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Following hypophysectomy of the rat, partial involution 
occurs in the zymogenic cells of the stomach (Baker and 
Abrams, '54), parotid gland (Baker and Abrams, '55), pan- 
creas (Baker and Pliske, '57) , submandibular gland (Lacas- 
sagne and Chamorro, '40 ; Grad and Leblond, '49) , and in the 
intestinal cells of Paneth (Baker, Kent and Pliske, in press).  
Insofar as they have been studied, enzyme synthesis is sup- 
pressed in these cells, also. The question of how the hypo- 
physis exerts its influence over zymogenic cells will be an- 
swered only when they are restored to normal in hypophy- 
sectomized rats by replacement therapy. 

The purpose of this report is to present the results of 
experiments in which somatotropin, corticosterone and thy- 
roxine were administered in combination. These hormones 
were selected for several reasoiis. Somatotropin has in- 
duced a significant but limited increase in weight of the pan- 
creas in hypophysectomized rats (Kinash et al., '53; Baker 
and Abrams, '55). The absolute weight of the parotid gland 
was increased, also, by somatotropin in hypophysectomized 
rats, although not out of proportion to the augmented body 
weight (Baker and Abrams, '55). Thyroxine was used be- 
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cause the presence of thyroid hormone is essential for the full 
expression on general body growth of the growt,h-promoting 
action of crude pituitary preparations or purified somatotro- 
pin (Astwood, 55) .  Similarly, adrenalectomy impairs body 
growth, showing that adrenocortical steroids (Rartman and 
Thorn, '30) probably play a similar role. Corticosterone was 
selected because it is the major steroid secreted by the rat 
adrenal cortex. 

MATERIALS AND METHODS 

Young, adult, female Sprague-Dawley rats were hypophy- 
sectomized and subsequently kept in individual cages. For 
the first 15 days after the operation each non-hypophysec- 
tomized rat  was fed each day the average amount of Purina 
Laboratory Chow consumed by the hypopliysectomized rats 
on the previous day. 

On the sixteenth day the rats in each experiment were di- 
vided into the following groups : (a )  hypophysectomized, 
vehicle-treated, (b) hypophysectomized, hormone-treated, and 
(c) non-hypophysectomized, vehicle-treated. Somatotropin 
was dissolved in distilled water (1.25 mg/ml) ; corticosterone 
in 0.9% NaCl (150 pg/ml) with one drop of Tween 80 being 
added/lO nil of saline as a suspending agent; and sodium 1- 
thyroxine pentahydrate was dissolved in distilled water (40 
yg/ml) with one drop of N/10 NaOH per 50 nil of solution 
being used to facilitate solution of the hormone. For treat- 
ment, 0.1 ml of the somatotropin solution (.125 mg), 0.1 ml of 
corticosterone (15 p g )  and 0.05 ml of thyroxine (2 pg) were 
drawn into a tuberculin syringe and administered together 
in one injection; the treatment was given twice daily, a t  
8 : 30 A.M. and 4 : 30 P.M. The non-hypophysectomized rats re- 
ceived an equal volume of 0.9% NaCl with Tween 80 and N/10 
NaOR being added in the amounts used for dissolving the 
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hormones. Treatment was continued €or 15 days with the 
animals being killed on the subsequent day. 

Two experiments were carried out. In  experiment I all 
rats were allowed to eat ad Zibituwt beginning on the day that 
horrnoiial treatment was initiated. In  experiment I1 the part 
played by increased food intake in facilitating the action of 
the hormones mas studied with the daily food intake of each 
rat  in the hypophysectomized, hormone-treated and non-hypo- 
physectomized, vehicle-treated groups being limited daily to 
the average amount consumed by the hypophysectomized, 
vehicle-treated rats on the previous day. All rats were al- 
lowed free access to water but no food for  18-24 hours before 
termination of the experiment. 

Organs were removed while the rats were under sodium 
amytal anesthesia. The stomach was dilated in situ with 
cold formalin-alcohol-acetic acid (FAA) and then immersed 
in this fluid for 48 hours. In a few cases I-Ieidenhain’s Susa 
was used. Salivary glands were fixed similarly. A portion of 
the pancreas was fixed in Bouin’s fluid. Sections of the stom- 
ach wall and of the salivary glands were stained with periodic 
acid-leucofuchsin (PAS) and counterstained with either meth- 
ylene blue in a citric acid-phosphate buffer (pH 5.8) or with 
1% toluidine blue. Sections of pancreas were stained with 
Gomori’s aldehyde fuchsin and counterstained by the Masson 
procedure. 

In  order to verify tlie completeness of hypophysectomy the 
pituitary area of all hypophysectomized, hormone-treated rats 
was sectioned ancl examined microscopically. Completeness 
of removal u7as proven in tlie liypopliysectomized, vehicle- 
treated rats by loss of body weight and failure to find pituitary 
tissue on gross examination of the pituitary area at necropsy. 
If there was any doubt concerning completeness of pituitary 
ablation, the area was sectioned ancl examined microscopically. 
All incompletely hypophysectornized rats were eliminated from 
consideration. 

The Student-Fisher t formula was used for statistical treat- 
ment of the data. €’ values of not greater than 5% were con- 
sidered significant. 
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OBSERVATIONS 

Body weight. The mean body weight of hypophysectomized, 
vehicle-treated rats was less at the end than at the beginning 
of both experiments (table 1). The hypophysectomized rats 
injected with somatotropin, thyroxine and corticosterone 
(STC) exhibited a 2270 gain in body weight if fed ad libitum 

TSBLE 1 

Erec t  of STC on the mean weights of the body  a%d pancreas 

- NO. RODY T I T .  
‘I’ICIIAT3IY .U T OF __ 

RATS Initial F ina l  

$,,I‘ ?,I y 
Exp. I ;  ad lib. 

Hyp.; veh. 8 165 i 2 l  142 +-3 377 i 23 2.6 & 0.2 
Hyp.; STC 7 1 6 8 2  4 2 0 5 k  6 842 i 62 4.2 +- 0.3 
Non-hyp. ; veh. 8 173 t 3  216 k 4  885 t 67 4.1 k 0.3 

Groups 1 vs. 2 
Groups 2 vs. 3 

Exp. II; pair-fed 
Hyp.; veh. 10 159 2 1 150 t 3 
Hyp.; STC 9 1 5 9 t 2  178 + 3  
Non-hyp. ; veh. 10 159 t 2 188 +-3 

Groups 1 vs. 2 
Groups 2 vs. 3 

P < 0.001 < 0.001 
P > 0.05 > 0.05 

345 i 29 
695 -C 30 
988 t 46 

2.3 2 0.2 
3.9 i 0.2 
5.3 i 0.3 

P < 0.001 < 0.001 
P < 0.001 < 0.001 

Hyp. = hypophysectomized. veh. = vehiclc. 
STC = somatotropin, thyroxine and corticosterone. 
G.W./B.W. = gland weight (nig)/body weight (gm) .  

Standard error of the mean. 

(experiment 1) and a 12% gain if  their food intake ~ v m  
restricted to that of the hypophysectomized, vehicle-treated 
rats (experiment 2). The gain for the non-hypophysectomized, 
vehicle-treated rats in these experiments was 25 and 18%, 
respectively. Thus, restriction of food intake to that of the 
hypophysectomized, vehicle-treated rats retarded the expected 
gain in weight of the liypophysectomizcd animals treated with 
STC. 



HORMONES AND ZYMOGENIC CELLS 393 

Parmeas.  With ad libitum feeding STC increased the 
mean weight of the pancreas from 377 mg to 842 mg (table 1, 
experiment 1). The latter weight was not significantly differ- 
ent from the mean of 885 nig for the non-hypophysectomized 
rats. The gland weight/body weight (G.W./B.W.) ratios were 
practically identical. Thus, STC elicited practically complete 
restoration of the pancreas when judged solely on the basis 
of its weight. However, when the food intake of the STC- 
treated rats was restricted to that of their hypophysectomized, 
vehicle-treated controls, the therapy was less effective. Al- 
though the absolute weight of the pancreas and the G.W./R.W. 
ratios were increased significantly (table 1, experiment a) ,  
they did not reach the level shown by the pancreas of the 
non-hypophysectomized rats. The differences in absolute 
weight of the pancreas and in the G.W./B.W. ratios between 
the hypophysectomized, STC-treated and non-hypophysec- 
tomized, vehicle-treated rats were significant at the 0.1% 
level. Thus, STC can restore the weight of the pancreas in 
hypophysectomized rats to normal, providing free access to  
food is permitted. 

As compared with non-hypophysectomized rats, the acinar 
cells of hypophysectomized rats were much reduced in size, and 
depleted of zymogenic granules and basal ergastoplasm (figs. 
1 and 2). Nuclei were somewhat smaller. With ad libiturn 
feeding, a striking restoration of these characteristics toward 
normal occurred in all hypophyscctomized rats treated with 
STC. Especially significant were enlargement of the basal 
portion of the cell and increase in the amount of ergastoplasm. 
Although in many cases the number of zyniogenic granules 
was approximately that of the non-hypophysectomized rats, 
usually this level was not reached. Nuclei and some nucleoli 
were enlarged, many nuclei becoming larger than those in 
the non-hypophysectomized rats. I t  seemed probable that the 
therapy induced polyploidy. If food intake was restricted, 
the response was similar except that a limited increase oc- 
curred in the number of zymog.cnic granules (fig. 3). 
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Parot id  glamd. Treatment with STC caused a marked ele- 
vation in weight of the parotid gland which with pair-feeding 
gave absolute weights and G.W./B.W. ratios in the hypophy- 
sectomized, liormone-treated group which were identical with 
those of the non-hypophysectomized, vehicle-treated group 
(table 2, experiment 2). With ad libitum feeding both of these 
values were less for the hypopliysectomized, hormone-treated 
group than for the non-hypophysectomized, vehicle-treated 
animals although the differences between them were not sig- 
nificant at the 5% level. 

The major cytological change observed in the parotid gland 
after liypophysectomy was reduction in size of epithelial 
cells with depletion of zymogenic granules (figs. 4 and 5). 
The degree of restoration in these parameters following STC 
therapy of hypophysectomized rats varied from animal to 
animal and among different acini within a single gland. 
I n  2 of 7 rats of experiment 1 and in 7 of 9 treated rats of 
experiment 2 the size and granulation of the acinar cells 
had returned to the state seen in the non-hypopliysectomized 
rats (fig. 6). All of the remaining STC-treated rats sliowed 
variable degrees of improvement. 

Subnzmdibu lar  glund. After treatment of hypophysec- 
tomized rats with STC, the absolute weight of the submandi- 
bular gland and the G.W./B.\V. ratio were greater than in 
the rats which were hypophysectomized and given the vehicle 
(table 2). Nevertheless, tlicse values for the hormone-treated 
rats were still significantly less than those for the non- 
hypophysectomized groups. The differences between these 
groups were affected little by the type of feeding. 

After hypophysectomy the epithelium of the serous ducts 
and of the intercalated ducts was degranulated almost com- 
pletely, with a marked reduction in size of the cells. The acini 
~ 7 e r e  somewhat smaller and stained less intensely with PAS. 
Treatment with STC induced only a slight restoration of the 
granules in the serous tubules, no significant change in the 
intercalated ducts, a mild enlargement of the acini and in- 
crease in the intensity of the PAS reaction. Thus, the hor- 
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mones failed to eff cict complete recovery of submandibular 
structure. 

Gastric chief cells. Following hypophysectomy, gastric 
chief cells were small and depleted of pepsinogen granules 
and cytoplasmic ribonucleic acid, the latter being revealed 
by reduced basophilia (figs. 7 and 8). I n  experiment 2, 6 of 
the 9 hypophysectomized ruts which received STC showed 

TABLE 2 

Effect  of STC on the mean weights  of submandibular and parotid glands 

- SUBXSNI>IBULdR PARO'I'ID 
TREATMENT 

Gland  G.W./B.W. Gland  Ci.W./B.W. 

rrry mg 
Ezp. I ;  ad lib. 

Hyp.; veh. 93 f 4' 0.66 -t 0.03 77 f 7 0.54 f 0.05 
Hyp.; STC 159 f. 6 0.78 f 0.04 158 ? 13 0.78 C 0.06 
Non-hyp. ; veh. 191 t 5 0.85 & 0.02 188 f. 15 0.86 ? 0.07 

Groups 1 vs. 2 
Groups 2 vs. 3 

Exp. II; pair-fed 
Hyp.; veh. 
Hyp.; STC 
Non-hyp. ; veh. 

Groups 1 vs. 2 
Groups 2 vs. 3 

P < 0.001 
P > 0.05 

100 ? 6 
143 ? 6 
180 f 5 

P < 0.001 
P < 0.001 

< 0.05 < 0.001 < 0.01 
> 0.05 > 0.05 > 0.05 

0.67 f 0.04 95 ? 10 0.63 f 0.07 
0.81 2 0.03 176 ? 11 0.99 ? 0.06 
0.96 & 0.02 177 & 1 6  0.99 2 0.08 

< 0.05 < 0.001 < 0.02 
< 0.001 

Hyp. = hypophysectomized. 
STC = somatotropin, thyroxine and corticosterone. 
G.W./B.W. = gland weight (mg)/body weight (gm)  

veh. = vehicle. 

Standard error of the mean. 

definite cellular eiilargemc~nt and partial regranulation, the 
latter change being revealed by an increase in apical vacuola- 
tion since fixation in FAA did not preserve zymogenic gran- 
ules in these cells (fig. 9).  In these cases, cytoplasmic baso- 
philia, which is due to  the presence of ribonucleic acid, was 
also increased in intensity. However, in nolie of these G ani- 
mals were the chief cells brought back to the structure oh- 
served in non-hypophyscctomized rats. A similar degree 
of recovery was induced by STC in experiment 1. 
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DISCUSSION 

Pancreas. The results reported herein represent the most 
successful restoration of pancreatic weight in hypophysec- 
tomized rats yet observed following the administration of 
purified or  pure hormones. Utilization of several different 
types of growth hormone preparations by Kinas11 e t  al. ( ' 53 )  
and Baker and Abrams ('55) effected a significant increase 
in weight of the pancreas. However, the pancreas was not 
restored completely and the former investigators concluded 
that " . . . some further factor not present in the growth 
hormone preparations appears to be required. " Treatment 
with cortisone also has been found to increase pancreatic 
weight in hypophysectomized rats (Iiinash and Haist, '54 ; 
Baker and Abrams, '55) even though loss of body weight 
occurred a t  the same time. Again normal values were not 
attained. Although much evidence indicates that the thyroid 
gland influences the histology and function of the exocrine 
portion of the pancreas (Bicknell and Baker, unpublished), 
there are no reports of complete restoration of pancreatic 
weight in hypophysectomizecl rats by the administration of 
thyroid substance. Our numerous attempts to accomplish this 
by the injection of low doses of thyroxine have failed. Feed- 
ing of desiccated thyroid in doses sufficiently large to reduce 
the body weight of hypopliysectomized rats elicited a striking 
increase in weight of the pancreas (Kinash and Haist, '55). 

Comparison of the results obtained in the two experiments 
shows clearly the importance of food intake in facilitating 
the action of hormones on the pancreas, since restriction of 
food intake to the low level of non-treated hypophysectomjzed 
rats prevented full restoration in weight of the pancreas. 
The capacity of the gland to develop its normal store of 
zymogenic granules also is partially dependent on food in- 
take since in the STC-treated, hypophysectomized animals 
fed ad libitum the number of granules was more nearly nor- 
mal than in those whose food intake was restricted. Two 
important inferences may be drawn from these observations. 
First, the profound atrophy which typifies the pancreas of 
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hypophysectornized animals is due in part to their reduced 
appetite. Second, since zymogenic granules represent stored 
enzymes or their precursors, in order to effect an approxi- 
mately normal level of enzyme synthesis and storage by 
treatment of hypophysectomized rats with STC, voluntary 
eating must be allowed. 

Implantation of pituitary glands into hy- 
pophysectomized rats profoundly stimulated the parotid gland 
(Baker and Pliskc, '57). Treatment with somatotropin 
alone for 7 days increased the absolute weight of the gland 
but not out of proportion to the increase in body weight 
(Baker and Abrams, ' 5 3 ) .  Clarification of the pituitary-paro- 
tid gland relationship is important because of the postulation 
that secretion of the hormone, parotin, by the parotid gland 
mediates tlie action of pituitary growth hormone (Ito, '54). 
A significant role for somatotropin in maintaining the parotid 
gland is indicated by the capacity of STC to restore to normal 
parotid weight in hypophysectomized rats in spite of limita- 
tion in food intake. We cannot explain why the therapy was 
less sucessful in increasing weight of the gland when free 
access to  food was permitted. 

The incapacity of STC to bring the 
subniandibular gland back to normal was expected, since 
Grad and Leblond ('49) have demonstrated the important 
role of testosterone in maintenance of the serous ducts. 
Atrophy of these ducts accounts primarily for the loss in 
weight of the gland after hypophysectomy. 

I n  contrast to the significant repair 
effected by STC in the pancreas and parotid gland, the limited 
and variable success achieved with gastric chief cells suggests 
that other unknown factors exist which are necessary in order 
to maintain the normal structure and activity of these cells. 
Because of this observation and previous failure to effect com- 
plete restoration with somatotropin alone (Baker and Abrams, 
'55), the report by Kyle and Wellsourn ( '33) that administra- 
tion of somatotropin, corticotropin or cortisone will restore to 
normal tlic volume and pH of gastric juice in hypophyscc- 

Purotid glawd. 

Submawdibular gland. 

Gastric chief cells. 
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tomized rats, should not be interpreted to mean that the gast- 
ric mucosa of their rats was completely normal. 

The recent successful repair of the atrophic bone marrow 
and correction of the anemia of hypophysectomized rats 
(Meineke and Crafts, '57) by treatment with growth hormone, 
thyroxine and cortisone, suggests that erythropoiesis and 
maintenance of pancreatic and parotid histology require 
a similar hormonal support. 

SUMMARY 

Following hypophysectomy, zymogenic cells undergo par- 
tial involution. I n  the present experiments restoration was at- 
tempted in hypophysectomized rats by treatment with sorna- 
totropin, thyroxine and corticosterone, the hormones being 
mixed before administration and injected into a single site. 
I n  one experiment all rats were allowed to eat ad libitum ; in 
another, food intake was restricted to that of the hypophysec- 
tomized, vehicle-treated rats. Almost complete structural 
recovery was effected in the pancreas if food intake was not re- 
stricted. Complete recovery in weight and marked improve- 
ment in cytology of the parotid acini occurred in spite of food 
restriction. The epithelium of the serous tubules in the sub- 
mandibular gland showed only a slight return toward nor- 
mal. Many gastric chief cells were enlarged and contained 
more zymogenic granules and cytoplasmic ribonuclcic acid 
than in hypophysectomized, vehicle-treated rats. However, 
the response was irregular and invariably did not reach the 
condition of the non-hypophysectornized rats. I t  was con- 
cluded that somatotropin plays a significant role in main- 
tenance of the parotid gland and pancreas and that thyroid 
and adrenocortical hormones support its action on these 
glands. 
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PLATE I 

EXPLANATION O F  FIGURES 

The specimens for figures 1-3 were fixed in Bouin’s fluid and stained with 
Gomori’s aldehyde fuchsin and the Masson procedure; those for figures 4-6 were 
fixed in FAA and stained with PAX and methylene blue, and those for figures 
7-9 were fixed in  FAA and stained with PAS and toluidine blue. X 670. All 
specimens are from pair-fed animals (experiment 2) .  

Paacreas from a non-liypophysectoniized rat. Acinar cells are filled with 
zymogenic granules and have extensive basal ergastoplasm. 

Pancreas from a hypophysectomiaed, vehicle-treated rat. Compared with 
figure 1, the acini are small and depleted of granules and ergastoplasm. 

Pancreas from a hypophysectoniized, STC-treated rat. The size of epithelial 
cells approximates normal, granules are increased over the number in figure 2, 
and much of the ergastoplasm is restored. Xome nuclei (arrow) are greatly 
enlarged. 

Parotid gland from a non-liypophysectomizpd rat. I n  the acinar epithelium, 
basophilia is distributed diffusely between zymogenic granules which are 
stained faintly with PAS. Some zymogenic granules were not fixed, leaving 
vacuoles in  the cytoplasm. The epithelium of the centrally located inter- 
calated duct contains granules (black) stained with PAS. 
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PIATE 2 

EXPLANATIOI ON' PIOUBMS 

Parotid glaiid from SL Iiyyoplir.xlc~touiized, vehicle-treated rat. Compnred with 
figure 4, acinnr epitlic4ial cells are smnllcr and partially depleted of zyinogeuie 
grniiules. 

Parotid gland from :L Ii?.l)oyliycrcr?toiuiz~(~, STC-trcatd rat. Aciiinr cells 
closdy rescuible tliosc of figure 4. 

Glsutlulnr stouiacli from :L noii-liSl~ol~li~x~r?toniized rat. Yepsiuogeu granules 
in the chief cells are not preserved by the fixative but their iiuniber nud size 
nrc indicated by the apical vncuoles. Therc is iutaise basal hasophi1i:i. 

Glandular atoniacli froin a liSpophysectomizcd, vehicle-treated rat. Chief 
cells iire reduced in size nud li:ive fewer npienl vneuolcw :ind less 1~:icrophili:i. 

Gluiidular stomach froiii ;L liypopliyscctoniizc, BTC-treated rat. Ax coiii- 

pared with tliocre iii figure 8, tlie chief cellx are eulnrged, coutaiu iiiorc* :i.pi'ic:il 
vsc~uolw ~ i i d  b:isaI b:ixopliili:i. Howevcr, they a.re uot restored to tlie couclitioii 
of thoxe in  5gurc 7. 
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