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ABSTPACT

Isolation of human prolactin (HP) from fetal and tumor

culture medium which was distinct from human growth hormone

was achieved by column chromatography. These preparations

were studied by chromatoelectrophoresis, radioimmunoassay

and polyacrylamide gel electrophoresis (PAGE). The iso­

lated fractions were then compared with two preparations

of Pasteels' human prolactin which were further purified by

Dr. Lyons (Lyons' PHP and Lyons' cPHP) and the other HP

preparations by radioimmunoassay, PAGE and NH2-terminal

studies. The liP preparation from fetal culture medium was

found to be the most highly purified and immunopotent

preparation and most suitable for a radioimmunoassay for

human prolactin in plasma.

Forty-four human fetal pituitaries and two human

pituitary adenomas were studied in organ culture for up to

11 months. Radioimmunoassays for human growth hormone

(HGH), human prolactin (HP), luteinizing hormone (LH),

follicle-stimulating hormone (FSH), thyroid-stimulating

hormone (TSH), adrenocorticotropin hormone (ACTH) and

melanocyte-stimulating hormone (MSH) were performed on the

culture medium from the pituitary organ cultures. The

hormones released into the medium were studied throughout

the time in culture and related to the age of the fetal

pituitary when first cultured and to its sex. The



xix

release of HGH, FSH, LH and ACTH gradually decreased during

the first 20 days in vitro to basal or undetectable levels.

The release of HP and MSH initially decreased and then

increased with the time in culture to a sustained elevated

level of release. The total release of each hormone was

studied and could be related to various events in fetal

development.

Pituitaries from six fetuses which had an abnormal

total release of pituitary hormones could be related to a

fetal abnormality in three cases. Studies of pituitary

anlage tissue from embryos as early as five weeks of

gestation released hormones in vitro. That these hormones

were synthesized in vitro was shown by incorporation of

Cl4-leucine into these hormones as determined by PAGE and

specific antibody precipitation of each hormone prior to

PAGE.

Some factors controlling the release of hormones in

vitro were studied by the use of modified media. An

increased release was obtained with an increased Ca++ and

K+ in the medium whereas EDTA caused a decrease in FSH and

LH and an increase in HGH and HP. With increased Mg++

concentrations in the medium HGH, ACTH, and HP release

decreased. The removal of estradiol from the medium

results in increased release of FSH, LH, HGH and ACTH while

the HP release was greatly decreased. Various doses of TP~

decreased HP release and altered the release pattern of HGH,



xx

FSH, and LH. Fetal hypothalamic tissue added to the

medium increasen HGH, FSH and LH release and extended the

duration of release for these hormones while HP release was

inhibited. Chick embryo extract was found to have a

stimulating effect on the release of each hormones in

vitro.



INTRODUCTION

A. Development and Function of the Anterior Pituitary

The anterior pituitary gland synthesizes and releases

hormones which play a central role in differentiation and

in the control of metabolism in vertebrates. In mammals

the gland has a similar origin, pattern of development and

hormones (1,2). However, differences in the quantity,

control of synthesis, release, and function of a particular

pituitary hormone do exist in the various mammalian

species. This dissertation is concerned specifically with

~he human anterior pituitary gland. Past studies of

mammalian pituitaries have played a major role in the

direction and interpretation of these studies.

The human pituitary gland can be divided into

anterior and posterior lobes. The anterior pituitary

develops from a dorsal evagination of the oral ectoderm

called Rathke's pouch and the posterior lobe is formed from

a ventral process of the diencephalon called the saccus

infundibulum. These two evaginations are first evident in

the fetus at approximately 4 to 5 weeks of fetal life

(3, 4). Rathke's pouch grows towards the diencephalon and

by the seven~h week of fetal life makes contact with the

infundibulum of the diencephalon, which forms the neural

lobe. The epithelial tissue is still connected to the oral

ectoderm by the epithelium stalk, which degenerates by

7 1/2 ~.,eeks of fetal life leaving Rathke's pouch forming
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the anterior lobe of the pituitary. The remnant of tissue

from the epithelium stalk forms the pharyngeal hypophysis

(pharyngeal pituitary tissue) in the oral ectoderm. The

apithelial cells in contact with the posterior lobe pro­

liferate to form a group of cells which in soMe animals

develops into a separate, intermediate lobe. In the human

these cells remain a part of the anterior lobe but are

distinct from the other cells of the anterior pituitary

(2). During this time blood vessels from the hypothalamus

are forming and by 7 weeks of gestation the portal system,

which is the only source of blood supply to the anterior

pituitary, has begun to develop (5, 6). As the bone

structure of the fetus develops the pituitary gland is

enclosed on all but the dorsal side by the sella turcica.

The dorsal part of the anterior pituitary is connected

indirectly to the diencephalon by the portal vessels (7).

Figure I shows these stages of the development of the human

pituitary gland.

The human pituitary continues to grow after birth but

from 3 to 9 months of fetal life the anterior pituitary

weight increases 200 times while the posterior lobe in­

creases only 33 times during the period of 3 months of

fetal life to birth (8). Table I-A lists the embryonic

growth of the fetal pituitary lobes and Table I-B gives the

weight of each lobe after birth to 70 years of age in males

and females (9).



3

Figure 1. Development of the Human Anterior Pituitary.

The development of the anterior and posterior pituitary is

shown.

A. At 4 weeks gestation the evagination of the

epithetial tissue forming Rathke's pouch has

begun.

B. By 7 weeks Rathke's pouch has closed and is

connected to the epithelium of the mouth by the

epithelium stalk. The infundibulum of the

diencephalon has formed an out-pouching that is

just in contact with Rathke's pouch.

C. By 8 weeks the epithelium stalk has regressed,

leaving the anterior pituitary connected only to

the hypothalamus by the portal vessels (not

shown). The anterior and posterior pituitary are

now in contact yet there is no connection between

the two tissues.
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Table 1. Weight of the Anterior Pituitary

A. Fetal

5

Fetal Age
(Months)

2
3
4
5
6
7
8
9

Weight
(mg)

2
5

15
26
44
57
80
95

B. Adult

Age Weight
(Years) (mg)

r.1ale Female

0-10
10-20
20-30 408
30-40 439
40-50 408 503
50-60 360
60-70 364 490
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Histologically, the anterior pituitary epithelial

cells can be divided into three general cell types: acido­

phils, basophils and chromophobes (10). The staining

properties of these cells are due to the granules of

hormone, growth hormone, prolactin, FSH, LH, ACTH, or MSH

present in the cell. The chemical nature, molecular

weight, and the store of each anterior pituitary hormone

are listed in Table 2. Two types of acidophils have been

described in the human: 1) the alpha cells containing HGH

and 2) the epsilon-eta cells containing HP. The basophils

are of three types: 1) those containing FSH and LH are

delta cells, 2) those with TSH are theta cells and 3)

those making MSH cells are zeta cells. The MSH cells are

found only in the intermediate cell region of the anterior

pituitary. ACTH cells in the human have been reported to

be chromophobes and/or basophils. The chromophobe is

generally accepted as a stem cell or cells depleted of

their hormone content.

The first differentiated cell type detected is the

basophil at 8 weeks of fetal life (11, 12). The studies of

Gilbert (15) indicate that contact of the posterior pit­

uitary with the anterior pituitary is necessary for

differentiation of the posterior lobe, yet frog epithelium

primordium of the anterior pituitary could be transplanted

and still form differentiated MSH cells without any prior

contact with the posterior lobe suggesting differentiation



Table 2. Hormones of the P~terior Pituitary

Hormone MW Chemical Nature Adult Pituitary Store

HGH 21,500 Protein, sequence known 24 mg/g wet tissue

HP 21,000 Pro'l:ein, partial sequence known 180 ug/g wet tissue

FSH 30,000 Glycoprotein, 2 subunits) 1.5 mg/g wet tissue
) 1 subunit

LH 30,000 Glycoprotein, 2 subunits)
) in conunon

TSH 30,000 Glycoprotein, 2 subunits) 1 mg/g wet tissue

ACTH 4,500 Peptide, sequence known 1 mg/g wet tissue

MSH- ex. 1,500 Peptide, sequence known 7 ug/g wet tissue

- , 2,500 Peptide, sequence known 343 ug/g wet tissue

-..J
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is independent of the neural lobe (16). In the human the

presence of the pharyngeal hypophysis with differentiated

cells (13, 14) and the detectable hormones from anecephalic

fetuses (17) also supports that the differentiation of the

anterior pituitary is not dependent on contact with the

neural lobe.

The control of the synthesis and release of hormones

from the specialized cells of the pituitary is by hormones

produced in the hypothalamus and transported to the

anterior pituitary via the portal blood vessels (18, 19,

20, 21) (Table 3). There is a specific hypothalamic

releasing and/or inhibiting hormone for each hormone of the

pituitary. Attempts to purify these factors and to

determine their chemical structure have been successful in

the case of TRH (22, 23, 24) and LRH (25, 26). Studies

show that LRH injection always causes a concomitant release

of pituitary FSH (26) and thus it may also be FRH. GRH has

been extracted and sequenced by Schally ~ al (27) but the

purified extract when injected in vivo into animals does

not result in an increased release of growth hormone.

Releasing and/or inhibiting factors for prolactin, ACTH,

and MSH are not yet purified or characterized. Recently it

has been suggested that hypothalamic oxytocin is the sub­

strate for two competing enzymes to produce either ~1RH or

MIH (27a). The control of synthesis and release of the

hypothalamic releasing hormones and the sensitivity of the
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Table 3. Hypothalamic Hormones.

Pituitary Hormones
Controlled by the
Hypothalamic Hormones

Hypothalamic Hormones

Releasing Hormone, TRH

Releasing Hormone, GR-RH

Releasing Hormone, PRF
Inhibiting Hormone, PIF

Releasing Hormone, 11RF
Inhibiting Hormone, MIF

-CRF
-CRF

Releasing Hormone,
FSH-LH-RH

Releasing Hormone,

Releasing Hormone,
Releasing Hormone,

HGH

FSH

LH

TSH

HP

ACTH

MSH- , ~,
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anterior pituitary to the releasing hormones is controlled

by complex mechanisms acting on localized areas of the

hypothalamus (28) and the pituitary directly.

B. Isolation of Human Prolactin

Prolactin has been isolated from sheep (29), rat (30),

ox pituitaries (31) and identified in many other species by

counter-current distribution, gel electrophoresis and

chromatography, yet the isolation of primate prolactin by

conventional means has been unsuccessful. Attempts to

isolate HP from adult pituitary glands obtained at autopsy

by Wilhelmi (32, 33) and Apostalakis (34, 35, 36) resulted

in fractions with high prolactin bioactivity (pigeon crop­

sac stimulating activity). These preparations possessed

different PAGE mobility (37) than HGH but contained immuno­

reactive HGH. An intrinsic prolactin bioactivity of

purified HGH has been shown (32, 39, 40) and suggested that

these fractions were modified HGH. The hypothesis that HGH

was also prolactin in the human was further suggested by a

comparison of the primary sequences of HGH and OP (41, 42,

43). Although it has been shown that ovine prolactin has

growth hormone bioactivity in the human (44,45, 46), it is

known not to act as growth hormone in the sheep.

However, histological and physiological studies have

provided evidence for the existence of a separate primate

prolactin. In pregnancy, two types of acidophils are
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distinguished in the monkey and pituitary prolactin can be

identified by means of immunofluorescence using anti-ovine

prolactin (47), and in the human by specific staining

techniques (48). Likewise, pituitary tumor tissue from a

patient with galactorrhea had crop-sac stimulating activity

which could not be neutralized by anti-HGH and on PAGE had

a major band with an Rf different from HGH (49). The tumor

extract of another patient with Forbes-Albright syndrome

showed a similar band with crop-sac stimulating activity

(50), yet PAGE studies from a normal pituitary gland have

been reported with prolactin activity associated only in

the HGH bands (51). A number of galactorrhea patients have

been studied and their plasmas were found to have high

prolactin activity by two bioassay systems but with normal

HGH levels (52, 53, 54). Recently, Frantz has developed a

sensitive bioassay which can detect prolactin bioactivity

but which cannot be neutralized by anti-HGH serum (55).

Ateolitic dwarfs who have no immunologically or biolog­

ically active HGH show a normal post-partum lactation (56,

57, 58). In normal lactation HGH levels are uot elevated

(59). These histological and physiological studies have

thus provided circumstantial evidence for a primate pro­

lactin although biochemical attempts to isolate the hormone

have been unsuccessful. The possibility that the pituitary

content of prolactin may be so low in the normal adult

gland to give sufficient quantities for isolation led
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Pasteels to develop an in vitro method to study the human

pituitary gland (60). He did this because it was known

that mammalian prolactin synthesis and release was

controlled by hypothalamic inhibiting and/or a releasing

factor (61, 62) and the release of the gland from this

hypothalamic control results in increased prolactin pro­

duction (63, 64, 65, 66). By this method Pasteels was

successful in obtaining a fraction with high crop-sac

stimulating activity not neutralizable by anti-HGH (67).

c. Synthesis and Release of pituitary Hormones In vitro

Hormone synthesis and release from pituitary explants

in culture have been studied in ~any animals yet in the

human only two studies (68, 69, 70) had been reported at

the onset of my studies. Pasteels et al completed an

extensive, long term study of HGH by complement fixation

and HP by the pigeon crop-sac bioassay. They found that

HGH release decreased by 20 days of culture to a low basal

level yet HP increased with time in culture and then

stabilized at a release rate of 1 llg/pituitary/day. They

also conducted extensive histological studies and found an

increase of prolactin and MSH cells with time in culture,

and a decrease of somatotrophs and gonadotrophs has been

sho\~ histologically, yet some of the latter cells could be

detected throughout the time in culture (71, 72). The

second study was an attempt by Solomon et al to establish
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a line of human pituitary cells, although the study was

reported as an attempt to confirm the Pasteels' ''lork.

Under these conditions HGH continued in some cases up to 11

weeks but there was no increase of prolactin bioactivity by

the pigeon crop-sac bioassay.

Rat pituitary explants in culture (73, 74, 75, 76, 77,

78, 79, 80, 81, 82, 83) have been used extensively to study

the synthesis and release of pituitary hormones. Synthesis

and release of all the pituitary hormones have been shown

and the quantity and duration of this synthesis and release

have been altered by changes in the culture medium: Mg++,

Ca++, K+, Ha+ (84, 85, 86, 87, 88, 89, 90) and the addition

of estradiol, insulin, Tllii, and hypothalamic extracts (9l,

92, 93, 94, 95, 96, 97, 98, 99, 100, 101). These studies

have served as a model for the human fetal pitui·tary

studies reported here.

D. Experiments Completed in This Study

This dissertation describes the studies from 44 fetal

pituitaries ranging from 5 to 40 weeks gestation and two

human pituitary adenomas in organ culture for up to eleven

months. Medium from these cultures and a medium extract

provided by Dr. R. D. Bulbrook were used for the isolation

and radioiodination of HP. These prolactin preparations

and two preparations of Pasteels' material from Dr. N.

Lyons have been compared.
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The release of HGH, HP, FSH, LH, ACTH, MSH and TSH has

been related to the time in culture and to the sex of the

fetus and to the age of the fetal pituitary at the time of

culturing. Studies of the effects of medium constituents

such as chick embryo extract, protein concentration Ca++,

Mg++, K+, and glucose concentration as well as estradiol,

insulin and hypothalamic tissue and TRH in the medium have

been completed.
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MATERIALS AND METHODS

A. Materials

1. Gifts

a. Human fetal hypothalami, mycostatin and human

fetal pituitaries were supplied by Dr. L. L.

Morgenstern of TripIer General Hospital,

Honolulu, Hawaii. Dr. Morgenstern dissected

the total pituitary from the sella turcica and

then the posterior lobe carefully separated

from the anterior pituitary. The anterior

pituitary was placed in protein free Medium

199 and incubated at 37°C until taken to the

University for further dissection and

culturing by T. M. Siler or Dr. F. C.

Greenwood. For fetuses earlier than 12 weeks

the area of Rathke's pouch was dissected and

placed in culture as usual. Human fetal

hypothalami were stored at -20°C until used.

b. Anti-TSH and two human pituitary tumors were

supplied by Dr. Brian Webster, Toronto General

Hospital, Toronto, Canada. Tumor-l (Tl ) was

from a 24 year old male who had been lactating

for 4-5 years. The tumorous tissue was

removed and cut into small pieces (2 cc) and

shipped at room temperature in 20 ml of
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culture medium. Upon arrival in Honolulu

( 12 hours later) the tissue pieces were

further dissected and placed in culture under

the condition described below. Tumor-2 (T2 )

fro!!l. a 24 year old woman with Forbes­

Albright syndrome was cut into small pieces

and shipped at room temperature in 20 ml of

Medium 199. Upon arrival in Honolulu the

tissue pieces, 0.5 cc, were placed in culture

with Medium 199.

c. Estradiol in ethanol was a gift from Dr.

Charles Nugent of the University of Arizona,

Tucson, Arizona.

d. TRH was a gift of Abbot Laboratories,

Scientific Division, Chicago, Illinois.

e. Anti-HGH and HGH were laboratory preparations

from the Imperial Cancer Research Fund,

London, England.

f. Anti-LH, LH, FSH, LER-907, and anti-F~H were

supplied by the National Pituitary Agency,

Bethesda, Maryland.

g. Pasteels' HP and anti-PHP were kindly supplied

by Dr. J. L. Pasteels, Universite Libre de

Bruxelles, Bruxelles, Belgium.

h. Lyons' PHP and Lyons' cPHP was a gift from Dr.

W. Lyons of San Francisco Medical School, San
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Francisco, California.

i • Bulbrook I s HP ,,,as prepared by Dr. R. D.

Bulbrook of the Imperial Cancer Research Fund,

London, England, by a Cohn fractionation of

fetal pituitary organ culture medium.

j. Human plasma prolactin standard was supplied

by Dr. G. Ross of· the National Institute of

Health.

k. Anti-LH was a gift from Dr. Paul Franchimont,

University of ~iege, Liege, Belgium.

1. ACTHh , 1-39 ~.,as supplied by the Ciba Founda­

tion of London, England.

m. Anti-ACTHL, 1-24 was prepared by Drs. J.

Landon and F. C. Greenwood.

n. Anti-ACTHR, 1-24' QUoso, and ACTH purification

tubes were gifts of Dr. Leslie Rees, St.

Bartholomew's Hospital, London, England.

2. Commercial Items

a. ~!edium 199 vli th Hanks Buffered Salts and

NaHC03 , rnycostatin in solution, frozen rabbit

serum, lyophilized chick embryo extract,

penicillin-streptomycin - Difco Company or

Grand Island Biological.

b. Insulin, lyophilized - Lilly.

c. c14-leucine, Land D, L - New England Nuclear.

d. I 125 or I 13l - Cambridge Nuclear, Cambridge,
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Massachusetts.

e. Bovine serum albumin, crystalline, and bovine

gamma globulin, crystalline - Nutritional

Research Biochemicals.

f. Horse serum, liquid - Grand Island Biological.

g. Anti-rabbit gamma globulin - Antibodies, Inc.

h. Human serum albumin - Calbiochemical, Inc.

i. Biosolv BBS-3 - Beckman Instruments.

j. Assay tubes - Luckharn Ltd., England.

k. ACTH plastic tube for purification - Henley

Medical, tube eM 5; cap - CM6; England.

1. "Toyo" chromatography paper - Nuclear

Associates, Inc.

m. Dextran T-80 and DEAE Sephadex A-50 ­

Pharmacia.

3. Preparations

a. Basic Medium - batch of 100 ml,

Medium 199 80 ml

rabbit serum 10 ml

chick embryo extract 10 ml

penicillin-streptomycin 500 U +

500 ug

estradiol 20 ng

mycostatin 2000 U

Seitz filtered before use. Prepared \V'eekly.

b. Barbitone buffer - 0.07 M, pH 8.6, 230 g
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sodium barbitone and 35 g sodium hydroxide

in 25 1 distilled water. Batch of 25 1,

stored indefinitely at 4°C.

c. Phosphate Buffer - 0.05 M, pH 7.6; 246 mg

NaH2P04 ·H20 and 2850 mg Na2HP04 ·7H20 in 1000

ml distilled water. Five liters per batch

stored at 4°C for 3 weeks without preserva­

tive; with 0.1% sodium azide added may be

stored indefinitely.

d. Borate Buffer - 0.025 M, pH 8.4, a) 0.474 g

NaB04/liter, b) 6.4 g boric acid/4 liters.

Mix 920 ml of a and 4 liters of b. Batch of

4.920 1 stored at room temperature indefi­

nitely.

e. Toluene PPO, POPOP - 0.5 g PPO and 0.3 g POPOP

in 1 liter toluene. Make 5 liters stored at

room temperature indefinitely.

f. Biosolv-Toluene PPO, POPOP - 1 part Biosolv

BBS-3, 5 parts toluene PPO, POPOP. Batch of 6

liters stored at room temperature indefi­

nitely.

g. Diluent 1 - 0.5 mg bovine gamma globulin/ml

the barbitone buffer. Make 100 ml and store

at 4°C not longer than two weeks.

h. Diluent 2 - 0.5 mg bovine serum albumin/ml the

phosphate buffer. Batch of 100 ml and store
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at 4°C not longer than two weeks.

i. Diluent 3 - 1/4 dilution of horse serum in

phosphate buffer with 1/100 rabbit serum and

0.05 M EDTA. Batch of 500 ml store frozen

(-20°C) up to six months and at 4°C not

longer than two weeks.

j. Diluent 4 - 2.5 mg human serum albumin in the

phosphate buffer with 0.5%" -mercaptoethanol.

100 ml and store at 4°C not longer than two

weeks.

k. HGH-HP charcoal - 7 g Norit A "activated"

charcoal, 1 g Sephadex G-150 and 200 ml the

barbitone buffer. Batch size as needed store

at 4°C not longer than one week.

1. ACTH charcoal - 3 g Norit A "activated"

charcoal, 0.75 g Dextran T-aO, 60 ml horse

serum and 40 ml the phosphate buffer with 0.1%

NaN3 • Batch size as needed store at 4°C not

longer than three weeks.

m. Sephadex and DEAE-Sephadex A-50 - Swell in

buffer as described in accompanying manual.

Batch size as needed; store at 4°C not longer

than one month.

n. Human Hypothalami - Eleven fetal hypothalami

were homogenized with 11 ml Medium 199. The

homogenized tissue was frozen in 2 ml aliquots
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and one aliquot was mixed with the other

medium constituents, filtered with a Millipore

and used as a modified medium.

B. Culturing Procedures

1. Human Fetal Pituitaries - Studies on 44 human

fetal pituitaries (Table 4) and 2 human pituitary tumors

were completed. The fetal pituitaries were obtained by Dr.

L. L. Morgenstern of TripIer General Hospital. For pitui­

taries #9, 10, 11, 14, 15, 16, 24, 28, 33, 34, 38, 39, and

44, the total weight of the tissue and the weight of the

anterior pituitary was noted. Within 1 1/2 hours of

autopsy the tissue was dissected into explants of approxi­

mately 0.5 rom3 (each piece of tissue is called an explant)

and 5-6 explants were placed on a triangular wire gauze

fixed in a plastic petri dish above a well filled with 1.0

ml of culture medium. The outer well of the dish contained

an absorbent disc which was wetted with 1.0 ml of triple

distilled water (Figure 2).

The basic culture medium was as described by Pasteels

(68) with the addition of 20 U/ml mycostatin. (preparation

of the Medium is given in Material Section, Preparation

#1.) For pituitaries #23, 24, 25, 26, 28, 30, 31, 33, 34,

37, 39, and 44, culture #1 was incubated with modified

media as indicated in Table 5. In addition, one dish with

the basic culture medium for each of these pituitaries was
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Table 4. Pituitaries Cultured, Fetal Age* and Time in
Culture.

Pituitary
Number

Fetal Age* Tissue Weight Total Days
(\'1eeks) (mg) in Culture

Fema1e+

+b 19 5 162

+b 32 6 89

+a 40 10 25

5 17 309

23 21 169

12 22 230

17 24 196

30 25 144

8 25 244

7 28 279

a 16 28 216

44 28 44 20

37 29 78

28 31 46 159

26 32 162

21 35 187

20 37 188
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Table 4. (Continued) Pituitaries Cultured, Fetal Age*
and Time in Culture.

Pituitary Fetal Age* Tissue Weight Total Days
Number (weeks) (mg) in Culture

Ma1e+

+a 36 7 50

13 8 109

+a 27 10 140

+a 42 11 28

+a 41 12 28

+a 39 18 182 65

39 19 182 229

35 20 92

6 22 305

15 24 30 218

18 24 138

11 26 50 238

31 26 135

2 28 347

b 14 29 112 225

34 29 386 114

1 29 41

3 31 344

25 32 166

22 32 178



Table 4.

Pituitary
Number

24

(Continued) Pituitaries Cultured, Fetal Age*
and Time in Culture.

Fetal Age* Tissue Weight Total Days
(weeks) (mg) in Culture

Male+

33 32 87 120

c 43 33 31

e 29 36 116

4 37 313

38 37 573 76

24 38 66 167

d 10 42 78 248

*Fetal and embryonic age was based on appropriate deter­
minations of crown-rump length, crown-heel length, weight,
chorionic diameter and interval from last normal menses as
determined by Dr. L. L. Morgenstern. The sex of the
fetuses and embryos was verified by histological study of
the gonads, sex chromatin determination and/or karyotypes
where appropriate (completed at the Department of
Anatomy of the University of Hawaii and at the Department
of Pathology of TripIer General Hospital). Abnormalities
of the fetus at autopsy are noted.

a - Osteogenesis imperieta, possible dwarfism, cranial
agenesis

b - Wiedmann-Beckwith Syndrome

c - Anencephalic

d - Intrauterine hydrocephalic

e - Ambiguous genitalia
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Table 4. (Continued) Pituitaries Cultured, Fetal Age*
and Time in Culture.

+ - Sex determined by gonadal sections (+a) or by sex
chromatin (+b) when genitalia were ambiguous (Depart­
ment of Anatomy, University of Hawaii, and Pathology
Department, Tripler General Hospital of Hawaii). Sex
of fetus #13 not determined.
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Figure 2. Petri Dish Bottom. Tissue fragments are placed

on wire gauge. The well is filled with I ml of culture

medium and the wick is wetted with I ml triple distilled

water.
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CULTURE DISH
60 x15mm

WIRE GRID
20 mm diameter

fdisonCENT DISC

1;Jl1l
20 x5 mm
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used as an internal control in these experiments. The

cultures were incubated in a continuous CO2 incubator at

37°C, 50% humidity, and a 5% CO2/95% 02 atmosphere at, a

rate of 474 cc/min as described by Pasteels (69). The

culture medium was changed twice weekly. The medium from

each set of cultures from the same pituitary was pooled

at each change except: 1) culture #1 of pituitaries 7, 9,

11, 15, 17, 18, 21, 22, 29, and 35; and 2) cultures #1 and

#2 of pituitaries 10, 14, 15, 16, 20, 23, 24, 25, 26, 28,

30, 31, 33, 34, 35, 37, 39, 43, and 44. The medium from

cultures #1 and 2 of pituitaries #10, 14, 15, 16, and 20

was kept separate so the hormone release could be compared

in two cultures from the same pituitary. The media from

culture *1 of pituitaries #23, 24, 25, 26, 28, 30, 31, 33,

34, 35, 37, 39, 43, and 44 were of different chemical

natures as described above and shown in Table 5, so each

was kept separate as well as the medium from culture #2 for

each of these pituitaries which was used as the control in

these experiments. The volume of each sample was recorded

and stored at -20°C. Hormone analyses were performed on

the medium from individual cultures and on the pooled

medium from the cultures of each pituitary. The hormone

release was then 1) determined for a total pituitary and

for a unit wet weight of pituitary tissue; 2) compared in

individual cultures from the same pituitary / culture; and

3) related to the effect of various culture medium consti-



Table 5. Modified Culture Media.

Pituitary
Number

Dish
Number

Variation from
Basic Medium

23 1 Medium 199 80 ) 90%
No Chick Embryo Extract 10 • 0%
Total Protein 20 • 10%

24 1 No Chick Embryo Extract 10 • 0%
Rabbit Serum (RS) 10 ~ 20%

25 1 Insulin 0 ) 5.0 ug/ml

26 1 EDTA 0 ) 2 nu"l
Ca++, Hg++ 5.53 mH ---+ 0.27 roM

28 1 K2 P04 5.4 wi } 59 roM

30 1 No Estradiol 2 ng ) 0

34 1 CaC12 4.53 mH ~ 15 mH

37 1 MgS04 1 mr-i • 9 roM

39 1 Human fetal
hypothalamic extract 0 • III m1

N
\0



Table 5. (Continued) Modified Culture Media~

Pituitary
Number

Dish
Number

Variation from
Basic Hedium

44 1 TRH 0 )' 0.17 ug/m1
2 0 t 0.85 ug/ml
3 0 • 4.2 ug/ml

20 2 C14-L-leucine 120 ug/m1 ---+ 120.2 ug/m1
C14 o uc/ml ---.. 0.2 uc/m1

w
o
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tuents as compared with internal and external controls. In

the case of pituitary #20, culture #2, which had C14_

leucine added to the medium through the time in culture,

30 ul of medium from changes 2, 3, 5, 9, 12, 23, and 31

was used for C14 incorporation studies.

A few pituitary cultures were pulsed with protein free

Medium 199 for short periods, i.e., pituitary explants were

incubated with Medium 199 instead of the normal culture

medium for short intervals as listed in Table 6. The

culture medium was removed at time=O of the pulse, the

dishes washed three times with triple distilled water, and

1 ml of protein free Medium 199 added. After a given

incubation time (Table 6) the Medium 199 was removed and

the basic culture medium was renewed. The recovered Medium

199 was then used for the isolation and radioiodination of

FHP. The purpose of using Nedium 199 in the pulse was to

eliminate the presence of the proteins from tile chick

embryo extract and rabbit serum in the normal culture

medium and thus make the purification of the HP less

difficult.

2. Human Pituitary Tumors - Tumor-l was placed in

culture as usual upon arrival in Honolulu. On the 27th day

in culture all 26 cultures from the tumor tissue were

pulsed for 9 hours with protein free Medium 199 as des­

cribed for the fetal cultures. This was used as the

starting material for the preparation of the tumor
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Table 6. Fetal Pituitaries Used for the }!icro-Preparation

of l3l I - Labelled Fetal Human Prolactin.

Pituitary
Number

1

2 a

b

3

4

5

6

Days in Culture at
Time of Pulse

20

20

79

17

16

18

16

Length of Time of
Pulse (hours)

10

10

6

10

8

6

6
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concentrate used for the preparation of TlHP-l and Tl HP-2

(see Isolation and Radioiodination of Human Prolactin,

Tumor Culture Medium, Tumor-I).

Tumor-2 was cultured in protein free Medium 199 as

described above. The Medium 199 was renewed daily for

three days and then the basic culture medium was used and

changed twice weekly. Thereafter, the third change of

Medium 199 was used as the starting material for T2HP-17

and T2HP-24 (see Isolation and Radioiodination of Human

Prolactin, Tumor Culture Medium, Tumor-2).

The culture medium from each tumor was pooled

separately, the volume recorded and stored at -20°C until

analyzed for hormone content or used for the isolation of

human tumor prolactin.

C. Radioimrnunoassays

For the following assays a specific antibody to each

hormone has been generated in rabbits. lihen this hormone,

to which the antibody was generated, is combined with this

antibody, it binds to the antibody as described in equation

1.

*Hormone + Antibody ~ *Hormone:Antibody (1)

If the hormone is previously labelled with I13l or I 125 , as

indicated by *hormone, it is possible to determine the

amount of free and bound hormone for this reaction (% bound

generally ranges between 50-70%). If the hormone without a
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I 13l or I125 label is also added into this system, the

unlabelled hormone will compete with the *hormone for

binding to the antibody (see equation 2).

*Hormone + Hormone *Hormone:Antibody +

+ Antibody ~ Hormone:Antibody

By adding increasing amounts of unlabelled hormone,

decreasing amounts of *hormone will be bound by the

antibody. Thus, a standard curve for the amount of

unlabelled hormone in the system can be obtained by adding

known amounts of unlabelled hormone with a constant amount

of *hormone and pl.:>tting % of *hormone bound against the log

of the amount of unlabelled hormone added. If a sample of

an unknown amount of hormone is substituted for the

standard unlabelled hormone, it is then possible to quan­

titate the hormone content in this sample by measuring the

% of *hormone bound and applying the above standard curve.

separation of the free and bound hormone is accom­

plished by one of three methods: dextran-coated charcoal,

which absorbs only the free hormone at a defined protein

concentration; double antibody precipitation, which uses a

second antibody, an antibody to rabbit gamma globulin, to

precipitate the antibody to the hormone and thus antibody

bound hormone is also precipitated; and chromatoelectro­

phoresis which uses the property of small amounts of

labelled hormone at a proper protein concentration and pH

8.6 to remain at the origin of a "Toyo" chromatography strip
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(2.5 x_24 cm) and the antibody bound hormone to migrate +8

cm from the origin when a potential difference of 400 v is

applied for 1 1/2 hours.

The labelled hormone must be assessed for iodination

"damage" prior to use in the assay. Following iodination

some of the labelled hormone no longer remains at the ori-

gin on chromatoelectrophoresis and the % "damage" is the

amount of the labelled hormone in the +3 to +10 cm region

from the origin divided by the total counts on the chroma­

tography strip. If this exceeds 15%, it is unsuitable for

use in a routine radioimmunoassay. Further discussion of

this method is given by Berson et al (102) or as applied to

ACTH by Landon et al (103).

For the assays described here the antiserum concen­

tration and the necessary time for maximum binding of the

labelled hormone has been determined for each antiserum

used. The optimum conditions for the assay of tissue

culture medium samples was determined and are described

below.

1. Human Growth Hormone and Human Prolactin:

a. Radioiodination:

1) Human Growth Hormone - Aliquots of HGH

(5 ug in 0.01 ml phosphate buffer) were stored in microcaps

at -20°C until iodination. Iodination was carried out by

the method of Hunter and Greenwood (104) using 0.5 mc I 13l

or I 125 , 30 ug chloramine T and 60 ug sodium metabisulfite
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in sequence. Following iodination and purification on the

Sephadex G-75 column, radioactivity in each eluate was

measured using a Packard Auto-gamma Spectrometer. "Damage"

of each fraction was determined by chromatoelectrophoresis:

0.1 ml solution of each labelled protein fraction (0.05 ml

labelled eluate, with 0.05 ml diluent 1 and 0.2 ml 1/8 horse

serum) was spotted at -10 cm from the center of "Toyo" strip

(2.5 x 24 crn). Electrophoresis was carried out in barbitone

buffer for 1 1/2 hours at 400 v. The strip was dried and

cut at -2, +4, and +10 cm from the origin and the lIdamage"

''las estimated to be the percentage of counts in the +4'" +10

section. The fraction with the 1m-lest "damage" was diluted

to 2 nglml with diluent 1 and stored at 4°C until used in

the assay.

2) Human Prolactin -

a) Lyons' cPHP (10 ug) was iodinated as

described for HGH but a 2 g Sephadex column was used instead

of a 1 g column. "Damagp." and dilution procedures ,qere as

for HGH;

b) pHP (1.3 ug) was radioiodinated as

described for the Lyons' cPHP. Dilution of the labelled

protein was such that 1 ml of solution equalled 12,000

counts per minute using the Auto-gamma Spectrometer.

b. Standards:

1) Human Growth Hormone - HGH ''las diluted to

10 ng/ml in 118 horse serum; this was used as the starting
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concentration in the assay.

2) Human Prolactin - For the human prolactin

standard the Ross plasma, containing the equivalent of 660

ng/ml of prolactin against an ovine prolactin standard

(NIH-OP-6) by bioassay, was diluted to 1/8 with barbitone

buffer. This was used for the starting standard solution,

therefore 82.5 ng/ml.

c. Assay:

1) Human Growth Hormone - Standard HGH (0.2 ml

of 20 ng/ml) was used as a starting concentration of

standard. Another 0.2 ml of standard HGH was serially

diluted nine times with 0.2 ml of 1/8 horse serum. Culture

medium samples were diluted 1:1 with barbitone buffer.

These solutions (0.2 ml) were serially diluted in 0.2 ml of

horse serum, therefore, the concentration of culture medium

in the first tube was 1/4. Then anti-HGH (0.05 ml of

1/18,000 in diluent 1) followed by 0.20 ml of 1/8 horse

serum was added to each tube. Two blanks were made with

0.40 ml of 1/8 horse serum and 0.05 ml anti-HGH 1/18,000 in

one and diluent 1 in the other. Incubation at 4°C for 48

hours was carried out, then 0.05 ml of HGH13l or 125 was

added to every tube and five additional tubes to be used to

determine the average total counts added. After another 48

hours' indubation at 4°C the free and bound hormone was

separated with 1 ml of a charcoal-dextran solution (HGH-HP

charcoal) per tube (except the total tubes). The tubes were
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mixed and allowed to stand at room temperature for 20

minutes and again mixed and allowed to stand another 10

minutes. The charcoal-liquid suspension was separated by

centrifuging for 10 minutes at 8,000 g. The supernatant was

aspirated and the charcoal pellets and total tubes were

counted. Percent bound was calculated by sUbtracting the

counts in each pellet (the free) from the average total

counts, dividing by the total and multiplying by 100%.

The specificity of this assay has been tested with

culture medium incubated without pituitary tissue fragments

(Figure 3-A). As determined, there are no interfering

substances in the culture medium. The cross reactivity of

pHP in this HGH assay was less than 0.05% and the sensi­

tivity for HGH in culture medium samples was greater than

5 ng/ml.

2) Human Prolactin - Standard HP (0.20 ml) was

diluted as described for HGH and the culture samples were

treated in a similar manner as in the HGH assay. Anti-PHP

(0.05 ml, 1/800 in diluent 1) v7as added when the Lyons'

CPHp13l was used and 0.05 ml of 1/12,800 anti-PHP when the

pHp13l was used. The incubation, s~paration of bound and

free, and calculations were as described for HGH.

The specificity of the assay with unincubated culture

medium was determined for each label (Figure 3-B and 3-C).

Neither label showed interfering materials in the culture

medium. Using the Lyons' label, HGH cross reacted as if it
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Figure 3. Specificity of HGH and HP Assays.

The effect of incubated culture medium not in contact with

pituitary tissue is shown.

1\. HGH Standard (.) and control culture medium (0)

studied in an HGH assay.

B. Ross HP standard (e) and control culture medium

(0) studied in an HP assay with labelled Lyons'

cPHP.

c. Ross HP standard (e) and control culture medium

(0) studied in an IIP assay \vi th labelled pHP.
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contained 0.1% of HP immunoactivity (105, 106, 107) and the

sensitivity of the assay in culture medium for HP is greater

than 5 ng/ml. with labelled pHP the HGH cross reactivity

was less than 0.02% and the sensitivity of the assay in

culture samples was 40 ng/ml.

2. Follicle-Stimulating Hormone and Luteinizing

Hormone:

a. Radioiodination:

1) Follicle-Stimulating Hormone - An immuno­

chemical grade FSH solution of 100 ug (2782 IU FSH and 92 IU

LH/mg) in 1 ml of 0.01 M phosphate, 0.14 M ~JaCl, pH 7.0 was

obtained from the National Pituitary Agency. The solution

was placed in rnicrocaps (2.5 ug/O.Ol ml) and stored at -20°C

until iodination when one solution radioiodinated with 0.5

mc I 13l or 125. In these iodinations bovine serum albumin

was used to pre-saturate the Sephadex column and for the

collecting diluent. Colunm elution and the collecting

diluent used phosphate buffer, with 0.1% NaN3 added. The

fraction on the trailing edge of the protein peak was

diluted to 0.5 ng FSH/ml with diluent 2 for use in the

assay.

2) Luteinizing Hormone - Immunochemical grade

LH was obtained from the National Pituitary Agency as a

solution of 200 ug (923 IU LH and 1.9 IV FSH/mg) in 1.0 ml

of buffer (0.01 M phosphate buffer, 0.14 M NaCl, pH 7.0).

Aliquots of 0.01 ml (2 ug LH/microcap) were stored in micro-
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caps at -20°C until iodination. One microcap of LH was

iodinated in the same manner as described for FSH. "Damage"

was estimated essentially as described for HGH, except 0.1

ml of a solution of 0.20 ml of 1/8 horse serum, 0.05 ml

diluent 2 and 0.05 ml of the labelled protein fraction was

used. The fraction with lowest % "damage" was diluted to a

solution of 0.5 ng LH13l or l25/ml diluent 2 and used in the

assay.

b. Standards: A standard FSH and LH (LER 907 - 20

IU FSH and 48 IU LH in 0.01 ml phosphate buffer, 0.14 M

NaCl, pH 7.0) from the National Pituitary Agency was diluted

~'lith diluent 3 to 10 mIU FSH and 24 mIU LH per ml.

c. Assays:

1) Follicle-Stimulating Hormone - Standard

FSH, 10 mIU/ml (0.2 ml) was serially diluted as described

for HGH using diluent 3 for the dilutions. Organ culture

medium samples were first diluted to 1/10 with 1/4 horse

serum containing 0.05 M EDTA in phosphate buffer with 0.1%

NaN3 • These solutions were then serially diluted in

diluent 3 as described for the standard. Anti-FSH (0.05 ml

of 1/3000 in diluent 2) was added to every tube. Two tubes,

both with 0.20 ml diluent 3, and one with 0.05 ml anti-FSH,

1/3000 and one with 0.05 rnl diluent 2 were also prepared.

All the tubes were then incubated at 4°C for 2 days and then

0.05 ml of labelled FSH was added to every tube plus 5 tubes

to be used for the average total counts used. Following
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incubation for 2 more days at 4°C anti-rabbit gamma globulin

was added (0.05 ml of a 1/10 dilution) and incubation

continued for 3 days at 4°C. (The titre of the second

antibody was determined from the maximum FSH13l-antibody

complex that could be precipitated by the anti-R G in

diluent 3.) The incubation mixture was then washed with 1

ml phosphate buffer with 0.1% NaN3 , centrifuged at 27,000 g

for 15 minutes, the supernatant decanted and the precipitate

counted. Percent bound was calculated (Bound/total x 100% =
% B) and plotted versus the log of FSH concentration.

Specificity of the assay with respect to tissue culture

medium which was not in contact with pituitary explants was

studied (Figure 4-A). Specificity with respect to LH and

TSH has been determined (108). The sensitivity of the assay

in culture samples was greater than 6.2 mIU/ml.

2) Luteinizing Hormone - Standard LH (24

mIU/ml), LER 907, was diluted as described above. Samples

for LH determination were handled as for an FSH assay.

0.05 ml of anti-LH, 1/7,000, was added in place of the

anti-FSH. The precipitation of bound hormone and calcu­

lations were the same as the FSH assay. Specificity was

tested with culture medium incubated without pituitary

fragments as sho\~ in Figure 4-B. The assay has been shown

to be insensitive to FSH and the sensitivity of the assays

for culture medium sample was greater than 7.5 mIU/ml.

3. Adrenocorticotropin and Melanocyte-Stimulating
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Figure 4. Specificity of FSH and LH Assays.

The specificity of the LH and FSH assay in culture medium

is shown.

A. LER- 907 (.) and control culture medium (0)

studied in an (A) FSH assay, (B) LH assay.
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Hormone:

a. Radioiodination: ACTH was iodinated by a

modification of the Hunter and Greenwood (104) method as

devised by Dr. Leslie Rees (109). I 125 (2 mc) in 20 ul of

phosphate buffer was used in a 1 inch plastic vial.

ACTHh , 1-39 (2.5 ug/O.Ol ml of 0.001 N HCl) was added to

the isotope and mixed. Chloromine T (30 ug/O.Ol ml phos­

phate buffer) was added and mixed and allowed to react no

longer than 10 seconds. Then, sodium metabisulfate (60

ug/O.Ol ml phosphate buffer) was added and mixed. The

complete reaction mixture and vial was then placed in a

container with 20 ml of diluent 4 (2.5 mg bovine serum

albumin/ml phosphate buffer, containing 0.5% -mercapto­

ethanol). One-half of this solution (10 ml) was trans­

ferred to a plastic tube containing 10 mg Quoso glass and

purified by slowly mixing for 30 minutes on a rotating

turntable. The suspension was spun for 5 minutes at 5,000

g. The supernatant was aspirated and the Quoso glass

washed with 2 ml of deionized distilled water. The glass

pellet was broken up by mixing with a vortex. This solu­

tion was then centrifuged for 5 minutes at 5,000 g. The

supernatant was discarded and then the purified ACTH was

eluted with 2 ml of 40% acetone (Spectra grade), containing

1% glacial acetic acid (reagent grade) in deionized dis­

tilled water.

Chromatoelectrophoresis with barbitone buffer was used
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to determine the purity and concentration of the final so­

lution. An aliquot of the reaction mixture (10 ul) before

purification was analyzed by chromatoelectrophoresis. The

strip was cut into 24 cm starting at -2 cm from the origin.

The counts were divided into the salt and protein region

and the pg/ACTH125 count/second calculated. After purifi­

cation 10 ul of the ACTH125 acetone solution was mixed with

100 ul of diluent 4 and 10 ul of this solution was spotted

on "Toyo" paper. Following electrophoresis, the strip was

dried and cut in 24 x 2.5 cm segments starting from -2 cm

from the origin. If purification was complete, greater

than 95% of the counts were in -2 to +3 cm region. The

concentration of purified ACTH125 was then diluted to 2 ng/

ml with diluent 1. Glass pipettes used were first equili­

brated with an ACTH solution or rinsed with a concentrated

protein solution because of ACTH's high affinity for glass.

b. Standard: ACTHh , 1-39 was made from the same

solution used for iodination. 2.5 ug ACTHh , 1-39 in 0.01

ml of 0.001 N HCl was diluted with diluent 4 to a solution

of 100 ng ACTHh , l-39/ml.

c. Assay: Standard ACTH was serially diluted in

diluent 4 as described for FSH. Culture medium samples were

diluted to 1/8 with phosphate buffer with 0.1% NaN 3; serial

dilutions were made with diluent 4 as described for FSH.

1) ACTH-Specific Assay - Anti-ACTHL, 1-24

(0.05 ml of 1/250 in diluent 2) was added to every tube.
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Two tubes with 0.2 ml diluent were used as blanks. One tube

had 0.05 ml of antiserum added and the other tube had 0.05

ml of diluent 2. ACTH125 (0.05 ml of a 1 ng/ml solution)

was added to every tube and to 5 tubes for total counts and

then incubated at 4°C for 24 hours. Separation of free and

bound hormone was with a dextran-coated charcoal solution

for ACTH (ACTH charcoal). The charcoal solution (0.2 ml)

was added to each tube, except the totals, mixed with a

vortex and centrifuged for 10 minutes at 8,000 g. The

supernatant was discarded and the charcoal pellet and total

tubes counted. Percent bound was calculated as described

for HGH.

Tissue culture medium incubated without pituitary

tissue w'as not found to interfere in the assay. (See .Figure

5-A.) The sensitivity of the assay is greater than 3.4

ng/ml culture medium and the cross reactivity with ... - and

, -I1SH was less than 0.1% (110).

2) ACTH and MSH Assay - The procedure in this

assay is as described for the ACTH assay, only an anti-

ACTHR, 1-24' 1/8,000, which does not distinguish-.-HSH from

ACTH and cross reacts approximately 1% with' -l'lSH, was used

(109). Again the assay was specific for ACTH in culture

medium and the sensitivity was 3.26 ng/ml culture medium

(Figure 5-B).

4. Thyroid-Stimulating Hormone: TSH determinations

were completed in Dr. Brian Webster's laboratory, Toronto
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Figure 5. The Specificity of the ACTH Assays.

Standard Ciba ACTHh , 1-39 C.) and control culture medium

CO) standard in the ACTH assays with CA) anti-ACTHR, 1-24

and CB) anti-ACTHL, 1-24 are shown.
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General Hospital, Toronto, Canada (111). The assay was

determined to be specific for TSH in culture medium and the

sensitivity was 6 uU (NIHR "A" H-TSH)/m1 culture medium.

D. C14-Leucine Incorporation Studies

Polyacrylamide studies were carried out at pH 9.5 with

7% acry1amide according to the method of Orstein and Davis

(103). For the study of c14-1eucine incorporation into

proteins, 10 u1 of tissue culture medium with C14-1eucine

which had been incubated with tissue from pituitary #20

(culture #2) for 3 or 4 days was mixed with 0.05 m1 0.1 M

cold-leucine in 40% sucrose and 0.05 m1 diluent 1. Another

10 u1 aliquot of the culture medium was prepared in the same

manner with the 0.05 m1 diluent replaced with 0.05 m1

anti-PHP (1/100 in diluent 1) and incubated for 2 days at

4°C. Another aliquot of medium was reacted (as described

above) with 0.05 ml of either anti-FSH (1/100), anti-LH

(1/200), or anti-TSH (1/10). The incubates were electro­

phoresed on acry1amide gels and the gels sliced in 2 rom

thick discs. Each disc was dissolved by heating at 37°C in

0.5 m1 30% H20 2 for 6 hours and then 5.0 m1 Bioso1v-toluene

PPO, POPOP scintillation liquid was added to each vial.

Alternatively 0.6 rnl of Nuclear Chicago Solubi1izer (NCS)

was added to each disc and heated at 60°C for 2 hours and

then 10.0 rnl of to1uene-PPO, POPOP scintillate liquid was

added. Each vial was counted on a Packard Liquid Scintilla-
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tion Counter for five minutes (approximately 1000 counts).

E. Comparison of Human Prolactin Preparations

1. Immunoactivity: The irnmunoactivity of the tumor

(Tl-c, TlHP-l, Tl HP-2, T2HP-17, T2HP-24), fetal prolactin

and the other samples of alleged prolactin (Lyons' PHP,

Lyons' cPHP) were compared against the Ross Plasma prolactin

standard in the HP assays. The quantity of protein in each

sample was determined from dry weight in the case of Lyons'

PHP, Lyons' cPHP, and Bulbrook's HP while the protein

quantity in pHP and the tumor preparations was determined by

their optical density at 280 u against the NIH-OP-6

standard.

2. Polyacrylamide Gel Electrophoresis: PAGE studies

of Lyons' PHP, Lyons' cPHP, Bulbrook's HP, pHP, Tumor-l

concentrate, TlHP-l, T1HP-2, T2HP-17, T2HP-24, were

performed as described for the C14-leucine incorporation

studies. Approximately 1-300 ug of the protein sample in

50-100 ul of the phosphate buffer and 100 ul of 40% sucrose

with 10 ul of 0.2% bromophenol blue was layered on the gels.

Following electrophoresis the gels were stained overnight

with 2.5% coomassie blue in 0.66 M HOAc and 5.0% methanol.

Destaining was done electrophoretically in 10% glacial

acetic acid at 150 mamp for 1 1/2 hours. The gels were then

scanned with a Gilford 2400 Spectophotometer at 500 u. RfS

were calculated by reference to the distance from the gel
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top to the middle of the salt marker.

3. NH2-Terminal Studies: Nanual Edman determinations

were performed as described by the method of Isle and Edman

(105) on Lyons' PHP, Lyons' cPHP, Bulbrook's HP and pHP.

Approximately 5 mg of each sample (desalted and

lyophilized) were used. The resulting PTH-amino acids were

analyzed on the Beckman GC-45 using a 4 foot, DC-560

column, amino acids ala, ser, gly, val, thr, pro, leu, ile,

asp, glu, tyr, trp, met, and phe could be identified.

Liquid chromatography (106) in an ethylchloride (30 ml) and

HOAc (7 ml) solvent system was also used to determine the

PTE-amino acids in the case of Bulbrook's HP. Using GC and

TLC together only his, cystic acid, hyp, and arg could not

be detected.
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RESULTS

A. Isolation and Radioiodination of Human Prolactin

A protein fraction containing human prolactin (HP) was

necessary to develop a radioimmunoassay for HP in the fetal

organ culture medium. Furthermore, a homogeneous prepara­

tion of liP had not previously been obtained and many

physiological studies and assays were dependent on such a

preparation. Therefore, the isolation of HP from fetal

organ culture medium was undertaken as described here. No

assay for HP other than 2 bioassays which detect liGH

existed. Therefore, it was necessary to follow the purifi­

cation of HP by a combination of other criteria. The first

criterion was the property of small quantities of labelled

protein hormones to remain at the origin of the chromato­

graphy paper during chromatoelectrophoresis. The second

criterion was the ability of the fraction or pool to bind

to anti-PHP, an antiserum raised to a fraction from human

fetal pituitary culture medium shown to contain prolactin

bioactivity but little or no TIGH. The third criterion was

the ability of plasmas from phenothiazine treated indivi­

duals and lactating subjects previously shown to contain

high concentrations of prolactin in experimental animals,

to inhibit the binding of the isolated, Il31-labelled

proteins to anti-PHP, i.e., the binding of the isolated

labelled proteins to anti-PHP could be specifically
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inhibited by plasmas jUdged to contain endogenous HP.

These three criteria were used to detect HP throughout the

isolation procedures.

1. Fetal Organ Culture Medium:

a. Sephadex Purification: The first method of

purification of culture medium from the fetal pituitary

organ cultures was by Sephadex chromatography. Pituitary #1

explants were pulsed with protein free Medium 199 alone for

a short period as previously described (Table 6). The

pooled medium was dialyzed for 48 hours against the

phosphate buffer with three changes of buffer (400 m1 each).

The dialyzed medium was taken to dryness under nitrogen and

redissolved in 0.1 ml of the phosphate buffer. An aliquot

(0.05 m1) of the material was radioiodinated and the

labelled proteins separated on a Sephadex G-75 column

(Figure 6-A). The iodination yield was low but the elution

pattern was normal. Chromatoe1ectrophoretic IIdamage ll of

each fraction was determined as described for HGH and showed

material at the origin and also a peak of protein in the +8

cm region. Each fraction was reacted with anti-HGH and

anti-PliP essentially as described previously for the radio­

immunoassay of HGH. The titrations of fractions 3 and 4

with anti-PHP are shown in Figure 6-C and D. Separation of

antiserum bound and free hormone was achieved by chromato­

electrophoresis and also by charcoal and binding of the

labelled fractions to anti-PHP could be detected by both
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Figure 6. Radioiodination and Antiserum Titration of

Pituitary #1 Culture Medium.

A. The elution pattern of the radioiodinated proteins

of pituitary #1 cultures after purification and

desalting on a Sephadex G-75 column is shown.

B. The chromatoelectrophoretic mobility of each

protein fraction is shown and the % "damage ll is

given.

C. Protein fractions #3 (.) and #4 (0) from the

radioiodination of pituitary #1 culture material

were titred with anti-PHP and bound and free label

separated with charcoal.

D. Separation of bound-FHp13l following the titration

of anti-PHP with labelled protein fractions #3

(e) and #4 (0) shown in this figure.
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methods. No binding was detected for fractions 5 or 6 using

either chromatoelectrophoresis or charcoal separations.

Similar experiments with material from pituitary #4 and 5

cultures yielded protein fractions with 39.3% and 52.0%

"damage" respectively. The fraction from pituitary #4

cultures was reacted with anti-PHP and a binding of 6-45%

was obtained (Figure 7). It was concluded that the

fractions contained a protein or proteins remaining at the

origin on chromatoelectrophoresis that would also bind to

anti-PHP. In addition, there was evidently a contaminating

protein or proteins present that had different chromato­

electrophoretic properties from that predicted for HP.

Hence, the purification was repeated using pituitary

#6, concentrating the medium as before but half was

iodinated directly while the remainder was first purified

on a Sephadex G-75 column. From the latter a fraction

containing proteins of approximately 20,000 molecular weight

was concentrated and then radioiodinated. The chromato­

electrophoretic damage of the protein fractions following

iodination from both procedures was then compared (Table 7).

The decrease of "damage" in the material obtained from this

prior purification was achieved especially for fractions 3,

4, and 5, indicated that high molecular weight proteins

~Tere responsible in part for the high % "damage" of the

radioiodinated fractions without prior purification. Frac­

tion 3 of the pre-purified radioiodinated protein was found
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Figure 7. Titration of FHpl3l from Pituitary Culture #4.

Anti-PHP was titred with a fraction of iodinated proteins

from pituitary #4 culture medium.
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Table 7. Comparison of Radioiodinated Material from
Pituitary #3 Cultures With and Without Pre­
Purification on Sephadex G~75.

61

Fraction % " Dam age II

without With
Number Pre-Purification Pre-Purification

3

4

5

6

56

73

74

87.5

34.2

44.5

56.7

82.1
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to bind to both anti-PHP and anti-HGH. It was concluded

that a prior purification of the culture medium concentrate

on a Sephadex G-75 column (4 g) would lower significantly

the % "damage" in the labelled fractions. However, even

after only one purification step following radioiodination,

it was possible to detect binding of the labelled proteins

to anti-PHP.

b. DEAE-Sephadex Purification: The Sephadex

purification methods at best yielded fractions with 30%

"damage", so a different approach to the purification,

using DEAE-Sephadex, was attempted. One-half of the

concentrated medium from a pulse of pituitary #1 cultures

was radioiodinated and the reaction mixture chromatographed

on a DEAE-Sephadex column (1,5 x 20 em) equilibrated in the

borate buffer. The column was eluted with 5 ml of the

borate buffer and then with 125 ml of a linear salt

gradient (0.025 to 0.30 M in the borate buffer). The

radioactivity was measured in each eluate (Figure 8-A).

Eluates were pooled according to the peaks of radioactive

proteins and the chromatoelectrophoretic property of each

pool was determined. Pools 1, 3, 4, and 5, did have

material at the origin of the paper following chromato­

electrophoresis whereas pool 2 did not. Pools 1, 3, 4, and

5 were then reacted with anti-PHP. Figure 8-C shows pools

1 and 3 with the % bound determined by chromatoelectropho­

resis and Figure 8-D shows the charcoal separation for pools



Table 8. Antiserum Titration of Anti-PHP and Anti-HGH
with Protein Fraction #3 from a Radioiodinated
Sample of Pituitary #3 Culture Medium.

After Pre-Purification

63

Final Dilution % B

Anti-PHP 1/2,000 38.0

1/8,000 38.5

1/32,000 37.3

1/128,000 34.3

1/512,000 32.8

33.4

Anti-HGH 1/20,000

1/40,000

1/80,000

1/160,000

40.8

49.0

44.0

32.8

34.4
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Figure 8. DEAE Purification and Antiserum Titration of

Radioiodinated Proteins from Pituitary #1 Culture Medium.

A. Radioiodinated proteins from pituitary #1 culture

me~i~m were chrornatographed on DEAE and eluted

with a borate ion gradient. The fractions pooled

are indicated. Radioactive proteins (.),

gradient (-).

B. The radioiodinated pooled proteins from a DEAE

column were spotted on 'Toyo' and chromato­

electrophoretic mobility analyzed.

C. Pools #1 (.) and #3 (O) from the DEAE purifica­

tion of pituitary #1 culture medium were titred

with anti-PHP and bound and free proteins

separated by chromatoelectrophoresis.

D. Separation of DEAE pools #3 (.) and #5 (.) after

titration with anti-PHP was done by charcoal.
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3 and 5. Pools 1 and 4 did not bind to anti-PHP. Pools 3

and 5 (where binding to anti-PHP was observed) correspond

to the 0.12 to 0.17 M and 0.25 and 0.28 M borate ion

regions. Similar experiments on material from the culture

medium of pituitaries 2, 3, and 4 were carried out and

binding to anti-PHP w'as found in the 0.09 to 0.14 H borate

region for pituitary cultures #2, and in both the 0.10 to

0.15 M borate region and in the HOAc was for pituitary #3.

Table 9 lists the % bound as determined by chrornatoelectro­

phoresis for each ~ool and the salt gradient region of the

pools able to bind to anti-PHP.

From these studies it is apparent that there are three

protein fractions (0.09 to 0.15 Hand 0.25 to 0.28 1<1 and

the HOAc ~V'ash) which show irnmunoactivi ty ...:ith anti-PHP. The

ability of three fractions eluted from the DEAE column to

bind anti-PHP suggests either the presence of HP in

different ionic forms as shown for bovine prolactin (116)

and/or the anti-PHP serum contained antibody populations to

HP and other proteins/peptides in the culture medium.

c. Chromatoelectrophoresis Analysis: When

analyzing the chromatoelectrophoretic behavior of the

proteins eluted from the DEAE columns (Figure 8-B) it was

apparent that there were three peaks: -2 to +3, +3 to +6,

and +6 to +11 crn. The +3 to +6 and +6 to +11 cm areas are

not normally present in radioiodinated, undamaged protein

hormones. On the basis it vlas decided to further purify
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Table 9. Antiserum Titration for Pooled Protein Fractions
of Pituitary Media #2 and #3 following DEAE
Chromatography.

Pituitary #2 Culture Material

Anti- PHP % B 0 u n d
Pool #~2----~~~~~Poo1 #3

(final dilution) (0.04-0.09 M) (0.09-0.14 M)

1/3,000 7.3 71.7

1/6,000 8.9 70.0

1/12,000 9.3 67.8

1/24,000 9.6 78.2

1/48,000 9.7 69.3

Blank 2.6 45.0



Table 9. (Continued) Antiserum Titration for Pooled Protein Fractions of
Pituitary Media #2 and #3 following DEAE Chromatography.

Pituitary #3 Culture Material

Anti-PUP

(final dilution)

%
Pool #1

(0.02-0.10 M)

B 0 u n d
poorlf2

(0.10-0.15 M)
Pool #3 Pool #7

(0.15-0.19 M) (HOAc Acid Wash)

1/1,500 17.4 18.4 46.4 38.5

1/3,000 6.0 16.3 47.5 36.3

1/6,000 5.7 9.8 43.8 33.9

1/12,000 - - 48.5' 32.4

1/24,000 6.2 6.7 44.8 29.2

1/48,000 5.0 8.7 38.7

Blank 4.0 4.2 45.0 28.3

Cl'o
CX)
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these labelled proteins such that the -2 to +3 cm component

alone was isolated. Since these proteins could be

separated by chromatoelectrophoresis, it was decided to

use this technique in an attempt to obtain separate

components.

The labelled proteins from pool #2 of a DBAE purifi­

cation of the medium from pituitary #4 cultures were used

to study the effect of increasing borate ion concentration

(0.004 to 0.050 M) and horse serum concentration (0.3 to

25.0 mg/ml) on the chromatoelectrophoretic mobility of the

labelled proteins. Neither the borate ion concentration

nor the horse serum concentration had any effect on the

mobility of the labelled proteins. A fraction of labelled

proteins obtained from a normal iodination followed by

Sephadex purification of this same culture medium did show

a change in chromatoelectrophoretic mobility with horse

serum concentration (Figure 9) as is normally seen for

other protein hormones. It should be noted that 60% of the

labelled proteins in this case '1ere the origin (-2 to +3

cm) and no +3 to +6 cm peak was detected and these proteins

did bind to anti-PHP. This led to the conclusion that the

desired material at the origin of the strip was present

following radioiodination but that the elution of this

material from DEAE-Sephadex under the conditions used was

poor, although DEAE-Sephadex chromatography did provide

purification from other proteins which was not accomplished
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Figure 9. Effect of Protein Concentration on the Chroma­

toelectrophoretic Mobility of FHp13l •

The % "damage" was determined by chromatoelectrophoresis on

a fraction (#3) of labelled protein from pituitary #4

culture medium with increasing horse serum concentration.

Horse serum was used as the source of added protein.
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by Sephadex alone.

An attempt was then made to elute the labelled

protein, adsorbed at the origin from the chromatography

paper, by descending chromatography with undiluted horse

serum. One-third of the dialyzed and concentrated pulsed

material from pituitary #4 cultures was radioiodinated and

applied directly to a 6.3 x 24 cm strip of paper and

chromatoelectrophoresis carried out. The areas corres­

ponding to undamaged protein hormone (-2 to +3 cm) from the

origin was suhject to descending chromatography for 24

hours with undiluted horse serum. The elution of the

proteins with a chromatoelectrophoretic mobility of +3 to

+8 cm resulted. These proteins would not bind anti-PHP

(Figure 10). Although the attempt to elute the origin

proteins was unsuccessful, it gave evidence that the

material at the origin was the protein that reacted with

anti-PHP. No further attempts were made to elute the

material at the origin, rather the combination of the

Sephadex and DEAE-Sephadex purification steps was studied.

d. Sephadex and DEAE-Sephadex Purification: It

had been shown that a prior purification on Sephadex could

significantly lower the % "damage" in the iodinated

fractions (see part a of this section) and also that some

eluates from a DEAE column had only a few proteins in the

"damage" area, therefore the combination of these two

purification steps was studied. Following chromatography
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Figure 10. Chromatoe1ectrophoretic Studies of Labelled

FHP.

A radioiodinated fraction of FHP from pituitary #4 culture

medium was studied as shown.
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of mediQm from a pulse from pituitary #2 cultures on

Sephadex G-75 (3 g) the 20,000 molecular weight region was

concentrated, radioiodinated and the iodinated proteins

chromatographed directly on DEAE-Sephadex with a linear

HaCl gradient in the borate buffer. Elution was first with

150 ml of the borate buffer and then with a linear NaCl

gradient (450 ml of 0.00 to 0.40 M, and 350 ml of 0.30 to

1.00 M NaCl in the borate buffer, Figure II-A). Some of

the eluted fractions were analyzed by chromatoelectropho­

resis and reacted with anti-PHP and anti-HGH. Chromato­

electrophoretic analyses of pools 2 (O.OO ~ NaCl), A (O.05

M NaCl), D (NaOH wash), E (O.30 M NaCl), and F (l.aO M

NaCl) showed iodinated proteins at the origin (Figure

II-B). On reaction with antisera it ,~as found that pools

2, E and F bound to anti-UGH and pools E and F to anti­

PHP. The large amount of material at the origin in pools

E and F should be noted (Figure II-C). The peak of I 13l

in the 0.05 to 0.14 r~ NaCl region invalidated analysis of

these fractions by the charcoal separation method.

In a subsequent study the complete medium after 3 days

of incubation in the presence of pituitary tissue was used

in order to increase the concentration of protein sought,

i.e., the protein able to adsorb to the origin on chroma­

toelectrophoresis. The complete culture medium from

pituitary #4 cultures, days 69-36, was separated on a 3 g

Sephadex G-75 column (I cm in diameter), the 30,000 to
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Figure 11. DEAE Purification, Chromatoelectrophoretic

Analysis and Antiserum Titration of Medium from Pituitary

#2 Cultures.

A. The pre-purified radioiodinated proteins from

pituitary #2 cultures were chromatographed on DEAE

with a NaCl linear gradient. The samples analyzed

by chromatoelectrophoresis are indicated. Radio­

activity (e), salt gradient (-).

B. The chromatoelectrophoretic mobility of three

fractions eluted from a DEAE column are shown.

1) Pool 2, 2) Pool E, and 3) Pool F.

C. Pools from the DEAE purification were reacted with

anti-PlIP and anti-HGH. 1) Pool B (.), and Pool F

CO) with anti-PHPi and anti-HGH with 2) Pool 2,

3) Pool F, and 4) Pool E.
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15,000 molecular weight region concentrated by negative

pressure to 1 ml and radioiodinated. The eluted protein

fractions ~V'ere assessed for "damage" (Figure 12) and

fractions 4 and 5 were then chromatographed on a DEAE­

Sephadex column (1 x 10 cm) and eluted ~~th 20 ml borate

Duffer and thence with a linear gradient of 0.00 to 0.40

}1 NaCl in borate buffer (175 ml). Chrornatoelectrophoretic

mobility was determined for the various labelled protein

fractions (Figure 13). Pools 4 and 6 had substantial

amounts of material at the origin and thus were reacted

with anti-PHP. In addition, pool 6 was used as label with

anti-PHP (1/800) in an liP assay. Both pools bound to

anti-PHP (pool 4, 46.1% to 13.0% and pool 6, 61.1% to

32.0%) and the assay with pool 6 was inhibited by a human

lactation plasma and the plasma from two female pre- and

post-fluophenazine (1 hour post 1.5 mg, intramuscularly).

The plasmas from the male, whether before or after

fluophenazine, did not inhibit the binding of the labelled

fetal culture medium protein to anti-PHP (Figure 14).

These results are comparable to those obtained when the

same samples were assayed in the PHp13l/anti-PHP system for

HP (l07). HGH was undetectable or at a low level (3 ng/ml)

in all of these samples. Figure 15 outlines the purifi­

cation steps employed to obtain this prolactin active

fraction from culture medium.

The experiment---complete culture medium - Sephadex
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Figure 12. Radioiodination and Chromatoelectrophoretic

Mobility of Pituitary #4 Culture Medium.

A. The elution pattern from a Sephadex G-75 column of

the radioiodinated proteins from pituitary #4

culture medium is shown.

B. The chromatoelectrophoretic mobility of each

protein fraction eluted is shown and the %

IIdamage" is given.
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Figure 13. DEAE Purification of Medium from Pituitary #4

Cultures.

A. Radioiodinated proteins from pituitary #4 culture

medium were chromatographed on DEAE and eluted

with a NaCl linear gradient. The pooled fractions

are indicated.

B. The chromatoelectrophoretic mobility of some

fractions from this column are shown.
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Figure 14. Detection of Plasma Prolactin Using FHp13l from

Pituitary #4 Culture Medium and Anti-PHP.

The prolactin irnmunoactivity of PliP and plasma samples from

two females and one male, pre- and post-fluophenazine and a

lactation sample was measured by radioimmunoassay using

labelled human prolactin isolated from fetal pituitary #4

culture and anti-PHP. The inhibition of binding of FHpl31

to anti-PHP a) by Pasteels' HP, b) by the pre- and post­

fluophenazine plasma samples from T (a normal female, •

and F (a normal male, 0 ), and c) by the pre- and post­

fluophenazine plasma sample from J (a normal female, X )

and a lactation sample (0) is shown.
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Figure 15. Fractionation and Radioiodination of Medium

from Fetal Pituitary Cultures.
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G-75 - radioiodination - Sephadex G-75 - DEAE-Sephadex ­

DEAE-Sephadex-binding anti-PHP - radioimmunoassay of

p1asmas---was repeated using another culture medium with

essentially the same results. In addition, the HP content

of other culture medium samples was studied using the

labelled HP prepared and anti-PHP. The presence of HP was

noted by the inhibition obtained by culture medium at a

dilution of 1/64 to 1/256. Suitable controls, culture

medium from the stock solution and culture medium incubated

under standard conditions but without tissue, did not

inhibit at dilutions greater than 1/4. The release of this

material from the pituitary, since the medium only after

incubation with pituitary tissue specifically inhibited the

binding between the labelled HP prepared and anti-PliP, was

thus indicated.

It was concluded that fetal pituitary tissue in

culture released a protein that is not HGH, which after

radioiodination remains at the origin during chromato­

electrophoresis and which shows elevated levels in human

plasma in lactation and at 1 hour after phenothiazine when

HGH levels do not change. The specificity of the anti-PHP

in culture medium (shown above) and the specificity of the

effect of phenothiazines and lactation on the concentration

of this protein in animal plasmas provide evidence for its

identity as human prolactin. It is thus concluded that the

isolated and partially purified protein fraction from the
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fetal pituitary culture medium is a fraction containing

human prolactin that can be used as label in the radio­

immunoassay of HP.

e. Bulbrook's Human Prolactin: Bulbrook's HP was

prepared by a Cohn fractionation of fetal culture medium

followed by chromatography on Sephadex G-75. This

material was studied on PAGE (Figure l6-A) prior to

chromatography on a Sephadex G-200 column (2 x 115 em) in

deionized distilled water (Figure l6-B). The eluates were

pooled in 3 regions and each lyophilized. PAGE was

carried out at pH 9.5 and 2.3 (103) for each pool (Figure

l6-C and D) approximately 100 ug of sample was dissolved in

40% sucrose and 10 ul of marker dye (0.2% bromophenol blue

for the pH 9.5 gels and 0.2% basic fuchsin for the pH 2.3

gel). The multiple bands shown by PAGE of pools 2 and 3

on pH 9.5 gels were thought to be deamination products and

for this reason were studied on acidic gels. Both systems

indicated more than one electrophoretic species, thus

indicating heterogeneity other than deamidation. Pools 2

and 3 were combined and rechromatographed on a CMC column

(1 x 9 em) in 0.02 M acetic acid, pH 4.0. The column was

eluted stepwise using 0.02 M acetic acid (60 ml) followed

by steps of increasing NaCl concentration in the acetic

acid (0.1 M NaCl, 15 ml; 0.3 M NaCl, 15 ml; 0.5 M NaCl, 12

ml; 1 M NaCl, 12 ml and finally by 0.1 N NaOH (30 ml».

Each of the 4 protein peaks were examined by PAGE as
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Figure 16. Sephadex G-200 Purification of Bulbrook's Human

Prolactin and Polyacrylamide Gel Electrophoresis Studies.

Bulbrook's HP was purified on Sephadex G-200 and three

regions pooled and studied on polyacrylamide at pH 9.5 and

2.3.

A. Bulbrook's HP after PAGE at pH 9.5 is shown.

B. The elution of Bulbrook's HP on a G-200 column is

given.

c. Pool 1, 2, and 3 are shown in PAGE at pH 9.5 in

iI, #2, and #3, respectively.

D. Pools #1, #2, and #3 are shown on PAGE at pH 2.3.
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described above. Chromatography on CMC of pools 2 and 3

(Figure l7-A) was successful in separation of some of

these proteins of varying electrophoretic mobilities as

judged by PAGE (Figure l7-B and C). A further study of the

third protein peak eluted from the CMC column (pool 3)

which had approximately 90% of the protein in one electro­

phoretic species, by SDS, gels (104), showed one major band

and one faint band of a lower molecular weight. Pool 3,

named pEP, was studied for use in the radioimmunoassay of

HP. pHP (1.3 ug) was radioiodinated, assessed for "damage"

and reacted with anti-PHP as described in the HP assay.

The radioiodination of pHP is shown in Figure l8-A and the

% "damage" is indicated above each protein fraction.

Anti-PHP did bind pHp13l as shown in Figure IS-B. vllien

used as label in the liP assay (described in detail in the

Radioimmunoassays - Human Prolactin section), the Ross

standard plasma is inhibited to 0.025 ng/ml using an

antiserum dilution of 1/128,000. In this immunoassay pHP

had 60 times the potency of the Lyons' PHP preparation.

2. Tumor Organ Culture Medium: Purification of HP

from the culture medium of two human pituitary adenomas

was performed using Sephadex chromatography.

a. Tumor-I: After 37 days in culture, pituitary

cultures from tumor-l was pulsed with protein free Medium

199 alone for 10 hours. The medium was concentrated and

separated on a Sephadex G-75 column (55 x 1 cm) in 0.05 M
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Figure 17. CMC Purification of Pool II and III from

Fractionation of Bulbrook's Human Prolactin.

A. Pools II and III from the Sephadex G-200 purifi­

cation of Bulbrook's material were fractionated

on CMC as shown.

B. PAGE studies at pH 9.5 for pools 1, 2, 3, and 4

are shown.

C. #1, #2, #3, and #4 correspond to pools 1, 2, 3,

and 4 on PAGE at pH 2.3.
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Figure 18. Radioiodination and Radioimmunoassay \dth pHP.

A. The elution of pHpl3l from a Sephadex G-75 column

following iodination and the % "damage" of each

fraction is given above each protein fraction.

B. The antiserum titration of pHp13l , fraction #7

with anti-PHP is shown.
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phosphate. Fractions corresponding to a molecular weight

greater than 15,000 were collected, concentrated, and the

optical density at 280 u of the resulting pool (tumor

concentrate) was measured and the protein concentration

estimated to be 8.2 mg/rnl against the NIH-OP-6 standard.

I} The turnor-l concentrate (0.1 ml) was

radioiodinated and purified on a Biogel P-30 column (220 x

0.9 crn) in 0.05 M borate buffer (Figure 19-A). The

labelled proteins were analyzed by chromatoelectrophoresis

(Figure 19-B) and the % "damage" ranged from 10 to 60% for

the various protein fractions. Fraction #15 with 15%

"damage" ~Tas reacted 'tvith anti - PHP • Binding of the

labelled tumor material (TlHP-l) ranged from 33 to 15%

(Figure 19-C). The chromatoelectrophoretic separation of

the free and bound hormone is shown in Figure 19-D.

Figure 20 outlines the procedure for the isolation of this

fraction (TlHP-l).

2} A fraction comparable to TlHP-l was

obtained by purifying 0.5 ml of the concentrated material

on a Biogel P-30 column (220 x 0.9 cm) using the iodinated

fractions #15 as a marker for the desired region (Figure

2l). The purified fractions were pooled, the protein

concentration estimated by optical density at 280 u against

an NIH-OP-6 standard and the fraction #40 (TlHP-l) stored

in aliquots of 2 ug/O.Ol ml in microcaps at -20°C until

used for radioiodination. l3l I _T HP-l was used in the
1
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Figure 19. Radioiodination, Chromatoelectrophoretic

Analyses, and Antiserum Titration of Turnor-l Medium.

A. The elution pattern of the radioiodinated proteins

from turnor-l medium after purification on a

Sephadex G-75.

B. The chromatoelectrophoretic mobility of some

radioiodinated protein fractions of fractionated

turnor-l medium is shown.

C. A labelled protein fraction (#43, Tl HP-113l) from

the culture medium of a pituitary turnor-l (Tl )

was reacted with anti-PHP. The titration curve of

anti-PHP with Tl HP-113l is shown.

D. The chromatoelectrophoretic pattern of the anti­

serum titration curve is shown.



98

Altlm.. Tllre,I,. ,f Altl. PI, Wit. T.I.·l' C.........c',.,•••'lc ."Iil

A
IODINATION

~~10

S

COLUMN 2

FRACTION FROM PITUITARY TISSUE CULTURE MEDIUM
B ANALYSIS OF £WATES

/\:~

80 90

.55
20

10

":
M'O

•• 5.....
WI:.
&10

5

El.UATE STRIP SECTION (em)

STRIP SECTION (em)

81
~.--,,----,-I __ 1 _--1- LI_-'-_--'

112:!500 1110,00O V4OPQO

ANTISERA DILUTION

40 C

":":
:so ••..

~
CD

....
~ §

20

•



99

Figure 20. Fractionation and Radioiodination of Medium

from Pituitary Tumor Organ Cultures.

,
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Figure 21. Elution Pattern of Tumor-l from a Biogel P-30

Column.

Tumor-1 medium was chromatographed with T1HP-113l and the

T1HP-l region was pooled except fraction *41 which was

microcapped and used for future iodinations.
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normal HP assay to measure HP in unknown plasma samples and

tissue culture medium.

3) Another sample of the concentrate (1.0 ml)

was further purified on a Sephadex G-75 column (53 x 1 cm)

in 0.05 M phosphate buffer, pH 7.4. Optical density at

280 u and 215 u was measured and the protein concentration

calculated against the NIH-OP-6 standard (Figure 22-A).

Fraction #12 (Tl HP-2) was microcapped and stored at -20°C

for routine radioiodinations. Tl HP-2 had 20% "damage" by

chromatoelectrophoresis following radioiodination and was

reacted with the following antisera: anti-HGH (rabbit 2,

24/4/64, 1/8000), anti-OP (n), anti-"HP" (packet), anti­

"HP" (14 F9), anti-"HP" (VII. 25/6/64), anti-"HP" (VII.

18/9/64), and anti-PHP as shown in Figure 22-B. The label

was bound to each antiserum with a final titre of 1/64000

for anti-HGH (rabbit 2,24/4/64), 1/16000 for anti-OP (H),

1/96000 for anti-"HP" (packet), 1/200000 for anti-"HP"

(14R9), 1/2500 for anti: }'HP" (VII. 25/6/64), 1/50000 for

anti-"HP" (VII. 18/9/64), and 1/200 for anti-PHP. The

label was also used in radioirnmunoassays for plasma

prolactin using the follm·,ing antisera: anti- "HP" (VII.

18/9/64), anti-"HP" (14R9), and anti-PHP at the final

dilution determined from the respective antiserum titra­

tions. The plasma samples used were from a pan-hypopitui­

tary patient and a lactating woman. Figure 22-C shows the

inhibition of the binding of Tl HP-2 by the pan-hypopitui-
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Figure 22. Purification, Antiserum Titration, and Radio­

immunoassay with Tumor-l Medium.

A. Tumor-l medium was purified on a Sephadex G-100

column and the optical density of each fraction at

280 u (.) and 215 u (0) recorded.

B. Fraction #12 (T1HP-2) was radioiodinated and

reacted with 1) anti-"HP" (packet, • ), anti- IIHP"

(14R9,O ); 2) anti-"HP" (VII. 25/6/64,. )

anti-"Hpll (VII. 18/9/64, 0 ); and 3) anti-OP

(H, 6 ), anti-HGH (Rh. #2, 24/4,. ), and anti-PHP

(0) •

C. A lactation plasma (.) and a pan-hypopituitary

plasma (0) were used to inhibit the binding of

T1HP-2 l3l to 1) anti-PIIP, 2) anti-"HP" (14R9), and

3) anti-"HP" (18/9/64).
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tary plasma and a lactation plasma by anti-PHP, anti-"HP"

(14R9), and anti-"HP" (18/9/64). Both these samples had

undetectable HGH.

It was concluded from these studies that a protein

fraction could be isolated from the culture medium from a

human pituitary tumor which had the chromatoelectrophoretic

mobility characteristics of protein hormones that would

bind to anti-PHP and this binding could be inhibited by

plasma samples which on immunological and physiological

criteria contained human prolactin. Homologies with HGH

and OP may be inferred since this protein will bind with

antisera to these hormones. The high concentration of liP

evidently present in the pituitary tumor tissue made

the purification for radioiodination relatively simple ~vhen

compared ,dth the fetal culture medium.

b. Tumor-2: The second pituitary tumor (11

cultures) was incubated in Medium 199 for the first 4 days

and the medium changed once daily. The medium from the

fourth day ",as concentrated by negative pressure and then

purified on a Sephadex G-IOO column (Ill x 1 cm) in the

phosphate buffer. The optical density at 280 u and 215 u

,1as measured and the protein concentrations of eluates

estimated using an I~IH-OP-6 standard (Figure 23-A). Frac­

tion #17 «().()2 ml of T2HP-17, 51 mg/ml) and 0.01 ml of

fraction #24 (T2HP-24, 126 ug/ml) were each radioiodinated

and the chromatoelectrophoretic "damage" assessed.
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Figure 23. Purification, Antiserum Titrations and Radio­

imrnunoassays with Tumor (T2HP-17, 24) Prolactin.

A. Tumor-2 medium, change 3 was purified on a Sepha­

dex G-IOO column and the optical density at

280 u recorded.

B. Titration of anti-PHP (e) + anti-"HP" (25/5/64,

• ), anti-"HP" (14R9, 0 ), and anti-OP (H,. )

\'li th T2HP-17l3l •

C. A lactation plasma (e) and a pan-hypopituitary

plasma (0) 'l7ere used to inhibit the binding of

T2HP-17 to 1) anti-PHP, 2) anti-"HP" (14R9), and

3) anti-"HP" (25/5/64).

D. Titration of anti-PHP (.), anti-"IIP" (25/5/64,

• ), anti-"HP" (14R9, 0 ), and anti-OP (H,. )

with T2HP-24 l3l •

E. A lactation sample (e) and a pan-hypopituitary

plasma (0) were used to inhibit the binding of

T2HP-24l3l to 1) anti-PHP, 2) anti-"HP" (14R9),

and 3) anti-"HP" (25/5/64).
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Binding to anti-OP, anti-"HP" (14R9), anti-"HP" (25.5), and

anti-PHP was determined for both T2HP-17 l3l and

T2HP-24l3l , as shown in Figure 23-B and D.

A pan-hypopituitary plasma and a plasma from a

lactating woman were assayed for HP using both T2HP-17 l3l

and T2HP-24l3l as labels and with each label either anti­

PHP (1/200), anti-"HP" (14R9, 1/15,000) or anti-"HP"

(25.5, 1/200). It was found that either antisera could be

used with either label to assay HP in these samples (Figure

23-C and E). Thus, the two pituitary tumors associated

with two different clinical syndromes yielded essentially

similar results and suggest a common dysfunction in the

autonomous prolactin synthesis.

B. Compar5.son of Human Prolactin Preparations

1. Irnrnunoactivity: The fractions that had immuno-

active human prolactin on the criteria of chromatoelectro-

phoresis, reaction with anti-PHP, and immuno-identity with

plasma inhibitions from lactating and phenothiazine treated

sUbjects were compared for HP immunopotency with both

labelled Lyons' cPHP and pHP. Table 10 lists the imrnuno-

potency of these preparations in reference to the Ross

plasma standard. pHP was found to be the most potent

preparation in both systems, even greater than the standard

which was calibrated by bioassay against ~lIH-OP-6. The

difference in potency for the turnor-l preparations in the



Table 10. Comparison of Human Prolactin Preparations
by Immunoassay.

110

Sample

Ross standard *

Lyons' cPHP

Lyons' PHP

Bulbrook's HP

pHP

T1-C

TlHP-l

T1HP-2

T2HP-17

T2HP-24

Assay Method

Lyons' cPHp131 pHp13l

1 1

.041 .040

.041 .040

.063 .060

5.52 5.90

.000053 .000002

.015 .0026

.0030 .000034

.00033 .00021

.000021 .00100

*Taken as unity: contains 660 ng/m1 of OP equivalence
in the pigeon-crop sac bioassay.
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assay with different labels may indicate the interference

of another antigen in the Lyons' and pHp13l system also

present in Tl-c, TlHP-l and Tl HP-2. The increased

immunoactivity of Tl HP-24 in the pUP system may be due to

the small amount of contaminating proteins present in pHP

which may be antigenic to anti-PHP yet not HP.

2. Polyacrylamide Gel Electrophoresis Studies: Each

band on the polyacrylamide gels for Lyons' PHP, Lyons'

cPHP, Tumor-l concentrate, TlHP-l, Tl HP-2, T2HP-17, and

T2HP-24, and Bulbrook's HP and pHP was quantitated as a

percent of the total protein stained per gel and the Rf

for each peak determined. pHP was the most homogeneous

preparation with approximately 91% in the protein band with

an Rf of 0.75. All of the preparations have the greatest

protein concentration at an Rf of 0.75 and a smaller

protein peak at 0.45 Rf • From the C14-leucine incorpora­

tion studies it is known that both these regions have C14_

proteins released in the culture medium which are reactive

with anti-PHP. Table 11 compares for every preparation the

Rf of each protein band and the percent of the total

protein. This preparation pHP was further studied on PAGE

at pH 2.3 and SDS gels at pH 7.0 as described on page

and was estimated to be 91% homogeneous by these means.

3. NH2-Terminal Studies: For both Lyons' PHP and

Lyons' cPHP gly, and, ser, asp, glu, ile/thr/pro could be

readily determined by GC. The ratio of the NH2-terminal



Table 11. Percent Protein in Each Band After Polyacrylamide Gel
E1ectro!'lhoresis.

Sample .10 .20 .30 .40
Rf

.50 .60 .70 .80 .90

Lyons' HP 13.2 6.7 28.3 1.66 26.9

l,yons' cPHP 23.4 8.0 17.2 50.6

Bulbrook's HP 9.0 36.7 14.4 13.0 24.3

pHP 1.0 8.0 91.0

T1-C 36.4 10.3 21.0 1.9 30.3

T1HP-1 57.7 42.3

T1HP-2 60.0 40.0

T2HP-17 20.2 9.0 11.0 65.2

T2HP-24 52.2 20.3 27.5

..........
t\J
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amino acids varied between the two samples but

quantitation was not attempted since fresh PTH-standards

were not available. The Bulbrook's HP preparation was

studied by both GC and TLC and with both these methods only

NH2-terminal ser and asp could be detected in significant

yields. pHP has four NH2-terminal amino acids 20% leu,

asp, ser, and pro (also was 90% homogeneous on PAGE). The

rnicroheterogeneity rendered it unsuitable for further

sequence studies.

C. Release of Pituitary Hormones In Vitro

1. Fetal Pituitary Organ culture Medium:

a. Kinetics of Release and Relation to Age and

Sex of the Fetus: The study of the hormones released in

vitro was used as a parameter of the function of the

particular cells in this organ culture system. The

subsequent accumulation of data from 20 female and 24 male

pituitaries of various fetal ages provided data pertaining

to the pituitary and its hormones were found not only to be

indicative of the survival of the hormonal cell types under

these culture conditions hut also of the fetal age and sex

of the pituitary gland cultured.

1) Human Growth Hormone - The release of HGH

from 40 fetal pituitary glands in vitro was studied for up

to 323 days in culture. Figure 24-A shows the pattern of

release of HGH from a single pituitary for approximately
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Figure 24. Release of Human Growth Hormone, Human

Prolactin, Follicle-Stimulating Hormone, Luteinizing

Hormone, and Adrenocorticotropin Hormone In Vitro.

A human male fetal pituitary #4 of 38 weeks fetal

life was cultured and the release of hormones into the

medium was studied.

A. The amount of HGH (.) and FSH (X) released with

the time in culture into the medium is shown.

B. The release of HP/pituitary/day with time in

culture is shown.

D. The release pattern of LH (.) and ACTH (0) with

time in culture is shown. Values exceeding the

range of the assay are shO'..,n as (,).
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125 days in culture. The first sample of medium was always

the highest in HGH content; for pituitary #26 this initial

release was greater than 102 ug/pituitary/day. Within the

next 15 days the HGH release always drops sharply to values

ranging between 3 to 10 ng/pituitary/day. Throughout the

time in culture this basal level is maintained with spora­

dic peaks of 10-30 ng/pituitary/day, thus far unrelated to

any particular stimulus. This release may represent the

autonomous ability of the pituitary to synthesize and

release growth hormone shown in patients after pituitary

stalk section.

The total HGH initially released between 0 and 15 to

20 days in culture can be related to the fetal age of the

fetus from whom the pituitary was obtained. Table 12 lists

according to the sex and age of the fetus the total release

of HGE prior to dropping to basal levels. The release

increases logarithmically with the age of the fetus, and

no difference in male and female pituitaries in culture

was noted. The total wet weight of the anterior pituitary

before cUlturing was recorded for a few pituitaries and

for these pituitaries the total HGH released/mg anterior

pituitary tissue versus the age of the fetal pituitary

cultured was plotted (Figure 25). Again, the release of

HGH/mg tissue increased in a logarithmic fashion but at a

rate 4 times that of the increased pituitary weight with

the age of the fetus. Increase in the release of HGH with



Table 12. Total Initial Release of Human Growtil Hormone from the Fetal
Pituitary In Vitro.

Pituitary

Number

Age

(weeks)

Total Release
of HGH

(ng/pituitary)

Time In Vitro
forTota1

'Release
(days)

Total Re1ease/
Wet Weight Tissue

(ng/mg pituitary tissue)

Female

19 5 26.9±2.5 11
32 6 5.3±0.5 5
27 10 6.0±0.5 3

5 17 2186±186 20
23 21 3150±280 7
12 22 257±22 18
17 24 241±20 20
30 2S 7S40±640 21

8 25 655±56 14
7 28 3S170±3000 18

16 28 5200±442 12 86.2±7.3
44 28 28000±2300 20 631:tS2
37 29 401±34 24
28 31 115000±9800 26 4310±370
26 32 103000±8800 13
21 35 4SS:!:39 21
20 37 19700±1700 19 280±24

........
-..J



Table 12. (Continued) Total Initial Release of Human Growth Hormone from
the Fetal Pituitary In Vitro.

pituitary Age

Number (weeks)

'fota1 Release
of HGH

(ng/pi tui tary)

Time In Vitro
forTota1

Release
(days)

Total Release/
Wet Weight Tissue

(ng!mg pituitary tissue)

Male

36 7 4.7±O.4 4
13* 8 20.0±1.6 18
42 11 6.0±O.5 3
41 12 5050±470 9
39 18 393±33 9

9 19 l67±14 11
35 30
15 24 3990±340 11 139±12
18 24 5750±490 17
11 26 789±67 17
31 26 11200±9600 19

2 28 16600±1400 19
14 29 42000±3500 25 269±22.9
34 29 1700:!:140 21 44.0±3.1

1 29 30500:!:2590 20

........
co



Table 12. (Continued) Total Initial Release of Human Growth Hormone From
the Fetal Pituitary In Vitro.

Pituitary

Number

Age

(\\Teeks)

Total Release
of HGH"

(ng/pi tuitary)

Time In vitro
forTotal

Release
(days)

Total Release/
Wet Weight Tissue

(ng/rng pituitary tissue)

Males

3 31 170±14 20
25 32 100000±85000
22 32 950±81 22
33 32 56300±4700 7l1±60
43 33 460±39 10
29 36 15300±1300 15

4 37 22100:!:1900
24 38 150000±13000 2340±199
10 40 1440:!:120 16 19.7±1.7

I-'
I-'
\0
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Figure 25. Total Release of Human Growth Hormone and Total

Release per Unit Weight of Pituitary Tissue Versus the Age

of the Fetal Pituitary Cultured.

The release of HGH in vitro until a basal level was

obtained (£ 15-20 days) was totalled and related to the

fetal age when the pituitary was initially cultured.

A. The total release per pituitary is shown.

B. The total release per mg pituitary tissue is

plotted. Congenital abnormalities are shown as

(~) or (0). Pituitary #13 (.) had no sex

determination. Female (.), male (.). Values

exceeding the range of the assay are shown as

(t ) .
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the age of the fetal pituitary was first observed at

approximately 12 weeks gestation although could be detected

in culture medium from a culture from the area of Rathke's

pouch as early as 5 weeks of fetal life. Pituitaries that

released more or less HGII then the normal pituitary will be

discussed separately.

2) Human Prolactin - liP release was studied

in 27 pituitary cultures over a period of 200 days in

vitro. The first few studies using the Lyons' HP assay

system were recorded only as a positive or negative result.

Figure 24-B shows a typical result from a pituitary in

culture for the release of IW in the medium over the period

of 38 days. The initial release from some pituitaries was

as high as 192 ugjpituitary/day. This value gradually

declined over the first ten days in culture and then

increased to levels in excess of the initial release and

this higher level was maintained for the remainder of the

period in culture. The release during the first 10 days

in vitro is related to the embryonic age of the fetus but

not to its sex (Table 13, Figure 26). Pituitaries #19, 32,

36, and 46 were assayed in the Lyons' system and showed

significant HP release ~ vitro. HP increased with the

age of the fetus but no difference in sex was noted.

Again, the rate of increase of HP release was logarithmic

with the age of the fetal pituitary but was greater than

the growth rate of the weight of the anterior pituitary



Table 13. Total Release of Human Prolactin from the Fetal Pituitary
In Vitro.

Pituitary Age

Number (weeks)

Total Release
of HP

(ug/pituitary)

Time In Vitro Total Re1ease/
for Total Release Wet Weight Tissue

(days) (ug/mg pituitary tissue)

Female

19 5 + 3
32 6 + 3
40 10 + 3
27 10 11.8±3.84 10
23 21 32.0±10.4 10
12 22 148.4±48.4 9
30 25 352:115 10
16 28 320±98 10 0.53±0.16
44 28 382±124 14 8.60:2.80
37 29 12.4±4.04 10
28 31 32.0±10.3 10 1.01±0.33
26 32 68±22 11
20 37 l140±5l0 16 16.2±7.3

I-'
N
W



Table 13. (Continued) Total Release of Human Prolactin from the Fetal
Pituitary I~ Vitro.

Pituitary Age

Number (weeks)

Total Release
of HP

(ug/pituitary)

Time In Vitro Total Release/
for Total Release Wet Weight Tissue

(days) (ug/mg pituitary tissue)

Males

36 7 + 3
13* 8 + 3
42 11 57.9±18.9 10
41 12 1.40±0.49 5
39 18 11.O±3.6 0.6:!:0.2

2 28 33S±108 9
14 29 106O±340 8 6.79±2.2l
34 29 65.5±2l.3 11 1.70±0.55

1 29 44.5±14.4 9
25 32 ·298±lOO 9
43 33 l40±45 10
29 36 lO.3:!:3.35 7

4 37 S8.9±19.l
24 38 744±242 9 11.6±3.8
10 40 29.9±9.7 10 0.4l±0.13

......
l\J
~
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Figure 26. Total Release of Human Prolactin In Vitro

Versus the Age of the Fetal Pituitary Cultured.

The release of IIP in vitro until the minimum release rate

was obtained was totalled and related to fetal age when the

pitui tary was cultured. Female (.), male (.). Congeni­

tal abnormalities are shm'lf'. as (O) or (A). Pituitary

#13 (4D) had no sex determination. (Fetal age = gesta­

tional age.) Values exceeding the range of the assay are

shm'ln as (t).
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(Table 13).

3) Follicle-Stimulating Hormone - A total

of 40 pituitaries was studied for up to 200 days in

culture. The first culture medium sample always had the

highest FSH content. The release in the male and the

female occurred over a very different period of time; the

male release was within the first 3-6 days in culture (with

the exception of pituitaries #34, 36, and 43) while the

female pituitary cultures would release FSH for an average

of 11 days and sometimes up to 20 days in vitro (Table 14).

A normal male release of FSH is shown in Figure 24 and for

a female pituitary in culture the pattern of release is

shown in Figure 27. At times the FSH from pituitaries in

culture was again detectable after dropping to non-detect­

able levels for long periods (Figure 27). The rise in FSH

would last for 1-5 changes before again dropping to non­

detectable amounts.

The initial total release (0 days to non-detectable

FSH levels) of FSH into the medium was related to the age

and sex of the fetus from whom the pituitary was obtained

(Figure 28). The female releases as much as 2,450 mIU

from pituitaries of 25-28 weeks fetal age, while the peak

release for the male is approximately 1,400 mIU at 31 weeks

gestation. FSH in the male is low but detectable from as

early as 7 weeks fetal age until 26-32 weeks followed by a

decline to term. After the increase at approximately 20
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Table 14. Total Release of Follicle-Stimulating Hormone
from the Fetal Pituitary In Vitro.

Pituitary Age

Number (weeks)

Total Release
of FSH

(mIU/pituitary)

Time In Vi tro
for Total Release

(days)

Female

19 5 25.8±22.4 8
32 6 6.0±0.6 0
40 10 3.0±0.3 0
27 10 17.0±1.6 3

5 17 356±33 10
23 21 1510±140 10
12 22 646±60 9
17 24 1650±150 16
30 25 1680±150 10

8 25 2450±230 5
7 28 1870±170 18

16 28 2090±190 5
44 28 2410±220 19
37 29 847±78 10
28 31 1160±150 10
26 32 800±74 11
21 35 922±85 7
20 37 1180±110 11

Hale

36 ., 124±11 20
13* 8 110±10 3
42 11 3.0*0.3 0
41 12 5.52-0.51 3
39 18 89.0±8.2 3

9 19 6.2:!:O.6 0
6 22 135± 2

15 24 6.2±O.6 0
18 24 375±36 5
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Table 14. (Continued) Total Release of Follicle­
Stimulating Hormone from the Fetal
Pituitary In Vitro.

Pituitary Age

Number (weeks)

Total Release
of FSH

(mIU/pituitary)

Time In Vitro
for Total Release

(days)

Male

11 26 6.2±0.6 0
31 26 70.2±6.S 3

2 28 3l4±29 3
14 29 240±22 S
34 29 1300±120 22

1 29 l88±18 3
3 31 320±29 6

2S 32 l360±lSO 8
22 32 3.6±6.8 3
43 33 20S±19 18
29 36 6.2±0.7 0

4 37 11S±11 3
24 38 l12±10 6
10 40 249±23 2
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Figure 27. Release of Follicle-Stimulating Hormone and

Luteinizing Hormone per Pituitary-Day with Time In Vitro

from pituitary #12 Cultures.

Release of FSH e.) and LH eX) from a fetal pituitary in

organ culture of a human female of 21 weeks fetal life was

cultured and the release of LH and FSH into the culture

medium was studied. The amount of FSH and LH released into

the medium is shown with the increasing time in culture.
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Figure 28. The Total Release of Follicle-Stimulating

Hormone In Vitro Versus the Age of the Fetal Pituitary

Cultured.

The total release of FSH into the culture medium from each

pituitary was determined and related to the age of the

fetal pituitary when first cultured. Female (.), male

(~). Congenital abnormalities are shown as (0) or (~).

Pituitary #13 (.) had no sex determination. Values

exceeding the range of the assay are shown as (,). (Fetal

age = gestational age.)
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weeks in the female the levels drop to approximately 1,000

mIU with possibly another slight increase prior to partui­

tion. There was no relation of the pituitary weight with

FSH released in vitro (Table 14).

4) Luteinizing Hormone - LH was studied in

42 pituitaries in culture for up to 109 days. The pattern

of release was essentially similar in the male and female

glands. A graph of a normal LH release in vitro is shown

in Figure 29. The first change of medium showed the high­

est concentration of hormone decreasing to undetectable

levels somtime between 10-20 days in culture. In one set

of cultures (pituitary #12) LH was released for as long as

68 days (Figure 27). Secondary LH peaks could be detected

sporadically in some cultures after the initial release had

dropped to undetectable levels. The total LH initially

released was related to the sex and age of the fetus from

whom the pituitary was obtained (Table 15, Figure 30). In

both the male and female pituitaries a peak release in

vitro was obtained at 25 weeks gestation; there was then a

decrease and then a second rise at approximately 33 weeks

gestation. Early in fetal life LH was detectable for all

the male pituitary glands and in the female it was detect­

able at 5 and 6 weeks but not 8 and 10 weeks fetal life.

5) Adrenocorticotropin Hormone and Melano­

cyte-Stimulating Hormone - The release of ACTH in vitro

was measured in the assay utilizing the Landon antiserum
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Figure 29. The release of Luteinizing Hormone In Vitro

with Culture Time from Pituitary #4.

The release of LH/pituitary/day with increasing time in

culture is shown for a normal fetal pituitary. Open

symbols <2> indicate values less than the sensitivity of

the assay.
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Table 15. Total Release of Luteinizing Hormone from
the Fetal Pituitary In Vitro.

Pituitary Age

Number (weeks)

Total Release
of LH

(mIUIpi tuitary)

Time In Vitro
for Total Release

(days)

Pema1e

19 5 338±41 11
32 6 230±28 5
40 10 15.0±1.8 0
27 10 15.0±1.8 0

5 17 1830±220 10
23 21 4440±540 13
12 22 5500±660 68
17 24 11500±1400 20
30 25 3300±400 14

8 25 22700±2700 21
7 28 7030±850 27

16 28 2380±290 5
44 28 10900':t1300 15
37 29 2430±290 13
28 31 1740±210 18
26 32 1250±150 15
21 35 751±91 10
20 37 5020±610 19

Hale

36 7 8.00±0.97 0
13* 8 15.0±1.8 0
42 11 338±41 19
41 12 209±21 1
39 18 3950±480 23

6 22 1470±180 23
15 24 11
18 24 566±68 5
11 26 1320±160 25
31 26 4400±530 12

2 28 2370±290 20



138

Table 15. (Continued) Total Release of Luteinizing
Hormone from the Fetal Pituitary In Vitro.

pituitary Age

Number (weeks)

Total Release
of LH

(mIU/pituitary)

Time In vitro
for Total Release

(days)

Male

14 29 2000±240 8
34 29 1600±190 8

1 29 1920±230 3
3 31 lO3±12.0 13

25 32 1640±200 5
22 32 2700±4l0 17
33 32 8l00±980 17
43 33 1750±2l0 27
29 36 800±98 10

4 37 7.5±O.9 3
24 38 50±79 26
10 40 9810±1200
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Figure 30. The Total Release of Luteinizing Hormone In

Vitro Versus the Age of the Fetal Pituitary Cultured.

The total release of LH into the culture medium from each

pituitary was determined and related to the age of the

fetal pituitary when cultured. Female (.), male (.).

Congenital abnormali ties are shown as (0) or (6).

Pituitary i13 (.) had no sex determination. Values

exceeding the range of the assay are shown as (t) • (Fetal

age = gestational age.)
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(Anti-ACTHL , 1-24 which does not cross-react withec- or'­

HSH) from 16 pituitary cultures over a period of 200

days. The results showed a high initial ACTH release, and

then a gradual decrease over a period of 10-15 days (Figure

24-C). A basal level of approximately 100 ng/pituitary/day

or lower was maintained. Peaks of ACTH after the tissue

had been in culture greater than 15 days were detected

sporadically. The total ACTH released (until a constant

basal or undetectable level was obtained) was related to

the age of the fetus (Figure 31). ACTH was detected as

early as 5 weeks of fetal life (Table 16). At 20-25 weeks

of fetal life a significant increase was observed and this

reached a peak at 29 ,,,eeks.

An elevated release in vitro was observed at 36 and

38 weeks fetal life in two pituitary cultures. The

changes in ACTH release in vitro with embryonic age of the

fetus was unrelated to the sex of the fetus or the weight

of the pituitary gland at that time of fetal age.

HSH could be detected from cultures of 34 different

pituitaries ranging from 5-40 weeks gestation using

anti-ACTHR, 1-24 (this antiserum does not distinguish

bet''''een ACTH and -HSH and shm'ls a 1% cross-reaction '-Ii th

-~lSH). Since the ratio ofcw/'-MSH released from fetal

pituitaries in culture is not knmm, it was impossible to

quantitate the results. Table 17 gives the total release

measured in the media of pituitary #4 in culture. The
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Figure 31. The Total Release of Adrenocorticotropin

Hormone In Vitro Versus the Age of the Fetal Pituitary

Cultured.

The total release of ACTH into the culture medium from each

pituitary was determined and related to the age of the

fetal pituitary \vhen cultured. Female (.), male (.).

Congenital abnormalities are shown as (0) or (~).

Pituitary #13 (.) had no sex determination. Values

exceeding the range of the assay are shown as (t). (Fetal

age = gestational age.)
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Table 16. Total Release of Adrenocorticotrophin Hormone
from the Fetal Pituitary In Vitro.

Pituitary Age Total Release Time In vitro
of ACTH for Total Release

Number (weeks) (ng/pituitary) (days)

Female

19 5 319±28 8
32 6 208±18 5
40 10 ll20±100 10
27 10 2790±240 12

5 17 + 12
23 21 + 9
12 22 +
30 25 4360±390 14

8 25 +
16 28 268000±24000 23
37 29 12300±1100 17.
28 31 18500±1600 10
26 32 8400±750 15

Hale

36 7 1550±160 20
13* 8 46.2±4.0 23
42 11 1780±150 27
41 12 646±55 17
39 18 1300±116 9
14 29 +
34 29 9560±912 15

1 29 8220±730
3 31 +

25 32 7260±700 8
29 36 12600±1100 13
24 38 26900±2300 26



Table 17. Melanocyte-Stimulating Hormone Release
In Vitro

Time in Culture Release/Pituitary/Time
(days) (ng/pituitary/day)

0 - 3 5,333

3 - 7 4,000

10 - 14 4,000

14 - 17 240

17 - 21 724

21 - 24 302

28 - 31 1,458

31 - 35 2,413

42 - 45 1,273

45 - 49 631

49 - 52 530

57 - 61 794

71 - 75 1,000

85 - 88 1,242

92 - 95 1,400

102 - 106 4,000

106 - 109 75,333

145
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pattern is quite similar to that for HP release in vitro.

Since the ACTH release, measured in the assay using

anti-ACTHl _24 , C which does not cross-react wi thoc. or f -MSH,

cannot account for the gradual increase of immunoactive

ACTH and/or MSH after 10 days in vitro and the continued

high level of release it was deduced to be MSH. After 150

days in vitro high levels could still be detected.

6) Thyroid-Stimulating Hormone - TSH was

measured in the first few weeks in culture from 5 pitui­

taries over a span of three months in culture. The

results showed TSH release in the first 28 days in

culture, except in a 5 and 8 week fetal pituitary culture

where it was less than 2 uU/pituitary/day. 7,370 uU of

TSH/pituitary/day was released from an hydrocephalic, 42

week fetal pituitary culture. Table 18 gives the release

of TSH into the culture medium from pituitary #4, 10 and

12.

b. Early Pituitary Cultures: Eight pituitaries

or pituitary anlages were obtained between 5-12 weeks

gestation and the hormone release studied in vitro. Table

19 summarizes these hormones. The sex of these fetuses

were determined by histological studies of the gonads

except for #19 and 32 which was determined by sex chromatin

and #13, which was not determined.

For those hormones studied each hormone could be

detected in the male with the exception of FSH at 11 weeks
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Table 18. Release of Thyroid-Stimulating Hormone from
Three Pituitaries With Time in Culture.

Pituitary TSH Released/Pituitary/Time
Number pU/pituitary/day

Period in Culture
days

4 18.2 24-28
6.1 35-38
6.0 52-57
7.5 71-75
7.5 92-95

10 7370 0-2
835 6-10
184 13-16
194 20-23

12 140 0-2
33.1 5-9
13.1 14-18
5.6 21-25
5.0 28-31



Table 19. Total Release of Hormones from Fetal Pituitaries Less than
13 Weeks Gestation.

Pituitary

Number

Age

(\'leeks)

HGH

nglml

Release
Time

(days)

HP

uglml

Release
Time

(days)

FSH

mIU/ml

Release
Time

(days)

Females

19 5 26.9±2.5 11 + 3 25.8±2.4 8
32 6 5.3±0.5 5 + 3 6.0±0.6 0
40 10 --- -- + 3 3.0±0.3 0
27 10 6.0±0.5 3 11.8±3.84 10 17.0±1.6 3

Hales

36 7 4.7±0.4 4 + 3 124±11 20
13* 8 20.0±1.6 18 + 3 110±10 3
42 11 6.6±0.5 3 57.9±18.9 10 3±O.3 0
41 12 5050±470 9 1.4±0.5 5 5.5±0.5 3

f-I
~

00



Table 19. (Continued) Total Release of Hormones from Fetal Pituitaries
Less Than 13 Weeks Gestation.

Pituitary

Number

Age

(weeks)

LH Release
Time

mIU/m1 (days)

MSH ACTH

ng/m1

Release
Time

(days)

TSH

uU/m1

Females

19 5 338±41 11 + 319±28 8 6
32 6 230±28 5 + 208±18 5
40 10 lS±1.8 0 - 1120±100 10
27 10 lS±1.8 0 +

[·1a1es

36 7 + 4 1550±160 208.0-1.0 -
13* 8 15±1. 8 0 + 46.2±4.0 3 6
42 11 338±41 19 - 1780±150 27
41 12 209:!:21 11 - 646±55 17

I-'
,r.:..
\0
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fetal life. In the female no FSH was detected at 6 and 10

\qeeks, nor LH at 10 weeks, nor TSH at 5 weeks fetal life.

For pituitary #13, the release of LIT and FSH \qas undetect­

able, yet FSH was that of a normal male fetus. HGH

increased greatly between 11 and 12 weeks. LH in the

female is high at 5 and 6 weeks and undetectable at 10

weeks, in the male the reverse is the case. FSH in the

female is low but detectable while in the male it is

elevated initially and low at 11 to 26 weeks weeks fetal

life. ACTH appears approximately the same in both males

and females. MSH was detected in all cultures studied.

c. Abnormal Release of Hormones In Vitro: The

capacity of the pituitary was assessed by the total

initial release of each hormone for each particular pitui­

tary in culture. This assumes that the total initial

release of hormone is directly related to the number and

activity of the particular hormone secreting cells present

in the original pituitary. It may also be related to the

rate of cell death in culture. The general pattern ob­

tained from the combined data from the 44 pituitaries

studied was used to determine the normal for a particular

fetal age using this parameter. Table 20 lists any

pituitary that was overtly different from the normal total

hormone released and an attempt to relate this deviation

to any abnormality of the aborted fetus noted. Three

pituitaries had no defects that could be related to these



Table 20. Pituitaries with Abnormal Total Release of Hormone and Associated
Disorders.

Pituitary
Number HGH HP FSH LH ACTH

Total Disorder
Noted

41 + NR ok NR NR no reason

21 - NR ok ok NR no reason

37 - - ok ok ok no reason

16 - NR ok ok ++ osteogenesis
imperieta,
dwarfism

43 - ok - - - anencephalic

10 - ? ok - NR hydrocephalic

29 - - - - NR male with
underdeveloped
genitalia

= 1m'!
ok = normal

+ = high
NR = not recorded ....

01....
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deviations. In four pituitaries the two or more hormonal

abnormalities could be related to the disorders of the

fetus noted at autopsy. Fetus #16 had osteogenesis

imperieta and slight dwarfism; Fetus #43 was anencephalic

(thus without hypothalamic tissue) and exhibited under-

developed adrenals and genitalia; Fetus #10 was hydro­

cephalic, yet in this case the deviations are slight: and

Fetus #29 had underdeveloped genitalia who by sex chromatin

and the histological determination of the gonad (testes

were found) was determined to be a male.

d. Cl4-Leucine Incorporation Studies: Tissue

culture medium from pituitary #20 dish #2 was examined by

PAGE with and without specific antisera as listed in

Table 21. The total number of C14 counts were summed and

the radioactivity in each region of the gel was calculated

as a percentage of this total. The control gel had a

background of approximately 1% throughout the slices and

the remainder of the counts were in the salt peak. Some

of the c14 counts were retained at the top of the gel when

specific antisera were added. Figure 32-A, B, C, and D

show the polyacrylamide patterns for culture medium with

and without the addition of antisera to FSH, LH, TSH, and

PHP. A c14-leucine peak on polyacrylamide of culture

medium that could be retained at the top of the gel with

antisera to FSH, LH, TSH, and PHP provides evidence for

the identity of the peak to be the antigen to the specific



Table 21. Medium Reacted with Specific Antisera.

Antiserum Medium Change Number

Anti-FSH 2

Anti-LH 3

Anti-TSH 5

Anti-PHP 2, 3, 5, 6, 9, 23, 31

153
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Figure 32. C14-Proteins After Polyacrylamide Gel Electro­

phoresis.

C14-1eucine, when added to the culture medium of pituitary

*20, culture #2, was incorporated into proteins and those

proteins which were released into the medium had electro­

phoretic mobility as shown in A-D. Part of the medium was

reacted with specific antisera to determine if any of the

proteins released were pituitary hormones.

A. Medium change #2 (days 4-8) were electrophoresed

on PAGE after incubation with anti-FSH (.) and

without antiserum (0).

B. PAGE patterns of change #3 (days 8-11) after

incubation without antiserum (0) and with

anti- LH (.) are compared.

C. PAGE analysis of culture medium (days 16-19) after

incubation without anti-TSH (0) and with anti-TSH

(.) are graphed.

D. Culture medium change #31 (days 108-112) after

incubation with anti-PHP (e) and without anti­

serum (0) was studied on PAGE.
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antibody that resulted in its precipitation. In addition,

the mobility of these peaks corresponded to the Rf for the

respective hormone (11). That C14-leucine had been

incorporated into these hormones provided evidence for

synthesis or completion of synthesis and release of these

hormones in vitro.

As the age of the culture increases, the incorporation

of c14 -leucine into protein changes (Figure 33) with a

greater production of HP peaks as identified by their

retention by antiserm. The concentrations and changes

in concentrations of the pituitary hormones in the medium

with time in culture is entirely consistent with the

c14_protein patterns observed on polyacrylamide. Thus,

there is a decline of FSH, LH, and TSH early in culture

while for HP there is an initial decrease but then an

increase to levels as high and higher than when first

cultured.

2. Pituitary Tumor Organ Culture Medium:

a. Tumor-I: Culture medium from pituitary

tumor-l was assayed for HGH, HP, FSH, and LH. The Lyons'

assays were used for measuring HP and as a result the

absolute value of prolactin released is lower than in the

pHP prolactin assay. FSH and LH were non-detectable in all

samples. The HGH and HP patterns of release are shown in

Figure 34. HGH was never greater than 40 ng/tumor/day yet

the total tissue cultured was at least five times that of a
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Figure 33. C14-Leucine Incorporation into Human Prolactin.

The c14_proteins on PAGE able to bind to anti-PHP were

quantitated at various times from the culture medium of

pituitary #20, culture #2.
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Figure 34. Release of Human Growth Hormone and Human

Prolactin In Vitro with Time from Tumor-l Cultures.

The release of HGH (X) and HP (e }/turnor/day with time in

culture is shown.
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normal term anterior pituitary. The prolactin release was

greatest at the time of culturing and then fluctuated

around 3 ug/tumor/day.

b. Tumor-2: Prolactin was the only hormone

measured in the medium from these cultures and the results

are given in Table 22. The pattern of release is similar

to that of Tumor-1 although the total release is lower than

for tumor-1 (the original mass of Tumor-1 cultured was

approximately twice that of Tumor-2 and an unknown portion

of Tumor-2 was cultured).

3. Hormone Release Under Altered Culture Conditions:

a. Duplicate Dishes: A comparison of two

dishes from the same pituitary was completed for pitui­

taries #15, 16, 20 and 43 (Table 23). In most cases, the

total hormone released from the two cultures was similar.

b. Effect of Ions: The presence or absence of

various ions in the medium has been shown from animal

experiments to affect the release of the hormones in

vitro. In the studies here concentration of Ca++, Mg++

and K+ was altered and the effect on the hormone release

was studied qualitatively.

1) Effect of EDTA - The initial total

release of HP was not significantly increased by the addi­

tion of EDTA to the medium (Table 24). A slight but evi­

dent decrease was observed for the release of LH and ACTH

throughout the first 20 days in vitro (Figure 35-D and E) •



Table 22. Release of Human Prolactin from Cultures
of Tumor-2.

162

Time in Culture
(days)

Release of HP
(ug/tumor-2 cultures/day)

o - 1 8833

7 - 10 1033

21 - 24 1470

28 - 32 662

35 - 38 1100

42 - 45 1260

55 - 59 1630

63 - 67 878

70 - 74 633

77 - 80 1160

85 - 88 2070

91 - 94 2460



Table 23. Release of Hormones from Duplicate Cultures.

Pituitary Culture HGH HP FSH LH ACTH
Number Number ng/m1 ug/m1 mIU/ml mIU/ml ng/ml

15 1 >3990:!:340 NR 0 > 491±59 NR
2 > 903*89 NR 0 > 566±62 NR

16 1 4590±390 NR 2090:!:190 2380±290 268,000±24,000
2 ;> 5200*600 >32. 0±10. 0 --- --- high

20 1 19,700±1700 1140±310 1180±110 5020±610 NR
2 11,000±900 111O±360 >144t 11 3610±430 NR

43 1 460±39 140*45 120±11 800±98 304±27
2 390±33 102±33 208±19 > 460±56 S02±46

I-'
m
w



Table 24. Total Release of Hormones from Pituitaries Incubated with Altered
Medium.

Pituitary Medium
Number Alteration

HGH
ng/m1

HP FSH
ug/m1 mIU/ml

LH
mIU/ml

ACTH
ng/ml

23 No Chick Embryo Extract
90% Medium 199 858 ) 99.2 330 6330 4450

Control 3150 ') 36 • 0 1510 4440

24 No Chick Embryo Extract
20% Rabbit Serum ) 278,000 > 280 74.5 4170 4700

Control >150,000 >755 112 9810 ) 26900

25 Insulin 71,300 > 433 451 3390 2750
Control 100,000 >512 1364 2700 7260

26 EDTA >108,000 >1460 411 1680 > 7460
Control >103,000 66 800 1250 8400

28 K+ 131,000 >245 1860 3180 > 27000
Control 115,000 32.0 1160 1740 >18500

29

30 Estradiol 11,000 13.9 2680 4850 15500
Control 7,540 352 1680 3300 5140

I-'
0\
0/:=0.



Table 24. (Continued) Total Release of Hormones From Pituitaries Incubated
with Altered Medium.

pituitary Hedium HGH HP FSH LH ACTH
Number Alteration ng/ml ug/ml mIU/ml mIU/ml ng/ml

34 Ca++ 37,800 >298 1300 1700 > 2000
Control 1,700 65.5 211 1920 9560

37 r-1g++ 444 673 847 >3300 > 47.20
Control 401 12.4 1350 2430 12300

39 Hypothalamic Tissue ~ 218 20.2 367 4850 5910
Control > 393 )11.0 89 3950 1300

44 TRH 4.5 ug/ml > 275 16.9 ) 679 2370 2870
TRH 0.85 ug/m1 30,390 23.3 >2190 4400 1950
TRH 0.17 ug/ml 28,300 27.4 >2890 13400
Control 28,000 390. 2410 10900 >1019

I-'
0\
VI
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Figure 35. Release of Hormones In Vitro into Medium

Containing EDTA.

The release/pituitary/day of A) HGH, B) HP, C) FSH, D) LH,

and E) ACTH into medium with EDTA (_) and without EDTA

(0) is shown.
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The release of FSH was decreased with this medium and this

was the result of a decreased release in the first change

of medium (Figure 3S-C). The pattern of release for HGH

indicated an increased release in the presence of the EDTA

containing medium (Figure 3S-A).

2) Effect of Ca++ - The HGH pattern of

release was similar to the altered and control medium yet

for the first 20 days in vitro the culture with Ca++ added

resulted in a slightly increased release of HGH (Figure

36-A). The total HP release was greatly increased by the

addition of Ca++ (Figure 36-B). The total FSH release was

markedly increased and duration of release extended to 22

days in vitro (Figure 36-C). The LH release was also

extended for a longer period of time by the addition of

Ca++ to the medium and resulted in a slight increase of

total LH released (Figure 36-D, Table 24).

3) Effect of Mg++ - A decrease in the release

of HGH and ACTH was noted in the first change of medium

(Figure 37-A, E). For the release of FSH and LH no abso­

lute change in the total release resulted but the duration

release was extended by three days (Figure 37-C, D). The

HP release was significantly inhibited after the first ten

days in culture (Figure 37-B).

4) Effect of K+ - The addition of K+ to the

culture medium increased the release of all the hormones.

The first change was greatly affected while only slightly
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Figure 36. Release of Hormones In Vitro into Medium

Containing Additional Ca++.

The release/pituitary/day of A) HGH, B) HP, C) FSH, and

D) LH into medium with Ca++ added (.) and without

additional Ca++ (0) is shmvn.
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Figure 37. Release of Hormones In Vitro into Medium

Containing Additional Mg++.

The release/pituitary/day of A) HGH, B) HP, C) FSH, and

D) LH into medium with Mg++ added ce) and without

additional Mg++ CO) is shown.
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or not significantly throughout the remainder of time in

vitro (Table 24, Figure 38-B). In the case of liP the

release was greatly increased throughout the time in

culture and the lowest level of release was 11 times that

of the lowest level of the control (Figure 38-B).

c. Effect of Hormones: The addition of various

hormones to the medium of animal pituitary organ c~ltures

has been shown to affect some or all of the hormones

released. In these experiments the effect of insulin,

estradiol, Tilll, and hypothalamic tissue was studied.

1) Effect of Insulin - The total hormone

release was decreased when the incubation medium contained

insulin except for the LH release which t.,ras not markedly

different from the control. The release with time for HGH,

FSH, and ACTH was decreased in all samples yet some

duration of release continued for the same length of time

as the control culture (Figure 39). The LH release in the

initial sample t-las aecreased in the altered medium yet

the duration of release was extended so the total release

was essentially the same as ~~e control (Figure 39-D).

HP release was similar for ~~e first 10 days in culture but

for the insulin containing medium there was very little

increase of HP release after 10 days in vitro (Figure

39-B) •

2) Effect of Estradiol - The removal of

estradiol from the basic culture medium resulted in
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Figure 38. Release of Hormones In Vitro into Medium

Containing Additional K+.

The release/pituitary/day of A} HGH, B) HP, C) FSH, and

D} LH into medium with K+ added (e) and without

additional K+ (0) is shown.
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Figure 39. Release of Hormones In Vitro into Medium

Containing Insulin.

The release/pituitary/day of A) HGH, B) liP, C) FSH, D) LH,

and E) ACTH into the medium with insulin added (e) and

without insulin (0) is shown.
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increased HGH, FSH, ACTH and a slight increase in LH

release. The HP release was greatly decreased when

incubated in culture medium without estradiol (Table 24).

The increase of HGH resulted from release at high levels

at 2-14 days in vitro (Figure 40-A). This increased

release, due to continued release at higher than normal

levels, was also true for FSH, LH and ACTH (Figure 40-C,

D, E). HP release on the other hand was less than a

tenth of that when estradiol V-las in the medium. The

decreased HP release was evident throughout the time in

culture though the no~~al release pattern was not

altered •
. .

3) Effect of Thyroid-Stimulating Hormone

Releasing Hormone - TRH at three concentrations had no

significant effect on the total ITGH release although the

release pattern was possibly affected by extending

slightly the duration of release (Figure 4l-A). The

total HP release was decreased by the addition of TRH to

the medium and this decrease was dose dependent (Figure

4l-E, Table 24). TIP release was below detectable levels

after the first change of medium \'lhen TRH ';',ras added to the

medium. The FSH and LH release pattern Has greatly

altered by TRH in the medium. The 10\'lest concentration

of TP..1:-:I resulted in an increase in both LH and FSI-I ';vi th time

in culture, \"!hile the bore higher concentrations of TRH

resulted in a constant release of FSR at approximately 70
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Figure 40. Release of Hormones In Vitro into Medium

Containing No Estradiol.

The release/pituitary/day of A) liGH, B) liP, C) FSH, D) LH,

and E) ACTH into the medium without estradiol (.) and the

control medium (0).
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Figure 41. Release of Hormones In Vitro into Medium

Containing Thyroid-Stimulating Hormone Releasing Hormone.

The release/pituitary/day of A) HGH, B) liP, C) FSH, and

D) LH into the medium 4.20 TRH added (A), 0.85 TRH added

( • ), 0.17 ug/ml TRH added (.), and no TRH added (0) is

shovm.
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mIU/pituitary/day and LH at approximately 200

mIU/pituitary/day (Figure 4l-C, D).

4) Effect of Fetal Hypothalamic Tissue - The

addition of homogenized hypothalamic tissue to the medium

resulted in the continued release of HGH for a period of

time beyond that for the control (Figure 42-A). Prolactin

release was inhibited initially as well as the increase of

HP release usually seen after 10 days in vitro (Figure

42-B). The total release of FSH, LH and ACTH was

increased, especially the latter, in the presence of

hypothalamic tissue (Table 24). In some cases these

increases were evident for greater than 27 days in vitro.

The total period of release of HGH, FSH and ACTH was

extended by hypothalamic tissue in the medium (Figure 42-A,

C, D).

d. Effect of Extracts and Protein Concentration ­

The effect of chick embryo extract has been studied at

various concentrations in fetal pituitary cultures and

shown to result in extended tissue survival (68).

The protein concentration of the medium has also been

shown to increase the survival and function of pituitary

cells in culture. The experiments reported here studied

the effect of chick embryo extract and protein concentra­

tion on hormone release in vitro. The culture which was

incubated without chick embryo extract in the medium but

with 90% Medium 199 had a decrease in the total release



184

Figure 42. Release of Hormones In Vitro into Medium

Containing Fetal Hypothalamic Tissue.

The release/pituitary/day of A) HGH, B) HP, C) FSH, D) LH,

and E) ACTH into the medium with hypothalamic tissue added

(e) and without hypothalamic tissue added (0) is shown.
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of HGH and FSH. There was no significant effect on the

total release of LH (Table 24). The pattern of release for

each hormone was studied and it was found that 1) HGH was

decreased only iu the first change of medium; 2) HP

release was inhibited after 13 days in culture; 3) FSH was

decreased for the first 10 days in vitro; and 4) there was

no significant effect on the LH release (Figure 43).

In a similar experiment the medium from one culture

had no chick embryo extract but an additional 10% rabbit

serum to the protein concentration would be the same as

the control dish. Again, the total release of HP, FSH, LH

and ACTH \vas decreased (Table 24). The pattern of

release for ACTH and lIP was lower at each change of

medium without the chick embryo extract in the medium while

for LH only the first change of medium had decreased LH and

second haa decreased FSH (Figure 44).
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Figure 43. Release of Hormones In Vitro into Medium

Containing 90% Medium 199 and No Chick Embryo Extract.

The release/pituitary/day of A) HGH, B) HP, C) FSH, and

D) LH into medium with no chick embryo extract and 90%

Medium 199 (e) and the control medium (0) is shown.
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Figure 44. Release of Hormones In Vitro into Medium

Containing 20% Rabbit Serum and No Chick Embryo Extract.

The release/pituitary/day of A) HGH, B) HP, C) FSH, D) LH,

and E) ACTH into the medium ,"li thout chic:k embryo extract

and 20% rabbit serum ce) and the control medium CO) is

shown.
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DISCUSSION

A. Isolation and Radioiodination of Human Prolactin

Most hormonal peptides at low concentrations show a

similar chromatoelectrophoretic behavior after labelling

with iodine, i.e., the hormone will remain at the origin

during chromatoelectrophoresis in the presence of high

concentrations of diluent protein. Labelled human pro­

lactin was expected to exhibit this same behavior on

chromatoelectrophoresis and this was established as one

criterion for human prolactin. A more specific property

would be its ability to bind to anti-PliP. Pasteels'

studies showed that a protein fraction, which was not HGH,

from culture medium had pigeon crop-sac stimulating

activity and an antiserum to this fraction (anti-PHP) could

inhibit this activity (68). Radioimmunological studies

using Pasteels' Hp131 and anti-PHP showed the latter to

have a population of antibodies to HP (111). Hence, the

second criterion used in the isolation of HP was its

ability to bind to anti-PHP. The third criterion was the

ability of the isolated, radioiodinated HP material from

the culture medium to be used as the label in a radio­

immunoassay for HP. Plasmas from non-lactating and

lactating individuals, pan-hypopituitary and phenothiazine

treated patients provided the necessary wide range of

plasma prolactin concentrations. Studies independent and
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concurrent to those reported here by bioassay and radio­

immunoassay have confirmed the various prolactin concen­

trations found in these patients (Ill, 119, 120, 121, 122).

The isolation and purification of HP from fetal

pituitary and pituitary tumor organ cultures afford not

only the advantage of high initial concentrations of HP but

also the subsequent elimination of the lower concentration

of HGH present, which evidently shares many physiochemical

similarities with HP and as a result makes the isolation of

HP very difficult.

1. Fetal Pituitary Organ Culture Medium - Although

the purification of culture medium by two Sephadex columns

or the DEAE column yields fractions that could be used in

an assay for HP, the "damage ll and chromatoelectrophoretic

mobility indicated a high degree of heterogeneity and the

presence of a small quantity of protein in these fractions

that could fit the criteria for HP. The labelled peptides

eluted from the chromatoelectrophoretic strip would not

bind to anti-PHP and the remaining proteins were at the

origin, thus inferring that the binding to anti-PHP

detected prior to electrophoresis must have been due to the

origin proteins. The amount of labelled peptide at the

origin was increased by pre-purifying the culture medium on

Sephadex G-75 prior to iodination and DEAE purification,

and by using culture medium from a 3 day exposure to the

tissue. That the two fractions able to bind to anti-PHP
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gave comparable values for plasma prolactin to those

determined in the Lyons' PHP system (Ill) indicated that

the labelled FHP must share some of the antigens in Lyons'

PHP. The finding of two ionic forms of prolactin has been

reported for bovine prolactin (116) but the reason for

their difference in charge is not known, although aggre­

gation has been postulated. That these fractions were not

modified HGH is suggested by the low initial concentrations

of this hormone and the different elution patterns from

DEAE.

The Sephadex purification of Bulbrook's fetal pitui­

tary medium following the Cohn fractionation yielded two

protein pools of equal or greater purity than Pasteels' HP

by PAGE studies. The further purification on CMC resulted

in the isolation of a single protein band on PAGE which had

higher immunoreactivity with anti-PHP and greater homo­

geneity than any other preparation studied.

2. Pituitary Tumor Organ Culture Medium - The tumor

preparations also showed a high degree of homogeneity on

chromatoelectrophoresis and fulfilled all the criteria of

an HP containing fraction. These fractions would bind to

anti-"HP" ("HP" has been shown to be modified HGH (36» and

anti-OP and anti-HGH at a low titre indicating a cross

reaction in each case. Alternatively, in the case of anti­

"HP" or anti-HGH, the presence of a population of HP

antibodies in these antisera from a contamination of true
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HP in the "HP" or HGH preparations would account for these

results. The first possibility seems more likely since the

cross reaction with anti-OP in human pituitary cells and

extracts has been shown (47) and immunological studies with

monkey and human pituitary extracts also show this reaction

which is not inhibited by an anti-HGH (122, 123, 124, 125,

126, 127). In addition, the similarities of OP and HP and

HGH (41, 42, 43, 128) present the theoretical possibility

of obtaining an antibody that would bind all three hormones.

That anti-"Hp lI (modified HGH) can be used in an assay for

true HP and give values for prolactin content in various

samples comparable to that given by the anti-PHP system

suggests that both systems are measuring the same

molecule/molecules. The antibody in this preparation may

be due to contamination of "HP" with true HP or a cross

reaction between "HP"-modified HGH and true HP.

3. Comparison of HP Preparations - The comparison of

the immunopotency of the HP preparations in both the Lyons'

HP and the pHP systems confirmed that pHP had the highest

reactivity. The PAGE studies of the % of each protein at a

particular Rf is given with the qualification that these

numbers are not absolute since the stain does not react

stoichiometrically. The two major bands throughout these

preparations both react with anti-PHP as shown in the c14_

leucine incorporation studies. The proteins with an Rf of

0.75 have been used for an immunoassay and gives results in
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plasma comparable to the Lyons' HP assay. However, recent

studies of HP in plasma, from human pituitaries and human

pituitary adenomas, indicate that HP has an Rf of 0.45 (46,

50, l29). The possibility of deamidation (130, l3l)

resulting in two ionic species of PAGE is eliminated by the

presence of these two species at acid pH. A recent study

on the release of HGH from normal pituitaries over a period

of 60 days in vitro showed a change in the PAGE mobility

toward the anode with time in culture (132). The same has

been reported for ACTH release over a long period in

culture (133). It is suggested that these findings may

reflect slight changes in the native molecule in vitro,

other than deamidation, without affecting immunoactivity.

A study of bioactive HP released from pituitary tumor

tissue after 27 days in vitro has a PAGE mobility similar

to pHP (134). A further study of the immunoactivity and

bioactivity of all the bands on PAGE as well as other means

of characterizing each band is necessary.

The NH2-terminal studies confirmed the heterogeneity

of each sample. The heterogeneity of pHP was surprising in

the light of its high immunopotency yet may be explained by

a population of molecules related to or originating from HP

produced in culture but still retaining immunopotency. It

is also possible that there may be non-hormonal peptides

with similar charge' to HP that are reactive with an anti­

PHP generated to a mixture of these and true HP. The
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immunopotency of this preparation should be compared with a

human prolactin preparation sufficiently homogeneous for

sequence studies. If the potency of the pHP is equal to a

homogeneous HP preparation, then it would be concluded that

the tissue culture prolactin is fully immunoactive mole­

cules but also micro-heterogeneous. If the potency is

less, it would be concluded that pHP contains some altered

molecules of HP that are only partially or non-immunoactive

and/or that there are contaminating peptides in this

preparation. If there are contaminating peptides in this

preparation, the probability of antibodies to them in

anti-PHP is high, since the latter was generated from an

even more heterogeneous preparation. These contaminating

antigens may then cause a lack of specificity in assays of

culture medium using anti-PHP. This possibility was

excluded in the current work by studying HP levels in

samples containing a 1/8 dilution of culture medium and at

this concentration of culture medium, it did not inhibit

per se the binding of pHP to anti-PHP.

The sequence of the first 20 amino acids of HP from a

human adult pituitary source has been obtained and the

first two amino acids are the same as greater than 20% of

the NH2-terminal in the pHP preparation (128). It may be

noted that it was agreed in May, 1971, that the best

samples of tissue culture prolactin (Siler) and adult

pituitary prolactin (Friesen) would be sent to Dr. H.
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Naill for sequence and joint pUblication. We chose to

cancel this agreement since the heterogeneity of tissue

culture prolactin was established. If the latter can be

substantiated it would provide an interesting insight into

possible abberations in the control of protein synthesis

in vitro. It would, of course, also eliminate tissue

culture as a means of preparation of HP for sequence

studies since a highly homogeneous preparation is necessary

for these studies. The slight physiochemical differences

between the different proteins isolated from culture

medium would make the isolation of each protein virtually

impossible.

B. Release of Hormones In Vitro

The quantity of a particular hormone released and the

period of time this hormone will be secreted in vitro is

dependent not only on the individual pituitary used but

also upon the subsequent and the individual sensitivity of

the different cell types under these conditions of

cUlturing. The experiments here were performed under

standardized conditions and in the manner that has been

shown in past experiments (68, 79) to give high prolactin

release from rat and/or human pituitaries. There is

synthesis and release of other pituitary hormones under

these conditions, yet the conditions are not necessarily

suitable for the proliferation or continuation of those
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cells and thus long term synthesis and release of these

hormones at the initial culturing level is not seen. The

studies reported herein were designed primarily for the

optimum production of HP alone in continuous culture but

careful analysis of the release of all the hormones in

vitro has yielded information of interest to fetal endo­

crinology and development. A number of limitations in

these studies should be kept in mind in interpreting their

significance. The organ culture technique can be used as a

valid means of determining cell function but a complete

study of cell viability in culture requires that simulta­

neous functional and histological studies be carried out.

Yet this poses conflicting demands on the culture by these

two approaches. Histological studies are in progress on

the material used here and a thorough histological study

has been completed for this culture method (68).

In these studies the release of each hormone was

studied in three ways: I} the initial total amount of

hormone released before a well defined and reproduceable

fall a} to a non-detectable level, b} to a low basal

release, or c} to the lowest release rate before the

increased release rate (after 10-15 days in vitro) -- in

the case of HP only; 2} the release of the hormone/pitui­

tary or tumor/day; and 3} the length of time in vitro

before the initial total release was obtained (see Figure

24). The release in vitro has been shown to be related to
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the initial total pituitary content in animal studies

(134). The interpretation of the total release for a par­

ticular fetal age and sex is limited by the possible source

of error at the time of culturing due to partial loss of

tissue or variable initial tissue damage. However, an in

vitro system may aid in showing the difference in the fetal

age and sex of the pituitary while the initial total

content may not, i.e., this may be a cellular phenomenon

exhibited in the permissive in vitro system. This can only

be determined by a complete study of fetal pituitary

content for both sexes at various times in fetal life. It

is also appreciated that the interpretation of the data

rests on only 44 pituitaries over the 35 week period of

fetal life. Thus, the results serve to indicate a

direction for future studies and to provide the opportunity

for reasonable speculation on the function of the fetal

pituitary in early development of the human fetus.

1. Fetal Pituitary Organ Cultures - In the studies of

HGH release no difference between the male and female

pituitary was observed. This is contrary to many studies

of short term organ cultures of animal pituitaries under a

number of culturing conditions where it has been shown that

growth hormone release is greater in the male (135, 136,

137, 138, 139). This may be due to the use of fetal

pituitaries rather than adults (140). Estrogen has been

shown to increase HGH release and thus may decrease HGH
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pituitary content (141), yet estrogen in the fetus may not

be significantly different in the female and male fetuses.

The total pituitary HGH or any other hormone content in

the gland when cultured was not determined, therefore, it

was not possible to relate the total release to the initial

content of the hormone in the pituitary. The increase in

HGH release with fetal age has not been related to any

specific cause although it does increase at a rate 4 times

that of the rate of increase in the size of the fetal

pituitary. The secondary small peak of HGH release could

be due to continuing somatotrophes which have been shown

histologically (68). After the initial release of HGH,

autonomous secretion of growth hormone for 6 days in vitro

in the female rat has been shown (84). Organ cultures of

human and mammalian pituitary glands show an initial re­

lease of growth hormone which declines over a period of

time and this growth hormone has been shown to be biologic­

ally active. Cell cultures of anterior pituitary glands

have been established in the human with HGH release contin­

uing at a high level for several weeks (142). The release

of HP in the male and female was not significantly differ­

ent in the fetal pituitary. It is well established that

the adult female pituitary has a greater number of lacto­

trophes and a higher release of prolactin in vitro than the

male (136, 144, 145). Yet, the fetal pituitaries may dif­

fer in this respect. The precision of the HP assay allows
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only marked differences to be judged as significant (great­

er than 35%). No particular physiological cause could be

related to the increase of HP release in vitro with the

fetal age of the donor of the fetal pituitary. A study of

prolactin content by pigeon crop-sac bioassay of human

fetal pituitaries has been reported (146) and a maximum of

6.67 ug (against the NIH-OP-6 standard) was obtained at

term. Prolactin activity (0.67 ug) was first detected at

19 weeks and increased until term (the last age reported).

A portion of this activity is due to HGH. A comparison of

the quantity of HP detected in this study and Levina's and

Ivanova's study indicates a net synthesis of HP during the

first 10 days of culture as has been shown directly by the

C14-leucine incorporation studies and by Guyda (123) and

Friesen (122, 124, 125).

Autonomous secretion of HP has been shown in many mam­

mals yet it has also been shown that the prolactin in some

animals such as the bird is controlled by a hypothalamic

releasing factor (PRF) and in these cases the autonomous

secretion of prolactin is much lower (147). The results

reported here are similar to Pasteels' studies of release

of HP in yitro from the human pituitary up to 2 1/2 years

(68). The cell cultures described by Solomon et al (70)

did not result in prolactin release probably due to CO2-0
2

deprivation and no gas-tissue interphase which have been

shown in animals and human pituitary cultures to be
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essential for optimum function and survival of the lacto­

trophes (70). Kohler (132) reported the presence of an

altered irnrnunoactive HGH at 60 days released into culture

medium which could possibly be HP cross-reacting at the

high titre of anti-HGH. The HP release/pituitary/day with

time in culture supports the hypothesis that UP is under

the control of a hypothalamic inhibiting factor. The

initial re·lease may reflect the release of stored as .."ell

as newly synthesized HP. The decrease and subsequent

increase in HP release can be related to the internal

necrosis of the explant and the following proliferation of

prolactin cells (68).

Release of LH and FSH from human fetal pituitaries in

vitro has been detected by immunoassay over a period of 6

days (151) and Pasteels' could detect basophils after

several months in culture (72). In the ~tudies here the

release of FSH from fetal pituitaries in vitro differed

greatly with the sex and age of the fetus. The female

pituitary in vitro had not only a greater total release of

PSH but the release continued for a longer period of time.

The variation of the total pituitary release of FSH with

the age of the fetus may be related to the differentiation

of FSH with the female (148, 149, 150). The presence of

FSH very early in fetal (5 weeks) and the drop of FSH

at 6-12 weeks fetal life in the fenale may reflect some

effect of the development oogonia on pituitary function.
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At 17 weeks FSH was increased and by 24 weeks reached a

peak. During this same period the ovary first different­

iated to form primary oocytes (at approximately 18 weeks)

and then primordial follicles are formed by 20 weeks. By

32 weeks the ovary has fully developed and the total

release of FSH decreases, possibly due to a feedback of the

fetal ovarian estrogens on the fetal pituitary. rlliat

elicits the increase of FSH production is not known or

whether FSH directly causes development and function of the

ovary cannot be deterniined from these studies. In the male

the initial FSH release is inhibited at about the same time

that the testes become functional (148, 149, 150); the

wolffian ducts form and the meullerian ducts degenerate.

The increase of FSH and LH at 26-27 weeks fetal life has

not been related to any specific event in development of

the male fetus.

The release of LH is also distinctive in the male and

female fetuses and can be related to different stages in

gonadal development. In the female the pattern is

essentially the same as for FSH. In the male, LH

increases from six weeks fetal life to a peak at 17. This

corresponds directly with the ~aximum Leydig cell popula­

tion in the testes. At approximately 8-12 weeks the

placental chorionic gonadotrophin released into the

maternal circulation is at a peak, yet no protein hormone

has heen sho~~ to cross the fetal-placental barrier and
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thus is not known to have a direct effect on the develop­

ment of the fetal gonad. With the following decrease of LH

there is also a decrease in the Leydig cells. The increase

in LH at 26 weeks fetal life has not been related to any

particular event in gonadal development. The release of

FSH and LH in varying amounts at different periods of

gestation does not necessarily mean the gonads are depent­

ent on the anterior pituitary for their differentiation and

development but may only suggest a relation between the

gonads and the anterior pituitary early in fetal life.

Past studies shmq that the testes develop in the fetus

without the presence of a pituitary or a pituitary capable

of producing gonadotrophins (150). However, under these

conditions the function of the testes may be impaired and

the normal development of secondary sex characteristics

retarded in the fetus. The limited studies on TSH release

are similar to the release of LH in vitro. The increased

release with the age of the fetus is probably related to

the pituitary weight. A recent study in the fetus reported

that TSH is first detectable by bio- and immunoassay at 12

weeks gestation. The pituitary content then increases

until term (152). TSH release in cultures of htunan and rat

pituitary glands have heen reported for 20 days; during

this time the release rate gradually declined (142, 153).

The release of ACTH corresponds in time with the

development of the fetal adrenal. Past studies have shown
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that the fetal adrenal gland function is dependent on a

functional pituitary and ACTH (17). Fetal Pituitary ACTH

and fetal adrenal steroids may play a role in the

initiation of partuition and the data here afford useful

circumstantial evidence for this thesis.

Since MSH release in vitro follows the pattern

similar to prolactin release it seems to indicate that the

control of MSH in the human is by a hypothalamic inhibiting

factor. Pasteels' studies give evidence for the release of

HSH at 8 months in vitro (154). Direct measurements of

MSH in our studies are now being completed.

Pituitary hormone content in the fetus has been

measured for TSH, HGH, FSH, LH, and ACTH by immunoassay and

HP by bioassay. TSH and HP content have been studied at

different fetal ages. None of these studies report

detectable hormones earlier than 12 ~.,eeks of fetal life.

This study has shown the release of pituitary hormones in

vitro from adenohypophyseal tissue and not fetal liver or

central nervous system tissue at 5 weeks of fetal life, and

thus providing the first direct evidence for the different­

iation of pituitary cells prior to the complete formation

of the pituitary. The possibility that these cells undergo

differentiation in vitro is not entirely eliminated but

seems unlikely in view of the present experimental design,

the short time of release and since, the function of the

tissue in culture could also be related to the age and sex
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of the fetus from whom the anlage of pituitary tissue was

obtained.

The abnormal release of hormones was determined from a

limited number of normal pituitaries for comparison, thus

only those with an obvious deviation from normal were noted

and in three cases could be directly related to a fetal

abnormality involving the endocrine system. In the case of

pituitary #16 with osteogenesis imperieta, slight dwarfism

and cranial agenesis a low growth hormone and greatly

increased ACTH release in vitro could be related to these

abnormalities. The clinical significance of these findings

is being reviewed and will be published in conjunction with

Dr. L. L. Morgenstern. Fetus #29 with a hypofunctional

pituitary exhibited underdeveloped genitalia although the

presence of testes confirmed by histological studies, FSH

and LH production was not detectable in these pituitary

cultures, and this supports other data that they are not

necessary for the formation of testes. However, either the

function of the testes and its products and/or the sensi­

tivity of the end organs in this fetus are affected by the

low FSH and LH since they were underdeveloped. Decreased

growth hormone in this case did not result in overt

dwarfism. Decreased adrenal function and/or development

may have been related to the decreased ACTH release in this

fetus. In the anencephalic fetus the adrenals were under­

developed; development was similar to that at 4-5 months
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of fetal life. Thus suggesting that at this time the

hypothalamus plays a major role in the increased ACTH

release occurring at this time. The gonads are also under­

developed (these fetuses are generally male) and suggests

that the hypothalamic stimulation and normal pituitary

hormones are required at some stages of gonadal develop­

ment.

Evidence for the synthesis of pituitary hormones in

the system used has also been obtained from the incorpora­

tion of C14-leucine into the newly released hormones.

Other short term incubation studies of HP and HGH have

shown the incorporation of H3-leucine (122,123, 124,125).

Studies of human fetal pituitary explants in vitro for up

to six days indicate the synthesis and release of FSH and

LH (151).

2. Human Pituitary Tumor Organ Cultures - The pitui­

tary tumor cultures released prolactin at a continued

elevated level. If the values from the Lyons' assay

system are related to the pHP system the release of

prolactin/turnor/day for tumor-l is comparable to a fetal

pituitary at term. Since a portion of an unknown total

quantity of tumor-2 was cultured, the total quantity of HP

released for this tumor was impossible to determine.

C. Control of Hormone Release In vitro

A study with various ions, hormones and types of
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nutrients in the medium has been shown to have a signifi-

cant effect on the synthesis and release of hormones in

vitro (155, 156, 157, 158, 159,160, 161, 162, 163). Some

of these factors were studied for the fetal pituitary by

altering tIle culture. medium for part of the tissue

cultured. The results of the hormones released from

duplicate cultures from the same pituitary established that

each culture for the same pituitary is essentially the

same. Thus, differences in the hormone release when

cultured under different conditions could be related to the

change in culture conditions.

1. ++ +The Effect of Ions - The effect of Ca , and K ,

of increasing the hormone release in these experiments was

similar to the animal experiments. The elevated release of

hormones with Ca++ in the medium does not necessarily

relate to the cA~~ levels in the tissue (161), which had

been postulated as its mode of action. K+ stimulation can

be related to membrane depolarization (155). The increased

release due to K+ stimulatton was not generally sustained

throughout the time in culture except in the case of liP

which may indicate the proliferation of new cells through­

out the time in culture and the K+ depolarization of these

cells. The stimulation of prolactin release by increased

K+ in cultures of a female fetal pituitary is of interest

because it has been shown that the adult rat pituitary

release of prolactin in vitro is not stimulated by K+
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(149, 162) while pituitary cultures from birds are

stimulated by K+ (154, 155). The difference in these two

species has been related to the control of prolactin by an

inhibiting factor in the rat and a stimulating factor in

the bird (158). Thus, the stimulation of prolactin by K+

may indicate the possible control by a stimulating factor

as well as an inhibiting factor in the human.

The effect of EDTA on the initial UGH release cannot

be explained by the decreased Ca++ levels of the medium.

Possibly, the EDTA chelated some factor in the culture

medium that inhibits the release of HGH, or the increased

Na+ had a stimulating effect in this system, although this

is not the case for other mammalian pituitary cultures when

Na+ was added to the medium (84). The effect of increased

Mg++ on HGH and HP was consistent with the results in other

species (154, 155, 156). No effect noted for FSH and LH

may be related to a low rate of synthesis and release in

this method of culturing or too small an increase of Mg++

(9 roM) for a significant effect.

2. Effect of Hormones - Insulin has been shown to

have a biphasic effect on hormone release in the presence

of cortisol and the concentration used in the modified

medium reported here should give a decreased hormone

release according to Vanha-Perttula et al (164). The

results here are in excellent agreement with this study.

The action of insulin is not understood although increased
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cell proliferation has been shown to occur in a biphasic

manner paralleling the HGH release pattern (164, 165). ~~o

attempts to study the effect of increased glucose in the

medium were unsuccessful because of the case of bacterial

contamination at high glucose concentrations.

The effect of estradiol in the culture medium is

consistent with a feedback system for FSH and LH (167,

166). The increased release of ACTH without estradiol in

the medium may indicate that estradiol has an inhibitory

effect on these cells in vitro. Plasma HGH in females or

males treated with estradiol is slightly elevated and may

reflect a decreased pituitary store of HGH shown to be

caused by estradiol (141). Prolactin cells in the human

pituitary increase when estradiol increases (48) and pro­

lactin producing pituitary tumors and prolactin release

have been reported as a result of increased estradiol in

many animals (168, 169, 170). These results indicate a

direct effect on the pituitary gland by estradiol.

The effect of TRH on HGH release at the two doses

studies indicate slower release possibly due to a slower

rate of synthesis. Hypothyroid rats have been shown to

have a decreased growth hormone pituitary store (171).

Other investigators report an increase in HP release (172)

in vitro and in vivo by TRH yet the studies here indicate

a decrease in pituitary release over a long term culturing.

Rat pituitary prolactin content has been shown to be
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increased by T4 and this implies that a decrease in TRH

causes an increase in prolactin which would be consistent

with these findings (173). The effect of TRHon LH and FSH

is not understood but does indicate that TRH can affect

sites on the gonadotrophs that control the hormone release.

The effect of TRH release from these cultures is presently

being studied.

The great increase of ACTH by fetal hypothalamic

tissue is consistent with data that indicates that there is

hypothalamic control and stimulation of ACTH release from

fetal pituitaries (17). FSH and LH showed very minimal

stimulation possibly indicating that the hypothalamic

content of these releasing hormones may be low in the fetal

hypothalamus and the main control of pituitary FSH and LH

may be primarily at the pituitary by steroidal and/or other

factors, yet the hypothalamic tissue did maintain the

survival of the gonadotrophs, as judged from the extended

period of release thus indicating some degree of hypo­

thalamic stimulation. HGH was not greatly stimulated in

this experiment yet its continued release would indicate

some hypothalamic control of this hormone in the fetus.

The inhibition of HP gives evidence for the presence of a

prolactin inhibiting factor in the fetal hypothalami.

Other experiments with hypothalamic extracts in the rat

have shown similar results (173, 174, 175).

The function of the hypothalamus in producing
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releasing and/or inhibiting factors could be inferred since

the pituitary content varies throughout fetal life, not

necessarily in relation with the pituitary weight. The

other possibility is that hormone release is controlled

directly at the pituitary level. Some evidence for hypo­

thalamic control in the fetus has been reported (17) and

the experiment with fetal hypothalamic tissue added to the

medium reported in these studies did affect the release of

hormones in vitro. In the anecephalic fetus all the

hormones were decreased. This gives evidence for releasing

factors in the fetal hypothalami for all the hormones

including prolactin.

3. Effect of Chick Embryo Extract and Protein Concen­

tration - These two studies indicate that the decreased

release of these hormones in vitro was not due to a

decrease in protein concentration of the medium but the

absence of chick embryo extract. The effect was detected

in male and female pituitary cultures yet the decrease of

FSH release in the female cultures was five times greater

than that in the male. This may suggest a decrease in

synthesis as well as a release may be involved. The rise

in HP release normally seen after the pituitary tissue has

been 10 days in culture does not occur suggesting a

function of chick embryo extract in the maintenance and

proliferation of prolactin cells in vitro. Possibly in the

extract of chicks there is a prolactin stimulating factor



213

and other stimulating factors known to be present in bird

hypothalami that causes the increase of release on these

hormones.

In summary, HP of high immunopotency has been isolated

from fetal pituitary and pituitary tumor culture medium.

These preparations reacted with anti-PHP, anti-HGH and

anti-OP and could then be used as the label in a radio­

immunoassay for HP utilizing any of these antisera. The

degree of microheterogeneity of the pHP preparation

suggests a degree of aberrant hormone biosynthesis in long

term pituitary cultures. Using Lyons· cPHP or pHP it was

possible to monitor the release of liP from human fetal

pituitaries in culture. HGH, FSH, LH, ACTH and l-1SH were

also studied in these cultures and the hormones released

were shown to be at least partly synthesized in vitro.

The pattern of release in vitro in the case of FSH could be

related to the sex of the fetus. The total release in

vitro for all the hormones was related to the age of the

fetus as well as the sex of the fetus in the case of FSH

and LB. The results are discussed in terms of the function

of the pituitary in fetal development. Release of hormones

as early as 5 weeks of fetal life suggests hormones may be

inducers of, or permissive for, differentiation of fetal

tissues as well as being necessary for some functions of

these tissues. Studies of an anencephalic fetus, a fetus

with abnormal genitalia and studies with hypothalamic
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tissue added to the medium provide evidence for the

necessity of a functional hypothalamus as well as a normal

pituitary for normal development of the fetus. In

addition, the experiments with modified medium demonstrate

the sensitivity of the pituitary tissue to changes of the

conditions in vitro. Thus evidence for control of hormone

release at both the hypothalamic and pituitary levels was

obtained.

These studies answer several questions: The existence

of human prolactin, the synthesis of hormones by fetal

pituitaries, the early detection of hormones in very early

fetal ages, the involvement of the hypothalamus in

pituitary function and the variation of hormone release

during fetal life and in some cases a variation with sex

of the fetus.
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