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methylated derivatives, which in the case of estradiol
was identified as 2-methoxyestradiol by paper chro-
matography.

Simple phenols, naphthols, and hydroxyquinolines
undergo hydroxylation to catechols. This reaction
has also been demonstrated previously in vtvo for various
simple phenols and hydroxyqinolines.?6 In our studies
both 4- and 8-hydroxyquinoline are hydroxylated
while the 2-hydroxy isomer which exists niainly in the
2-keto form does not react. Various dimethyiphenols
are active except for 2 6-dimethylphenol in which cate-
chol formation would require replacenment of a methyi
group by hydroxyl. Similarly various dichlorophenols
were active, and even 24 6-trichlorophenol was coun-
verted to a methylated product although both ortho
positions are blocked by chloro groups. Since NADP
and glucose-6-phosphate are required, direct methyla-
tion of the phenol without an oxidative step is unlikely.
Also catechol-O-methyltransferase involvement is in-
dicated since the formation of the O-methylated deriva-
tive requires magnesiuni ions and is inhibited by tro-
polone.!? Direct O-niethylation by the enzyme which
O-methylates 2,6-diiodophenols, described by Toniita,
et al.,” does not seem likely since their enzynie does not

(26) R. I. Wilbams, “Biochemistry of Phenolic Compounds,” J. B.
Harborne, Ed., Academic Press Inc., London, 1964, Chapter 6.
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require magnesium ions. It seems more likely that a
replacement of a chloro group by a hydroxyl group,
similar to that described by Kaufman?® for the con-
version of p-chloro- or p-fluorophenylalanine to tyrosiue,
has occurred. Certain other 2,6-dihalophenols also
show low activity in our microsomal system.

Little correlation of activity with structure was pos-
sible for the various monosubstituted phenols (Table
VI) studied. Since catechol-O-methyltransferase is
present in a large excess and is little influenced by
substituents® so that O-methylation is observed even
in the presence of very bulky ortho substituents such
as t-butyl,? most of the effects observed are probably
related to hydroxylation. Both pare- and meta-sub-
stituted compounds were quite active with ortho
substitution, often severely reducing activity especially
with very bulky groups such as t-butyl or with groups
that can interact by hydrogen bonding with the phenol
such as in salicylaldehyde. Compounds sensitive to
oxidation such as aminophenols showed low activity,
perhaps due to cowpetitive oxidations.

(27) K. Tomita, C, M. Cha, and H. A. Lardy, J. Bio(. Chem., 289, 1202
(1964).

(28) 8. Kaufman, Biochim. Biophys. Acta, §1, 619 (1961).

(29) T. Matsuura, A. Nichinagu, and H. J. Cahnmann, J. Org. Chem.,
27, 3620 (1962),
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Doxapram hydrochloride, following imtravenous injection into the dog, was rapidly metabolized. No un-
changed drug was found in any biological material analyzed. The metabolites formed were distributed through-
out the animal body with higher levels occurring in the fat, liver, pancreas, and adrenal glands than in other

tissues,
decline.
in the urine during the first 24 hr,
doxapram hydrochloride.

Blood levels of the metabolites decreased rapidly during the first hour followed by a much more gradual
Large concentrations of the metabolites occurred in the bile,

The metabolites were excreted rapidly

Small amounts continued to be exereted up to 120 hr. after injection of
The primary path of metabolism was through opening of the morpholine ring. A

large number of metabolites were formed, two of which were identified as l-ethyl-4-(2-hydroxyethylamino-
ethyl)-3,3-diphenyl-2-pyrrolidinone and l-ethyl-4-(2-aminoethyl)-3,3-diphenyl-2-pyrrolidinone.

Doxapram hydrochloride! is the nonproprietary
nane for 1-ethyl-4-(2-morpholinoethyl)-3,3-diphenyi-
2-pyrrolidinone hydrochloride (I). This compound is
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an agent that produces marked respiratory stimulation
and pressor effects in animals®*? and in hwnans.?%d
When doxapram is adniinistered to animals under
barbiturate-induced sleep, it produces arousal effects. 2.

In this paper we present the results that have been
obtained in studies designed to elucidate the metab-

(1) C, D, Lunsford, A, D. Cale, Jr., J. W, Ward, B. V. Franko, and H.
Jenkins, J, Med, Chem. T, 302 (1964).

(2) (a) J. W. Ward and B. V. Franko, Federation Proc., 21, 325 (1962);
(b) W. H. Funderburk and R. 8, Alphin, ibid., 21, 324 (1962); (c) A, J.

Wasserman and D. W. Richardson, Clin. Pharmacol. Therap., 4, 321 (1963);
(d) H. G. Canter, Am. Rev, Respirat. Diseases, 87, 830 (1963).

olism, distribution, and excretion of doxapram. To
carry out such studies it has been necessary to develop
analytical methods suitable for the determination of
the drug in the various biological materials. The
niethods are ultimately based on the oxidation of
doxapram and doxapram-like materials to benzo-
phenone which is subsequently quantitated from its
ultraviolet absorption. The methods described, there-
fore, will deterniine any material which contains the
diphenylmethyl moiety and which appears in the ma-
terial finally oxidized.

Correlation of the results obtained from the “oxida-
tion method’’ with those found using C!4-labeled doxa-
pram indicate that all of the metabolites formed may
be determined by the choice of the appropriate pro-
cedure for the “oxidation method.”

Experimental

Analytical Methods.—Initially, the ultraviolet spectrum of
doxapram was considered as a method for quantitation. The
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absorption coefficient proved, lowever, to be too low to deterine
the small amounts that might be preseut iu biological materials.
This spectrum showed four distinet maxiima at 260.5, 264.5,
2258.5, and 253 mu.  Compouuds chemically related to doxaprani,
i.6.. those containing the dipheuylpyrrolidinone moiety, gave
similar ultraviolet spectra. In some cases the maxima were
displaced. The spectra have proved of greai value i the sepa-
ration aund identification of metabolites.

The nltraviolet absorption of beunzophenoue, i coutrast to
that of doxapram, ig very strong. The oxidation of doxapram,
nuder proper conditious, shonld yvield this ketoue, Attempts
were made to oxidize with chromic acid, bat the results were not
reproduceible.  Alkaline permanganate oxidation in a botling-
water bath gave consistent results, and the guantity of doxapram
added was directly proportional to the benzoplienone absorption
fonnd,

1t was found possible to separate beuzophenoue from the cooled
oxidation solution by extraction with isooctane. This solvent
wottld not completely extract the benzophenone from the alkaline
oxidation mixture. However, if the mixtare were first made
acidic with phosphorie acid, extraction appeared to be complete.
Other acids, sulfuric or hydrochlorie, appeared to be oxidized
under these conditions and resulted in ultraviolet absorption
which completely masked the benzophenone spectran.

Sonte samples could be oxidized directly by the method de-
seribed. This was true when the concentration of the benzo-
phebone-yielding material was sufficiently high, as in the case of
urine or bile. The limiting factor was the capacity of the po-
tassimm permanganate added. Becaase ol this, organic solveuts
used for extraction nvist be renioved conipletely prior to the oxi-
dation. Tissues were extracted with benzeue or ether, and the
solvent was removed from tlie extract before oxidation was car-
ried ont. The detailed procednres nsed in these investigations
are as described below.

Bile and Urine.—An aliquot of bile (0.11) vil.) or urine (0.10-
.50 ml.) was transferred to a 200 X 16 nnu. test tube having a
24/40 ¥ joint (oxidation tube). To this samiple 0.5 nil. of 2.V
NaOH and 5 ml. of 5% KMnuO, were added. An air condenser
(250 X 6 mu. ) was counected to the test tube aud the sample was
heated for 1 hr. in a boiling-water batli.  The sample was cooled
and made acidie by adding 1 mil. of 6 N H;PO, through the air
condenser. The condenser was removed amnd 2.0 ml. of Spectro
Crade isooctane was added inmmediately. The contents of tle
tube were mixed for 1 1nin. ona Vortex niixer to extract the benzo-
plievove irto the isooctane, The isooctane layer was transferred
to a microcuvette (l-eni. path length), and its spectrim was
determined from 230-260 mu. A base line was drawn from 237
to 256 mu and the peak height was nieasnred from this line to the
maximam nsing a millimeter ruler.  This length was converted
(o concentration by a predetermined factor or curve prepared
fromt pure doxapram under tlie same couditions,

Blood and Cerebrospinal Fluid.---A sample of 5.0 ml,, or less,
of blood or cerebrospinal fluid was transferred to a 50-nil., glass-
stoppered centrifuge tube covtaiuing 20 ml. of water, 1.0 mnl. of
5 N NaOH, and 10.0 ml. of benzene. The tube was sliaken
geutly for 5 mun.  Emulsions were broken by centrifugation.
A S-ml aliquot of the clear benzene layer was transferred to an
nxidation tube, and the benzene was evaporated i a boiling-
water bath.  To ensnre complete removal of the benzeune, 2-3 ml.
of absolute ethanol was added after the contents of the tube
appeared dry, and the ethanol was evaporated i boiling water
witlt the aid of a stream of air. Potassiun permanganate and
alkali were then added and the procedure was carried ont as
described above for urine and bile.

Other Tissues.-—~Samples of othier tissues, in quantities up
1o H g., were grouund with sufficient anhydrous Na,804 so that
they appeared dry. The mixture was transferred to a thimble
apd extracted in a Soxhlet apparatus for 4 hr.  Nervous tissue,
i.c.. brain or spinal cord, was extracted with ethyl ether; other
tissiies were extracted with benzene. Tlie precipitate obtained
ant cooling the ether extracts was separated by centrifugation
ad decantation. The extract (beunzene or ether) was trans-
ferred to a separatory funnel and the doxapran: was extracted with
two 10-mnl. portions and then 5 ml. of 2.V HCl. The HCl extracts
were contbined in another separatory funnel and made alkaline
witll 6 ml. of 10 .V NaOH. The alkaline solution was extracted
three times with 3-ml. portions of CHCl;. The lower layers were
dried through auhydrous Na.S0, and combined in an oxidation
tube. The solvent was evaporated, as deseribed above for
benzeve, and oxidation was carried out.
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Steam Distillation Procedure.-—Attempts to analyvze some
samiples, particularly feces, by the above procedures yielded
variable aud inconsistent results. A procedure was therefore
devised to separate the benzophenone Irovt the oxidized snuiple
by steam distillation. It was 1ot necessiry to prepare extracts
al smuples when this variation of the procedure was nsed.

A sample of tissne (25-35 g.) was weighed acenrately aud
trausferred to ap erlemmeyer flask. The tissae was dissolved
by adding 50 wl. of 2 ¥ NaOH and heating on the steam bath for
1 hir. with frequent swirling. The solation was cooled and an
aligot containing 2.0 g. of tissue (0.5 g. ol fat) was trausferred
to a 300-ml. Kjeldall flask having a 24740 standard taper joini.
Sixty milliliters of a satarated solntion »I potassiam permanga-
nate and saflicient NaOH to make the solution 0.2 N were added.
An air condenser, as deseribed previoasly, was atraelied, and the
flask was lieated in a boiling water bath for 1 hir. with frequent
shaking. The flask was cooled and attached to av all-glass steam
distillation apparatns. The bevzoplienmie was stenn distilled
into a 100-nil. glass-stoppered gradante contaivivg 2.0 ml. of
1sooctape, so that the distillate was delivered below the surlucee
ol the isooctane.  The distillate, after collection of 100 ml., was
made actdic apd shaken thoronghly to travsfer the benzophepone
1o the isooctane.  The altraviolet spectram was then determined
avd avalyzed, as previously described.

Brain tended w foam over during this procedure: bowever,
this was easily prevented by addivg 20 g. of solid BaCl, ta the
oxidation mixtire prior to steam distillation.

Chromatography .~ Thin Layer cliromntography was carried on
using inactivated silica gel plates prepared in the usual mamer.
A munber of different solvent svstems were nsed. However,
niethanol or ethanol proved to be satisfactory mobile solvents in
wost cases.  Spots were loeated Dy sprayving with  agueons
KMuO; or by irradiation,  Following irradiation of the de-
veloped plate for 15-30 min. with short wave-length ultravioler
light (2537 A.), compounds coutaining the diphenylpyrrolidinone
moeity became fluorescent and could be seen under the longer
wave-length (3660 A.) light.

Isotope Studies.—Cyauno-Ct-diphenylmethane was prepared
{rom K(?*N by the method as described by Sisido, et al.?  Frow
this  compound,  1-ethyl-4-(2-morpholinoethyl)-3,3-diphenyl-2-
prrrolidinone-2-C* was synthesized by the procedure deseribed
by Lamsford, ef al.' The aver-all yield was 13.07( and the specific
activity was 0.74 and 0,16 pe./mg. v each of two fractions ob-
tained by crystallization. The melting points agreed with that
of doxapram hydrochloride and thin layer chromatography indi-
cated ouly oue radioactive and permanganate-positive material.

Biological samples were counted using a Packard liquid sein(il-
latiov spectrometer, Series 314E, in glass vials. The aqaeous
plhosphor consisted of toluene, dioxuve, and ethyl aleoliol (in the
ratio of 4:4:2.4) containing 80 g. of uaplhithalene and 3 g. of PPO /.
The vonaqueons plhiosphor was 4 g. of PPO/L of toluene,

Blooad or spinal fluid (0.20 ml.) was iotroduced into 10 vil, of
aqueoas phosplior in a 18C vial through a 25-gange veedle from
a syringe.  The vial was shaken for 30 miv. and centrifaged.:
The sample was coaunted and corrected Tor qaenching with
benzoie acid-Ctas an ivternal standard.  Bile avd urive were
caunted by mixbig 0.10 ml. with 10 mil. of nqaeous pliosplior.

Tissnes and feces were connted after oxidation to CO». They
woere dried ina vaenant oven at approxinmtely 55°, and gronnd i
a blender: or, wlhere only sumll mmounts of tissie were available,
the tissae was homogenized first and an alignot was dried in o
comlmstion baat. The dried sample was combusted v a con
bustion furnace by a nmdifieation of the method as deseribed by
Pects, ef «l? The liberated C10, was cavpted inthe pomagueons
pliosphor.

Excretion Studies. --Mongrel dogs nf either sex were used.
A single dose of doxapram hydrochloride in water was adminis-
tered intravenously. During the study the regular laboratory
diet was given. Utine, feces, and blood samples were taken at
intervals for analysis.

Tissue Studies.—Mougrel dogs, following an overnight fast,
were anesthetized i.v. with phenobarbital sodium (125 ing./kg.).
Carotid arterial blood pressire aund respiration were recorded
oscillographically, the ureters and common bile duct (cystic
diet was ligated) were canuulated for collection of urine and bile,

(3) I8, Sisidn, M. Noznki, M. Nozaki, and K. Okano, .J. Ory. Chem., 19,
1699 (1954).

(4) J. Y. Nasb and R. I, Crabtree, J. Pkarm. Sci., 50, 134 (1961).

(1] F.. A. Peets, J. R. Florini, and D. A. Buyske. 4Axal. Chem., 32, 1407
(146D,
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Cerebrospinal fluid (CSF) was obtained by direct puncture into
the cisterna niagna, and blood was taken from a femoral vein.
Saline was infused (3 ml./min.) so as to insure a good urine flow.
Samples of body fluids were taken prior to and following the I.v.
injection of 20 mg./'kg. of doxapram hydrochloride. The aninals
were sacrificed by exsanguination, and samples of the following
tissues were taken: heart, lung, liver, pancreas, kidney, adrenal,
spleen, small intestine, large intestine, fat, skeletal muscle,
spinal cord, cortex, medulla, and the remainder of the brain.

Results and Discussion

Analytical Methods.—The results from the recovery
of doxapram, when kunown amounts were added to
samples of various biological materials, is shown in
Table I. This table also shows standard deviations
obtained from representative tissues. The results of
recoveries of fat and brain by the extraction method
were somewhat low, probably due to difficulties en-
countered in the extraction procedures.

Emulsions and precipitates were formed when ben-
zene was used for the tissue extraction. Isooctane was
used for the extraction of benzophenone froni the oxi-
dation media because other solvents that were im-
niiscible with water and transparent in this ultraviolet
region were oxidized to some extent by the perimanga-
nate. The use of the “base-line’” method for measuring
the absorbance was necessary. Control tissues, 7.e.,
tissues having no benzophenone-yielding mniaterial
present, gave, on occasion, absorbing material. The
ultraviolet curve of such material did not show a
maximum in the region of 230-260 1y, but showed a
straight line. The measurement of the absorbance
between the base line and the maximum absorbance
for benzophenone in niillimeters was purely a matter of
convenience in this laboratory.

The steam distillation procedure offered a nuinber of
advantages over the extraction method. The latter
nethod resulted in the determination of only basic
niaterials, whereas all benzophenone-yielding materials
were determined by the steam distillation procedure.

40—
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In addition, there was less occasion to lose materials
i1 transferring from one wvessel to another. The
recoveries obtained by this method are also shown in
Table I and appear to be satisfactory for the determina-
tion of total doxapram and its metabolites in tissues.

Urinary Excretion.—The results obtained from the
study of urinary excretion of doxapram-related ma-
terials are shown in Figure 1. This figure gives the
average data and variation obtained from the study of
15 dogs by the benzophenone method. Also shown
are data found in two dogs whose excretion was studied
through the use of the isotope method.

These results indicate that the major portion of the
urinary excretion occurs within the first 24 hr. following
dosage. An average of approximately 339 of the dose
was excreted within this time. In the 48-hr. period
shown, approximately 409, of the dose was excreted.
The data obtained from one dog using the radioactive
conipound are shown in the lower curve of this figure.
This shows that sinaller amounts of doxaprani inaterials
were deterinined as compared with the benzophenone
method. This might indicate that the pyrrolidinone
ring had opened with the loss of the labeled carbon.
However, a second dog studied for a 4-hr. period. as
shown in the upper curve, would not indicate this.
These data are probably within the experimental
errors of the two niethods of analysis and are not be-
lieved to indicate any significant difference. The ex-
cretion in several dogs, includiig the one that received
radioactive doxapram, were studied for 120 hr, The
increase in the aniount excreted i1 the 48-120-hr.
period accounted for less than 29, of the dose. In
all cases there was some continued excretion during
this period.

The greatest amount found to be excreted in the
urine was 489, of the administered dose. It was,
therefore, apparent that the drug was being excreted
througl some other mechanisn or being converted to a
form that was not detected by our analytical methods.

|

24

48

Time after dosing, hr.

Figure 1.—Urinary excretion of doxapram-related materials in 15 dogs.

and the broken line those obtained with radioisotopes.

The solid line shows the results obtained by chemical analysis

Vertical lines indicate the variation in results of the chemical analyses.
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RECOVERY oF Doxarram WHEN ADDED
10 Bronoaican MaTERIAL

~———-1oxapram hyvdroehloride—--- -

Distil-
lation
/e ~—==Lxtraction method——— method
(ar ml.) No. of 4 /g found /g
Tissue added detns. (3.D) foond
Blood 3.9 10 3.3 (£0.2)
10.0 o0
20.0 164
25.2 2 25
BIUNY 2 by
Fut 10.0 11.9
20.0 2000
BTN 20 .8
H0.0 1 42.0(=£1.9) 47 .7
1000 2 76.0,82.5
200.0 2 183, 182
Muscele 6.3 G 5.7 (£0.3)
10.0 1 9.7 ST
20.0 1 22.3 18.0
S0 46.2
Urine ) 1 6.0
25.2 1 26.8
S 2 1 AT
o0, 0 by 39.9(£2.5)
RBile Shou 1 56.6
1000 1 104.3
200.0 1 208.6
Liver 5.0 1 5.2
10,0 1 11.2 9.7
200 1 268 19,4
3t 0 2006
Coriox 5.0 2 J.0,6.0
1. 0 2 B.7, 11.2 u.7
2000 2008
Poces 2000 223
S0 480

Fecal Excretion.—The fccal exeretion was not studied
as extensively as was the urinavy exeretion. The
chemical method as first used was not satisfactory.
Extraction methods removed only part of the total
doxapramm-related materials present. The  results
thus obtained werce variable even between identical
samples. Dog no. 180-60. which received labeled
doxapram, was studied in this respeet.  The results
of this study are shown in Table II. The major por-
tion of that part exereted in the feces appeared in the
first 24 hr. Some radioactivity continued to appear
through 94 hr. following adm nistration. In the feces
of this dog 389, was found. Since urinary excretion
accounted for 3157, the total recovered was 6997 of the
administered dose.

TasyLe II=
Frcal, ExcrETioN oF Doxaprrav-Cr-RELATED MATER1ALS

Tiine after Total doxapram-

administration, related materials % of C14
L. exereted, me. recovered
0-23.5 488 28.7
23.95-46.5 10.1 6.0
46.5-70.9H 4.8 2.8
70.5-94.0 0.8 0.6
94.0-120.0 ¥ 0

= Thig table shows the fecal excretion from a dog thai was
administered g single 20-mg./kg. i.v. dose of doxapram-C!*.
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Blood Levels.—The results from the analysis ol
blood samples taken at various time intervals following
administration are shown in Figure 2. As would be
expected, the initial samples of blood showed the high-
est coneentrations.  The concentrations dropped rap-
idly during the first hour and then decrecased more
slowly through 24 hy.  The concentrations at this time
were extremely low. A comparison of the results ob-
tained by the benzophenone method with those ob-
tained by the isotope method shows that the latter are
considerably higher.

The larger concentrations found in the isotope
tethod leads one to suspect that a metabolite of
doxapram cxists it the blood stream that is not de-
tected by the chemteal method,  Sinee there was no
merease - the amonnt found by the steam distillation
over that deternined by extraction, the difference
could not he due to the presence of an acidic com-
pound.  The possibility  exists  that  hydroxylation
of the phenyl group or groups may have occurred.
Such compounds do not vield benzophenone under the
conditions of the analysiz.  Such material should oceur
in the urine, which should be reflected in a difference
hetween the isotope and chenneal methods. s seen
above. no such difference appeared to ocear, unless it
was too small to deteet. The reagon for the difference
found in blood levels by the two methods 1s to be further
mvestigatoed.

Bile Levels.-- Bile. from the bile duet, was collected
at intervals during the study of dogs used for tissue
analysis.  The resalts from the analyses are shown in
Figure 3. Mong  with results from  the chemiceal
analyses is given the results obtained from one dog using
the isotope teehnigne.  This eurve falls in line with
the results abtaied by the chemical method. It was
apparent that a considerable amount of doxapram
materials appeared i the bile. The concentration in
soute of these samples was over 100 mg 7100 il
[uitial sammples, Zeat 5 omin, following adminiztration,
did 1ot contain deteetable amounts of doxaprant.

Tissue Analyses.—Results from the analyses of
tissues from eight dogs administered doxapram intra-
venously at 20 mge. kg are given in Table TI,  One
dog, no. 341-62, was given isotopically labeled doxa-
prant.  The results from the analyses of the tissues of
this dog were similar to the results obtained hy the
chemieal method.

A study of the averages of the results indicates that
doxapram-like materials  are  generally  distributed
throughout the antmal.  Higher levels are seen to
ocenr i the Iat, Iiver, panereas, and adrenal glands.
Noervous tissue, m general, contamed somewhat less
than other tissues.  Abdominal aud subeutancouns fa
was analyzed separately in several dogs, but no sig-
nificant differences in coneentrations were obtained.
The relatively large amouwnts of blood m liver and
pancreas could account for the higher values found in
these tissues.

Cerebrospinal Fluid.—Coucentrations of doxapram
or its metabolites were cxtremely low in cerebrospinal
fluid. The highest concentration found was approxsi-
mately 1.5 mg./100 ni., and niost were less than 0.5
mg./100 ml. Since it was difficult to obtain samples
of greater than 1--2 ml., the accuracy of such deternii-
nations is questionable. The spinal fluid of dog no.
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Time after dosing, hr.

Figure 2—Blood levels of doxapram-related materials in 12 dogs.
the broken lines those obtained with radioisotopes.

% of’dose.

The solid line shows the results obtained by chemical analysis and

Vertical lines indicate the variation in results of the chemical analyses.

|

2

Time after dosing, hr.

Figure 3.—Bile levels of doxapram-related materials in 8 dogs.
broken line those obtained with radioisotopes.

341-62, which received labeled doxapram, was analyzed
4 hr. following administration and found to contain
0.07 mg./100 ml., confirming that low concentrations
were present.

Metabolites.—A number of attempts were made to
identify unchanged doxapram in urine and in tissues.

The solid line shows the results obtained by chemical analysis and the
Vertical lines indicate the variation in results of the chemical analyses.

Urine, from dogs that received i.v. doses of doxapram,
was made alkaline and the amines were separated by
chloroform extraction. Thin layer chromatography of
the concentrated chloroform solution revealed three
spots which fluoresced after irradiation and which
were positive to permanganate and ninhydrin sprays.
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DistriuToN oF Doxapras-Likk MateriaLs 1v Dogs SacriFiced Four HourRs FOLLOWING A BINGLE LV, ADMINISTRATION or
20 MG./Rc. oF DoXAPRAM

Dog--~ - --
391-62 217-63 24963 269-63 307-63 * 343-63 396-63 341-62¢ Av. 341.62”
-(loncentration, v/g. —em .
Fat 32 4 13.5 240 TN 7.0 2.0 19,8 256
Muscle 2.6 (Y} 3.3 1.8 4.4 3.4 3.5 3.6 4.4 G.3
Spleen 4.2 1.4 4.5 16.7 S0 . 5.2 0.2 0.3 130
Pancreas 12,9 15.7 5T 10,2 1.9 2.6 16.1 10,4 2402
Lung s 12.7 10.0 10,5 6.2 a0 4K 202 0.2 20,0
Kiduey oA 7T 12,1 N0 0.a =0 7h 11.8 8.6 173
Sl intestine 5.7 N. 6 6.5 6.2 +.1 6. 11.3 .9 10,2
l.arge intestine 50 7.8 Rt T4 16.7 .4 s
Liver 6.4a 15 .4 14.9 240 I8N 6 4.0 6.8 44,06 1.2 62 4
Heart 7.1 6.0 5.4 4.1 1.7 4.9 0.4 a4 11.7
Adrenal 11.5 6.5 15.2 174 16,8 6.0 2.2 5.5 H 7.0
Spinal cord 1.42 2.4 3.3 2.7 5.1 T 1.5 1.6 5.2 2.4
Mednlla 1.0 4.6 2.8 4.7 2.0 3T 3.0 2.6 3.2 3.0
Cerebellum 3.2 3.6 4.3 6.4 1.7 3.0 BT 2.8
Cortex 24 5.4 2.3 4.2 3.0 5.0 1.9 3.2 3.2 2.4
Blood 1.4 5 1.6 3.4 1.0 0 2.0 ) 0 3.7

« Direct oxidation and steam distillation method followed for these determinations.

Thie R; values of these spots did not correspond to the
spot obtained from doxapram. I‘or further identifi-
cation, the spots were removed and oxidized by the
analytical method. Each gave typical ultraviolet
curves for benzophenone. Such analyses have re-
peatedly been carried out but unchanged doxaprani
has never been detected.,

Since relatively large anmounts of doxapram-like
materials were found in the fat of dogs by the above
analyses and no unchauged doxapram was found in the
urine, it was interesting to determine whether it was
present in fat, A sample of 53 g. of fat from dog
269-63 (containing 1.3 mg. of doxapram-like materials
by analysis) was extracted with chloroform according
to the analytical method. The extract was concen-
trated and chromatographed along with doxapram by
the thin layer method on silica gel using ethanol and
ethyvl acetate-ammonium  hydroxide (100:1  v./v)
as solvents, One spot coutaining doxapram-like ma-
terials was found in the fat extract, as revealed by the
methods used for the above wrine analysis.  This spot
did not correspond to doxapram and the structure of
the compound has not been determined.

Treatment of a large sample of blood in the same
manter as that deseribed above also failed to show the
presence  of doxapram.  Amine components which
gave positive ninhydrin spots and whieh vielded benzo-
phenone on oxidation were present,

A =ample of blood was taken 30 min. after dosing
from a dog that had received doxapram-C'.  Analysis
of the sample showed 1.17 wg. /100 mi. of doxapram or
its metabolites was present.  After centrifuging a
portion, cclls were separated from the plasma and each
was analyzed. The plasma was found to contain
8497 of the radioactive material. Repeated washing
of the cells with saline failed to remove all of the radio-
active material, indicating that sonie nietabolic prod-
uct must be firmly bound to the cells,

In order to attempt to determine what conipound
might be present in the blood, a 180-ml. sample, taken
30 min. after dosing with doxapram-C!4, was dialyzed
against pH 7.4, 0.1 M phosphate buffer, The dialysate
was evaporated to dryness under reduced pressure, the

¥ Isotope method.

residue was taken up in a minimun volume of ethanol
and chromatographed. A major radioactive spot was
found at R; 0.29. The R; value for the ethanol amine
derivative (see below) isolated from urine was 0.30,
indicating that this compound may be present in ap-
preciable amounts in the blood. No spot was found
correspouding to doxapran:.

In order to investigate further the nature of the
metabolites present in urine, 48-hr. collections were
made and partitioned into solubility classes. Basic
and ncutral materials were separated by making the
urine alkaline and extracting (all extractions were
carried out in eontinuous liquid-liquid extractors)
with benzene until no more benzophenone-yielding
materials appeared in the organic layer.  The benzenc
solution was then extracted with 6 N HCI, by shaking,
to separate ucutral from  basic components. The
residual urine was acidified, while n an ice bath, and
the urine again was extracted with benzene {o scparate
acidic materials.  Following this, the urine was hy-
drolyzed by refluxing for 3 hir., and again extracted
while still acidie,  The urine then wag made alkaline
and extracted again,  Ouee again the urine was hy-
drolyzed and the alkaline and acidie extractions werce
repeated.  The vesidual wine wuas neutrvalized and
evaporated to dryness. and the residne was extracted
with methanol.  Eacli of the above extracts were
analvzed by the chemieal method. These vesults are
presented in Table I'V.

Doxapram-telated  compounds  were found in all
fractions except that following alkaline hyvdrolysis with

TapLe 1V
PARTITIONING OF MEPABOLITES ACCORDING T0 SOLUBILITY

e e —— ST Of total————

Dog Dog Human

Benzene soluble frone urine bile urine
Alkaline solution 44 12 46
Acid solution ) 7 10
Acid after acid hydrolysis 3 ) 6
Alkali after acid hiydrolysis 3 12 4
Acid after alkaline hydrolysis 4 2 2
Alkali after alkaline hydrolysis 0 0 0
Residual solution 14 23 15
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alkaline extraction. A large number of mietabolites,
therefore, appeared to be present. The immediate
suspicion was that extraction may have been incom-
plete. However, this did not appear to be likely since
each extraction was carried until no more appeared
in the extracting benzene aud since the analytical
method can deterniine as little as 3 v. Lack of com-
plete hydrolysis could have accounted for material
being present after both alkaline and acid hydrolysis.
These results indicated that at least one of each of the
following classes of material was present: an amine,
an acid, a “neutral” material, a conjugated amine,
and a conjugated acid.

Thin layer chromatography in several solvents on
silica gel, as stated above, indicated that three amines
were present, none of which was doxapramn. One of
these awmines, the one appearing in the largest aniount,
was isolated as follows: a chloroform solution of the
fraction was acidified with concentrated hydrochloric
acid and evaporated to dryuess. The yellow oil was
taken up in a small volunie of ethanol and the aniine
precipitated by adding a large volunie of isopropyl
ether. The precipitate was filtered off and recrystal-
lized six tinies from niethanol-isobutyl methyl ketone.
The resulting material proved to be identical
with 1-ethyli-4-(2-hydroxyethylaminoethyl)-3,3-di-
phenyl-2-pyrrolidinone (II). Confirmation was ob-

(CSH5)2 m— CHzCHzNH CHzCHgOH

T
Csz

11

tained from mixture melting points, infrared spectra,
t.l.c., and elemental analyses. Two previous reports
have been found in the literature concerning the metab-
olismi of morpholinet® and niorplioline derivatives.s®
Neither of these indicates opening of the morpholine
ring, as was definitely showi by the above results.

Reaction of the spots obtained on t.1.c. with ninhydrin
showed that one of the spots developed color much
more rapidly and moved more slowly than did the spot
corresponding to the above identified secondary amine.
This led to the suspicion that the slower moving spot
might be the corresponding primary amiine. This
amine [l-ethyl-4-(2-aminoethyl)-3,3-diphenyl-2-pyrro-
lidinone (I1I)] was synthesized and t.d.c. indicated
that the two conipounds were the same. Acetyl deriv-
atives of each were prepared on thin layer plates by
spotting each compound, the metabolic amine having
been isolated by t.lc., and then placing a drop of
acetyl chloride on each. The excess acetyl chloride
was allowed to evaporate overnight aud the chroma-
tograms developed with methanol-acetic acid (100:1).
Both samples gave the same R; value, which was dif-
ferent from that obtained from the unreacted amine.
A larger anount of the mixed metabolic ainines was
separated by t.l.c. and the amine of interest was eluted
fromn the silica gel with nethanol. A IXBr pellet was
prepared and its infrared spectrum was conipared with
a corresponding pellet of the authentic primary amine.
These also indicated that the compounds were the
same.

(6) (a) R. K. Maller and C. Heidelberger, Cancer Res., 17, 296 (1957); (b)
A, Engtehardt, D. Jerchel, H. Weidman, and H. Wick, Arch. Ezpil. Pathol.
Pharmakol., 285, 10 (1958).
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(CoHs)s CH,CH;NH
o=

N

|
CzHs
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The relative quantities of the three amines detected
were determined from thin layer chromatograns,
The spots were identified by ninhydriu, removed from
the plate, and analyzed. The results indicated that
509, of the anine fraction occurred as IT and 259, as
II1, with the remainder being the unidentified amine,

The fraction obtaiued by extraction of the acidified
urine was also investigated. Thin layer chromatog-
raphy on silica gel using ethyl acetate coutaining 19
acetic acid for development revealed five spots that
were positive to permanganate spray. One spot
becanie fluorescent on irradiation with ultraviolet
light. The spots were eluted and analyzed. Only one
gave benzophenone on oxidation, indicating the presence
of one acidic metabolite, with the diphenylmethyl
moiety uichanged.

The presence of thie 2-pyrrolidinone structure was
indicated by an infrared curve obtained from material
eluted from a thin layer chromatogram. This curve
showed a band at 5.90 x which is reported to be typical.!

Other fractions from the partitioning by solubility
have not been investigated,

Bile Metabolites—Bile samples (Table IV) were
carried through the extraction procedure as described
above for urine. The pattern of distribution appeared
to be very similar to that for urine except that a smaller
per cent of free amines and a larger per cent of con-
jugated amines were present. Aliquots of the free
amine fraction were chromatographed and compared
with the corresponding fraction obtained from urine.
The chromatogram showed that the same three amines
appeared in the bile that were preseut in the urine:
a fourth amine was also present. However, none of
these corresponded to unchanged doxapram. Theratios
of the amounts of the three ainines present, as indicated
by analysis, were very similar to the ratio iu urine.

Human Urine Metabolites.—Several samples of
urine from patients who had received doxapram have
been analyzed. The results are seen in Table V.
Some of the administrations were by intravenous drip

TasLe V
TriNnaRY EXcRETION OF DOXAPRAM-RELATED MATERIALS
1IN HuMans
Period of Doxapram-materials present
Dose, collection, % of
mg. hr. mg. dose
5,320 0-36 455 8.6
2,840 0-40 244 8.6
2,000 0-24 204 10.2
49,000 0-72 1054 21.5

and some by injections. Interpretation is, therefore,
difficult. The last patient reported was administered
2400, 1500, and 1000 mg. on three consecutive days
with urine being collected at the same time. There
was an increase in excretion each day, as would be
expected.

One of the human urine samples was partitioned by
the solubility method as described above. The pat-
tern of distribution is shown in Table IV, Chromatog-
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raphy of the amine fraction iudicated that the same
anmines were present as in dog urine. Chromatography
of the acid fraction indicated that the same acid was
present.
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It has previously been shown that a variety of syuthetic organic compounds dissolve human plasma clots at

a rather low conceutration.

A clear-cut relatiouship between cheniical structure and activity was observed.
Testing of activity, however, has required a complicated procedure.
and quantitative screening test hag been developed and is described in this paper.

To avoid this difficulty, a new, simple,
It cousists essentially of the

formation of clots from human plasma obtained fromn outdated blood bank blood. The clots are suspended in

the solution of the compound to be studied and incubated for 24 hr. at 37°.

completely dissolved iu this time.

With active compounds, the clots

Based on the new screening test, some examples of the relationship of chemiical

structure and ability to dissolve clots are given for netive benzoie acid derivatives, recently observed to induce

fibrinolytic activity,

Development of cheap and reliable thrombolytic
(clot dissolving) drugs which are easy to use is one of
the great challenges in the field of therapeutics. At
present, there are no drugs in wide-spread use which
effectively cope with tlie number-one killer, intravaseu-
lar clots. Omne major reason appears to be the lack of
participation of the orgaunic chemist in the development
of fibrinolytic (thronibolytic) drugs which has been left
entirely to the biochemist. The presently available
enzymatie thrombolytic agents, though under certain
circumistances quite useful, are generally disappointing
from the clinical point of view: they are expensive, they
require claborate laboratory procedures for control,
and they cannot be used on a preventive basis.

In this laboratory, it was discovered that a variety
of organic compounds upon dissolution in human
plasma in the test tube induced a marked fibrinolytic
activity. This was not true of bovine, canine, and
feline plasma. The ability of a compound to exhibit
this particular property was structure dependent.?~*
Minor changes of the cheinieal stmeture either cu-
hanced or abolished the ability to produce fibrinolytic
activity.  The compounds were induced by a
yet poorly understood pathway--activation of the
fibrinolytic enzyiie systemn in human plasma, dem-
onstrated by fibrinolytic, cascolytic, and esterolytic
activity. 2% Urethan was the first compound found to
induce fibrinolytic activity in human plasma. Varia-
tions of the structure showed an inerease of activity
in thisorder: urethan < methylwethan < ethylurethan,

(1) Supported by a grantin-aid of the Awerican Heart Association, by

Cirant HF.05538 of the National Heart Institute, U. 8, Public Health Service,
and partly by a grant-in-aid of the Wyaming Heart Association.

(2) K. N. von Raulla, “Ghemistry of Thromnbolysis: Hanan Yibriw-
Iytic Iinzymes” Charles C Thoinas, Publisher, 3pringfield, Il., 1963, p.
241,

{3) (. Bugni, “Syntleesis of Organic Congqovnds Which Induce Fibrinol-
vsig,” Thesis, Boulder, Colo., 1963,

(4) K. N. von Kavlla and R. L. Switly, Prac, Soc. Exrptl. Biol. Med., 106,
530 (1961).

{3) K. N. von Kaulla, Arck. Biockem. Biophys.. 96, 4 (1962).

(60 K. N. von Kaolla. Thromh. Diatk, Haemorrhag., T, 404 (1662).

and (for a related group of compounds) urea (no ac-
tivity) < thiourea < ethylurea < allyl-2-thiourea.*
As a working hypothesis it was assunied that hydro-
tropy could be the common denominator for the activity
of these compounds. In order to test the hypothesis,
other compounds with known hydrotropic activity but
quite different struetures were studied.  Large asym-
metrie hydrotropic anions like 2 4-dimethylbenzene-
sulfonate and 2-naphthalenesulfonate brought about a
A-fold inerease in activity as compared to nrcthan,
whereas large asymmietric hydrotropic cations like
tetra-n-propylammoniuim  brouniide were completely
neffective.y  Compounds with a carboxyl group at the
end of the hydrophilic side chain were slightly wmore ac-
tive than the ones with sulfonic acid. Therefore, at
present, our scarch for better compounds is concen-
trated on the former group. It has been possible by
varying the strueture further to inerease the activity
by a factor of approximately 40 and to define some ad-
ditional structural requirements for an active com-
pound (for exaniples see Discussion).»® It is likely that
intensive search for wore active compounds will
eventually lead to synthetie thrombolytic drugs.  lor
these studies, a quantitative but rather elaborate testing
procedure has been used previously.’

The investigations were hampered by the lack of
quantitative testing methods suitable for screening
and, most Important, suitable for the researcher uu-
famniliar with the technigque of blood coagulation and
fibrinolysis. A new, simpler method, together with
some instructive examples of test results, is briefly
described in the Ixperimental section. It is hoped
that the procedure will enable the organic chemist to
participate in the quest for thirombolytic agents.

Experimentat

Principle. - Human plasma clots are suspended at 37° 1 o
solution of 1 componnd to be tested. After 24-hr. ineub» thou,

(71 K. N, von Kaalla, ibsd,, 5, 489 11496175,



