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Tlie effect of hypophysectomy on the histology of the ad- 
renals has not been studied in the hamster. I n  several other 
species, the cells of the medulla show little histological change 
(White, ' 33;  NcPhail, '35;  Crooke and Gilmour, '38;  Reese 
and  Moon, '38) .  Houssay and Mazzocco ( '33)  reported that 
the coilcentration of epinephrine is not decreased in  the mc- 
dulla of the dog after lippophysectomy. On the other hand, 
Smith ( ' 3 0 )  observed that the volume of the medulla of long- 
term hypophysectomized rats  is 50% less than that of the 
adreiials of normal animals; he concluded that the medulla 
of young hypophysectomized animals does riot develop at a 
normal rate. Cutuly ( ' 3 6 )  also found that the calculated 
weight of the medulla of young female rats was 42% less 
than that of control animals 30 days after hypophysectomy. 

Nevertheless, the adrenals of all species which have been 
studied exhibit a profound decrease in weight. This is ac- 
companied by a reduction in thickness of the cortex and in  
the size of its individual parenchymal cells. Smith ('30) 
found the total volume of the cortex in the female rat to be 
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reduced by 80%. Observations in  other species are  in gen- 
eral agreement with these findings in tlie rat. This atroph~-,  
which involves primarily the zona fasciculata and zona reticu- 
la rk ,  is associated with a diminution in size and number of 
mitochondria in the rat (Deane and Greep, '46) and mouse 
(Miller, ' N ) ,  and with changes in form of the Golgi apparatus 
(Reese and Moon, '38 ; Greep and Deane, '49). 

Lipid droplets are  present in  the cortical cells of almost 
all mammals (Bourne, '49) and show significant alterations 
after hypophysectomy. In  normal glands the droplets arc 
sudanopliilic aiid stain with reagents used for the denion- 
stration of alclehydes, including leucofuchsin (Schiff reaction 1, 
2-4-dinitrophenylhydrazine and 2-hydroxy-3-naphthoic acid 
hydrazicle. They fluoresce in ultraviolet light, are  birefrin- 
gelit aiid associated with positive reactions for  cholesterol. 
All of these tests a re  negative after prior extraction with ace- 
tone. On the basis of these and other observations, it is bc- 
lieved that tlie lipid droplets contain neutral fats, unsatu- 
rated fatty acids, cholesterol and its esters, and lipid 
aldehydes, the exact identity and origin of the latter not 
being fully understood (Gomori, '52b). The hormones se- 
creted by the cortex are  ketosteroids, and since they possess 
chernical arid physical properties which give positive reac- 
tions to one or more of the above iiamed reagents, Beniiett 
('40) and Dcrnpsey ( '45) have suggested that glandular cells 
mliich arc  positive to all of these tests contain ketosteroids 
in addition to precursors aiid nictaholically related coin- 
pounds. Otliei* investigators hold that the presence of auto- 
fluorescent, birefringent and Schiff-positirc material does not 
indicate that a gland contains steroid hormones (Knonff, 
Brown and Schiieider, '41 ; Albert and Leblond, '46 ; Claes- 
son and Hillarp, '47 ; Skelton, Fortier and Selye, '49 ; Ros- 
cott and Mandl, '49 ; Feldman, '50 ; Gomori, ' a b ) .  Regardless 
of the chemical meaning of these reactions, all of them are  
reduced in the zona fasciculata of the ra t  after hypophpsec- 
tomy (Deane and Greep, '46). 
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In contrast to the clear-cut involution of the zona fascicu- 
lata which occurs in all forms after hypophysectomy, there 
is disagreement concerning the extent of pituitary control 
over the zona glomerulosa. Swann ('40) and Deane and 
Greep ('46) believe that this zone functions autonomously in 
the rat  and secretes a hormone which regulates electrolyte 
metabolisni. After hypophysectomy, it becomes thicker and 
retains its fluorescence, birefringence and sudanophilia (Simp- 
son, Evans and Li, '43 ; Deane and Greep, '46), alkaline phos- 
phatase activity (Dempsey, Greep and Deane, '49) and 
ascorbic acid (Deane and Morse, '48). When pituitary 
corticotropin is administered (Bergner and Deane, '48)' or 
its endogenous secretion accelerated by feeding vitamin- 
deficient diets (Deane and McKibbin, '46; Deane and Shaw, 
'47; Olson and Deane, '49), lipid is depleted from the zona 
fasciculata but not from the zona glomerulosa. At higher 
doses of corticotropin, birefringent material may be increased 
in the latter region (Weaver and Nelson, '43). 

The autonomy concept of the zona glomerulosa as studied 
in the rat is supported by the observation that after hypophys- 
ectomy it remains histologically normal in the dog (Honssay 
and Sammartino, '33)' mouse (Jones, 'SO) and guinea pig 
(Schweizer and Long, 'SO). However, Jones ( '50) and Schwei- 
zer and Long ('50) observed that the lipid content of this 
zone in the mouse and guinea pig, respectively, is reduced 
soon after hypophysectomy. Lane and de Bod0 ('52) reported 
that the zona glomerulosa of the dog undergoes an atrophy 
and a loss of lipid equal to that exhibited by the zona fas- 
ciculata. Therefore, it remains unsettled whether tlie appar- 
ent freedom from pituitary control exhibited by the zona 
glomerulosa of the rat  is peculiar to this species or is char- 
acteristic of others as well. 

Investigation of the adrenal cortex of the hamster after 
hypophysectomy shows promise of aiding in the solution of 
these problems because it differs from that of other labora- 
tory animals in the following important respects. (A) The 
usual sex difference in adrenal weight is reversed; from the 



tinie of sexual maturity the adrenal of the male enlarges un- 
til it rnay outweigh that of the female by G5% (Kupperman 
and Grcenblatt, '47). (B) Histochemically demonstrable cho- 
lesterol and sudanophilic lipid are absent from the normal 
adrenal (Peczenik, '44 ; Alpert, '50 ; Texler, '51). ( C) Cho- 
lestcrol and sudanophilic lipid appear in the cortex of liam- 
stem infected with Leishmania donovani (Leathern and Stau- 
ber, '52) or clironically treated with diethylstilbestrol (Koneff, 
Sirripson and Evans, '46; Alpert, '50). (D) The role of the 
adrenal hormones in maintenance of life appears to differ 
fi.oin tliat in other species. Progesterone is more effective 
tlian desosycorticosterone acetate in maintaining the adre- 
nalectomized hamster (Snyder and Vyman, '5la). Saline 
drinking water does not affect the serum sodium or prolong 
life after adrenalectoiiiy ; serum sodium remains normal after 
adrenalectoiny but urinary potassium is decreased and se- 
rum potassiuni is increased. The retention of potassium is 
not alleviated by desosycorticosterone acetate (Snyder and 
TVyrnan, 'Zlb). 

XATERIAL AND METHODS 

Thirtytwo male and 30 female hamsters (Mesocricetus 
aurcrtzrs), averaging 75-90 gm in weight, were hypophysec- 
torriized by the parapharyngeal approach. The technique de- 
scribed by Thompson ('32) for the rat  was used with only 
minor necessary modifications. Bleeding from the dural si- 
nuses was the major obstacle to a clear view of the hypophy- 
sis. In the absence of excessive bleeding, recovery was rapid 
and no special caw of the animals was necessary. Littermate 
controls were used in the majority of cases. All animals re- 
ceived Purina Laboratory Chow and water ad libitum, with 
a weekly supplement of lettuce, oranges and cod liver oil. 
Frequent observations were made of the general physical con- 
dition, activity, and status of the hair and costovertebral spot. 
The external genitalia, testes and vagina were observed dai1;v 
in several groups of experimental animals. 

Autopsy was performed 30 and GO days later under ether 
anesthesia. The right adrenal was dissected out and the ani- 
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ma1 exsanguinated by cutting the renal vessels. Then the 
other adrenal was removed, trimmed of fat, and the two 
glands were placed in weighing bottles filled with fixing fluid. 
The difference in weight of the bottle and fluid before and 
after addition of the adrenal is the wet weight of the gland. 
This weighing procedure is necessary to avoid the cytologi- 
cal artifacts produced by excessive handling and rapid drp- 
ing of an  organ as small and friable a s  the adrenal of the 
hamster. Other organs were weighed after being freed of 
connective tissue and fat. 

After fixation in Bouin’s fluid, the head was decalcified 
with 57% trichloracetic acid, triinmed to the area of the pi- 
tuitary capsule and surrounding bone, embedded and sec- 
tioned serially at 10 p. These preparations were studied mi- 
croscopically in order to determine the completeness of 
pituitary ablation. The hypophyses, pituitary capsules and 
surrounding bone of 4 control males and 4 females were pre- 
pared in the same manner. All sections were stained by the 
trichrome technique of Masson ( ’28). 

The volumes of the hypophyseal fragments remaining in 9 
females, 30 days after hypophysectomy, aiid in 10 males, 60 
days after hypophysectonip, were determined by making cam- 
era lucida drawings ( x  150) of the fragments of pars  dis- 
talis in every 5th section of the serially sectioned pituitary 
capsules. The areas of these drawings were measured with 
a planimeter and the true volume calculated. I n  order to ex- 
press these fragments in terms of per cent of the total hy- 
l)ophysis, the volunies of the pars  distalis, pars intermedia 
and pars nervosa of 4 control males aiid 4 females were meas- 
ured in the same iiianiiei- except that a lower magnification 
( x  66) was used in making the drawings and the area of 
every 10th section was measured. The sum of these deter- 
ininations represents the total volume of the gland. 

The following procedures were used in preparing adrenals 
for histological study: fixation in  Bouin’s fluid and staining 
with hematoxylin and eosin or  by the Masson technique ; fixa- 
tion in formol-Zenker, post chromation in 3% potassium di- 
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chromate and staining with phosphotungstic acid hematoxy- 
l in;  or  fixation in  Regaud's fluid (two days), post-chromation 
for two days, embedding in  celloidin and paraffin and staining 
with iron hematoxylin, Sudan black B, Sudan I V  or with the 
Altmanii acid fuchsin technique for mitochondria as modified 
by Severinghaus ('33). The glands were sectioned at 3 to 7 p. 
Adrenals of several control animals were fixed in picro- 
alcohol-formalin and stained with the periodic acid-leuco- 
fuchsin method for polysaccharides (Hotchkiss, '48). 

Five to 8 p frozen sections of adrenals fixed in 10% for- 
inalin were used for several lipid stains including Sudan 
black B, Sudan IV, Tile blue sulfate, the Schultz ('24) test 
for cholesterol, the Schiff reaction, 2-4-dinitrophenylhy- 
drazine (Albert and Leblond, '46) and the Ashbel-Seligman 
technique (Ashbel and Seligman, '49 ; Seligman and Ashbel, 
'XI). The latter three reactions demonstrate aldehydes ; with 
these procedures other sections of each gland were extracted 
with absolute acetone, chloroform or pyridine at room tem- 
perature for periods up  to 5 days, before or  after staining, 
in order to test the solubility of the reactive material. With 
all stains for lipids, sections of adrenals of normal ra ts  and 
dogs were mounted on the same slide with sections of the 
glands from hamsters. The reactions observed in these "con- 
trol , '  r a t  and dog sections served to corroborate the results 
of other investigators and also to insure that the prescribed 
staining conditions were present. Fo r  example, the validity 
of the observation of sudanophobia in the adrenal of the ham- 
ster was strengthened by the presence of sudanophilic lipid 
in the sections of the adrenals of ra ts  and dogs which were 
mounted on the same slide. Phospholipids were demonstrated 
by the acid hematein method of Baker ( '46), one adrenal he- 
ing fixed in calcium formaldehyde and the contralateral gland 
in weak Rouin's fluid for the pyridine extraction test. Ser- 
era1 control adrenals were fixed in forniol-Zenker-osniic acid 
to demonstrate osmiophilic lipid. Other sections of both fresh 
and formalin-fixed adrenals were mounted unstained and es- 
aiiiined with the polarizing microscope for birefringence. 
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Alkaline phosphatase activity was demonstrated by the 
niethod of Gomori ( '39), using chilled 80% alcohol as a fixa- 
tire. Sections were incubated a t  37°C. with sodium glycero- 
phosphate for 3 and 24 hours a t  p H  9.2. 

The relative involution of the cortex and iiiedulla was de- 
termined by measuring the area of each region with a pla- 
nimeter on tracings of projected sections ( X  90). Sections 
of greatest area were selected from serially-sectioned, Bouin- 
fixed glands. 

OBSERVATIONS 

The q2orntcil crdrenal cortex 
General histoZogy. The adrenal of the hamster possesses 

a capsule composed primarily of fibroblasts and collagenous 
fibers. The capsule varies regionally in thickness, often con- 
sisting of only a few thin fibers and small, flattened fibro- 
blasts. Elsewhere on a gland i t  is thicker and may be dif- 
ferentiated into an outer layer of dense connective tissue 
and an  inner layer of loose connective tissue in which cells 
predominate. Delicate strands extend from the capsule be- 
tween the clusters of glandular cells which compose the zona 
glomerulosa. More prominent sheaths of connective tissue 
accompany the vessels and nerves which pass into the cor- 
tex. Frequent nodules of parenchymal cells are  found in the 
capsule and range in size from small groups of three or 4 
cells to nodules measuring 300 1-1 in diameter. The larger ones 
appear to lose their connective tissue investment and become 
continuous with the cortical parenchyma. I n  preparations 
fixed in Bouin's fluid and stained with the Masson procedure, 
the cytoplasm of cells in smaller nodules stains lightly and 
is vacuolated. Nuclei vary widely in  size and shape. The 
staining properties and appearance of these cells are  similar 
to those of the cells of the zona glomerulosa (fig. 4).  Larger 
nodules a re  often differentiated into two zones, a peripheral 
one composed of glomerulosa-like cells and an inner one con- 
sisting of larger, more deeply stained cells. These latter 
cells resemble those of the zona fasciculata since their cpto- 
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plasm is finely granular and iion-vacuola ted, and their nnclci 
are uniformly spherical. 

The zona gloiiierulosa is made up of a narrow band of cells 
which are arranged in clusters and cords a t  the outer border 
of the gland (figs. 2, 4) .  Frequently tlie zona fasciculata ex- 
tends almost to the capsule with only a few, flattened cells 
of the zoiia gloiiierulosa intervening. I n  Bouin-fixed glands 
the membranes of the cells i n  the zoiia glomerulosa a re  in- 
distinct. \Vith all stains used, the cytoplasm is delicate, vacuo- 
lated and more lightly stained than that of the cells in the 
zona fasciculata and zona reticularis (figs. 2, 4). When fixed 
in Regaud’s fluid and stained with iron hematoxylin, the in- 
tracellular vacuoles are  more clearly defined and tend to be 
located in that portion of the cell adjacent to a sinusoid. The 
nuclei exhibit a wide range of sizes and shapes. In  those 
locatioiis where the capsule is differentiated into dense and 
loose layers, the cells of tlie zona glomerulosa often seem to 
have arisen from tlie capsular connective tissue. 

Between the zoiia glomerulosa and the zoiia fasciculata is 
a narrow and often inconspicuous band of small cells, flattened 
in a plane parallel to the capsule, whicli is designated as a 
traiisitional zone (fig. 25). This term is suggested becausc 
the component cells possess characteristics which blend with 
those of both neighboring zones. The term ‘‘ sudanophobic” 
cannot be applied to this region as it is in the rat, because 
the cortex of the hamster contains no free sudanophilic lipid. 
The nuclei of these cells a re  generally smaller and darker 
than those of the zona glomerulosa and zona fasciculata. The 
presence of transitional cells is more apparent in areas where 
the constituent cells of the zona glomerulosa and zona fascicu- 
lata are  joined in a continuous coluinii. 

The zoiia fasciculata comprises most of the cortex and is 
composed of radially arranged columns of cells separated by 
narrow sinusoids. The cells of the outer portion of the zone 
are  somewhat larger than those in the inner half. As com- 
pared with other forms, the absence of cytoplasmic vacuola- 
tion in the zona fasciculata and zona reticularis is perhaps 
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the most striking feature. When 3 to 4 p sections are stained 
by the Masson procedure employing light green as one con- 
stituent dye, the cytoplasm contains discrete green bodies 
which vary slightly in size in different cells (fig. 27). The nu- 
cleus often lies in the part of the cell which borders a sinusoid. 
A clear juxtanuclear network is present in some cells and is 
believed to be the negative image of the Golgi apparatus (fig. 
27). 

The zona reticularis is not delineated sharply from the zona 
fasciculata. A sex difference does exist in the zona reticu- 
laris. I n  the female it consists of small, closely packed cells 
with densely grranged nuclei. Many cells possess coarse, eo- 
sinophilic cytoplasm and pycno tic nuclei or lipochrome pig- 
ment; others are vacuolated. A layer of connective tissue 
which is generally present at  the cortico-medullary boundary 
increases in thickness with age. I n  the male, the cells of the 
zona reticularis are larger, with abundant cytoplasm and ve- 
sicular nuclei. The innermost cells are associated more inti- 
mately with the medulla than in the female, the intervening 
connective tissue being sparse. Regressive changes are less 
frequently observed than in the female. 

Nerve fibers are particularly abundant in the hilar peri- 
adrenal connective tissue, from where they spread into the 
capsule o r  penetrate immediately into the cortex, usually ex- 
tending into the medulla. 

Liposomes. When adrenals are fixed in Regaud’s fluid and 
post-chromated the zona fasciculata and zona reticularis stain 
intensely with iron hematoxylin, Altmann’s acid fuchsin and 
Sudan black B (figs. 18, 19).  In  contrast, the zona glomeru- 
losa stains lightly. The structures revealed in the cortical 
cells by these procedures are liposomes and mitochondria. 

The liposomes found in the cells of the zona fasciculata and 
zoiia reticularis are small, spheroid bodies which, after fixa- 
tion in Bouin’s or Regaud’s fluid, resist extraction in alcohol. 
When stained with iron hematoxylin or acid fuchsin the sec- 
tions can be dehydrated and cleared without destaining the 
liposomes; after Sudan black B, equally precise results are 
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obtained but sections cannot be dehydrated since the dye is 
removed by alcohol. On the basis of these properties, lipu- 
sornes of the cortex of the hamster appear to be morphologi- 
cally similar to liposomes described in the rat by Greep and 
Deane (’49). To others the term “liposoine” has a different 
connotation, being used to denote any of the demonstrable 
lipid material in the adrenal cortex of the guinea pig (Hoerr, 
’36b) or lipid droplets which are  removed by fat solvents (da 
Costa, ’51). 

The zona glomerulosa and small capsular nodules are  de- 
void of liposomes. The walls of the vacuoles revealed in the 
cells of the zona glomerulosa by Regaud fixation stain in- 
tensely with Sudan black B, appearing in the form of cres- 
cents and rings (fig. 22). There are, in addition, small uni- 
formly colored droplets. With iron hematoxylin or acid 
fuchsin, the crescents and rings are  not stained (fig. 25). 

Small liposomes are  present in the cells of the transitional 
zone (fig. 25). The cells of the zona fasciculata contain in- 
tensely stained liposomes which a re  larger than those of the 
transitional zone. They are  distributed throughout the cyto- 
plasm except for a clear triangular or crescentic juxtanuclear 
area (fig. 23). Considerable variation in  size and number ex- 
ists from cell to cell and to a lesser degree within individual 
cells. I n  the female, liposomes a re  found throughout the en- 
tire zona fasciculata and zona reticularis. I n  the male, dis- 
crete liposomes occur in  the outer half of the zona fasciculata 
(fig. 19). I n  the inner par t  of the zona fasciculata and in the 
zona reticularis the cytoplasm stains diffusely with iron hema- 
toxylin ; larger lightly-stained liposomes a re  present in some 
cells. 

Mitochovdria. After fixation in Regand’s fluid and stain- 
ing with iron hematoxylin, the mitochondria are  distributed 
randomly (fig. 23). They are  smaller than liposomes, rather 
constant in  diameter and have the shape of granules, short 
rods or filaments. The granular and rod-like mitochondria 
are  often arranged in short chains. The smallest spherical 
body considered to be a liposome is about twice the diameter 



HYPOPHYSECTOMY O F  THE HAMSTEE 235 

of the granular mitochondria. No staining procedure has 
been found which will differentiate mitochondria from lipo- 
somes o r  selectively demonstrate one without the other. There- 
fore, size, shape and arrangement are the only criteria avail- 
able for the differentiation of liposomes from mitochondria. 

Since liposomes are not present in the zona glomerulosa, 
mitochondria are seen readily. The small, granular mitochon- 
dria have no regular positional relationship to the vacuoles 
in these cells. The mitochondria in capsular nodules are often 
more prominent than those in the zona glomerulosa. 

In  the transitional zone and outermost part  of the zona 
fasciculata the differentiation between mitochondria and lipo- 
somes is difficult since the liposomes are small and the mito- 
chondria are usually granular. I n  the mid-portion of the 
zona fasciculata the mitochondria are frequently rod-shaped 
and arranged in short chains. In  the inner half of the cor- 
tex of the female mitochondria are fewer, but similar in size 
and shape to those in the outer portion of the zona fasciculata. 
In the male, mitochondria are likewise reduced in number and 
difficult to distinguish clearly. , 

Lipid. Frozen sections of formalin-fixed adrenals of both 
males and females do not stain with Sudan black B or Sudan 
IV. Because occasional multivacuolated cells appear in the 
zona fasciculata of Bouin-fixed sections stained with the Mas- 
son procedure, special care was taken to  determine whether 
these vacuoles contain sudanophilic lipid as described by Pec- 
zenik ( ’44). No Sudan-colored droplets were found. The ap- 
pearance of sudanophilic pigment under experimental con- 
ditions as described by Alpert ( ’50) was not observed in my 
animals. With Nile blue sulfate, the zona fasciculata and zona 
reticularis are uniformly blue; the zona glomerulosa is pale 
or colorless. The Schultz reaction for cholesterol is negative. 
Birefringence is absent from sections of both fresh and 
formalin-fixed glands. I n  contrast to these negative results 
with the hamster, the “control” sections of adrenals of the 
dog and rat mounted on the same slide present positive reac- 
tions with Sudan black B, Sudan IV, Nile blue sulfate and 
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the Schultz procedure ; they exhibit birefringence when ex- 
amined with the polarizing microscope. The distribution of 
sudanophilia, cholesterol and birefringence as seen in the ad- 
renals from rat  and dog agrees with the descriptions of Simp- 
son, Evans and Li ('43), Deane and Greep ('46) and others 
for the rat and Houssay and Sammartino ('33), Lane and 
cle Bod0 ( ' 5 2 )  and others for the dog. 

The zona fasciculata and zona reticularis of the hamster 
color intensely and uniformly with the Schiff reagent ; the 
zona glomerulosa stains weakly (fig. 10). Prior treatment 
with mercuric chloride does not alter this result. With 2-4- 
dinitrophenylhydrazine there is produced a pale yellow color 
throughout the entire cortex. TVith 2-hydroxy-3-naphthoic 
acid hydrazide the zona fasciculata and zona reticularis are 
stained blue with the former zone being somewhat darker, 
the zona glomerulosa is either faint or not stained (fig. 14), 
and darkly stained liposomes are revealed in many cells. 
These bodies are not seen in sections treated with either the 
Schiff reagent or with 2-4-dinitrophenylhydrazine. Sections 
of the adrenals from the rat or dog stain intensely in the zona 
glomerulosa and outer fasciculata and less vividly in the in- 
ner zona fasciculata and zona reticularis. 

Lipid solubility tests were performed by dehydrating fro- 
zen sections of f ormalin-fixed glands through graded alcohols 
and placing thcrn in absolute acetone at  room temperature 
for periods of one-half hour to 5 days. Sections of glands 
from hamsters continue to stain with the Schiff reagent, 2-4- 
dinitrophenylhydrazine and with 2-hydroxy-3-naphthoic acid 
hydrazide, the Schiff reagent being the least effective after 
prolonged extraction. Cholesterol, sudanophilic and birefrin- 
gent lipids are removed from sections of the control glands 
of rats and dogs by a 30-minute extraction. 

Yon-deparaffinized sections of glands fixed in formol- 
Zenker-osmic acid were examined immediately after section- 
ing to insure that any rapidly fading structures were not 
overlooked (Hoerr, '36a) ; others were deparaffinized and 
stained with Altmann's acid fuchsin. Both preparations re- 
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veal the presence of intensely black osmiophilic droplets in 
the cells of the zona glomerulosa (fig. 26) which vary in size 
within single cells and in number in different cells. The vacu- 
oles previously described in Bouin- and Regaud-fixed prepa- 
rations are accounted for by the solution of these droplets 
because the vacuoles and osmiophilic droplets are of identi- 
cal size and distribution. The remainder of the cortex con- 
tains no osmiophilic droplets. 

Phospholipids, as revealed by the acid liematein technique 
(Baker, ’4G), are present. Considerable variation occurs in 
the intensity of staining and in the morphology of the intra- 
cellular bodies. Similar irregularities are apparent in the 
observations reported by Cain and Harrison (’50) on the 
adrenal cortex of the rat. The zona glomeiwlosa of the ham- 
ster usually stains intensely. Especially prominent are the 
large lipid droplets which, after fixation in formol-Zenker- 
osmic acid, are osmiophilic. ’All of the clroplet or only the 
periphery make take up the hematein. I n  addition, a few 
plaques with an attached granule, similar to the “discharge 
bodies” described by Gain and Harrison ( ’SO)  in the rat, are 
observed frequently. These structures are of irregular shape 
and usually only the rim is stained. Smaller free granules, 
which may be mitochondria, are demonstrated also. 

The plaques are present in the transitional zone and zona 
fasciculata, being much more numerous than in the zona glo- 
merulosa. They are encountered most frequently in the outer 
portion of the zona fasciculata. Occasional bodies which are 
stained uniformly appear to be liposomes. Plaques may be 
partially stained liposomes but this relationship is not clear. 

Alkaligze phosphatase. The capsule exhibits considerable al- 
kaline phosphatase activity, which is especially intense in the 
connective tissue surrounding capsular nodules. The zona 
glomerulosa is generally negative in both sexes. However, the 
activity of the remainder of the cortical parenchyma is strik- 
ingly different in the two sexes. I n  the male, after incubation 
for three hours, alkaline phosphatase activity is present in 
the zona fasciculata and zona reticularis (fig. G ) ,  with the 
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outer half of the zoiia fasciculata exhibiting considerable 
variation. I n  the female, the cortex stains less intensely after 
three hours of incubation, the disposition of cobalt sulfide be- 
ing restricted to the cells of the zona reticularis and to some 
of the nuclei of tlie inner portion of the zona fasciculata 
(fig. 8). 

Polysaccl~arides. The connective tissue of the capsule and 
of the cortico-medullary boundary, after fixation in  picro- 
alcohol-formalin, stains lightly with periodic acid-leucofach- 
sin. The parenchymal cells of the cortex are  unstained. 

The riornaal udrewd medulla 

The architecture of tlie medulla of the hamster is similar 
to that in other mammals. The pareiichyinal cells are coluni- 
liar and arranged in clusters and cords (figs. 2, 4). In Bouin- 
fixed glands stained by the Masson technique, the cytoplasm 
of most cells is finely granular, noii-vacuolated and stains a 
reddish brown. Along the cortico-medullary boundary are  
frequent clusters of pale-staining cells whose cytoplasm con- 
tains relatively large vacuoles. Kolmer (’18) observed a pat- 
tern of alternating light and dark cells in the medulla of the 
European hamster (Mesocricetus frzurzentarius) and consid- 
eved these cells to be iii different states of secretory activity. 

After post-chromation of glands fixed in solutions contain- 
ing potassium dichromate (Regaud’s fluid), the medulla ex- 
hibits a pale yellow-brown color. This reaction is not inten- 
sified by treatment of the sections with Fontana’s ammoniacal 
silver solution for periods of two to 6 hours, a procedure 
which intensifies the chromaffin reaction in the cat (Ben- 
nett, ’41). 

After fixation in Kegaud’s fluid and staining with iron lie- 
niatoxylin or acid fuchsin, granular mitochondria are  demon- 
strated. They are  considerably smaller than those of thr 
cortical cells and lie randomly in the cytoplasm. All tests 
for lipids which were applied to frozen sections of formalin- 
fixed glands fail to stain the medulla except that  fixation in 
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formol-Zenker-osmic acid reveals small osmiophilic droplets 
in isolated cells. With the Baker technique for the demon- 
stration of phospholipids, the mitochondria and cytoplasm are  
stained blue-black. Alkaline phosphatase activity is absent 
froni sections incubated for three hours (figs. 6, 8). Polysac- 

Fig. 1 IXagrani of a frontal section of the hypophysis of tlie hamster show- 
ing i ts  anatomical relations. I n  other sections the process of pars distalis a t  A 
extends laterally to come in contact with the sheath of the trigeminal nerve; 
tlie processes a t  I3 extend to  positioiis lateral or \-entral to the internal carotid 
artery. Legend: D.S., dural sinus; P.N., P.I., P.D., pats nervosa, pars inter- 
media and pars distalis, respectively, of the hypophysis; I.C., interiinl carotid 
:ntery ; Ras., 1)asisplienoid; V., trigeminal nerve ; and E.C., cartilage of Eustachian 
tube. 

cliarides, as demonstrated by the periodic acid-leucofuchsin 
technique, a re  likewise absent froni the medullary parel:- 
ch yiria. 

Anatomy  uvzd volume of the  h3lpophysi.s 

The anatomy of the pituitary region in the hamster is 
similar to that of the rat. The hypophysis is situated in a 
shallow depression 011 the body of the basisphenoid and oc- 
cipital hones and is invested completely by a thin coniiective 
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tissue membrane (pituitary capsule). Ventrally the capsule 
is fused with the periosteum; dorsally it separates the gland 
from the hypothalamus and in this region is known as the 
tectorial membrane (fig. 1). I n  young hamsters approxi- 
mately two-thirds of the hypophysis lies anterior to the car- 
tilaginous junction between the basisphenoid and occipital 
bones but in older animals it lies completely anterior to it. 
As seen during the operation, this junction and the mid-line 
ridge of the occipital bone are not as conspicuous as in the 
rat. 

Complete operative removal of the hypophysis is some- 
what more difficult in the hamster than in the rat because 
processes of the pars distalis extend far forward and laterad. 
When traced in frontal sections, the antero-lateral processes 
indicated in figure 1 are seen to approach the dorsal surface 
of the trigeminal nerve. They are aspirated with extreme dif- 
ficulty. Other portions of the pars distalis are applied closely 
to the connective tissue surrounding the internal carotid ar- 
teries and associated dural sinuses, sometimes partially en- 
veloping the arteries (fig. 1). Also, the hypophysis is con- 
nected extensively to the surrounding capsule by bridges of 
connective tissue, the infundibulum and pars nervosa, espe- 
cially, being firmly attached to the tectorial membrane. This 
observation is verified by removal of the hypophysis from its 
capsule at  autopsy. In contrast to the rat  hypophysis, which 
is “shelled out” of its capsule easily, the hypophysis of the 
hamster tends to remains fixed and usually separates into sev- 
eral pieces upon excision. 

The pars distalis of the male makes up 69.9% of the hy- 
pophysis (table 1) ; pars intermedia, 9.3% ; and pars nervosa, 
20.3%. For the female the corresponding figures are 76.4%, 
8.3% and 15.376, respectively. The female hypophysis is ap- 
proximately 27% larger than the male hypophysis because 
the volume of the pars distalis is 24% greater in th‘ is sex 
(table 1). In  the rat (Donaldson, ’15; Jackson, ’17; Stein, 
’33, ’34; Brolin, ’40), rabbit (Hammar, ’32) and man (Ras- 
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mussen, ’28, ’34) the hypophysis is also larger in the female 
clue to the greater size of the pars distalis. 

Complefencss of hypophysectomy and histology 
of the hypophyseal fragments 

Hypophysectomy is considered complete when all of the 
glandular tissue lying beneath the tectorial membrane is re- 
moved as determined by microscopic examination of the pi- 
tuitary capsules. Nost of the pieces left in the capsules are 

TABLE 1 

The volume of the hypophysis of normal hamsters 
- - _____ 

PER CENT OF TOTAL VOLUME 
ANInIAIl  TOTAL 
NO. ( x  cm3) PaTS Pars Pars 

distalis intermedia nervosa 

Males 
194 1.18 70.2 10.0 19.8 
123 1.48 68.8 9.3 21.5 
170 1.23 70.8 8.2 20.7 
114 1.32 69.5 9.5 19.8 - - 

~ 

Avg. 1.32 69.9 9.3 “0.3 

Frmales  
143 l.G? 78.4 8.8 12.8 
1 i 2  1.91 78.9 7.7 13.4 
138 1.77 75.4 8.8 15.8 
119 2.01 73.0 7.8 19.’ 

Avg. 1.83 76.4 8.3 15.3 
__ _j - - 

portions of the antero-lateral extensions of the pars distalis 
aiid of those associated with the internal carotid artery. In 
addition, variable amounts of pars intermedia and neuroliy- 
popliysis are found near the site of penetration of the infun- 
dibular stalk through the tectorial membrane. 

The volumes of the fragments of pars distalis remaining 
in 19 of the 62 hypophysectomized animals were measured 
and expressed as per cent of the total gland. In  9 fenialcs 
they range from 0.3 to 1.5% and in 10 males, from 0.2 to 4.1%. 
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The completeness of hypophysectomy in the remaining 43 
hamsters was estimated by subjective comparison with the 
volumes of these pieces. No pituitary tissue is left in 4 males 
and two females. The fragments left in 34 capsules range 
from approximately 0.1 to 2.0% and in three, from 4 to  6%. 
A remainder of 10% of the pituitary gland of the rat  is suf- 
ficient to maintain normal histology in the adrenal cortex, 
but loss of body weight occurs (Smith, '30). 

Thirty and 60 days after hypophysectomy the pituitary cap- 
sule is filled with granulation tissue and the original open- 
ing drilled through the basisphenoid is being closed by intra- 
membraneous bone formation. The remnants of pars distalis 
consist of small clusters and cords of cells separated by si- 
nusoids which are more narrow than normal. Since small 
acidophils and basophils are observed rarely, reversion of 
chromophils to chromophobes is suggested. This is not due 
to degranulation by the decalcifying agent because the acido- 
phils in hypophyses of control animals which were treated 
similarly stain a vivid red and basophils are easily recognized 
by their large size and granular cytoplasm. In  liypophysecto- 
mized guinea pigs chromophobes and basophils of hypophy- 
seal fragments are reported to increase in number (Schweizer 
and Long, '50). Fragments of pars intermedin were observed 
in only 4 instances; the cells appear histologically similar to  
those in control animals. 

The efects of hypophysectomy 
General observations. As compared with other species, the 

hamster withstands hypophysectomy remarkably well. In  con- 
trast to the rat, the hamster remains in good physical con- 
dition, showing no apparent change in the pelage. The hy- 
pophysectomized hamster is as active and aggressive as his 
non-operated control. Respiratory infection did not occur. 

The pigmented costovertebral spot of the male undergoes 
gradual regression, at 15 days after hypophysectomy being 
reduced significantly in size and at 60 days having lost a1- 
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most all of its pigment. The testes retract into the peritoneal 
cavity and cannot be palpated after 12  to 15 days. The scro- 
tum becomes wrinkled and loses its pigment. The penis is 
smaller, with the great involution of the skin often creating 
the appearance of priapism. I n  the female, the costoverte- 
bra1 spot is normally smaller and less heavily pigmented than 
in the male ; 15 to 20 days after hypophysectomy, it is reduced 
in size and depigmented. The lips of the vagina become dry 
and thin. 

T e i g h t  of the body  and adrenal glands.  The body weight 
decreases 5 to 10 during the first few days after hypophys- 
ectomy, but in both sexes the weight at autopsy surpasses 
that prior to operation (table 2). The rate of increase in 
body weight after hypophysectomy is most rapid during the 
first 30 days. However, the net gain is approximately 50% 
less than that of the control animals. Hyperphagia or other 
signs of hypothalamic damage were not observed. 

Thirty days after hypophysectomy the adrenal of the male 
weighs 55% less than that of the controls, and at  60 days 
53% less (table 2). Comparable figures for the male rat  30 
days after hypophysectomy are: 62% (Cutuly, '36), 56% 
(Deane and Greep, '46) and 61% (Houssay, H. E. J., '47). 
In the female, at 30 days the gland weighs 42% less than in 
the controls and at  60 days, 40% less. Comparable fig-ures for 
the female rat  are: 70% (Cutuly, '36) and 61% (Houssay, 
H. E. J., '47). With respect to the hamster 30 days after 
the operation, the mean weight of the gland is 4.1 mg 0 as com- 
pared with 9.1mg for the control and in the female, 3.5mg 
and 6.0 mg, respectively. Peczenik ( '44) , Kupperman and 
Greenblatt ('47) and Keyes ('49) also found the adrenal of 
the female to be lighter than that of the male. 

Reduction in volume of the cortex, as indicated by measure- 
ment of the area of sections through the thickest part of the 
gland, accounts for the major portion of the weight lost by 
the glands after hypophysectomy. I n  both sexes the mean 
cortical area 60 days after hypophysectomy is slightly less 
than that at 30 days. This indicates that a continuous slow 
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iiivolutiori of the cortex ensues after pituitary ablation, al- 
though most of the loss occurs during the first 30 days. 

The mean cross-sectional area of the medulla of most groups 
(table 3) is not decreased after hypophysectomy. However, 
in females a t  60 days after hypophysectomy a significant re- 
duction is indicated. Smith (’30) noted a similar reduction 
in medullary volume of three rats  which were hypophysecto- 
niized for  much longer periods of time (104 to 442 days).  

TABLE 3 

The effect of hypophyseetomy on the cross-sectional area of the adrenal 
cortex and medulla 

I E A X  CROSS-SR:CTIOSAL AREA, 31X’ ~- DAYS 

H A M S T E R S  AFTER Cortex Jlrdulln HYP.l 

NO. T R E A T M E N T  

Minles 
Control 9 2.79 -t 0.14 * 0.68 & 0.03 

8 30 1.64 t 0.23 0.61 2 0.03 

10 2.85 2 0.08 0.37 & 0.02 Control 
I-IYP. 10 60 1.58 k 0.07 0.65 k 0.04 

Ryp. 

Femrrlcs 
Control 8 1.98 t 0.08 0.67 ? 0.03 

8 30 1.32 -t 0.10 0.57 2 0.05 HYP. 

Control 3 2.21 2 0.33 0.79 ? 0.13 
HYP. 3 60 1.12 2 0.08 0.42 ? 0.03 

Hyp. = Hypophysectomy. 
Standard deviation 

V-N- 
a Standard error = -- 

Correlation of the weights of the adrenal glands with the 
volumes of fragments of pars  distalis remaining in the pi- 
tuitary capsules gives no indication of effective secretion of 
corticotropin. I n  the case of the three animals which retain 
the largest pieces of pituitary tissue, the adrenals weigh 
2.4, 5.6 and 4.4 mg as compared with 5.4, 11.2 and 9.2 rng for 
their respective controls. The reduction in weight is approxi- 
mately 50% in each case. 

General histology. The histological changes which occur in 
the adrenal after hypophysectomy are  similar in both sexes. 
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Since only slight differeiices exist between the glands 30 and 
60 days after hypophysectomy, the following description ap- 
plies to  both post-operative periods. 

The capsule is not thickened after hypophysectomy and 
areas differentiated into outer dense and inner loose layers 
are observed as frequently as in control animals. The in- 
cidence and histology of capsular nodules are not changed. 

The thickness and architecture of the zona glomerulosa 
are not disturbed by hypophysectomy (figs. 3, 5, 20). I ts  
cells do  not appear to  be reduced in size although their bound- 
aries are indistinct. The transitional zone is slightly wider 
after hypophysectomy; the line of demarcation between it and 
the adjacent zones is not as sharply defined as in the con- 
trols. The zone can be distinguished by its small cells with 
lightly stained cytoplasm and by its small, compact and 
densely arranged nuclei (figs. 3, 5). 

The cells of the zona fasciculata undergo extensive atro- 
phy and the cords of cells become somewhat distorted and 
compressed (fig. 3). The cross-sectional area of individual 
cells is approximately one-half that of control animals. Their 
nuclei remain spherical and vesicular (fig. 28). When fixed 
in Bouin’s fluid and stained with either eosin or by the Mas- 
son technique, the cytoplasm of the cells in the zona fascicu- 
lata is coarsely granular as is true of the normal gland (figs. 
27, 28). At least some of this granularity is due to the pres- 
ence of liposomes. However, the cytoplasm as a whole is 
stained less intensely (figs. 3, 5). 

Coiled, juxtanuclear bodies, which are seen rarely in con- 
trol glands, appear in the cytoplasm of many cells of the zona 
fasciculata. They are observed most clearly in glands fixed 
in Bouin’s fluid and stained with eosin or the Masson tech- 
nique. With the latter (fig. %), they are grayish, flattened 
spheres within which coiled elements are indistinctly visible. 
These bodies vary in size and are located most frequently 
adjacent to the nucleus. They are more conspicuous in the 
male than in the female and are most numerous 60 days after 
hypophysectomy. 
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The zona reticularis cannot be identified 30 days after hy- 
pophysectomy (figs. 2 to 5) and sexes can no longer be dis- 
tinguished on this basis. Pigment increases in the inner lay- 
ers of the cortex as does the number of multivacuolated cells 
throughout the zona fasciculata. There is no significant cel- 
lular degeneration. 

Liposomes. In  order to obtain preparations adequate for 
comparison of liposomes and mitochondria, slides bearing 
sections from control and hypophysectomized hamsters were 
run, back to back, through all stages of the staining procedure. 
After iron hematoxylin, liposomes are a brilliant black in 
control animals and gray-black after hypophysectomy. This 
difference in affinity for stain is not as marked with acid 
fuchsin or Sudan black B. As in the controls, no liposomes 
are found in the zona glomerulosa. However, the cells of the 
zona fasciculata, especially in its middle portion, are filled 
with liposomes which are larger than in the controls (fig. 24). 
This enlargement of liposomes bears no relation to  the amount 
of liypophyseal tissue left in the animal o r  to the duration of 
time elapsing after hypophysectomy. 

Mitoc72ondricc. Sections from control aiid hypophysecto- 
mized hamsters stained on the same slide with acid fuchsiii 
show the mitochondria of the zona glomerulosa and small cap- 
sular nodules to be unaffected by hypophysectomy in 12  of 
17 preparations. The mitochondria of the remaining 5 cases 
are colored more intensely than in non-operated animals, but 
their number is not increased significantly. Although this 
increased affinity f o r  stain may be of questionable signifi- 
cance, it should be noted that Miller ('50) observed an in- 
crease in the number of mitochondria accompanied by a de- 
crease in lipid droplets in the outer portion of the zoiia 
glomerulosa of the mouse after hypophysectomy. These 
changes may indicate accelerated secretory activity. Mito- 
chondria are reduced profoundly in number in the zona fas- 
ciculata (figs. 23, 24), especially in those cells which contain 
the largest liposomes. 
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Lip id .  Sudanophilic lipid, cholesterol or birefringence do 
not appear in the cortex of either sex. The staining of the 
cortex with Nile blue sulfate, leucofuchsiii, 2-4-dinitrophenyl- 
hydrazine and 2-hydroxy-3-naphthoic acid hydrazide shows 
no change in intensity or distribution (figs. 11, 12, 15, 16). 
IVith the latter reagent, large deeply stained liposonies are 
revealed against a colorless or faintly blue cytoplasm, as is 
true of the controls. Extraction in acetone at room tempera- 
ture does not alter these results (figs. 13, 17). 

Phospholipids were demonstrated by the acid liemateiii 
technique in 18 animals. The staining of the zona glomeru- 
losa and of the medulla is not significantly diflerent from 
that in the controls. I n  the zona fasciculata, the plaques and 
spheroid bodies as  delineated with acid hernatein are still 
present. The spheroid bodies are quite prominent in the in- 
ner part  of the cortex of a few animals. As pointed out pre- 
viously, a t  least some of these intracellular structures are 
probably liposomes. Thus, the acid hematein-stained bodies 
and liposomes as revealed by the staining of Regaud-fixed 
glands with iron hematoxylin or Sudan black R are both re- 
tained after hypophysectomy. 

Alkal ine  phospliatase.  Hypophysectomy causes a marked 
decrease in alkaline pliosphatase activity. The effect is maxi- 
inal in hoth sexes after 30 days, when only occasional small 
areas near the cortico-medullary boundary may stain lightly 
(figs. 6 to 9) .  The alkaline phosphatase activity of the cap- 
sule usually ieniains unchanged, being particularly intense in 
the connective tissue ai*ound capsular nodules. 

DISCUSSION 

Lipids in t he  norrnul adrenal gland 

The results of my study agree with the current concept 
that the adrenal cortex of the hamster contains little, if any, 
sudanophilic lipid. However, failure of Sudan dyes to stain 
frozen sections of formalin-fixed tissues is insufficient evi- 
dence for considering an organ to be lipicl-poor. Since the 



H Y P O P H P S E C T O M Y  O F  T H E  HAMSTER 249 

Sudan dyes stain lipids only by dissolving in them, lipids 
which a re  masked or  bound will not be colored (Lison, ’36). 
By applying appropriate techniques, it is shown that lipids 
are  present in the adrenal cortex of the hamster in  signifi- 
cant amounts. Exclusive of those contained in mitochondria, 
lipids in the hamster fall roughly into two groups: ( A )  in 
tlie transitional zone, zona fasciculata and zona reticularis 
where they appear to be associated chiefly with the liposomes, 
and (B)  in the zona glomerulosa. 
T r a  ~ t . 7  it i ona  1 xon e, x0n.a f as ciczi 1 at a a ~7 3 o I I  a r et icu 1 a ris . 

The liposonies are  regarded as  a lipoprotein complex, in 
which the lipid conipoiieiit is masked and is probably a phos- 
pholipid. I n  my study, denionstration of lipid in the zoiia 
fasciculata and zona reticularis was dependent upon osida- 
tion by potassium dichromate during or after fixation. I f  this 
procedure is omittcd, sudanophilia is iiot evident. After chro- 
mation, lipids of the liposomes may be demonstrated by iron 
heniatoxylin, acid frrclisin or Sudan bIack R. It is generally 
bclievecl that potassiuni dichromate produces a variety of 
lipid oxidation products which form insoluble conipleses with 
chromium (Caiii, ’50 ; Gomoi-i, ’52b). The presence of posi- 
tive lipid reactions after chromation demonstrates that the 
lipid material has been freed from a masked or  bound form 
(Lison, ’36). Fixation in Regaud’s fluid with subsequent 
chromation, as  used in  this study, is equivalent to Ciaccio’s 
metliocl I for the demonstration of masked lipids, the libera- 
tion of which he termed “lipophanerosis” (Ciaccio, ’26). 
AIaskcd lipids map be demonstrated in the nuclei of leuco- 
cytes by staining with Sudan black B after tlie lipid portion 
of a lipoprotein complex is released by brief treatment with 
carboxplic acids ( Ackerman, ’52). 

The lipid portion of the liposome is probably a phospholipid 
because its stains with Sudan black B and, a t  times, with the 
acid heniatein procedure of Baker (’46). Sudan black R is 
unique among the Sudan dyes for its capacity to reveal phos- 
pholipids. Although it stains triglycerides and fatty acids 
as well, these are  probably not present in the material under 
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consideration because nothing is deliiieated by Sudan 11'. The 
absciice of osniiophilia in the liposonies further suggests that 
triglycerides aiid free, unsaturated fat ty  acids are not pres- 
ent. The acid heinatein technique is regarded as specific for 
ldiospliolipids. In  some instances, it stains the liposomes in 
the adi*enal cortex of the hamster but this is not a constant 
outcome. Using Baker's acid hemateiii technique, Alpert ( '50) 
reports that phospholipids are  present throughout the adre- 
i d  cortex of the lianister as fine granules. In  my material, 
the most frequeiitly observed acid lieiiiateiii-~ositive objects 
in the cells of tlir zoiia fasciculata aiitl zona reticularis arc 
plaques resenibling the "discliarge boclies " of Cain aiid Harri-  
soil ( '50) and sparse, mom uiiifornily staiiiecl structures whicli 
inay be liposonies. 

The presence of large amounts of phospholipids in lipo- 
sonies aiid rriitochondria throughout the zoiia fasciculata a i d  
zoiia reticularis iiiay explain the results obtained with the 
i ~ a g c n t s  which deiiioiistrate aldehydes, including leucofuch- 
siii, 2-4-diiiitiopheiiylhydraziiie aiicl 2-hydroxy-3-naphtlioic 
acid hydrazide. These reagents react with a wide variety of 
preformed aldeliydes, acetal-phospliaticles and aldehydes pro- 
clucecl by the oxidation of uiisaturated fatty acids (Danielli, 
'49; Gomori, 52a,  '52b). The fatty acids of phospholipids 
at-e generally highly unsaturated (Tittcoff, '51 ; Gomori, 
'52b), and the intense Schifl reaction produced at sites where 
phospholipids are  known to be present is evidence of the oxi- 
dation of their unsaturated fat ty  acids (Gomori, ' jab).  The 
aldehydes in the adi*cnal cortex of the hamster stained by 
these reagents arc  insoluble in acetone. Other possible sources 
of aldehydes, including plasmalogen, f ree unsaturated fatty 
acids, ketones aiid ketosteroids are  soluble in acetone and 
would have been removed by extraction. 

In  lipid complexes of animal tissues, lipid is almost always 
bound to protein, whereas in plant tissues it is usually joined 
to  carbohydrate (Chargaff, '44; TTittcoff, '51). The presence 
of protein in liposonies is suggested by their affinity for 
eosin, aniline blue and light green after fixation in Bouiii's 
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fluid. The affinity of liposomes for  these acid dyes might be 
explained on the basis of the presence of basic radicals asso- 
ciated with the precipitated protein. After fixation in Bouin's 
fluid, they do not stain with iron hematoxylin, acid fuchsin or 
Sudan black B. 

Zonu glornerulosn. Exclusive of the lipid contained in the 
mitochondria and in  plaques as  revealed by the Baker acid 
heinatein technique, the lipid of the zona glomerulosa is col- 
lected in droplets which are  peripherally located in cell clus- 
ters (fig. 26). These droplets have the following unique char- 
acteristics : (A)  They are  apparently soluble in 10% formalin 
since after fixation in this fluid they are  not stained by Sudan 
dyes. Some free phospholipids react similarly. (B)  After 
fixation in Regaud's fluid and chromation in 3% potassium 
dichromate, the droplets are  stained with Sudan black B sug- 
gesting that a phospholipid has been rendered insoluble by 
dichromate oxidation. Phospholipids chromate faster than 
other lipids and, therefore, color more intensely with Sudan 
black B (Gomori, , jab).  ( C )  The lipid is at least partially 
imniobilized by calcium ions and is probably a phospholipid 
since it then stains with acid hematein. (D)  It is osmiophilic, 
being blackeiicd by fisation in forniol-Zenker-osmic acid. The 
reduction of osmic acid may be accomplished by the presence 
of double bonds in the unsaturated fat ty  acid moiety of phos- 
pholipids. Phospholipids are  second oiily to neutral fa ts  in 
the rapidity with which they reduce osmic acid (Gatenby 
and Cowdry, '28). Thus, the lipid droplets of the zona glo- 
inerulosa differ from the liposomes of the zona fasciculata 
aiid zona reticularis by being osmiophilic and soluble in 10% 
formalin. The ilia joy similarity is the presence of phospho- 
lipid in both structui*es. 

T h e  effects of liypophqsectontg 
Gen.ern1 histology. Following hypophysectomy the zona 

glomerulosa of the hamster maintains its normal histology 
and proportions. The failure of this zoiie to become relatively 
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thicker concurrently with a reduction in the total volume of 
the gland may indicate a minor degree of involution though 
this could not be detected by direct observation. Thus, the 
hamster may be similar to the r a t  in not requiring pituitary 
secretions for maintenance of the zona glomerulosa. I n  the 
ra t  the cross-sectional area of cells of the zona glomerulosa 
decreases approximately 40% after hypopliysectomy, but this 
involution may be offset by formation of new cells from the 
capsule (Deane and Greep, '46 ; Greep and Deane, '47). Greep 
and Deane ( '47) believe that the zona glomerulosa regulates 
electrolyte metabolism in the rat. No data a re  available con- 
cerning electrolyte balance in the hypophysectomized ham- 
ster and, in this species, the effect of adrenal cortical secre- 
tions is different from that in other forms (Snyder and 
Kyman,  '5lb). Therefore, a specific function cannot be at- 
tributed to the zona glomerulosa of the hamster. 

The transitional zone appears to widen after hypophysec- 
tomy, when identified on the basis of cellular size and shape 
and the presence of small liposomes. However, it never oc- 
cupies more than a small fraction of the cortex with more 
than half being composed of the zona fasciculata. This con- 
clusion differs somewhat from the interpretation of Deane 
and Greep ('46) in the rat. Using the absence of lipid drop- 
lets as  an identifying characteristic, these authors describe a 
progressive widening of the transitional zone, with the zona 
fasciculata and zone reticularis being severely involuted and 
remaining only as a narrow region of small, lipid-containing 
cells at two months after hypophysectomy. 

The most marked effect of hypophysectomy occurs in the 
zona fasciculata and zona reticularis. These changes include 
reduction in  size of parenchymal cells and in cytoplasmic 
chromophilia, disruption of the orderly arrangement of the 
cell columns and eventual disappearance of the zona reticu- 
laris. These modifications are, in general, similar to those 
described previously for the rat ,  mouse, dog, guinea pig and 
rabbit. 
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The significance of tlie darkly staiiied juxtanuclear bodies 
which appear in so niany cells of the zona fasciculata is not 
clear. Their position suggests that they may represent some 
component of the Golgi apparatus. Keese and Moon ('38) 
state that  in the hypophysectomized r a t  the Golgi apparatus 
shrinks to a sniall juxtanuclear cap without any radial ex- 
tensions. The literature contains no description of an intra- 
cc~llulai. structure in the adrenal gland of any species which 
responds to liypopliysectorny by an increase in size and which 
niight be comparable to the juxtanuclear body in hypophys- 
ectomized hamsters. 

Liposomes  crwd mitocko.ndrin. Altliough the general histo- 
logical changes which appear in the adrenal of the hamster 
following liypophysectorny are  similar to those in other spe- 
cies, the response of intracellular bodies is markedly differ- 
wit. The cortical liposomes of the hamster increase in size 
after hypophysectomy. I11 contrast, the morphologically simi- 
lar liposomes of the r a t  and mouse disappear after hypophys- 
toniy (Deane and Greep, '46; Miller, '50) and during 
yantothenic acid deficiency (Deane and McKibbiii, '46). 
Pantothenic acid deficiency is accompanied by hyperactivity 
of' the adrenal cortex. It appears, therefore, that  the lipo- 
sonics of the hamster and those of the rat  play different roles 
iii tlie secretory processes. How tlie enlarged liposomes in 
the hamster are to be interpreted in terms of the Iiistologi- 
cal involution arid apparent hypofunction induced by hy- 
l~olhpsectoniy is iiot known. Additional knowledge of the 
physiology of the adrenal cortex in this species and of the 
bcliavior of the liposonics in varying states of adrenal corti- 
cal activity is necessary before their physiological role can 
be assessed. 

Ii~popliysectomy does not alter significantly the appear- 
ance or  number of mitochondria in the zoiia glomerulosa. I n  
the zona fasciculata they a re  reduced in  number, a finding 
which is in accord with the belief that tliese organelles re- 
flect tlic secretory status of adrenal coiatical cells (Greep and 
Deane, '49). 
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Lipid .  As determined by chemical analysis, the adrenal of 
the normal hamster contains 0 to 4% cholesterol (Agate, 
'52). This small amount cannot be detected by the Schultz 
modification of the Liebermann-Burchardt test for  choles- 
terol and i ts  oxidative derivatives (Reiner, '52) as employed 
in my study. Alpert ('50) has suggested that the absence of 
histochemically demonstrable cholesterol from the adrenal 
cortex in the hamster may result from failure to store secre- 
tory precursors in the gland and that the hormones a re  re- 
leased as rapidly as synthesized. The cortical atrophy which 
follows hypophysectomy is not accompanied by the appear- 
ance of demonstrable lipid or cholesterol. The low choles- 
terol concentration in the cortex poses interesting questions 
concerning the secretory capacity of the adrenal cortex of 
tlie hamster. I n  the rat the large stores of cholesterol and 
i ts  esters are  thought to represent secretory antecedents, 
"held in readiness for periods of acceleration of cortical 
hormone synthesis " ( Sayers, '50). Physiological conditions 
which produce a sudden need for increased amounts of cor- 
tical hormones cause a rapid depletion of adrenal cholesterol. 
I n  view of this and other evidence indicating that cholesterol 
is a possible precursor of adrenal liormoiies (Sayers et al., 
'44, '45; Conn et al., '50)' one wonders how the hamster's ad- 
renal cortex is capable of synthesizing large amounts of hor- 
mone rapidly in time of need with so little cholesterol stored 
in it. 

In  contrast to this low concentration of cholesterol in the 
normal gland, prolonged exposure of the hamster to stres- 
sors results in the appearance of considerable amounts of cho- 
lesterol. The Schultz histochemical test reveals cholesterol in 
the cortex after Leishmania infection (Leathem and Stauber, 
'52) and stilbestrol administration (Peczenik, '44 ; Koiieff, 
Simpsoii and Evans, '46; Alpert, '50). Vsing the Spcrry- 
Schoenheimer method for chemical analysis, Agate ( '52) 
found a cholesterol concentration of 4 t o  570 in the adrenal 
glands of hamsters bearing transplanted mouse sarcoma 180. 
I n  the r a t  the re-accumulation of cholesterol during prolonged 



HYPOPHYSECTOMY O F  THE HAMSTER 255 

stressful conditions is characteristic of tlie stage of resistance 
(Selye, '50). The cholesterol which accumulates in the adre- 
nal cortex of the hamster, however, is associated with degen- 
erative changes and an apparent collapse of the secretory 
capacity of the gland (Alpert, '50; Leatlieiii and Stauber, 

The absence of an altered staining capacity with leucofuch- 
sin, 2-4-dinitrophenylliydrazine and 2-liydroxy-3-naphthoic 
acid hydrazide after hypophysectomy eoiitrasts with the 
marked decrease observed in the hypophysectomized rat, 
where iiivolutioii of the zona fasciculata is accompanied by 
a coinplete loss of aldehydes or of substaiiccs which may lib- 
erate them (Deane and Greep, '46; Deane, '50). Since the 
liposoines of the zona fasciculata of the hypophysectomized 
hamster enlarge and do not disappear, the persistence of 
acetone-insoluble reactive material after hypophysectomy map 
indicate, further, that the unsaturated fatty acids of the plios- 
pliolipid component in liposomes is tlie source of this abundant 
aldehyde material. 

Dempsey ('48) postulates that the presence of ketosteroids 
is indicated by a combination of characteristics including su- 
clanophilia, ultraviolet fluorescence, birefringence, staining 
with reagents which demonstrate aldehydes, presence of cho- 
lesterol aiid of acetone-soluble lipid. If these criteria are 
valid and are applied to the hamster, one must assume either 
that the hormones secreted are not ketosteroids or that they 
are not stored in the gland. 

Alkal ine phosphntase. In  the hamster, as in the Swiss 
mouse (Elftman, '47) and ra t  (Dempsey, Greep and Deane, 
'49), cortical alkaline phosphatase activity is greater in the 
male than in the female. The distribution of this enzyme in 
the hamster differs from that obsrved in the rat. In  the rat  
the zoiia glomerulosa and the endothelium of the sinusoids 
throughout the cortex exhibit considerable enzyme activity 
(Dempsey, Greep and Deane, '49). Under the conditions used 
for study of the hamster, the zona glomerulosa exhibits no 
enzyme activity and the sinusoidal endothelium is positive 

' 5 2 ) .  



256 KARL MAX IiPTIGGE 

oiily where adjaceiit parencliymal cells also stain. Lea- 
them aiid Stauber ('52) relate the increased alkaliiie phos- 
phatase activity in the adrenal of the hamster iiifectecl with 
1,eislimaiiia to phospholipid metabolism. This suggestion is 
significant in view of the large amounts of phospholipids con- 
tained in the cortex of this species. The adrenals of cattle 
(Ault and Erowii, '34), guinea pigs (Oleson and Bloor, '41 ; 
Kiiouff, Ki.own aiid Schneider, '41) and rabbits (3lacLacli- 
lan, Hodge and Whiteliead, '41) possess conce~itrations of 
phospholipids equalled only by brain and spinal cord (Witt- 
cofl, '51). In  general, large amounts of phospholipids nrc 
found in organs wliicli secrete steroid hormones (ovary, cor- 
pus luteuni, placenta) wliereas other endocrine glaiids, such 
as tlie thyroid, coiitaiii less than one-twentietli as rriucli (Witt- 
coff, '51 ). Additioiial knowledge of the significaiice of plios- 
pliolipids in tliese endocrine glands is needcci. 

RUlLMARY 

The adrenal gland of the normal hamster is in geiici*al himi- 
lar to  that  of other species with respect to zonation aiid his- 
tology. The glaiid clifkrs, however, froni that of other species 
in several respects: it  is heavier in the male than in  the fe- 
niale, it contains 110 acetone-soluble lipid, is negative to tlie 
Schultz test for cholesterol and lacks birefringence. Tliese 
observations iiidicate a paucity of triglycerides and free or 
estcrified cholestei*ol. The cells of tlie zoiia glomerulosa do 
contaiii a lipid wliicli appears to  he composed chiefly of free 
pliospholipid. It appears as vacuoles after fixation in Re- 
gaud's fluid and is demonstrated by post-chromation and stain- 
ing with Sudan black €3, by the Raker acid hematein procedure 
for pliospliolipids and by blackening as R result of fixation in 
forniol-Zenker-osmic acid. Droplets of tliis lipid are located 
a t  the vascular pole of the cells and vary in size within indi- 
vidual cells a i d  in number from cell to cell. The lipid of the 
zona fasciculata and zona reticularis is histochemically dif- 
ferent from that in the zoiia glomerulosa. It is iiisoluble in 
acetone and is stained intensely by reagents which demon- 
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st rate aldehydes including leucofuchsin, 2-4-diiiitroplieiiylliy- 
draziiie and 2-hydroxy-3-naphthoic acid hydrazide. Some of 
thih lipid is present in the form of acetone-insoluble liposoines 
which appear to be a lipoprotein complex, in which tlie lipid 
portion is a phospholipid. The phospholipid is revealed by 
oxidation with potassium dichromate arid subsequent staining 
with Sudan black R, iron hematoxylin or  acid fuchsin. 

After hypophysectoiny the adrenal exhibits changes which 
are  similar to those observed in other species and some which 
are  uniquely different. Thirty days post-operatively the abso- 
lute weight of the gland of the male is decreased by 55% and 
that of the female by 42%; at 60 days the decrease is 53';'. 
and 40%, respectively. The zoiia glomerulosa remains histo- 
logically noriiial. The cells of the zona fasciculata are  iii- 
voluted greatly. Sudanophilic lipid, cholesterol and biref rin- 
geiicc do not appear and reagents for  the demonstration of 
aldehydes stain as inteiisely as before hypophysectomy. The 
liposomes of the zona fasciculata are  enlarged. The mito- 
chondria of the zona fasciculata are  reduced in number. Alka- 
line phosphatase activity persists in the capsule of the adrc- 
iial but disappears almost completely from the parenchpmal 
cells of tlie cortex. The medulla is unchanged after 1i;vpophys- 
ectomy. 
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PLATE 1 

EXPLANATION OF FIGURES 

The adrenals for figuies 2 to  5 were fixed in Bouin's fluid, sectioned a t  5 P 
and stained with the Masson ( '28) technique. Those for  figures 6 to  9 were pre- 
pared by the Gomori ( '39) procedure for  alkaline phosphatase with incubation 
f o r  three hours at pI3 9.2. The cortieo-medullary boundary is delineated by black 
lines in figures 6 to 9. X 100. 

2 Male. The narrow zona glomerulosa stains less intensely than the zona 
faseiculata. The transitional zone is not clearly demarcated from the zona 
glonierulosa and the zona fasciculata. A narrow, poorly defined zona reticularis 
is piesent nest to the medulla. 

3 Male, 30 days after hypophysectomy. The zona glomerulosa is  not increased 
i n  width. A widened transitional zone is indicated by the smaller nuclei between 
the zona glomerulosa and zona fasciculata. The cells of the zona fasciculata are 
smaller, less intensely stained and the columnar arrangement of the cells in the 
zona fasciculata is distorted. A zona reticularis is absent. The medulla is un- 
changed. 

4 Control female. A small nodule of glandular cells is  present in the cap- 
sule. The zona glomerulosa, transitional zone and zona fasciculata are similar 
to those of the male. The zona reticularis consists of smaller cells with compact 
nuclei adjacent to the medulla. 

5 Female, 30 days after hypopliysectomy. The capsule is not thickened. 
Changes in the zona glomerulosa, transitional zone and zona faseiculata are 
similar t o  those of figure 3. The zona reticularis is absent. 

6 Coutrol male. Alkaline phosphatase activity is present in the entire zona 
fasciculata and less of it in the zona reticularis. The zona glomerulosa and medulla 
are negtive. 

7 Male, 30 days after hypophysectomy. Alkaline pliospliatase activity is re- 
tained by the capsule of the gland and slightly by a few cells a t  the cortico- 
medullary boundary. 

Contiol female. Alkaline phosphatase activity is present in the inner par t  8 
of the zona fasciculata and in the zona reticularis. 

9 Female, 30 days after hypophysectomy. Alkalinc phosphatase in the cap- 
sule is not changed significantly and is almost gone from the remainder of tlic 
gland. 
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PLATE 2 

EXPLANATION O F  FIGURES 

The adrenal glands for figures 10  to  17  were fixed ill 1 0 %  fora1:llin and  sec- 
tioned at 5 to 8 p  on the freezing microtome. Those for figures 10 to 13  were 
stained with leucofuchsiii without prior treatment with mercuric chloride. Those 
for  figures 14 t o  l i  mere treated with 2-hydroxy-3-naplitlioic acid Iiydrazide ac- 
cording to  the method of Ashhel and Seligmali. X 100. 

10 Control male. Thr zona fasciculata and zomt reticularis are st:liIled ill- 
tensely, the zon:~ glomcrulosz faintly and the medulla n o t  a t  all. 

11 Male, 30 days after hypophysectoiny. The intensity of the stain is not 
sigiiificnntly different from tha t  of the control (fig. 1 0 ) .  

1 2  Female, 30 days after hypophysectomy. The intensity of the staiii is simi- 
lar t o  that  of the liypopliyseetomized male (fig. 11). 

13 A sectioii of the sanie adrenal gland shown in figure 12 ,  but extracted 
with :icetone for  three days prior to staining. The Scliiff-positive material is not 
rcinovcd by acetone. 

14 Control female. The Ashbel-Seligman reaction is inteiise and iinif ornily dis- 
tributed tliroiighout the zona fasciculata. The zona reticularis is slightly lcss in- 
tense. The zona gloinerulosa and the medulla. are not stained. 

1.5 Female, 30 days after hypophystetomy. The reaction is similar to  that  of 
thr control (fig. 14) .  

16 Male, 30 days after hypoplipsectomy. The Ashbel-Selignlan reaction i s  
similar t o  that  of the hypophysectomized female (fig. 15). 

1 7  A section of the same adreiial gland a s  s l ioi~i i  in figure 16, hut extracted 
with acetone for 5 days prior t o  staining. The iiiaterial stained hy the r\shhel- 
Seligman reaction is iiot rrinowd h y  thc acetone. 
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PLATE 3 

KXI'L.~SI 'YIOS OF FIGL'RES 

'!?he adren:rl glands for figures 18 t o  24 were fised in Regaud's fluid, post- 
chrom;cterl and sectioned a t  3 p. Those for figurcs 19 t o  21, 23 and 24 \rere 
stained witli iron lienintosylin. Those for  figures 18 and 22 were stained ivitli 
Sudan black G and mounted in glyclirogel. 

18 Control ninle. The cells of tlie zo i i :~  fascirulata and znnn rcticnlaris are 
colored by Sudan  Ii1:ick R ; tlic zoiia glonicru1os:i is colored faintly :ind :ill nuclci 
:ire negative. X 100. 

19 Control ninle. With iron Iieni:itosylin, the zona glonierulosa is deniareated 
sharply from the outer half of the zoii:i fascicnlata wliicli stains intensely. Tlir 
inner half of tlic zona fasciculata and the zona reticularis are stained diffusely. 
x 100. 

20 Male, 30 days after hypopliyscctoniy. The capsule xiid the zon:~ glomerulosa 
are unchanged as compared with figure 19. l'lie outer h:ilf of the zona fascicu1:rt:i 
continues t o  stain but the diffuse staining of tlie innrr half is reduced. X 100. 

21 I"einale, 30 days after Iiypopliysectoniy. The affinity for iron Iic~niatosylin 
X 100. is similar t o  t h a t  of tlie Iiy1'ol)liysectoiiiized n1:ile (fig. 20) .  

22 Zona glomeruloss and outer zona fasciculnta of a control male. Lipid 
droyilets of the zoiia glomerulosa are colored by Sudan black R either uniformly 
or  as  crescents or rings. The cells of tlie transitional zone and outer zoiia fas- 
cieulata are stained inore uniformly. Xuclri are not colored. X 560. 

23 Middle zona fascicul:rta, control male. Severe1 cells slion~ rariation in size 
of the liposomes (L) and the relative nuinbers of granular and filamentous mito- 
chondria (M) .  At  ( G )  is a large, clear juxtanuclear area with several radial, 
caiinliculnr extensions. X 1320. 

24 Middle zona fasciculata, male, 30 days after liypopliysectoniy. Only a f e n  
pale-staining filanientous niitochondria are present among the enlnrged liposonies. 
X 1320. 
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PLATE 4 

EXPLANATION OF FIGURES 

25 Zona glomerulosa, control male. The cgtoplasniic x-acuoles are located a t  
the l)cripliery of the cluster near the sinusoids (black) .  At  tlre l o ~ e r  left,  the 
change to flattened, darkly-stained cells of the tr:tasitional zone is abrupt ; a t  
the lower right, this traiisitioii is more gradual. Rcgaud’s fluid, iron hematosyliii, 
4p. X 1150. 

26 Zon:i gloiiierulosa, control male. The osmiopllilic lipid droplets are large 
and correspond to tlie vacuoles of figure 25. The smaller, faint  granules are 
iiiit[)clioii(l~i:i. Foriiiol~Zeiiker-osniic acid, Altrnnini ’s acid fnclisin and IIassou, 
4p. x 1150. 

2 i  hliddlc zonii fnscicul:it:i, control male. At least some of the graliules of 
tlic: c.~topl:isin are ldieved to  be liposomes. Thc1 negative image of the  Golgi 
ap1):ir:itiis is visilJlc in several cclls (G) .  Rouin’s fluid, Massoii stain, 4 p. X 1:320. 

I\Iiddlc zoiia f;isciculat:i, male, 30 days after Iiypo1)1iT-s‘ctoiii!.. Sever:il of 
the coiled, juxt:iiincle:ir llodies are seen in  several planes (:irro\vs). P:irencli~ti~:il 
cclls aw siwillcxr tli:in i n  figure 27, and liposoines :ire still present; tlie nuclei nro 
largc. Teclinic~nt: as i i i  figure 27. 
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