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I. Gonadotropine Hormones 

From the work of Smith (212), Zondek and Aschheim (236), and a 
number of later investigators (225), it was clear that pituitary extracts 
or implants produce two gonadal reactions: (a) the stimulation of follic-
ular growth in the ovaries and of spermatogenic activity in the testis 
and (b) the final ripening of the ovarian follicles together with the exhibi-
tion of estrus or heat, the rupture of the follicles and their transformation 
to corpora lutea, and in the testis the assumption of a functional role 
on the part of the Ley dig cells, which ostensibly secrete testosterone, 
which in turn causes the development and assumption of function on the 
part of the secondary sex glands. Whether or not these reactions are 
due to one or more hormones in the pituitary has been the subject of a 
number of investigations (215). Some investigators inferred from their 
physiological experiments that there was only one gonadotrophic hor-
mone and that a difference in mode of administration or in dosage deter-
mined the type of reaction observed. They would not feel that their 
contention is negated by the chemical fractionation of two substances in 
pure or almost pure form from pituitary tissue and by the experimental 
replacement of all gonadotrophic functions of the pituitary by the admin-
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istration of these substances. We will not further discuss this dispute to 
which more extended reference is made elsewhere but will content our-
selves with an account of the chemical methods which have led to the 
separation of two pituitary gonadotrophic substances and of the chemical 
characterization of those substances. 

The first separation of pituitary gonadotrophic fractions into two 
components was obtained by Fevold, Hisaw, and Leonard ( 6 9 ) in 1 9 3 1 . 
Subsequent work from other laboratories ( 1 1 , 1 0 3 , 2 2 7 , 2 2 8 ) confirmed the 
concept that two hormones are present in pituitary extracts—hormones 
which exhibit two kinds of gonadotrophic activity. They have been 
designated the follicle-stimulating hormone (FSH) or thylakentrin ( 3 7 ) 
and the interstitial-cell-stimulating hormone (ICSH) or metakentrin 
( 1 3 7 ) . The latter was first called the luteinizing hormone or LH. 

In 1940 , two laboratories independently announced the isolation of 
ICSH in pure form from sheep ( 1 3 8 ) and swine glands ( 2 0 3 ) . The 
preparations appear homogeneous in electrophoretic, ultracentrifuge, 
and solubility studies,1 and it is particularly important that they are 
freed from contamination with the other gonadotrophic hormone, FSH. 
On the other hand, highly purified FSH preparations have been reported 
( 8 0 , 8 9 ) though this hormone has not been isolated in pure state. 

Recently Evans, Simpson, Lyons, and Turpeinen ( 5 9 ) showed that 
lactogenic hormone can awaken or intensify corpus luteum function 
causing placentoma production in normal, adrenalectomized, and hypo-
physectomized animals. It should therefore be considered the third 
member of the pituitary gonadotrophic complex. The chemistry of this 
hormone will be presented in another section. 

A . INTERSTITIAL-CELL-STIMTJLATING HORMONE (ICSH OR LH) 

1. Methods of Assay 

Many methods for the determination of the potency of ICSH have 
been proposed from different laboratories. There is as yet no standard 
method to establish an international unit so that the potency of hor-
monal preparations from different laboratories can be compared. In the 
following, the commonly accepted methods are summarized: 

a. Increase of Ovarian Weight in Normal Immature Rats. This 
method ( 6 5 ) depends on the first-known characteristic of the hormone— 
that of producing copora lutea in the ovaries of immature female rats 
and of increasing the weight of the ovary when injected in combination 
with FSH. Twenty-one-day-old female rats of 3 5 - 4 0 g. body weight 
are used. Before the injection of ICSH, the ovarian weight of the 

1
 For a discussion of criteria of purity in proteins, see (183,202). 
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animal is caused to increase 100% over that of the control by the admin-
istration of FSH for four days. Different dosages of ICSH are then 
injected subcutaneously twice daily over a period of five days simul-
taneously with the same amount of FSH. The ovaries are weighed and 
examined on the sixth day. A unit of ICSH is defined as the amount of 
hormone which produces an additional 100% increase in the ovarian 
weight together with the production of corpora lutea (67). The fact 
that the method is based on the action of two hormones makes it difficult 
to determine quantitatively the content of ICSH in crude or partially 
purified extracts, where an unknown amount of both hormones is already 
present. However, the method may be useful in the standardization 
of the pure hormone. 

b. Repair of Ovarian Interstitial Tissue in Hypophysectomized Rats. 
As the name of the hormone indicated, ICSH is selectively able to repair 
the degenerated interstitial cells (deficiency cells) in the ovaries of hypo-
physectomized animals, i.e., it causes the resumption of a normal nuclear 
picture, abolishing the agminated and wheel pattern of the nuclear 
chromatin. The method as developed by Simpson et al. (207) is based 
on this characteristic of the hormone. The rats are used at a standard 
age (26-28 days) and postoperative period (6-8 days). The routine 
injection procedure is once daily, intraperitoneally for three days, followed 
by autopsy 72 hours after the first injection. The ovaries are sectioned 
for histological examination. The amount of protein giving a minimal 
but definite effect on the "deficient" interstitial cells is called an ICSH 
unit. It must be mentioned that if the subcutaneous route of injection 
is used, the test is one fifth as sensitive. 

c. Increase of Seminal Vesicle Weight in Normal Immature Rats. 
The known action of ICSH in male rats is also the stimulation of the 
interstitial cells, which in this case produce androgen, which in turn 
causes a weight increase of the secondary sex organs. A test for ICSH 
potency in immature rats based on this principle has been proposed by 
Fevold (65,67). Male rats 22 days old are injected twice daily for four 
or five days; the animals are autopsied 24 hours after the last injection. 
The seminal vesicles plus the coagulation glands are dissected and 
weighed. A unit is defined as the amount of hormone which produces 
100% increase in these combined weights as compared with the weight of 
controls. Fevold found that the method could be employed to estimate 
the ICSH content in unfractionated extracts and believed that it gave 
consistent and reliable results. Although the method appears conven-
ient and simple, the sensitivity of the method is unfortunately greatly 
influenced by the strain of animals used. In rats of the Long-Evans 
strain, the seminal vesicles are hardly hypertrophied after the injection 
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of ICSH or unfractionated extract; the same materials, however, cause 
as high as 400% increase in the seminal vesicle weights in the Sprague-
Dawley strain of rats (67,76). 

d. Increase in Weight of the Ventral Lobe of the Prostate in Hypophy-
sectomized Male Rats. Greep et al. (91) have pointed out the relatively 
greater reactivity of the ventral lobe of the prostate in the measurement 
of ICSH activity. Hypophysectomized male rats (21 days old at opera-
tion, two days postoperative at the beginning of injections) are injected 
subcutaneously daily for four days with autopsy on the fifth day, 24 hours 
after the last injection. Greep et. al. propose as standard dose (unit) 
the amount of hormone causing a 100% increase in weight of the ventral 
prostate as compared with untreated controls (92). The fact that the 
presence of FSH does not potentiate the ICSH activity makes the 
method particularly valuable. We have confirmed the usefulness and 
reliability of the method and found further that the test becomes more 
sensitive when injections are made intraperitoneally instead of sub-
cutaneously (207). 

e. Other Methods. Witschi (234) suggests the use of the melanin 
reaction in the pectoral or abdominal feathers of African weaver finches 
as a measure of ICSH activity. The weight increase of the testes of 
immature pigeons or of one-day-old chicks has also been proposed for the 
standardization of ICSH (208). 

2. Methods of Isolation 

The ICSH content of pituitary tissue from different animals has been 
studied by a number of investigators (65,229,234). We may summarize 
by stating that the ICSH content of pituitaries decreases in the following 
order: sheep, rabbit, swine, rat, dog, horse, man, and beef. It is obvious 
that the pituitary glands commonly used for the isolation of ICSH are 
those from sheep or pigs. These glands as secured from slaughter houses 
may be either stored in a frozen state or desiccated with acetone.2 We 
have found that no loss of hormonal activity can be detected when 
glands are kept at — 15°C. for over a year. 

The solvents generally used for the extraction of the gonadotrophic 
principles from the pituitary are weak aqueous alkalis or dilute alcohol— 
saturated barium hydroxide (54), 0.02 Ν ammonium hydroxide (5), 2 % 
pyridine (65), and 40% alcohol (228). Fe void (65) has found that 
pyridine is not only a good extractive but serves also as a preservative. 
In a later report, Fevold et al. (70) favor dilute ammonium hydroxide as 
the extracting agent. 

2
 Kupperman, Elder, and Meyer (110) have investigated various methods of 

reserving pituitary glands. 
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a. Isolation of Sheep ICSH. The method of Li, Simpson, and Evans 
(138,139,140) for the isolation of ICSH from sheep glands as a pure 
protein is as follows: 

(1) Three hundred grams acetone-desiccated whole sheep pituitary tissue is 
extracted with 4 L 4 0 % alcohol over a period of two days with constant stirring, 
and the residue is reextracted similarly using 2 1. of the alcohol. The supernatant 
liquids are combined and filtered through coarse folded filter paper. The clear 
filtrate is brought to 80 or 8 5 % alcohol by the addition of 9 5 % alcohol and adjusted 
to p H 5.5 b y the addition of glacial acetic acid. The precipitate formed is removed 
b y centrifuging and dried with absolute ethyl alcohol and ether. The following steps 
are carried out at 5°C. 

(2) Fifty grams of this powder are extracted with 3 1. distilled water. The super-
natant is mixed with an equal volume of acetone at about p H 4.5. The precipitate 
is next extracted with 1 1. 1% sodium chloride solution. 

(3) The 1 % saline extract is brought to 0.5 saturation with solid ammonium sul-
fate. The precipitate is removed by centrifugation and the supernatant liquid is 
saved for purification of the FSH. 

(4) The 0.5 S A S
3
 precipitate is dissolved in distilled water and brought to 0.2 

saturation with the addition of SAS. The supernatant liquid is next brought to 0.4 
SAS. 

(5) The 0.4 SAS precipitate is dissolved in distilled water
4
 and brought to 0.37 

AS, and SAS is added to the supernatant to 0.4 saturation. 

(6) The precipitate between 0.37 and 0.4 SAS is dissolved in distilled water and 
brought to 2 .5% trichloroacetic acid b y the addition of a 10% solution. The precipi-
tate formed is dissolved in a small volume of an aqueous alkaline solution and dialyzed. 
The ICSH is obtained in dry form by lyophilization. 

The hormone thus obtained is free of other hormonal contaminants. 
When 3 mg. of the material is injected subcutaneously5 in immature 
hypophysectomized female rats, no histologically detectable follicular 
stimulation is observed. On the other hand, 0.005 to 0.01 mg. of the 
same substance causes repair of the ovarian interstitial tissue in such 
rats on intraperitoneal injection. In the same type of animal, 2 mg. of 
the preparation is free of thyrotrophic hormone, 10 mg. free of adreno-
corticotrophic and of growth hormone. In pigeons, 10 mg. shows no 
crop-stimulating activity. 

When the preparation is subjected to electrophoretic, ultracentrifuge, 
and solubility tests (140), it behaves as a homogeneous protein. 

Fevold et al. (65,70) have also described a method for obtaining a 
highly purified sheep ICSH but their preparation contains two com-
ponents in electrophoretic and ultracentrifugal analysis. 

3
 SAS will be used throughout this chapter as an abbreviation for saturated ammo-

nium sulfate. 
4
 At this step, an alternative procedure has been described for obtaining pure 

ICSH b y precipitation at p H 4.0 to 4.1 in 0.33 SAS solution (140). 
5
 See page 643 for testing FSH. 
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b. Isolation of Swine ICSH. Chow, van Dyke, and co-workers 
(35,203) have described a method of obtaining ICSH from the glands of 
swine in pure form. Their procedure is outlined below. 

(1) Four and one-half kg. of ground fresh swine glands are extracted with 22.5 1. 

2 % sodium chloride at 4°C. The supernatant liquid is made acid with hydrochloric 

acid to p H 4.2 to 4.6. 

(2) T o the supernatant, solid ammonium sulfate is added to saturation. The 

precipitate formed is dissolved in water and dialyzed. The dialyzed soluble solution 

is next adjusted to p H 5.1 to 5.5. 

(3) The supernatant fluid is made to 0.33 saturation with ammonium sulfate. 

The 0.33-SAS-soluble fraction is brought to 0.9 saturation. 

(4) The precipitate is dissolved in water and dialyzed; ammonium sulfate is added 

to the dialyzed solution until 0.33 saturation. After centrifuging off the small 

amount of precipitate, the supernatant is adjusted to p H 7.3. 

(δ) The precipitate formed is dissolved in water and step 4 is repeated at least 

seven times. The final pH-7.3 precipitate at 0.33 SAS is the pure hormone. 

The preparation isolated shows homogeneity in electrophoretic, ultra-
centrifugal, and solubility tests. The preparation was examined in 
immature hypophysectomized female rats for the detection of FSH, 
adrenocorticotrophic, and thyrotrophic contaminants and these were 
found to be absent in the large dose employed (0.34 mg. daily for ten 
days). No data however have been furnished as to the absence of the 
growth and lactogenic hormones. 

3. Comparison of Swine and Sheep ICSH 
a. Physicochemieal Properties. From osmotic pressure measure-

ments, a molecular weight of 40,000 is obtained for sheep ICSH, whereas 
the swine hormone has a value of 100,000 as calculated from ultracentrif-
ugal data. The sedimentation constants, £2o, of sheep and swine ICSH 
are 3.6 X 10~13 and 5.4 X 10~1 3, respectively. The latter value, if cor-
rected for the viscosity and density of the solvent, becomes 6.8 X10~ 1 3. 

Electrophoretic experiments also reveal dissimilarity in the protein 
hormones isolated from these two different species. At pH 7.85 and 
ionic strength 0.05 buffer, swine ICSH migrates with a rate of 0.52 X 10~5 

cm. 2/sec./v., while the sheep hormone has an electrophoretic mobility of 
6.36 ΧΙΟ" 5 in a buffer of pH 7.53 and ionic strength 0.05. Sheep ICSH 
possesses an isoelectric point at pH 4.6 and swine at pH 7.45. 

This difference in the electrical properties of swine and sheep ICSH 
has been further verified by Chow et al. (35). They have compared the 
electrophoretic behavior of the swine hormone with that of a highly 
purified sheep ICSH prepared by Jensen. Although Jensen's prepara-
tion contained two components, they were able to show that the biological 
activity is associated with the main component and that the isoelectric 
point of the main component may be estimated at about pH 4.8 to 5.0. 



XIV. CHEMISTRY OF ANTERIOR PITUITARY HORMONES 639 

Both sheep and swine ICSH contain carbohydrate but the content 
differs significantly. The sheep hormone has 4.5% mannose and 5.8% 
hexosamine, while swine has 2.8% mannose and 2.2% hexosamine 
(93,138). The tryptophan content of the two hormones has also been 
found to be different. By the glyoxylic acid method, swine ICSH is 
shown to contain 1.0% tryptophan; the hormone isolated from sheep 
glands on the other hand contains 3.8% tryptophan. Table I gives a 
summary of the physicochemical data for ICSH as isolated from sheep 
and swine pituitary glands, respectively. 

T A B L E I 

PHYSICOCHEMICAL CHARACTERISTICS OF S H E E P AND S W I N E I C S H
E 

Determinations 

C, % 

H, % 

N, % 
Molecular weight 

Isoelectric point, p H 

Sedimentation constant, S X 1 0
13 

Tyrosine, % 

Tryptophan, % 

Mannose, % 

Hexosamine, % 

°See (93,138,140,203). 

Sheep Swine 

49 .37 

6.83 

14.20 14.93 

40,000 100,000 
4 . 6 7.45 

3 .6 5 .4 

4 . 5 

1.0 3 .8 

4 . 5 2 .8 

5 .8 2 . 2 

b. Immunological Specificity. Perhaps the most sensitive test for 
species differences in proteins is obtained from immunological reactions. 
Chou (31) has made such studies with swine and sheep ICSH. When 
the pure swine ICSH is injected into rabbits, the production of specific 
antibodies can be demonstrated both by the precipitin and complement 
fixation reactions. The antiserum6 thus obtained does not react with 
pure sheep ICSH or extracts prepared from sheep glands. It would 
therefore appear that the interstitial-cell-stimulating hormones isolated 
from swine and sheep glands are chemically different entities. 

c. Biological Potency of Swine and Sheep ICSH. Since the sheep 
and swine hormones have been shown to be different substances it would 
not be unexpected that they should differ in biological potency. Some 
differences have been reported. Greep et al. (92) have found that the 

6
 Chow has further demonstrated that the swine ICSH is not only " lobe specific" 

but also ' 'hormone specific." The immulogical study may therefore serve as a highly 

sensitive and specific test for hormonal contaminants in any supposedly pure hormone 

preparation. 
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sheep ICSH is far more active in the repair of the ovarian interstitial 
cells in hypophysectomized rats and in causing ovulation in rabbits than 
is the swine hormone. On the other hand, the two hormones are equally 
effective in stimulating the anterior prostate of hypophysectomized rats. 
Table II presents a comparison of the ICSH potency of these two hor-
mones as determined by different tests. 

T A B L E I I 

BIOLOGICAL P O T E N C Y OF P U R E S W I N E AND S H E E P I C S H
A 

Test Sheep Swine 

Total dose necessary to increase weight of ventral 

prostate from 6.39 to 9.45 mg. in hypophysec-

tomized rats 0.0134 mg. 

0.005 to 0.010 

0.007 

0.0134 mg. 

> 0 . 1 0 

> 0 . 0 4 0 

Total dose necessary to repair ovarian interstitial 

cell in hypophysectomized rats 

Total dose necessary per kg. body weight to produce 

positive response in ovulation of all of 8 rabbi ts . . . 

0.0134 mg. 

0.005 to 0.010 

0.007 

0.0134 mg. 

> 0 . 1 0 

> 0 . 0 4 0 

«See (92). 

4. Effect of Various Agents on ICSH Activity. Chemical Differences 
between FSH and ICSH 

Since the original observation of Fe void et al. (69) that FSH is more 
soluble in aqueous salt solution than ICSH, a considerable number of 
studies has been made as to chemical differences in the two hormones on 
treatment with various reagents. Although almost all experiments have 
employed impure preparations, the results obtained are of value in our 
understanding of the intrinsic nature of the hormones. 

a. Effect of Ketene. Ketene is considered to be a mild and specific 
acetylating agent for aqueous protein solutions. Three groups in pro-
teins are known to react with this agent: viz. the amino, phenolic hydroxyl, 
and sulfhydryl groups. Both purified FSH and ICSH fractions have 
been subjected to ketenization at room temperature (137). After five 
minutes treatment, the interstitial-cell-stimulating activity is greatly 
reduced while the follicle-stimulating action is apparently unchanged. 
Upon longer treatment (thirty minutes), both hormonal activities are 
almost completely destroyed. The inactivation of ICSH by ketene was 
later confirmed with a pure preparation (138); based on results obtained 
by other investigators, it is assumed that the free amino groups are essen-
tial for the biological activity of ICSH. Though it is admitted that such 
assumptions are invalid without complete chemical analysis of the active 
groups in acetylated samples, nevertheless the results obtained suggest 
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distinct chemical differences between ICSH and FSH in the manner of 
inactivation by ketene. 

b. Effect of Cysteine. It is generally agreed that cysteine reduces 
—S—S— cross links in proteins at an alkaline pH, i.e., thiol groups result 
and a corresponding amount of cysteine is oxidized to cystine. Fraenkel-
Conrat et al. (79) have used this reducing agent to investigate the essen-
tiality of disulfide (—S—S—) groups in gonadotrophic hormones. 
When FSH and ICSH preparations are allowed to react with cysteine 
(forty times the amount of protein) at pH 7.7 for two days, their biological 
activities are greatly decreased. In a later report (81), no loss of gonado-
trophic potency was noted under conditions of cysteine treatment milder 
than those employed for the inactivation of insulin. It appears that the 
disulfide groups in these gonadotrophic substances are not so readily 
reduced as is the case with other proteins. They conclude that the 
integrity of some disulfide bonds which are not easily reduced is essential 
for hormonal activity. The inactivation of FSH by cysteine has been 
confirmed by McShan and Meyer (163). The results of Bischoff's 
experiments (18) are also in complete agreement with those reported by 
Fraenkel-Conrat et al. 

c. Effect of Protein Précipitants. It was noted in the course of the 
purification of ICSH that FSH was soluble in 2.5% trichloroacetic acid, 
whereas ICSH was completely precipitated in the same solution (138). 
By using other protein précipitants, Fevold (64) has also observed chemi-
cal differences in the two hormones; FSH was found to be inactivated by 
picrolonic, picric, and flavianic acids, whereas ICSH retained its activity 
on treatment with these reagents. While we must note that these results 
were not confirmed by Jensen et al. (104), it is important to remember 
that the disagreement could be due to differences in the assay methods 
employed, the strain of animals, or in the purity of the hormones. In 
view of our experiments with trichloroacetic acid we view it as likely 
that the two hormones can be observed to differ in their reactions with 
various reagents. 

There is another protein precipitant, namely tannic acid, which has 
been used for some time in augmenting FSH or ICSH potency (68,76). 
The augmenting effect of tannic acid and other agents on the two hor-
mones is discussed elsewhere in this volume. 

d. Effect of Enzymes. In 1929 Reiss and Haurowitz (189) discovered 
that crude trypsin destroyed gonadotrophic activity in a pituitary 
extract. Later, Bates, Riddle, et al. (11,194) found the destructive action 
of a purified trypsin preparation on FSH. However, McShan and Meyer 
(161) could not confirm these results; they stated that commercial 
trypsin destroyed almost all ICSH (88), but not FSH, activity. The 
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results of Chen and van Dyke (30) and Greep (88) agreed with those of 
McShan and Meyer. On the other hand, Abramowitz and Hisaw (1) 
claimed that neither crystalline trypsin nor chymotrypsin inactivates 
ICSH more rapidly than FSH. It may be well to point out that all 
these results were obtained from assays in normal animals and further-
more that the extent of enzymic digestion in no case w

r
as determined. 

T A B L E II I 

E F F E C T OF S O M E PROTEOLYTIC E N Z Y M E S ON GONADOTROPHIC P O T E N C Y OF S W I N E 

P I T U I T A R Y E X T R A C T
0 

Enzyme 
Protein 

digested, % 
F S H I C S H 

Crystalline carboxypepti-

dase 5 (5 hr.) Unaffected Unaffected 

5-12 (30-41 hr.) Unaffected or reduced Reduced 
Crystalline chymotrypsin . . . 18-35 Reduced Absent 

68-80 Absent Absent 
Crystalline trypsin 12-48 Reduced Absent 

61-75 Usually absent Absent 
Merck's trypsin 10 Unaffected Unaffected 

35-46 Unaffected or reduced Reduced 

61-75 Unaffected or reduced Absent 
Papain 6-31 Unaffected Unaffected 

60-65 Reduced Reduced 
Crystalline pepsin 10-34 Unaffected or reduced Reduced? 

58-80 Absent Reduced? 

α
 Taken from Chow, Greep, and van Dyke (34). 

The controversies concerning the trypsin experiments finally become 
clear. Chow, Greep, and van Dyke (34) have reinvestigated the effect 
of crystalline trypsin and commercial trypsin (Merck) on the gonado-
trophic activity of pituitary (swine) extract in a most careful and thor-
ough manner. The rate of hydrolysis of the extract was estimated by 
determining the decrease of protein precipitable by trichloroacetic acid, 
and the destruction of gonadotrophic potency was followed by assays in 
immature hypophysectomized male or female rats. Using crystalline 
trypsin, Chow et al. found that with over 60% digestion all gonadotrophic 
activity is lost while when the amount of digestion is between 12-48%, 
FSH appears to be more resistant than ICSH. If commercial trypsin 
is used, the disappearance of 10% of the protein is not followed by any 
destruction of FSH or ICSH potency, but, when higher percentages of 
protein are digested, ICSH appears to be selectively destroyed. The 
interesting results with crude trypsin cannot be explained by the presence 
of crystalline trypsin. Chow et al. conclude that "the proteolytic 
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activity of Merck's trypsin depends to a major extent on the presence of 
enzyme(s) other than trypsin or chymotrypsin." Chow, Greep, and 
van Dyke (34) have also studied the effect of crystalline pepsin on FSH 
and ICSH potency. Their results are summarized in Table III. 

Another difference in the reactivity of the two gonadotrophic hor-
mones toward enzymic digestion is shown by the experiments of McShan 
and Meyer (161,162), who found that ptyalin (saliva) abolished the 
follicle-stimulating activity, the luteinizing activity being relatively 
resistant. 

B. FOLLICLE-STIMULATING HORMONE (FSH) 

1. Methods of Assay 

a. Normal Immature Female Rats. Since FSH stimulates follicular 
growth, it is obvious that one may use increase in ovarian weights as 
contrasted with those of controls to determine rat units (63,70). Fevold 
and co-workers have employed this method routinely for the quantitative 
estimation of FSH potency. It must be emphasized that FSH is poten-
tiated by the presence of ICSH and that, if the animal's own pituitary is 
present or if FSH fractions are not free from ICSH, the assay results 
obtained in normal immature animals do not represent absolute units 
of FSH. 

Another procedure, based on the fact that FSH exerts an augmenta-
tion effect on the activity of the gonadotrophic principle in pregnant 
women's urine (CG, chorionic gonadotropin) in immature female rats, 
has been reported by Evans et al. (61). A unit is defined as the minimal 
amount of material which, given subcutaneously to 24-26-day-old female 
rats in combination with a standard amount of CG, augments the effect 
of the latter by 100%. The difficulties of this method are: the presence 
of ICSH in FSH preparations will render the test less sensitive and it 
gives no information regarding ICSH contamination. It is therefore 
advisable to assay FSH preparations in hypophysectomized animals for 
quantitative data. 

b. Hypophysectomized Rats. (1) Female. In hypophysectomized 
animals FSH causes the enlargement of the ovarian follicles while leaving 
the interstitial tissue in the deficient condition if, of course, the prepara-
tion is not contaminated with the luteinizing factor. In the assay of FSH 
in these animals, either increase of ovarian weights or histological exami-
nation for beginning follicular development may be taken for measure-
ment of the hormone. One rat unit represents the minimal total amount 
which, injected subcutaneously once daily over a period of three days 
into hypophysectomized rat (26-28 days old at operation, six- to eight-
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day postoperative interval before injection), causes the occurrence of 
healthy (nonatretic) follicles with small antra, as evidenced 72 hours 
after beginning the injection (61). For routine laboratory assay, three 
animals per group can furnish a reliable answer to hormonal potency 
The method is very sensitive and has the further advantage that the 
presence of ICSH can be observed simultaneously if there is repair of 
the interstitial tissue. 

(2) Male. The follicle-stimulating hormone is known to stimulate 
the epithelium of the seminiferous tubules. As shown by Greep et al. 
(90,92), FSH causes an increment in testis weights proportional to the 
dose injected without any stimulation of the secondary sex organs in 
hypophysectomized male rats. The animals employed were hypophy-
sectomized at 21 days of age (35-47 g. body weight); after two days 
postoperative, injections began once daily for four days and the animals 
were autopsied on the day following the last injection. If ICSH is a 
contaminant in the follicle-stimulating preparation, the test becomes 
unreliable, for ICSH alone is able to increase the weight of the testes 
(209). 

Other methods have been used by investigators for the assay of FSH 
such as the increase of the uterine weights (115), the production of 
oestrous vaginal smears (234), etc. 

2. Methods of Purification 

Sheep and swine pituitaries are rich in follicle-stimulating substance 
and they are therefore commonly used to obtain a potent FSH prepara-
tion. The extraction of pituitary tissue (fresh or acetone-dried material) 
is made either with saline or alcoholic solutions like those employed for 
the isolation of ICSH. Chemically the follicle-stimulating hormone is 
in one respect unique in that it is the only known anterior hypophyseal 
hormone soluble in half saturated ammonium sulfate. Highly purified 
FSH possesses a high carbohydrate content. In addition, as has been 
discussed, the hormone is resistant to tryptic digestion when a commercial 
enzyme preparation is employed. The follicle-stimulating hormone has 
not been isolated in pure form. There are methods which enable one to 
obtain a so-called "biologically pure" preparation, i.e., a preparation 
free from other active contaminants. Subjoined, we give a few methods 
which appear to be satisfactory in preparing potent follicle-stimulating 
preparations. 

a. Procedure of Fevold et al. (70): One kg. of frozen sheep glands 
are finely ground and extracted with 2 1. of dilute aqueous ammonium 
hydroxide at pH 8.0. The supernatant liquids are brought to 0.25 M 



X I V . CHEMISTRY OF A N T E R I O R PITUITARY H O R M O N E S 645 

ammonium sulfate and to pH 5.4. After the removal of the precipitate 
formed by centrifugation, the supernatant is adjusted to pH 7.0 and 
fractionated with ammonium sulfate. The fraction soluble at 2.4 M 
but precipitated at 2.7 M ammonium sulfate is the follicle-stimulating 
substance. As assayed by increase in the ovarian weights of immature 
female rats, the product obtained contains 20 R.U./mg. No experi-
mental data were given by Fevold et al. as to possible contamination 
with other active components. 

In an earlier report (65), Fevold used 2% pyridine as the extractant. 
The gonadotrophic substances are adsorbed by benzoic acid; the ICSH 
fraction is next removed by precipitation at pH 4.2 in 0.2 SAS, the soluble 
material containing the FSH. Inert substances in the FSH preparation 
are further removed by basic lead acetate. FSH preparations thus 
obtained have a potency of 50 and 75 R.U./mg. 

b. Procedure of Fraenkel-Conrat et al. (80): From the fraction 
soluble in 0.5 SAS as described in step 3 for the isolation of sheep ICSH 
(see page 637), the supernatants are brought to 0.67 saturation with 
ammonium sulfate. The precipitate obtained between 0.5 and 0.67 SAS 
contains the follicle-stimulating substance. It can be further purified 
in the following ways: precipitation at pH 4.8 in 35% acetone, precipita-
tion in 48% alcohol in the presence of a few drops of saturated sodium 
chloride solution, and removal of contaminating proteins at pH 4.1 in 
saturated sodium chloride solution. 

The product obtained causes beginning ovarian follicular development 
at a total dose of 0.004 mg. when injected subcutaneously in hypophy-
sectomized rats. Higher doses of the preparation (0.04 to 0.06 mg.) 
show indications of ICSH contamination, i.e., luteinization of the follicu-
lar walls and repair of the interstitial tissue. In addition, oestrous uteri 
are caused by 0.016 mg. of the hormone. 

c. Procedure of Greep et al. (89) : Greep, van Dyke, and Chow (89) 
have described a method for obtaining a so-called "biologically pure" 
follicle-stimulating hormone from swine pituitary glands. The method, 
which is based on the fact that FSH is soluble in a pH 4.4 acetate buffer 
containing 20.5% sodium sulfate whereas ICSH is insoluble in this 
solvent, is outlined as follows: 

(1) Fresh hog pituitaries are extracted with 2 % sodium chloride at p H 4.2. The 
supernatant is saturated with ammonium sulfate. The precipitate is dialyzed and 
the clear dialyzed solution is adjusted to p H 5.1. (2) The supernatant is brought 
to 50% saturation with ammonium sulfate at pH 4.2. The supernatant is further 
brought to 0.9 SAS. (3) The precipitate is dialyzed until saltfree. One volume 
of 1 M acetate buffer of p H 4.41 and 2 volumes of 4 1 % sodium sulfate are added. 
The precipitate contains no FSH and is used for the isolation of ICSH. (4) The 
supernatant is made to 4 0 % ammonium sulfate by adding 40 g. ammonium sulfate/ 
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100 ml. (5) The precipitate is dialyzed until free of salt. Steps 8 and 4 are repeated 

until no turbidity is observed in step 8. 

The final precipitate (92) does not cause enlargement of the ventral 
prostate or stimulation of the ovarian interstitial cells in hypophysec-
tomized rats when injected at a total dose of 2.77 mg. protein (assuming 
the preparation%contains 13% nitrogen), but 0.0154 mg. produces an 
increase of 50% in ovarian weights over those of untreated controls. The 
preparation did not give uterine stimulation at the highest dose tested 
(a total dose of 1.92 mg. in ten days). It is apparent that the FSH pre-
pared by Greep et al. was free from ICSH contamination. Unfortu-
nately, they did not give data to show that the preparation contained no 
adrenocorticotrophic, thyrotrophic, lactogenic, or growth activity so that 
its biological "purity" cannot be regarded as established. 

In a later communication, Chow (33) reported that ultracentrifugal 
and electrophoretic experiments indicated definitely the heterogeneity 
of their FSH preparation. However, Greep et al. (89) stated earlier that 
solubility studies in one solvent show "no evidence of contaminating 
proteins if the concentration of the solid phase is five times that saturat-
ing the solution, though an increase in the amount of protein Ν is observed 
if the solid phase is hundred times that necessary for saturation." 

d. Procedure of McShan and Meyer (163): As already mentioned, 
commercial trypsin preparations destroy only ICSH activity in gonado-
trophic extracts and FSH is apparently resistant to the enzyme digestion. 
McShan and Meyer utilize this fact and develop a method to prepare a 
"biologically pure" follicle-stimulating substance. Their method may 
be described in the following steps: 

(1) Acetone-dried sheep pituitary powder is extracted with water. The gonado-
trophic activity is precipitated from the supernatant b y the addition of four volumes 
of acetone. (2) The precipitate is further extracted with water; the supernatant is 
digested at 38°C. for 35 hours at p H 8 with 40 mg. trypsin (Fairchild)/g. of original 
pituitary powder. (3) Insoluble material formed during digestion is centrifuged off; 
the supernatant is placed in a 75° water bath for twenty minutes. (4) The digest is 
dialyzed against 0.1 Af acetate buffer of p H 4.0. The precipitate formed is discarded. 
(5) The supernatant is mixed with four volumes of 9 5 % alcohol; the fine white precipi-
tate is dried with alcohol and acetone. 

The final product is found to cause only follicular development in 
normal and hypophysectomized immature female rats in most cases. 
The preparation is showrn to be free from lactogenic and thyrotrophic 
activities as assayed in pigeons and chicks. No physicochemieal purity 
is given. It is probable that the preparation contains a high percentage 
of inactive contaminants as judged by its ability to increase the ovarian 
wreights of normal immature rats when compared with the preparation 
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T A B L E I V 

BIOLOGICAL P O T E N C Y OF P U R I F I E D F S H P R E P A R E D B Y D I F F E R E N T L A B O R A T O R I E S 

Normal immature rats Hypophysectomized rats 

Method of 

preparation 
Total 

dose, 

mg. 

Days 

of 

injec-

tion 

No. 

of 

rats 

Ovar-

ian 

weight, 

mg. 

Total 

dose, 

mg. 

Days 

of 
injec-
tion 

No . 

of 

rats 

Ovar-

ian 

weight, 

mg. 

Greep, van Dyke , and 0 28 8.63 

Chow (92) 0.0625 

0.625 

1.562 

0 

4 ( ? ) 
4 

10 

10 

4 

5 

6 

6 

12.47 

16.28 

15.10 

5.70 

Fevold (66) 0 10 0 6 

0 .02 4 18 0 .02 4 10 

0 .04 4 24 0 .04 4 16 

0 .08 4 32 0 .08 4 24 

0 .16 4 35 0 .20 4 31 

0 .50 4 44 0 .50 4 35 

McShan and Meyer 5 .8 4 . 5 6 85 .0 31 .0 10 5 263 

(164) 5.9 

6 .6 

4 . 5 

4 . 5 

7 

3 

41 .0 

110.0 
28 .9 10 4 183 

Fraenkel-Conrat, 0 .010 3 3 26 0 100 11 

Simpson, and 0.015 3 9 36 0.003 3 9 14 

Evans (80,82) 0.025 3 12 38 0.015 3 8 30 

0 .050 3 9 46 0.018 3 8 39 

0 .10 3 3 54 

Table IV summarizes the biological potency of FSH fractions pre-
pared by different laboratories. It is clear that the swine FSH prepared 
by Greep et al. has a much lower follicle-stimulating potency than sheep 
hormone as reported by Fevold and Fraenkel-Conrat et al., but the sheep 
FSH gives an ICSH reaction at very low doses while the swine FSH is 
apparently free from ICSH action. Some investigators attribute these 
differences to species characteristics (82,164) while others (33) feel that 
they are due to contamination of sheep FSH by ICSH. The final answer 
to the problem must await the isolation of FSH in pure form. 

obtained by Fraenkel-Conrat et al. (80). The preparation has been 
shown to cause local reactions at the site of injection when used in human 
subjects but, in a later report (164), McShan and Meyer introduce a 
procedure to remove the toxic substance. 
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3. Physicochemical Properties 

Gurin (93) reported that swine FSH obtained by the method of 
Greep, van Dyke, and Chow contains 4.5% mannose and 4.4% hexose-
amine. Evans et al. (53) found that the potent FSH from sheep glands 
is rich in carbohydrate and glucoseamine. McShan and Meyer (162,163) 
stated that their FSH preparations contain about 20% glucose. In ad-
dition, FSH activity is destroyed by certain amylase preparations (45). 
It is probable that pure FSH is a glycoprotein. It is of interest to note 
that all gonadotrophic hormones including those of nonpituitary origin 
seem to contain carbohydrate (93). 

The preparation as described by Fraenkel-Conrat et al. (80) contains 
1.3.1% nitrogen. It is generally agreed that FSH proteins are very 
soluble in water; in the absence of electrolytes, they are soluble in 50% 
acetone, 70% alcohol (80), and 50% dioxane (63). The follicle-stimulat-
ing potency is comparatively stable; in solutions of pH 7 to 8 the activity 
is retained at 75°C. for thirty minutes (163), but it is destroyed at 60°C. 
for fifteen minutes in 50% alcoholic solution (63). Chow (33) has esti-
mated the isoelectric point of his FSH preparation from swine glands to 
be about 4.8. 

The effects of enzymes and of other chemical agents on the follicle-
stimulating activity of pituitary extracts have already been discussed 
in this chapter. 

II. Lactogenic Hormone (Prolactin) 

The first indication of the existence of a lactogenic substance in 
extracts of the anterior pituitary came from the experiments of Strieker 
and Grueter (216), who found that extracts initiate lactation in ovariec-
tomized pseudopregnant rabbits. The conclusion was later confirmed 
by Corner (44) and others (155,174,191). In 1932, Riddle et al. (192,193) 
discovered the stimulating action of the lactogenic principle on the crop 
sac of the pigeon and suggested the name prolactin. Two other names 
have been proposed: galactin (86) and mammotropin (151). 

A . METHODS OF ASSAY 

In estimating lactogenic potency two groups of methods have been 
employed; one depends on the crop sac reaction in the pigeon and the 
other on the response of the mammary gland of the "conditioned" rabbit 
or guinea pig. The latter methods (86,152,154,173), are less quantita-
tive and are laborious; they will not be discussed here. 
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1. Crop Sac Weight Method 

This is the original method proposed by Riddle, Bates, and Dykshorn 
(193). They found that the combined weights of the two excised crop 
sacs are proportional to the amount of lactogenic principle injected. 
Pigeons (six to ten weeks after hatching) are injected intramuscularly 
once daily for four days and autopsied about 96 hours after the first 
injection. Under these conditions Riddle et al. found that the crop 
weight is a linear function of the logarithm of the dosage. The pigeons 
used must have approximately the same body weight because the crop 
sac weight depends on the size of the bird (197). If the crop weight is 
calculated in terms of a unit of body weight, i.e., relative crop weight, a 
more consistent response-dosage relationship is obtained. According to 
Folley et al. (74) the accuracy of the weight method depends on three 
factors: " (1) the standard deviation of a single observation, (2) the 
number of birds used in each group and (3) the slope of the dose-response 
curve." 

Bates and Riddle (10) have found a seasonal variation in the response 
of crop sacs; maximum response occurs in winter and summer. It is 
therefore essential to keep a standard preparation at hand and always 
compare the potency of an unknown with that of the standard. To 
obtain uniform results, the birds must be of the same STRAIN and race. 
Bates et al (12) reported that the crop sac response changes with racial 
and strain differences. Folley, Dyer, and Coward (74) investigated the 
effect of light and temperature on the crop sac response of pigeons; they 
found that light exerts no influence on the response and that a maximum 
response is achieved at an equable temperature in the region of 15°C. 
The effectiveness of different routes of injections has been studied by 
Bates and Riddle (8). Subcutaneous injections are most effective, 
intraperitoneal ones least effective. 

2. Minimum Stimulation Method 

In a footnote in their paper, Lyons and Catchpole (155) stated that 
"one need not depend upon a weight increase in the crop-gland over and 
above the control to determine a positive reaction, since beginning growth 
changes may be seen in crops that weigh less than the average normal, as 
early as 48 hours after the injection of potent hormone." They suggest 
a qualitative test for lactogenic activity by merely holding the crop gland 
to the light to examine beginning recognizable stimulation. McShan 
and Turner (165) proposed a quantitative assay method based on the 
suggestions of Lyons and Catchpole and defined a pigeon unit as "the 
total amount of hormone injected during a period of 4 days which cause a 
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minimal but definite proliferation of the crop glands of 50 ± 11 per cent 
in common pigeons weighing 300 ± 40 gm." In our laboratory, we have 
employed this method routinely to estimate lactogenic potency and have 
found that, even using only three birds per group, satisfactory results can 
be obtained. Silver King pigeons, four to five weeks from hatching and 
weighing 400 to 550 g., are injected subcutaneously once daily for four 
days with 0.5 ml. of the hormonal solution; 24 hours after the last injec-
tion, the crop is dissected and examined against the light for a positive 
reaction. If two out of three birds give a positive response, the amount 
of hormone used is considered to be one unit. 

3. Local Intradermal Method or Micro Method 

For the estimation of a minute quantity of lactogenic hormone, e.g., 
that in urine, Lyons and Page (156) introduced a highly sensitive test by 
intracutaneous injection in the neck skin directly over the pigeon's crop 
sac. According to Lyons (152), the hormone solution (0.1 ml.) is injected 
intradermally within the skin covering the crop sacs, daily for four days 
with a 27-gage hypodermic needle. The birds are sacrificed on the 
fifth day; the sacs are dissected off and held slightly stretched against 
the light when a positive response can be seen with the naked eye. The 
injections are generally carried out over one crop sac and the sac on the 
opposite side may serve as a control or be injected with a different dose 
level. The volume of injection fluid has some influence on the sensi-
tivity of the method (9). It is therefore essential for quantitative results 
to utilize a constant volume. It has been shown that the method will 
detect 1/10,000 of a unit obtained from the minimum stimulation test. 
McQueen-Williams (159) and others (185,186) have applied this method 
to detect the presence of lactogenic hormone in a single rat pituitary 
implanted directly over the crop sac. 

In 1938 arrangements were made for the establishment of an inter-
national unit (I.U.) of the lactogenic hormone during the Conference on 
the Standardization of Hormones (25). In the following year the inter-
national standard preparation of the hormone was issued; the inter-
national unit is defined as: "the specific activity contained in 0.10 mg. 
of the standard preparation" (26). It is therefore possible to state the 
potency of any lactogenic preparation in terms of the international unit. 
Lyons (154) has made careful studies on the potency of the international 
standard material and found that it is about one half as potent as the 
pure lactogenic hormone in the guinea pig assay and about one third as 
potent by the crop weight response method. 



XIV. CHEMISTRY OF ANTERIOR PITUITARY HORMONES 651 

B. METHODS OF ISOLATION 

The content of lactogenic hormone in pituitary glands of different 
species has been reported by a number of investigators. Bates and 
Riddle (7) have found that ox and sheep glands contain much higher 
concentrations of the hormone than do glands obtained from swine. A 
later report by Chance et al. (29) showed that the hormone content

7
 is 

progressively smaller in the following order: sheep, ox, man, swine, and 
horse. The content in horse glands amounts to only 4% of the amount 
found in sheep or ox. Therefore the starting material for the isolation 
of the lactogenic hormone is usually either ox or sheep glands. 

The solvents which have been used by different investigators for the 
extraction of the lactogenic substance from pituitary tissue, are: aqueous 
acid solutions of pH 2 (191), aqueous alkali solutions of pH 9 (86,192,193), 
66% acetone in acid at pH 2 (155), 60-70% alcohol at pH 9-10 (7), and 
aqueous saline solution (22). Bergman and Turner (16) have made 
a comparison of these methods of extraction and conclude that the method 
of Bates and Riddle (7) is superior both for total yield and potency/mg. 
extracted substance. But the acid-acetone extraction of Lyons (152,153) 
has constituted the initial step in the isolation of the hormone in pure 
form. A prime advantage of Lyon's extract is that it contains mainly 
only the lactogenic and adrenocorticotrophic hormones, the other hor-
mones being either not extractable with the solvent or destroyed by the 
acidic acetone. 

A highly purified and potent lactogenic hormone preparation was first 
described by Lyons (152,153) in 1937. In the same year, White et al. 
(233) announced the preparation of a crystalline protein possessing crop-
stimulating activity; in the preliminary note, there was, however, no 
data concerning the biological and chemical purity of the crystalline 
preparation. It was not until 1942 that White, Bonsnes, and Long 
(232) published a satisfactory identification of the crystalline protein 
with the hormone. In the meantime (1940-1941) Li, Lyons, and Evans 
(129,130,132,133) showed that their lactogenic hormone preparation 
behaved like a pure protein as judged by electrophoretic and solubility 
studies. 

The original method of Lyons (153) for the isolation of lactogenic 
hormone in pure form as slightly modified by Li et al. (129,130,132,133) 
may be described in the following steps: 

7
 For the content of lactogenic hormone in pituitaries of ox, mice, rats, guinea pigs, 

rabbits, and cats, see Reece and Turner (187). 
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(1) One kg. of ground sheep pituitaries is extracted with 4 1. acetone to which has 
been added 100 ml. 12 M hydrochloric acid. The extracted material is next precipi-
tated out by the addition of 5 1. acetone. (2) Dissolve the precipitate in 200 ml. 5 0 % 
acetone and reprecipitate by adding 800 ml. acetone. The precipitate formed is 
dissolved in 300 ml. of approximately 10% aqueous ammonium hydroxide. (3) The 
solution is allowed to stand at room temperature for three hours. T w o volumes of 
acetone are added and if a precipitate forms this is removed by centrifugation. (4) 
The supernatant is mixed with one volume of acetone and 10 ml. 12 Ν hydrochloric 
acid. The precipitate is dissolved in 200 ml. water with the aid of 1 M sodium hydrox-
ide to obtain a clear solution. ( 5 ) The solution is adjusted to pH 6.5 with 1 M hydro-
chloric acid and the precipitate removed by centrifugation. (6) The supernatant is 
brought to p H 5.5 and kept at — 15°C. for a few hours. After thawing, the solution 
is centrifuged. ( 7 ) The precipitate is dissolved in slightly alkaline solution and steps 
5 and 6 are repeated until the final pH 5.5 precipitate behaves as a single substance in 
electrophoretic experiments. 

The hormone thus isolated contains about 30 I.U./mg. as assayed by 
the minimum stimulation method in pigeons. The preparation is free 
from other active components. Electrophoretic studies (129,130,132) 
in buffers of pH from 2 to 8 show that the preparation migrates in the 
electrical field as a single protein. Evidence for the purity of the prepara-
tion is also furnished by solubility experiments in three different solvents. 

The pure hormone can also be obtained by an alternate method as 
described by Li, Simpson, and Evans (141) or by the method of White 
et al. (232). 

C. PHYSICOCHEMICAL PROPERTIES 

1. Isoelectric Point 

From the pH at which the hormone becomes least soluble, it has been 
speculated that prolactin must possess an isoelectric point at approxi-
mately pH 5.5. The exact isoelectric point of the hormone as estimated 
by the moving-boundary method in electrophoresis (129) is found to be 
pH 5.73 in buffer solutions of ionic strength 0.055. White et al. (230,232) 
reported a value of pH 5.65 using the micro electrophoresis technique of 
Abramson (2) in buffers of ionic strength 0.10. The small difference 
between these two values is most probably due to the different ionic 
strengths employed and they should be considered to be in satisfactory 
agreement. 

2. Molecular Weight 

The report of Lyons and Page (156) and others (49,99,113) on the 
detection of prolactin in urine would lead one to expect that the molec-
ular weight of the hormone is comparatively low. The first molecular 
weight data were obtained from osmotic pressure measurements (132) 
and indicated that the hormone has indeed a low molecular weight, i.e., 
26,500. From analytical data, the molecular weight may also be esti-
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mated to be about 25,000. Diffusion and viscosity data suggest a value 
of 22,000 (see below). 

The sedimentation constant of prolactin as determined in the analy-
tical air-driven ultracentrifuge has been reported by White, Bonsnes, and 
Long (232) to be 2.8 X 10~13 cm./sec./dyne. Preliminary data on the 
sedimentation and diffusion constants as secured in the laboratory of 
J. W. Williams were also reported by them to be: S20 = 2.65 X 10~1 3, 
D20 = 7.5 X 10~7; from these values, a molecular weight of 32,000 for 
prolactin was computed. Since no complete data were given, the value 
32,000 can only be assumed tentatively as the molecular weight of pro-
lactin when determined by ultracentrifuge. At any rate, the difference 
in these two values (26,500 and 32,000) is hardly surprising, for many 
experiments (179) have shown that molecular weight determinations as 
obtained by osmotic pressure or by ultracentrifugation methods need not 
be in close agreement. The comment made by White (230) that the 
value 26,500 is "considerably too low" would appear to be gratuitous. 

3. Diffusion and Viscosity 

The viscosity of prolactin solutions (117) has been determined in an 
Ostwald viscometer. A straight-line relationship exists between the 
viscosity and the protein concentration up to 1.0% solution. From the 
slope of such a straight line, the hormone molecule is demonstrably far 
from spherical. If one assumes that it is a prolate ellipsoid the ratio of 
the long to the short axis as computed from Simha's equation (206) is 
5.7. The shape of a protein molecule may also be expressed by the 
frictional constant, / / / 0 , which can be computed by Perrin's equation 
(181) if one knows the ratio of the long to the short axis of a prolate 
ellipsoid of revolution. Thus, f/f0 for prolactin is calculated to be 1.29 
(117). 

The membrane diffusion method of Northrop and Anson (178) was 
employed to determine the diffusion coefficient of the hormone (108). 
After making the correction as suggested by Mehl (170), D2o = 9.0 
X 10~7 cm. 2/sec. From a combination of this constant with the fric-
tional ratio, the molecular weight of prolactin may be estimated to be 
22,000, which is in fair agreement with that obtained by osmotic pressure 
measurements. 

4. Optical Rotation and Partial Specific Volume 

The optical rotation of prolactin solutions is found to be a linear 
function of the concentration (117). From the observed rotation of 
1.0% solution at 25°C, the specific rotation of the lactogenic hormone is 
— 40.5°. The partial specific volume of the hormone is calculated by 
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determining the density of the solution containing different weight frac-
tions of the protein and found to be 0.721. This value is as expected 
for ordinary proteins. 

5. Solubility 

Lactogenic hormone has some interesting solubility characteristics. 
The pure hormone is soluble in absolute methyl or ethyl alcohol in the 
presence of a small amount of acid (71,121). It is extremely insoluble 
in water when no electrolytes are present. The hormone isolated from 
ox glands has a solubility of 0.102 g./l. at 7-8°C. (133). In aqueous acid 
solution, prolactin is easily salted out in a low concentration of sodium 
chloride. 

T A B L E V 

PHYSICOCHEMICAL P R O P E R T I E S OF LACTOGENIC H O R M O N E 

Molecular Weight 

Osmotic pressure 26,500 

Analytical data 25,000 
Diffusion and Viscosity 22,000 

Diffusion constant (L>20)
 90

 X
 1 0

~
7 

Partial specific volume (Vi) 0· 721 
Viscosity coefficient 6-65 
Dissymmetric constant (f/f0) 1 ·

29 

Isoelectric point, p H
 5

. 7 3 

Specific rotation —40.5 

Solubility in water at 7-8°C., g. / l 0 .102 

Table V summarizes the physicochemical properties of the lactogenic 
hormone. 

D. DIFFERENCES IN O X AND SHEEP HORMONES 

The hormone isolated from either ox or sheep pituitaries shows no 
difference in crop-sac-stimulating potency. Bischoff and Lyons (19) 
were unable to differentiate the ox and sheep hormone through the use of 
precipitin, anaphylaxis, or the Dale and Arthus reactions. It was further 
found that the ox and sheep hormones can not be distinguished in elec-
trophoretic experiments; they apparently migrate with the same mobility 
in buffers from pH 2 to 9 and have identical isoelectric points (129). The 
two hormones have the same stereochemical structure as judged by their 
optical rotation properties (117); there are also no differences in molec-
ular weight and the content of tryptophan, arginine, cystine, and 
methionine (118,132). However, the hormone isolated from ox as 
contrasted with that isolated from sheep pituitary tissue can be differ-
entiated by the following two methods. 
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1. Solubility Method 

The solubility method has been shown to be a sensitive test for 
distinguishing species specificity of proteins (112). Using this method, 
Li et al. (134,135) found that ox and sheep lactogenic hormone are not 
identical proteins. For instance, in 0.357 M sodium chloride solution at 
pH 2.25, the sheep hormone has a solubility of 0.506 g./l. of the solvent 
at 25°C, whereas the solubility of the ox preparation is only 0.316 g. In 
citrate buffer (1 M> pH 6.36), the ox hormone is more soluble than the 
sheep. It is further shown that when sheep hormone is added to a 
saturated solution of the ox hormone, more protein is dissolved indicating 
that the two substances are not the same. 

The hormones isolated from these two species can also be demon-
strated to be different entities by their behavior when salted out with 
sodium chloride. Cohn (38) has shown that the solubility of a protein 
is defined by an equation of the form: log S = β — Κ8μ, where μ is the 
ionic strength/1000 g. water, S the solubility in g./L, and Ks and β con-
stants. It has been showrn (133) that the hormone from ox or sheep 
glands has an almost identical K8 but different values for β are obtained 
when the salting-out studies are made with sodium chloride in 0.01 M 
hydrochloric acid solution. This means that in 0.01 M hydrochloric acid 
sheep hormone is more soluble than is the ox protein and that they are 
different proteins. 

In alcoholic solution, ox hormone is more soluble than the sheep (71). 

2. Tyrosine Method 

We have observed that the tyrosine content of ox lactogenic hormone 
is consistently higher than that of sheep; ox protein has 5.73% tyrosine, 
whereas sheep contains 4.53% (131,132). It is not likely that the differ-
ence in the solubility behavior of these two proteins can be completely 
explained by their tyrosine content and further determinations of other 
amino acids will be necessary to explain this phenomenon. 

E. ANALYTICAL D A T A 

1. Elementary Composition 

The elementary analysis (121) of a pure lactogenic hormone prepara-
tion yields the following results: C, 50.72%; H, 6.63%; N, 15.86%; S, 
1.79%; P, nil. Earlier investigators (51,160) had already found no 
phosphorus in purified lactogenic preparations. The nitrogen content 
of the hormone was reported by White et al. as 14.38%, 16.49%, and 
16.84% (232,233). 
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2. Distribution of Sulfur 

The hormone has no cysteine or sulfhydryl groups as shown by the 
nitroprusside, phosphotungstate, or iodine test (75,134); even when 
the protein is dissolved in denaturing agents, these tests are negative. 
The presence of cystine in highly purified prolactin has been reported by 
Riddle and Bates (190). Fraenkel-Conrat (75) employed both Sullivan 
(217) and phosphotungstate (72) methods for the quantitative determina-
tion of cystine and found that the pure hormone contains 3.0% cystine. 
White, Bonsnes, and Long (232) reported a value of 3.36% as determined 
by the method of Sullivan and Hess (218). The cystine content is also 
shown to be 3.11 % (118) in hydriodic acid hydrolyzates by the Baernstein 
procedure (6a). Since both the methods of preparing the hormone and 
the methods of analysis for cystine were not the same, the cystine values 
which have been reported should be regarded as in satisfactory agreement. 

Two methods have been used for the determination of methionine in 
lactogenic hormone: one is a colorimetric (157) and the other a titration 
method (6a). The methods give results which are in agreement and the 
methionine content of the hormone may be assumed to be 4.31% (118). 

If we take 4.31 and 3.11% as the methionine and cystine contents, 
respectively, the total sulfur in prolactin can be computed to be 1.76%. 
It may be recalled that the sulfur content8 was estimated as 1.79% when 
determined by the Carius method (132). Thus, the total sulfur in the 
lactogenic hormone is accounted for within the limits of error. 

3. Tyrosine and Tryptophan Content 

As already mentioned, the lactogenic hormone isolated from ox glands 
has a higher tyrosine content (5.73%) than that from sheep glands 
(4.53%). The method used by Li et al. (131) to obtain these values is 
the method of Lugg (150). White et al. (232) reported a value of 5.51 % 
for their ox preparation using the micro method of Folin and Marenzi 
(73). It may be mentioned that the presence of tyrosine in purified 
lactogenic preparations had been indicated by the experiments of earlier 
investigators (160,190). 

The tryptophan content of lactogenic hormone seems to vary with 
the method of analysis used; the method of Lugg gives a value of 1.3% 
(133) ; on the other hand, a higher value (2.5%) is obtained by the glyoxylic 
acid procedure. Recently we employed the p-dimethylaminobenzalde-
hyde reagent (219) and found that the tryptophan content of prolactin 
is 3.1% (121). By the method of Folin and Marenzi (73), White and 

8
 A recent analysis of the sulfur content in lactogenic hormone was kindly per-

formed by Dr. T. S. Ma, University of Chicago, and found again to be 1.79%. 
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co-workers ( 2 3 2 ) reported 1 . 3 % tryptophan in their prolactin prepara-
tion. It is difficult to decide which of these values should be considered 
to represent the correct tryptophan content for lactogenic hormone. 
We hope that future experiments with microbiological or isotope dilution 
methods may furnish the answer. For the present, we may assume that 
prolactin contains 1 . 3 % tryptophan. 

4 . Other Data 

The arginine and glutamic acid content of lactogenic hormone are 
shown to be 8 . 3 1 % and 1 2 . 3 % , respectively ( 1 1 6 , 1 3 2 ) . The total basic 
and acid groups in the prolactin molecule have been determined by the 
dye technique and the hormone was found to contain 12.7 and 11.5 
groups, respectively, per 1 0 , 0 0 0 g. protein ( 1 2 6 ) ; prolactin has 1 .4% 
amid nitrogen ( 1 2 1 ) and 0 . 7 4 % amino nitrogen ( 1 2 1 ) . 

A summary of the analytical data is presented in Table VI. 

T A B L E V I 

A N A L Y T I C A L D A T A
0
 ON LACTOGENIC H O R M O N E 

C 
H 

Ν 

S 
Ρ 
Amino Ν . 
Amide Ν . 
Cysteine. 

50.72 Cystine 3.11 

6.63 Methionine 4.31 

15.86 Tyrosine 

1.79 Ox 5.73 

0 .00 Sheep 4 .53 

0 .74 Tryptophan 1.30 

1.40 Arginine 8.31 

0 .00 Glutamic acid 
Groups/10,000 g. protein 

12.30 

Acid 

Base 

11.5 
12.7 

α
 Figures in per cent except where otherwise indicated. 

F . REACTIONS WITH SPECIFIC REAGENTS 

1. Iodine 

In phosphate buffer of pH 7.0, iodine reacts only with the tryosine 
groups in the prolactin molecule to form diiodotryrosine groups ( 1 3 4 ) . 
This was established by the analysis of the iodine content of the iodinated. 
hormone as compared with that calculated from the remaining free 
tyrosine. When the hormone is completely saturated with iodine, the 
amount of iodine entering the protein is equal to that computed from the 
tyrosine content. It is further shown that the isoelectric point of iodin-
ated hormone has shifted from pH 5.73 to pH 4 .7 . This change corre-
sponds to expectation, because Dalton et al. ( 4 5 ) have shown that the pK 
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for phenolic groups in tyrosine is changed from 10.28 to 6.48 by iodina-
tion. In urea buffer solutions, the kinetic data suggest that there may 
be two types of tyrosine groups in the lactogenic hormone, one reacting 
with iodine at the same rate as pure tyrosine and the other more slowly. 

When the iodinated hormone preparations are assayed in pigeons, a 
complete loss of crop sac stimulation is observed, indicating the essen-
tiality of tyrosine groups for the hormonal action (135). In this respect, 
lactogenic hormone resembles pepsin and insulin; both of these substances 
(95,96) are inactivated by iodine and iodine reacts only with the tyrosine 
component of these two proteins. 

2. Reducing Agents 

The reactions of cysteine and thioglycolic acid with lactogenic hor-
mone have been studied in some detail by Fraenkel-Conrat et al. (83). 
When the lactogenic hormone in solution is above 0.02%, treatment writh 
a fortyfold amount of cysteine causes the formation of a precipitate and 
loss of biological activity. If the conditions of treatment are chosen so 
that they do not lead to precipitate formation, for example, the employ-
ment of a more dilute solution or a 6 to 8 M urea solution, no inactivation 
occurs. Even if the precipitate is formed, the lactogenic potency can be 
recovered by dissolving the precipitate under conditions which prevent 
autoxidation. When the amount of cysteine used is 200 times that of the 
hormone, a total inactivation is observed. Thioglycolic acid is more 
effective than cysteine in destroying lactogenic activity but the condi-
tions necessary for the precipitation of the hormone are similar. 

Fraenkel-Conrat investigated further the nature of the reducing 
groups in the hormone before and after treatment with thiol compounds 
(75). He stated that "treatment of lactogenic hormone with thiol com-
pounds causes (a) the reduction of disulfide bonds to cysteine thiol groups, 
(b) the appearance of groups of unknown nature which reduce phospho-
tungstate and ferricyanide in neutral solution, and (c) the probable for-
mation of stable addition compounds between the protein and the thiol 
compound." It is therefore difficult to explain the loss of lactogenic 
potency after treatment with cysteine or thioglycolic acid in terms of the 
interaction of specific groups in the protein with these reducing agents. 
Both the complexity of these reactions and the interesting behavior of 
the hormone with these particular reducing agents call for further 
investigations. 

3. Ketene 

Ketene has been known for some time as one of the most specific 
reagents for acetylation of the amino or phenolic groups in proteins. 
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It has become customary to assume that ketene reacts with the amino 
groups at a faster rate than with the phenolic hydroxyls. Such an 
assumption has been applied in an earlier preliminary report on the 
ketenization of lactogenic hormone (136) and the authors concluded that 
the amino group is essential for crop-sac-stimulating activity. We have 
recently reinvestigated the reactions of ketene with the lactogenic hor-
mone (127) in more detail, with results which appear to be confirmatory 
of the previous conclusion. 

In phosphate buffer of pH 7.0, ketene reacts with the phenolic groups 
of the tyrosine residues in the hormone molecule more rapidly than with 
the amino groups. If the reactions are carried out in acetate buffer of 
pH 4.0, the rates of acetylation of the amino and phenolic groups are 
identical. When one compares assay results with the degree of acetyla-
tion of these two groups, it would appear that the decrease in crop-
stimulating potency is due to coverage of the amino groups. The 
authors have subjected an acetylated product to electrophoretic exami-
nation and found that it is quite homogeneous with respect to its electro-
chemical properties. They further noted that the acetylated hormone 
migrates more slowly (7.6 X 10~5 cm. 2/v . sec.) than the untreated protein 
(8.1 X 10~5 cm. 2/v . sec.) in pH 2.2 buffer of 0.10 ionic strength. 

The employment of other reagents, such as phenyl isocyanate (23) 
and nitrous acid (128), has also demonstrated the essentiality of the 
amino group for the specific biological effects of the hormone. 

4. Methyl Alcohol 

When lactogenic hormone is allowed to react with methyl alcohol in 
the presence of 0.025 to 0.1 M hydrochloric acid, the crop-sac-stimulating 
action decreases progressively as the methoxyl content of the protein 
increases (126). It has recently been demonstrated (78) that groups in 
protein other than the carboxyl are not involved in the reaction with 
methyl alcohol and that the number of methoxyl groups that can be 
introduced into lactogenic hormone is slightly less than the number of 
carboxyl groups present. Thus it would seem that the loss of lactogenic 
activity is due to the esterification of carboxyl radicals in the hormone 
molecule. 

The electrophoretic behavior of the esterified lactogenic hormone has 
also been investigated by Li and Fraenkel-Conrat. They found that 
the hormone derivative compares favorably in homogeneity with the 
untreated hormone and that the protein becomes more basic after 
esterification. 

There are thus far no indications of the existence of a prosthetic group 
or groups in the lactogenic hormone; the above discussions suggest 
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rather that the structural make-up of the whole molecule is necessary for 
its physiological role. At any rate modifications of the molecular struc-
ture hitherto studied tend to destroy the specific function of the hormone. 

G . EFFECT OF VARIOUS AGENTS 

1. Heat 

Lactogenic hormone solutions (1 % at pH 7.6) are said to be capable 
of sterilization at 100°C. for twenty minutes without loss of potency 
(154). In the absence of salt, the hormone shows little loss of potency 
after boiling for one hour at pH 8.0 or at 60°C. for five hours; if salts are 
present, complete destruction may occur (190). At boiling water tem-
perature, 0.04% hormone solutions of pH 1 to 9 are quite stable for 15 
minutes treatment; at pH 11 and 13, a loss of lactogenic potency is 
observed. When solutions of the same concentration at pH 1 to 13 are 
kept in a boiling water bath for thirty minutes, there is a great loss of 
biological activity (234). We have investigated the heat stability of the 
hormone further by maintaining 0.2% prolactin solution of pH 2.5 or 
pH 10.5 in 0.1% sodium chloride at 60°C. for sixty minutes and found 
that no loss of activity is observed at the lower pH but a definite destruc-
tion occurs at pH 10.5 (121). From these results, it appears that the 
lactogenic hormone is more stable toward heat in acid than in alkaline 
solution. 

2. Enzymes 

Lactogenic hormone activity is destroyed by pepsin and trypsin 
(11,160). White, Bonsnes, and Long (232) confirmed these early results 
and found that " destruction of the biological activity of prolactin by 
pepsin takes place relatively early in the proteolytic process, in any case 
before decomposition into compounds that are not precipitated by the 
trichloroacetic acid." 

3. Denaturing Agents 

In the presence of 3.0 M urea, the relative viscosity of prolactin solu-
tion is greatly increased. When the urea has been removed by dialysis, 
the original relative viscosity of the hormone returns (119). Thus, it is 
clear that a change of the hormone molecule occurs in urea solution and 
that this change is reversible as judged by viscosity measurements. It 
may be recalled that the hormone activity is not reduced by urea if the 
denaturing agent is removed by dialysis before bioassays (132). It has 
furthermore been shown that the molecular weight of lactogenic hormone 
is not changed in urea solutions (132). 

The effect of a detergent of the sodium alkyl aryl sulfonate type 
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(Nacconol) on the hormone has also been investigated (119). As is the 
case with urea, the relative viscosity of the hormone increases as the 
detergent concentration increases. When these solutions were assayed 
in pigeons without the removal of the denaturing agent, the lactogenic 
activity was diminished. The loss of hormonal action may be due to the 
change in the molecular shape of the protein or to a hormone-detergent 
complex formation. A demonstration of the reversibility of the deter-
gent-protein combination and biological assay after removal of the 
detergent would be of great interest but this has not thus far been 
effected. 

III. Thyrotrophic Hormone 

Although the interrelationship between thyroid and pituitary in 
mammals had been known for many years, it was due to the work of 
Smith that the existence of a thyrotrophic substance in the pituitary 
became evident. By the technique of pituitary implants, Smith (212, 
214) restored the atrophic thyroid of hypophysectomized rats. Similar 
results were obtained by Houssay et al. (100) in the dog. The first 
attempts to concentrate the thyrotrophic principle from pituitary extracts 
were carried out by Loeb and Bassett (145) and by Janssen and Loeser 
(102). The hormone has not yet been isolated in pure form, though 
highly purified preparations have been reported (36,84,231). 

A. METHODS OF ASSAY 

The weight and histological development of the thyroid in guinea 
pigs, rats, and chicks have been employed as the index for the thyroid-
stimulating potency of pituitary extracts. 

1. Guinea Pigs 

The guinea pig was first introduced by Loeb and Bassett (145) and 
later widely employed by other investigators. Junkmann and Schoeller 
(106) and others (5,98,109) utilized the histological changes in a young 
guinea pig's thyroid for the quantitative assay of the thyrotrophic hor-
mone. Others (29,198) preferred the change in thyroid weight as an 
indication of the extent of thyrotrophic action. It is generally agreed 
that histological signs of thyroid stimulation are more reliable than the 
changes in weight. Furthermore, histological changes require smaller 
amounts of the hormone and occur more speedily. Recently De Robertis 
and Del Conte (46) proposed a cytological technique which gives evidence 
of thyroid stimulation within thirty minutes after the administration of 
the hormone to young guinea pigs. 
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2. Chicks 

The test of thyrotropic activity in chicks was first suggested by 
Smelser (210,211); it is based on the thyroid weight increase of one-day-
old chicks. The method has been generally accepted as more sensitive 
than that in guinea pigs (17,43,84,107). The strain of chicks is impor-
tant. Bates et al. (13) observed that "chicks from the one source require 
4 times as much thyrotropin to produce an equal amount of stimulation, 
as this is measured by an increase of thyroid weight, as do chicks from 
the other source." In Long's laboratory at Yale (36) similar difficulties 
were found in the use of the chick's thyroid weight as a measure of 
thyrotrophic potency. However, Jorgensen and Wade (105) and 
Ciereszko (36) noted that histological changes in the chick's thyroid give 
more reliable and consistent results. White Leghorn chicks three days 
old were injected subcutaneously daily for five days; on the sixth day the 
chicks were killed and autopsied. The thyroids were fixed for histological 
examination (36). 

3. Rats 

The method suggested by Anderson and Collip (3) is not generally 
employed; this depends upon the effect of the hormone on the meta-
bolic rate of hypophysectomized rats. In this laboratory, we have 
employed the histological changes in the thyroid of hypophysectomized 
immature female rats as an indication of the degree of thyroid stimula-
tion. The technique is highly sensitive and reliable in detecting minute 
amounts of thyrotrophic contamination in other pituitary hormone 
preparations. The method was also employed by Chow, Greep, and 
van Dyke (34). 

B. METHODS OF PURIFICATION 

The thyrotrophic potency of pituitaries of different species has been 
investigated by a number of workers. McQueen-Williams (158) found 
that the rat pituitary contains 7-9 times as much as that of the ox, while 
ox gland has greater thyrotrophic concentration than that of the guinea 
pig (50). Rowlands (196) showed that the content of the pituitary in 
this hormone decreases in the following order: swine, dog, ox, horse, and 
sheep. The fact that ox pituitaries contain more thyrotrophic hormone 
than do sheep glands is confirmed by Jorgensen and Wade (105). It 
appears, therefore, that the best source of the hormone is constituted by 
swine and ox pituitaries. 

Both acid (84,106,111) and alkaline (3,70,146,198) extracts of pitui-
tary tissue have been used for the preparation of thyrotrophic substance ; 
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saline extraction (22,102) is also applicable. The starting material may 
be either acetone desiccated or fresh pituitary glands. To concentrate 
the thyrotrophic hormone from these extracts many fractionation tech-
niques have been tried, such as alcohol or acetone (84,106), salt (70,84), 
or protein précipitants (17,36,105,111,146). It is of great interest to 
note that the thyrotrophic principle is soluble in the presence of some 
protein-precipitating agents, namely, trichloroacetic acid, sulfosalicylic 
acid, lead acetate, etc. This indicates that the hormone may possess a 
rather low molecular weight and would harmonize with the fact that 
ultracentrifugatioii does not concentrate the hormone (114,201). 

Adsorption methods have also been employed in an effort to purify 
the thyrotrophic hormone. Jorgensen and Wade (105) discovered that 
the hormone is selectively adsorbed by permutit at pH 4.5 and subse-
quently concentrated by precipitation with uranium acetate. Repetition 
of these procedures does not appreciably further concentrate the hormone. 

In the following, two methods, one based on the differential precipita-
tion by a protein precipitant and the other on salt fractionation, are 
briefly described. 

1. Yale Procedure (36) 

(a) Frozen whole ox pituitary glands were ground and extracted with 2 % sodium 
chloride solution at p H 7.4 to 7.8. After centnfugation, the supernatant was adjusted 
to p H 4.0 to 4.1. (b) The supernatant (pH 4.0 to 4.1) was mixed with an equal volume 
of acetone. The precipitate formed was removed and more acetone was added up to 
7 5 % . The 50 -75% acetone-insoluble material was then dried b y triturating with 
acetone, (c) The acetone-dried precipitate was next extracted with distilled water. 
The combined extracts were made to p H 9.0 and centrifuged. The supernatant was 
adjusted to p H 7.0 and 5% lead acetate was added until precipitation was complete. 
(d) 2 0 % trichloroacetic acid was added to the lead acetate supernatant until the 
concentration became 8%. (e) The trichloroacetic acid-soluble fraction was dialyzed 
and concentrated b y pervaporation. After lyophilization the dried white solid is the 
purified thyrotrophic hormone. From 1 kg. of whole ox pituitaries, about 400 to 500 
mg. of the preparation can be obtained. 

A total dose of 0.001 mg. of the purified material causes histological 
changes in chick thyroids when injected over a period of five days. The 
preparation is found free from growth, lactogenic, and gonadotrophic 
hormone. Data on possible adrenocorticotrophic contamination have 
not been reported. Ciereszko (36) stated that "preliminary electro-
phoretic examination of the product, as well as ultracentrifuge studies, 
suggests that it contains but one protein component." In an earlier 
report, White (231) showed that his preparation of thyrotrophic hormone 
(apparently the same one reported by Ciereszko) behaved like a single 
substance in one buffer solution. It is, of course, desirable to study 
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electrochemical homogeneity in a protein in more than one buffer and at 
different pH values. Neither White nor Ciereszko has as yet reported 
the solubility behavior of their thyrotrophic product. 

2. California Procedure (84) 

(a) Acetone-desiccated ox anterior pituitaries were extracted with 0.25% acetic 
a c i d - 1 % sodium chloride solution. The supernatant was precipitated with an equal 
volume of acetone. The precipitate formed was extracted with 1 % sodium chloride 
solution, (b) The saline extract was brought to 0.3 saturation with ammonium sul-
fate. After removal of the precipitate, the concentration of ammonium sulfate in 
the supernatant was increased to 0.6 saturation. The 0.6 SAS precipitate was dis-
solved in water and again brought to 0.3 saturation with ammonium sulfate. The 
supernatant was finally brought to 0.5 SAS. (c) The 0.5 SAS precipitate was dis-
solved in water and dialyzed. Acetone was next added to the dialyzed solution to 
39%. The precipitate formed was centrifuged off and the supernatant was poured 
into eight to ten times its volume of cold acetone. The precipitate is the purified 
thyrotrophic hormone. 

The yield from 1 kg. of acetone-desiccated ox pituitaries is about 2.6 g. 
protein; a total dose of 0.012 to 0.026 mg. can cause a 33% increase in 
the thyroid weights of baby chicks over those of controls in six days. 
The preparation has been carefully tested for contamination with other 
pituitary hormones: it contains 0.025% lactogenic hormone, less than 
3% adrenocorticotrophic hormone, about 1% growth hormone, 0.4% 
follicle-stimulating hormone, and about 10% interstitial-cell-stimulating 
hormone. 

It is difficult to compare the thyrotrophic potencies of the products 
purified by the two groups of investigators, for different methods of assay 
were employed. If the thyroid weight and histology in the chick are of 
identical sensitivity as shown by Fraenkel-Conrat et al. (84), the Yale 
product would appear to be ten times as active as the California substance. 

C. PHYSICOCHEMICAL PROPERTIES 

The nitrogen content in purified thyrotrophic preparations has been 
reported to be 12.37% (233), 12.6% (36), and 13.0% (84). It contains 
3.5% hexose and 2.5% glucoseamine (84). White (233) showed that the 
purified hormone has 1.0% sulfur, while Ciereszko (36) gave a value of 
1.2%. No phosphorus was found in the preparations (36,231). 

The hormone is highly soluble in water (36,84,231). It is not precipi-
tated by sulfosalicylic acid (36,231) but is precipitated by phospho-
tungstic acid, picric acid, uranium acetate, and mercuric chloride. 

White (231) reported the sedimentation constant of his preparation 
to be 1.0 Svedberg unit; the molecular weight was estimated to be 
approximately 10,000. 
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Fraenkel-Conrat et al. (84) found that the thyrotrophic activity was 
destroyed by cysteine and ketene treatment. 

Using swine pituitary extract, Chow et al. (34) have studied the effects 
of various proteolytic enzymes on the thyrotrophic potency. They 
found that the thyroid-stimulating action is inactivated by crystalline 
chymotrypsin, crystalline trypsin, and crystalline pepsin. Merck's 
trypsin may partially reduce the hormonal potency. On the other hand, 
papain does not destroy thyrotrophic activity. 

IV. Adrenocorticotrophic Hormone (ACTH) 

Since the first observation of Smith (214), it is well established that 
the size and function of the adrenal cortex is under the influence of the 
pituitary (101,220,222). In almost all species studied, hypophysectomy 
causes adrenocortical atrophy and, on the other hand, hypophyseal 
implants or injections of pituitary extracts tend to enlarge the adrenal 
cortex and to induce hyperplasia of all three of its cell layers. The sub-
stance in such extracts has been designated adrenotrophic or cortico-
trophic hormone. Since the effect of hypophysectomy is confined to the 
cortex (220), it is proposed that the name adrenocorticotrophic hormone 
(ACTH) be employed. 

A. METHODS OF ASSAY 

The enlargement or histological change in the cortex of adrenals of 
normal and hypophysectomized animals has been taken as indicative of 
the adrenocorticotrophic activity of pituitary extracts. Collip et al. (41) 
suggested the removal of one adrenal from the hypophysectomized rat 
as the control, the weight of which was compared with the weight of the 
remaining adrenal after the administration of hypophyseal extracts. 
Reiss and co-workers (188) described a. method based on the change in 
histological behavior of the adrenal of hypophysectomized rats. Moon 
(171,172) employed 21-day- or four-day-old rats as test animals and 
increase in the adrenal weights was used as the index for adrenocortico-
trophic potency. The increment in adrenal weights in two-day-old 
chicks has also been suggested (14) for assaying adrenocorticotrophic 
extracts. Blumenthal (21) employed mitoses in the cells of the adrenal 
cortex of the guinea pig as a test for adrenocorticotrophic activity. 

Since it is known that adrenal hypertrophy in normal animals can be 
induced by many agents other than adrenocorticotrophic extracts (222), 
quantitative assays of ACTH must be carried out with animals after the 
removal of the hypophysis. During the process of developing a procedure 
for the isolation of the adrenocorticotrophic hormone we have employed 
two assay methods for following the activity of adrenocorticotrophic frac-
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tions; these are based on the repair and maintenance of the adrenals of 
hypophysectomized rats (142,207). The methods have also been em-
ployed by Sayers et al. (200) for the standardization of their ACTH 
preparations. 

1. Repair Test 

The histological change in the adrenal cortex of rats after hypophy-
sectomy is characterized primarily by the disappearance of lipides from 
most of the cortex. Some lipides remain in the glomerulosa and scantily 
in the reticularis (171,188). The lipides also become large and more 
irregular in size in hypophysectomized animals. The repair test (207) is 
based on the ability of adrenocorticotrophic hormone to amend these 
changes and cause a normal distribution of the lipides. Females, 26-28 
days of age, are hypophysectomized and the adrenals hence allowed to 
regress for fourteen days, at which time injections are instituted and 
continued for four days, once daily intraperitoneally, followed by autopsy 
96 hours after the first injection. The adrenals are fixed in formol, cut 
as frozen sections, and stained with Sudan Orange. The lowest effective 
amount of the hormone which gives recognizable beginnings in the 
redistribution of the cortical lipides in the adrenals of such animals is 
considered to be 1 unit of ACTH. It may be mentioned that the adrenal 
weight does not significantly increase even after injection of 100 such 
units of the hormone. The method is highly specific and sensitive. It 
requires a very small amount of a pure preparation to obtain the begin-
ning repair of the degenerated adrenals. 

2. Maintenance Test 

This test is based on weight maintenance of the adrenals by injecting 
the hormone immediately after hypophysectomy. Male rats (40 days 
old) are hypophysectomized and injected intraperitoneally (daily except 
Sunday) from the day of operation for fifteen days (thirteen injections). 
The adrenal weights of uninjected hypophysectomized animals regressed 
during this period from an average of 26 mg. to a constant weight of 
approximately 12 mg. The amount of ACTH which maintains the 
adrenals in such animals at 26 mg. is 1 maintenance unit (207). We 
have found that the sensitivity of the maintenance test can be greatly 
increased if more than one injection daily is employed. For instance, 
a 0.2-mg. daily dose of the hormone will give adrenal weights of about 
26 mg. but the same daily dose when halved and injected twice daily will 
result in adrenal weights of 30 mg. White (233) has shown that the 
sensitivity is also influenced by the strain of rat employed; he further 
showed that if adrenal weights are expressed per 100 g. body weight, 
assays in different laboratories can be satisfactorily compared. 
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B, METHODS OF ISOLATION 

Pituitary glands of sheep, ox, and swine have been used for the 
preparation of adrenocorticotrophic extracts. Swine glands have been 
shown to have a higher concentration of ACTH than do sheep or ox 
glands (6). Besides pituitary tissues, there are indications that the 
adrenocorticotrophic substance may be found in the serum of pregnant 
mares (87) and in female human urine (20,21). 

In their method of preparing thyrotrophic extracts Collip et al. (39,41) 
found that the adrenocorticotrophic activity is in the 75%-acetone- and 
70 %-ethanol-soluble fractions. Bates et al. (14) reported that ACTH 
is soluble in 60% ethanol. Therefore aqueous alcohol or acetone solu-
tions have also been found useful in obtaining a potent adrenocortico-
trophic extract (40,180,195). 

It has been claimed by Anselmino et al. (4) that the adrenocortico-
trophic factor is diffusible through 8% acetic acid collodion membranes. 
More recently, Tyslowitz (224) has reported that dialyzates of a glacial 
acetic acid extract of acetone-dried swine pituitary tissue possessed a 
factor which caused an increase in the adrenal weights in hypophysec-
tomized rats. It Avould seem to be important to confirm these findings, 
for they indicate that there may be another adrenocorticotrophic factor 
in swine pituitary—one which has a smaller molecular size. 

Perhaps the best starting material for the isolation of ACTH is the 
acid-acetone extract of Lyons (153). It is particularly rich in two hor-
mones only—the adrenocorticotrophic and lactogenic substances—but 
low in thyrotrophic, gonadotrophic, and growth activities. Using this 
extract, workers in two laboratories (124,142,199,200) have independ-
ently isolated adrenocorticotrophic hormone in pure form from sheep and 
swine glands by two different methods. Their products are apparently 
identical in both biological and physicochemical properties. In the field 
of pituitary hormone research, it is almost proverbial that difficulties are 
encountered by any investigator who attempts to repeat the chemical 
procedure of another. It is therefore particularly gratifying to note that 
the data obtained by these two laboratories are in complete agreement. 
It may be added that Neufeld (175) has adopted a method similar to that 
described by Li et al. (124,142) for the preparation of highly purified 
adrenocorticotrophic hormone. 

1. Isolation of Swine ACTH 

The method of Sayers et al. (199,200) employed whole swine pituitary 
glands as the starting material. The procedure is based on the principle 
that both the hormone and its main contaminant (lactogenic hormone) 
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have low solubility at their isoelectric points. It may be outlined in the 
following steps: 

(a) One kg. of whole swine glands is extracted with acid-acetone as described b y 

Lyons (153). The extractable material is precipitated by increasing the acetone 

concentration to 9 2 % . The precipitate is extracted four times with 50 ml. water. 

The so-called "crude prolactin" fraction is obtained by adding acetone to the com-

bined aqueous extracts to 9 2 % . (b) The "crude prolactin" is dissolved in water at 

pH 9.0. The precipitates formed b y lowering the p H to 8.0, 6.6, and 5.4, successively, 

are removed b y centrifugation. The supernatant of p H 5.4 is brought to approxi-

mately 0.07 saturated ammonium sulfate. After removal of the small amount of 

precipitate formed, four volumes of acetone are added, (c) The precipitate is dis-

solved in water and the solution is mixed with one half its volume of concentrated 

ammonium hydroxide. After the ammoniacal solution is allowed to stand at room 

temperature for seven hours, acetone is added to 90%. (d) The precipitate is dis-

solved in water and dialyzed until salt free; any precipitate formed during dialysis is 

discarded. The solution is adjusted to pH 5.4 and centrifuged free of precipitate. 

The pH is next lowered to 4.7; the precipitate is adrenocorticotrophic hormone. 

The product thus isolated has been subjected to electrophoretic 
experiments in buffers of four different pH values, indicating homogeneity 
of the preparation. The sedimentation behavior of a 2 % solution of 
the protein in a Beams analytical ultracentrifuge shows no evidence 
of the presence of a second component. The purity of the hormone 
has not been examined from the standpoint of solubility studies. When 
assayed in hypophysectomized male rats (total dose, 1.4 mg.) and pigeon 
(total dose, 10 mg.) the product has been shown to be free from growth, 
thyrotrophic, gonadotropic, and lactogenic activities. It may be men-
tioned that the absence of alterations in the weight of the thyroid or 
testes were used by Sayers et al. as reliable indications of the absence of 
thyrotrophic and gonadotrophic contaminants. It is, however, well 
known that the weight changes in thyroid or testes of hypophysectomized 
animals after injecting thyrotrophic or interstitial-cell-stimulating hor-
mones are comparatively slight. In our experience, histological studies 
should be used for indications of the absence or presence of these two 
contaminants in a purified preparation. 

2. Isolation of Sheep ACTH 

Li, Evans, and Simpson (124,142) used fresh whole sheep glands as 
the starting material for obtaining the final pure protein—the adreno-
corticotrophic hormone. The procedure is as follows: 

(a) Sheep pituitaries are ground and extracted with acidified acetone. The 
extract is precipitated in 9 0 % acetone and dried. (6) The precipitate is extracted 
with 0.10 M disodium phosphate; the extract is next precipitated in 2.0 M ammonium 
sulfate. The precipitate is dissolved in water and dialyzed until salt free, (c) The 
dialyzed solution is brought to 0.54 M sodium chloride at p H 3.0, and centrifuged. 
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The supernatant is again brought to 2.0 M ammonium sulfate, (d) The precipitate 

is dissolved in water and to the solution is added half its volume of concentrated 

ammonium hydroxide. The ammoniacal solution is allowed to stand at room tem-

perature for four hours, (e) The solution is then brought to 9 0 % acetone. The 

precipitate formed is dissolved in water and dialyzed against p H 7.5 phosphate buffer. 

( /) Saturated ammonium sulfate is added to the dialyzed solution until a 1.65 M solu-

tion results. The precipitate is dissolved in water and dialyzed again against p H 

7.5 phosphate buffer, (g) The dialyzed solution is put into a boiling water bath for 

two hours. After heating, ammonium sulfate fractionation is repeated, (h) The 

final 1.65 M ammonium sulfate precipitate is dissolved in water and brought to 0.54 

M sodium chloride and then to 1.36 M at p H 3.0. The precipitate coming down 

between 0.54 M and 1.35 M sodium chloride is the adrenocorticotrophic hormone. 

T A B L E V I I 

Y I E L D IN E A C H S T E P IN ISOLATION OF ADRENOCORTICOTROPHIC H O R M O N E FROM 

O N E K I L O G R A M F R E S H W H O L E S H E E P G L A N D S 

Isolation step no. 

(see text) 
Fraction Yield in N , mg. 

b N a 2H P 0 4 extract 515 

c 0.54 M NaCl supernatant 100 

e Dialyzed soluble material of ace tone-NH 3 ppt. 65 

g Final 1.65 M ( N H 4) 2S 0 4 precipitate 37 

h Final NaCl ppt. ( A C T H ) 11 

The average yield in terms of nitrogen in each step is summarized in 
Table VII. It may be noted that from 1 g. of whole sheep glands 
approximately 70 mg. of hormone could be isolated. When the hormone 
is assayed in hypophysectomized male or female rats, it is shown to con-
tain less than 0.10% of follicle-stimulating, interstitial-cell-stimulating, 
and thyrotrophic hormone as judged by histological changes. It is also 
evident that the hormone is free from lactogenic and growth activities 
when assayed in pigeons and adrenalectomized rats. By the method of 
Burn (27), the hormone contains less than 0.02% pressor substance. 
Thus, it can be stated that the sheep ACTH isolated by the California 
method is completely free from other biologically active components 
except its own specific adrenocorticotrophic action. The adrenocortico-
trophic potency of the hormone as assayed by the maintenance test is 
summarized in Table VIII. It will be seen that 0.2 mg. of the pure 
substance satisfies the criterion for 1 Maintenance Unit of the hormone. 

The physicochemical purity of sheep ACTH has been examined by 
electrophoretic, ultracentrifugal, diffusion, and solubility studies. When 
the hormone solution is electrolyzed in a Tiselius electrophoresis appara-
tus at seven different pH values, it behaves as a single protein. Solu-
bility experiments in one solvent give a curve indicative of a single 
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component. It must be admitted that solubility studies in other 
solvents should be carried out in order to fully sustain the belief that the 
product is a homogeneous substance. 

T A B L E VI I I 

B I O A S S A Y OF S H E E P ADRENOCORTICOTROPHIC H O R M O N E IN F O R T Y - D A Y - O L D 

HYPOPHYSECTOMIZED M A L E R A T S ( M A I N T E N A N C E T E S T ) 

Daily dose, 
mg. 

N o . of rats 
Body weight 

at autopsy, g. 

Adrenal weight, 
mg. 

Adrenal weight/100 
g. body wt., mg. 

0 .0 19 127.5 12 .0 ± 0 .5* 9 .4 

0 .02 14 107.8 15.6 ± 0 .7 14.5 

0.05 25 118.6 19.5 ± 1.0 16.4 

0 .10 15 117.9 22 .3 ± 1.0 18.9 
0 .20 15 117.4 25 .1 ± 0 .9 21 .4 

1.00 10 107.8 40.1 ± 0 .8 37 .2 

° Mean ± standard deviations. 

Sedimentation and diffusion studies of the hormone were made in the 
laboratory of J. W. Williams. The protein is found to be homogeneous 
in ultracentrifugal experiments, but the results from one diffusion experi-
ment carried out in a Lamm cell gave evidence of some inhomogeneity 
(28). It would be desirable to perform additional diffusion experiments 
with somewhat higher hormonal concentrations to establish homogeneity 
with respect to diffusibility. 

C. PHYSICOCHEMICAL PROPERTIES 

1. Isoelectric Point 

The isoelectric point of adrenocorticotrophic hormone has been 
thought for some time to be at pH 6.0 to 6.5 (39,40,153). When the 
hormone was isolated in pure form, electrophoretic data revealed the 
fact that the isoelectric point of the sheep hormone is between pH 4.65 
and 4.70 (124), while that of the swine protein lies between pH 4.7 and 
pH 4.8 (199). Although these two proteins have thus almost identical 
isoelectric points, electrophoretic studies at other pH values may reveal 
differences with respect to electrochemical properties. Unfortunately 
the data given by Sayers et al. (199) do not specify the ionic strength of 
the buffers used; it is hence not possible to make satisfactory comparisons 
of the electrophoretic behavior of the two proteins. 

2. Molecular Kinetic Data 

Burtner (28) obtained sedimentation and diffusion constants for the 
sheep adrenocorticotrophic hormone isolated by Li et al.: S2o = 2.08 S, 
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D20 = 10.4 X 10~7 cm. 2/sec. If the partial specific volume is assigned 
as 0.75, the molecular weight is computed to be 20,000; the frictional 
ratio, f/fo becomes 1.1, which gives as an approximate value 3/1 for the 
ratio of major to minor axis of the assumed unhydrated ellipsoidal 
molecule. 

Sayers et al. (199) gave the sedimentation constant of their swine 
hormone, S2o = 2.04 to 2.11 S. They reported no diffusion data but an 
estimated molecular weight of 20,000. 

3. Some Analytical Data 

The elementary analysis of a pure adrenocorticotrophic hormone 
isolated from sheep glands shows it to contain 46.3% C, 5.89% H, 15.65% 
N, and 2.30% S. There is no carbohydrate, phosphorus, or cysteine 
in the hormone. The hormone contains 1.93% methionine and 7.19% 
cystine (122); the content of these sulfur amino acids accounts for the 
amount of sulfur in the protein. Preliminary analysis (121) of trypto-
phan and tyrosine content by the method of Lugg (150) gives the follow-
ing data: tyrosine 4.5%, tryptophan 1.0%. 

4. Solubility 

The adrenocorticotrophic hormone is very soluble in water and is 
only partly precipitated at its isoelectric point. In 2.5% trichloroacetic 
solution, it is almost completely precipitated (124). The hormone is 
readily precipitated from dilute solution by 20% sulfosalicylic acid and 
by 5% lead acetate solution (199). Bates et al. (14) reported that their 
adrenocorticotrophic principle had an appreciable solubility in 60 to 70% 
ethanol or acetone, even in the isoelectric region. 

5. Stability 

One of the remarkable properties of adrenocorticotrophic hormone is 
its resistance to heat treatment (124). When a hormone solution in a 
buffer of pH 7.5 is put in a boiling water bath for 120 minutes or longer, 
no loss of adrenocorticotrophic activity is observed. In 0.10 M hydro-
chloric acid, 0.2% hormone solution retains its biological potency when 
it has been kept at 100°C. for sixty minutes, but when a hormone solu-
tion of the same concentration in 0.10 M sodium hydroxide is heated to 
100°C. for thirty minutes, the hormonal activity is almost completely 
destroyed. In experiments conducted at 60°C. for sixty minutes, 0.2% 
adrenocorticotrophic hormone solution at pH 10.8 does not significantly 
lose its potency (121). The heat resistance of the adrenocorticotrophic 
activity of a purified preparation in acid solution has also been observed 
by Noble and Collip (177). 
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Table IX summarizes the physicochemical data for sheep and swine 
adrenocorticotrophic hormone. 

T A B L E I X 

PHYSICOCHEMICAL DATA*
1
 FOR SHEEP AND S W I N E ADRENOCORTICOTROPHIC 

HORMONES*» 

Determinations 

C . 
H . 
S.. 
N . 
P . 

Carbohydrate 

Cystine 
Methionine 
Isoelectric point, p H 
Sedimentation constant, # 2o - . 
Diffusion constant, D 2o X 10

7 

Molecular weight 
Dissymmetric constant, f/fo. . 

Sheep 

46 .35 
5.89 
2 .30 

15.65 
0 .00 
0 .00 
7.19 
1.93 

4 .65 to 4 . 
2 .08 

10.40 

20,000 
1.1 

70 

Swine 

50.64 

6.23 

2 .33 

15.47 

4 .70 to 4 .80 
2 .04 to 2 .11 

20,000 

«See (28,122,124,199). 
h
 Figures in per cent except where otherwise indicated. 

D. EFFECT OF VARIOUS AGENTS 

1. Ketene 

When adrenocorticotrophic hormone solutions in pH 7.0 phosphate 
buffer were put in contact with a rapid flow of ketene for two, three, or 
five minutes, it was noted that one fifth of the phenolic groups in the 
hormone was acetylated while the loss of amino nitrogen was at most 
50%, yet the adrenocorticotrophic activity continuously decreased 
(143). The authors conclude that the loss of hormonal action is at least 
partly due to the acetylation of the free amino groups. 

2. Nitrous Acid 

If a 2 or 4% ACTH solution in pH 4.0 acetate buffer is allowed to 
react with 0.5 ml. 4 M sodium nitrite solution for thirty minutes, the 
adrenocorticotrophic activity is completely abolished (143). The 
authors assume that if the behavior of adrenocorticotrophic hormone 
toward nitrous acid resembles that of pepsin (182), the free amino groups 
in the hormone are necessary for its biological activity. 
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3. Formaldehyde 

Further evidence that the primary amino groups of adrenocortico-
trophic hormone are essential for its activity is obtained from a study of 
its behavior toward formaldehyde (143). When a mixture of 60 mg. 
hormone and 1 ml. 50% formaldehyde solution in 10 ml. phosphate buffer 
(pH 7.0) was allowed to stand at room temperature for thirty minutes, 
a complete loss of hormonal activity resulted. 

4. Iodine 

If a protein contains no cysteine, it takes up iodine through the 
tyrosine group (120). When adrenocorticotrophic hormone solutions 
were allowed to react with iodine in pH-7.0 buffer, the iodine uptake 
corresponds approximately to the tyrosine content in the hormone and, 
in the meantime, the biological potency is diminished (143). From these 
experiments, it was concluded that the tyrosine groups in adrenocortico-
trophic hormone are also essential for its specific biological action. 

5. Trypsin 

The effect of a commercial preparation of trypsin (Pfanstiehl) on 
adrenocorticotrophic hormone has been studied (124). It was noted 
that the adrenocorticotrophic activity was destroyed when 26% of the 
protein was digested by the enzyme. However, no significant diminu-
tion of its activity was found when 18% of the hormone was hydrolyzed. 

E . HYDROLYSIS WITH PEPSIN 

When adrenocorticotrophic hormone was digested with a commercial 
preparation of pepsin (Lilly) to an extent of 36-37%, Li et al. (124) found 
that the hormonal activity was unchanged as assayed by both the main-
tenance and repair tests. Later experiments (121) confirm and extend 
these findings. The new facts may be summarized as follows: (1) The 
digestion with crude pepsin (Lilly) may be allowed to proceed until 50 % 
of the protein hormone is hydrolyzed without loss of hormonal activity. 
(β) If 60% of the hormone is digested with crystalline pepsin biological 
activity is not entirely destroyed. (3) The trichloroacetic-acid-(5%)-
soluble fraction of the hormone after 50% hydrolysis with crude pepsin 
shows as much adrenocorticotrophic potency as the original material on 
the basis of total nitrogen content. This indicates that the hydrolytic 
products possessing lower molecular weights—polypetides—must possess 
the adrenal-stimulating activity. (4) Analytical data suggest that these 
polypetides may contain as few as eight amino acids. 
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V. Growth Hormone 

In 1921, Evans and Long (55) injected a simple saline extract of ox 
anterior pituitary substance into normal rats and found that the growth 
of these animals was accelerated and the final body weight heavier than 
in litter mate controls. Later experiments of Smith (213) with hypo-
physectomized rats showed that the growth of these animals was resumed 
on administration of the same anterior pituitary extracts. Thus, the 
existence of a growth hormone in these extracts was indicated. The 
isolation of the hormone in pure form has only recently been achieved 
(123,125). 

A. METHODS OF ASSAY 

Three methods for the standardization of growth hormone potency 
are currently employed. Two of them are based on the body growth of 
normal or hypophysectomized female rats and have been widely used in 
growth hormone research. The third method has been adequately 
explored only recently and appears to be specific; it depends on the rapid 
increase in width of the uncalcified cartilage of the epiphyseal disc of a 
long bone of a young hypophysectomized animal. 

1. Body Growth of Normal Female Rats 

Though use of normal "plateaued" female rats, five to six months of 
age and weighing from 220 to 280 g. for the assay of growth hormone 
fractions was first suggested by Evans and Simpson (58), such rats, 
although they have reached growth stasis, can be induced to grow readily 
by the administration of the growth hormone. In actual practice, a 
hormonal preparation to be assayed was injected intraperitoneally or 
subcutaneously into groups each of which consisted of at least ten normal 
plateaued female rats for twenty days (seventeen injections). A dose 
level that causes an increase in body weight of from 40 to 60 g. in this 
period is most reliably chosen for such an assay; a unit is defined as the 
daily dose producing a total weight increase of 40 g. in twenty days (62). 
It was found that a straight line relationship exists between the logarithm 
of the dose level and the response in body growth (24,77) and that the 
slope of this line is essentially the same for both cruder and more purified 
preparations (166). Howrever, the slope of the line increases with increas-
ing periods of injection, up to fifteen days (166). For this reason, a 
shorter period of injection than fifteen days is not advisable. 

Although normal "plateaued" female rats possess the advantages of 
being more resistant to the toxic effects of crude preparations and in 
being more easily available, their notably lower sensitivity to the hor-
mone and the longer period of injections required have limited their use. 
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2. Body Growth of Hypophysectomized Female Rats 

When hypophysectomized rats are employed for growth tests, it is 
essential that they should be rigorously standardized as to strain, sex, 
age, weight, physiological condition, and postoperative period if reliable 
results are to be obtained. The animals are not used for assay unless 
evidence for complete hypophysectomy has been obtained. The follow-
ing criteria are generally used to ascertain the completeness of the opera-
tion: limitation of body weight gain to 7 g. in the first eight days after 
hypophysectomy, impairment of body tonus, maintenance of infantile 
hair, and the final exploration of the sella at autopsy. 

For routine assay, a group of ten hypophysectomized female rats, 
28-30 days of age at operation and ten-fourteen days postoperative, 
receive nine intraperitoneal injections in ten days. A unit is defined as 
the daily dose which causes an average weight gain of 10 g. in this period 
(62). For the highest degree of accuracy it may be necessary to use a 
fifteen-day injection period (166). When the weight gain is plotted 
against the logarithm of the dose, a straight line is also obtained (144,166). 
Very high levels of dosage are beyond the dose range which gives the 
straight line relationship. For this reason, only that part of the curve 
or line should be employed in an assay. 

It is well recognized that hypophysectomized rats are more sensitive 
in their response to growth hormone than are normal "plateaued" female 
rats. Marx et al. have shown that "the hypophysectomized rats showed 
almost a double relative response with only about i of the relative dose 
as was given to the normal rats" (166). Chou et al. (31) noted that 
hypophysectomized male and female rats are equally responsive to 
injections of growth-promoting extracts. It is not advisable to use test 
animals more than once to obtain results of the highest accuracy. The 
animals which have been employed for a previous assay are neither as 
uniform nor as sensitive in their growth response (24,42,166). 

3. Tibia of Hypophysectomized Rats 

The influence of the hypophysis on skeletal growth has been known 
for some time (48,94,205), but the specific action of growth hormone on 
the epiphyseal cartilages of the long bones of hypophysectomized animals 
has been described only recently (85,184). Kibrick et al. (108) concluded 
that these effects were as follows: "hypophysectomy rapidly initiates a 
loss in the dimensions of the epiphyseal plate, despite the fact that 
growth of cartilage and bone may continue for a short time in the young 
animal after the removal of the pituitary. This loss in thickness reflects 
the initial disturbance of the equilibrium that normally exists between 
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chondrogenesis and oesteogenesis. Administration of growth hormone 
rapidly restores the dimensions of the cartilage plate by stimulating 
first chondrogenesis and then oesteogenesis until an equilibrium is 
re-established." Based on these premises, Evans et al. (60) proposed a 
new method for bioassay of the pituitary growth hormone using the 
width of the proximal epiphyseal cartilage of the tibia in hypophysec-
tomized rats as the index of hormonal stimulation. This method was 
found to be approximately three times as sensitive as that dependent 
upon body growth; when compared with other pituitary hormonal 
preparations it was found highly specific (168) for the growth hormone. 

The procedure requires the use of hypophysectomized female rats, 
26 to 28 days of age at operation, twelve to thirteen days postoperative. 
The hormone tested was administered intraperitoneally once daily for 
four days. The autopsy was made 24 hours after the last injection; the 
right tibia of each animal was dissected, split with a safety razor blade 
and fixed in neutral formol. Routine staining with silver nitrate and 
sodium thiosulfate was used. The uncalcified portion of the epiphysis 
was then measured under the microscope with a calibrated eye piece 
micrometer. As was found in the body growth of hypophysectomized 
or normal rats in their response to growth hormone, here also a plot of 
the width of the uncalcified cartilage against the logarithm of the hormone 
dose gives a straight-line relationship (60). 

B. METHOD OF ISOLATION 

Growth-promoting extracts of pituitary glands may be obtained 
either with saline (22,55) or alkaline solutions. Such alkaline solutions 
are made from NaOH (57), Ba(OH) 2, (52), Ca(OH) 2 (169) or NH 4OH 
(70). From these extracts, Teel (221), van Dyke and Wallen-Lawrence 
(226) were early able to show that the growth hormone activity may be 
precipitated out as a globulin in the presence of sodium sulfate. This 
fact led Evans et al. (62) to use ammonium sulfate as a precipitating 
agent for the hormone. They found that growth-promoting activity is 
in the precipitate which occurs between 0.2 and 0.5 SAS, but the precipi-
tate, though containing the growth hormone, was not freed from other 
active components. In 1940, Fraenkel-Conrat et al. (77) employed 
cysteine to inactivate these contaminants and some further increase in 
growth potency was achieved with ammonium sulfate fractionation or 
isoelectric precipitation (167). 

Adsorption methods have also been employed for the purification of 
growth hormone. Collip et al. (42) used calcium sulfate to adsorb the 
hormone, whereas Dingemanse and Freud (47) employed activated 
carbon (Norit) as the adsorbent and phenol as the solvent of the hormone. 
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It is not established that these methods selectively separated the growth 
hormone from all its contaminants. 

Success in the isolation of the growth hormone in pure form has only 
recently been attained after long-continued effort in this laboratory 
(123,125). The isolation method may be briefly summarized in the 
following steps: 

(1 ) The dissected anterior lobes of ox pituitaries are ground and dried with chilled 
acetone ( — 1 0

e
C ) . The acetone-dried powder is extracted with calcium hydroxide 

solution at p H 11.5 for 24 hours; the p H is then lowered to 8.7 b y adding carbon 
dioxide gas. (2) The supernatant is brought to 2.0 M ammonium sulfate. The 
precipitate formed is dissolved in water and the ammonium sulfate precipitation 
repeated. The final precipitate is dialyzed until free of salt. (3) The insoluble 
material formed during dialysis is next dissolved in water at p H 4.0. The solution 
is brought to 0.10 M sodium chloride. The resulting precipitate is removed and the 
supernatant is brought to 5.0 M sodium chloride. The sodium chloride fractionation 
is repeated twice. (4) The final 5.0-Af sodium chloride precipitate is dissolved in 
water and dialyzed until salt free. The thoroughly dialyzed solution is adjusted to 
p H 5.7 to 5.8; the precipitate is centrifuged off and the supernatant made alkaline 
and adjusted to p H 8.7 to 8.8. The clear p H 8.8 fluid is then brought to 1.65 M 

ammonium sulfate at p H 7.0. The p H and ammonium sulfate fractionation is 
repeated twice. (5) The dialyzed solution of the final 1.65 M ammonium sulfate 
precipitate is first adjusted to p H 5.7 to 5.8 and then p H 8.7 to 8.8 as above; finally 
the solution is precipitated at p H 6.8 to 6.9 in the absence of ammonium sulfate. 
This isoelectric precipitation is repeated twice. The final p H 6.8 precipitate is the 
growth hormone. 

A nearly crystalline preparation of growth hormone could easily be 
obtained by cooling its warm supersaturated solution after the removal 
of some precipitates at pH 7.0. Fig. 1 gives a photomicrograph of such 
preparations. 

C . CRITERIA OF PURITY 

1. Biological Test 

The hormone isolated by the procedure just described contains no, or 
extremely low amounts of, biologically active contaminants. When a 
total dose of 10 mg. is injected subcutaneously into month-old squabs 
(four days), there appears no lactogenic potency. A total dose of 5 mg. 
in hypophysectomized female rats in four days gives no histological 
evidence of the presence of adrenocorticotrophic, thyrotrophic, or gonado-
trophic hormones.9 

9
 However, when the preparation is injected in old hypophysectomized rats (over 

one year postoperative) for 39 days with a total dose of 5.8 mg., results (15) indicated 
that it may contain a minute quantity of thyrotrophic substance. It may be agreed 
that the most sensitive tests for the purity of a biologically active protein are bio-
logical assay methods, if the contaminating substances are physiologically active. 
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2. Diffusion 

The homogenei ty of the hormone w i t h respect t o molecular size has 
been examined b y di f fus ion exper iments using the sintered-glass disc 
technique of N o r t h r o p and Anson (178). I t was found t h a t the amount 
of dif fused n i t r ogen /un i t t ime was prac t ica l l y constant and t h a t there 
was no difference i n g row th potency of the p ro te in so lu t ion after or before 
the di f fus ion process. 

F I G . 1.—The growth hormone (X250). 

3. Electrophoresis 

W h e n a 1% g row th hormone so lut ion is subjected t o electrophoret ic 
studies i n a Tisel ius apparatus (223) w i t h the scanning method of Longs-
w o r t h (148), the hormone migrates as a single component i n three buffers 
of p H 4.0, 4.95, and 9.60. F i g . 2 presents a few electrophoresis pat terns 
of such exper iments. 

I n one exper iment, the p ro te in wh i ch appeared i n three di f ferent 
sections of the electrophoresis cell ( the parent so lu t ion was submi t ted 
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for 120 minutes at pH 4.0 to a potential gradient of about 6 v./cm.) was 
recovered separately and no significant difference in growth potency of 
the three fractions could be detected. The fact that no electrophoretic 
separation of the hormone could be achieved indicates that the prepara-
tion is homogeneous as to its electrochemical properties. 

i 1 < 1 < — 

( a ) ( b ) (c) 

F I G . 2.—Electrophoretic patterns of the ascending boundary of growth hormone 
preparations, (a) acetate buffer of p H 4.0, 120 minutes electrolysis; (b) acetate 
buffer of p H 4.95, 540 minutes electrolysis; (c) barbiturate buffer of p H 9.60. All 
buffers of 0.1 ionic strength; 1.5°C. 

4. Solubility 

Since melting points of proteins can not be determined without 
decomposition, the ordinary methods for determining purity in organic 
compounds are not suitable for substances of protein nature. Northrop 
and colleagues have used extensively the solubility technique (97) to 
detect impurities in their crystalline enzyme preparations. It is now 
generally agreed that the solubility test is the best physical method to 
establish the purity of protein preparations. 

Three solvents were used to study the solubility behavior of the 
growth hormone. In each instance, the solubility of the hormone was 
constant after the appearance of the solid phase indicating the singular-
ity of the preparation. The solubility curves are given in Fig. 3. 

Ultracentrifugal studies of the hormone have not been made; in view 
of the uniformity of the diffusion rate, the hormone is most probably 
homogeneous with respect to molecularity. Furthermore, no instance 
is known in which a protein behaves like a pure substance in solubility 
experiments but shows heterogeneity in ultracentrifugal tests. 

D . BIOLOGICAL POTENCY 

When the growth hormone preparations were assayed in hypophy-
sectomized female rats for growth-promoting activity, it was noted that 
0.01 mg. daily for ten days (nine injections) caused an average of 10-g. 
increase in body weight. Table X summarizes the assay results with 
different dose levels of growth hormone. The biological potency of the 
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M g . N i t r o g e n p e r c e . S u s p e n s i o n 

F I G . 3.—Solubility curves of the growth hormone in various solvents at 5 ° . (A) 
solvent, distilled water, p H 7 . 1 ; ( B ) solvent, 4 . 8 M NaCl in 0 . 0 7 M phosphate buffer, 
p H 5 . 7 ; (C) solvent, 3 . 8 M NaCl in 0 . 0 7 M phosphate buffer, p H 6 . 4 . 

T A B L E X 

A S S A Y OF G R O W T H H O R M O N E IN HYPOPHYSECTOMIZED F E M A L E R A T S 

Width of uncalcified 
Daily N o . A v . growth Daily N o . cartilage 
dose, of in 1 0 days, dose, of 
mg. rats g. mg. rats Mean, Difference from 

μ control, μ 

0 . 1 0 3 6 1 9 . 2 0 . 0 5 3 4 4 1 8 9 

0 . 0 5 2 1 1 8 . 3 0 . 0 3 8 2 9 6 141 

0 . 0 2 1 1 1 1 . 0 0 . 0 1 G
O

 

2 2 0 6 5 

0 . 0 1 1 8 1 0 . 0 0 . 0 0 7 1 5 5 0 
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hormone is further standardized by its action on the epiphyseal cartilage 
of hypophysectomized animals. The results are also included in Table 
X ; it is evident that a 0.010-mg. daily dose for four days is needed to 
cause an increase of 50% in the width of the uncalcified portion of the 
proximal epiphyseal cartilage over that of the control. 

F I G . 4.—Growth curves of normal plateau female rats. The experimental animal 

received daily 0.40 mg. growth hormone the first 23 days, 0.60 mg. daily the next 68 

days, 1.0 mg. daily the next 33 days, 1.5 mg. daily the next 115 days, 2.0 mg. daily the 

last 193 days; no injections on Sundays. The control rat received no injections. 

There has been some discussion as to the ability of growth hormone 
to cause continuous growth in noimal "plateaued" or in hypophysec-
tomized rats. To sum up the situation Long (147) has said: "In the 
first experiments reported by Evans and Long the rats were injected daily 
for as long as 8 to 13 months with a crude alkaline extract and although 
growth was not as rapid in the late period as at first, nevertheless it was 
continuous throughout the period of injections. Later attempts to 
repeat this experiment, even in the same laboratory, showed that, after 
an initial period of brisk growth, the animals became refractory to the 
extract and even lost some of the weight they had gained. The same 
result was also obtained in hypophysectomized animals but even more 
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discouraging was the fact that partial purification of the extract did not 
correct this decreased responsiveness." 

We have recently injected the growth hormone into normal "pla-
teaued" female rats for 435 days; the daily dose increased gradually 
from 0.4 mg. to 2.0 mg. It was found that the animals gained weight 
continuously although the growth rate became somewhat slower in the 
later period of the injections. Fig. 4 presents the growth curves of a 

3 3 0 _ 

6 0 1 I I I I I 

1 0 5 0 1 0 0 1 5 0 2 0 0 2 5 0 

F I G . 5.—Growth curves of hypophysectomized female rats. The experimental ani-

mal received 0.10 mg. daily growth hormone the first 140 days and then increased the 

daily dose to 0.20 mg.; no injections on Sundays. The control received no injections. 

typical injected rat and a control. It can be seen that the body weight 
of the rat increased from 270 g. to 664 g., whereas the control gained 
only 42 g. 

A similar experiment with hypophysectomized female rats, 26-28 
days of age and twelve to fourteen days postoperative, also indicates 
that the pure growth hormone induces continuous growth in such animals 
and there is no sign of refractoriness with over 200 days of injections. 
The daily dose required in this experiment is much less than that for 
normal rats; it changes from an initial dose of 0.10 mg. to 0.20 mg. in the 
later period of the experiment. Though the experiments with hypo-
physectomized animals are still in progress, we wish to present at this 
time the growth rate of an injected rat and its control in Fig. 5. It is 
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apparent that the pure growth hormone can cause continuous body 
growth in both hypophysectomized and normal rats if the dose of the 
hormone is increased proportionately with the size of the animal. 

E. PHYSICOCHEMICAL PROPERTIES 

1. Isoelectric Point and Molecular Weight 

From electrophoretic mobility data, the isoelectric point of growth 
hormone is estimated to be pH 6.85. This value is considerably higher 
than that found for lactogenic, adrenocorticotrophic, and sheep inter-
stitial-cell-stimulating hormones. 

The osmotic pressure measurement was employed for the determina-
tion of the molecular weight. When the protein is dissolved in 0.40 M 
or 0.80 M ammonium sulfate solution at pH 6.64 to 7.00, the calculated 
molecular weight from the observed osmotic pressures is found to be 
44,250. This value can also be derived from analytic, viscosity, and 
diffusion data. However, the molecular weight as determined by ultra-
centrifugal studies has yet to be obtained. 

2. Analytical Data 

Elementary analysis of pure growth hormone preparations gives the 
following results: C, 46.35%; H, 7.07%; S, 1.30%; N, 15.50% (Kjeldahl), 
15.65 % (Dumas). There is no phosphorus or carbohydrate. The amino 
nitrogen as determined by the Van Slyke manometric technique is 0.76%; 
the amide nitrogen 1.20%. 

The tyrosine and tryptophan content of the hormone are 4.30 and 
0.92%, respectively as estimated by the method of Lugg (150). The 
glutamic acid was determined by Lewis and Olcott (116) using a micro-
biological method and amounts to 13.40%. The hormone contains no 
cysteine. The cystine and methionine content of the hormone are shown 
to be 2.25 and 3.06%, respectively (122). The sulfur in the protein is 
completely accounted for by these amounts of cystine and methionine. 
If one assumes that the hormone contains two molecules of tryptophan, 
four molecules of cystine, nine molecules of methionine, ten molecules of 
tyrosine, forty molecules of glutamic acid, and eighteen atoms of sulfur, 
an average computed molecular weight for growth hormone is found to 
be 43,575. This value is in good agreement with that obtained by the 
osmotic pressure method. 

3. Diffusion and Viscosity {121) 

The diffusion constant of the hormone was determined in an electro-
phoresis cell as suggested by Longsworth (149). When the corrections 
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for the solvent and temperature were made, the diffusion constant, 
D20 (water) became 7 . 1 5 X 10~~7 cm. 2/sec. 

The viscosity of the hormone solutions was measured in a capillary 
viscometer as described by Neurath et al. (176) . A plot of the protein 
concentration against the observed relative viscosity gives the constant 
for the specific viscosity, (η/η0 — l ) 1 0 0 0 / C F I = 7.64. From this con-
stant, the ratio of major to minor axis of the hormone protein is shown 
to be 6 / 1 when Simha's equation (206) is used. This indicates that the 
growth hormone molecule is more elongated than the adrenocortico-
trophic and lactogenic hormones. 

We have computed the molecular weight from these data and a value 
of 39 ,300 is obtained. It is apparent that this value is in fair agreement 
with that estimated from osmotic pressure and analytic data. 

Table X I summarizes the known physicochemical data of anterior 
hypophyseal growth hormone. 

TABLE X I 

PHYSICOCHEMICAL D A T A OF G R O W T H H O R M O N E 

C, % 
H, % 
S, % 
N, (Dumas), % 
N, (Kjeldahl), % 
Amino N, % 
Amide N, % 
No. of acid groups/10

4
 g. protein 

No. of base groups/10
4
 g. protein 

Tyrosine, % 
Tryptophan, % 

46.35 
7.07 
1.30 

15.65 
15.50 

0 .76 
1.20 
9.80 

13.40 
4 .30 
0 .92 

Cysteine, % 
Cystine, % 
Methionine, % 
Glutamic acid, % 
Molecular weight 

Osmotic pressure 
Analytic data 
Diffusion-viscosity 

Isoelectric point, p H 
Diffusion constant, D 2 0 X 10

7 

Partial specific volume, W . . 
Viscosity coefficient, 
Dissymmetric constant, / / / 0 . 

0 .00 
2 .25 
3.06 

13.40 

44,250 
43,575 
39,300 

6.85 
7.15 
0.76 
7.64 
1.31 

F . EFFECT OF VARIOUS AGENTS 

1. Effect of Proteolytic Enzymes 

When dilute solutions of growth hormone were incubated at 37°C. 
with trypsin or pepsin, the growth potency was greatly reduced. Such 
results are to be expected if the protein is the hormone. 

2. Effect of Heat 

It has been generally believed that the growth hormone is a thermo-
labile substance (56 ,204) . Using the pure hormone it was found that the 
hormone activity was completely lost at pH 4 .0 , 7.5, and 8.9 in boiling 
water temperature for ten minutes. When an intermediate temperature 
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was applied for one hour, it was observed that the hormonal solution 
(0.02% at pH 7.0) remained perfectly clear up to 60°; turbidity began at 
70° and flocculent precipitation occurred at 80°. On the other hand, 
the growth potency was not significantly reduced at 60°C. but it 
was destroyed at 70° and 80° when the solutions were cooled and 
assayed in hypophysectomized rats. This indicates that the hormonal 
activity cannot be separated from the protein and that the protein 
isolated is the hormone. It was further found that the growth potency 
was destroyed at pH 3.1 when the protein solution was kept at 60°C. for 
one hour. Under similar conditions, the hormone remains unchanged 
at pH 10.5. This substantiates the belief that the growth hormone is 
more stable in alkali than in acid solutions. 

3. Effect of Urea 

When 1% growth hormone solution in pH 7.0 6.66 M urea stood for 
24 hours at room temperature, it was shown that the biological potency 
did not change. 

4. Effect of Nitrous Acid and Ketene (121) 

Growth hormone (8 mg.) was dissolved in 2 ml. pH 4.0 acetate buffer 
and 0.25 ml. 4 M sodium nitrite was added. The solution was allowed 
to stand at 22°C.; after thirty minutes, it was neutralized and assayed by 
the tibia test. It was found that the hormonal activity was completely 
destroyed. Since nitrous acid probably only reacts with the free amino 
groups in the protein under these conditions, it may be concluded that 
primary amino groups are essential for the growth potency. 

We have also employed ketene to react with growth hormone. A 
1.2% growth hormone solution in pH 4.0 acetate buffer was treated with 
a rapid flow of ketene at 0°C. for thirty minutes. Afterward the acet-
ylated hormone was recovered by dialysis and lyophilized. Analytical 
results indicated that the amino groups were covered to the extent of 
75%, while 35% of the phenolic groups were acetylated. Both tibia 
and body growth tests in hypophysectomized female rats showed that the 
product contained no growth-promoting activity. Since both amino and 
phenolic groups react with ketene, it is difficult to say which of these 
groups is responsible for the loss of the biological action. However, 
when the acetylated hormone in pH 11.0 solution was allowed to stand 
at 22°C. for sixty minutes, the Folin phenol color was completely recov-
ered indicating that the phenolic groups became free. When the acet-
ylated product was assayed after such treatment no indications of the 
recovery of hormone activity were secured. Thus, it is certain that the 
loss of growth activity was at least partly due to acetylation of the amino 
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groups in the hormone. It may therefore be concluded that the free 
amino groups are essential for the growth-promoting action. 

VI. Summary 

We are certain at the present time that there are at least six hormones 
in extracts of the anterior lobe of the pituitary. Four of them have been 
isolated in pure form, viz., the lactogenic, interstitial-cell-stimulating, 
adrenocorticotrophic, and growth hormones. The physicochemical 
properties of these hormones are distinctly different among themselves. 
Tables X I I and XI I I summarize the known physicochemical charac-
teristics of these proteins. 

T A B L E X I I 

PHYSICOCHEMICAL P R O P E R T I E S OF I C S H , A C T H , LACTOGENIC AND G R O W T H 

H O R M O N E S 

Determination 

Molecular Weight 

Osmotic pres-

sure 

Sedimentation . 

Diffusion con-

stant, D2o X 10
7
j 

Sedimentation 

constant, S 

Isoelectric Point, 

p H 

Partial specific 

volume, Vi 

Viscosity coeffi-

cient, 

Dissymetric con-

stant, f/fo 

I C S H 

Sheep Swine 

40,000 

3.6 

4 . 6 

100,000 

5.4 

7.45 

A C T H 

Sheep Swine 

20,000 

10.4 

2 .8 

4 .65 to 4.701 

1.1 

20,000 

2 .04 to 2 .11 

4 .70 to 4.801 

Lactogenic 

hormone 

Sheep Ox 

26,500 

9 . 0 

5.73 

0.721 

6.65 

1.29 

26,500 

32,000 

7 .5 

2 .65 

5.73 

Growth 

hormone 

(ox) 

44 ,250 

6 .6 

6 .85 

0 .76 

7 .64 

1.31 

Biologically the six known hormones can be classified into two groups: 
the first group may be called the gonadotrophic hormones, which includes 
follicle-stimulating, interstitial-cell-stimulating, and lactogenic hormones, 
while the growth, adrenocorticotrophic, and thyrotrophic principles 
belong to the so-called metabolic hormones. Chemically, these hor-
mones may be divided into two types of proteins: glycoproteins (thyro-
trophic, follicle-stimulating and interstitial-cell-stimulating hormones) 
and simple proteins (growth, adrenocorticotrophic, and lactogenic 
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hormones). From their solubility characteristics, the growth and 
lactogenic hormone may be said to be water-insoluble proteins whereas 
the follicle-stimulating, interstitial-cell-stimulating, and thyrotrophic 
hormones are highly soluble in water. 

T A B L E X I I I 

S O M E A N A L Y T I C A L D A T A
0
 OF I C S H , A C T H , LACTOGENIC, AND G R O W T H H O R M O N E S 

Determination 

C 
H 
Ν 
S 
Amino Ν 
Amide Ν 
Cysteine 

Cystine 
Methionin 

Tyrosine 
Tryptophan 
Glutamic a c i d . . . 

Arginine 
Groups/10,000 g. 

Acid 
Base 

Mannose 
Hexoseamine 

I C S H 

Sheep Swine 

14.20 

0 .0 

4 . 5 
1.0 

4 . 5 

5 .8 

49 .37 
6.83 

14.93 

3 .8 

2 . 8 
2 . 2 

A C T H 

Sheep Swine 

46 .35 

5.89 

15.65 

2 .30 

0 .0 

7.19 
1.93 

0 . 0 

0 .0 

50.64 
6.23 

15.47 
2 .33 

0 . 0 

Lactogenic 
hormone 

Sheep Ox 

50.72 
6.63 

15.86 
1.79 
0.74 
1.40 
0 .0 
3.11 
4 .31 
4 .53 
1.30 

12.30 
8.31 

11.5 
12.7 
0 .0 
0 .0 

Growth 

hormone 

(Ox) 

51 .50 46 35 
6 .92 7 07 

16.50 15 65 
2 .00 1 30 

0 76 
1 20 

0 .0 0 0 
3 .4 2 25 

3 06 
5 .7 4 30 
1.3 0 92 

13 40 

9 .8 
13.4 
0 .0 
0 .0 

α
 Figures in per cent except where otherwise indicated. 

Though these hormones can easily be separated from the extracts of 
anterior pituitary tissue, it is far from certain that identical substances 
are actually secreted into the blood stream by the hypophysis. Research 
on hormones isolated from the blood stream itself must furnish light on 
such problems. 

Finally, it cannot be overlooked that other hormones beside the six 
just mentioned may be present in and secreted by the pituitary gland. 
The discovery of new physiologically active substances will utilize a 
thorough knowledge of the biological reactions of the individual pure 
hormones and their combinations as compared with implants or injec-
tions of crude extracts of whole anterior pituitary substance. Such 
biological responses, like those at present known, will have to be studied 
as to their effects, for example, upon enzyme systems. Hardly a begin-
ning in such inquiries has as yet been made. 
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