTTER, R., TOLLNER, U.

AND VON BERNUTH, G.: Serum digoxin concentration
and half-life in newborns. Klin. Wochenachr. 54:
389-390, 1976.

. LANGONE, J. J., FRANKE, J. AND VAN VuNaxis, H.:

Nicotine and its metabolites: Radioimmunoassay
for y-(3-pyridyl)+y-oxo-N-methylbutyramide. Arch.
Biochem. Biophys. 164: 536-543, 1974.

LANGONE, J. J., GJxa, H. B. AND VAN VuNaxis, H.:
Nicotine and its metabolites: Radioimmunoassays
for nicotine and cotinine. Biochemistry 12: 5025-
5030, 1973.

LANGONE, J. J., VAN Vunaxis, H. anp Hmi, P.:
Quantitation of cotinine in sera of smokers. Res.
Commun. Chem. Pathol. Pharmacol. 10: 21-28,
19765.

. LANGONE, J. J. AND VAN VuNaxis, H.: Radicimmu-

noassay for dieldrin and aldrin. Res. Commun.
Chem. Pathol. Pharmacol. 10: 163-171, 1975.

. LANGONE, J. J. AND VAN Vunaxis, H.: Aflatoxin B;:

Specific antibodies and their use in radicimmunoas-
say. J. Nat. Cancer Inst. 56: 591-595, 1976.

.LANOONI J J., VucVuumn,H AND BacHuUR, N.

and metabolites: Separation by
hlgh-pmum‘e liquid chromatography and quantita-
tion by radicimmunoassay. Biochem. Med. 12: 283-
289, 1975.

LANGONE, J. J., VAN Vunaxis, H. AND Leving, L.
Antibodies: Analytical tools to study pharmacologi-
cally active compounds. Accounts Chem. Res. 8:
3835-342, 1975.

Larsig, D. AND Kocusizx, K.: Zur radicimmunchem-
ischen Bestimmung von Digoxin und Digoxinderi-
vaten. Dtasch. Med. Wochenschr. 97: 1310-1312,
1972,

Lzz, Y.-8. AND Onsawa N.: A non-chromatographic
radiocimmunoassay for plasma dexamethasone. En-
docrinol. Japon. 21: 481-484, 1974.

Lzsnz, M.: Dosage radioimmunologique de la gitalox-
ine et de la gitoxine. Arch. Int. Pharmacod. Thér.
199: 206-208, 1972.

Lzsne, M: La digitalinémie: Revue de la méthode
radicimmunologique de détermination et de ses in-
dications. Thérapie 31: 567-580, 1976.

415. Lzsnz, M. AND Dorazn, R.: Development of an origi-

nal radicimmunoassay for gitoxin and gitoxin deriv-
atives. J. Pharmacol. (Paris) 7: 619-628, 1976.

415a. Lzsnz, M. AND DovrHEN, R.: Development of a ra-



176

dioimmunoassay for aprindine. J. Immunol. Meth-
ods 17: 189-198, 1977.

416. Lzute, R., ULLMAN, E. F. AND GoLpeTIN, A.: Spin
immunoassay of opiate narcotics in urine and sa-
liva. J. Amer. Med. Ass. 221: 1231-1234, 1972.

417. Lzute, R. K, Uu.m\nEF GOLDSTEIN, A. AND
Hmno : Spin immunoassay technique
for deﬁenmnauon of morphine. Nature New Biol.
236: 93-94, 1972.

418. LzviNg, L. AND Powers, E.: Radioimmunoassay for
methotrexate. Res. Commun. Chem. Pathol. Phar-
macol. 9: 543-554, 1974.

419. LzviNg, L. AND VAN Vunaxis, H.: Antigenic activity
of prostaglandins. Biochem. Biophys. Res. Com-
mun. 41: 1171-1177, 1970.

419a. Lzvirr, T.: Radicimmunoassay for paraquat. Lancet
2: 358, 1977.

420. Lzvy, A., KaAwasHIMA, K. AND SpECTOR, S.: Radioim-
munoassay for reserpine. Life Sci. 19: 1421-1430,
1976.

Lzvy, A., Naal, S. H., Finck, A. D., Kawasaiua, K.
AND SPECTOR, S.: Disposition of propranolol isomers
in mice. Eur. J. Pharmacol. 40: 93-100, 1976.

Lzwis, J. E. AND NEL30N, J. C.: Radicimmunoassay of
antibiotics. In Handbook of Radicimmunoassay, ed.
by G. E. Abraham, pp. 743-760, Marcel Dekker, Inc.
New York, 1977.

. Lewis, J. E., NzLson, J. C. anD ELDEr, H. A.: Ra-
dioimmunoassay of an antibiotic: Gentamicin. Na-
ture New Biol. 239: 214-216, 1972.

. Lzwis, J. E., NzLsoN, J. C. aANp Erpzr, H. A.: Ami-
kacin: A rapid and sensitive radioimmunoassay.
Antimicrob. Agents Chemother. 7: 42-45, 1975.

LizBERMAN, S., ERLANGER, B. F., Briszr, S. M. AND
Agats, F. J., Jr.: Steroid-protein conjugates: Their
chemical, immunochemical, and endocrinological
properties. Recent Progr. Hormone Res. 15: 165-200,
1959.

. Lixnrte, V. AND SEHON, A.: Protein-protein conjuga-
tion. In Methods in Immunology and Immunochem-
istry, ed. by C. A. Williams and M. W. Chase, vol.
1, pp. 150-167, Academic Press, New York, 1967.

LinpENBAUNM, J., ButLER, V. P, J»., MURPHY, J. E.
AND CresswzLL, R. M.: Correlation of digoxin-tablet
dissolution-rate with biological availability. Lancet
1: 1215-1217, 1973.

LinpeNBAUNM, J., MAULITZ, R. M. AND BuTLER, V. P,
Jr.: Inhibition of digoxin absorption by neomycin.
Gastroenterology 71: 399-404, 1976.

. LinpDENBAUM, J., MELLOW, M. H., BLACKSTONE, M. O.
AND Burize, V. P., Jr.: Variation in biologic avail-
ability of digoxin from four preparations. N. Engl.
J. Med. 285: 1344-1347, 1971.

. LINDENBAUM, J., PrEmRISZ, J. J., BuTLER, V. P., JR.
AND SAHA, J. R.: Variation in digoxin bioavailabil-
ity: a continuing problem. J. Chron. Dis. 26: 749-
754, 1973.

Line, W. F., SxoxL, 8. J., Kwong, A., FrANK, C. AND
Ex=nst, R.: Solid-phase radicimmunoassay for di-
goxin. Clin. Chem. 19: 1361-1365, 1973.

Lirriz, J. R.: Chemical conjugation reactions for the
study of antigens and antibodies. In International

ia of Pharmacology and Therapeutics,
Section 75, Hypersensitivity to Drugs, ed. by M.
Samter and C. W. Parker, vol. 1, pp. 91-112, Perga-
mon Press, New York, 1972.

. Lrrmix, J. R. AND DoNaHUE, H.: Applications of ultra-
violet and visible spectroscopy. In Methods in Im-
munology and Immunochemistry, ed. by C. A. Wil-
liams and M. W. Chase, vol. IT, pp. 163-174, Aca-
demic Press, New York, 1968.

. Liu, C.-T. AND Apizr, F. L.: Immunologic studies on
drug addiction. I. Antibodies reactive with metha-
done and their use for detection of the drug. J.

421,

422,

425.

431.

432.

BUTLER

Immunol. 111: 472-477, 1978.

435. LozrrLzr, L. J., BLuM, M. R. AND NeLszN, M. A.: A
radicimmunoassay for methotrexate and its com-
parison with spectrofluorimetric procedures. Cancer
Res. 36: 3306-3311, 1976.

436. LozrrLEx, L. J. AND Pirce, J. V.: Radicimmunoassay
for lysergide (LSD) in illicit drugs and biological
fluids. J. Pharm. Sci. 62: 1817-1820, 1973.

437. LoNGMORE, P., ATxins, R. C., CasLzy, D. AND JORN-
stoN, C. I.: Radicimmuncassay as an improved
Mhodformumnmentd‘mmlevehofgenta—
micin. Med. J. Aust. 1: 738-740, 1976.

438. LopaTIN, D. E. AND Voss, E. W,, Jr.: Annlym-yl
antibody: Measurement of blndm¢ parameters in
IgG fractions. Inmunochemistry 11: 285-293, 1974.

438a. Lucek, R. AND D1xoN, R.: Specific radicimmunoas-
say for amitriptyline and nortriptyline in plasma.
Res. Commun. Chem. Pathol. Pharmacol. 18: 125-
136, 1977.

. Lunza, S. J.: Continuous flow automated radicimmu-
noassay using antibodies attached to red blood cells.
Anal. Biochem. 65: 355-361, 1975.

. MACKINNZY, A. A., J»., BurneTT, G. H., CoNxLIN, R.
L. AND WassoN, G. W.: Comparison of five radioim-
munoassays and enzyme bioassay for measurement
of digoxin in blood. Clin. Chem. 21: 857-859, 1975.

. MaHON, W. A., Ezzz, J. AND WLsoN, T. W.: Radioim-

munoassay for measurement of gentamicin in blood.
Antimicrob. Agents Chemother. 3: 585-589, 1973.
Mixxui, O.: Assay e:‘:lnh-hapun antnbody with the

g

3

Mawuis, G. 1., Scamaor, D. H. AND LINDENBAUNM, J.:
Superior bioavailability of digoxin solution in cap-
sules. Clin. Pharmacol. Ther. 18: 761-768, 1975.

. Deleted in proof.

MARCHALONIS, J. J.: An enzymic method for the trace
iodination of immunoglobulins and other proteins.
Biochem. J. 113: 298-305, 1969.

Magcus, F. 1., DickersoN, J., PrrrIN, S., Strarroro,
M. AND Bu-l.n R.: Dngoxin lnoavnhbnhty For-
mulations and rates of infusions. Clin. Pharmacol.
Ther. 20: 253-259, 1976.

. Mazrcus, F. L., RYan, J. N. AND Srarroxp, M. G.: The
reactivity of derivatives of digoxin and digitoxin as
measured by the Na-K-ATPase displacement assay
and by radicimmunocassay. J. Lab. Clin. Med. 88:
610-620, 1975.

. MARINOW, J., OLCAY, A., SCHAUMANN, W. AND Wriss,
W.: Serum glycoside concentrations after single or
repeated intravenous doses of S8-methyl-digoxin and
digoxin. Eur. J. Clin. Pharmacol. 11: 213-218, 1977.

Mazxs, V., Mozrzis, B. A. AND TxaLx, J. D.: Pharma-
cology. Brit. Med. Bull. 30: 80-86, 1974.

. Mazrxs, V., TzaLz, D. ml"n,D Detection of
cannabis pmdum in urine by radicimmunoassay.
Brit. Med. J. 3: 348-349, 1975.

MARSCHNER, 1., ExnARDpr, F. AND ScriBa, P. C.: Cal-
culation of the radicimmunoassay standard curve
by “spline function.” In Radicimmunoaessay and
Related Procedures in Medicine, vol. I, pp. 111-122,
International Atomic Energy Agency, Vienna, 1974.

452. MarTiN, T. J., MzLicx, R. A. anD Coorxe, L.: Quso
G32 extraction of labeled peptide hormones. Anal.
Biochem. 32: 174-178, 1969.

MATSUKURA, 8., Saxamor0, N., InURA, H., MATSUY-
AMA, H., TaMaDA, T., IsHIGURO, T. AND MURANAKA,
H.: Radicimmunoassay of nicotine. Biochem. Bio-
phys. Res. Commun. 64: 574-580, 1975.

454. MatsusarTA, H., NogucH1, M. AND TaMax, E.: Con-
jugate of bovine serum albumin with nicotine. Bio-
chem. Biophys. Res. Commun. 57: 1006-1010, 1974.

McAvusrzz, R. G., Jz., Howzwy, 8. M., Gouxz, M
AND SziBY, J. B Eﬂ'oct of imnveno\n furouumdz

449.

451.

453.

455.



467.

461.

. Mzmxie, A. W., Wesr, S. C.,

IMMUNOLOGICAL ASSAY OF DRUGS

on the renal excretion of digoxin. J. Clin. Pharma-
col. 16: 110-117, 1976.

. McCrepix, R. M., CHIA, B. L. AND KnNiGHT, P. W.:

Infant versus adult plasma digoxin levels. Aust. N.
Z.J. Med. 4: 223-227, 1974.

McCrenz, R. M., Copy, D. V., Macxix, A. M., Ng,
K.K., Woanzs, F. L., Cnow,M mMmrrnn G.:
Dlgomn preplnhona: Variation in biological avail-

ability. Med. J. Aust. 2: 922-925, 1973.

. McInTYae,J. A., ARMANDL, A. E,, Risxn, L. P, LiNg,

W. aNp Haszarzrbz, G. C.: Thin-layer chromatog-
raphy and enzyme immunoassay of L-alpha-acetyl
methadol and methadone metabolites in urine. Clin.
Chem. 21: 108-112, 1975.

. McLAUGHLIN, J. E. AND Rxzvzs, D. S.: Clinical and

laboratory evidence for inactivation of gentamicin
by carbenicillin. Lancet 1: 261-264, 1971.

. Mzaps, R. C. aND Kleist, T. J.: Improved radioimmu-

noassay of digoxin and other sterol-like
using Somogyi precipitation. J. Lab. Clin. Med. 80:
748-754, 1972.

Mmixiz, A. W., Laczrquist, L. G. AND TyixR, F. H.:
A plasma dexamethasone radioimmunoassay. Ste-
roids 22: 193-202, 1973.

. Mmixiz, A. W., Wezb, J. A. AND TyLER, F. H.: Kinet-

ics and interconversion of prednisolone and predni-

sone studied with new radicimmunoassays. J. Clin.

Endocrinol. Metab. 41: 717-721, 1975.

Wezb, J. A. AND TyLER,
F. H.: Single dose metyrapone test: 118-hydroxylase
inhibition by metyrapone and reduced metyrapone
assayed by radicimmunoassay. J. Clin. Endocrinol.
Metab. 40: 280-295, 1975.

MicHizs, L. J. M., HevxanTts, J. J. P., KNazps, A. G.
AND JANsexN, P. A. J.: Radioimmunoassay of the
neuroleptic drug pimozide. Life Sci. 16: 937-944,
1976.

464a. Micumzis, M., Henprixs, R. AND HeYxANTS, J.: Ra-

465.

470.

471

472,

473.

dicimmunoassay of the antidiarrhoeal loperamide.
Life Sci. 21: 451-460, 1977.

MicLzy, A. R., Jr. AND N1swenD2R, G. D.: Radioim-
munoassay of steroids. Acta Endocrinol. suppl. 147,
320-331, 1970.

MinGiLey, A. R., J=., NISWENDER, G. D. AND Sm1 Ran,
J.: anton-ndnolmmunoa-ay' A general procedure
for the estimation of steroidal and other haptenic
substances. Steroids 13: 731-737, 1969.

. Mmnzs, L. E. M.: Noncompetitive binding assays using

labeled antibodies. In Principles of Competitive Pro-
tein-Binding Assays, ed. by W. D. Odell and W. H.
Daughaday, pp. 260-287, J. B. Lippincott Company,
Philadelphia, 1971.

. Mnzs, L. E. M.: Imnmunoradiometric assay (IRMA)

and two-site IRMA systems (assay of soluble anti-
gens using labeled antibodies). In Handbook of
Radicimmunoassay, ed. by G. E. Abraham, pp. 131-
177, Marcel Dekker, Inc., New York, 1977.

. Mnzs, L. E. M. ml{u.u.c. N.: Labelled antibodies

and immunological assay systems. Nature (London)
219: 186-189, 1968.

MiINDEN, P. AND Fazg, R. S.: The ammonium sulphate
method to measure antigen-binding capacity. In
Handbook of imental Immunology, 2nd ed.,
ed. by D. M. Weir, pp. 15.1-15.21, Blackwell Scien-
tific Publications, London, 1973.

Minsuzw, B. H., HoLuzs, R. K. AND BaxTze, C. R.:
Comparison of a radioimmunoassay with an enzy-
matic assay for gentamicin. Antimicrob. Agents
Chemother. 7: 107-109, 1975.

MizucHi, A., MivacHl, Y., TaMaxi, K. AND KuxrTa,
A.: Percutaneous abeorption of betamethasone 17-
benzoate measured by radioimmunoassay. J. Invest.
Dermatol. 67: 279-282, 1976.

MrzucHi, A., Oxapa, N., HenMi, Z. AND Mrvach, Y.:

177

Radioimmunoassay for plasma betamethasone 17-
benzoate. Steroids 26: 635-645, 1975.

Mowp, J. D., Bowmn, J. P., Srancmr, D. W,
Maurer, J. E, Lynch, J. M., Wyizz, R. 8,
ScHANTZ, E. J. AND Rizami, B.: Pnulyuclhellﬁsh
poison. VII. Evidence for the purity of the poison
isolated from toxic clams and mussels. J. Amer.
Chem. Soc. 79: 5235-5238, 19567.

MonTcouMERY, M. R. AND HouTZMAN, J. L.: Determi-
nation of serum morphine by the spin-label antibody
technique. Drug Metab. Dispos. 2: 391-395, 1974.

Montcomzry, M. R., Hourzman, J. L. anp LauTs, R.
K.: Application of electron spin resonance to deter-
mination of serum drug concentrations. Clin. Chem.
21: 1323-1328, 1975.

MonrcoMzrY, M. R., HoitzMaN, J. L., Lzurs, R. K.,
Dzwzss, J. S. anp Boiz, G.: Determination of
diphenylhydantoin in human serum by spin immu-
noassay. Clin. Chem. 21: 221-226, 1975.

MorgaNn, C. R. anD , A.: Immunoassay of
insulin: 'l‘woanhbody.y'tem Plasma insulin levels
of normal, subdiabetic and diabetic rats. Diabetes
12: 115-126, 1963.

Mosrsis, B. A., RoaiNsoN, J. D., PiawL, E., AuxeNE,
G. W. mlhm V. Developmmtofandmm-
munoassay for morphine having minimal cross-
reactivity with codeine. J. Endoa‘inol 64: 6P-7P

474.

475.

476.

477.
478.

479.

noassay system for norethisterone using
15].]abelled radioligands. J. Steroid Biochem. 6:
1145-1150, 1975.

MorrisoN, J. AND Knwre, T.: Serum dnmhlu and
arrhythmia in patients undergoing ulmo-
nary bypass. Circulation 47: 341-352, 1973.

Moes, A. J., FINxzLsTRIN, S., CRUDUP, C., YOUNG, G.
A., DooLzy, R. R. AND OsHzr, A. B.: Absorption of
digoxin in children with cystic fibrosis. J. Pediatr.
86: 295-297, 1975.

482a. Mu, J., FaraJ, B. A,, Iseam1, Z. H. AND DavroN, P.
G.: Stuimoﬂhespecxﬁutyofnnmhbo(bdnemd

probenecid. In ions with probenecid
analogs. Life Sci. 14: 837-852, 1974.

. MuLt, S. J. AND Basros, M. L.: A comparison of
immunoassay methods for the detection of drugs
subject to abuse. /n Immunoassays for Drugs Sub-
ject to Abuse, ed. by S. J. Mulé, 1. Sunshine, M.
Braude and R. E. Willette, pp. 99-108, CRC Prees,
Inc., Cleveland, 1974.

. MuLt, S. J., Juxorsxy, D., Kocan, M., Dz Pacs, A,
AND VemeBxy, K.: Evaluation of the radioimmu-
noassay for benzoylecgonine (a cocaine metabolite)
in human urine. Clin. Chem. 23: 796-801, 1977.

. MuLt, S. J., SuNsuiNg, 1., Braune, M. AND WiLLETTE,
R. E., Eprrors: Inmunoassays for Drugs Subject to
Abuse, CRC Press, Inc., Cleveland, 1974.

. MOLLER, H., GrAUL, E. H. AND BrAuzz, H.: Different
results produced by five radicimmunoassays for
determination of digitalis in serum. Eur. J. Clin.
Pharmacol. 10: 227-229, 1976.

. MOLLxR, H., GrauL, E. H. AND MOLLER, L.: Digoxin-
bestimmung im Serum: Klinische Bedeutung, Er-
gebnisse und Fehlerdiskussion an Hand verglei-
chender Untersuchungen mit verschiedenen Ra-
dicimmunoassays. Z. Kardiol. 64: 1123-1139, 1975.

. Nxxsz, A. L. AND Sovxa, L. F.: Development of a
radno:mmunonsay for thoophyllme: Application to
studies in infants. Clin. Pharmacol.
Ther. 21: 633-641, 1977.

. NemL, C. A.: The use of digitalis in infants and

children. Progr. Cardiovasc. Dis. 7: 399-416, 1965.

NxwsoN, J. C., Bexx, L. S, Lews, J. E. anp Enoai,
H. W.: Indomethacin: Measurement by radioimmu-
noassay. Clin. Res. 24: 151A, 1976.

481,

482,

490,



178

491. Nzwron, W. T., McGUIGAN, J. E. AND Jarre, B. M.:
Radioimmunoassay of peptides lacking tyrosine. J.
Lab. Clin. Med. 75: 886-892, 1970.

492. NizscHLAG, E., Kizy, H. K. aAND Usabezr, K.-H.:
Production of steroid antisera in rabbits. In Steroid
Immunoassay, ed. by E. H. D. Cameron, S. G.
Hillier and K. Griffiths, pp. 87-96, Alpha Omega
Publishing Ltd., Cardiff, 1975.

493. NimscHLAG, E. AND WickiNGs, E. J.: A review of
radicimmunoassay for steroids. Z. Klin. Chem.
Klin. Biochem. 13: 261-271, 1975.

494. NizuwzBozR, B., Gasrizr, D. AND LUsxz, K.: Eine
Methode zur radioimmunologischen Bestimmung
von Glisoxepid. Arzneimittel-Forschung 26: 1633-
16386, 1976.

494a. Nizuwzsozr, B. AND LUBxz, K.: Radioimmunologi-
cal ination of cyproterone acetate. Horm.
Res. 8: 210-218, 1877.

495. Niswenper, G. D.: Influence of the site of conjugation
on the specificity of antibodies to progesterone.
Steroids 22: 413-424, 1973.

Nyszzg, L., ANDRRSSON, K.-E. AND BrrTiER, A.: Bioa-
vailability of digoxin from tablets. II. Radioimmu-
noassay and disposition pharmacohnetlel of digoxin
after intravenous ion. Acta. Pharm.
Suec. 11: 459-470, 1974.

Nysxzg, L., ANDERsSON, K.-E. AND BxrrLER, A.: Bioa-
vuhblhty of digoxin ﬁ-om tablets. III. Availability
of in man from preparations with different
dissolution rate. Acta. Pharm. Suec. 11: 471-492,
1974.

Nz, L., Forrest, G. C., GrexNwooD, H., GARDNER,
J. 8., Jay, R, RoserTs, J. R. AND LANDON, J.: Solid-
phase, magnetic particle radioimmunoassay. Clin.
Chim. Acta 60: 387-396, 1976.

Nryoren, K.-G., LiNpszrG, P., MARTINSSON, K., Bosu,
W. T. K. AND JoraNnssoN, E. D. B.: Radiocimmunoas-
say of norethindrone: Peripheral plasma levels after
oral administration to humans and rhesus monkeys.
Contraception 9: 265-278, 1974.

. Ocas, H., BooeM, G. AND DxnagLER, H. J.: Die biolo-
gische Verfiigbarkeit von Digoxin aus Kombina-
tionspriparaten. Klin. Wochenschr. 52: 637-639,
1974.

Ocus, H., BooeM, G., Kobeat, G., Savic, B. anD
Baur, M. P.: Biologische Verfligbarkeit von Digoxin
bei Patienten mit und ohne Magenresektion nach
Billroth II. Dtsch. Med. Wochenschr. 100: 2430-
2434, 1975.

. OpzLL, W. D., ABrAHAM, G. A., Sxowsxy, W. R,
Hescox, M. A. AND Fisuxgr, D. A.: Production of
antisera for radioimmunoassays. In Principles of
Competitive Protein-Binding Assays, ed. by W. D.
Odell and W. H. Daughaday, pp. 57-88, J. B. Lip-
pincott Company, Philadelphia, 1971.

. OpmLL, W. D. AND DAuGHADAY, W. H., Eprrors: Prin-
ciples of Competitive Protein-Binding Assays, J. B.
Lippincott Company, Philadelphia, 1971.

. OpeLr, W. D., SiLver, C. AND GROVER, P. K.: Compet-
itive protein binding assays: Methods of separation
of bound from free. In Steroid Inmunoassay, ed. by
E. H. D. Cameron, S. G. Hillier and K. Griffiths,
pp. 207-222, Alpha Omega Publishing Ltd., Cardiff,
1975.

. OHNHAUS, E. E., Vozzn, S. AND NU=scH, E.: Unter-
suchungen zur Resorption von Digoxin bei Patien-
ten mit dekompensierter Rechtsherzinsuffizienz.
Schweiz. Med. Wochenschr. 105: 1782-1783, 1975.

. OxABAYASHI, T., MIHARA, S. AND MorrpaTT, J. G.: A
radicimmunoassay method for 1-8-p-arabinofu-
ranosyluracil using antibodies directed against 1-8-
ls;ubmu;oﬁumylcﬁonne Cancer Res. 37: 625-

, 1977.

508a. OxaBAYASHI, T., MIHARA, S., Rerxz, D. B. AND

Morrarr, J. G.: A radioimmunoassay for 1-8-p-ara-

496.

497.

498.

499.

501.

BUTLER

binofuranosylcytosine. Cancer Res. 37: 619-624,
1977

M.MYM,T MIHARA, S., Rerxz, D. B. AND

510.

511.
512,

513.

514.

515.

516.

517.

518.
519.

520.

521.

522.

523.

524.

. Ouvee, G. C., Jr.,

MorrarT,J. G.: A radmmmnnoamy for 1-8-p-ara-
binofuranosyluracil with reference to cross-reactiv-
ity of 1-8-p-arabinofuranosylcytosine with an anti-
body. Cancer Res. 37: 3132-3135, 1977.

Pazrxsr, B. M., Brasrmip, D. L.
AND Parxxr, C. W.: The measurement of digitoxin
in human serum by radicimmunoassay. J. Clin.
Invest. 47: 1035-1042, 1968.

. Ouvee, G. C., Parxzz, B. M. AND Paxxxz, C. W.:

Radiocimmunoassay for digoxin. Technic and clinical
application. Amer. J. Med. 51: 186-192, 1971.

. OrLovarT, R. AND Rosz, N. R.: Antibodies to 1,2-

naphthoquinone. Cancer Res. 22: 689-695, 1962.

O’Mauizy, K., CoLzman, E. N., Doig, W. B. anD
StzveNnson, 1. H.: Plasma digoxin levels in infants.
Arch. Dis. Child. 48: 55-57, 1973.

OparL, S.: Digitalis assay and its clinical application.
Med. Clin. N. Amer. 60: 193-207, 1976.

OmllL BoraA, O., Coox, C. E. AND Ss0qvisT,

Iumrement of d:phenylhydnntoin in 0.1-ml
phsma samples: Gas and radioim-
munoassay compared. Clin. Chem. 22: 246-249,
1976.

OzrH, D. N.: General considerations for radioimmu-
noassay of ide hormones. In Methods in Enzy-
mology, ed. by B. W. O’'Malley and J. G. Hardman,
vol. XXXVII, part B, pp. 22-38, Academic Press,
New York, 1975.

Orring, F.: Rad:otmmunolop-dle Bestimmung von n-
Butylbiguanid im menschlichen Serum. Arzneimit-
tel-Forschung. 25: 524-526, 1975.

Papsrerri, L.: Radicimmunoassay of digoxin: Aspe-
cific interferences of human plasma. J. Nucl. Biol.
Med. 19: 22-28, 1975.

PaLumizri, G. M. A, Yarow, R. S. AND BzrsoNn, S. A.:
Adsorbent techniques for the separation of antibody-
bound from free peptide hormones in radioimmu-
noassay. Hormone Metab. Res. 3: 301-305, 1971.

Paxxxr, C. W.: Nature of immunological responses
and antigen-antibody interaction. In Principles of
Competitive Protein-Binding Assays, ed. by W. D.
Odell and W. H. Daughaday, pp. 25-56, J. B. Lip-
pincott Company, Philadelphia, 1971.

Parxzz, C. W.: Radioimmunoassays. Progr. Clin. Pa-
thol. 4: 103-141, 1972.

Parxzr, C. W.: Radioimmunoassay of Biologically
Active Compounds, Prentice-Hall, Englewood
Cliffs, N. J., 1976.

Parmick, J. W.: Radiation safety in the performance of
radicimmunoassay. In Handbook of Radioimmu-
noassay, pp. 1-25, ed. by G. E. Abraham, Marcel
Dekker, Inc., New York, 1977.

PAULING, L., PressMaN, D., CampeeLL, D. H., IxEDA,
C. AND Ixawa, M: The serological properties of
simple substances. I. Precipitation reactions be-
tween antibodies and substances containing two or
more haptenic groups. J. Amer. Chem. Soc. 64:
2994-3003, 1942.

Paxron, J. W., RowzwL, F. J. AND Rarcuorre, J. G.:
Production and characterisation of antisera to di-
phenylhydantoin suitable for radicimmunoassay. J.
Immunol. Methods 10: 317-327, 1976.

PaxtoN, J. W., Rowzw,, F. J., Rarcuormz, J. G.,
Lasmsix, D. G., NANDA, R.,, Mzrviie, I. D. AND
JounsoN, R. H.: Salivary phenytoin radioimmu-
noassay: A simple method for the assessment of non-
protein bound drug concentrations. Eur. J. Clin.
Pharmacol. 11: 71-74, 1977.

Pxcx, R. M., Mmizr, G. L. AND Crexch, H. J.:
Preparation and properties of some additional car-
cinogen-protein conjugates. J. Amer. Chem. Soc. 75:

2364-2366, 1953.



IMMUNOLOGICAL ASSAY OF DRUGS

525. PrrYCHUK, L. P. AND Suzg, J. H.: Demonstration of
methadone in the human brain by immunofluores-
cence. Res. Commun. Chem. Pathol. Pharmacol. 11:
319-322. 19765.

. PrsxAR, B. M., Pxsxaxr, B. A. AND Turnzg, J. C.:
Rad:oimmnnoamy
Pharmacol. 28: 720-721, 1976.

Prsxar, B. AND Spxcroz, S.: Quantitative determina-
tion of diazepam in blood by radicimmunoassay.
J.Pharmacol. Exp. Ther. 188: 167-172, 1973.

Prrees, U., Hausamzn, T.-U. AND Grossz-Brock-
Horr, F.: Therapie mit Digitoxin unter Kontrolle
des Serum-Digitoxinspiegels. Dtsch. Med. Woch-
enschr. 99: 1701-1707, 1974.

Prreas, U., Hausamzn, T.-U. anD Grossz-Brocx-
norr, F.: Einfluss von Tuberkulostatika auf die
Pharmakokinetik des Digitoxins. Dtsch. Med.
Wochenschr. 99: 2381-2386, 1974.

. Perringer, W. A., KzzTON, K., PHIL, M. AND TANAKA,
K.: Radmmmunoamy and pharmacokinetics of
saralasin in the rat and hypertensive patients. Clin.
Pharmacol. Ther. 17: 146-158, 1975.

llmnu. H. C.: Clinical

531. Pxrringer, W. A. AND
pharmacology of angiotensin antagonists. Fed.
Proc. 38: 2521-2526, 1976.
Punures, A. P.: The improvement of specificity in
radioimmunoassays. Clin. Chim. Acta 44: 333-340,
1973.
533. PrrrIN, 8. L. AND Marcus, F. I.: Digoxin immunoassay
with use of [*H)digoxin vs. ['*I]}tyrosine-methyl-es-
ter of digoxin. Clin. Chem. 22: 286-287, 1976.

534. Prrruan, K. A. AND WnLLiaMs, T. A.: Development of
a cyclasocine radioimmunocassay. Pharmacologist
15: 167, 1973.

534a. Ponxc, M., FroLicu, M., pE LussTER, A. AND MooOLE-
NAAR, A. J.: Plasma levels of triamcinolone aceto-
nide as determined by radicimmunoassay after top-
ical application. Arch. Dermatol. Res. 259: 63-70,
1977

527.

538.

529.

. Porrs, J. T., Jr., SuERWOOD, L. M., O'RiorDAN, J. L.
H. anD AumsacH, G. D.: Radioimmunoassay of
polypeptide hormones. Advan. Int. Med. 13: 183-
240, 1967.
. Prart, J. J., Koors, W., WoLDrING, M. G. AND WixG-
MAN, T.: Specificity of immunoassays. 1. Effect of
plasma proteins on the specificity of steroid immu-
‘ noassay. Eur. J. Nucl. Med. 1: 3748, 1976.
537. Prmsisz, J.: Radicimmunologiczne oznaczania
naparstnicy. Kardiol. Pol. 17: 69-77, 1974.
. Premmisz, J. J., Burizs, V. P., Jr. AND LiINDENBAUNM,
J.: Digoxin tablet bioavailability: Single-dose and
steady-state assessment. Ann. Intern. Med. 81: 469-
474, 1974,
. PressmaN, D.: Hapten-antibody combination deter-
mined by inhibition of precipitation. Methods Med.
Res. 10: 122-127, 1964.
. Rao, P. N.: Synthesis of compounds of potential value
in the radioimmunoassay of 17a-ethynylestradiol
and mestranol. Steroids 23: 173-183, 1974.
541. Rao, P. N, D& LA PENA, A. AND GoLDZIEHER, J. W.:
Antisera for radioimmunoassay of 17a-ethynyles-
tradiol and mestranol. Steroids 24: 803-808, 1974.
Raso, V.: Radicimmunoassays for methotrexate, cit-
rovorum factor, neocarzinostatin, and actinomycin
D. Cancer Treatment Rep. 61: 585-580, 1877.
542a. Raso, V. AND ScHzEmBER, R.: A rapid and specific
rallicimmunoassay for methotrexate. Cancer Res.
35: 1407-1410, 1975.

543. Rarcurrs, J. G.: Separation techniques in saturation
analysis. Brit. Med. Bull. 30: 32-37, 1974.

544. Rarcuryz, W. A, FLercHER, S. M., Morrat, A. C.,

Rarcuorx, J. G., HarLanp, W. A. anND Levrrr, T.

E.: Radioimmunoassay of lysergic acid diethylamide

(LSD) in serum and urine by using antisera of

different specificities. Clin. Chem. 23: 169-174, 1977.

for carbenoxolone. J. Pharm.

179

545. RaveL, R.: Negligible interference by spironolactone
and prednisone in digoxin radicimmunoassay. Clin.
Chem. 21: 1801-18083, 1975.

546. RawLins, M. D.: Variability in response to drugs.
Brit. Med. J. 4: 91-94, 1974.

546a. Reap, G. F., RiaD-FauMy, D. AND WaLxzR, R. F.: A
specific radio-immunoassay procedure for plasma
clomipramine. Postgrad. Med. J. 53: suppl. 4, 110-
116, 1977.

547. ReicHLIN, M., ScunNure, J. J. mec:,V K.:
Induction of antibodies to porcine ACTH in rabbits
with nonsteroidogenic polymers of BSA and ACTH.
Proc. Soc. Exp. Biol. Med. 128: 347-350, 1968.

. Rem, E., Eprror: Methodological Developments in
Biochemistry, vol. 5, Assay of Drugs and Other
Trace in Biological Fluids, North-Hol-
land Publishing Company, Amsterdam, 1976.

ReissxLy, P., MANNINEN, V., OsaLa, K. AND KARJA-
LAINEN, J.: Non-equivalence of digoxin tablets.
Ann. Clin. Res. 6: suppl. 11, 4-8, 1974.

Remuzr, H. AND ScuOprrL, R.: The formation of
antigenic determinants. In International Encyclo-
pedia of Pharmacology and Therapeutics, Section
75, Hypersensitivity to Drugs, ed. by M. Samter and
C. W. Parker, vol. 1, pp. 67-89, Pergamon Press,
New York, 1972.

551. RiceBeRa, L. J., VAN Vunaxis, H. AND Lzving, L.:
Radicimmunoassays of 3,4,5-trimethoxyphenethy-
lamine (mescaline) and 2,5-dimethoxy-4-methyl-
phenylisopropylamine (DOM). Anal. Biochem. 60:
561-569, 1974.

552. RizreRocK, N., GUGGENMOS, J., KUHLMANN, J. AND
Hess, U.: Bloavnlabllnty And pharmacokinetics of
B-methyldigoxin after multiple oral and intrave-
nous doses. Eur. J. Clin. Pharmacol. 9: 373-379,
1976.

553. Risier, T., GraBENSEE, B. AND Grossz-Brocxuorr,
F. EKG-Verindemngen und Digoxin-Serumkon-
zentration bei Digitalisintoxikationen. Dtsch. Med.
Wochenschr. 100: 821-825, 1976.

554. RoBINsON, J. D., Moznis, B. A., AuzrnE, G. W. AND
Mazxs, V.: Pharmacokinetics of a single dose of
phenytoin in man measured by radicimmunoassay.
Brit. J. Clin. Pharmacol. 2: 345-349, 1976.

RomiNsoN, J. D., Mormis, B. A. AND Marks, V.
Development of a radicimmunoassay for etorphine.
Res. Commun. Chem. Pathol. Pharmacol. 10: 1-8,
19765.

555a. RoBINSON, J. D. AND RisBy, D.: Radicimmunoassay
for flupenthixol in plasma. Clin. Chem. 23: 2085-
2088, 1977.

556. Ropsarp, D.: Statistical aspects of radioimmunoas-
says. In Principles of Competitive Protein-Binding
Assays, ed. by W. D. Odell and W. H. Daughaday,
PP. 204-259, J. B. Lippincott Company, Philadel-
phia, 1971,

557. Robsarp, D.: Mathematics of hormone-receptor inter-
action 1. Basic principles. Advan. Exp. Med. Biol.
36: 289-326, 1973.

Ropsarp, D.: Statistical quality control and routine
data processing for radicimmunoassays and immu-
noradiometric assays. Clin. Chem. 20: 1255-1270,
1974.

Ropeaxp, D. Anp BerTiNo, R. E.: Theory of radioim-
munoassays and hormone-receptor interactions: II.
Simulation of antibody divalency, cooperativity and
allosteric effects. Advan. Exp. Med. Biol. 36: 327-
341, 1973.

Robsaxp, D. AND Frazizz, G. R.: Statistical analysis
of radioligand assay data. In Methods in Enzymol-
ogy, ed. by B. W. O’'Malley and J. G. Hardman, vol.
XXXVII, part B, pp. 3-22, Academic Press, New
York 1975.

561. Ropsamp, D. AND Hutrt, D. M.: Statistical analysis of

radicimmunoassays and immunoradiometric (la-

549.

555.



180

belled antibody) assays. A generalized weighted,
iterative, least-squares method for logistic curve
fitting. In Radicimmunoassay and Related Proce-
dures in Medicine, vol. 1, pp. 165-192, International
Atomic Energy Commission, Vienna, 1974.

. Roosamp, D., Lxnox, R. H., Wray, H. L. AND RAu-
szH, D.: Statistical characterization of the random
errors in the radioimmunassay dose-response vari-
able. Clin. Chem. 22: 350-358, 1976.

. Ropsarp, D., Rayrorp, P. L., Coorzr, J. A., AND
Ross, G. T.: Statistical quality control of radioim-
munoassays. J. Clin. Endocrinol. Metab. 28: 1412-
1418, 1968.

. Ropsamp, D. AND Wxiss, G. H.: Mathematical theory
of immunoradiometric (labeled antibody) assays.
Anal. Biochem. 52: 10-44, 1973.

. Roxmig, D. L., Lewanp, D. L., MuzLLzR, M. A. AND
Wang, R. I. H.: Comparison of radicimmunoassay
with thin-layer chromatographic and gas-liquid
chromatographic methods of barbiturate detection
in human urine. Clin. Chem. 21: 672-675, 1975.

. Rozmig, D. L., Wang, R. I. H.,, Mus.Lzr, M. M.,
Lzwanp, D. L. AND Apans, S. M.: Radiocimmunoas-
say compared to thin-layer and gas-liquid chroma-
tography for detecting ne in human urine.
Clin. Chem. 22: 1915-1918, 1976.

. Rocers, M. C., WrLLERSON, J. T., GOLDBLATT, A. AND
Saar, T. W.: Serum digoxin concentrations in the
human fetus, neonate and infant. N. Engl. J. Med.
287: 1010-1013, 1972.

. Rosz, M. R., GLAassMAN, E. AND Spencem, F. C.:
Arrhythmias following cardiac surgery: Relation to
serum digoxin levels. Amer. Heart J. 89: 288-294,
1975.

. RosENTHAL, A. F., VARGas, M. G. AND Kuass, C. S.:
Evaluation of enzyme-multiplied immunoassay
technique (EMIT) for determination of serum di-
goxin. Clin. Chem. 22: 1899-1902, 1976.

570. RosxNTHALER, J. AND MUNZER, H.: 9,10-Dihydroergot-
amine: Production of antibodies and radicimmu-
noassay. Experientia (Basel) 32: 234-235, 1976.

570a. RoseNTHALERR, J., NIMMERFALL, F., SiGRIST, R. AND
Munzzaz, H.: Non-equilibrium method for the ra-
dicimmunoassay of clozapine in the presence of
metabolites. Eur. J. Biochem. 80: 603-609, 1977.

571. Roes, G. T.: Factors governing choice of a reference
preparation for competitive binding assays. In Prin-
ciples of Competitive Protein-Binding Assays, ed.
by W. D. Odell and W. H. Daughaday, pp. 325-338,
J. B. Lippincott Company, Philadelphia, 1971.

§72. Roes, R., Hozrwrrz, C. A., Hacze, H., UsatR0UI, M.,
Burxz, M. D. me,P C. J Prehmmary
evaluation of a latex agglutination-inhibition tube
test for morphine. Clin. Chem. 21: 139-143, 1975.

573. RoeszLIN, G., AssaN, R., YaLow, R. S. AND Bxrson,
S. A Sepanhon of ant.lbody~bound and unbound
peptide hormones labelled with iodine-131 by talcum

and precipitated silica. Nature (London)
212: 356-357, 1966.

574. RowLzy, G. L., RusenstRIN, K. E., HUs3EN, J. AND
ULLMman, E. F.: Mechanism by which annbodleo
inhibit bnpten—malato dehydmgemu
An enzyme immunoassay for morphme J. Blol
Chem. 250: 3759-3766, 1975.

§76. Rovzr, M. E., Ko, H., CaxrerLL, J. A., MURRAY, H.
C., Evans, J. S. anp Kaiszz, D. G.: Radioimmu-
noassay for medroxyprogesterone acetate (Provera®)
using the 11a-hydroxy succinyl conjugate. Steroids
23: 713-730, 1974.

575a. Rovze, M. E., Ko, H., GiLszzteoN, T. J., McCaLL, J.
M., JounstoN, K. T. AND Stryp, R.: Radioimmu-
noassay of minoxidil in human serum. J. Pharm.
Sci. 66: 1266-1269, 1977.

§76. RusensteIN, K. E., ScHNEIDER, R. S. AND ULLMAN, E.
F.: “Homogeneous” enzyme immunoassay. A new

BUTLER

571.

578.

579.

581.

587.

591.

immunochemical technique. Biochem. Biophys.
Res. Commun. 47: 846-851, 1972.

RuBIN, B. AND AasTED B.: Induction of antibody syn-
thesis against sulphanilic acid in rabbits. Acta Pa-
thol. Microbiol. s«un-m-m 1971.

Rupmvoeez, J. AND Ruzaa, U tion of N-suc-
cinimidyl &(&hyd:nxyphanyl)ptopnmte Biochem.
J. 133: 538-539, 1973.

RussziL, A. 8. AND Zyy, M.: Natural antibodies to
procaine amide. Clin. Exp. Immunol. 3: 901-909,
1968,

. Rurxowsm, M. M., Comzn, S. N. and Doyle, E. F.:

Drug therapy of heart disease in pediatric patients.
II. The treatment of congestive heart failure in
infants and children with digitalis preparations.
Amer. Heart J. 86: 270-2785, 1973.

SaBa, N.: Adsorption of free steroids with charcoal-
gelatin disks in radioimmunoassays. J. Endocrinol.
70: 141-146, 1976.

. SaroH, H., Kuroiwa, Y. AND HAMADA, A.: Production

of anti phenobarbital antibody in rabbits by immu-
nization with p-azophenobarbital acetylated bovine
W albumin. J. Biochem. (Tokyo) 78: 1115-1118,

. SatoH, H., Kuroiwa, Y., HAMADA, A. AND UzMaTsU,

T.: Radioimmunoassay for phenobarbital. J. Bio-
chem. (Tokyo) 75: 1301-1308, 1974.

. Savage, M. O., HiesLe, A. G. AND PicxzriNG, D.:

Plasma digoxin concentrations and urinary excre-
tion during a ‘'simpler’ regimen of infant digitaliza-
tion. Arch. Dis. Child. 50: 393-385, 1975.
Scaramuzzi, R. J., Cozxzr, C. S., Young, G. AND
Bamo, D. T.: Production of antisera to steroid hor-
mones in sheep. In Steroid Inmunoassay, ed. by E.
H. D. Cameron, S. G. Hillier and K. Griffiths, pp.
111-132, Alpha Omega Publishing Ltd., Cardiff,
1975.

. SCHAFER, A., FauLstich, H., Vecsz, P. ANp HosLxR,

H.: A solid phase radicimmuno assay for urine
aldosterone using antibodies linked to nylon nets.
FEBS Lett. 48: 230-234, 1974.

Scaarm, G. J., Hwanu,ll R. aNp Epwanps, K. D.
G.: Amulyofmumnndmyocudnldlgonneon-
centrations in man during cardiac arrest. Aust. N.
Z.J. Med. 8: 202-210, 1875.

. ScHAPEL, G. J., MCGRATH, B. P., Edwards, K. D. G.,
‘l‘hmpeuhc

Hawxins, ll R. AND MrrcuzLL, A. S.:

serum digoxin concentration: Relation to age,
weight, sex, and serum creatinine level. Aust. N. Z.
J. Med. 3: 606-613, 1973.

. ScHALM, S. W., SuMmzzrsxnL, W. H. J. ANDGo, V. L.

W.: Development of radicimmunoassays for predni-
sone and prednisolone: Application to studies of
hepatic metabolism of prednisone. Mayo Clin. Proc.
51: 761-766, 1976.

. ScuANTZ, E. J., Mowp, J. D., Srancer, D. W., SuavEL,

J., R, F. J., Bowmzn, J. P, LyncH, J. M.,
WyLzr, R. 8., RizgxL, B. AND SoMMER, H.: Paralytic
shellfish poison. VI. A procedure for the isolation
and purification of the poison from toxic clam and
mussel tissues. J. Amer. Chem. Soc. 79: 5230-5235,
1967.

ScuARrPE, S. L., CooreMaN, W. M., BLoMuz, W. J.
AND LaxEMAN, G. M.: Quantitative enzyme im-
munoassay: Current status. Clin. Chem. 22: 733-
738, 1976.

. SCHERRMANN, J. M. AND BourpoN, R.: Dosage de la

digoxine par méthode radio-immunologique. Eur. J.
Toxicol. 9: 133-154, 1976.

. Schick, A. F. AND SiNGeR, S. J.: On the formation of

covalent linkages between two protein molecules. J.
Biol. Chem. 236: 2477-2485, 1961.

. ScHLzIMER, R., BENJAMINI, E., EmszLx, J. AND HEN-

pemsoN, G.: Radicimmunoassay of fentanyl: Phar-
macokinetics in man. Proc. West. Pharmacol. Soc.



IMMUNOLOGICAL ASSAY OF DRUGS

19: 237-238, 1976.

ScauMmT, D.: Measurement of diphenylhydantoin and
phenobarbital by enzyme immunoassay and gas-
liquid chromatography. J. Neurol. 213: 41-46, 1976.

. ScHNEDER, R. S., Bastiani, R. J., Lzum, R. K.,
Ruszneremy, K. E. AND ULpman, E. F.: Use of
enzyme and spin labeling in homogeneous immuno-
chemical detection methods. /n Immunoassays for
Drugs Subject to Abuse, ed. by S. J. Mulé, I
Sunshine, M. Braude, and R. E. Willette, pp. 45-72,
CRC Press, Inc., Cleveland, 1974.

. ScHNEIDRR, R. S., LinnQuist, P., Wong, E. T., Rus-
eNsTRIN, K. E. AND ULLMAN, E. F.: Homogeneous
ensyme immunoassay for opiates in urine. Clin.
Chem. 19: 821-825, 1973.

. SCHWENK, R., KziLy, K., Tsz, K. S. AND SzHON, A.
H.: A radioimmunoassay for isoniazid. Clin. Chem.
21: 1059-1062, 1975.

. SeLoeN, R., Kizin, M. D. aAnp Syarre, T. W.: Plasma
concentration and urinary excretion kinetics of ace-
tyl strophanthidin. Circulation 47: 744-751, 1973.

. SELDEN, R. AND NEnpL, W. A.: M; ial uptake of
ouabain in intact dog and man. J. Pharmacol. Exp.
Ther. 198: 951-962, 1975.

SzLpEN, R. AND SaarH, T. W.: Ouabain pharmacoki-
netics in dog and man. Determination by radioim-
munoassay. Circulation 45: 1176-1182, 1972.

SHAPIRO, B., KoLLMANN, G. J. AND HxiNg, W. L.
Pitfalls in the application of digoxin determinations.
Semin. Nucl. Med. 5: 205-220, 1975.

. SHAw, T. R. D. AND Canrizss, J. E.: The effect of
particle size on the absorption of digoxin. Europ. J.
Clin. Pharmacol. 7: 269-273, 1974.

. Suaw, T. R. D., Howarp, M. R., AND Hamzr, J.:
Variation in the biological availability of digoxin.
Lancet 2: 303-307, 1972.

. SEAw, T. R. D., Howarp, M. R. AND HAuMzR, J.:
Recent changes in biological availability of digoxin.
Effect of an alteration in ‘Lanoxin’ tablets. Brit.
Heart J. 36: 85-89, 1974.

. Saaw, T. R. D., Ravmonp, K., Howarp, M. R. AND
HaMzR, J.: Therapeutic non-equivalence of digoxin
tablets in the United Kingdom: Correlation with
tablet dissolution rate. Brit. Med. J. 4: 763-766,
1973.

607. Suaw, W.: Radicimmunoassay of digoxin: Effect of

albumin. Clin. Chem. 21: 636, 1975.

608. SHAw, W., ScHULMAN, L. AnND Seizrro, F. W.: The

carrier effect of gamma globulin when a polyetbyl-

ene glycol separation technique is used in digoxin
radlolmmunoassay Clin. Chim. Acta 60: 385-389,
1975.

608a. Sumi, W. L., Mu, J. Y., CUNNINGHAM, R. F., IsrAILI,
Z. H. anDp DayroN, P. G.: Probenecid in CSF and
plasma of rabbits and dogs measured by radioim-
munoassay. Psychopharmacology 53: 315-318, 1977.

609. SHEINER, L. B., RosENBERG, B., MARATHE, V. V. AND
Pxcx, C.: Dlﬂ'emeea in serum dlgoxm concentra-
tions outpatients and inpati : An effect
of compliance? Clin. Pharmacol. Ther. 15: 239-246,
1974.

610. SN, W.-C. AND VAN Vunaxis, H.: The formation
and characterization of the nicotine analog of tri-
phosphopyridine nucleotide. Biochemistry 13: 5362-
5367, 1974.

610a. SHEN, W.-C. AND VAN VuNaxis, H.: Detection by
radioimmunoassay of nucleotide analogs in tissues
of rabbits injected with nicotine and cotinine. Fed.
Proc. 35: 667, 1976.

611. Suoerax, M.: Immunological properties of some phe-
nothiazines. Advan. Biochem. Psychopharmacol. 9:
365-377, 1974.

611a. Suoerax, M. AND PrrrL, J. M.: Radicimmunoassay
for haloperidol. Fed. Proc. 35: 531, 1976.

612. SizgeL, S. J., Linx, W. F.,, Yang, N. S.-T., Kwong,

586.

601.

602.

Thotw

613.

614.

615.

616.

617.

618.

619.

620.

621.

622.

623.

624.

626.

627.

628.

629.

631.

632.

. SpECTOR, S. AND PARkER, C. W.: Morphine:

181

A. aND Frank, C.: Solid-phase triiodothyronine
radioimmunoassay. J. Clin. Endocrinol. Metab. 37:
526-532, 1973.

Smuon, E. J., DoLz, W. P. AND HiLLER, J. M.: Coupling
of a new, active morphine derivative to uphnrooe
for affinity y. Proc. Nat. Acad. Sci
U.S.A. 69: 1835-1837, 1972.

SINGER, E.: Serological protection against arsenic com-
p;‘u;ds. Aust. J. Exp. Biol. Med. Sci. 20: 208-212,
1

SinGH, R. B, Ra1, A. N., Duse, K. P., Srivastav, D.
K., Soman:, P. N. anp Kamivar, B. C.: Radioim-
munoassay of serum digoxin in relation to digoxin
intoxication. Brit. Heart. J. 37: 619-623, 1975.

Sxusrrz, K. M. AND SmrrH, T. W.: Determination of
antibody-hapten association kinetics: A simplified
eg)serimental approach. J. Immunol. 114: 1369-1374,
1975.

Surrh, J., Tyeewr, W. F., Gow, A., Allan, G. W. AND
Lxzxs, A. W.: Hepatotoxicity in rifampin-isoniazid
treated patients related to their rate of isoniazid
inactivation. Chest 61: 587-588, 1972.

Surra, T. W.: Radicimmunoassay for serum digitoxin
concentration: Methodology and clinical experience.
J. Pharmacol. Exp. Ther. 175: 352-360, 1970.

Suarrh, T. W.: Contribution of quantitative assay tech-
nics to the understanding of the clinical pharmacol-
ogy of digitalis. Circulation 46: 188-199, 1972,

Surra, T. W.: Ouabain-specific antibodies: Immuno-
chemical properties and reversal of Na*,K*-acti-
vated adenosine triphosphatase inhibition. J. Clin.
Invest. 51: 1583-1593, 1972.

Surra, T. W.: Digitalis toxicity: Epidemiology and
clinical use of serum concentration measurements.
Amer. J. Med. 58: 470-476, 1975.

Ssrra, T. W., Butizr, V. P., Jr. AND HaBmg, E.:
Determination of therapeutic and toxic serum di-
goxin concentrations by radioimmunoassay. N.
Engl. J. Med. 281: 1212-1216, 1969.

Saarre, T. W., Burier, V. P., Jr. AND HaBmg, E.:
Characterization of antibodies of high affinity and
specificity for the digitalis glycoside digoxin. Bio-
chemistry 9: 331-337, 1970.

Saari, T. W. AND HABER, E: Digoxin intoxication: The
relationship of clinical presentation to serum di-
goxin concentration. J. Clin. Invest. 49: 2377-2386,
1970.

. Ssata, T. W. AND HaBer, E.: Clinical value of the

radioimmunoassay of the digitalis glycosides. Phar-
macol. Rev. 25: 219-228, 1973.

Surra, T. W. aAND Sxusrrz, K. M.: Kinetics of interac-
tions between antibodies and hapten®®Biochemistry
14: 1496-1502, 1975.

SoArss, J. R. AND Gross, S. J.: te radioimmune
measurements of body fluid A*-THC and 11-nor-9-
carboxy-A*-THC. Life Sci. 19: 1711-1718, 1976.

SeECTOR, S.: Quantitative determination of morphine
in serum by radiocimmunoassay. J. Pharmacol. Exp.
Ther. 178: 253-258, 1971.

SpecrtoRr, S.: Radicimmunoassay. Annu. Rev. Phar-
macol. 13: 359-370, 1973.

. SPECTOR, S.: Radioimmunoassay of drugs. In Radioim-

munoassay and Related Procedures in Medicine,
vol. II, pp. 233-249, International Atomic Energy
Agency, Vienna, 1974.

SpECTOR, S., BRrKOWITZ, B., FLYNN, E. J. AND PESKAR,
B.: Antibodies to morphine, barbiturates, and sero-
tonin. Pharmacol. Rev. 25: 281-291, 1973.

SPECTOR, S. AND FLYNN, E. J.: Barbiturates: Radioim-
munoassay. Science (Washington) 174: 1036-1038,

1971.
: Radioim-

munoassay. Science (Washington) 168: 1347-1348,
1970.

. SPECTOR, S. AND SEIDNER, A.: Radicimmunoassays for



182

é

. In Immunoassays for Drugs Subject to

Abuu,ed by S. J. Mulé, 1. Sunshine, M. Braude
and R. E. Willette, pp. 13-21, CRC Press Inc.,
Cleveland, 1974.

635. Spxcrom, S., SeecTOR, N. L. AND ALMEIDA, M. P, JR.:
Radioimmunoassay for desmethylimipramine. Psy-
chopharmacol. Commun. 1: 421-429, 1975.

636. Spector, S. AND VeszLL, E. S.: Dispogition of mor-
phine in man. Science (Washington) 174: 421-422,
1971,

637. SeizHLER, V., SUN, L., Mivapa, D. S., SAraNDIS, S.
G., WaLwick, E. R., KLzin, M. W., JorpaN, D. B.
AND JmsszN, B.: Radioimmunoassay, enzyme im-
munoassay, spectrophotometry, and gas-liquid
chromatography compared for determination of phe-
nobarbital and diphenylhydantoin. Clin. Chem. 22:
749-753, 1976.

638. Sricer, M., Jusiz, W., MeixLe, A. W., Wssr, C. D.
AND TyrER, F. H.: Single-dose metyrapone test.
Review of a four-year experience. Arch. Intern.
Med. 135: 698-700, 1975.

639. Sranczyx, F. Z., Hizol, M., GOEBELSMANN, U., BrEN-
NER, P. F., LuMxiN, M. E. AND MisHzLL, D. R., JR.:
Radioimmunoassay of serum d-norgestrel in women
following oral and intravaginal administration.
Contraception 12: 279-298, 1975.

640. StziNzss, E.: Renal tubular secretion of digoxin. Cir-
culation 50: 103-107, 1974.

641. StmiNzss, E., SvenpeeN, O. AND Rasmussen, F.:
Plasma digoxin after parenteral administration. Lo-
cal reaction after intramuscular injection. Clin.
Pharmacol. Ther. 16: 430434, 1974.

642. Stzvens, P., YoUNG, L. S. Anp Hewrrt, W. L.: Ra-
dioimmunoassay, acetylating radioenzymatic assay,
and microbioassay of gentamicin: A comparative
study. J. Lab. Clin. Med. 86: 349-359, 1975.

643. Stevens, P., Young, L. S. AND Hewrrr, W. L.: ]
radioimmunoassay of netilmicin. Antimicrob. Ag.
Chemother. 11: 768-770, 1977.

644. STEVENSON, G. T. AND EADY, R. P.: Tubes to facilitate
assays employing solid adsorbents. Anal. Biochem.
54: 300-303, 1973.

645. Stori, R. G., CHRIsTENSEN, M. S., SAKMAR, E., BLAIR,
D. AND WAGNER, J. G.: Determination of bioavaila-
bility of digitoxin using the radicimmunoassay pro-
cedure. J. Pharm. Sci. 62: 1615-1620, 1973.

646. StowL, R. G., CHRisTENSEN, M. S., SAXMAR, E. AND
WAaGNER, J. G.: The specificity of the digoxin ra-
dicimmunoassay procedure. Res. Commun. Chem.
Pathol. Pharmacol. 4: 503-510, 1972.

647. Straus, E. AND YaLow, R. S.: Artifacts in the radioim-
munoassay of peptide hormones in gastric and duo-
denal secretions. J. Lab. Clin. Med. 87: 292-298,
1976.

647a. SurLivan, T. J., StoLL, R. G., SAKMAR, E., BLamr, D.
C. AND WAGNER, J. G.: In vitro and in vivo availa-
bility of some commercial prednisolone tablets. J.
Pharmacokin. Biopharm. 2: 2941, 1974.

648. Sun, L. AND SrizHLER, V.: Radicimmunoassay and
enzyme immunoassay compared for determination
of digoxin. Clin. Chem. 22: 2029-2031, 1976.

648a. Sun, L. AND Szarz, I.: Comparison of enzyme im-
munoassay and gas chromatography for determina-
tion of carbamazepine and ethosuximide in human
serum. Clin. Chem. 23: 1753-1756, 1977.

649. Sun, L. AND WaLwick, E. R.: Primidone analyses:
Correlation of gas-chromatographic assay with en-
zyme immunoassay. Clin. Chem. 22: 901-902, 1976.

650. SzzrLER, S. J. AND Jusxo, W. J.: Decreased volume of
distribution of digoxin in a patient with renal fail-
ure. Res. Commun. Chem. Pathol. Pharmacol. 6:
1095-1098, 1973.

651. TaxanasHi, M., Koma, M., Kanzro, H., Goro, Y.
AND HasEBa, S.: Urinary excretion patterns of mor-
phine in humans followed by an radioimmunoassay

D-l

BUTLER

method. Jap. J. Pharmacol. 25: 348-349, 1975.

652. Tanigaxi, N., Kiracawa, M., Yaci, Y. AND Press-
MAN, D.: The reaction of specific antibody with 2-
acetylaminofluorene fixed in liver cells. Cancer Res.
27: 747-1752, 1967.

653. Tauszrt, K. AND SHAPIRO, W.: Serum digoxin levels
using an '**I-labelled antigen: Validation of method
and observations on cardiac patients. Am. Heart J.
89: 79-86, 1975.

654. TaAUNTON-RIGBY, A., SHER, S. E. AND KxLLEY, P. R.:
Lysergic acid diethylamide: Radicimmunoassay.
Science (Washington) 181: 165-166, 1973.

655. Tzarg, J. D., CLouGH, J. M. AND MARks, V.: Radioim-
munoassay of vinblastine and vincristine. Brit. J.
Clin. Pharmacol. 4: 169-172, 1977.

656. Tearx,J. D., CLoUGH, J. M. AND Marxs, V.: Radioim-
munoassay of bleomycin in plasma and urine. Brit.
J. Cancer 35: 822-827, 1977.

656a. TzarLx, J. D. AND Marxs, V.: A fatal motor-car
accident and cannabis use. Investigation by ra-
dioimmunoassay. Lancet 1: 884-885, 1976.

657. Tzawz, J. D., CLoucs, J. M., PiaLL, E. M., KiNng, L.
J. AND MaRks, V.: Plasma cannabinoids measured
by radioimmunoassay in rabbits after intravenous
injection of tetrahydrocannabinol, 11-hydroxy-tet-
rahydrocannabinol, cannabinol and cannabidiol.
Res. Commun. Chem. Pathol. Pharmacol. 11: 339-
342, 1975.

658. TxaLx, J. D., ForMaN, E. J., KING, L. J. AND MaAzks,
V.: Production of antibodies to tetrahydrocannabi-
nol as the basis for its radioimmunoassay. Nature,
(London) 249: 154-155, 1974.

659. TeaLx, J. D., ForMaN, E. J., KING, L. J. AND MaARxs,
V.: Radioimmunoassay of cannabinoids in blood and
urine. Lancet 2: 553-556, 1974.

660. Tearz,J. D., ForMaAN, E. J., KiNg, L. J., P1ALL, E. M.
AND MARks, V.: The development of a radicimmu-
noassay for cannabinoids in blood and urine. J.
Pharm. Pharmacol. 27: 465-472, 1975.

660a. TemBO, A. V., AYRES, J. W., SAKMAR, E., HALLMARK,
M. R. AND WAGNER, J. G.: Plasma prednisolone
concentrations: Comparison of radicimmunoassay
and competitive protein binding assay. Steroids 29:
679-693, 1977.

661. THoMAS, R. AND ALpous, S.: The double peak in the

plasma-drug curve after oral digoxin and lanatoside
C. Lancet 2: 1267-1268, 1973.

662. TIGELAAR, R. E., Rarrorr, R. L., II, INMAN, J. K. AND
Kurrerserg, H. J.: A radicimmunoassay for di-
phenylhydantoin. Clin. Chim. Acta 43: 231-241,

1973.

663. TrLLsoN, S. A., TaorNzYCROPT, 1. H., ABRAHAM, G.
E, Scmuvm R.J. mCu.pw:u.,B V.: Solid-
phue radioimmunoassay of steroids. /n Immuno-
logic Methods in Steroid Determination, ed. by F.
G. Péron, and B. V. Caldwell, pp. 127-147, Apple-
ton-Century-Crofts, New York, 1970.

664. Tsx, K. S., Vay, H., ATTALLAH, N. AND SEHON, A.
H.: Antibodies specific to isoniazid and isonicotinic
acid. J. Immunol. 116: 965-969, 1976.

665. ULLMAN, E. F., SCHWARZBERG, M. AND RUBENSTEIN,
K. E.: Fluorescent excitation transfer immunoas-
say. A general method for determination of anti-
gens. J. Biol. Chem. 251: 4172-4178, 1976.

666. Urpixx, S. J., StMmons, J. D., Grant, D. H., Mac-
NUSON, J. A. AND GooprriEND, T. L.: Gel entrap-
ment of antibody: A new strategy for facilitating
both manual and automated radioimmunoassay.
Clin. Chem. 19: 1339-1344, 1973.

667. UsaTeGUI-GOMEZ, M., HEVERAN, J. E., CLEELAND, R,
McGuze, B., TxuiscHAKX, Z., Awpzizy, T. AND
GRUNBERG, E.: Simultaneous detection of morphine
and barbiturates in urine by radicimmunoassay.
Clin. Chem. 21: 1378-1382, 1975.

668. VArTruxarrs, J., RoBBINs, J. B., NizscHLAG, E. AND



672.

678.

674.

675.

676.

678.

681.

. VaN Dz Wim, D.

IMMUNOLOGICAL ASSAY OF DRUGS

Roes, G. T.: A method for producing specific antisera
mth-mnlldoueoﬁmmunogen J. Clin. Endocrinol.
Metab. 33: 988-991, 1971,

. VaranTour, J. C., HaRowd, W. W., Stavirsxy, A. B.,

KaNanN, G. AND SunsHiNg, 1. Detection of glu-
tethimide (Doriden) by hemagglutination inhibi-
tion. Clin. Chim. Acta 48: 65-67, 1978.

. VaN Dz Wize, D. F. M., Gozpemans, W. T., Dx Vrizs,

J. A. aAND WowbaiNg, M. G.: Radioimmunoassay of
vitamin B,, using a polyurethane sponge and com-
Lactobacillus

Procedures in Medicine, vol. II, pp. 185-199, Inter-

national Atomic Energy Agency, Vienna, 1974.

F. M., Gozpemans, W. TH. AND
Wowoming, M. G.: Production and purification of
antibody against protein-vitamin B,, conjugates for
radiocimmunoassay purposes. Clin. Chim. Acta 56:
143-149, 1974.

Van Dyxz, C., Brck, R., Barasn, P. G. AND JaTLOW,
P.: Urinary excretion of immunologically reactive
metabolite(s) after intranasal administration of co-
caine, as followed by enzyme immunoassay. Clin.
Chem. 28: 241-244, 1977.

Van Vunaxis, H., Brabvica, H., Benpa, P. anD
Lzving, L.: Production and specificity of antibodies
directed toward 3,4,5-trimethoxyphenylethylamine,
8,4-dimethoxyphenylethylamine and 2,5,-dime-
thoxy-4-methylamphetamine. Biochem. Pharmacol.
18: 393-404, 1969.

Van Vunaxis, H., Farrow, J. T., Gaxa, H. B. AND
Lxzving, L.: Specificity of the antibody receptor site
to d-lysergamide: Model of a physiological receptor
for lysergic acid diethylamide. Proc. Nat. Acad. Sci.
U.S.A. 68: 1483-1487, 1971.

Van Vunaxs, H., FrezMaN, D. S. AND Gaixa, H. B.:
Radicimmunoassay for anileridine, meperidine and
other N-substituted phenylpiperidine carboxylic
acid esters. Res. Commun. Chem. Pathol. Pharma-
col. 2: 379-387, 1975.

Van Vunaxis, H., LANGONE, J. J., Riczeexg, L. J.
AND LaviNg, L.: Radicimmunoassays for adriamycin
and daunomycin. Cancer Res. 34: 2546-2562, 1974.

. VAN VuNaxis, H. AND Lzving, L.: Use of the double

antibody and nitrocellulose membrane filtration
techniques to separate free antigen from antibody
bound antigen in radioimmunoassays. /In Immu-
noassays for Drugs Subject to Abuse, ed. by S. J.
Mulé, 1. Sunshine, M. Braude, and R. E. Willette,
PP- 23-36, CRC Prees Inc.. Cleveland, 1974.

VAN Vunaxis, H., WasszrMAN, E. AND Leving, L.:
Specificities of antibodies to morphine. J. Pharma-
col. Exp. Ther. 180: 514-521, 1972.

.Vme,BKmScnuuuAH W. M.:

Immunoassay using hapten-enzyme conjugates.
FEBS Lett. 24: 77-81 1972.

. VAUGHAN, J. R., J=. AND Ogaro, R. L.: The prepara-

tion of popt.ideo using mixed carbonic-carboxylic
acid anhydrides. J. Amer. Chem. Soc. 74: 676-878,
1952.

Veszw, E. S.: Factors causing interindividual varia-
tions of drug concentrations in blood. Clin. Phar-
macol. Ther. 16: 135-148, 1974.

tions in biological fluids. Clin. Chem. 17: 851-866,
1971.

. Verrea, W., Frezneenpzr, E. AND HaBzg, E.: Speci-

ficity of antialdosterone antibodies in relation to the
site of coupling. Clin. Immunol. Immunopathol. 2:
361-372, 1974.

. VIDEBARK, J. AND Brocx, A.: The relationship be-

tween myocardial content of digoxin and increase in
ial contractility. Acta Pharmacol. Toxicol.
85: 212-222, 1974.

183

685. ViswANATHAN, C. T., Booxzz, H. E. AND WrLLING, P.
G.: Interference by p-hydroxyphenobarbital in the
%] radioimmunoassay of serum and urinary pheno-
barbital. Clin. Chem. 23: 873-876, 1977.

. VOHRINGER, H.-F., KUHLMANN, J. AND RizTBROCK, N.:
Der Einfluss von Antacida auf die Plasmakonzen-
tration von Digoxin beim Menschen. Dtach. Med.
Wochenschr. 101: 106-108, 1976.

. VoLLzr, A., BowsLL, D E ANDBAI‘I'I.I‘IT,A En-
zyme immunoassays in ic medicine: Theory
and practice. Bull. WHO 53: 55-65, 1976.

. VosBALL, D. L., HUNTER, L. AND GRADY, H. J.: Effect
of albumin on serum digoxin radicimmunoassays.
Clin. Chem. 21: 402-406, 1975.

. WAGNER, J. G., CHRISTENSEN, M., SAXMAR, E., BLAIR,
D., Yarzs, J. D., Wnuis, P. W, III, Szpman, A. J.
AND SrowL, R. G.: Equivalence lack in digoxin
plasma levels. J. Amer. Med. Ass. 224: 199-204,
1973.

WAGNER, J. G., Yarss, J. D., Wnis, P. W, III,
SAKMAR, E. AND StoLL, R. G.: Correlation of plasma
levels of digoxin in cardiac patients with dose and
measures of renal function. Clin. Pharmacol. Ther.
15: 291-301, 1974.

Wainzr, B. H., Frrcn, F. W, Faep, J. AND Rorn-
BERG, R. M.: A measurement of the specificities of
antibodies to i inyl-BSA by competi-
tive inhibition of “C-morphine binding. J. Immu-
nol. 110: 667-873, 1973.

Wainzg, B. H., Frren, F. W, Frixp, J. AND Rora-
BERG, R. M.: Immunochemical studies of opioids:
Specificities of antibodies against codeine and hy-
dromorphone. Clin. Immunol. Immunopathol. 3:
155-170, 1974.

WaIneg, B. H., Frren, F. W., Rorasezg, R. M. AND
Friep, J.: Morphine-3-succinyl-bovine serum albu-
min: An immunogenic hapten-protein conjugate.
Science (Washington) 176: 1143-1145, 1972.

WaINzR, B. H., Frrcn, F. W, Roraszra, R. M. AND
Frizp, J.: The structure of morphine monohemisuc-
cinate. Science (Washington) 178: 647-648, 1972.

. WaINER, B. H., Wung, W. E., Hi, J. H., Frrcn, F.
W., Frizp, J. AND Roraszaza, R. M.: The production
and characterization of antibodies reactive with
meperidine. J. Pharmacol. Exp. Ther. 197: 734-743,
1976.

. Warrz, J. A, Drusz, C. G., Moss, E. L., Jz., OpaN,
E. M., Banzy, J. V., WagmaN, G. H. AND WmIN-
sTRIN, M. J.: Biological aspects of the interaction
between gentamicin and carbenicillin. J. Antibiot.
25: 219-225, 1972.

Waw, J:-M., Borizs, G., MAMAS, S. AND Dmay, F.:
Radioimmunoassay of penicilloyl groupe in biologi-
cal fluids. FEBS Lett. 57: 9-13, 1975.

697a. WaL, J. -M., AND KANN, G.: Préparation d’'un dérivé
iodé de la pénicilline utilisable en radio-immunolo-
gie. C. R. Acad. Sci. Paris 280: 2405-2408, 1975.

698. WaLszrG, C. B.: Correlation of the “EMIT” urine
barbiturate assay with a spectrophotometric serum
barbiturate assay in overdose. Clin.
Chem. 20: 305-306, 1974.

699. WarLxer, W. H. C.: An approach to immunoassay.
Clin. Chem. 23: 384-402, 1977.

700. WarLxer, W. H. C. AND KzaNE, P. M.: Theoretical
aspects of radioimmunoassay. /In Handbook of Ra-
dicimmunoassay, ed. by G. E. Abraham, pp. 87-130,
Marcel Dekker, Inc., New York, 1977.

701. WaLis, C., Voss, C. W., Horta, C. E. AND PALMER,
R. F.: Radioimmunoassay of plasma norethisterone
after ethynodiol diacetate administration. J. Steroid
Biochem. 8: 167-171, 1977.

702. WaRrzeN, R. J. AND Foruzasy, K.: Radicimmunoassay
of ethynyloestradiol. J. Endocrinol. 63: 30?-81?
1974.

703. WARREN, R. J. AND ForazrBY, K.: Radicimmunoassay

690.

691.

693.

697.



184

704.

705.
706.

707.

708.

709.

710. Wi

711

712.

713.

T14.

715.

716.

717.

718.

719.

721

722,

BUTLER

of synthetic progestogens, norethisterone and nor-
gestrel. J. Endocrinol. 62: 605-618, 1974.

Warren, R. J. anp Foruerey, K.: Iodine labelled
ligands in the radioimmunoassay of synthetic pro-
gestins. J. Steroid Biochem. 6: 1151-1155, 1975.

Wepum, A. G.: Immunological specificity of sulfon-
amide azoproteins. J. Infect. Dis. 70: 173-179, 1942,

WeLer, E. W. anp Zenx, M. H.: Radioimmunoassay
for the determination of digoxin and related com-
pounds in Digitalis lanata. Phytochemistry 15:
1537-1545, 1976.

Weiner, L. M., Rosensratr, M. anp Howes, H. A.:
The detection of humoral antibodies directed
against salicylates in hypersensitive states. J. Im-
munol. 90: 788-792, 1963.

WeinTRAUBR, M., Au, W. Y. W. anp Lasacna, L.:
Compliance as a determinant of serum digoxin con-
centration. J. Amer. Med. Ass. 224: 481485, 1973.

West, C. D. aND TyLER, F. H.: The impact of radioim-
munoassay on our understanding of human adrenal

physiology. Metab. (Clin. Exp.) 22: 995-1002, 1973.

eTTRELL, G.: Digoxin therapy in infants. A clinical

pharmacokinetic study. Acta. Paediatr. Scand.

suppl. 257, 1-28, 1976.

WertreLL, G. AND AnpErssoN K.-E.: Absorption of
digoxin in infants. Eur. J. Clin. Pharmacol. 9: 49-
55, 1975.

WerrreiL, G., Anpersson, K.-E., Bertuer, A. AND
Lunpstrom, N. R.: Connenmtmna of digoxin in
plasma and urine in neonates, infants, and children
with heart disease. Acta. Paediatr. Scand. 63: 705~
710, 1974.

Waite, R. J., CuamserLAIN, D. A, HowArp, M. AND
Smrri, T. W.: Plasma concentrations of digoxin
after oral administration in the fasting and post-
prandial state. Brit. Med. J. 1: 380-381, 1971.

Wurting, B. Sumner, D. J. anp GoLpBERG, A.: An
assessment of digoxin radio-immunoassay. Scot.
Med. J. 18: 69-74, 1973.

Wicuer, K., Scawarrz, M., Arsgsman, C. E. anp
Mircrom, F.: Immunologic studies on aspirin. I.
Antibodies to aspiryl-protein conjugates. J. Immu-
nol. 101; 342-348, 1968,

Wipe, L.; Solid phase antigen-antibody systems. In
Radioimmunoassay Methods, ed. by K. E. Kirkham,
and W. M. Hunter, pp. 405-412, The Williams &
Wilkins Company, Baltimore, 1971.

Wipg, L., Axen, R. AND PoraTH, J.: Radioimmunosor-
bent assay for proteins. Chemical couplings of anti-
bodies to insoluble dextran. Immunochemistry 4:
381-386, 1967.

WienerMANN, G., Stemeercer, H., Werner, H.-P.
AND KraFT, D.: Penicillin und Penicillin-Antikér-
perbestimmung mittels Immunhémolyse. II. Quan-
titative Penicillinbestimmung mittels Hemmung
der passiven Immunhamolyse. Z. Immunitits-
forsch. Exp. Klin. Immunol. 143: 491-497, 1972,

WirLiams, T. A. axp Prrrman, K. A.: Pentazocine
radicimmunoassay, Res. Commun. Chem. Pathol.
Pharmacol. 7: 119-143, 1974.

. WinzeacH, K. E.: Tritium-labeling by exposure of

organic co to tritium gas. J. Amer. Chem.
Soc. 79: 1013, 1957,

WINDORFER, A., JR., PrINGSHEIM, W., GADEKE, R. AND
ScHuMacHER, G.: Digoxi nzentrationen
und Digitalisiiberdosierung bei Neugeborenen,
Saitglingen und Kleinkindern. Z. Kinderheilkd.
118: 207-217, 1974.

WinNkELHAKE, J. L. ANp Buckmize, F. L. A.: Radioim-

mune assay and characteristics of antibodies to
macromomycin (NSC 170105). Cancer Res. 37: 1197-
1204, 1977.

723. Wispom, G. B.: Enzyme-immunoassay. Clin. Chem.
22: 1243-1255, 1976.

724. Woo, J. anp Cannon, D. C.: A quality control pro-
gram for the radioimmunoassay laboratory. Amer.
J. Clin. Pathol. 66: 854-862, 1976.

725. WoopHEAD, J. S., Appison, G. M. anp Haves, C. N.:
The immunoradiometric assay and related tech-
niques. Brit. Med. Bull. 30: 44-49, 1974.

725a. WurzBERGER, R. J., MiLLER, R. L., Boxensaum, H.
G. AND SpecToR, S.: Radioimmunoassay of atropine
in plasma. J. Pharmacol. Exp. Ther. 203: 435-441,
1977.

726. Wyse, B. W. anp Hawnsen, R. G.: Development of
radioimmunoassay for determination of pantothenic
acid. Fed. Proc. 35: 660, 1976.

726a. Wyse, B. W. anp Hansen, R. G.: Blood pantothenic
acid values in the elderly as determined by micro-
biological and radioimmunoassay. Fed. Proc. 36:
1169, 1977.

Yavrow, R. S.: Radioimmunoassay: Practices and pit-
falls. Circ. Res. 32: I-116-1-126, 1973.

. Yarow, R. S.: Radioim y methodology: Ap-
plication to problems of heterogeneity of peptide
hormones. Pharmacol. Rev. 25: 161-178, 1973.

Yarow, R. S. anp Berson, S. A.: Assay of plasma
insulin in human subjects by immunological meth-
ods. Nature (London) 184: 1648-1649, 1959.

Yarow, R. S. anp Berson, S. A.: Immunoassay of
en ous plasma insulin in man. J. Clin. Invest.
39: 1157-1175, 1960.

Yarow, R. S. anp Berson, S. A.: Immunoassay of
plasma insulin. Methods Biochem. Anal. 12: 69-96,
1964.

Yarow, R. 8. anp Berson, S. A.: Introduction and
general considerations. In Principles of Competitive
Protein-Binding Assays, ed. by W. D. Odell and W.
H. Daughaday, pp. 1-24, J. B. Lippincott Company,
Philadelphia, 1971.

Yavrow, R. 8. anp Berson, S. A.: Problems of valida-
tion of radicimmunoassays. In Principles of Compet-
itive Protein-Binding Assays, ed. by W. D. Odell
and W. H, Daughaday, pp. 374-400, J. B. Lippincott
Company, Philadelphia, 1971.

. YamavcHi, Y., Litwin, A., Apams, L., Zmamer, H.
AnD Hess, E. V.: Induction of antibodies to nuclear
antigens in rabbits by immunization with hydrala-
zine-human serum albumin conjugates. J. Clin.
Invest. 56: 958-969, 1975.

. YavErRBAUM, S., Vann, W. P., FinpLey, W. F. anp
Prasio, R. A.: A rapid and specific porous glass
solid-phase radioimmunoassay of digoxin. Fed.
Proc. 32: 962Abs, 1973.

735a. Young, R. L., Dixon, W. R., MoHAcs!, E., LIEBMAN,
A. anD Sz!.ma A Rad.tmmmunmay of (+)- E-hy
droxy-N-cyclopropylmethylmor
cal narcotic antagonist. Fed. Proc. 35: ?08 1976.

736. Zeecers, J. J. W., Maas, A. H. J., WiLLEBRANDS, A.
¥. Klmw:.rl, H. H. anp Jmm. G.: The ra-
dioimmunoassay of plasma-digoxin. Clin. Chim.
Acta 44: 109-117, 1973,

737. Zrer, D. K., Krnuecer, G. G. anp Memxie, A. W.:
Percutaneous absorption of dexamethasone esti-
mated by a radioimmunoassay. J. Invest,
Dermatol. 66: 376-378, 1976.

738. Digoxin bioavailability. Postgrad.Med. J. 50: suppl. 6,
1-70, 1974.

7217.

729.

730.

731.

732.

733.






