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INTRODUCTION 

The existence of a functional reciprocal relation between 
the fetal hypophysis and adrenal cortex has been suggested 
(Kitchell and Wells, '52a, '52b). In  the rat fetal hypophyseo- 
privia retards the growth of the adrenal cortex, an effect 
which is prevented by injected corticotrophin (Wells, '47, '48, 
'49). Unilateral adrenalectomy of the fetus induces a com- 
pensatory hypertrophy of the remaining adrenal (Kitchell, 
'50), as does unilateral destruction of the adrenal by cautery 
( Tobin, '39). This hypertrophy can be prevented by implanted 
cortisone ( Kitchell and Wells, '52a). 

The appearance of chromophilic granules in the hypophysis 
before birth could be regarded as morphological evidence of 
functional activity of the fetal hypophysis. In  the hypophysis 
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of the newborn rat, the chromophiles are few, however, and 
they exhibit only a weak staining reaction (Siperstein, Nichols, 
Griesbach and Chaikoff, '54). This may be correlated with 
the observation of lack of response to injections of epineph- 
rine; in rats younger than 8 days this does not reduce the 
ascorbic acid content of the adrenal (Jailer, '50). This was 
thought to be due to a failure of the hypophysis to secrete 
sufficient corticotrophin since the adrenals are capable of 
response to injections of corticotrophin. 

The present work was designed to expand the study of the 
functioning of the hypophysis-adrenal system before birth by 
examining the fetal hypophysis. Some of these observations 
have been reported in abstract (Coetzee, '56) .  An earlier 
account was presented in a dissertation (Coetzee, ' 55) .  

MATERIALS AND METHODS 

A total of 201 pregnant rats of the Sprague-Dawlcy strain 
was used; the pregnancies were dated from the observed 
mating. One hundred fifty-three experimental fetuses (E) 
and 122 control fetuscs (C) were collected for study (groups 
A to I, table 1). Thirteen of the pregnant rats were normal 
females which yielded control fetuses from day 14 to day 22 
(near term). The litter was usually the experimental unit in 
that the experimental and control fetuRes were litter-mates of 
the same sex and of approximately the same body weight. 
Group I was exceptional since the controls were obtained from 
normal mothers. 

The length of treatment varied from group to group, de- 
pending on the type of treatment (2 to 8 days, table 1), but 
was as nearly uniform as possible within any particular 
group. Five kinds of treatment were administered: subcu- 
taneous injection of an aqueous suspension of cortisone 
(groups C and D) or of a solution of desoxycorticosterone 
acetate (DCA) in sesame oil (group F) ; subcutaneous im- 
plantation of pellets of hydrocortisone, cortisone or DCA 
(groups A, B, B', C, E and E') ; sham implantation (groups 
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G and G’) ; fetal bilateral adrenalectomy (group H) ; and ma- 
ternal hypophysectomy (group I). 

The subcutaneous injections were initially performed on 
fetuses which had been “extrauterinized” (Wells, ’50), but 
all subsequent injections were performed iw utero (groups D 
and F). In the latter procedure, the uterus of the anesthetized 
pregnant rat (ether) was exposed by incising the ventral 
abdominal wall at the linea alba One uterine horn was par- 
tially exteriorized, and the second fetus from the cervix was 
selected. The hypodermic needle was introduced successively 
through the uterine wall, fetal membranes and fetal skin. 
Fluid in the amount of 0.05cm3 was injected. In  the oppo- 
site horn, the second fetus from the cervix was similarly 
treated. The surgical procedure was terminated by suturing 
the maternal abdominal wall. A series of 4 injections, at in- 
temals of 12  hours, was given. No injection was made on the 
last day of pregnancy, day 22. 

The implantation of pellets of hormone was performcd isl 
utero (Yakaitis and Wells, ’56). The pellets were prepared 
from crystals, desiccated for 48 hours and weighed. A 4mg 
dose, or  a 1 mg dose (in either case from 1 to 12 pellets), was 
used (groups A, B, B’, C, E and E’). 

Sham implantation was used as a “control experiment.” 
This procedure was identical with that of actual implantation 
except that no pellets of hormone were introduced (groups 
G and W). 

Bilateral adrenalectomy of the fetus was performcd in group 
H (Kitchell and Wells, ’52b). In  a group not presented in 
table 1, the adrenalectomized fetuses were subjected to h- 
plantation of pellets of hydrocortisone, cortisone, or DCA. 
Just prior to  suturing the skin incision, the pellets were sub- 
cutaneously implanted. None of these fetuses survived long 
enough for special consideration. 

In  group I, the mothers were hypophysectomized by a modi- 
fication of the parapharyngeal approach of Thompson ( ’32). 
The modification was two fold: a tracheal cannula was em- 
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ployed and a binocular dissecting microscope was used to 
facilitate the exposure and removal of the hypophysis. 

All experiments were terminated 21 days and 15 hours after 
the observed mating (day 22). The mother was killed by de- 
capitation, and the experimental and control fetuses were 
removed by Caesarean section. Within the litter, the control 
fetus was usually taken from the same uterine horn as the 
experimental fetus, but the immediate neighbor of the treated 
fetus was not selected. The remoqed fetuses mere individually 
weighed and then killed by cutting the heart. The fetal cal- 
varium and the brain were removed, and the hyophysis ex- 
posed. The hypophysis and the sphenoid bone mere removed 
in a block. Those blocks with hypophyses which were to  be 
used for the volumetric analysis were placed in Rouin’s solu- 
tion, 5 days in this solution leading to decalcification of the 
bone. Several hypophyses from fetuses given each type of 
treatment were reserved for  special cytological study, and 
mere fixed in Zenker ’s, Regaud’s, or  Maximom7s modification 
of Etelly ’s solution. 

During the autopsy the implanted pellets of hormone were 
removed, wherever possible, and placed in a desiccator, and 
after 48 hours mere weighed. In the hypophysectomized 
mothers, the region of the hypophysis was removed and then 
fixed in Bouin’s solution for  15 days (for dccalcification). In 
the adrenalectomized fetuses, the regions adjacent to  the two 
kidneys were removed and placed in Bouin’s solution (10 
days). 

The tissues thus obtaincd were prepared for microscopical 
study. The hypophyses fixed in Bouin’s solution were sec- 
tioned at 6 D and mounted in perfect series. The other fetal 
hypophyses were sectioned in series at  4 p. The blocks of tissue 
from the hypophysectomized mothers were sectioned at  20 p 
The blocks of tissue adjacent to the kidneys of adrenalecto- 
mized fetuses were sectioned at 10 p. All scctions were stained 
with hematoxylin and eosin, except the 4 p sections of hypoph- 
yses, which were stained with basic fuchsin and aniline blue 
(Fain and Wolf’e, ’44). 
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The volume of the anterior lobe of the hypophysis was 
determined by the paper-weight method (Hammar, ’14; Boy- 
den, ’40). Every 5th section was projected with an Edinger 
projector and drawn. 

The stained 6 p and 4 p sections of the hypophysis were ex- 
amined microscopically with the aid of a microcomparator. 
This instrument permitted the simultaneous viewing of parts 
of two sections, experimental and control. Only transverse 
sections through the center of the hypophysis and those ad- 
jacent to the center were used. 

In  measuring the greatest diameter of epithelial cclls of the 
anterior hypophysis (table 3), the 6 p sections were chosen. 
Every 5th section was marked for USC, if needed. Each cell to  
be measured showed a sharply-defined cell membrane ; it had 
been sectioned through what was deemed the equator of the 
nucleus. Using an ocular micrometer, a 7 . 5 ~  ocular and a 95x 
objective, 20 cells per hypophysis were measured. 

OBSERVATIONS 

ColztroE fetus of 13 days a d  12 hours (day 14). One fetus 
of this age was studied to  determine the approximate stage 
of development of the hypophysis at the time of performing 
the maternal hypophysectomy. The whole fetus, weighing less 
than 1 gm, was fked in Bouin’s solution and serially sectioned 
at  10 p. The development of the hypophysis was equivalent to 
that of a human embryo of Horizon XVTI (Streeter, ’48). 
The infundibulum, postcrior lobe and Rathke’s pouch were 
present. The postcrior lobe was a rounded, knob-like struc- 
ture “suspended from” thc infundibulum. The anterior lobe 
was a part of Rathke’s pouch, an ellipsoidal structure in 
which the longitudinal axis and the cavity were placed trans- 
versely. Thc pouch still retained its connections with the 
stomodeum. I n  the anterior lobe, the epithelial cells did not 
yet show a cord-Like arrangement, as the blood vessels had not 
penetrated this lobe. The epithelial cells of thc anterior lobe 
were tightly packed. They were of uniform size, and their 
cytoplasm was scant. Numerous mitoses were observed. 
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CoJrols  from 18 days  and 12 hours to 19 days a d  13 hours 
of age (daps  19 a d  20). The hypophyses of 8 fetuses illus- 
trated the stages of development a t  times when the remaining 
experiments were begun (table 2 ; duration of treatment from 
51 to 70 hours, table 1). In  glands of the 19th day, the capsule 
was a thin layer of fibroblasts and loose connective tissue. 
The anterior lobe 'showed some small sinusoids and many 
epithelial cells arranged in irregular cords and acini, these 
acini being most prominent a t  the periphery of the lobe. Most 
epithelial cells were tightly packed, and had a scant amount of 
cytoplasm. Their nuclei were usually small and round, but 
were sometimes large and oval. A few large epit.helia1 cells 
bordered the sinusoids. Numerous mitoses were noted. 

TABLE 2 

Volwmehic data im control hypop?bgsea 

da: hr gn, 
3 18: 12 - 1.34 13.05 9.69 
2 18: 20 M 1.38 9.32 6.77 
3 19: 13 M 2.17 12.99 5.95 
3 20: 14 M 3.01 16.23 5.41 
4 21: 15 M 5.60 25.07 4.48 

I n  glands of the 20th day, the increase in the size and num- 
ber of the sinusoids was a striking feature of the anterior 
lobe. These sinusoids were wider and longer t.han before, and 
anastomosed with each other. In  consequence, the epithelial 
cells showed a definite cord-like arrangement throughout the 
lobe. These cells were larger and had more cytoplasm than 
those of the 19th day. 

CoNtrols o f  21 clays a d  15 hours ( d q  22) md CWL overview 
of dl comtroZs. From 90 control hypophyses of the 22nd day, 
the anterior lobe of a typical gland may be described. Two 
major trends in development were a marked increase in vas- 
cularity and an increase in the number of large epithelial 
cells which were located along the sinusoids (fig. 2). In  such 
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cells, the nuclear chromatin was denser than in younger 
glands. In  the 4 p sections of hypophyses stained by the Fain 
and Wolfe method ( ’44), only one or two chromophilic cells per 
section were faintly visible. No cytoplasmic granules tvcre 
seen, but the cytoplasm appeared to have a more pinkish hue, 
or a more bluish hue, than that of the other cells. 

When all controls from day 18 to day 22 were considered 
together, the “hypophysis volume/body weight ” ratio stead- 
ily decreased as the determined age of the fetixs increased 
(table 2). During this period the volume of the anterior 
hypophysis had doubled, whereas the body weight had in- 
creased 4 times. It was difficult to account for the discrep- 
ancy betmcen the first two volumes in table 2, 13.05 and 9.32, 
respectively. One possible explanation is that the actual age 
of fetuses could not be determined from the available material, 
as this would depend upon the times when the mated females 
had ovulated and when fertilization had occurred; it is known 
that in the rat ovulation occurs 7-11 hours after the beginning 
of “sexual receptivity” (Blandau and Soderwall, ’41). The 
largcst increase in the volume of the hypophysis appeared to 
occur during the last 25 hours of the considered fetal period 
(from 16.23 to 25.07,54%). 

The scattergraph of volumetric data on 90 control hypoph- 
yses of the 22nd day (fig. 1) shows that the spread within one 
litter of 13 fetuses was less than that in the 77 control fetuses 
from different litters. I n  the latter fetuses, all those whose 
body weight was in the range of 3.0 t o  4.5 gm, with only two 
exceptions, were litter-mates of treated fetuses which had 
received 4 subcutaneous injections ; the mothers had been 
anesthetized and operated upon 4 times ; this was in contrast 
to those controls from litters in which the experimental fetuses 
were given a single treatment. There appeared to be an over- 
all direct relation between the body weight and the volume 
of the hypophysis. Consequently the plan of using control 
fetuses and experimental fetuses from the Rame litter and of 
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selecting a control fetus in which the body weight was approxi- 
mately cqual to that of the treated litter-mate, was probably 
a good one. 

n 
N 
0 

E 
E 

- 
X 

r) 

v 

3.0 3.5 4.0 4.5 5.0 5.5 6.0 

BODY WEIGHT, GRAMS 
Fig. 1 Scattergraph of the volumetric data on the anterior hypophysis in 90 

control fetuses which were killed at the age of 21 days and 15 hours (day 22). 
Each voIume is plotted against the body weight of the fetus. The circled dots 
indicate 13 fetuses of one litter. 

Histologically and volumetrically, the anterior hypophpses 
of males were similar to those of females. In the 13 fetuses 
from one litter the “hypophysis volume/body weight ’? ratio 
for 6 males was 4.6 and that for 7 females was 4.4. Neverthe- 
less, male and female fetuses were not considered together 
within any particular group, except in group H in which there 
were only three experimental fetuses, two males and one fe- 
male. In making a statistical study of the volumetrio data, 
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the fetuses of group H were considered together, regardless 
of sex.* 

Change in. weight of i m p h t e d  pellets of hormolne. The 
weight of the pellets removed at  autopsy was always less 
than that of the same pellet(s) at  the time of implantation 
(table 1). This suggests that there was some absorpt.ion of the 
hormone. The average weight after recovery was less than 
one-half the average original weight for all implantation 
experiments except those where DCA was implanted (groups 
E and E’). This suggests that DCA was less rapidly absorbed 
than either hydrocortisone or cortisone, in agreement with 
the observation of Kallman and Gordon (’54) that DCA, 
when implanted, is absorbed at  a slower rate than cortisone. 
However, in the present work, the variation in the loss of 
weight of pellets in the members of any particular group was 
so great that no significant conclusion could be drawn as to  
the actual quantity of hormone absorbed. In addition the 
pellets often fragmented upon implantation, making an accu- 
rate recovery impossible. 

Efects of 4 mg implawted hydrocortisow (group A) .  The 
absolute volume of the experimental anterior hypophysis (E) 
was considerably smaller than that of the corresponding litter- 
mate control hypophysis (C) in 6 of the 7 pairs of fetuses. 
The average value of E was approximately equal to  that of 
19-day controls (tables I, 2). The average body weight of the 
E fetuses was larger (40%) than that of 19-day controls, but 
considerably smaller than that of litter-mate eontrols of the 
22nd day. This suggests that both ihe growth of the hypoph- 
ysis and that of the fetus were retarded. 

However, when the “ hypophysis volume/body weight” 
ratios were considered, the differences were less apparent. 
The E value was less than the C in only 4 of the 7 pairs of 
‘As to the extcnt of the “experimental error” in determining the volume of 

glands by the paper-weight method, duplieatc determinations on the right adrenal 
of each of 4 fetuses were made; the difference bctween t h e  original data and the 
duplicate set of data was about 1% (Kitchell and Wells, ’52b). 
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fetuses. The E/C indexes were 85, 85, 93, 98, 123, 127 and 
153.& The data were not statistically significant (Pt of 0.57). 

Despite the lack of statistical significance of the volumetric 
data, histological examination revcaled consistent differences 
between the E and C anterior hypophyscs. In  E the cord-like 
arrangement of the epithelial cells was almost indistinguish- 
able, as the sinusoids were not evident except under high 
magnification (fig. 3). These sinusoids were identxed by the 
presence of their lining endothelial cells since very few blood 
cells were noted. (It so happens that the illustrated control 

TABLE 3 

Diameter of epithelial cells of the hypophysk 

2E 4 mg hTdrocortisone 
3c A 

fi  
8.0 
9.4 

4E 1 mg hydrocortisone 7.9 
3c 9.4 B 

H 3E 
3c 

Fctal ndrenalectomy 9.2 
8.7 

E, experimental j C, control. 

tissue, figure 2, shows no blood cells.) The epithclial cells 
were tightly packed, and this, in addition to  the lack of visible 
blood cells, gave the E hypophysis a very compact appearance. 
The cytoplasm of the epithelial cells was scanty. In most cases 
some of the nuclci sccmed to lack a dcfinito chromatin pattern 
except near the nuclear membrane. The large cells in E were 
mainly identified by their nuclei, the cytoplasm being less 
abundant than that in C. Very few mistoses were noted. The 
mcasured largcst diametcr of cpithelial cells was smaller in E 
than in C (table 3). 

These observations, namely histological and volumetric, 
seem to indicate that the treatment had retarded the growth 
E/C index = E/C ratio )( 100. 
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of the hypophysis. In  addition the growth of the fetus ap- 
pears to have been retarded. These differences seem to be due 
to the hydrocortisone, since similar changes were not observed 
in fetuses subjected to a sham implantation (“control experi- 
ment, ” groups G and G’, table 1). 

Effects of 1mg implmted  hydrocortisome (groups B and 
B’). I n  all 12 pairs of fetuses comprising groups B and B’, 
the volume of the E hypophysis was less than that of the C 
(table 1). The “hypophysis volumefiody weight ” ratio was 
less in E than in C in all cases except one. The E/C indexes 
were 74,81,91, 94,95,96,96 and 108 for the males and 84, 85, 
90 and 97 for  the females. The data for the males were just bo- 
yond the limit of statistical significance (Pt of 0.055), whereas 
those for the females were statistically significant (Pt of 0.04). 
The body wcight of the E fetus wag considerably less than that 
of the C (as was also noted in group A). 

Microscopical examination showed consistent differences 
between the E and C anterior hypophyses (the E hypophyses 
were similar to those of group A).  The arrangement of the 
epithelial cells in irregularly anastomosing cords was not ap- 
parent in R, due in part to the reduced size and number of the 
sinusoids. The latter were observed only under such high 
magnification that the lining endothelial cells could be identi- 
fied. The epithelial cells were tightly packed, and the cyto- 
plasm was scanty and poorly differentiated. The nuclei were 
of varying shapes, mostly round, small and shrunken. The 
chromatin was located around the edges, giving the nuclei a 
hollow appearance. An occasional mistosis was observed. 
The measured diameter of cpithclial cells was smaller in E 
than in C (table 3).  

It was concluded that the 1 mg dose of hydrocortisonc is as 
effective as the 4mg dose in retarding the growth of the 
hypophysis and the growth of the fetus as w7ell. Tho retarda- 
tion of the growth of the hypophysis was more pronounced 
than that of the fetus. 

Efects of implawted cortisome (group C). The volume of the 
E hypophysis was less than that of the C in all 10 pairs of fe- 
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tuses comprising this group. The ‘ ‘ hypophysis volumefiody 
weight” ratios showed no consistent differences between E 
and C ; the value of F: was less than that of C in only one-half 
of the cases. The E/C indexes ranged from 78 to 114, and the 
average was 100. The data were not significant (Pt of 0.50). 

Histologically, however, some consistent differences were 
noted between the E and C hypophyses. In E the epithelial 
cclls were more closely packed, and the sinusoids were evident, 
although the sinusoids were not as large or  as numerous in E 
as in C. The cytoplasm was less abundant in E than in C, 
particularly in the large cells situated along the sinusoids. 
The nuclei of E were similar to those of C. Fewer mitoses 
were noted in E than in C. 

Despite the lack of statistical significance of the volumetric 
data, the cytological observations suggest that the implanted 
cortisone did exert some effect in retarding the development 
of the hypophysis. This effect was not as clearly defined as in 
the fetuses given hydrocortisone. 

E f e c t s  of ilzjected cortisolze (group D) .  The absolute vol- 
ume of the E hypophysis was approximately equal to that of 
the C in all pairs of fetuses studied. The “hypophysis vol- 
ume/body weight” ratio for  the E fetus was larger than that 
of the C in all cases. The E/C indexes were 101,110,112,115, 
123, and 147. The data were statistically signscant (Pt of 
0.04). 

One might erroneously conclude from the data that the 
cortisone injections had stimulated the growth of the hypoph- 
ysis. However, it seems that the body weight of the fetus was 
more affected than the hypophysis. The body weight of the 
E fetus was less than that of C, which in turn was less than 
that of other controls from unoperated mothers. This re- 
flected the fact that these treated fetuses were subjected to 4 
subcutaneous injections, so that the mother had been operated 
upon 4 times. Although this may have been a factor contribu- 
ting to the small body weight of both the E and C fetuses, it 
would seem that the action of the cortisone had reduced the 
body weight of the E fetuses. 
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The cytological observations supported this view. The E 
hypophysis was similar to the C in all respects. The cellular 
cords of epithelium and the sinusoids were equally well differ- 
entiated in the E and C hypophyses. 

The lack of controls receiving 4 injections of distilled water 
was balanced to a certain degree by the treatment of sham- 
implantation (compare groups G and G’).  However, this 
sham-implantation was a single treatment. 

The present work is not adequate to determine why the 
injected cortisone failed to influence the morphology of the 
hypophysis. Three possible factors could be considered. First, 
the dose of 1 mg may have been too small for effectiveness 
during the experimental period of 52 hours; a dose of 4 mg 
over a period of 69 hours was only effective to a slight degree. 
Secondly, the cortisone preparation was a suspension, and it 
is possible that some of the particlefi were too large to pass 
through the needle. Thirdly, the injections were performed 
ir, utero in 4 of the 6 cases, and it is possible that some of the 
hormone preparation escaped from the puncture wound upon 
withdrawal of the needle. The other two experimental fetuses 
of this group were extrautcrinized, and the puncture hole was 
sealed with celloidin to prevent any loss of fluid. In each case 
the volume of the E hypophysis was smaller than that of the 
C. The E/C indexes for these two pairs of fetuses were 
smaller than for those of the other 4 pairs. 

Eif’ects of DCA (groaps E, E‘ a d  F) .  The volumetric data 
on the three groups did not indicate any consistcnt diffcr- 
cnces which could be attributed to the DCA. I n  the “hypoph- 
ysis volume/body weight” ratios, any differences between the 
E and C data were probably attributable to differences in the 
body weight. The cytological examination supported this view 
since the E glands were similar in all respects to the C glands. 
It was not possible to determine whether the reduced body 
weight in the E fetuses was attributable to the treatment as a 
whole or to a specific action of the DCA. 

Efects of bilateral adl-ewlectorny (grozcp H ) .  Due to the 
severity of the treatment, only three living experimental fe- 
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tuses were obtained, two males and one female. The complete- 
ness of the adrenalectomy was verified by a microscopic exam- 
ination of the serial sections of the areas adjacent to the kid- 
neys. The operation had been bilaterally complete in the two 
males. In the female fetus approximately 510% of the right 
adrenal had not been removed. This was considered too small 
an amount to be endocrinologically significant. 

The absolute volume of the E hypophysis was larger than 
that of the C in two of tho three pairs of fetuses. In  the third 
pair, males, the E and C values were approximately equal. 
Regarding the “ hypophysis volume/body weight” ratios, the 
E vuluc was larger than the C value in all three pairs. The 
E/C indexes were 118, 118 and 140. The data were statis- 
tically significant (I?, of 0.048) .O 

Histological observations rcvealed that in cellular arrange- 
ment and in sinusoidal pattern the three E hypophyses were 
well developed (figs. 4 and 5). Thcre appeared to be a prepon- 
derance of large epithelial cells with an abundant cytoplasm. 
Measurements showed that the E cells were somewhat larger 
than the C cells (table 3).  In  one case the E hypophysis 
seemed to bulge the hypophyseal capsule outwards. 

These volumctric and histologic observations are subject to 
the limitation of the small size of group H. Nevertheless, they 
suggest that the absence of the fetal adrenals stimulated the 
growth of the fetal hyp~physis.~ 

Ef’ects of materm.1 hppophysectorny (group I ) .  The ex- 
perimental fetuses were selected from hypophysectornized 
mothers in which the completeness of hypophysectomy had 
been verificd by a microscopic examination of the sections of 

OCertain liberties were taken with the “t-test” since males and females were 
considered together; it had been found, however, that the hypophyses of male 
eontrols were similar to those of female controls (see OBSERVATIONS, controls 
of the 22nd day). 

11 litters not presented in table 1 (22 adrenalectomized fetuses), two 
fetuses per litter were adrenalectomized as usual and thcn one of these fetuses 
was given subcutaneously a l rng  pellet of hydrocortisone or of cortisone. These 
experiments were designed to determine if the implanted hormone would prevent 
any changes in the hypophysis produced by the adrcnalectomy. None of the 22 
fetuses survived. 
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the hypophyseal region. The controls were from normal 
rnothcrs, and were taken at  21 days and 15 hours aftcr the 
mating. 

The “hypophysis volume/body weight” ratio of the E fetus 
was larger than that of the C in 5 of the 6 pairs of fetuses 
studied. The E/C indexes were 91, 115,115,130, 143 and 146. 
The data were statistically significant. 

Cytological examination did not reveal any consistent differ- 
ences between the E and C anterior hypophyses. Mitoses of 
epithelial cells were noted in both E and C hypophyses. 

Even though the volumetric data suggested that maternal 
hypophysectomy had produced a slight stimulatory effect 
upon the developing hypophysis (average E/C index of 123, 
table l), the cytological observations did not support this view. 
It is possible, however, that a stimulating effect might have 
occurred and that this effect was too small to be detected 
cytologically. In any event the E hypophyses were from fe- 
tuses in which the body weight was relatively small. 

DISCUSSION 

The foregoing observations are regarded as two new lines 
of evidence’ for a functional reciprocal relation between the 
fetal hypophysis and the adrenal cortex. The first is that 
impIanted hydrocortisone retards the growth of the antcrior 
hypophysis. The manifestations of this retardation are : the 
volume of the anterior lobe is reduced; the cords of epithelial 
cells are poorly defined; the cytoplasm of the epithelial cells 
is scanty; some of the nuclei are distorted; mitoses are few; 
the largest diameter of the epithelial cells is reduced; the 
sinusoids are small and scarce. Our view that this retarded 
growth was associated with a decreascd corticotrophic activity 
of the anterior hypophysis is supported by the simultaneous 
observation (in a companion study) that the growth of the 
adrenals in these same hydrocortisone-treated fetuses was 
likewise retarded (Yakaitis and Wells, ’56). This effect upon 
the adrenal is similar to  that in the fetal rat following hy- 
pophyseoprivia (Kitchell and Wells, ’52b). 
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Thc second line of evidence is that in the fetus bilateral 
adrenalectomy seems to stimulate the growth of the anterior 
hypophysis. The treatment increases: the volume of the an- 
terior lobe, the number of large epithelid cells, the diameter of 
these cells and the amount of cytoplasm in the cells. Our view 
is that the adrenalectomy decreased the concentration of an 
adrenal cortical hormone in the fetal blood and that this 
deficiency stimulated the fetal hypophysis to produce an extra 
quantity of corticotrophin. The attempt to  prevent such effects 
of adrenalectomy by implanting hydrocortisone, or cortisone, 
urns unsuccessful since none of these adrenalectomized fetuses 
was alive at outopsy. 

Our several observations are in harmony with those of cer- 
tain other workers : (1) with the compensatory hypertrophy 
of the remaining adrenal in iinilatcrally adrenalectomized 
fetuses (Kitehell, '50): (2) with the prevention of this hyper- 
trophy by implanted cortisone (Kitchell and Wells, '52a), (3) 
with the atrophic changes in the adrenal cortex following fetal 
hypophyseoprivia (Wells, '47, '57 ; Jost, '48, '57 ; Rayaud and 
Frilley, '50; Domm and Leroy, '51; Cohen, ' 55 ) ,  (4) with the 
prevention of these changes by injected ACTH (Wella, ,48, 
,49; Kitchell and Wells, '52b) and ( 5 )  with the atrophio 
changes in the adrenals of monkey fetuses from mothers which 
were subjected to injections of ACTH during the pregnancy 
(Schmidt and Hoffman, '54). 

In  these fetal monkeys studied by Schmidt and Hoffman, 
the hypophysis was usually unaltered in size and in histo- 
logical appearance; one hypophysis did show a decrease in 
the number of basophilic cells of the beta type. It is likely that 
the injected ACTH caused the secretion of an excess of ma- 
ternal cortical hormones, that these hormones entered the fetal 
circulation and that they brought about a reduced adreno- 
*A similar hypertrophy was observed in fetal rats in which one of the adrcnals 

had been destroyed by cautery, but this might have been in part a result of 
hemorrhage since an attempt to destroy both adrenals had been made (Tobin, '39) ; 
from a study of the hypophyses of these fetuses, Tobin reported a degranulation 
of the basophila, a decrease in the number of acidophils and a corresponding 
increase in the number of chromophobea. 
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corticotrophic output of the fetal hypophysis. In  any case, this 
interpretation would account for the atrophic changes in the 
fetal adrenals. 

In our work, the effects of cortisone upon the anterior hy- 
pophysis were less pronounced than those of hydrocortisone. 
In studics of rats after birth, it has been reported that corti- 
sone and hydrocortisone arc about equal in effecting an inhi- 
bition of the corticotrophic function of the hypophysis (Sayers 
and Saycrs, '48). There is, howevcr, a lack of agreerncnt as 
to the type of effect of cortisone upon the morphology of the 
hypophysis. Certain workers report varying changes in the 
basophils and in the size of the hypohysis (Laqueur, '50; 
Winter, Silber and Stoerk, '50 ; Tuchmann-Duplcssis, '51 ; 
Golden and Bondy, '52 ; Kallman and Gordon, '54) , while other 
workers report none-and this in spite of the deleterious 
effect upon the adrcnals (Halmi and Barker, '52). 

Hydrocortisone (and to a lesser extent cortisone) retarded 
the growth of the anterior hypophysis much more than it 
retarded the growth of the fetus (cf. Coeteee, Yakaitis and 
Wells, '57). It is known that in mammals large doses of these 
hormones may interfere with organic metabolism (Ingle, '50). 
Leroy and Domm ('51) did not note any effect of injected 
cortisone upon the body weight of fetuses. 

Our histological preparations failed to show in the anterior 
hypophysis any well-defincd chromophilic cells (cf. Siperstein, 
Nichols, Griesbach and Chaikoff, '54) .Q On transplantation of 
the fetal hypophysis into the anterior chamber of the eye of 
an hypophysectomized male, however, the grafted hypophysis 
has the capacity of corticotrophic function (Goldberg, Knobil 
and Greep, '55). 

The prescnt observations were made in spite of any possible 
influence of maternal hormones and of placental hormones. 
It has been postulated: (1) that in the rat given massive 

Basophils and acidophils were reported in human embryos (Romeis, '40) in 
fetal pigs (Rumph and Smith, '26; Nelson, '33; Aron, '29) and in fetal guinea 
pigs (Kirkman, '37) j using rabbit fetuses and a histochemical method for staining 
glycoproteins in basophils of the adult hypophysis (pcriodia mid-Schiff method), 
a positive reaetion was reported in the fctal hypophysis (Jost and Danysz, '52). 
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amounts of RCTH some of this ACTH can cross the placental 
barrier (Jones, Lloyd and Wyatt, '53), and (2) that in the hy- 
pophysectomized pregnant monkey a placental corticotrophin 
may be the factor which prevents the maternal adrenals from 
undergoing as much retrogression as that occurring in the 
hypophysectomiaed non-pregnant female (Smith, '55) . lo  

Our work suggests that the hypophysectomy of the mother 
did not markedly affect the growth of the fetal hypohysis. 
Although the "hypophysis volume/body weight" ratios in the 
experimental fetuses were increased, the experimental and 
control hypophyses did not show any consistent histologic 
differences. Maternal hypophysectomy did not modify the 
growth of the fetal adrenals (Yakaitis and Wells, '56; Knobil 
and Briggs, '55 ; Greep, '57). 

The importance of our observations is not minimized by the 
fact t.hat there is a lack of agreement with respect to the 
functioning of the hypophysis-adrenal system in young rats, 
in young mice and in premature human infants. In the pub- 
lished records, thc physiologic tests involved such " stressful'' 
stimuli as laparotomy and injected epinephrine ; they involved 
such responses as a dcpletion of the ascorbic acid in the 
adrenals, a drop in the number of circulating eosinophilic 
leucocytes and an increase in the output of urinary glucocorti- 
coid. Certain tests mere positive (Rinfret and Hane, '55a, 
'55b; Thompson and Blount, '54; Vonning, Randall and Gy- 
oragg, '49), and other tests were negative (Jailer, '50; Jailer, 
Wong and Engle, '51). 

The DCA treatment failed to exert any detectable effect 
upon the anterior lobe of the hypophysis. This obseravtion 
is in accord with the view that the hypophysis does not influ- 
ence the secretion of DCA and u7ith the published observations 
of other workers that in mammals the size of the hypophysis 

lo Certain hormones may be extracted from plaeental tissue--a hormone with 
drenal cortical activity (Johnson and Haines, '52), eortisonc and hydrocortisone 
(De Courcy, Gray and Lunnon, '52) and a hormone with cortiaotrophic activity 
(Jailer and Knowlton, '50; Opsahl and Long, '51; Assali and Hamermese, '54) ; 
these facts alonc do not necessarily shorn that such hormones influence the physi- 
ology of the fetus. 
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and the cellular appearance of it remain unchanged after DCA 
treatment (Carnes, Ragan, Ferrebee and 0 'Neill, '41 ; Kall- 
man and Gordon, '54.11 

SUMMARY AND CONCLUSIONS 

Implanted hydrocortisone retards the growth of the an- 
terior lobe of the hypophysis. The characteristics of this re- 
tardation are : a reduced volume of the lobe, poorly-defined 
cords of epithelial cells, a reduced diameter of these cells, a 
scant amount of cytoplasm in the cells, a distortion of some 
of the nuclei, a scarcity of mitoses and a reduced size and 
number of sinusoids. 

Implanted cortisone produces the same type of histological 
changes, but the magnitude of the changes is less than that 
caused by hydrocortisone. 

Bilateral adrenalecbomy of the fetus seems to induce an en- 
largement of the anterior lobe of the fetal hypophysis and an 
enhanced development of the hypophyseal cells and sinusoids. 

Maternal hypophysectomy may have a slight stimulatory 
effect upon the dcveloping anterior lobe, especially when 
judged by the volumetric data alone, but these data are inade- 
quate to solve this problem. 

Desoxycorticosterone acetate (DCA) does not exert any 
effect upon the anterior lobe. 

These observations constitute new evidence for  the existence 
of a functional reciprocal relation between the fetal hypoph- 
ysis and the fetal adrenal cortex in the rat. 
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PLATE 1 

EXPLANATION OF FIQURES 

Photographs 2-5 show transverse sections of the anterior hypophyses from 4 
fetal rats which were killed at the age of 21 days and 15 hours. The photographs 
are so oriented that the capsular region of each anterior lobc is at the observer’s 
left. The arrows indicate sinusoids which in turn mark out the cords of epithelial 
sells--eords which are most easily seen in figures 2 and 4. The hypoyhyses had 
been fixed in Bouin’s solution, sectioned a t  6 p  and stained with hemattuxylin and 
eosin. X 550. 

2 Anterior hypophysis of a female control (fctus 1834f). 

3 Hypophysis of an experimental male fetus which had been subjected to  Cmg 
hydrocortisone (fetus 1654e, group A). 

4 Hypophysis of an cxperimental male fetus which had been subjected to bilateral 
adrenalectomy (fetus 18479, group H). 

5 Hypophysis of a eontrol male from the same litter (fetus 1847~’ group H). 
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