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Islet and Beta Cell Volumes in Diabetic Chinese Hamsters and their Non-Diabetic Siblings 
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Summary.  Three groups of Chinese hamsters  bred at  
the  Upjohn Labora to ry  were s tudied:  these included dia- 
betic animals in which symptoms were p re sen t  for 18 
months,  non-diabetic  siblings and non-related,  non-dia- 
betic animals of the corresponding age and sex. The spon- 
taneous diabetes is characterized by  hyperglycemia,  gly- 
cosuria, decreased islet volume, decreased be ta  cell mass, 
be ta  cell degranulat ion and glycogen infi l t rat ion in the 
islets. In  the  non-diabetic  siblings, similar bu t  less 
marked  changes were noted. To our knowledge this is the  
first repor ted observation of decreased be ta  cell mass and 
be ta  cell degranulat ion occurring prior to clinieM onset of 
spontaneous diabetes in man or animal.  I t  suggests t ha t  
the observed al terat ion of be ta  cells is a p r imary  etiologic 
mechanism in the  product ion of spontaneous diabetes 
in the Chinese h a m s t e r .  

Volumes des ~lots de Langerhans et des eellules fl de 
hamsters ehinois diab~tiques et non-diabgtiques de m~mes 
nichdes. 

Rgsumd. Nous avons 6tudig 3 groupes de hamsters  
chinois de la c01onie des laboratoires Upjohn,  soit (1) des 
animaux diabdtiques ayan t  pr6sent6 des symptSmes 
pendant  18 tools; (2) des animaux non-diabdtiques des 
mgmes nich~es; et (3) des animaux non-diabgtiqnes et 
non-apparentds mais concordant  pa r  l 'gge et le sexe. Le 
diabgte spontan6 de ees animaux est caraetgris6 par  une 
hyperglycdmie, une glueosurie, une diminut ion du volume 
des riots de Langerhans,  mie diminut ion du volume to ta l  
des eellules/~, une d~granulation des cellules fl et l ' inffltra- 
t ion en glycoggne des ilots de Langerhans.  Des anomalies 
de ra~me type,  inais moins marqudes out  6t6 observ~es 
chez les fr~res et soeurs des animaux diabdtiques. A notre 

connaissanee, c 'est  1~ la premigre description de la dimi- 
nut ion de la masse des ceilules fl et de leur ddgranulat ion 
avant  l ' appar i t ion  elirdque d 'un  diab~te spontan6 ehez 
l 'homme ou l 'animM. I1 en ressorth'Mt clue carte al tdrat ion 
des eellules fl pourrai t  bien 6tre nn mgeanisme 6tiologique 
primaire de la pathogdngse du diabgte spontand du ham- 
ster chinois. 

Messungen des Inselvolumens sowie des Volumens der 
fl-Zellen bei diabetisehen und bei niehtdiabetischen Hamstern 
aus demselben Wurf.  

Zusammenfassung. Drei Gruppen yon ehinesischen 
Hamste rn  aus der Upjohn-Zueht  warden untersucht .  Da- 
zu gehSrten : diabetisehe Tiere, die seit 18 Monarch Syrup- 
tome aufwiesen, niehtdiabetisehe Tiere aus gleichem Wurf  
und nichtverwandte  niehtdiabetisehe Tiere, die in Alter  
und Gesehleeht den anderen entspraehen. Der Spontan- 
diabetes zeictmet sich aus dutch I-Iyperglyk/~mie, Glyko- 
surie, Abnahme des Inselvolumens, Verminderung der 
fl-Zellmasse, Degranulierung der /~-Zellen mid Glykogen- 
infi l t rat ion der Inseln. In  den nichtdiabetisehen Gesehwi- 
stert ieren wurden /~hnliehe aber weniger markan te  Ver- 
/indermagen festgestellt.  Unseres Wissens ist  dies der erste 
Berichb einer Verringernng der fl-Zellmasse mi t  Degranu- 
lierung noah ehe sich ein Spontandiabetes  bei Menseh oder 
Tier manifesbiert. Dies deute t  darauf  dal3 diese Ver/inde- 
rungen der fl-Zellen einen prim/iren etiologischen Fak to r  
bei  der Ents tehung des Spontandiabetes  beim ehine- 
sischen Hamster  darstellen k6nnten. 

Key-words: Spontaneous Diabetes,  Chinese hamster,  
Crieetulus griseus, Is le t  volume, Beta  cell volume, Pan-  
areas, Beta  cells, Prediabetes,  PreclinicM diabetes.  

Material  and Methods 

F o r  th i s  p r e l im ina ry  r epo r t  the  is le t  and  b e t a  cell 
vo lumes  were de t e rmined  in a s t ra in  of Chinese H a m -  
sters  t h a t  develops  spon taneous  d iabetes .  The  de ta i l ed  
genet ic  h i s to ry  of the  var ious  sublines,  some of which  
have  been  i nb red  for more  t h a n  t en  genera t ions  a t  
the  U p j o h n  C o m p a n y  [5], has  been  recorded  careful ly.  
F o r  each d iabe t ic  h a m s t e r  s tud i ed  the re  were two 
controls  : a non-d iabe t i c  s ibl ing as well  as a non - re l a t ed  
an ima l  of cor responding  age and  sex. 

The  five d iabe t i c  an imals  were se lected because  
t h e y  h a d  cons is ten t  g lycosur ia  (Tes-Tape va lue  of 4 ~-) ; 
th is  in i t i a l  qua l i t a t ive  t e s t  for g lycosur ia  was accom- 
p l i shed  b y  express ing  ur ine  f rom the  u r e t h r a  d i rec t ly  
on to  the  Tes-Tape.  Q u a n t i t a t i v e  u r i n a r y  glucose 
excre t ion  was de t e rmined  us ing the  A u t o - A n a l y z e r  
on five consecut ive  24-hour  ur ine  samples ;  these  
collect ions were m a d e  a f te r  the  an imals  were accli- 
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m a t i z e d  in  s ta inless  steel  me tabo l i sm cages for a t  leas t  
a week.  

Al l  b lood  samples  were ob ta ined  f rom the  o rb i t a l  
Sinus. Glucose to le rance  tes t s  w e r e  pe r fo rmed  on 
an imals  t h a t  were fas ted  overn igh t  (16 hours).  Im-  
m e d i a t e l y  af te r  d rawing  the  zero-hour  b lood  sample,  
~he hams te r s  were in jec ted  i n t r a pe r i t one a l l y  wi th  a 
s ter i le  2 .5% glucose so lu t ion  (in phys io logica l  saline) 
in  doses of 250 mg/kg.  The  an imals  were b led  a t  30, 
60 a n d  120 minutes .  Glucose concent ra t ions  were 
de t e rmine d  on b lood (0.05 ml) and  ur ine  samples  
using the  mic ro -me thod  of HOFF•AX [7] aS a d a p t e d  
to  the  Auto-AnMyzer .  

A l though  d iabe t ic  an imals  r ece ived  no t h e r a p y ,  
t h e y  were a l lowed food (Pur ina  Mouse Breeder  Chow) 
a n d  wa te r  ad libitum. The an imals  were sacrificed b y  
d e c a p i t a t i o n  a t  an  average  age of 22 m o n t h s ;  the  
average  d u r a t i o n  of d iabe tes  was 18 months .  The  
ent i re  pancreas  was dissected,  weighed and  f ixed in 
]3ouin, excep t  for a weighed sector  t a k e n  f rom the  
mid -po r t i on  which was d iv ided  in to  two p a r t s :  one 
p a r t  was i m m e r s e d  in cold Deane  and  the  o ther  in 
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cold buffered osmium fixative. The Bouin-fixed tissues 
were embedded in paraffin and sectioned serially at  
4#. Every twentieth section was mounted and stained 
with our modification of GoMol~I's [6] aldehyde 
fuchsin-ponceau (AF-P). The tissues fixed in Deane 
solution were processed similarly but  stained for 
glycogen with the periodic acid Sehiff (PAS) method 
is]. 

The volume of tissue components was determined 
by the linear scan method using the light microscope 
component quanti tator (LMCQ) 1 developed in our 
laboratory [12]. Islet volume was obtained by scanning 
aldehyde fuchsin-stained slides using the low power 
objective for a total scan distance of 500 millimeters. 
Volumes of the structural components within the 
islets were measured by scanning with an oil immersion 
objective. Fif ty consecutive islets from each animal 
were quantitated using a single random pass; under 
these conditions the component cell volumes, as 
determined in 2--5 mm of scan, are accurate to =[= 5% 
[2]. 

The islet components were classified as follows: 
aldehyde fuchsin-positive cells(AF -~), ponceau-positive 
cells and blood and blood vessels. The aldehyde 
fuehsin-positive cells (beta cells) were subdivided into 
several classes: in beta cells classified as 4-~, the entire 
cytoplasm was filled with granules; in those classified 
as 2 -~, granule density was about half that  of the 4 ~- ; 
in the 1 -~ classification, only a few granules were seen. 
Non-granular cells which had a violet-purple east to 
their cytoplasm were present in the islets of both 
diabetic hamsters and their siblings. 

Glycogen infiltration of ~he islet was measured 
using the PAS-stained tissues. Approximately sixty 
islets were examined in each animal; the number of 
islets containing PAS-~ (beta) cells was tallied and 
expressed as a percentage of total  islets. The islets, 
further classified in accordance with the number of 
PAS ~- cells they contained, were arbitrarily grouped as 
follows: (a) more than 10 PAS-positive cells present 
in the islet examined (b) six to nine (c) two to five and 
(d) only one PAS-positive cell present. 

Results 

Fig. 1 illustrates the average blood sugar level and 
urinary glucose excretion in the three groups of 
animals studied. I t  should be noted that  the siblings 
of diabetic hamsters, like the non-related controls, 
have normal blood sugar levels and they excreted 
only trace amounts of glucose. 

Fig. 2 shows the average islet volume (expressed 
as percent of total pancreatic volume), whereas the 
average volume of the morphologic components 
within the islet (expressed as percent of islet volume) 
is shown in Fig. 3. In contrast to the normal, in which 
74% of the islet volume consists of 4 ~- AF granulated 

1 This was described [12] as ~he micrometer component 
quantitator. 

beta cells (eft Plate 1 a, b), none of the beta cells in the 
diabetic hamsters have 4-{- beta granulation (cI. 
Plate lg,  h). Less than 50~o of the islet volume in 
the diabetic is composed of granulated beta cells and 
most of these contain only a few granules. The identity 
of the non-granulated cell with a violet cytoplasm 
(comprising approximately 30~o of the islet volume) 
is uncertain. 

Fasting Blood Sugar and Urine Sugar of Chinese Hamsters 
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A most unexpected finding in this study was that  
non-diabetic siblings exhibited a reduced beta cell 
granulation. Despite the absence of hyperglycemia 
or glycosuria, less than 20% of the islet volume is 
composed of granulated beta cells identified as 4-~;  
an additional 40% of the islet volume contains cells 
with 1 ~- and 2 -~ granulation (cf. Plate 1 d, e). 

Beta cell mass (expressed as percent of total pan- 
creatic volume) was calculated by multiplying the 
average islet volume (as percent of pancreas) by  the 
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average beta cell volume (as percent of islet): As sho~m 
in Fig. 4, the diabetic hamsters have a decreased beta 
cell mass. On theoretical grounds one might predict 
tha t  the capacity of the pancreas to secrete insulin 
under conditions of maximal stimulation would be 
limited by the total  number of beta cells present. I t  
appears that  the diabetic hamster, with 0.07% of 
the pancreatic volume consisting of 2 ~- AF granulated 

Volume of Islet Components 
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Fig, 4. Comparison of the beta cell mass in the three groups of Chinese 
ttamsters 

beta cells and an additional 0.45% of sparsely granulat- 
ed 1-~ AF beta cells, does not  have sufficient insulin 
secretory capacity to prevent symptoms. Although 
the non-diabetic siblings have a reduced mass of 
granulated beta cells --  the 4 ~-AF, 2-~ AF and l ~- 
A F granulated beta cells comprise 0.20, 0.24 and 
0.20%, respectively, of the total  pancreatic volume . -  
this reduction is not  sufficiently great to produce 
clinical signs of diabetes. 

The number of islets containing beta cells with 
glycogen infiltration is shown in Fig. 5. PAS-positive 

cells were not found in non-diabet ic ,  non-related 
controls (Plate 1, c). By contrast, 60~o of the islets 
in the diabetic hamsters contained one or more PAS 
cells, and 40~o contained two to ten PAS~- cells 
(Plate 1, i). In  the non-diabetic siblings 10% of the 
islets showed two or more PAS ~- cells (Plate 1, f). 

Percentage of Islets with one or more cells infiltrated with Glycogen 
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Fig. 5. Glycogen infiltration in the beta cells of the Chinese Hamster ex- 
pressed as percent of islets containing one or more PAS-positive cells 

D i s c u s s i o n  

Reduced numbers of beta cells, degranulated beta 
cells [cf. 10] and glycogen infiltration [15] in the islet 
have been observed in experimental diabetic animals 
under various conditions. Similarly, decreased beta 
cell volume has been reported [16] in subdiabetic ~ rats, 
which have abnormal glucose tolerance but  no other 
clinical signs of diabetes. The findings of decreased 
beta cell granulation and glycogen infiltration in the 
islet of the spontaneously diabetic hamster were expect- 
ed hi view of previous studies. Although it may  be 
postulated that  the observed changes in beta cells 
may  be the primary cause of the diabetic state, it 
might also be argued that  the beta cell changes are 
secondary to the hyperglycemia, which is in turn 
produced by extrapancreatic factors. Thus the observ- 
ed degranulation and disappearance of the beta cells 
could be a secondary response, as is the case in meta- 
hypophyseal diabetes. Growth hormone administration 
produces a primary hyperglycemia [1]; the beta cell 
degranulation [14] and destruction are secondary to 
the hyperglycemia since they can be prevented by 
controlling the blood.sugar level with phlorizin 
administration [13]. 

Our Unexpected finding that  similar though less 
marked changes in beta cells are present in the non. 
diabetic siblings excludes the possibility tha t  the 
beta cell changes are secondary to hyperglycemia; 
the siblings of the  diabetic hamsters do not show 

2 Although these animals, which were given subthres- 
hold doses of ailoxan, did not have hyperglycemia or gly- 
eosuria, they did show abnormal tolerance to glucose. 
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Pla te  1. Top row:  (a, b,  c) Is le ts  of  control (non-related, non-diabet ic  hamste r )  s ta ined wi th  a ldehyde-fuchsin showing be ta  cells wi th  4-1- granula t ion  (320 • 
and  800 • ). The corresponding PAS-s ta ined  section (800 • ) was  devoid  of  glycogen 

Center row:  (d, e, f )  magni f ica t ion  same as above.  Is le ts  of  non-diabet ic  sibling showing decreased numbers  of  A F ~  cells and  modera te  glycogen 
infi l t rat ion 

Lower  row:  (g, h, i) magni f ica t ion  same as  above.  Is le ts  of  diabetic hams t e r  showing m a r k e d  be ta  cell degranula t ion  and  increased amoun t s  of  glycogen 
in the  be ta  ceil 
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hyperg lycemia ,  g lycosur ia  or a b n o r m a l  glucose tol- 
erance.  These morphologic  observa t ions  suggest  
t h a t  genet ic  fac tors  are  opera t ive  a t  the  b e t a  cell 
level, and  t h a t  t he  e t io logy of spon taneous  d iabe tes  
in  the  Chinese H a m s t e r  m a y  resul t  f rom a p r i m a r y  
a l t e r a t ion  in  the  be t a  cell. The fac t  t h a t  the  changes 
in  be t a  cells occur  in i t i a l ly  reinforces the  suggest ion 
m a d e  earl ier  [10, 9] t h a t  endogenous  agents  cy to tox ic  
for b e t a  cell m a y  produce  d iabe tes  b y  ac t ing  d i rec t ly  
on the  is let  t issue. A l t e rna t ive ly ,  one m u s t  consider  
the  poss ib i l i ty  t h a t  the  observed  decrease in be t a  cells 
resul ts  f rom an  imba lance  be tween  the  ra te  of new 
be t a  cell f o rma t ion  a n d  the  r a t e  of senescence of 
exis t ing be t a  cell. I f  the  r a t e  of b e t a  cell f o rma t ion  
were decreased  or the  r a t e  of be t a  cell des t ruc t ion  
were accelera ted,  a progress ive  decrease in the  b e t a  
cell mass  would  resul t .  

W e  bel ieve our  f inding of be t a  cell changes in  the  
siblings of spontaneous  d iabe t ic  Chinese H a m s t e r s  
represents  the  first  ins tance  in which be t a  cell de- 
g ranu la t ion  and /o r  des t ruc t ion  precedes  t he  develop-  
m e n t  of the  clinical  d iabe t ic  s ta te .  I t  should  be no ted  
t h a t  Gepts  r epo r t ed  [4] decreased  number s  of b e t a  
cells in h u m a n  juveni le -onse t  d iabet ics  examined  one 
to  four  weeks af te r  the  acu te  onset  of the  disease. 
However ,  in  th is  ins tance  one cannot  be cer ta in  whe the r  
the  be t a  cell changes p receded  the  onset  of cl inical  
d iabe tes  or whe the r  t h e y  deve loped  as a consequence 
of the  hype rg lycemia .  

Our  f inding of g lycogen inf i l t ra t ion  in the  is le t  
cells in  the  non-d iabe t i c  sibl ings is of in teres t .  The  
presence of g lycogen in f i l t ra t ion  in  the  be t a  cells is 
usua l ly  assoc ia ted  wi th  hype rg lycemia .  F o r  example ,  
we have  d e m o n s t r a t e d  [3] t h a t  the  t r a n s i t o r y  produc-  
t ion  of hype rg lycemia  in  bo th  n o r m a l  and  subd iabe t i e  
ra t s  p roduces  an  i m m e d i a t e  g lycogen inf i l t ra t ion,  
whereas  lowering the  b lood sugar  level  in  d iabe t ic  
an imals  removes  g lycogen  f rom the  be t a  cells. Al- 
though  i t  m a y  be p o s t u l a t e d  t h a t  the  g lycogen level  in  
the  b e t a  cell m a y  influence the  insul in  release mech-  
anism,  no evidence has  been  p re sen ted  thus  far  to  
suppor t  this  view. H y p e r g l y c e m i a  br ings  a b o u t  insul in  
release p r e s u m a b l y  t h rough  the  ac t ion  of a me tabo l i t e  
t ha t  appears  in  increased  concen t ra t ion  as a conse- 
quence of increased  glucose me tabo l i sm [11]. One 
might  pos tu l a t e  t h a t  in  the  presence of an  increased  
g lycogen level  wi th in  the  be t a  cell, an  agen t  t h a t  
causes excessive glycogen b r e a k d o w n  could br ing  
a b o u t  an  increased  in t race l lu la r  glucose concen t ra t ion  
a n d  a secondary  release of insulin.  
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