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Summary. Pitui tar ies  of Syrian hamsters with and 
without  chronic hyperglyeaemia were studied with mor- 
phometrie and karyometr ic  methods. The hypergly- 
eaemie s tate  was induced by  low doses of alloxan, and 
maintained for 25 to 37 days. I t  had  been potent ia ted  
in one group by  a resection of a t  Ieast 50% of pancreatic 
tissue prior to alloxan administrat ion.  A marked rise in 
the volume of the  aeidophils was found (p < 0.005). On 
the other hand, the karyometr ie  studies revealed a deft- 
ni te diminution of the mean nuclear area of the  aeidophils 
in the diabetic animals, indicating decreased act ivi ty.  
The combination of an increase in mass of aeidophils and 
a decrease in their  nuclear ac t iv i ty  supports  the  theory 
of an increased storage rather  than  hypersecretion of a 
hormone. The hormone which was stored in the aeid- 
ophils is probably  identical wi th  growth hormone. I f  we 
consider the role of this hormone in carbohydrate  and 
lipid metabolism, such a storage in chronic hypergly- 
caemia seems to be of importance.  

.Accumulation de granules acidophiles dans t'hypophyse 
en cas d'hyperglycdmie expdrimentale 

Rdsumd. Nous avons dtudid l 'influence d 'un  dtat d 'hy-  
perglycdmie chronique sur la morphologie hypophysaire  
avec des m6thodes morphomdtriques et karyom6triques.  
L'hyperglycdmie dtait  induite par  de faibles doses d'M- 
loxane et maintenue pendant  25 ~ 37 jours. Darts un 
groupe, elle a 6td potentialisde par  une pancrdatectomie 
partielle d ' au  moins 50%, event  1 'administration d'Mlox- 
ane. Nous eonstatons une augmentat ion du volume des 
cellules hypophysaires  aeidophiles ehez les animaux 
hyperglyedmiques (p < 0.005). D 'au t re  par t ,  le volume des 
noyaux de ees eellules est ne t tement  diminud, ee qui in- 

dique une rdduction de l 'act ivi t6 nucldaire. La eombinai- 
son d 'une augmentat ion de volume eellulaire et d 'une 
rdduction de l 'act ivi td nuel6aire t radui t  une accumulation 
secondaire d 'hormone plutSt  qu'une hypers6erdtion. I1 
s 'agi t  probablement  de l 'hormone de croissanee, dent  
I ' importanee dens le mdtabolisme des glucides et des li- 
pides est bien connue. 

Speicherung acidophiler Granula in der Hypophyse bei 
experimentelIer Hyperglykgimie 

Zusammenfassung. Mit morphometrischen und karyo- 
metrischen Methoden haben wir die Bedeutung der Acid- 
ophilenvermehrtmg in der Hypophyse  bei chronischer 
Hyperglyk~mie experimentell  untersucht.  Bei Goldham- 
stern wurde diese w~hrend 25--37 Tagen mit  Alloxan 
erzeugt. In  einer Gruppe w~rde die Alloxanwirkung po- 
tenziert  dutch vorherige part iel le Pankreatektomie.  In  
der Hypophyse  war die Vermehrung des totalen Acid- 
ophilenvolumens ausgepr~gt (p < 0.005). Hingegen waren 
durchschnitt l ich die Kerne dieser Zellform deutlich ver- 
kleinert.  Diese Kombinat ion  yon Kernverkleinerung und 
Volumenvermehrung weist auf erhShte Hormonspeiche- 
rung hin und nicht  auf Mehrsekretion. Wahrscheinlich ist 
das gespeicherte t Io rmon vorwiegend Wachstumshormon.  
Dessen Bedeutung fiir Zucker- und Fettstoffwechsel ist 
unbestr i t ten und diese Speicherung scheint bei chroni- 
scher Hyperglyk~mie eine funktionell  wichtige Bedeu- 
tung zu haben. 

Key-words: Alloxan diabetes, p i tu i ta ry  and diabetes, 
growth hormone, morphometry,  karyometry ,  chronic hy- 
perglycaemia, free f a t ty  acids, Syrian hamster.  

I n  a morphomet r i c  s t u d y  of p i tu i ta r ies  f rom pa-  
t ien ts  wi th  d iabe tes  mel l i tus  we observed  a m a r k e d  
rise in the  volume of the  p i t u i t a r y  acidophi ls  in cases 
of insu l in- res i s tan t  d iabe tes  and  of lean d iabetes  wi th  
an  absolu te  B-cel l  deficiency in the  islets of Langer-  
hans  [17]. On the  o ther  hand ,  in  obese mi ld  d iabe tes  
this  change was much  less impressive.  The quest ion 
remained  whether  this  e leva ted  t o t a l  mass  of ac idophi ls  
was a p r i m a r y  lesion in l ean  d iabetes  or a secondary  
effect. Therefore we s t a r t ed  the  p resen t  inves t iga t ion  
wi th  k a r y o m e t r i c  and  vo lumet r ic  s tudies  in  the  expe- 
r imen ta l l y  hyperg lycaemic  Syr ian  hamster. ,  

Material and Methods 
The a im was to  produce  a continuous hype~ylycaemic 

state in  hams te r s  wi th  a l loxan  and  to  avo id  general  
toxic  effects b y  the  d iabe togenic  agent .  We  chose 
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Syr i an  hamste rs  weighing 120--155 g, and  aged 
abou t  2 months ;  and  d iv ided  these in to  3 groups.  

I n  group 1 (6 animals)  a t  leas t  50% of the  pancreas  
was resected 10 days  pr ior  to  the  in jec t ion  of lower 
doses of al loxan.  I n  group 2 (9 animals)  the  only  t r ea t -  
men t  was in jec t ion  of a l loxan (the higher  dose). 6 ani- 
mals  were used as controls.  Since p re l imina ry  s tudies  
showed normoglycaemia  in sham-par t i a l ly -pancrea tee -  
tomized  animals ,  we have  no t  inc luded this  series in this  
repor t .  The an imals  which  d ied  before the  end of the  
expe r imen ta l  per iod  were no t  inc luded in the  results .  
Al loxan was in jec ted  in t r avenous ly  (Sublingual  vein) 
in a dose (see below in resul ts  section) which was jus t  
sufficient to  produce  glycosuria .  Since i t  was only t ran-  
s ient  in  m a n y  eases of group 2, we r epea t ed  the  in- 
ject ions in t r ape r i tonea l ly  (2 - -5  t imes)  in app rop r i a t e  
doses. The las t  re- in ject ion was done 2 days  pr ior  to  
the  ki l l ing of the  animals .  Pe rora l  ins t i l la t ion  was 
t r i ed  in some cases, b u t  the  doses had  to  be qui te  high. 
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After 27 to 36 days of hyperglycaemia, the animals 
were rapidly killed with ether after a short fasting 
period of about  1 �89 h. The pituitaries were weighed, 
fixed in formol sublimate, embedded in paraffin and 
3~-thick serial sections were stained with Pearse's 
triehrome method. The horizontal serial sections of 
10 pituitaries were technically sufficient for stereologie 
measurements as proposed by  Weibel [20, 21]. We re- 
corded: 1. the whole mass of aeidophils without trying 
to differentiate the 2 major  forms [4]; and 2. the rest 
of the tissue together with the intercellular spaces. 
The number  of recorded points was between 7000 and 
20 000 per pituitary.  

In  13 pituitaries karyometric studies could be done. 
With an electronic mierolength measuring instrument 
(Wild, Heerbrugg, Switzerland) the diameters of 40 
successive nuclei of acidophils were measured on the 

din blue, Hematoxyhn-eosin,  Victoria blue (Ivie). A- 
cells, well granulated and scarcely granulated B-cells 
and completely degranulated cells were counted sepa- 
rately. We tried to classify 1000 islet cells per animal 
in this manner. Nuclear glycogen of the hepatocytes 
was shown with Best 's stain in alcohol-fixed tissue. 
t~or determinations of glucose and free fa t ty  acids 
(FFA) we used fluoride-oxalate blood aspirated ter- 
minally by  cardiopuncture. Glycosuria was tested with 
Tes-Tape| 

Results 
Generally, glucosuria occured after an injection of 

50 mg alloxan per kg body weight; but  was only tran- 
sient in many  cases of group 2, and therefore subse- 
quent injections had to be performed as shown in the 
methods section. Generally, in the hyperglyeaemie 

t,Fig. 1 a. Full B~eell granulation in control animal (no 2, glycaemia 101 rag/100 ml) 
b subtotal, degranulation with accumulation of granules in perivaseular area (arrow). Alloxan only (No. 15, gly- 

caemia i74 mg/100 ml) 
c strong degranulation. In some cells there may still be seen granules (arrow); slight eytoplasmatie and nuclear 
vacuolization (2 arrows). Alloxan 50 mg/kg + panereateetomy 50% (No. 91, glyeaemia 299 rag/100 ml) Gomori-l~unge 

stain; magnification 1175 X 

largest diameter of the pi tui tary in one or two central 
sections. The cyclic or elliptic areas from these data 
were calculated. Since these diameters were measur- 
ed in sections, they did not always represent the equa- 
torial diameters and are only useful when compared 
with controls. 

The pancreatic tissue was fixed in Bouin's solution, 
embedded in paraffin and the following stains used for 
this investigation: Aldehydc-fuchsin, Ponceau de Xy- 
lidine after Gomori-Runge, Hellerstr6m's and Hell- 
man ' s  modification of Davenport ' s  argentation, Tolui- 

animals the increase in body weight was slowed down 
markedly. In  group 2, an average weight loss of 18.6 g 
resulted mainly from a marked weight loss in 2 animals 
tha t  had a severe terminal hafection (peritonitis or sub- 
lingual necrosis); whereas an average increase of 12 g 
in the 6 animals of group 1 resulted in part  from 1 ani- 
mal 's  increase of 30 g; the other increases ranged bet- 
ween 0 and 10 g. I t  is probable tha t  with one excep- 
tion the mouth t rauma due to the i. v. sublingual injec- 
tions was not responsible for the weight loss. The ter- 
minal weights of the control animals were not recorded. 
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Fig. 2. Effect of repeated low doses of 
al loxan: Necrotic B-cells arc scat tered 
between apparent ly  normal and vaeuo- 
lized B-cells. (No. 17, terminal  glyeaemia : 
136 rag/100 ml). Haematoxyl in-Eosin;  

magnification 650 • 

Fig. 3. Regeneration of islet ceils with 
s t rands of cells showing dark  nuclei and 
homogenous cytoplasm (arrow). On the 
other  hand, completely degranulated B~ 
eells with normal ly  s t ructured nuclei and 
vacuolated cytoplasm. Alloxan 4- pan- 
ereatectomy. (No. 94. glycaemia 294 rag/ 
100 ml) Gomori-Runge stain;  magnifi- 

cation 925 • 

Table 1. Some data in the hyperglycaemie hamster series. The free fatty acids of the 
controls were measured in animals different from those in which the morphometrie 
analyses were done. In  group 1 hyperglyeaemia is quite evident, and although it is 
not so marl~ed in group 2, the levels are quite different from those of the control group 

Group 1 ( n = 6 )  Group2  ( n = 9 )  G r o u p 3  ( n = 6 )  
pancreatecto- al loxan controls 
mized (>  50% only 
of tissue) 
4- al loxan 

Glucose (blood) 269.3 4-29.5 153.3 4-19.2 114.3 4-15.9 
Free f a t ty  acids 4.774- 1.14 1.764- 1.15 0.904- 0.05 
mean weight of 7.65 (~ = 3) 3.0 (n = 2) 2.5 (n = 4) 
pituitaries a 

a only pituitaries without  any hypothalamic tissue (histologically). 

mg/]00 mt 
reval/1 
mg 

All  the  an imals  of group 1 and  group 2 were s l ight ly  
or  m o d e r a t e l y  hyperg lyeaemic  as shown in Table  1. 
I n  group 1, th is  hype rg lycaemia  and  the  rise in F F A  
were considerable.  The pancreas  morpho logy  was con- 
s is tent  wi th  B-cell  h y p e r a c t i v i t y  and  a l loxan  diabetes .  
There  was a lmos t  t o t a l  degranu la t ion  in  the  over-  
whclming number  of B-cells (Figs. 1 e, 2), or t h e y  show- 
ed  a s t r ik ing  o r ien ta t ion  of the  granules  to  the  peri-  

cap i l la ry  areas  (Fig. l b);  a few iso la ted  B-cells wi th  
m a r k e d  g ranu la t ion  were found  in some islets. Bal-  
looned cells were r a the r  infrequent ,  whereas necrot ic  
cells were numerous.  I n  the  Hver cell nuclei,  g lycogen 
inclusions were no t  infrequent .  I n  group 1, genera l ly  
t r e a t e d  on ly  once wi th  al loxan,  we observed  definite 
signs of B-cel l  regenera t ion  in some eases (Fig. 3). The 
islets showed m a r k e d  h y p e r t r o p h y  and  some of t hem 
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showed considerable secretory activity. The Khrnchen 
of Weichselbaum (stained with Toluidin blue) were 
clearly shown in most  of the eases With hypergly- 
caemia. They were, however, present in one of the 
control cases (case 6) also. There was a slight elevation 
of the relative number  of A-cells in the cases of groups 
1 and 2. 

Morphometric analysis of the pituitaries 
In  hyperg]ycaemic animals we found a marked rise 

in the volume of aeidophils (Fig. 4). The difference from 
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4O 

35 

30 

25 

20 

15 

. . . .  

.i_it_ t_tIt_l 
Controls (C) Hyperglycemia (H) 

Fig. 4. Relative volume (%) of acidophilic cells in pi- 
tuitaries of experimentally hyperglycaemic Syrian ham- 
sters. Mean (volume %) : hyperglyeaemic (6) : 49.8=~ 15.3 ; 

Controls (4): 17.34-5.65, p < 0.005 (Student's t test) 

the controls is statistically significant (p<0.005), but  
there is no definite difference between severe and mild 
hyperglycaemia. (50:4 and 49.1% volume respectively). 
The lowest value was found in the pi tui tary of a gly- 
cosuric hamster  suffering from a terminal peritoneal 
infection and a marked weight loss. Another glycosnric 
hamster, which could not be included in this series 
because it  died 20 h after the first injection, had only 
22.2% volume aeidophils. This value is identical with 
those of the controls. Mitoses were not seen. 

Karyometric studies (nuclei of acidophil cells in the 
pituitaries). 

The results are shown in Fig. 5. Compared with 
those in the controls, the nuclei in the acidophil cells 
of both groups of hyperglyeaemic animals had signifi- 
cantly smaller areas (p<0.0025). The hyperglycaemic 
hamster  with a terminal peritoneal infection had the 
smallest areas (19.37• In  the hyperglycaemic 
group, the prevalence of elliptic nuclei was obvious. 
In  mueoid cells, diminution of the nucleic area was not 
seen; the impression was tha t  larger areas prevailed. 

The weights of the pituitaries (which histologically 
had shown pitui tary tissue only) are listed in Table 1. 
The highest values were found in the definitely hyper- 
glycaemic animals (group 1), whereas those of two ani- 
mals of group 2 with slight hyperglycaemia were not 
significantly different from the controls. The weight 
increase correlated with the increase of the acidophi] 
cell mass in 5 of the 6 hyperglyeaemie cases. 

80 
Vot % 

70 

60 
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40 

30- 

2 0 -  

1 0 -  

0 
Hyperglycemia Controls 

Fig. 5. Nuclear areas of pituitary acidophils in sections. 
The dots indicate the mean of 40 sequential areas of 
nuclei from aeidophils found in the largest diameter of 
the central horizontal section of the pituitary. The data 
indicates the mean of the average areas and its standard 
deviation: hyperglycaemie (8 cases) : 25.01 ~= 2.75 ~2 ; Con- 

trols (5 cases): 31.29~2.17; t: 4.29, P < 0.0025 

Discussion 

In  groups 1 and 2 a slight to marked hyperglycaemia 
and a rise of the FFA were obvious. Morphologically 
the islets showed the typical signs of a subdiabetic 
state according to Wellmann, Lazarus and Volk [22]. 
Necrosis of the B-cells was extended to a relatively 
moderate number, but  a marked B-cell degranulation 
and hyperact ivi ty  was generally seen. This was demon- 
strated also by  the presence of Weichselbaum's "Khrn- 
chen", which according to Gepts [3] are found in hy- 
peractive B-cells. The possibility tha t  the hyper- 
glycaemic state resulted simply from the terminal 
ether narcosis or from a general toxic effect of alloxan 
could therefore be excluded. The evidence of B-cell 
regeneration and islet hyperp]asia in group 1, and the 
need for repeated injections of alloxan at  various times 
in the experimental period in some of the animals, 
showed tha t  B-cell act ivi ty was quanti tat ively some- 
what  disturbed. I t  did not show the common pat tern  
of hyperact ivi ty  in every single case. 

As in the pituitaries of lean or insulin-resistant 
human diabetics whom we had studied, there was a 
marked rise in the volume of the acidophils in the 
pituitaries of alloxan-diabetic Syrian hamsters with 
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the exception of one cachectic animal. A similar find- 
ing was made by  Gaunt,  Bahn  and I-Iayles [2] in pi- 
tuitaries of newborns from diabetic mothers ;  the rela- 
tive number  of acidophils was not  increased bu t  the 
tota l  volume was. I n  children with corticosteroid treat- 
ment,  Montandon [10] made the same observation. 
Others have shown an elevated p i tu i ta ry  growth hor- 
mone content  in corticosteroid-treated animals [9]. 
Hypercort ic ism is a known inducer of a relative insu- 
lin resistance and of tendency  to hyperglyeaemia.  
Therefore the common factor  in diabetics, newborns 
of diabetic mothers  and children under  steroids would 
seem to  be hyperglycaemia.  We reviewed therefore the 
clinical da ta  f rom the cases of our previous s tudy  [17], 
and saw tha t  the patients of the first two groups (lean 
and insulin-resistant diabetics) had died almost with- 
out  any  exception after a diabetic coma or after a 
long-lasting postcomatous  hyperglycaemic period; 
whereas in cases of obese diabetes death had generally 
occurred after cardiovascular complications. This in- 
crease in the mass of the p i tu i ta ry  acidophils in such 
cases is p robably  no t  the p r imary  cause of the develop- 
ment  of diabetes mellitus. An  acidotic state as a pos- 
sible inducer of this cytological change is not  prob- 
able, and the general state of the animal and alloxan 
toxici ty  are at  least in our cases of no major  impor- 
tance. The hamsters  of group 1 seemed to be well, and 
showed even a slight increase in weight. 

We should like to point  out  the increased weight 
of the pituitaries in the diabetic cases. We believe tha t  
i t  is a sex-independent reaction, which was no t  seen 
in the male and female controls. However,  the number  
of eases is too small for a definite conclusion. 

1Vfany authors  connect  diminution of the nuclear 
volume and prevalence of elliptic areas, as shown in 
the p i tu i ta ry  acidophils, with decreased act ivi ty  [7, 12, 
6, 5]. 

This observat ion was also made when autoradio- 
graphic techniques were used [12, ]8]. The common 
factor  effecting such a combinat ion of decreased nuclear 
act ivi ty  and increased total  volume of the acidophils is 
p robably  an increased storage of cytoplasmic granules. 
Schelin, Lundin  and Bartholdson [16], in another  con- 
text,  also thought  t ha t  the presence of granules in the 
p i tu i ta ry  cell m a y  reflect storage ra ther  than  secretion. 
On the other hand, degranulat ion m a y  be in m a n y  
cases a sign of activity,  as in p i tu i ta ry  adenomas and 
in the pancreatic B-cells. Wi th  a few exceptions [19] 
this view is accepted by  most  authors.  

These marked fluctuations in the cellular composi- 
t ion of the p i tu i ta ry  raise the question whether  the 
cells of the anterior p i tu i ta ry  are capable of producing 
more than  one single hormone when they  are appro- 
pr ia tely stimulated, or t ha t  the cell might  have a ca- 
pac i ty  for storing more than  one hormone.  I t  is com- 
monly  accepted tha t  growth hormone and prolactin 
are present in the acidophfls [4, 13]. I n  cases of genetic 
diabetes in mice [11] the granule increase could be 
paralleled with the growth hormone content.  This her- 

mone is rapidly secreted when hypoglycaemia,  a stress 
or a rapid fall of hyperglycaemia occurs [14,15] ; where- 
as it m a y  decrease to  immeasurably  low plasma levels 
in the resting state or when a hypoglycaemie state i s  
corrected. I n  our cases the chronic hyperglycaemia 
favours storage of growth hormone. 

In  conclusion we think tha t  our findings of an ele- 
vat ion of the relative and absolute volumes of the 
acidophils in a diabetic state m a y  be a secondary stor- 
age phenomenon induced by  the chronic hyper- 
glycaemia. 
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