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This particular subject has not been reviewed previously, although many 
reviews on related subjects have covered aspects of it (1-8), and a collec­
tion of articles on the separation of biological materials (9) is recom­
mended. The field is extensive, so it has been necessary to be selective in 
the definition of "pharmacologically active substances." This review deals 
with methods of isolation which have been used for hormones, neurohu­
mors, and autacoids, a collective name (10) for various autopharmaco­
logical agents. Methods for the isolation of substances primarily of bio­
chemical or physiological interest have not been included, although no fine 
lines divide these disciplines from pharmacology. Some pharmacologically 
active extracts containing unidentified active substances are included. A 
summary of the apparently most useful method of isolation is included for 
each substance where possible. 

ISOLATION METHODS, GENERAL 

The extraction of substances from solid animal tissues may commence 
with homogenization of the fresh or frozen tissue with water, aqueous solu­
tions, or other solvents, followed by centrifugation or filtration; this tech­
nique is suitable for hydrophilic or easily water-soluble substances since the 
resulting extract will be more or less aqueous. Alternatively, a tissue may 
be lyophilized or otherwise dried and then extracted with nonaqueous sol­
vents; this may be the more appropriate technique for the extraction of a 
lipophilic substance, although such substances can be extracted by homoge­
nization. In general, solvent extraction of a pre-dried tissue is more specific 
than homogenization, from which a complex mixture of water-soluble sub­
stances inevitably results. Some tissues may be dried by grinding with a sol­
vent such as acetone, depending upon the solubility of the required sub­
stance. 

Fractionation of intracellular components may be carried out by using a 
Potter-Elvehjem type homogenizer followed by differential centrifugation. 

1 The survey of literature pertaining to this review wa s concluded in May 1968 . 

• The following abbreviations have been used: FSH for follicle stimulating 
hormone; LH /01' luteinizing hormone; LRF for luteinizing hormone releasing 
factor; TRF for thyrotrophin releasing factor; and S-HT for S-hydroxytryptamine; 
and SRS for slow reacting substance. 

407 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. 1
96

9.
9:

40
7-

41
8.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 R
E

N
SS

E
L

A
E

R
 P

O
L

Y
T

E
C

H
N

IC
 I

N
ST

IT
U

T
E

 o
n 

12
/1

6/
11

. F
or

 p
er

so
na

l u
se

 o
nl

y.



408 TEMPLE 

More complex systems of centrifugation may be used (9, 11). The extrac­
tion of substances from blood (12) is usually preceded by separation of the 
erythrocyte fraction from the plasma. 

How does the research worker proceed when a crude extract of a tissue 
is found to possess pharmacological activity? If the nature of the active 
principle is suspected, the purification procedures used for such a substance 
previously, and outlined in this review, will provide a guide. If the sub­
stance is unknown, rules are not easy to formulate, and Morris's review on 
choice of methods (4) may assist. Solubility and solvent partition tests, and 
determination of the stability of the active substance to changes in tempera­
ture and pH are suggested as initial experiments, with stepwise checking of 
the activity of the solution by bioassay. An estimate of the molecular 
weight of the active substance can be obtained from dialysis, or gel filtra­
tion using a suitable grade of molecular sieve or gel (9); if solubility data 
suggest an ionized substance, electrophoresis may provide further evidence 
for this. 

The crude extract may then be purified by one or more of a number of 
techniques, progress being followed by bioassay. Differential solubilities 
may be exploited by partitioning between immiscible solvents, as in the 
countercurrent distribution technique (1, 8, 13). Dialysis and ultrafiltration 
through semipermeable membranes (4, 14) or filtration (6, 8, 15) with dex­
tran or polyacrylamide gels are processes frequently used to separate large 
molecular species such as polypeptides. Chromatography in columns packed 
with a variety of inert adsorbents or ion exchange resins (1,4, 16) is appli­
cable to most substances, and liquid ion exchangers (17) may be used in a 
solvent partition system when an ionized substance is involved. The precipi­
tation of proteins by the addition of suitable agents is common, and some 
substances may be purified by the reversible formation of insoluble deriva­
tives or complexes. Electrophoresis, a technique adequately reviewed (4, 6, 
18, 19), can be used to separate ionized substances, and together with paper 
chromatography (1, 20, 21) or thin layer chromatography (22) may be use­
ful as the final stage in purification or identification. The active material 
may be located on a chromatogram by chemical colour tests (23) or ultra-vi­
olet fluorescence, or by elution and bioassay of segments of the chromato­
gram, using standard substances for comparison. Spectrochemical tech­
niques such as spectrophotoftttorimetry have been widely used, and eluates 
from chromatographic columns may be monitored spectrographically using 
flow cells. 

ISOLATION OF HORMONES 

Hormones are discrete chemical substances produced in special glands or 
cells, which are transported to exert their effects upon sites of action in 
other tissues. Recent reviews which include the isolation of hormones are 
those by Butt (5), for protein hormones by Acher (24) and Law (25), and 
for hormones from plasma, by Antoniades (12). 
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DRUG ISOLATION TECHNIQUES 409 

Posterior pituitary hormones.-The posterior pituitary or neurohypophy­
seal hormones are oxytocin and vasopressin, which have a regulatory func­
tion. Current methods of isolation of these two hormones have been re­
viewed (5, 24) ; in general, posterior pituitary lobes are defatted with ace­
tone and the powder extracted with dilute acetic acid. The hormones are sep­
arated by adsorption chromatography and column electrophoresis: oxytocin 
is isolated by use of triethylaminocellulose columns and electrophoresis on 
cellulose, and vasopressin by use of DEAE-cellulose and sulphomethyl­
cellulose columns and electrophoresis. Craig (13) reviewed the isolation of 
active principles by partition, with reference to pituitary extracts. 

Pars intermedia hormones.-From the intermediate region of the pitui­
tary in primates and amphibians the polypeptide melanocyte-stimulating 
hormones or intermedins can be isolated by extraction of the pituitary pow­
der by acetic acid, precipitation by ether, and adsorption of these hormones 
on oxycellulose, which separates them from corticotrophins (5, 25, 26) to 
which they are chemically similar. 

Anterior pituitary hormones.-Wilhelmi (26) described a useful serial 
extraction of human pituitaries which yielded gonadotrophins and prolactin 
as well as somatotrophin. Pituitary extracts have been purified by starch gel 
electrophoresis (27) and by DEAE-cellulose chromatography (28). Growth 
hormone or somatotrophin is the most abundant, approximating 4 per cent 
by weight of the dried gland in man. Its extraction has been reviewed (24, 
29, 30). Butt (5), who compared yields and purity of extracts reported by 
different authors, preferred Raben's method of isolation (30) using acetic 
acid-acetone. The preparation of pituitary gonadotrophins has been summa­
rized (5, 24). Human follicle-stimulating hormone (FSH) and luteinizing 
hormone (LH) have been separated from prolactin and growth hormone in 
primary pituitary extracts by cation exchange chromatography (31) . 
Human pituitary FSH was purified 10,000 times over the crude acetone 
powder by successively using columns of Sephadex GlOO, ion exchange 
resin, electrophoresis on cellulose columns and polyacrylamide gel (32). 
Homogeneous ovine FSH was recently prepared (33) and the efficiency of 
various purification methods for ovine FSH has been compared by Butt 
(5), who also reviewed the purification by ion exchange of gonadotrophins 
from other sources. LH is best extracted from the pituitaries of horse or 
sheep, purified by ammonium sulphate fractionation and ion exchange chro­
matography (34) or gel filtration (5). Purified LH from porcine glands 
(35) was concentrated from a gonadotrophin-rich extract by fractionation 
with metaphosphoric acid and ethanol and ion exchange chromatography. 

Corticotrophin or ACTH may be extracted from the anterior pituitary 
by acid acetone and purified (5) by salt fractionation, starch electropho­
resis, and ion-exchange chromatography; it is commercially prepared from 
porcine, ovine, and bovine pituitaries. Early isolation work by Li and his 
school (36) included the identification of pure ex-corticotrophin from sheep 
pituitary (37). The fractionation of corticotrophic hormones from human 
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410 TEMPLE 

plasma has been reviewed by Munson (12). Corticotrophin release is me­
diated by a "releasing factor" (CRF), a peptide released by the hypothala­
mus and which can be extracted by acid acetone (5). Hypothalamic releas­
ing factors for LH and thyrotrophin (LRF and TRF) have also been iden­
tified. LRF has been purified (38) from acid extracts of bovine hypothala­
mus. The isolation of prolactin, the lactation hormone, has been described 
using ovine pituitary; counter current distribution was used for purification 
(5). Radio-immune assays using lalI-labelled prolactin showed that extracts 
of pituitaries from many species gave the same reaction (39). 

Methods for the isolation and assay of thyrotrophin have been reviewed 
(12, 40). It is most readily extracted from preacidificd blood or urine using 
ethanol with sodium chloride, followed by electrophoretic fractionation (5). 

Thyroid and parathyroid hormones.-The thyroid hormones have been 
reviewed by Robbins & Rail (41); they are iodine-containing compounds 
which occur bound to proteins in the thyroid. Thyroglobulin is such a pro­
tein, and is extracted from the thyroid by aqueous solvents (41) and puri­
fied by ammonium sulphate precipitation and DEAE-cellulose chromatogra­
phy. The isolation from thyroid tissue of thyroxine and the related iodine­
containing compounds such as triiodothyronine has been described by 
Barker (42). These hormones are released from combination with protein 
by the in vitro action of pancreatin, trypsin, or pronase at pH 8.4; the 
iodo-compounds are then extracted with n-butanol-saturated N HCI or with 
methanol-ammonia (1:1) and separated chromatographically. The use of la­
belled thyroid hormones is common in research, since 1311 is readily de­
tected. The hormones may be detected physically or chemically by other 
methods (5, 42). A substance described as a "long-acting thyroid stimula­
tor" has been isolated from serum, purified, and bioassayed on mice (43). 
Thyrocalcitonin (44), or calcitonin (44a), has been extracted from mam­
malian thyroid tissue and purified by gel filtration (45). 

Difficulties associated with the extraction of parathyroid hormone have 
been discussed in reviews (5, 46, 47). The phenol extraction method of 
Aurbach (46) has yielded parathyroid hormone from acetone powder of the 
gland or from blood, and the hormone has been obtained 90 per cent pure 
by gel filtration with Sephadex Gl00 (48). 

. 

Hormones of the adrenal gland.-Standard methods for extraction of 
catecholamines from heart, adrenal glands, or other tissues involve the use 
of acid alcohol (49) or salt-saturated acid butanol (50, 51). Epinephrine 
was isolated from adrenal glands by Vogt (52), and was extracted from 
plasma (53) together with norepinephrine, from which it may be separated 
by paper chromatography (54) or gel filtration (55). Catecholamines and 
their metabolites in extracts have been differentiated fluorometrically (53, 
56) and electrophoretically (57). 

Aldosterone may be isolated from adrenal tissue (58), blood (59, 60), 
and urine (59) by extracting acidified fluid or tissue with methylene dichlo­
ride or chloroform. The adrenal corticosteroids have been extracted from 
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DRUG ISOLATION TECHNIQUES 411 

blood or urine (5, 12, 61) using organic solvents, and have been purified 
chromatographically. 

Androgens have been extracted from testes and adrenal cortex (5), and 
schemes for extraction from human plasma and from urine have been se­
lected in reviews by Migeon (12) and Dorfman (61). The isolation of 
estrogens was reviewed by Preedy (61); these hormones may be extracted 
with organic solvents from urine and purified chromatographically (5, 21, 
62). Progesterone has been isolated from corpus luteum by Zander (61) 
and from blood (12). 

Pancreatic hormones.-Insulin was first extracted from dog pancreas in 
1922 by Banting & Best (63). It is now produced commercially from bovine 
or porcine pancreas by a multi-stage process summarized by Butt (5); the 
review by Acher (24) refers to another method of preparation. Glucagon 
was isolated in 1955 (64) as a by-product from the purification of crude 
porcine insulin. 

ISOLATION OF NEUROHUMORAL SUBSTANCES 

The occurrence of biogenic amines in brain, including their isolation, has 
been reviewed (65). 

Acetylcholine.-Early methods for the isolation of acetylcholine from 
brain and other tissues used trichloroacetic acid (66). Separation of acetyl­
choline from crude extracts by reineckate formation was reported (67), and 
Whittaker (68) reviewed methods of separating acetylcholine from its 
homologous esters. Acidified ethanol was used to extract acetylcholine from 
crushed frozen brain (69); extraction with buffer at pH 4, followed by heat­
ing to destroy enzymes (70), is perhaps the most generally useful method­
acetylcholine in the reSUlting extract being purified by paper or thin layer 
chromatography. Acetylcholine was separated electrophoretically from re­
lated compounds in a brain extract (71), and it was identified in the water­
soluble fraction from alcohol extracts of optic nerves (72). Cholinomimetic 
activity has recently been separated from nonbasic material in a brain ex­
tract by liquid ion exchange (73). Acetylcholine was identified (74) to­
gether with 5-hydroxytryptamine from a sucrose density gradient separa­
tion of ganglionic constituents from the dam M ercenaria, and was also 
found in snail and clam ganglia (75). Acetylcholine has been isolated also 
from nonnervous tissue, for instance from extracts of mammalian urinary 
bladder (76) and from the heart of Tapes watlingi (77). 

N orepinephrine.-Together with other catecholamines, norepinephrine 
may be isolated from brain using acid methanol (78), perchloric acid (79), 
or acidified butanol saturated with sodium chloride (51). Separation of 
norepinephrine from epinephrine and its metabolites may be accomplished 
by ion exchange (79), paper chromatography (54), or electrophoresis (57). 
Dopamine has been extracted from brain with dilute acid (80) and esti­
mated fiuorometrically, or it may be separated from norepinephrine and re­

I
lated compounds by thin layer chromatography (81). 
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412 TEMPLE 

S-Hydrozytryptamine.-5-Rydroxytryptamine was isolated from brain 
tissue using n-butanol (82) or, with better yields, using n-heptanol (83). 
There are good reviews covering its isolation from other tissues (84, 85), 
and more recent reports of its isolation from plasma (86) and separation 
from other aromatic amines in urine (87). 

There is some evidence that 5-RT acts as a transmitter in the heart of 
the mollusc H eliz pomatia since it was identified chromatographically in a 
perfusate which stimulated a Loewi-type assembly of snail hearts (88); 
it has also been found in the heart and ganglia of Tapes watlingi (89). 
Erspamer (90) has separated 5-RT and some of its metabolites from ex­
tracts of toad skin. 

Amino acids.-,,(-Aminobutyric acid (91, 92) is widely distributed in the 
animal and plant kingdoms, and its estimation has been reviewed (93). It 
has been separated from other amino acids and derivatives in bovine brain 
by cation exchange resins (94), and identified, with other amino acids, in 
extracts of molluscan nervous tissue (95). Ergothioneine is an amino acid 
derivative extracted from brain, and identified as the "cerebellar factor" 
(96). 

Histamine.-Ristamine occurs in brain and is also widely distributed in 
other tissues as a depressor substance and smooth muscle stimulant (97). 
Methods for its isolation and estimation from various tissues have been 
summarised by Crossland (98), Blaschko (97), and Adam (65). It was ex­
tracted from brain using trichloroacetic acid and purified by ion exchange 
(65,99). 

Many biogenic amines and other active substances have been isolated 
from central nervous tissue (65, 91, 92). Toh (100) has described the ex­
traction from brain of several smooth-muscle contracting substances which 
were not well characterised. 

ISOLATION OF AUTACOIDS 

Substances P.-Von Enler & Gac\c\um (101) discovered substance P. Tt is 
a polypeptide smooth muscle stimulant and vasodilator which occurs in 
intestine and brain, and has been isolated from these tissues with acid alco­
hol or by boiling with buffer at acid pH. These extracts have been purified 
by ammonium sulphate or ethanol precipitation, solvent partition, alumina 
chromatography with methanol as eluent, ion exchange chromatography, 
and electrophoresis (102). Its isolation as two or more active principles in; 
essentially pure form has been reported (103-105). 

Other powerful vasodilating hormones related to substance P (106) are 
eledoisin and physaelamin. These undecapeptic\es have been studies by Er­
spamer and his colleagues in Milan; they isolated eledoison from the sali­
vary gland of a mollusc (107) and physaelamin from the skin of a South 
American amphibian (108). 

Other polypeptide smooth muscle stimulants.-There are reviews of the 
pharmacology, including isolation, of polypeptides (25, 109, 110) and also 
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DRUG ISOLATION TECHNIQUES 413 

of kinins (111, 112)-a group of vasoactive polypeptides produced in 
plasma from inactive substrates by enzyme action. The enzymes kallikrein 
or plasmin in the presence of an activator release from an 1X2-globulin the 
kinins bradykinin and kallidin (25). Kallikrein, known since 1930 and de­
scribed as a depressor substance, was recently isolated from pig serum and 
purified (113). The first preparation of crude bradykinin was published by 
Rocha e Silva, Beraldo & Rosenfeld in 1949 (114) after their observation 
of the release in vitro of a potent stimulant in dog's blood upon addition of 
snake venom or trypsin. Bradykinin was later purified by Elliott, who re­
viewed the subject (115), using ammonium sulphate precipitation, incuba­
tion with trypsin and addition of ethanol, followed by chromatography or 
paper electrophoresis. 

Relationships between groups of plasma peptides were established when 
. bradykinin and kallidin were shown to exhibit crossed tachphylaxis on the 

guinea pig ileum on one hand, and substance P, physaelamin, and eledoisin 
on the other, with no crossed tachyphylaxis between the two groups, sug­
gesting two types of common peptide receptor in the ileum (106). 

Rocha e Silva, Beraldo & Rosenfeld (114) observed that bradykinin 
had properties resembling those of "slow reacting substance" (SRS) iso­
lated by Feldberg & Kellaway (116) after observing that egg yolk produced 
a smooth muscle stimulant when incubated with cobra venom. Vogt (117) 
studied egg yolk SRS and found it to be a lipid-soluble acid. Another slow 
reacting substance produced in anaphylaxis (SRS-A) has been investigated 
by Brocklehurst (118). SRS-A occurs in the perfusate from the lungs of 
guinea pigs previously sensitized; it has been partially purified by the ion­
exchange removal of histamine, and the adsorption of SRS-A on to char­
coal and elution with aqueous n-butanol. Berry & Collier (119) considered 
SRS-A, which they prepared by Brocklehurst's method, to resemble the kin­
ins, and they believed it to have a receptor similar to but independent from 
that of bradykinin. Electrophoresis of Brocklehurst's SRS-A gave a single 
band, suggesting its homogeneity (120). 

Another hypotensive polypeptide is caerulein, which was isolated from 
the skin of the frog H yla caerulea. (121). 

I 
The renin-angiotensin system has been reviewed (25, 110, 122). Angi-

otensin has been isolated from horse serum by a method involving counter­
current distribution and alumina chromatography (123). Renin is a proteo­
lytic enzyme found in crude saline extracts of kidney; it behaves as though 
it is itself a pressor substance, but is only pressor because it releases angi­
otensin in plasma. Renin has been purified from aqueous extract of kidney 
on DEAE-cellulose (124). A renin-like pressor substance has been isolated 
from the placenta of mammals, (125) for example, and a renin-like activity 
has been identified in preparations of erythropoietin (126). Erythropoietin 
is a glycoprotein hormone found in plasma and urine but not yet purified, 
which is involved in red cell production (127). A renin inhibitor has been 

I 
extracted from kidney with acetone and purified (128); it is a phospholipid 

I 
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414 TEMPLE 

which is antihypertensive because it prevents angiotensin formation. The 
antidiuretic effect of angiotensin on the isolated perfused rat kidney is alsc 
found with a substance extracted by ethyl acetate from lung tissue (129) 
likewise by an anionic globulin isolated from plasma (130). A nondialysabl€ 
pressor substance different from angiotensin and found in serum of severa 
mammalian species has been partly purified (131). 

OTHER SUBSTANCES 

Lipid-soluble smooth muscle stimulants.-A number of lipid-soluble sub· 
stances which stimulate smooth muscle have been isolated, and some men­
tioned in reviews by Vogt (117, 132). Darmstoff, a phospholipid, is th( 
name given to a smooth muscle stimulant extracted from intestinal tissue b) 
organic solvents (132). Irin is a similar substance extracted from rabbit iri! 
(132, 133) and is the active principle for contracting the eye muscle. Then 
has been much recent work, particularly by Bergstrom & Horton and theil 
respective groups, on prostaglandins, a group of lipid-soluble carboxylic 
acids with the ability to contract smooth muscle; they have been isolate< 
from many tissues (134-136). Their extraction, reviewed by Bergstron 
( 134), was reported from blood (137), brain (138), seminal fluid (139) 
and other tissue homogenates. G-acid, a smooth muscle stimulant with , 
slow action isolated from plasma (132), may be converted by heat to sub­
stance Q, a quick-acting smooth muscle stimulant which has been purifie< 
(140). A lipid of a different type, carcinolipin, has been purified from ra 
liver. It is carcinogenic and stimulates protein synthesis in vitro (141). Re 
cent reports show that extracts of brain lipid include an acetylcholine-re 
leasing factor (142) and a substance which affects reproduction in the ra 
(143) . 

Cardiac stimulants.-There are numbers of naturally occurring sub 
stances which stimulate the heart. Early concepts of a heart hormone have 
been thoroughly reviewed (144) ; two of such substances are palmitoyl lyso 
lecithin, a cardiac stimulant isolated from blood and identified (145), am 
cardiolipin, a phospholipid extracted from ox liver (146). Recosen is a com 
mercially available extract of mammalian heart which has an indirect sym 
pathomimetic action on the heart; it is a coronary vasodilator (147, 148) 
A cardioactive peptide isolated from plasma (149) is kinekard, which ha: 
been shown to stimulate toad heart muscle and to behave like epinephrine at 

isolated smooth muscle (150). A cardiac stimulant substance was extracte< 
and partly purified from spleen and other mammalian tissues (151, 152) 
Cardenolides such as the bufotoxins, structurally related to the digitalis gly 
cosides, have been isolated from toads (153) and other animal source: 
(154). Aqueous extracts of the heart of the Pacific hagfish yield a cardiac 
stimulant, eptatretin (155); and, similarly, extracts of nervous tissue of thl 
mollusc Aplysia (156) and of various other mulluscan tissues contain car 
diac stimulant substances (74,75). 

. 

Invertebrate tissue extracts.-The extraction of active substances fron 
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DRUG ISOLATION TECHNIQUES 415 

invertebrate tissues is a rather special field which has not been treated com­
prehensively here (157). Whittaker, in one of a collection of reports on ac­
tive substances of marine origin (158), describes some active choline esters 
with complex chemical structures isolated from gastropods. Planetocin, a 
stimulant of uterine smooth muscle, has been extracted from the gut of the 
cockroach Periplaneta americana and partly purified (159, 159a). 

There has been recent interest in insect hormones. The isolation of in­
sect attractants or pheromones has been competently summarised by J acob­
son (160). The insect moulting hormone, ecdysone, has been isolated from 
silkworms (157), and recently crustecdysone, the crustacean moulting hor­
mone, has been obtained pure from crayfish (161). Bioluminescent sub­
stances have been isolated from Renilla (162), and aequorin from the me­
dusa (163). There have been numerous reviews on toxins and venoms (164, 
165) ; methods for their isolation have been omitted through lack of space. 

LITERATURE CITED 

1. Comprehensive Biochemistry, 4, Sep­
aration Methods (Florkin, M., 
Stotz, E. H., Eds., Elsevier, New 
York, 282 pp., 1962) 

2. Craig, L. c., Methods Med. Res., 5, 
1-133 (1952) 

3. Dunnhill, P., Sci. Prog., Oxford, 54, 
575-89 (1966) 

4. Morris, C. J. O. R., Morris, P., 
Separation methods in Biochemis­
try, (Pitman, London, 887 pp., 
1964) 

5. Butt, W. R., Hormone Chemistry 
(Van Nostrand, London, 397 pp., 
1967) 

6. Tiselius, A., Porath, J., Albertsson, P. 
A., Science, 141, 13-20 (1963) 

7. Sourkes, T. L., Methods Med. Res., 
9, 121-254 (1961) 

8. Tiselius, A., Experientia, 17, 433-43 
(1961) 

9. Kekwick, R. A., Ed., The Separation 
of Biological Materials, Brit. Med. 
Bull. 22, 103-89 (1966) 

10. The Pharmacological Basis of Thera­
peutics, 614-15 (Goodman" L. S., 
Gilman, A., Eds., Macmillan, New 
York, 1785 pp., 1965) 

11. Blaschko, H., Regional Neurochem­
istry, 3-7, (Kety" S. S., Elkes, J., 
Eds., Pergamon, Oxford, 540 pp., 
1961) 

12. Hormones in Human Plasma (An­
toniades, H. N., Ed., Churchill, 
London, 667 pp., 1960) 

13. Craig, L. c., Bull. N.Y. Acad. Med., 
39, 686-703 (1963) 

14. Craig, L. C., King, T. P., Methods 

Biochem. Anal., 10, 175-99 (Inter­
science, 1962) 

15. Determann, H., Angew. Chem. In­
tern. Ed., 3, 608-17 (1964) 

16. Cassidy, H. G., Fundamentals 
of Chromatography (Interscience, 
New York, 447 pp., 1957) 

17. Temple, D. M., Gillespie, R., Nature, 
200, 714-5 (1966) 

18. Whipple, H. E., Ann. N.Y. Acad. 
Sci., 121, Art. 2, 305-650 (1964) 

19. Gross, D., Analyst, 90, 380-402 
(1965) 

20. Block, R. J., Durrum, E. L., Zweig, 
G., A Manual of Paper Chromatog­
raphy and Paper Electrophoresis, 
2nd edition, (Academic Press, 
New York, 710 pp., 1958) 

21. Oakey, R. E., Chroma tog. Rev., 5, 
208-22 (1963) 

22. Demole, E., Chromatog. Rev., 4, 26-
48 (1962) 

23. Data for Biochemical Research 
(Dawson, R. M. C., Elliott, D. c., 
Elliott, W. H., Jones, K. M., Ox­
ford University Press, 299 pp., 
1962) 

24. Acher, R., Ann. Rev. Biochem., 29, 
547-76 (1960) 

25. Law, H. D., Progr. Med. Chem., 
4, 86-170 (1965) 

26. Wilhelmi, A. E., Can. J. Biochem. 
Biophys., 39, 1659-68 (1961) 

27. Barrett, R. J., Friesen, H., Astwood, 
E. B., I. Bioi. Chem., 237, 432-39 
(1962) 

28. Machler, M. T., Nature, 217, 1149-
50 (1968) 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. 1
96

9.
9:

40
7-

41
8.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 R
E

N
SS

E
L

A
E

R
 P

O
L

Y
T

E
C

H
N

IC
 I

N
ST

IT
U

T
E

 o
n 

12
/1

6/
11

. F
or

 p
er

so
na

l u
se

 o
nl

y.



416 TEMPLE 

29. Matsuzaki, F., Raben, M. S., Ann. 
Rev. Pharmacol., 5, 137-50 (1965) 

30. Raben, M. S., Recent Progr. Hor­
mone Res., 15, 71-114 (1959) 

31. Reichert, L. E., Jr., Parlow, A. F., 
Endocrinology, 75, 815-17 (1964) 

32. Saxena, B. B., Rathna, P., J. Bioi. 
Chem., 242, 3769-75 (1967) 

33. CahilI, C. L., ShetJar, M. R., Payne, 
R. W., Endecott, B., Li, Y. T., 
Biochim. Biophys. Acta, 154, 40-
52 (1968) 

34. Jutisz, M., Hermier, c., Colonge, A., 
Courrier, R., Ann. Endocrinol., 26, 
670-82 (1965) 

35. Reichert, L. E., Jr., Endocrinology, 
75,970-72 (1964) 

36. Li, C. H., Ann. Rev. Biochem., 16, 
291-322 (1947) 

37. Li, C. H., Geschwind, 1. H., Levy, 
A. L., Harris, J. 1., Dixon, J. 5., 
Pon, N. G., Porath, J. 0., Nature, 
173, 251-53 (1954) 

38. Fawcett, C. P., Reed, M., Charlton, 
H. M., Harris, G. W., Biochem. 
J., 106, 229-36 (1968) 

39. Bryant, G. D., Greenwood, F. C., 
Biochem. J., 107, 21P (1968) 

40. Turner, C. W., Methods Hormone 
Res., II, 617-39 (Dorfman, R. 1., 
Ed., Academic Press, New York, 
774 pp., 1962) 

41. Robbins, J., RaIl, J. E., Physiol. Rev., 
40, 415-89 (1960) 

42. Barker, S. B., Methods Hormone 
Res. I, 354-69 (Dorfman, R. I., 
Ed., Academic Press, New York, 
423 pp., 1962) 

43. Florsheim, W. H. Experientia, 23, 
404-05 (1967) 

44. Tenenhouse, A., Rasmussen, R., 
Hawker, C. D., Arnaud, C. D., 
Ann. Rev. Pharmacal., 8, 319-36 
(1968) 

44a. Editorial, The tonins of calcium, 
J. Am. Med. Assoc., 203, 174-75 
(1968) 

45. Baghdiantz, A., Foster, G. V., Ed­
wards, A., Kumar, M. A., Slack, 
E., Soliman, H. A., MacIntyre, I., 
Nature, 203, 1027-28 (1964) 

46. Potts, J. T., Jr., Aurbach, G. D., Sher­
wood, L. M., Recent Progr. Hor­
mone Res., 22, 101-51 (1966) 

47. Pastan, 1., Ann. Rev. Biochem., 35, 
369-404 (1966) 

48. Aurbach, G. D., Potts, J. T., Jr., En­
docrinology, 75, 290-92 (1964) 

49. von Euler, U. S., J. Physiol., 105, 
38-44 (1946) 

. 

50. Shore, P. A., Olin, J. S., J. Phar­
macol. Ex/>fl. Therap., 122, 295-
300 (1958) 

51. Callingham, B. A., Cass, R., J. 
Pharm. Pharmacol., I!i, 699-700 
(1963) 

52. Vogt, M., Brit. J. Pharmacol., 7, 325-
30 (1952) 

53. Weil-Malberbe, H., Methods Med. 
Res., 9, 130-46 (1961) 

54. Roberts, D. J., Vogt, M., J. Pharm. 
Pharmacol., 16, 313-22 (1964) 

55. Marshall, C. S., Biochem. Biophys. 
Acta, 74, 158-59 (1963) 

56. Vochten, R. F., de Schaepdryver, 
A. F., Experientia, 22, 772-73 
(1966) 

57. Fecher, R., Chanley, J. D., Rosen­
blatt, S., Anal. Biochem., 9, 54-67 
(1964) 

58. Simpson, S. A., Tait, J. F., Recent 
Progr. Hormone Res., n, 183-219 
(1955) 

59. Peterson, R. E., Aldosterone, 145-62 
(BauIieu, E. E., Robel, P., Eds., 
Blackwell Scientific Publications, 
Oxford, England, 523 pp., 1964) 

60. Farrell, G. L., Royce, P. C., Rausch­
kolb, E. W., Hirschmann, H., 
Proc. Soc. Exptl. Bioi. Med. , 87, 
141-43 (1954) 

61. Methods Hormone Res., I, (Dorfman, 
R. 1., Ed., Academic Press, New 
York, 423 pp., 1962) 

62. Brown, J. B., Biochem. J., 60, 185-93 
(1955) 

63. Banting, F. G., Best, C. H., Lab. Clin. 
Med., 7, 251-66 (1922) 

64. Staub, A., Sinn, L. G., Behrens, O. 
K., J. Bioi. Chem., 214, 619-32 
(1955) 

65. Regional Neurochemistry, 279-361 
(Kety, S. S., Elkes, J., Eds., Proe. 
4th Int. Symp. on Neurochem., 
Pergamon Press, Oxford, 540 pp., 
1961) 

66. MacIntosh, F. C., Methods Med. Res., 
3, 78-92 (Year Book Publishing 
Company, 312 pp., 1950) 

67. Bentley, G. A., Shaw, F. H., 1. 
Pharmacol. Exptl. Therap., 106, 
193-99 (1952) 

68. Whittaker, V. P., Handbuch der Ex­
perimentellen Pharmakologie, 15, 
1-39 (Koelle, G. B., Ed., Springer­
Verlag, Berlin, 1220 pp., 1963) 

69. Crossland, 'J., Methods Med. Res., 9, 
125-29 (1961) 

70. Beani, L., Bianchi, C., J. Pharm. 
Pharmacol., 15, 281-82 (1963) 

71. Potter, L. T., Murphy, W., Biochem. 
Pharmacal., 16, 1386-88 (1967) 

72. Cobbin, L. B., Leeder, S., Pollard, J., 
Brit. J. Pharmacol., 25, 295-306 
(1965) 

73. Johnston, G. A. R., Lloyd, H. J., 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. 1
96

9.
9:

40
7-

41
8.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 R
E

N
SS

E
L

A
E

R
 P

O
L

Y
T

E
C

H
N

IC
 I

N
ST

IT
U

T
E

 o
n 

12
/1

6/
11

. F
or

 p
er

so
na

l u
se

 o
nl

y.



DRUG ISOLATION TECHNIQUES 417 

Stone, N., J. Neurochem., 15, 361-
65 (1968) 

74. Cottrell, G. A., Compo Biochem. 
Physiol., 17,891-907 (1966) 

75. Frontali, N., Williams, L., Welsh, 
J. H., Compo Biochem. Physiol., 
22, 833-41 (1967) 

76. Chesher, G. B., J. Pharm. Pharmacol., 
19, 445-55 (1967) 

77. Carroll, P. R., Cobbin, L. B., Compo 
Biochem. Physiol., (in press) 
(1968) 

78. Montague, K., Biochem. J., 86, 9-11 
(1963) 

79. Matsuoka, M., Yoshida, H., Imai­
zumi, R, Biochem. Biophys. Acta., 
439-41 (1964) 

80. Laverty, R, Sharman, D. F., Brit. J. 
Pharmacol., 24, 538-48 (1965) 

81. Johnson, G. A., Boukma, S. J., 
Analyt. Biochem., 18, 143-46 
(1967) 

82. Bogdanski, D. F., Pletscher, A., 
Brodie, B., Udenfriend, S., J. 
Pharmacol. Expel. Therap., 177, 
82-88 (1956) 

83. Mirolli, M., Experientia, 22, 788 
(1966) 

84. Weissbach, R., Methods Med. Res., 
9, 178-85 (Year Book Publishing 
Company, 1961) 

85. Erspamer, V., Arzneimittel-For­
schung, 3, 151-367 (1961) 

86. Contractor, S. F., Biochem. Pharma­
col., 13, 1351-57 (1964) 

87. Oates, J. A., Methods Med. Res., 9, 
169-74 (1961) 

88. Rozsa, K. S., Perenyi, L., Compo 
Biochem. Physiol., 19, 105-13 
(1966) 

89. Phyllis, J. W., Compo Biochem. 
Physiol., 17, 719-39 (1966) 

90. Erspamer, V., Vitali, T., Roseghini, 
M., Cei, J. M., Biochem. Pharma­
col., 16, 1149-64 (1967) 

91. Curtis, D. R, Watkins, J. c., Phar­
macol. Rev., 17, 347-92 (1965) 

92. Florey, E., Inhibition in the nervous 
system and gamma-aminobutyric 
acid, 72-84 (Roberts, E., Ed., 
Pergamon, Oxford, 1960) 

93. Baxter, C. F., Methods Med. Res., 9, 
192-95 (1961) 

94. Bazemore, A. W., Elliott, K. A. C., 
Florey, E., J. Neurochem., 1, 334-
39 (1957) 

95. Kerkut, G. A., Cottrell, G. A., Compo 
Biochem. Physiol., 5, 227-30 
(1962) 

96. Crossland, J., Woodruff, G. N., 
Mitchell, J. F., Nature, 203, 1388-
89 (1964) 

97. Blaschko, R., Ciba Foundation Sym-

posium "Histamine", 380-89 
(1956) 

98. Crossland, J., Methods in Medical 
Research, 9, 186-91 (1961) 

99. Shore, P. A., Burkhalter, A., Cohn, 
V. H., J. Pharmacol. Exptl. 
Therap., 127, 182-86 (1959) 

100. Toh, C. C., J. Physiol., 173, 420-30 
(1964) 

101. VOIl Euler, U. S., Gaddum, J. H., J. 
Physiol., 72, 74-87 (1931) 

102. Pernow, B., Methods Med. Res., 9, 
220�23 (1961) 

103. Boissonnas, R. A., Franz, J., Sturmer, 
E., Ann. N.Y. A cad. Sci., 104, 
376-77 (1963) 

104. Vogler, K., Haefely, W., Hurlimann, 
A., Studer, R 0., Lergier, W., 
Strassle, R., Berneis, K. R., Ann. 
N.Y. Acad. Sci., 104, 378-90 
(1963) 

105. Meinardi, H., Craig, L. C., Hypo­
tensive Peptides, 594-607, (Erdos, 
E. G., Back, N., Sicuteri, F., Eds., 
Springer-Verlag, Berlin, 660 pp., 
1965) 

106. Lembeck, F., Fischer, G., Arch. 
Pharmacol. Exp. Path., 258, 452-
56 (1967) 

107. Erspamer, V., Anastasi, A., Experien­
tia, 18, 58-59 (1962) 

108. Erspamer, V., Anastasi, A., Hypo­
tensive Pep tides, 63-75, (Erdos, 
E. G., Back, N., Sicuteri, F., Eds., 
Springer-Verlag, Berlin 660 pp., 
1965) 

109. Hypotensive Pep tides (Erdos, E. G., 
Back, N., Sicuteri, F., Eds. 
Springer-Verlag, New York, 660 
pp., 1966) 

110. Schacter, M., Recent Advances in 
Pharmacology, 156-78 (Robson, 
J. M., Stacey, R. S., Eds., Chur­
chill, London, 406 pp., 1962) 

111. Schacter, M., Ann. Rev. Pharmacol., 
4, 281-92 (1964) 

112. Ann. N.Y. Acad. Sci., 104, Art. 1, 
(Erdos, E. G., Ed., 463 pp., 1963) 

113. Haberman, E., Klett, W., Biochemi­
sche Zeitschrift., 346, 133-58 
(1966) 

114. Rocha e Silva, M., Beraldo, W. T., 
Rosenfeld, G., Am. J. Physiol., 
156, 261-73 (1949) 

115. Elliott, D. F., Ann. N.Y. Acad. Sci., 
104, 35-44 (1963) 

116. Feldberg, W., Holden, H. F., Kella­
way, C. H., !. Physiol., 94, 232-48 
(1938) 

117. Vogt, W., Nature, 179, 300-04 
(1957) 

118. Brocklehurst, W. E., J. Physiol., 151, 
416-35 (1960) 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. 1
96

9.
9:

40
7-

41
8.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 R
E

N
SS

E
L

A
E

R
 P

O
L

Y
T

E
C

H
N

IC
 I

N
ST

IT
U

T
E

 o
n 

12
/1

6/
11

. F
or

 p
er

so
na

l u
se

 o
nl

y.



418 TEMPLE 

119. Berry, P. A., Collier, H. O. J., Brit. 
I. Pharmacol., 23, 201-16 (1964) 

120. Charlwood, P. A., Gordon, A. H .. 
Biochem. I., 70, 433-38 (1958) 

121. de Caro, G., Endean, R., Erspamer, 
V., Roseghini. M., Brit. I. Phar­
macol., 33, 48-58 (1968) 

122. Peart, W. S., Pharmacol. Rev., 17, 
143-82 (1965) 

123. Skeggs, L. T., Marsh, W. H., Kahn, 
J. R, Shumway, N. P., I. Exp. 
Med., 100, 363-70 (1954) 

124. Skeggs, L. T., Lentz, K. E., Kahn, 
J. R, Rochstrasser, R., Circula­
tion Res., Suppl. II., vols. 20--21, 
91-100 (1967) 

125. Ziegler, M., Riniker, B., Gross, F., 
Biochem. I., 102, 28-32 (1967) 

126. Gould, A. R, Keighley, G., Lowy, 
P. H., Lab. Invest., IS. 2-7 (1968) 

127. Ann. N.Y. A cad. Sci., 149, Art. I 
(1968) 

128. Sen. S., Smeby, R. R., Bumpus, F. 
M., Biochemistry, 6, 1572-81 
(1967) 

129. Lockett, M. F., I. Physiol., 193, 639-
47 (1967) 

130. Lockett, M. F., Siddiqui, H. H., 
Brit. J. Pharmacol., 32, 311-21 
(1968) 

131. Peterlik, M., Waldhiiusl, W., Nature, 
214, 279 (1967) 

132. Vogt, W., Pharmacol. Rev., 10, 407-
35 (1958) 

133. Ambache, N., I. Physiol., 146, 255-
94 (1959) 

134. Bergstrom. S., Recent Prog. Hormone 
Res., 22, 153-75 (1966) 

135. Bergstrom, S., Carlson, L. A .. Weeks, 
J- R, Pharmacol. Rev., 20, 1-48 
(1968) 

136. Karim, S. M. M., Sandler, M., 
Williams, E. D., Brit. I. Pharma­
col., 31, 340-44 (1967) 

137. Davies, B. N., Horton, E. W., With­
rington, P. G., Brit. I. Pharmacol., 
32, 127-35 (1968) 

138. Hopkin, J. M., Horton, E. W., 
Whittaker, V. P., Nature, 217, 71 
(1968) 

139. Hamberg, M., Samuelsson, B., J. 
Bioi. Chem., 241, 257-63 (1966) 

140. Gabr, Y., Experientia, 23, 93-94 
(1967) 

141. Hradec, J., Dolejs, L., Biochem. I., 
107, 129-34 (1968) 

142. Robinson. J. D.. Carlini, E. A .. 
Green. J. P., Hargie, M. P., 
Weber. G. F.. Hunter, S. B.. 
Schenck. 1- R, Biochem. Pharma­
col., 16, 409-11 (1967) 

143. Santolucito, J. A., Poston, H. A., 
Ulberg, L. C., Compo Biochem. 

PhysioZ., 18, 673-79 (1966) 
144. Thorp, R H., Cobbin, L. Boo Cardiac 

Stimulant Substances, 223-72 
(Academic Press, New York, 288 
pp., 1967) 

145. Hajdu, S., Weiss, H., Titus, K, I. 
Pharmacol. Ex-pt!. Therap., 120, 
99-113 (1957) 

146. Macfarlane, M. G., Biochem. I., 78, 
44-51 (1961) 

147. Meyer, M. B., Goldberg, L. 1., 
Cardiologia Supplementum, 49, l­
ID (1966) 

148. Caviezei, R, Arch. Intern. Pharma­
codyn., 170, 310 (1967) 

149. Curtain, C. C., Nayler, W. G., Bio­
chem. I., 89, 69-75 (1963) 

150. Dorevitch, N., Nayler, W. G., Lowe, 
T. E., I. Pharmacol. Ex-ptl. 
Therap., 155, 367-75 (1967) 

151. Cobbin, L. B., Thorp, R. R, Brit. 
I. Pharmacol., 1� 392-400 (1959) 

152. Temple, D. M., Thorp, R H., Gilles­
pie, R., Comp. Biochem. Physiol., 
17, 1089-1101 (1966) 

153. Chen, K. K, Jensen, H., Chen, A. L, 
I. Pharmacol. Exptl. Therap., 43, 
13-50 (1931) 

154. von Euw, J., Fisheison, L., Parsons, 
J. A., Reichstein, T., Rothschild, 
M., Nature, 21� 35-39 (1967) 

155. Jensen, D., Compo Biochem. Physiol., 
10, 129-51 (1963) 

156. Gersch, M., Dense, R, Zool. lb., 68, 
519-34 (1960) 

157. Cottrell, G. A., Laverack, M. S., 
Ann. Rev. Pharmacol., 8, 273-98 
(1968) 

158. Whittaker. V. P., Ann. N.Y. Acad. 
Sci., 90, 695-705 (1960) 

159. Barton Browne, L., Hodgson, K 5., 
Kiraly, J. K., Science, 134, 669-
70 (1961) 

159a. Cobbin, D. M., Temple, D. M .. 
Compo Biochem. Phys;ol., (in 
press) (1968) 

160. Jacobson, M., Insect Sex Attractants 
(Interscience Publishers, John 
Wiley and Sons Inc., New York, 
154 pp., 1965) 

161. Horn, D. H. S., Fabbri, S., Hamp­
shire, F., Lowe, M. E., Biochcm. 
I. (1968) (submitted for publica­
tion) 

162. Hori, K, Cormier, M. J., Biochim. 
Biophys. Acta, 102, 386-96 (1965) 

163. Shimomura. 0.. Johnson. F. I-I.. 
Saiga, Y., J. Cell. Compo Physiol., 
62, 1-16 (1963) 

164. Russell, F. R, Clin. Pharmacol. 
Therap., 8, 849-73 (1967) 

165. Welsh, J. H., Ann. Rev. Pharmacol., 
4, 293-304 (1964) 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. 1
96

9.
9:

40
7-

41
8.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 R
E

N
SS

E
L

A
E

R
 P

O
L

Y
T

E
C

H
N

IC
 I

N
ST

IT
U

T
E

 o
n 

12
/1

6/
11

. F
or

 p
er

so
na

l u
se

 o
nl

y.


	Annual Reviews Online
	Search Annual Reviews
	Annual Review of Pharmacology and Toxicology Online
	Most Downloaded Pharmacology and Toxicology Reviews
	Most Cited Pharmacology and Toxicology Reviews
	Annual Review of Pharmacology and Toxicology Errata
	View Current Editorial Committee


	ar: 
	logo: 



