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A strain o f  Wlstar-cterived WBN rats has been main ta ined  at the Institute 
of Pathology, Bonn University, Bonn, FRG. Some of  these animals were 
brought  to Japan  by Dr. Kobori in 1976 and called WBN/Kob  rats. A cotony 
of  these is being maintained at the Shizuoka Labora tory  Animal Center, 
Shizuoka, Japan.  

WBN/Kob rats are smaller than  the original Wistar rats, but o~herwise 
little or nothing is known about  their biologicM characteristics, o ther  than that 
they appear to have a low incidence of  spontaneous tumors. 

In 1980, TOBE and KOBAYASm ~, in an a t tempt  ~o clarify this problem, 
carried out a tong-term observation of  these rats in a specific pathogen-free 
envi ronment  and observed that at the age of  about 9 months,  some male rats 
began to excrele an abundant  and odorous urine. Further  examinat ion 
revealed that these rats were hyperglycemic, that some of  them suffered f rom 
potyuria and glycosuria and that at 12 months  of  age manifested a marked 
glucose h~tolerance (rob. 1). Few female rats presented these abnormal  signs. 

The p~:esent exper iment  was conducted to confirm the occurrence of  these 
symptoms in WBN/Kob  rats and obtain informat ion on t~teir etiology. 

MATERIALS AND METHODS 

A total of  63 male WBN/Kob rats bred for several generat ions in the same 
colon)', w e r e  kept under  observation from the age o f  3 to 21 months.  During 
this period general  heahh conditions, body weight, blood glucose levels (Dex- 
trostic and Dextrometer,  AMES Company, Inc.), urinary glucose excretion 
(Testape, Eli Lilly and Company), and serum insulin levels (IRI by two-antibody 
me thod  wkh bovine insulin as a standard) were examined  at regular  intervals. 
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At 19 months of age, the blood glucose responses to sulfonylurea (sodium 
tolbutamide, 20 rag/100 g body weight, p.o.) and insulin (bovine insulin, 300 
mU/100 g body weight, s.c.), were studied. 

Several rats were sacrificed simultaneously at 2-3 months' intervals. Samples 
of pancreas were collected for histopathologic studies, embedded in paraffin, 
sectioned and stained with hematoxylin and eosin (H-E) or Gomori's aldehyde- 
fuchsin. Student's btest was used for statistical analysis. 

RESULTS 

At 3 to 5 months of age, most of the animals under observation tried to 
escape f iom a restraint which imposed pressure on the abdomen as if they 
suffered pain. From about 12 months of age, almost all the animals gradually 
began to excrete soft yellow-brown feces, to show ruffled hair (transient 
alopecia) and to appear sluggish. These symptoms persisted up to the time of 
sacrifice. None of  the animals recovered or became seriously ill. 

Figure 1 illustrates changes in all parameters measured. Body weight 
increased ~aduNly reaching an average of 425.6 ± 9.2 g at 14 months of age, 
when it began to drop reaching 353,6 ± 9.6 g at 21 months. In the control 
Wistar rats, even at 6 months of age, the mean body weight was 579.4 + 12.4 
g. Thus, the WBN/Kob rats were rather light and not obese. 

In the experimental rats, up to 8 months of age, the non-fasted serum. 
glucose levels were within the normal range (69 to 120 mg/dt;  average 
90.8 ± 3.4 mg/dl) as compared to a range of 81 to 123 mg/dl  (96.6 ± 4.2 
mg/dl) in the Wistar rat (p>0,01). At about 9 months of  age one of  21 rats 
began to show a high blood glucose level (186 mg/dl). The mean blood glucose 
tevel was 104.3 ± 4.8 mg/dl  at 9 months of  age. After that, the number of 
rats with hyperglycemia increased, so that the mean glucose levels were 

9 "~ g /d  207.6 _.4- 13.3, 328.4 __,~ 18.4, 372.2 ± 18.3, and 351.1 _+ _o .1  m 1, at 14, 17, 
19, and 21 months of age, respectively. 
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30 2144 ± 24.6 

60 202 .4  ± 24.2 

90 186.0 ± 21,6 

120 174.2 ± 10.7 

(n = 5) 

79,4 ± 2,8 

260.7 ± I7.7 

241.3 ~ i3.7 

IS7,8 ± 8.6 

172.8 ± 10.5 

WBN/Kob 
(n = 5) 

8:?.8 ± 2.0 

30i.0 ± 8.9 

280.2 ± 21.2 

232.7 m 24.t 

193.2 ± 18.2 

Tab .  1 - i.v. g lucose  to l e rance  tests (0,12.5 g i  100 g b o d y  weigh t )  hi Wis t a r  a n d  W B N f K o b  ra t s  
at 12 m o n t h s  o f  age,  T h e r e  w e r e  n o  s ignif icant  d i f fe rences  b e t w e e n  W i s t a r  a n d  W B N / K o b  
fema le  ra ts  at any  dine,  b u t  signJ.flc~nt d i f fe rences  b e t w e e n  males ,  M e a n  ± SEM. ~ p < 0 . 0 5 ;  
~: p < 0 , 0 i ,  
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Fig-. 1 - Time co-,.rse o~ body weight (BW), blood glucose .BG~, serum insulin (1RI) and fiequency 
of glycosuria and cataract in WBN/Kob ra~s with age. Number o[-animals in pare~atheses. Closed 
circles indicate control Wistar ra~s at 6 months of age. Mean ± SEM. 

Tile mean  serum IRI level was within the no rma l  range  at 4 months  of" 
age, but  low at all o ther  ages (21.4 ± 2.2, ~23.2 _+__ 1.5, and 23.6 ± 2.2 ~ U / m l  
at 17, 19, and '2 l mon ths  o f  age, respectively). 

These  values were  significantly different  (p < 0.01) f rom the level ibund in 
the control  Wistar rats (35.1 ± 2.3 ptU/ml). Giycosuria was first detected 9 

m o n t h s  afier birth. Namely,  it was present  in 37% of  the rats at 10 months  
and in 100% of  them at 17 months  o f  age, respectively. 

The re  was no  significant fall in blood glucose level in 19-month-old 
W B N / K o b  rats following the oral administrat ion o f  sodium tolbutamide (fig. 
2-A), a l though the marked response  to s.c. insulin (fig. 2-B) suggests that 
W B N / K o b  rats may  be highly sensitive to the ho rmone .  

A.~ about  15 months  o£ age some of  the rats were  found to have slight 
bilaEeral lens opacities. At first, ~hese were  peripheral ,  but increased rapidly in 
severity, ex tending  concentrically and centripetMly, .until total cataract  was 
p roduced  (fig. 3-B). These  changes, a l ~ o u g h  vm'iable in severity, were  nodced  
in 5 o f  13 ra~s (38.5%) at 19 months  o f  age and in 8 o f  9 rats (88.9%) at 21 
mon ths  of  age (fig. 1). 

At autopsy, macroscopically distinct brown necrotic loci were nodced ha some 
parts o f  the splemc lobe of  the panG-eas of  3-monda-old rats. With advancing age, 
these changes gTaduaity extended to other pana-eadc lobes. These changes were 
associated with an infihradon of  1)~nphocytes and macrophages in and around 
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the islets, sometimes spreading to the adjacent exocrine dssue (fig. 4-A). In some 
rats, hemon-hages were seen inside and omside the islets• 

A b u n d a n t  fibrous tissue prol i fera ted  a round  panc~:eatic ducts and  blood 
vessels, with a p p a r e n t  invo lvement  o f  ne ighbor ing  acinar  cells and  even  some  
islets dl~.~:o" 4-B). At 17 mon ths  o f  age, these chanoes~, covered  ~0 to 30 pe rcen t  
o f  the whole  histologic section. 

With  advancing  age, ibci o f  fibrosis became  mot-e extensive,  i nvaded  the 
islets causing severe d a m a g e  so that  the islets could hardly be  identified, with 
their cells separated and broken. Nevertheless, the few remaining B-celts 
contained ~-granules (fig. 4-C). 

At 17 months of  age and later, very few islets coutd be found even in areas 
that  had  been  spared  by the mos t  severe  fibrosis. In these cases, a small  islet 
(less than 50 p~ in diameter) could be detected in seve~'a.1 tow power (x 40) 
microscopic  fields. However ,  the islet co~sisted of  the ceils which conta ined  
no  stainable granules.  

DISCUSSION 

N u m e r o u s  an imal  models  o f  spontaneous  diabetes  have  b e e n  described. 
A m o n g  them,  the C57BL/6J-ob ~, the C57BL/KsJ-db ~, KK ~-~, NOD m o u s e %  the 
Chinese hamster '~, the sand rat'% the BB rat '~ and others. The BB rat in 
particular is a well known model of diabetes caused by insulitis. 

In this animaP, hereditary hyperglycemia occurs without obesity in about 
40%, in males and females alike, at the relatively young age of 60-120 days. 
Insulin administration is necessary for survival. 
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Fig. 2 -Biood glucose responses to oral sodium tolbutamicIe (20 rag/100 g body weight, A) and 
to s.c. insulin (300 mU/100 g body weight~ B) ix~. control Wistar ra~s (0, n = 9) and WBN/Kob 
raEs (o, n = 1]). * p<0.05: *"~ p<0.0t: n.s. = no~ significant ~,~ values a~ time 0. Mean ± SEM. 
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A B 
Fig. 3 • Photographs of eyes showing a rransparem lens in a normal control Wistar rat m A, 
and complete lens opacity in a 21-month-oM WBN/Kob rat (blood glucose 386 mg/dl, g!ycosuria 
+->H-, ) in B. 

In this paper we report that non-obese male WBN/Kob rats developed 
hyperglycemia, g!ycosuria, pol)q~ria, and glucose intolerance at about 9 months 
of  age, apparently due to deficiency of insulin caused by extensive fibrous 
degeneration of  the pancreatic islets and exocrine parenchyma. This process 
started as early as 3 months of age and progressed with advancing age. 

Two histopathologic patterns were observed. In one pattern, insulitis was 
characterized by infiltration of  inflammatory ceils around and into the islets 
leading to rapid and severe fibrotic degeneration. In the other pattern, fibrous 
tissue proliferated more slowly arotmd pancreatic ducts and blood vessels and 
invaded the islets gradually, separating individual islet cells fi-om one another 
and eventually replacing them with fibrous tissue. 

Cell infiltration was observed only at an  early stage (up to 6 months of  age). 
Two distinctive histological changes, inflammatory cell infiltrations around and 
into the islets and periductat or perivascular fibrosis, were observed simulta- 
neously in some rats in the early stage, thereafter fibrous degeneration of  
pancreas progressed with advancing age. 

The etiology of this rapidty developing fibrosis, leading to extensive degen- 
eration of the pancreas remains a matter for speculation. 

In BB rats, islet infiia'ation by lymphocytes and macrophages has been 
noticed prior to the oco.wrence of  hyperglycemiaL~ and complete protection of  
susceptible animals has been obtained with the adminis~-ation of  ant.i-rat 
lymphocyte serum ~. For these reasons, L~<s et al. ~ suggested that diabetes 
might be induced by autoimmune lymphocytic insulitis causing B.ceIl destruc- 
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tion; especially since BB rats also suffered from. lymphocytic thyroiditis and 
possessed auto-amibodies against smoo~h muscle and thyroid colloid• 

The existence of  some heredkary fF~ctors in the development of  the dia- 
betes-like syndrome in WBN/Kob rats is suggested by the facts that it is limited 
to males, that it starts at an early age (3 months of age or possibly before) and 
that it involves almost all male WBN/Kob rats by the age of  17 months. 

In contrast to BB rats that develop insulin-dependent diabetes mellitus 
(IDDMF, the WBN/Kob rats survive wkhout insulin until at least the age of  21 
months. This characteristic, as well as the relatively slow progression of  the 
pathologic process; suggests a similarky witl-~ NIDDM. 

In WBN/Kob rats, inflammatory changes, characterized by the infiltration 
of  cells (mainly lymphocytes and macrophages), were noted befbre the appear- 
ance of ~ the diabetes-like symptoms, suggesting a cell-mediated autoimmune 
mechanism, similar to that occurring in BB rats. Furthermore, in view of the 

2: : , i i  . . . . .  

Fig. 4 - Light photomicrographs of  pancreatic islets from WBN/Kob rats. (A) Pancreatic islet 
from an animal sacri:f~ced at 3 months o[" age (blood glucose 109 mg/dl ,  glycosuria nega6ve). 
Mononuclea~ inflammato~y cells sur~ound and infiltrate the islet periphery and penetrate into 
ff'~e immediately adjacen~ exocrine pax-enchyma. HE (x 100). (B) Another islet from the same 
animal. Fibrils surround the periphery of the pancreatic duct and a flbrotic process extends into 
the adjacen~ exocrine tissue and islet. B-cells a~'e stained deeply with aldehyde-lhchsin. (x 2.00). 
(C) Islet from an animal sacrificed at 12 months or age (blood glucose 108 mg/dl ,  glycosuria +). 
B-ceils are decreased in number and sepa~-ated from one another by severe flbro6c processes 
peneu-~cing inEo the interior of the islea Gomoris' aldehyde-fftchsin (x 200). (D) Islet f rom an 
animal sacrificed at 1. 7 months of age (blood glucose 399 mg/dl,  glycosuria ,~-~-, ). In this animal, 
the islets were very few and small and consisted of  degranulated B-cells, negative f'or aldehyde- 
R~chsin staining (x 4001!. 
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early d e v e l o p m e n t  o f  clinical and  histologic findings it seems r easonab le  to 
suggest  that, in the W B N / K o b  rat, acute pancreat i t is  develops  into chronic  
flbrotic pancreat i t is  result ing in extensive degene ra t i on  o f  the islets o f  Langer-  
hans. 

This assumpt ion  mus t  be verified by fur ther  studies in an imals  younger  
than  S months .  

Nine teen-month-o ld  W B N / K o b  rats r e sponded  well  to e x o g e n o u s  insttlin, 
suepest in~ that  there  is no insulin resistance. Howeve r ,  they hardly  r e s p o n d e d  
to the adminis t ra t ion  o f  sodium tolbutamide.  Judg ing  f r o m  the pathological  
findings in the pancreas  o E W B N / K o b  rats at 19 months ,  this was clearly due 
to deficiency o f  addit ional secret ion of  insulin. 

Catarac t  began  to be not iced in some W B N / K o b  rats f r o m  abou t  15 mon ths  
o f  age. Diabetes compl ica ted  with ca tarac t  in an imal  mode l s  and  h u m a n  beings 
has b e e n  r e p o r t e d  in a n u m b e r  o f  papers.  In the polyot (sorbitol) theory  on 
the cause o f  diabetic cataract  6-~s, the etiological factor o f  this d isorder  is consid- 
ered to be re la ted to high concent ra t ions  o f  b lood  glucose*:.~s. It has, however ,  
been  stated * that  diabetes was compl ica ted  by cataract  in only 30 to 40% of  
h u m a n  pat ients  with diabetes. In the p resen t  expe r imen t ,  W B N / K o b  rats were  
kept  under  observa t ion  for a long time, wi thout  taking any  step to control  the 
blood glucose level. As indicated above,  a hyperg lycemia  which  pers is ted for 
at least 5 m o n t h s  was necessary fo~" the occur rence  o f  cataract.  Moreover ,  this 
complicat~on was very f requen t  in W B N / K o b  rats. The re fo re ,  it is a s sumed  
that  W B N / K o b  rats can be a suitable mode l  for hyperg lycemia  compl ica ted  by 
cataract.  

It is r egre t t ab le  that  no  re t ina  was e x a m i n e d  in the p resen t  exper imen t .  It 
was the re fo re  impossible to discuss how the h e m o r r h a g e  in the aqueous  h u m o r  
obse rved  in only one 21-month-old ra t  (no data  presented)  was re la ted  to ret inal  
or  vi t reous h e m o r r h a g e .  

Detailed examina t ion  o f  the renal  g lomerul i  is t rader  way. Howeve r ,  prelim- 
inary data  reveal  signs of  glomerulosclerosis ,  such as thickening o f  the glomeru-  
lar b a s e m e n t  m e m b r a n e  and  mesang inm.  We are  also e x a m i n i n g  the reasons  
for the resistance of  female  W B N / K o b  rats to the d e v e l o p m e n t  o f  the syn- 
d rome .  

SUMMARY 

Spontaneous hyperglycemia, glycosuvla hypoinsulinemia and glucose h~tolerance were observed 
in some WBN/Kob rats, at abou; 9 months of age, and in ~ at the age o{ 17 months. Females did 
not presen~ this pathology. Hismpathologic examination of the pancreas revealed severe changes in 
male ra~s at the age of 3 months. Bet~veen 8 a~d 6 months of age a disth~ct irlfikra:ion of inflammatory 
cells was fbttnd mound islets ~nd mnong adjacent acLnar cells. At the stone 6a~e, marked fibrosis was 
seen aa'o~md the pa~creatic ducts and blood vessels. With advancing age the fibrous ~sue g~-adtuqJly 
invaded extensive areas of the pancreas where ,also the islets bec~,_m~e involved in fibrodc degenera~5on. 
A~ 17 mo-aths of age and k~ter, an obvious decrease k.n glee nmnber and size (less than .50 P in 
dianmmr) was observed, even in relatively tm~fffected areas of tee organ. Frequent biIaterai cat~-acts 
began to appear at about 15 months of age. Opacities were ~rst observed is~ r_he periphe U of the lens, 
then iascreased rapkUy in intensity" and extended cena-ipe~ally. Nineteen-month-old male rats were 
hypersensi~_~ve to exogenous insulin, but showed no si~lific~t decrease in blood gk,.cose level when 
teated with oral tolbutamide. These resuks suggest that ~ese rats suffered fiom a decTeased 
insuD~ogenic response. 
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