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The functional activity of the pars distalis following heterotopic and homoiotopic 
autotransplantation has been studied in adult toads of both sexes in the spring, 
about a month after breeding, and in the autumn on toads with mature gonads. 

Gonadotropic Function. In males, the homoiotopic grafting of the pars distalis 
maintained about normal spermatogenesis and interstitial cell activity, but ectopic 
transplants caused a strong reduction of interstitial cell activity, though spermato- 
genesis was only slightly reduced. In the spring experiment, there was no significant 
difference in the ovaries of the two graft-bearing groups, which were intermediate 
between the normal and the hypophysectomized controls. In autumn females, how- 
ever, the ovaries of 5 of 8 toads with homoiotopic grafts atrophied, as in the 
hypophysectomized controls. The 3 remaining toads had ovaries of nearly normal 
size filled with mature eggs, but there were strong indications that in these 3 toads 
also the mature eggs that were present at the time of operation degenerated im- 
mediately after the operation, and was followed by a phase of extensive growth and 
maturation of small oocytes during the 2 months of the experiment. All females 
with ectopic grafts had atrophic ovaries at the end of the experiment. 

Adrenocorticotropie Function. This function was normal in the toads with 
homoiotopic grafts. No corticotropic function could be demonstrated in the ectopic 
grafts although the cytological study of males in the spring experiment showed that, 
in general, the adrenocortical cells in the toads bearing ectopic grafts appeared more 
active than those in the hypophysectomized controls. 

Thyrotropic Function. Thyroidal uptake of 131I in the autumn experiment was 
used to evaluate thyrotropic function. Uptake was normal in toads with homoiotopic 
grafts, but reduced in the toads with ectopic grafts. In the males with ectopic grafts, 
the 1~I accumulation in the thyroids was not significantly higher than in the 
thyroids of the hypophysectomized controls. 
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Fat Bodies. In the autumn experiment, feeding was insufficient to maintain body 
weight, and the fat bodies were greatly reduced in both normal controls and in the 
toads with homoiotopic grafts. Hypophysectomized controls, however, possessed 
large fat bodies despite an even greater loss of body weight. In the toads with 
ectopic grafts, net mobilization of fat from the fat bodies was intermediate between 
the normal and hypophysectomized controls. In the spring experiment, feeding was 
efficient. All groups increased in weight, and all showed fat deposition. 

Cytology o] Pars Distalis. Four of the five tinctorial cell types, described for the 
pars distalis o~ Bu]o bu]o, were observed: carminophils, orangeophils, globular 
basophils, and violet cells. 

In most of the controls the carminophils and orangeophils were storing secretory 
granules; the globular basophils and the violet cells showed signs of secretory 
activity. 

All four cell types remained largely unchanged in the area of the homoio~opic 
grafts, bordering the median eminence and pars intermedia. 

In the rest of such grafts and in the heterotopic transplants cysts were formed, 
and degeneration and dedifferentiation of cells took place; carminophils and orange- 
ophils had slightly degranulated, globular basophils had become strongly regressed 
in number and granulation, and violet cells had almost completely disappeared. 

Generally, there existed a close correlation between the state of the target 
organs and the morphological signs of secretory activity of the pars distalis cells. 
I t  is suggested that not only the globular basophils, but also the violet cells have a 
gonadotropic function, and are responsible for the development and maintenance of 
the interstitial Leydig cells in the testis. 

I t  is we l l - e s t ab l i shed  t h a t  funct ions  of 
the  pa r s  d i s ta l i s  of the  v e r t e b r a t e  h y p o p h y -  
sis m a y  be under  cen t ra l  ne rvous  control ,  
a n d  for  more  t h a n  10 y e a r s  the  n a t u r e  of 
th i s  cont ro l  and  the  iden t i f i ca t ion  of the  
h y p o t h a l a m i c  s t ruc tures  t h a t  m e d i a t e  i t  
have  been  a focus of in te res t  (for  l i t e ra tu re ,  
see H a r r i s  and  D o n o v a n ,  1965; Reichl in ,  
1963; J~rgensen,  1965; J~rgensen  and  L a r -  
sen, 1966). F u r t h e r m o r e  i t  is k n o w n  t h a t  
the  va r ious  pa r s  d i s ta l i s  func t ions  are  no t  
e qua l l y  dependen t  upon  cen t ra l  nervous  
control ,  and  t h a t  v a r y i n g  degrees of a c t i v i t y  
can  be d e m o n s t r a t e d  in the  absence  of 
n o r m a l  connect ions  be tween  h y p o p h y s i s  
and  cen t ra l  ne rvous  sys t em (see rev iew by  
Ba l l  et al., 1965). 

N o n m a m m a l i a n  v e r t e b r a t e s  have  been 
less ex tens ive ly  i nves t i ga t ed  t h a n  m a m m a l s ,  
and  fu r the r  c o m p a r a t i v e  s tudies  a re  neces-  
s a r y  to  de t e rmine  how far  the  va r ious  func-  
t ions  of the  pa r s  d i s ta l i s  a re  d e p e n d e n t  on 
cen t ra l  ne rvous  cont ro l  in these  lower 
groups.  

I n  the  p resen t  p a p e r  the  i m p o r t a n c e  of 
the  cen t ra l  nervous  control  on va r i ous  pars  
d i s ta l i s  funct ions ,  as exer ted  b y  means  of 
the  n o r m a l  h y p o t h a l a m i c - h y p o p h y s i a l  con- 
nect ions ,  has  been e v a l u a t e d  in the  toad  

Bu]o bufo b y  inves t i ga t i ng  the  effect o f  
ec topic  t r a n s p l a n t a t i o n  of the  g land.  
F u r t h e r m o r e ,  b y  s t u d y i n g  the  cy to logy  of  
t he  pa r s  d is ta l i s  i t  was  hoped  t h a t  co r re la -  
t i ve  changes  in pa r s  d i s ta l i s  cell t y p e s  a n d  
t a r g e t  organs  m i g h t  r evea l  the i r  func t iona l  
s ignif icance.  P r e l i m i n a r y  repor t s  have  a l -  
r e a d y  been pub l i shed  (J0rgensen,  1963; 
La r sen ,  1963; Lof ts ,  1963; van  Oord t ,  
1963b; Rosenki lde ,  1963). 

MATERIALS AND METHODS 
Two series of experiments were performed, one 

in the autumn of 1962 lasting for 10 weeks and 
the other in the spring of 1964 lasting for 61/z 
weeks. In both experiments only sexually mature 
specimens were used (except one female in the 
autumn experiment). 

Specimens of both sexes were captured ir~ 
August, 1962 and mid-April, 1964 and transferred 
to the laboratory where they were kept in groups 
of 4 in large glass containers with a little water. 
Only spent females were used (determined by 
palpation). 

In the 1962 experiment force-feeding with 
minced ox meat mixed with wheat bran and sand 
was given every fifth day, but the toads consis- 
tently ,lost weight (Table 1). In the 1964 experi- 
ments, therefore, the toads were fed thrice weekly 
on meal worms or a mixture of minced pig liver, 
wheat bran, wheat flour, and sand; in animals 
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TABLE 1 

DATES OF AUTUMN EXPERIMENT 1962. SURVIVA~ AND WEIGHT CHANGES OF TOADS 

Exptl. groups 

No. of toads Change in 
body wt. Date of Date of 

Sex at start at end (%)b operation decapitation 

Normal  controls c~ 8 - -  - -  - -  l August 20 
9 8 - -  - -  - -  t 

/ 

Normal controls c~ 8 8 --7 - -  \ 

l 
Q 8 8 a --5 - -  

Pars  distalis extirpated c? 8 8 - 1 4  \ 
? 8 3 --14 

Pars  distalis retranspl, c~ 8 8 --4 August 21-25 October 29-30 
to median eminence 9 8 8 - 9  

Pars distalis transpl, c~ 8 8 --13 
to eye muscle 9 8 7 - 1 3  

One of these (specimen no. 1142) was infantile and was excluded from judgment  of gonadotropic function. 
b Weight at  the s tar t  of the experiment: c~ C 31-52 gm (mean 41 gm) ; 9 9 52-105 gm (mean 72 gin). 

TABLE 2 
DATES OF SPRING EXPERIMENT 1964. SURVIVAL AND WEIGHT OF CHANGES TOADS 

No. of toads Change in 
body wt. Date of Date of 

Exptl. groups Sex At start At end (%)~ operation decapitation 

Normal controls c~ 10 - -  - -  - -  t May 15 
? 7 - -  - -  - -  

Normal controls c~ 8 8 + 13 - -  June 29 
9 8 8 -4-1 l - -  June 23 

Pars distalis extirpated O 8 8 + 11 \ June 29 

9 8 8 + 8  I June 23 
Pars distalis retranspl. C 8 8 +16  May 13-14 June 29 

to median eminence 9 8 7 -I-10 June 23 
Pars distalis transpl. C 8 8 -4-1l June 29 

to eye muscle 9 8 8 +13  June 23 

a Weight at  the start  of the experiment: ~ c~ 23-43 gm (mean 33 gm); 9 ? 56-144 gm (mean 81 gm). 

which lagged behind in weight increase, this diet 
was supplemented with grasshopper nymphs. The 
result was tha t  these toads consistently gained in 
weight (Table 2). 

In  the spring experiment 10 normal males and 
7 females, and in the autumn,  8 males and 8 
females, were killed for autopsy at  the start. In  
bo th  years 8 unoperated males and 8 females 
served as normal  controls at  the end of the ex- 
periments. The remaining specimens were sub- 
jected to one of three types of operations: (1) 
ext i rpat ion of pars distalis, (2) extirpation of pars 
distalis and autograft ing under  the median emi- 
nence, or (3) ext i rpat ion of pars distalis and auto- 
grafting to the cut surface of an eye muscle. Each 
experimental  group included 8 males and 8 
females. 

In  the  experimental  animals an incision was 
made in the mucosa of the mouth  and the retrac- 
tor  muscles of the eyes were sectioned. The para- 

sphenoid was broken off and the hypophysis 
exposed by  removal  of cartilage and meninges. 
Subsequently, the pars distalis was separated from 
the median eminence and cautiously pulled off 
from the neurointermediate  lobe. The  pars distalis 
was discarded or autot ransplanted  according to 
the type of operation intended, and finally the 
parasphenoid was replaced and the mucosa sewn. 
In the au tumn experiment the pars distalis was 
randomly oriented when t ransplanted to the 
median eminence, whereas i t  was normal ly  ori- 
ented in the spring experiment.  

Previous work has shown tha t  the condition of 
molt ing and the  length of survival in the toad 
can be used to evaluate the corticotropic function 
of the pars distalis (JCrgensen and Laxsen, 1963). 
Furthermore,  by  using these criteria i t  has  been 
demonstra ted t ha t  the ectopically t ransplanted 
pars distalis exerts no corticotropic function 
(Jacobsohn and JCrgensen, 1956). In order to  
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study the effect of extirpation or ectopic trans- 
p lanta t ion on functions other than  corticotropic, 
therefore, the experimental  animals must  be 
t reated with A C T H  or corticosteroids. In the 
present investigation 10 milliunits of ACTH 
(Corticotropin, 0 r thana)  was injected 3 t imes a 
week into the dorsal lymph sac and was sufficient 
to mainta in  most  of the toads in a tolerably 
heal thy condition throughout  the experiment 
(JCrgensen and Larscn, 1963). 

In  the groups in which the pars distalis was 
retransplanted on the median eminence reestab- 
l ishment  of corticotropic function was followed 
by observing the condition of molt ing and general 
state of health. 

The dates on which specimens were killed are 
given in Tables 1 and 2. After weighing the whole 
animal, the gonads and fat  bodies were dissected 
out, weighed, and then fixed for histological and 
histochemical examination,  together with the ad- 
renals, thyroids, and pars distalis. The  following 
histological techniques were used: 

Testis. The testes were examined from all 
the males. Bouin-fixed material  was wax-embedded 
and sectioned a t  4#.  Sections were stained with 
iron hematoxyl in  and orange G for est imation of 
the spermatogenetie condition. The  degree of 
spermatogenetic activity was est imated by count- 
ing all cell nests in different spermatogenetic 
stages in 20 cross sections of testis tubules. The 
mean for each spermatogenetic stage was then 
est imated and used as representat ive of the con- 
dit ion in tha t  particular specimen. The different 
stages were represented as follows: 

O = cell nests with one primary spermatogonium 
I = cell nests with secondary spermatogonia 

I I  = cell nests with primary spermatocytes 
I I I  ~ cell nests with secondary spermatocytes 
IV = cell nests with spermatids 
V = sperm bundle at tached to a Sertoli cell. 

Testicular material  was also fixed in formal- 
calcium (au tumn experiment) or in formal-saline 
(spring experiment) (Baker, 1949), and embedded 
in gelatin. Thin  sections (4#) were colored with 
Sudan Black B to reveal lipids and with carmaluin 
to demonstrate  nuclei: Thicker sections (10~ and 
15#) were subjected to the Schultz test for 
cholesterol. 

Thumb-Pads. In bo th  series, the thumb-pads  of 
the males were inspected during the experiment.  
Moreover,  in the spring experiment the thumb-  
pads were fixed in Bouin's solution, sectioned at  
6#,  and  stained with hematoxylin and eosin. The 
thickness of the epithelium was measured in 10 
sections from the same pad, and the mean used 
as an indication of the functional act ivi ty of the 
interst i t ial  tissue. 

Ovary. Ovarian differentiation was est imated 
from histological examinat ion (1962 experiment) 
or from direct inspection under the Zeiss opera- 
t ion microscope (1964 experiment)  of Bouin-fixed 
material.  Special a t ten t ion  was given to the pres- 
ence or absence of gonadotropin-exacting stages 
of oocytes in the groups with the pars distalis 
transplanted.  

Adrenal Gland. 0 n l y  the adrenals of the males 
in the spring experiment  were examined. One 
kidney + adrenal was fixed in I tel ly 's  stock solu- 
tion, sectioned at  7/~ (and stained with hemalum- 
eosin). The other was fixed in formal-saline, em- 
bedded in gelatine, and frozen sections of 7-10# 
were stained for lipids (Sudan Black B) and 
cholesterol (Schultz).  

1~I Uptake. In  the au tumn experiment the 
thyrotropic function was evaluated by measuring 
the ~II uptake in the thyroids. Five weeks after 
the operation, ~3~I (carrier free NaI)  was injected. 
The males received 10 #c and the females 16 #c; 
these doses gave about  equal thyroidal  counting 
in normal  toads of the two sexes. After 7 days the 
~3~I content  of the thyroids was measured by a 
screened scintillation counter with a narrow open- 
ing slit. The radioactivi ty was determined first in 
the thyroid zone at  the neck with a double count- 
ing, and then in a neutra l  area. The difference 
between the neck count  and the neutral  count 
expressed the thyroidal  ~ I  content.  

Pars Distalis. The hypophysial  region and the 
t ransplants  were fixed in sublimated Bouin's fluid 
and embedded in paraffin wax. The pars distalis 
from 5 animals in each group were sectioned at 
4~ and stained with Cleveland and Wolfe's tri- 
chrome stain (erythrosin, orange G, aniline blue), 
Herlant 's  (1960) Alcian blue (AB) at  pH 0 . 2 -  
periodic acid Schiff (PAS)-orange G technique and 
Herlant ' s  (1960) te t rachrome stain (E. Gurr 's Acid 
Alizarin blue, erythrosin, orange G, aniline blue).  
The cell nuclei were counterstained with Hansen's  
iron t r ioxyhaematin (Romeis, 1948). 

The methods enabled the vizualization of the 
five chromophilic cell types previously reported in 
the pars distalis of B. bu]o (Zuber-Vogeli, 1953) 
and other anuran species (Guardabassi and Grosso, 
1959; van 0ordt ,  1961, 1963a,b). The names used 
by these authors for the cell types are given in 
the first three columns of Table 3. 

As a result of internat ional  discussions upon the 
nomenclature of the hormone-producing cell types 
in the adenohypophysis,  it has been suggested to 
abandon the Greek let ter  system (Benoit  and 
daLage, 1963; van Oordt, 1965). I t  was, therefore, 
decided to use the names given in the last column 
of Table 3. These names are based on the original 
ones introduced for Bu/o by Zuber-Vogeli (1953), 
with the exception tha t  "azanophil" was replaced 



FUNCTION OF TRANSPLANTED HYPOPHYSIS 495  

by "carminophil," as being more characteristic for 
the cell type of tha t  name. 

Experimental  evidence seems to justify the use 
of the functional name "gonadotrop" for the globu- 
lar basophils (Zuber-Vogeli, 1953). But  functional  
names cannot be used for the other cell types, as 
their  function is ei ther unknown or uncertain (van 
Oordt, 1963a). 

The cell types may be characterized as follows: 
Carminophils. Evenly  distributed, big elongated 

or somewhat irregular cells, filled with small 
granules tha t  are completely AB and PAS nega- 
tive, but  stain with erythrosine and orange G. 
The rostrally si tuated carminophils are slightly 
bigger than the more caudally situated ones; a 
common feature of the anuran pars distalis 
(Dierickx, 1963). The nuclei are irregularly 
s h a p e d ;  nucleoli are distinct. 

Orangeophils. Rounded or somewhat elongated 
cells; smaller than  the carminophils;  often in 
groups and bordering blood sinuses; concentrated 
in the dorsocaudal par t  of the pars distalis. The 
fine granules are orange G positive and stain very 
faintly with PAS. This gives these cells a slightly 
more brownish yellow color than the carmin- 
ophils when the sections are stained with Herlant ' s  
AB-PAS-orange G. The best contrast between 
these two types of acidophilic cells can, however, 
be obtained with Herlant ' s  te trachrome tha t  
stains the carminophils red and the orangeophils 
yellowish-orange. 

Globular Basophils. These cells are the most 
prominent  in size and number.  The staining 
method of choice is Cleveland and Wolfe's tri- 
chrome technique which shows very fine aniline 
blue-positive material,  as well as both  finer and 
coarser orangeophilic granules. I-Ierlant's AB-PAS- 
orange G technique stains some granules blue and 
others purple, bu t  there is no clear correlation 
between the color of individual granules stained 
by these two methods. Herlant 's  te t rachrome 

stains practically all granules in the  globular 
basophils blue;  only some very coarse granules 
or globules may become yellow or red. The  cells 
are evenly distributed, bu t  are bigger and more 
columnar in shape in the  rostroventral  than  in 
the dorsocaudal regions of the pars distalis. Simi- 
larly the orangeophilic granules are often more 
abundan t  in the rostroventral  than  in the dorso- 
caudal cells where the aniline-blue positive inclu- 
sions tend to predominate.  The nuclei are usually 
ovoid, and often contain one or two distinct 
nucleoli. 

Small Basophils. These are small, containing 
fine, aniline blue positive granules, and usually 
si tuated in the central, lateral, and caudal portion 
of the pars distalis. With  Herlant ' s  AB-PAS- 
orange G or te t rachrome technique they cannot  
be distinguished from small globular basophils;  in 
sections stained with Cleveland and Wolfe's tri- 
chrome this distinction is only possible if these 
lat ter  cells contain numerous orangeophilic gran- 
ules, and are thus not  predominately blue in color. 

Violet Cells. These are almost completely re- 
stricted to the mediorostral  and rostroventral  
parts of the pars distalis, and border the branches 
of the portal  vessels. Only a few violet  cells are 
present in the rostrodorsal and central  regions, and 
they are absent in the dorsocaudal parts. They  are 
elongated cells with ovoid, apical nuclei, contain- 
ing conspicuous nucleoli. The very fine cyto- 
plasmic granules stain violet with Cleveland and 
Wolfe's trichrome, and deep blue or purple with 
I-Ierlant's tetrachrome. A be t te r  s taining method  
for these cells, however, is t Ie r lant ' s  AB-PAS- 
orange G;  with this  the pink or brick-red cells 
s tand out  very clearly against the yellow acid- 
ophils and the blue basophils. 

Abbreviations. ACTH,  adrenocort icotropin ; 
TSH, thyro t ropin ;  FSt t ,  follicle s t imulat ing hor- 
mone;  LH ( ICSt t ) ,  luteinizing hormone;  GH, 
somatotropin.  

TABLE 3 
NOMENCLATURE OF CELL TYPES IN PARS DISTALIS OF THE TOAD HYPOPItYSIS 

van Oordt 
Zuber-Vogeli (1953) Guardabassi (1959. 1960) (1961, 1963a.b) Present paper 

Cellules azanophiles cellule acidofile di carminophils carminophils 
secondo tipo 

Cellules orangeophiles cellule acidofile di orangeophils orangeophils 
primo tipo 

Grandes cellules basophiles cellule gonadotrope ~ B-cells globular basophils 
~, globules acidophiles 

Peti tes cellules basophiles piccole cellule basofile ~-cells small basophils 
ou cyanophiles 

Cellules mauves ou cellule tireotrope B -/-cells violet cells 
violettes 
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TABLE 4 
WEIGItT8 OF TESTES 

A u t u m n  expt. Spring expt. 
Expt l .  groups (mg/100 g m  (mg/100  g m  

of body wt.)  of body wt.)  

S.E. S.E. 
Normal  controls at  470 ± 33 426 + 24 

s tar t  
Normal  controls at  A 416 + 28 G 407 ___ 39 

end 
Pars  distalis B 194 _ 23 H 280 _ 27 

extirpated 
Pars  distalis retr~nspl. C 455 + 18 I 378 ± 37 

to median eminence 
Pars  distalis transpl. D 399 ± 39 K 347 _+_ 18 

to eye muscle 

Note. t tests for identi ty gave the following results: 
A = B ,  p <0 .001 ;  A = D ,  p > 0 . 7 ;  B = D ,  
p <0 .001 ;  G = H ,  p < 0 . 0 2 ;  G = I, p = 0 . 6 ;  
G = K ,  p ~ 0 . 2 ;  H = I ,  p < 0 . 0 5 5 ;  H = K, 
p <: 0.07; I = K, p > 0.4. 

RESULTS 

GONADOTROPIC FUNCTION 

Testes. Extirpation of the pars disCalis 
resulted in a decrease in testicular weight, 
both in the autumn and spring experiments, 
whereas the weigh~ of testes in the toads 
of all groups with pars distalis transplanted 
did not differ significantly from the normal 
controls (Table 4). 

Semini]erous Tubules. The condition of 
the seminiferous tubules were in general 
agreement with the data on testicular 
weights (Figs. 1 and 2). The tubules of the 
normal controls showed well marked sper- 
matogenetic activity. In the spring experi- 
ment there was a greater production of 
early stages. The differences between the 
control animals of May and June show a 
considerable production of sperm cells, and 
also indicate that the transformation of pri- 
mary spermatocytes into secondary sper- 
matocytes was stronger than the transfor- 
mation of secondary spermatogonia into 
primary spermatocytes (Figs. 2, 3 and 7). 
By the autumn many cell nests had m~- 
tured into sperm bundles so that an in- 
crease in the latter paralleled a decrease in 
cell nests (Fig. 1). The Sertoli elements 
were without cytoplasmic lipid droplets and 
gave a negative cholesterol reaction. 
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AUTUMN EXPERIMENTS 1962 

Fla. 1. Effect of extirpation and transplanta-  
t ion of pars distalis of the hypophysis on sperma- 
togenetic activity in the testis of B. buJo. For 
explanation of symbols see text  p. 494. 
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FIG. 2. See legend to Fig. 1. 



F U N C T I O N  OF T R & N S P L A N T E D  H Y P O P H Y S [ S  497 

Extirpation of the pars distalis was fol- 
lowed by a regression of the seminiferous 
tubules. In the autumn experiment no sper- 
matogenetic activity was observed, except 
in specimen no. 1167, and the tubules con- 
rained only inactive primary spermatogonia 
and degenerating sperm bundles. Many of 
the Sertoli cells had become detached from 
the tubule wall and contained small cyto- 
plasmic sudanophilic droplets that reacted 
faintly to the Schultz test. 

In the spring experiment the testes did 
not regress to the same extent as in the 
autumn experiments; cell nests were still 
present at the end of the experiment, 
although significantly less than in the 
normal controls, except in specimen no. 
2100. This may be due to the shorter post- 
operative period. Lipoidal Sertoli cells were 
present in many tubules, however, and no 
mitotic figures were observed. 

All the groups with the pars distalis 
transplanted showed pronounced sperma- 
togenetic activity (Figs. 1 and 2). The 
activity in the toads with pars distalis 
transplanted to an eye muscle was well 
marked, but never as much as in the toads 
with pars distalis retransplanted onto the 
median eminence. The latter groups did not 
differ significantly from the normal controls 
(Figs. 6 and 8). There were relatively few 
lipoidal Sertoli cells and no Schultz reac- 
tion. 

Interstitium and Thumb-Pads. The re- 
sults of the autumn experiments are shown 
in Table 5 and those of the spring experi- 
ments in Table 6. The interstitial tissue of 
the testes of the normal toads from both 
series of experiments was extensive, and 
the cells contained numerous small cyto- 
plasmic lipid droplets that gave a weak 
cholesterol reaction. The cell nuclei were 
large and round with fairly coarse, clumped 
chromatin, but no obvious nucleolus. This 
is referred to as a secretory type nucleus 
(Fig. 3). The thumb-pads were well-de- 
veloped and could be correlated with the 
condition of the interstitial tissue. The 
height of the epithelium of the thumb-pads 
was measured in the spring experiments 
only and was found to be thick and papil- 
late (Tables 5 and 6). 

Extirpation of the pars distalis produced 
a regression of the thumb-pads, the epithe- 
lium becoming thinner and smooth. This 
was accompanied by parallel changes in 
the interstitial cells; the nuclei became 
shrunken and wrinkled in outline, and the  
chromatin was often fine with a eonspicu- 
ous nucleolus; they were thus of the non- 
secretory type (Fig. 4). The cytoplasmic 
lipids built up to a dense mass which gave 
a marked cholesterol-positive reaction (Fig. 
5). These regressive changes occurred to a 
greater extent in the fall experiments, pos- 
sibly due to the longer postoperative period 
(Tables 5 and 6). 

In the toads with pars distalis trans- 
planted onto the median eminence the ac- 
tivity of the interstitial tissue was main- 
tained in both series of experiments (Tables 
5 and 6; Fig. 6). Thumb-pads were well 
developed and many nuclei of the sec- 
retory type were present in the interstitium. 
The cells contained numerous discrete lipid 
droplets giving a cholesterol-positive re- 
action. In the spring series, two specimens 
were exceptions to this rule. Specimen no. 
2113 had poorly developed thumb-pads and 
relatively few secretory type nuclei were 
seen. Specimen no. 2107 had a relatively 
thick epithelium, but it was not papillate, 
and the interstitial cells were largely of 
the nonsecretory type. 

Transplantation of the pars distalis to 
an eye muscle produced regression of the 
thumb-pads; but at a slower rate than in 
the toads with the pars distalis extirpated. 
In the fall experiments thumb-pads thus 
still persisted in the group with the trans- 
plants on 4 October (Table 5), whereas 
they were completely regressed in the hy- 
pophysectomized toads. On 14 October, 
however, the thumb-pads had also com- 
pletely regressed in all but one of the toads 
with an eye muscle transplant. In the 
spring, at the end of the experiment, the 
thumb-pads were generally less regressed 
in the group with the transplants than in 
the group lacking the pars distalis. The 
mean thickness of the epithelium was 
greater in the former group, and the thumb- 
pads were all more or less pronouncedly 
papillate, whereas papillate thumb-pads 
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T A B L E  5 

EVALUATION OF INTERSTITIAL CELL ACTIVITY IN AUTUMN EXPERIMENT 

4 9 9  

Exptl. groups 

Thumb-pad color 
Specimen Nucleus Lipid 

no. Oct. 4 Oct. 14 Oct. 23 Oct. 27 type content 

N o r m a l  controls  B 1149 xx xx xx xx S + 

50 xx xx xx xx S + 
51 x x  xx xx xx S + 

52 xx xx xx xx S + 

53 xx xx xx xx S -I- 
54 xx x xx xx S + 

55 x xx x xx S + +  
56 xx x - -  xx S + 

Pars  d is ta l i s  e x t i r p a t e d  B 1165 . . . .  N.S. + +  
66 . . . .  N.S. + + +  

67 . . . .  N.S. + + +  
68 . . . .  N.S. + + + 

69 . . . .  N.S. + + +  

70 . . . .  N.S. + + +  
71 . . . .  N.S. + +  
72 . . . .  N.S. + + + 

Pars  d is ta l i s  t ransp l ,  to 
m e d i a n  eminence  

B 1181 xx xx xx xx S + + 

82 xx xx xx xx S + few N.S.  + + 
83 - -  xx xx xx S + + 

84 - -  - -  x xx S + + 
85 x xx xx xx S + N.S. + + + 

86 xx xx xx xx S + 
87 xx xx xx xx S + + 

88 - -  xx xx xx S + 

Pars  d is ta l i s  t ranspl ,  to 
eye muscle  

B 1197 x - -  - -  - -  N.S. + few S + + +  
98 xx - -  - -  - -  N.S. + few S + + + 

99 xx x - -  - -  S. + N.S. + + 
1200 xx - -  - -  - -  N.S. -{- + + 

01 xx - -  - -  - -  N.S. + few S + + 

02 xx - -  - -  - -  N.S. + few S + + 
03 xx - -  - -  - -  N.S. + + + 

04 xx - -  - -  - -  N.S. + few S + + 

Note. xx, da rkb rown;  x, l igh t  brown;  - - ,  colorless or absen t ;  S, secre tory ;  N.S.,  nonsecretory.  

FIG. 3. Tes t i s  of cont ro l  t o a d  (June,  1964). The  i n t e r s t i t i a l  t issue con ta ins  large  rounded  nucle i  and  

s m a l l  l ipo ida l  droplets .  The  a d j a c e n t  semin i fe rous  t ubu l e s  con ta in  severa l  nes t s  of d e v e l o p i n g  ge rm 

cells. F o r m a l  sa l ine  f ixa t ion;  Sudan  B lack  and  c a r m a l u m  s ta in ing .  ×480.  

FIG. 4. Tes t i s  of h y p o p h y s e c t o m i z e d  toad  (1962). The  i n t e r s t i t i a l  t i ssue  has  regressed and  nucle i  are 

s h r u n k e n  and no longer  round.  Spe rma togenes i s  has  t e r m i n a t e d  and  on ly  p r i m a r y  s p e r m a t o g o n i a  and  

loosened  sperm bund le s  are p resen t  in the  tubules .  B o u i n  f ixa t ion ;  i ron h e m a t o x y l i n  and  orange  G 

s ta in ing .  × 480. 
FIG. 5. Tes t i s  of h y p o p h y s e c t o m i z e d  toad  (1964). A dense mass  of cho les te ro l -pos i t ive  l ip id  accumu-  

la tes  in  the  i n t e r s t i t i a l  cells. T e c h n i q u e  as in Fig. 3. 

FIG. 6. Tes t i s  of t o a d  wi th  pars  d i s ta l i s  t r a n s p l a n t e d  on to  the  m e d i a n  eminence  (1964). S p e r m a t o -  

genes is  is wel l  es tab l i shed ,  a nd  nes t s  of deve lop ing  ge rm cells can be ~ e n  in  the  semin i fe rous  tubules .  

T h e  i n t e r s t i t i a l  t issue is wel l  deve loped  wi th  rounded  nucle i  and  n u m e r o u s  smal l  sudanoph i l i c  droplets .  

The  t e chn ique  as in  Fig.  3. 
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were only found in one of the hypophy-  
sectomized toads. 

The cytology of the interstit ium is in 
general agreement with these results 
(Tables 5 and 6). In  the autumn expeTi- 
ment  generally few secretory interstitial 
cells were observed, whereas in the spring 
experiment, interstitial cells of both the 
secretory and the nonsecretory type often 
occurred together. 

Ovary. The data  on ovarian weight are 
summarized in Table  7. The effect of t rans-  
planting the pars distalis apparent ly  varied 
with the season. 

In  the autumn experiment, the ovaries 
were already mature  at the beginning of 
the experiment but  grew somewhat  during 
the experiment (Table 7). The increase in 
ovar ian weight from 9.8 to 13.0% of the 
body weight in this group does not express 
the absolute growth of the ovaries in the 
experimental period because the toads lost 
5% in weight. Ovarian weight at  the end 
of the experiment is thus only 12.3% of 
the initial body weight. The calculated in- 
crease in weight of the ovaries during the 
experiment is therefore about  26%. This 
increase is significant at the 1% level. The 
marked  reduction in weight af ter  extirpa- 
tion was mainly  due to the disappearance 
of all mature  eggs tha t  were reduced to 
small atretic follicles, mostly consisting of 
pigment. The ovaries of the toads with 
the pars  distalis t ransplanted to an eye 
muscle were slightly heavier, but histologi- 
cally similar to those of the hypophysec-  
tomized controls with maximum oocyte size 

of about  60'0-700t~. In  toads with the pars 
distalis retransplanted under the median 
eminence, 5 had similarly reduced ovaries, 
but 3 had ovaries tha t  were of about  the 
same weight as the normal controls and 
filled with normally sized mature  eggs. 

In  the spring experiment, the ovaries 
were in the beginning of the growth phase 
at the s tar t  of the experiment and the 
oocytes did not reach maximum size during 
the experiment. At the finish, ovarian 
weight of normal controls had increased 
from 3.2% to 5.4% of the body weight, 
whereas in the group without the pars 
distalis the weight had decreased to 1.5%. 
In both groups with t ransplanted pars 
distalis ovarian weights were about  the 
same as at the beginning of the experiment 
(Table  7). 

These results are in general agreement  
with the variat ion in maximum oocyte 
size (Fig. 15). After extirpation of the 
pars distalis the larger oocytes degenerated, 
and at  the end of the experiment only the 
small gonadotropin-independent stages re- 
mained. In the normal controls the oocytes 
continued to grow, but none developed to 
the normal maximum of about  1550-1700 t~. 
In the groups of toads with t ransplanted 
pars distallis the maximum oocyte size was 
about  the same as at  the s tar t  of the experi- 
ment. 

ADRENOCORTICOTROPIC AND ADRENOCORTICAL 
FUNCTION 

The efficiency of A C T H  t rea tment  in 
maintaining the toads was assessed by ob- 

FIG. 7. Testis of control toad (May, 1964). Spermatogenesis is very active and the tubules are filled 
with nests of developing germ cells. Bundles of sperms have not yet been produced. Technique as in 
Fig. 4. 

FIG. 8. Testis of toad with pars distalis transplanted onto an eye muscle (June, 1964). It can be seen 
that spermatogenesis is occurring and numerous nests of developing germ cells are present in the 
tubules. The interstitial tissue, however, is regressing and rounded nuclei are relatively rare in this 
specimen (no. 2120). Technique as in Fig. 4. 

FIG. 9. Cells in the rostral part of the distal lobe of female control toad no. 1146 from the autumn 
experiment, stained with Cleveland and Wolfe's trichrome. X750; film Agfa 13/10 ° Din; filter Schott 
VG9. c ---- carminophils, gb ---- globular basophils, v ---- violet cells. 

FIG. 10. Median sagittal section through pituitary of female toad no. 1178 with homoiotopically trans- 
planted pars distalis, from the autumn experiment, stained with Cleveland and Wolfe's triehrome. 
XS0; film Agfa 13/10 ° Din, filters Schott BG 23 and VG9. me ~ median eminence, pd = pars distalis, 
pi ----- pars intermedia, pn ---- pars nervosa. Note normal tissue in dorsal part of distal .lobe and dedif- 
ferentiated tissue, including small cyst, in ventral part. 
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TABLE 6 
EVALUATION OF INTERSTITIAL CELL ACTIVITY IN SPRING EXPERIMENT 

Height of 
Specimen thumb-pad Nucleus a Lipid 

Exptl. groups no. epithelium (#) type content 

Normal  controls B 2091 115 S + few N.S. + + 
92 148 S + 
93 160 S + 
94 160 S + 
95 200 S + 
96 148 S + few N.S. + 
97 160 S + 
98 115 S + 

Mean 150.75 
SE ± 9.69 

Pars distalis extirpated B 2099 56 N.S. -4- + -4- 
2100 185 S -4- N.S. -4- 

01 115 N.S. -4- + 
02 56 N.S. -4- + 
03 111 N.S. + +  
04 56 N.S. + -}- 
05 75 N,S. + few S + 
06 68 N,S. + + 

Mean 90.25 
SE ± 15.97 

Pars distalis retranspl, to 
median eminence 

B 2107 150 N.S. -4- few S -4- -4- 
08 130 S + few N.S. -4--1- 
09 185 S -4- few N.S. -t- 
10 148 S + 
11 185 S -{- 
12 130 S -{- few N.S. + 
13 75 N.S. + few S -4-+ 
14 185 S + 

Mean 148.50 
SE +_ 13.42 

Pars distalis transpl, to 
eye muscle 

B 2115 160 S -}- N.S. + 
16 100 S -4- N.S. -4- 
17 75 S + N.S. -4-+ 
18 75 S -4- N.S. A-+ 
19 130 S + few N,S. + 
20 95 N.S. + few S -4- + + 
21 200 S -{- N.S. + 
22 148 S + N.S. + 

Mean 122.88 
SE + 15.75 

a S --- secretory;N.S.  =nonseere tory .  
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TABLE 7 
WEIGHTS OF OVARIES 

Autumn expt. Spring expt. 
Exptl. groups (as % of body wt.) (as % of body wt.) 

S.E. S.E. 
Normal  con- 9 .8  _ 0.44 A 3.15 _ 0.24 

trols a t  s tart  
Normal  con- 13.0 _ 0.54 B 5.37 ± 0.25 

trols at  end 
Pars distalis 3 .3  C 1.46 ± 0.14 

extirpated 
Pars distalis 11.1 (av. 3 toads) D 3.03 ± 0.22 

retranspl, to 3 .6  (av. 5 toads) 
median 
eminence 

Pars distalis 3 .6  ± 0.19 E 3.07 ± 0.46 
transpl,  to 
eye muscle 

Note. t tests for identi ty gave the following results: 
A ~-B,  p <0 .001 ;  A ~-C,  p <0 .001;  B = E ,  
p <: 0.001; C -- E, p < 0.01. 

serving their liveliness and agility in turn- 
ing when placed on their back. The data 
are summarized in Table  8. 

I t  can be seen that  among the toads 
receiving AC TH the spring animals were 
generally in a better condition than those 
from the autumn experiment. This is prob- 
ably at least partially due to the longer 
duration of the autumn experiment. In the 
latter the males were maintained in a better 
condition than the females of which less 
than half survived to the end, whereas the 
spring females remained healthier than the 

males. On the whole the condition of the 
toads with an ectopic pars distalis was 
not superior to that  of the toads without 
the pars distalis. 

In the groups of toads with the: pars 
distalis transplanted under the median 
eminence, adrenocorticotropic function was 
normal in all but  specimens no. 2107, a 
male which was sluggish and showed ab- 
normal molting, and no. 1180, a female 
which molted normally for only a short 
period. Adrenal cytology indicated that  the 
corticotropic activity was reduced in the 
former (Table 9). 

In the adrenocortical tissue of the normal 
toads the cell nuclei were round and the 
cytoplasm compact. In some, many of the 
cells contained a vacuole close to the nu- 
cleus (paranuclear vacuole),  while in 
others, such vacuoles were absent. The size 
and appearance of the cells varied, being 
small and separate in some toads, but  
large and closely packed in others. 

The cytoplasm contained a little lipid 
which was mostly cholesterol negative 
(Table 9). The content of the paranuclear  
vacuoles was always Sudan negative. 

In the toads with pars distalis extirpated 
the adrenocortical cells were shrunken and 
the nuclei were closely packed together. 
Moreover, the nuclei were smaller than 
those of the normal controls and more or 
less irregular in outline. Paranuclear  vac- 
uoles were absent, except in specimen no. 
2099. The adrenocortical tissue of this 

TABLE 8 
GENERAL CONDITION OF TOADS AT END OF EXPERIMENTS 

No. of toads 

Autumn expt. Spring expt. 

Subnormal Subnormal 
Exptl. groups Sex Normal to bad Normal to bad  

Normal controls c~ 8 
8 

Pars distalis transpl, to median eminence c~ 8 
Q 7 

Pars distalis transpl, to eye muscle a c~ 1 
0 

Pars distalis extirpated a o ~ 0 
9 0 

0 8 0 
0 8 0 
0 7 1 
1 6 1 
7 3 5 
4 6 2 
8 1 7 
3 8 0 

a The toads in these groups were injected with 10 milliunits of A C T H  thrice a week. 
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EVALUATION OF ADRENOCORTICAL ACTIVITY OF MALES IN SPRING EXPERIMENT 
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Specimen Turning 
Exptl. groups no. Lipid Cholesterol Liveliness reflex 

Norma l  controls  B 2091 + --  1 1 
92 _+ + 1 1 
93 lost 1 1 
94 _+ + 1 1 
95 + + 1 1 
96 + -- 1 1 
97 _ +_ 1 1 
98 + + 1 1 

Pa r s  distal is  ex t i rpa ted  B 2099 + + + +  _+ 3 3 
2100 + + +  + + +  2 2 

01 + +  - -  2 2 

02 + + - 1-2  1 
03 +-4--4- - 4 - + +  1-2 2 
0 4  + + - -  1 - 2  2 

05 + + --  1-2 2 
06 + + + 1-2 1 

Pars  dis tal is  re t ranspl ,  to 
m e d i a n  eminence  

B 2 1 0 7  + + +  -4-+ 2 3 
08 _+ -- 1 1 
09 _ ± 1 1 
10 + _ 1 1 
11 + - -  1 1 

12 -4-+ -4- 1 1 
13 _+ _+ 1 1 
14 + + 1 1 

Pa r s  dis tal is  t ranspl ,  to 
eye musc le  

B 2115 + + +  + 1-2 2 
16 + _+ 1-2 2 
17 + +  + 1 1 
18 + +  + +  1 2 
19 + -- 1 1 
20 -t- +_ 1 1 
21 lost 2 1 
22 + + + +  + + +  1-2 2 

Note. + very  l i t t le lipid, or ve ry  weak  Schultz  react ion for cholesterol;  + --* + + + + l i t t le  to ve ry  m u c h  
lipid, or weak  to ve ry  s t rong  reac t ion  for cholesterol.  1 normal ;  2 s luggish;  3 ve ry  sluggish.  

FIG. 11. Sect ion t h r o u g h  ven t r a l  a rea  of the  hom0i o top i ca l l y  t r a n s p l a n t e d  pa r s  dis ta l is  of female  t oad  
no. 1177 f rom the  a u t u m n  exper imen t ,  cd = in ter -  and  in t race l lu la r  colloid droplets ,  e - =  e ry th rocy t .  
Other  abb rev i a t i ons  and  technica l  deta i ls  as in Fig.  9. 

FIG. 12. Sect ion t h r o u g h  ectopic  pars  dis tal is  of ma le  toad  no.  1201 f rom the  a u t u m n  expe r imen t .  
No te  m a n y  e r y t h r o c y t e s - - s o m e  ind ica ted  wi th  the  le t te r  e - i n  the  graf t  and  in the  m u s c u l a r  t i ssue  
(mr) .  Techn ica l  deta i ls  as in Fig. 10. 

Fro. 13. Sect ion t h r o u g h  ectopic  pars  dis tal is  of f emale  t oad  no.  2088 f rom the  spr ing  expe r imen t .  
No te  pa r t l y  deg ranu la t ed  ac idophi l s  (a) and  a lmos t  e m p t y  g lobular  basoph i l s  (gb) .  Techn ica l  de ta i l s  
as in Fig. 9. 

Fla.  14. Sect ion t h r o u g h  epi the l ia l  cells border ing  cys t  in ectopic pars  dis ta l is  of ma le  t o a d  no.  2121 
f rom the  spr ing  expe r imen t ,  s t a i ned  wi th  Her l an t ' s  A B - P A S - o r a n g e  G m e t h o d .  N o t e  cilia a n d  dark  
AB posi t ive  ma t e r i a l  in the  apical  par t s  of the  cells. O the r  t echn ica l  deta i ls  as in Fig. 9. 



506 VAN DONGEN, JORGENSEN, LARSEN, ROSENKILDE, LOFTS, AND OORDT 

specimen was similar to that of the normal 
controls. 

The cytoplasm was very lipoidal but 
only weakly responsive or negative to the 
cholesterol test. Specimens no. 2100 and no. 
2103 (Table 9), however, were strongly 
cholesterol positive. 
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FIG. 15. Effect of extirpation and transplanta- 

tion of pars distalis on oocyte development. Q,  
diameter of the largest oocytes in the ovaries of 
normal control toads at start and end of experi- 
ment ;  El, of hypophysectomized toads; A ,  of 
toads with pars distalis transplanted onto the 
median eminence; W, of toads with pars distalis 
transplanted to an eye muscle. 

In the toads with pars distalis retrans- 
planted under the median eminence, the 
histological and cytological appearance of 
the adrenocortical tissue was in general the 
same as in the normal controls (Fig. 16). 
However, paranuclear vacuoles appeared to 
be slightly less common; they were absent 
in specimens no. 2108, 2112, and 2114, and 
only a few were detected in the remaining 
specimens of the group. 

Cytoplasmic lipid was sparse as in the 
normal controls (Fig. 18), except in speci- 
men no. 2107. In 3 members of the group, 

the lipid showed a pronounced cholesterol 
positive reaction (Table 9). 

In the toads with ectopie transplants 
the adrenocortieal cells were generally only 
slightly smaller than in the normal controls, 
and larger than in the group with pars 
distalis extirpated. Also nuclear size was 
more comparable with the former group 
than with the latter (Fig. 17). The cell 
cytoplasm was generally compact, but in 
specimens no. 2115 and 2122 the cytoplasm 
was densely lipoidal and contained numer- 
ous very small vacuoles. The nuclei were 
crenated (Fig. 19). The remainder revealed 
a sudanophilic condition which was inter- 
mediate between that of the normal group 
and the group lacking a pars distalis. The 
cholesterol reaction varied from negative to 
strongly positive (Table 9). 

In Table 9 the lipoidal condition of the 
adrenocortical cells can be compared with 
the general condition of the toads at the 
end of the experiment. There appears to 
be an inverse relationship between lipid 
condition and the secretory activiW as 
evaluated from the liveliness of the toads. 
High lipid values correspond to abnormal 
sluggishness. 

THYROTROPIC FUNCTION 

Thyrotropic function was only studied 
in the autumn experiment. Table 10 shows 
that extirpation of the pars distalis strongly 
reduced the iodine uptake by the thyroids. 
Retransplantation of the pars distalis onto 
the median eminence did not significantly 
alter the ability of the thyroids to ac- 
cumulate the 1~1I, whereas transplantation 
to an eye muscle resulted in a low retention 
of the injected 1~1I. In the males of this 
group the 13~I accumulation in the thyroids 
was slightly, but not significantly, higher 
than in the hypophysectomized controls, 
whereas the thyroids of the females re- 
tained significantly larger amounts of 18~I 
than the thyroids of the controls without a 
pars distatis. 

FAT BODIES 

Dissection of female toads at the end of 
the autumn experiments revealed that the 
fat bodies were very much larger in hy- 
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TABLE 10 
151I UPTAKE IN THYROIDS OF TOADS 

IN AUTUMN EXPERIMENT 

lalI uptake (counts/min)a 

Exptl. groups Females Males 

A Normal controls 
B Pars distalis 

extirpated 
C Pars distalis 

retranspl, to median 
eminence 

D Pars distalis transpl. 
to eye muscle 

3253 ± 338 2936 ± 356 
747 ± 118 1291 ± 180 

2984 ± 343 3167 ± 451 

1437 ± 174 1685 ± 293 

± standard error. 
Note. t tests for identity gave the following results: 

Females--C ~ D, p <0.01; B = D, p <0.01; 
C ~ A, 0.5 < p < 0.6; A = D, p < 0.001. Males-- 
A = D, 0.01 < p < 0.02; C = D, 0.01 < p < 0.02; 
B = ]),0.2 < p  < 0.3;C -~ A, 0.8 < p  <0.9. 

pophysectomized toads than in normal con- 
trois; also the females with pars distalis 
transplanted to an eye muscle had large 
fat bodies. The fat bodies in the males 
were weighed to determine whether the size 
was influenced by extirpation or trans- 
plantation of the pars distalis. I t  can be 
seen from Table 11 that  the fat bodies were 
small in the normal controls and in the 
toads with pars distalis retransplanted onto 
the median eminence, with no significant 
difference between these groups. In  the 
toads with pars distalis extirpated the fat 

bodies were large, whereas the fat bodies 
were of intermediate size in the toads with 
pars distalis transplanted to an eye muscle. 
Unfortunately, data on fat body weights 
at  the beginning of the experiments were 
not recorded. However, fat bodies are nor- 
mally large in freshly caught toads in 
August (unpublished observations). There 
is, therefore, good reason to believe that  
the weight of the fat bodies in the hypophy-  
sectomized toads had not changed much 
during the experiment, whereas those of 
the normal controls had been strongly re- 
duced. 

In the spring experiment the fat bodies 
were small at the beginning of the experi- 
ment, as they usually are at this time of 
the year. Their size increased markedly in 
all experimental groups (Table 11). 

H I S T O L O G Y  AND C Y T O L O G Y  OF P A R S  D I S T A L I S  

N o r m a l  Controls (Fig. 9). In  the pars 
distalis of the normal toads of both series 
of experiments the acidophils were always 
densely filled with granules. Signs of a 
secretory activity were seldom noticed; 
only in some animals from the spring ex- 
periment (specimens no. 2059, 2091, 2093) 
were cytoplasmic vacuoles seen, and in 
specimens no. 2059 and 20.62 occasional 
intracellular colloid droplets were found 
within carminophils. 

Generally speaking, in the animals au- 

TABLE 11 
WEIGHTS OF FAT BODIES 

Autumn expt. Spring expt. 
Exptl. groups Sex (mg/100 gm (mg/100 gm 

of body wt.) a of body wt.) a 

Normal controls at start 

Normal controls at end 

Pars distalis extirpated 

Pars distalis retranspl, to median eminence 

Pars distalis transpl, to eye muscle 

O 106 ± 30 
61 ± 19 

129 i 39 1246 ± 62 
9 323 ± 32 
o ~ 1287 ± 206 975 ± 135 
9 734 ± 129 
c~ 173 ± 61 825 ± 197 

367 ± 111 
O 739 ± 106 1373 ± 124 

673 ± 99 

± standard error. 
t test for probability in the autumn expt. group with extirpated pars distalis is identical 

pars distalis transplanted to eye muscle: 0.02 < p < 0.05. 
with group with 
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topsied in October the globular basophils 
were large, but only sparsely filled with 
orange granules. Many rostrally situated 
cells were highly vacuolated; in the more 
caudally situated globular basophils cyano- 
philic granules predominated. Extremely 
big, intracellular orangeophilic globules 
were found at random, particularly in 
specimens no. 1148 and 1156. Hyperchro- 
marie, amorphous material filling up most 
of the cytoplasm was found in dorsally 
situated cells of specimens no. 1145 and 
1156. As a rule the nuclei were small and 
irregular in shape; big, vesicular nuclei, 
containing conspicuous nueleoli, were not 
found in the globular basophils of this 
group. 

In the controls autopsied in June the 
globular basophils were relatively small, 
and many contained numerous orange 
granules. Others, and again particularly 
those in the caudal part of the pars distalis, 
were almost purely cyanophilic. Many of 
the latter showed small cytoplasmic vac- 
uoles. In the more orangeophilic globular 
basophils very big globules were no ex- 
ception. Hyperchromatie cells were met 
with in specimen no. 2095. The nuclei of 
the globular basophils were ovoid or irreg- 
ular, and often contained a conspicuous 
nucleolus. 

In the present material small basophils 
could never be identified with certainty. 
This does not imply t h a t  they were ab- 
sent, but only means that the staining 
methods were insufficient to distinguish 
these cells from smaller, largely cyanophilic 
globular basophils. 

Violet cells were well represented in both 
groups of normal controls. In the toads, 
autopsied in October, they were big and 
sparsely but evenly granulated; in the 
spring controls they were somewhat smaller 
and often more densely granulated. In the 
latter group many violet cells contained 

some small cytoplasmic vacuoles, usually 
situated at the base of the cell. The nuclei 
were always big and vesicular, and con- 
tained conspicuous nucleoli. 

Median Eminence Groups (Figs. 10 and 
11). Sagittal sections showed that in prac- 
tically all animals the pars distalis had 
been placed with its dorsal side against the 
median eminence and pars intermedia. All 
grafts were well vascularized by blood ves- 
sels coming from the median eminence, and 
entering at various places in the original 
dorsal side instead of the rostral pole of the 
pars distalis, as is the normal situation. 

Notwithstanding this ample blood supply 
smaller or larger parts of the rostro-ventral 
or ventrocentral areas of the distal lobe had 
lost their normal appearance in all speci- 
mens except no. 2111. Numerous cells had 
degenerated or dedifferentiated to fibro- 
blast-like elements. In such parts violet 
cells had disappeared completely. Many 
globular basophils had lost their orangeo- 
philic granules and had turned into weakly 
cyanophilic cells. Others retained some 
orangeophilic granules. Prior to degenera- 
tion, the globular basophils often formed 
colloid droplets. These droplets were AB 
and PAS positive. In sections stained with 
Cleveland and Wolfe's trichrome they were 
generally orange and seldom blue; and in 
sections stained with Herlant's tetrachrome 
they were predominantly blue, only very 
large droplets having an orange center. The 
acidophilic cells had an almost normal ap- 
pearance, although many were somewhat 
smaller and less densely granulated than 
those in the control pituitaries. 

In between these basophils and aci- 
dophils, remains of disintegrated cells as 
well as colloid droplets had accunlulated. 
In some of the pituitaries belonging to the 
autumn group (specimens no. 1173, 1178, 
1179), the disintegration of cells had led 
to the formation of cysts or pseudofollicles, 

FIG. 16. Adrenal gland after homoiotopic transplantation of pars distalis. Cortical cells with round 
nuclei and compact cytoplasm. Paranuclear vacuoles (pv). (From specimen no. 2112). >(290. 

FIG. 17. Adrenal gland after ectopic transplantation of pars distalis. Cortical cells with small nuclei. 
No paranuclear vacuoles. (From specimen no 2116). X290. 

FIG. 18. As Fig. 16. Little lipid. (From specimen no. 2111). X80. 
Fro. 19. As Fig. 17. Very much lipid (From specimen no. 2115). ×80. 
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containing stone degenerating cells, cell 
debris, and often some erythrocytes. As a 
rule, such cysts were bordered by pituitary 
cells that had transformed into ehromopho- 
bie epithelial elements. These cysts were 
also very common among the toads of 
the spring experiment, being absent only 
in specimens no. 2107 and 2111. 

The area of the grafts immediately 
bordering the median eminence and pars 
intermedia always consisted of normal pars 
distalis tissue, in which numerous aeidophils, 
globular basophils and violet cells could be 
recognized. These cells differed little from 
those found in the corresponding control 
groups. The aeidophils had become slightly 
smaller and sometimes stained less clearly, 
so that it was more difficult to distinguish 
between the carminophils and the orange- 
ophils. The globular basophils contained 
few orangeophilic granules and globules 
and had irregular or ovoid nuclei. Many of 
the more rostrally situated globular bas- 
ophils were larger and contained cyto- 
plasmic vacuoles; the more dorsocaudally 
situated cells were smaller and more cyan- 
ophilic. Violet cells were as usual seen in 
contact with blood vessels, and--due to 
changes in the vascularization--could be 
found in more dorsal areas of the pars 
distalis as well as in those rostral parts 
where the cells had not dedifferentiated. 
They tended to be somewhat smaller and 
less chromophilic than in the corresponding 
group of normal controls, but had vesicular 
nuclei and conspicuous nucleoli. Some had 
lost their cytoplasmic vacuoles. 

Eye Muscle Groups (Figs. 12, 13 and 
14). The most important feature of the 
grafts transplanted onto an eye muscle 
was the presence of large, irregularly 
shaped cysts or pseudofollicles. Only in 
specimens no. 1196, 2090, 2120, and 2122 
did these cysts remained inconspicuous. The 
cavities of the cysts were usually lined by 
fiat, chromophobic epithelial cells. In very 
large cysts cubic and columnar epithelial 
cells were present, not seldom provided 
with well-developed cilia, and containing 
AB positive secretory granules. Their nu- 
clei were very large and vesicular, and 
showed prominent nueleoli. The contents 

of the cysts were similar to those found 
in the homoiotopie grafts, but apart from 
the cell remnants and erythroeytes, some 
AB positive residue of what was probably 
a mucous substance secreted by the ciliated 
epithelial cells, was found in connection 
with these cells. Erythroeytes were also 
present in the numerous smaller and wider 
blood vessels that had entered the graft 
from the surrounding muscular tissue. 

In between and around the cysts nu- 
merous dedifferentiated, fibroblast-like 
cells, degenerating cells containing orange- 
ophilie globules, and extraeellular colloid 
droplets, as well as cell debris were ob- 
served: Apart from these, smaller or larger 
areas made up of recognizable pars distalis 
cells were always present, and, generally 
speaking, were no smaller than in the 
homoiotopic grafts. Only in specimens no. 
2090 and 2121 were relatively few recog- 
nizable pars distalis cells observed. 

These strands of normal tissue contained 
considerable numbers of small acidophilic 
cells. Most of these were partly degran- 
ulated, staining brownish red or orange 
with Cleveland and Wolfe's trichrome and 
blueish red or orange with Herlant's tetra- 
chrome, thus making it difficult to distin- 
guish between the carminophils and orange- 
ophils. There can be little doubt, however, 
that both types had survived the hetero- 
topic transplantation. The globular baso- 
phils had changed more thoroughly; very 
few contained granular material, the 
majority being small and void of chromo- 
philic granules. Globular basophils with 
more than very few orange staining gran- 
ules were only observed in specimens no. 
1192, 1201, 2083, and 2122. The nuclei of 
the basophils, as well as those of the aci- 
dophils, were ovoid or irregular; nucleoli 
were present, but seldom conspicuous. Con- 
trary to the acidophils and globular ba- 
sophils, violet cells had practically disap- 
peared from the heterotopic transplants. 
A few small violet cells were noticed in 
three specimens of the spring experiment 
(no. 2085, 2088, 2122), and one or two rem- 
nants of such cells in a section of the graft 
from specimen no. 1202 of the autumn 
experiment. 
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DISCUSSION 
Gonadotropic ]unction of the trans- 

planted pars distalis was studied at two 
different stages in the gonadal cycles, viz. 
in the spring at a time when the gonads had 
just begun the production of new gametes 
after the extrusion and degeneration of the 
old population of mature sperm and eggs; 
and in the autumn at a time when the 
gonads are in a more or less static phase, 
filled with mature sexual products. 

Males. Even in the autumn experiment, 
the testes of the normal controls showed a 
pronounced spermatogenetie activity. This 
high activity is probably not typical at this 
time of the year, but may be a result of the 
high temperature at which the toads were 
kept (van Oordt, 1960). In the frog R. 
tempvraria van Oordt and Lofts (1963) 
have shown that in autumr~ the spermato- 
genetic rate is low under natural conditions, 
but is sometimes highly stimulated in frogs 
brought from their outdoor quarter to the 
high temperature of the laboratory. 

Irrespective of the time of the year, the 
pars distalis transplanted under the median 
eminence differed only little from the pars 
distalis of the nonoperated control with 
respect to gonadotropin secretion. In most 
of the toads, normal, or close to normal, 
spermatogenetic activity was maintained, 
as well as a secretory interstitial tissue. 

After transplantation of the pars distalis 
to an eye muscle, gonadotropin secretion 
proceeded at a level high enough to secure 
an only slightly reduced spermatogenetic 
activity. In contrast, the activity of the 
interstitial tissue was depressed, and to a 
greater extent in the autumn experiment 
than in the spring experiment. In the 
autumn experiment the activity level was 
close to that of the hypophysectomized 
controls. I t  may be that if the toads in the 
spring experiment had been maintained for 
the same post-operative period as the toads 
in the autumn experiment, interstitial ac- 
tivity might have become further depressed. 

In the frog R. tempovaria it has been 
shown that the interstitial tissue can be 
stimulated by purified ICSH (LH) of 
mammalian origin, and spermatogenesis by 
purified FSH (Lofts, 1961). Furthermore, 

the gonadotropin responsible for spermato- 
genesis and interstitial cell activity in the 
toad and other amphibians appear to be 
produced by separate cell types (see be- 
low). It therefore seems likely that two 
gonadotropins are secreted by the amphib- 
ian pars distalis. The present experiments 
thus indicate that in the male toad the 
ectopically transplanted pars distalis se- 
cretes Sufficient FSH to maintain a distinct 
spermatogenetie activity, whereas the secre- 
tion of ICSH decreases strongly after the 
operation. 

In the spring experiment a significant 
production of sperm bundles had taken 
place in the toads with extirpated pars 
distalis, whereas the intermediate stages 
in the spermatogenetic cycle were scarce or 
lacking. The situation confirms the finding 
of van Oordt (1956) in the frog R. tem- 
poraria that the transformation of sper- 
matocytes into spermatids and sperm cells 
goes on in the absence of gonadtropins. 

Females. In the preliminary report (J0r- 
gensen, 1963) it was assumed that the 
mature eggs in the 3 toads of the median 
eminence group with normal sized ovaries, 
represented eggs present at the beginning 
of the experiment which had been main- 
tained. Recently, however, unpublished ob- 
servations have indicated that mature eggs 
do not survive even passing fluctuations in 
gonadotropin levels such as result from 
retransplantation of the pars distalis onto 
the median eminence; or from a single in- 
jection of chorionic gonadotropin (Physex 
Leo), even in amounts smaller than those 
needed to cause ovulation. Some few days 
after such treatment mature eggs degen- 
erate. Young oocytes may or may not start 
developing after degeneration or elimina- 
tion of mature eggs by artificially induced 
ovulation. If they do, a normally sized 
ovary filled with mature eggs develops 
within a few months. The response of im- 
mature oocytes is therefore an all-or-none 
response, perhaps mainly depending upon 
their degree of sensitivity towards circula- 
ting gonadotropin (unpublished experi- 
ments). 

Thus, it is possible that in the 3 median 
eminence group toads with large ovaries, 
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degeneration of old mature eggs and a sub- 
sequent growth of a new generation of ma- 
ture eggs had taken place, and gonado- 
tropin production had been sufficiently 
large to support rapid development and 
maturation of ooeytes. The 5 remaining 
members of the group may have secreted 
gonadotropin at equally high rates (see 
below), but without the ooeytes responding. 
In the 8 toads with eetopie transplants, 
growth of young ooeytes did not occur 
simultaneously with the degeneration of 
the mature eggs, but whether this was due 
to low gonadotropie secretion or unre- 
sponsive ooeytes, could not be determined. 

In the spring experiments there was no 
significant difference between ovarian 
weights and degree of maturation of the 
growing ooeytes in the two graft-bearing 
groups at the end of the experiment. In 
both, ovarian development was intermedi- 
ate between that of the hypophyseetomized 
and normal controls; the: largest oocytes 
being about the same size as at the start 
of the experiment. 

This result may be interpreted in two 
Ways. Either the large oocytes present at 
the end of the experiment were the same 
as at the start and had consequently been 
maintained but not grown, or the trans- 
plantation was followed by degeneration 
of all pars distalis dependent ooeyte stages, 
so that the large ooeytes at the end of the 
experiment represent regrowth of a new 
generation of ooeytes. 

If the first interpretation is correct, 
transplantation depressed gonadotropie se- 
cretion to about the same extent in both 
groups, but if the second interpretation is 
true gonadotropin secretion in these speci- 
mens was similar to normal controls, since 
the ooeyte size reached during the experi- 
mental period is comparable to that 
reached in the ovaries of normal toads 
6 weeks after spawning (see Fig: 15) (as- 
suming that ooeyte growth started im- 
mediately after spawning). 

Irrespective of which of the two inter- 
pretations is correct, however, in these 
spring experiments a dependence on normal 
hypothalamie connections for gonadotropie 
production eould not be demonstrated, as 
evaluated from the state of the ovary. 

Adrenocorticotropic and Adrenocortical 
Functions. The present experiments have 
confirmed previous findings that generally 
a significant adrenoeortieotropie function 
can be demonstrated in homoiotopically, 
but not in eetopieally transplanted pars 
distalis tissue, when the functional state is 
judged from length of survival, molting, 
and condition of the toads. 

In males of the spring experiment the 
lipid content of the adrenoeortical cells 
showed a correlation with the general con- 
dition of the toads, and thus with the 
adrenocortieal function; a high lipid con- 
tent representing a low secretory activity 
and vice versa. The correlation between 
the reaction for cholesterol and the func- 
tional state of the adrenocortieal cells waS 
less pronounced. Higher cholesterol values 
were, however, found in toads with syrup= 
toms of deficient adrenocortical function 
(Table 9). 

Lipid content of adrenocortical cells as 
well as general condition suggest that in the 
spring experiment some of the male toads 
with an ectopically transplanted pars dis- 
talis had more active adrenocortical tissue 
than corresponding animals without a pars 
distalis. This might be explained by as- 
suming that the heterotopie graft secreted 
a hormone acting synergistically on the 
adrenoeortieal cells with the ACTH in- 
jeered to keep the animals alive. Lostroh 
(1958), for example, has demonstrated such 
a synergistic effect of somatotropin with 
a cortieotropin on the adrenals in rats. It  
is also possible, however, that the eetopi- 
eally transplanted pars distalis secreted 
small amounts of ACTH which acted sup- 
plementary to the injected dose of ACTH. 

In this respect it is of interest that in the 
adrenoeortieal tissue of the toads with an 
ectopically transplanted pars distalis, eyto- 
logical characteristics such as size and 
shape of the cells and nuclei, and the 
presence of cytoplasmic vacuoles, more 
closely resembled those in the normal con- 
trol animals than those in the hypophysec- 
tomized toads. This may mean that in 
animals with an eetopie graft the adreno- 
cortical tissue was more active than in the 
toads without pars distalis. I t  cannot mean, 
however, that in the former the adreno- 
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cortical tissue was near to normal, as was 
concluded by Vivien (1959) from the cyto- 
logical aspects of adrenocortical cells of 
R. temporaria with ectopic pars distalis 
graft. 

Thyrotropic Function. Ectopic trans- 
plantation of the pars distalis strongly re- 
duced its thyrotropic activity, evaluated 
from the iodine uptake by the thyroids. In 
the females the level of activity of the 
thyroids in the group with pars distalis 
transplanted to an eye muscle was signifi- 
cantly higher than in the hypophysecto- 
mized controls; but not so in the males. 

In a further experiment on males, lslI 
uptake in a group of 11 toads with the pars 
distalis transplanted to an eye muscle was 
likewise slightly, but statistically insignifi- 
cantly, higher than in a group of 11 toads 
with extirpated pars distalis (Per Rosen- 
kilde, unpublished experiments). Further 
experiments are planned to see whether the 
different results obtained in males and fe- 
males represent a consistent difference in 
the thyrotropic function of the ectopic pars 
distalis transplant in the toad. 

Fat Bodies. The size of the fat bodies is 
a result of a complicated interplay between 
fat-depositing and fat-mobilizing factors. 

In the autumn experiment the situation 
favored fat mobilization: fat was mobilized 
from the big fat bodies because of insuf- 
ficient food supply. The ability of the hy- 
pophysectomized toads to mobilize fat was 
impaired; the males with pars distalis 
transplanted to an eye muscle had fat 
bodies of sizes between normal and hy- 
pophysectomized toads. I t  thus appears 
that some pars distalis hormone (s) is neces- 
sary for the net mobilization of fat during 
hunger, and that mobilization is reduced 
when pars distalis is removed from its 
hypothalamic contact. Further experiments 
are needed to determine whether the change 
in function of pars distalis resulting from 
ectopic transplantation is due to changes 
in secretory rates of fat-mobilizing or fat- 
depositing principles, or both. 

In the spring experiment the conditions 
favored fat deposition, and it can be con- 
eluded that pars distalis hormones (other 
than ACTH) are not of decisive importance 
in this process. 

Histology and Cytology o] Pars Distalis. 
A description of the cyclic changes in the 
pars distalis of normal B. bu]o has been 
given by Zuber-Vogeli (1953). She wrote 
that in the autumn the cells increase in 
size and granulation. This regranulation 
was particularly clear within the globular 
basophils. Also in our autumn controls 
the chromophilic cells were well developed, 
but except in the acidophils, there were 
no signs of a storage of secretory granules. 
It, therefore, seems justified to infer that 
because of laboratory conditions the 
globular basophils of the autumn controls 
showed out of season signs of secretory 
activity, as observed by van Oordt and 
Lofts (1963) in similar cells of R. tern- 
poraria males kept at high temperatures 
during autumn. 

Likewise, in the controls of the spring 
experiment, there were indications of a re- 
lease of secretory products, not only in the 
globular basophils and violet cells, but also 
in the acidophils of some animals. This 
corresponds to summer conditions rather 
than to the appearance seen under natural 
conditions in spring (Zuber-Vogeli, 1953). 
This may mean that the secretory activity 
of the pars distalis was speeded up by the 
laboratory conditions. The advanced sper- 
matogenetic activity in the testes seems to 
indicate that this was indeed the case with 
the release of the FSH. The state of the 
ovary, was, however, not abnormal for the 
time of year (unpublished results). This 
means that any increase in FSH output had 
been insufficient to stimulate the ovaries. 

The presence of a broad zone of healthy 
pars distalis tissue containing all chro- 
mophilic cell types in the grafts retrans- 
planted under the median eminence leaves 
no doubt as to the functional potentialities 
of these grafts. 

As in the controls, the normal cells in the 
transplants under the median eminence 
showed signs of secretory activity, but 
the overall slight dinimution in stainability 
indicates that the storage of secretory prod- 
ucts had decreased. Since cytological dif- 
ferences were not great and quantitative 
measurements of the hormone release could 
not be carried out, it is of no value to 
speculate on any small individual differ- 
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enees in secretory activity among the 
homoiotopic grafts. 

Cell necrosis and dedifferentiation always 
took place in the rostroventral or central 
parts of the transplanted pars distalis, i.e. 
the area normally vascularized by the 
sinusoids immediately branching off from 
the portal vessels. I t  must, however, be 
admitted that the very same area was 
seldom in direct contact with the median 
eminence and pars intermedia after trans- 
plantation. 

The reason for the constancy in dis- 
tribution of normal and dedifferentiated 
tissue may thus be caused by the fact that 
the normal dorsocaudal areas, being in 
contact with other tissues were sooner re- 
vascularized and suffered less from 
ischemia than the dedifferentiated rostro- 
ventral parts. I t  may also be, however, that 
the cells in the latter parts were more sen- 
sitive to disturbances in the blood supply 
via the portal vessels than dorsocaudally 
situated cells. The absence of recognizable 
violet cells in the dedifferentiated parts and 
their reappearance along the blood vessels 
in the dorsal zone point in that direction. 
Such behavior of the violet cells was also 
observed by Pasteels (1960) in homoiotopic 
transplants of the pars distalis in Pleuro- 
deles waltlii. Their complete or nearly com- 
plete absence in the heterotopic transplants 
of the present experiments may serve as an 
extra proof for the great importance of the 
portal circulation for this cell type. I t  is 
perhaps safer not to speak of a complete 
absence of the violet cells, for it is not 
unthinkable that they had only lost their 
chromophilia and had thus become uni- 
dentifiable. This means that the possibility 
cannot be excluded of a secretion of hor- 
mones formed by 'violet cells' in the dedif- 
ferentiated parts of the homiotopic grafts, 
or in the heterotopic grafts (Petrovic, 
1963). 

Contrary to the situation in the violet 
cells, the acidophils did not seem to suffer 
from a disruption of the portal vessels , but 
again it cannot be concluded from the 
cytological picture that these partly de- 
granulated carminophils and orangeophils 
kept up the same rate of production and 

release as they did before the operation. 
I t  seems certain, however, that transplanta- 
tion did not lead to a distinct increase in 
number of the acidophils as was found by 
Etkin and Ortman (1960) in heterotopi- 
cally transplanted adenohypophyses of R. 
pip~ens larvae. Neither were the acidophils 
the only recognizable cell types in the 
ectopic grafts, as was observed by Pasteels 
(1957, 1960) in P. waltlii and by Etkin and 
Ortman (1960) in R. pipiens. This may, 
however, have been a matter of time. At 
any rate the globular basophils had re- 
gressed in number and granulation in the 
dedifferentiated areas of the homoiotopic 
transplants and in the heteroptopie grafts. 
Still, they remained in sufficient number to 
suppose some production and release of the 
hormone normally produced by this cell 
type. Moreover, the orangeophilic colloid 
droplets appearing within the globular bas- 
ophils prior to their disintegration and 
found in the intercellular spaces after dis- 
ruption of the cell wall, so much resembled 
the orangeophilic globules in form and 
stainability that they not only seemed to 
have a function in the disintegration of the 
cell, but also in the release of secretory 
products and thus indicated holocrine, or 
in less severe cases merocrine secretion 
(Doerr-Schott, 1964, 1965). 

Functio%al Cytology of the Pars Distalis. 
When looking for the function of the nor- 
mal and autotransplanted pars distalis as 
a whole, and for the function of the dif- 
ferent cell types in particular, the absence 
of a direct measurement of the hormone 
release by the pars distalis makes it difficult 
to draw conclusions from a comparison 
of the pars distalis cell types and their 
target organs. Only very striking qualita- 
tire features of the pars distalis cell types 
can be taken into account; smaller and in- 
dividual variations in the morphological 
aspects of the cell types cannot be used 
for the interpretation of nature and 
measure of the cell activity. 

If the arguments of Zuber-Vogeli (1953) 
in favor of a gonadotropic nature of the 
globular basophils are accepted, the cyto- 
logical aspects of these cells indicate a dis- 
tinct gonadotropic activity of the homoi- 
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otopic grafts. The strong spermatogenetic 
activity observed in the testes of the males, 
and the normal appearance of the ovaries 
in three females belonging to the median 
eminence group of the autumn experiment 
support this assumption. 

In the ectopic transplants the regression 
of the cell types was strongest in the violet 
cells. The disappearance of these cells in 
the heterotopic grafts of the autumn ex- 
periment has been connected with the poor 
state of the interstitium of the testes (van 
Oordt, 1963b). The slow regression of the 
thumb-pads indicated that this poor de- 
velopment was reached only a few weeks 
before the end of that experiment. I t  could 
thus be expected that in the shorter spring 
experiment neither the violet cells in the 
pars distalis nor the interstitial cells and 
the thumb-pads would have totally re- 
gressed. This was indeed the case; the in- 
terstitial cells and thumb-pads were better 
developed than in the hypophysectomized 
frogs, and violet cells were seen in three 
animals, showing that their regression had 
not reached its maximum. It, therefore, 
seems iustified to ascribe ICSH production 
to the violet cells. This would be in agree- 
ment with a similar function of the cor- 
responding cell type, the so-called ),-cell, 
in P. waltlii (Pasteels, 1960) and R. tem- 
poraria (van 0ordt 1961; Lofts and van 
Oordt, 1962; van 0ordt and Lofts, 1963). 
On the other hand, Guardabassi and Grosso 
(1959) as well as Mazzi and Guardabassi 
(1959) expressed the opinion that in B. 
bufo the violet cells produce thyrotropic 
hormone. The absence of a correlation be- 
tween the moderate activity of the thyroids 
in the female toads with heterotopically 
transplanted pars distalis of the autumn 
experiment and the maximal regression of 
the violet cells in these grafts does not, 
however, favor that opinion. 

Cyst Formation in the Grafts. The pres- 
ence of smaller or larger cysts within the 
grafts is a very common result of trans- 
plantation of the adenohypophysis, and 
may even be found in normal glands 
(Zuber-Vogeli, 1953; Girod, 1963). Like- 
wise, the mucus-secreting, ciliated cells 
have been observed before (Pasteels, 1957, 

1960; Girod, 1963, Massimello, 1963). I t  
was Pasteels who rightly compared these 
cells with the epithelial cells lining the 
roof of the pharynx. 

General Evaluation of the Importance of 
NorMal Structural Relations between Pars 
Distalis and Central Nervous System for 
Pars Distalis Function in the Toad. A com- 
plete assessment of the functional conse- 
quences of disrupting the normal connec- 
tions between central nervous system and 
pars distalis would necessitate studies at 
several levels of activity of the various 
pars distalis functions. Theoretically, struc- 
tural disconnection of pars distalis from the 
central nervous system may exhibit deleter- 
ious effects on a pars distalis function only 
under special conditions, namely, in situa- 
tions where the secretion of pars distalis 
hormones is variably or discontinuously 
stimulated or inhibited by the central ner- 
vous system, e.g., as a consequence of 
rhythmic activity of the central nervous 
system or initiated by external or internal 
stimuli. The deleterious effects may also re- 
veal themselves at a more basic level of 
pars distalis function, for instance when 
the central nervous system normally exerts 
a more constant stimulatory or inhibitory 
action on the secretion of a pars distalis 
hormone. When we are dealing with the 
tropic hormones among the pars distalis 
hormones it may also be useful to dis- 
tinguish between the activity of the hor- 
mones as it can be evaluated from size, 
histology and cytology of the dependent 
endocrine glands, and their effect on the 
secretory activity of the glands. 

The present study is far from being a 
complete analysis of the effects of elimi- 
nating normal structural connections with 
the hypothalamus on the various pars dis- 
talis functions in the toad. However, the 
analysis, as far as it goes, has provided 
examples of effects at the various levels 
of pars distalis activity mentioned above 
(Table 12). Thus with respect to the gon- 
adotropic function it is indicated that in 
the males the FSH production is diminished 
but remains sufficient for a considerable 
spermatogenetic activity, when the con- 
nections between central nervous system 
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TABLE 12 
FFFECT OF ]~CTOPIC TRANSPLANTATION ON I°AI~S DISTALIS FUNCTIONS IN THE TOAD 

Hormone Functional and morphological criteria 

Degree of function 

Spring expt. Autumn expt. 

FSH 

ICSH 

TSH 

ACTH 

Globular basophils + + 
Spermatogenesis + + 
Oocyte growth + + + 
Violet cells + 
Interstitial cells of testis + 
131I uptake in thyroids n.m. 

General conditions of toads 

Cytology of adrenocortical tissue 

0 (females) 
+ or 0 (males) 
n.m. (females) 
+ or + + (males) 

+ +  
+ +  
0 
+ 
0 
+ + (females) 

+ (males) 
o 

n.m. 

Note. + + +, as in controls; + +, reduced but still significant; +, strongly reduced or doubtful; 0, reduced 
to hypophysectomy level; n.m., not measured. 

and pars distalis have been disrupted. Also 
in the females disconnection of the pars 
distalis leads to a gradual decrease in FSH 
production, as indicated by the state of 
the globular basophils, but  only in the 
autumn experiment to a level which pre- 
vented growth of oocytes. 

Judged from the morphological aspects of 
the violet cells in the ectopic pars distalis, 
their function seems generally strongly 
reduced. In connection with this the inter- 
stitial tissue of the testis had become very 
inactive. This effect was stronger in the 
autumn than in the spring experiment. 

The normal level of TSH secretion is 
significantly reduced in the ectopic pars 
distalis. The present experiments suggest a 
difference in dependency upon normal hy-  
pothalamic connections between the sexes. 

As evaluated from molting, liveliness, 
and survival of the toads, ACTH secretion 
almost entirely depends upon normal hy- 
pothalamic connections. 0n ly  in some ani- 
reals with an ectopically transplanted pars 
distalis had the general condition not come 
down to the level found in hypophysecto- 
mized animals. Cytochemical criteria, like- 
wise, indicate a strong reduction of adreno- 
cortical activity after  displacement of the 
pars distalis. Other morphological criteria 
seem to indicate tha t  the ectopic pars dis- 
talis exerts some stimulatory effect upon 
the adrenocortical cells. I t  has, however, 

not been possible to label this with cer- 
ta inty  as an effect of ACTH. 

On the Interpretation o] Function o] the 
Ectopically Transplanted Pars Distalis. 
Large parts of pars distalis tissue survived 
transplantation. The significant reduction 
that  was observed of some of the functions 
in the ectopically transplanted pars distalis 
is probably not  caused by lack of suf- 
ficient amounts of living pars distalis tissue 
(Dierickx, 1964), but  by the absence of 
normal morphological connections to the 
hypothalamus, specifically the hypophysial 
portal circulation through which the hy-  
pothalamic transmit ter  substances are 
normally carried to pars distalis cells. 

When functional activity is observed in 
an ectopically transplanted pars distalis 
the question presents itself whether this 
activity proceeds independently of central 
nervous influences; or whether chemical 
transmitters normally carried in the by- 
pophysial portal vessels reach the graft  in 
concentrations sufficient to maintain its 
function. Experimental evidence to answer 
this question is not available in amphibians 
and conclusive evidence as to the impor- 
Lance of circulating transmitter substances 
in maintaining pars distalis function in the 
ectopic pars distalis is difficult to obtain. 

None of the functions of the pars distalis, 
studied in the present experiments, i.e., the 
gonadotropic, thyrotropic, and corticotropie 
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ac t iv i ty ,  r e m a i n e d  unchanged  a f te r  d is-  
p l a c e m e n t  of the  pa r s  dis ta l is .  The  F S H  
ou tpu t ,  however ,  gene ra l ly  r ema ined  suf-  
f icient for a d i s t inc t  gametogenesis .  Th is  
does no t  mean  t h a t  the  F S H  secret ion was  
m a i n t a i n e d  by an F S H - r e l e a s i n g  fac tor  cir-  
cu l a t ing  in the  blood.  Ne i t he r  does i t  i m p l y  
t h a t  the  d i f fe ren t i a t ion  of a h y p o p h y s i a l  
po r t a l  c i r cu la t ion  has  no t  been a p re l imi -  
n a r y  for a n o r m a l  F S H  secretion.  I t  is 
more  l i ke ly  t h a t  the  pa r s  d i s ta l i s  cells in 
genera l  show some independence  of h y -  
p o t h a l a m i c  s t i m u l a t i o n  ( the F S H - c e l l s  to 
a l a rger  extent ,  the  I C S H - ,  T S H - ,  and  
p a r t i c u l a r l y  the  A C T H - c e l l s  to a sma l l e r  
ex ten t )  bu t  t h a t  this  h y p o t h a l a m i c  s t imu-  
la t ion  is necessa ry  for a no rma l  func t ion ing  
of the  cells and  espec ia l ly  for cycl ic  v a r i a -  
t ions  in the i r  ac t iv iW.  
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