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Summary. Morphologic studies were performed in 
"Wellesley Hybrid" and commercial laboratory mice fed 
synthetic chow of two types. The pancreatic islets of 
diabetic animals of both groups were greatly enlarged, 
and were composed almost exclusively of beta cells 
actively synthesizing insulin. The islets of the non-diabetic 
mice were normal. There was excellent correlation between 
the presence of diabetes, the level of serum IRI  and islet 
morphology regardless of mouse strain and dietary regi- 
m e I 1 .  

Etudes du syndrome diabdtique des souris hybrides de 
Wellesley. IV.  Morphologie des ~lots de Langerhans. 

R~sumd. Nous averts dtudi6 la morphologie des riots de 
Langerhans de soLtris hybrides de Wellesley (C3Hf x I) 
et de souris albinos ordinaires soumises ~ deux rdgimes 
symthdtiques de laboratoire. Nous avons observ6 une forte 
augmentation du volume des riots de Langerhans des 
animaux diab6tiques soumis aux deux types de r6gime, 
cos riots grant compos~s presque exelusivement de 
cellules B actives. L'apparence des ilots de Langerhans 
d'animaux non-diabdtiques dtait normale. I1 existe ehez 
cos animaux une excellente corr61ation entre la pr6senee 

de diab~te, les taux d'insuline immunor6active s6rique, et 
l'apparence des riots, cee i pour les deux r6gimes. 

Der experimentelle Diabetes der hybriden Wellesley- 
Maus. IV.  Morphologisehe Veri~nderungen in den Langer- 
hans' schen Inseln. 

Zusammenfassung. An "Wellesley Hybrid" nnd 
normalen Laboratoriumsm/iusen, denen zwei versehiedene 
Arten yon synthetischem Futter gegeben worden war, 
wurden morphologische Studien durehgefiihrt. Die 
Langerhans'schen Inseln diabetischer Tiere bolder Grup- 
pen waren stark vergrbl]ert und bestanden beinahe 
aussehliel~lich aus aktiv Insulin synthetisierenden fl-Zel- 
len. Die Inseln der nicht-diabetisehen M/~use waren 
normal. Es bestand ein deutlieher Zusammenhang zwi- 
sehen dem Vorhandensein yon Diabetes, dem immun- 
reaktiven Insulin Spiegel h'n Serum und der Inselmorpho- 
logic, unabh~ngig yon M~usestamm und Diiit. 

Key-words: Spontaneous Diabetes, Wellesley hybrid 
mouse, Hybrid mouse diabetes, Genotype : C3Hf • I -  F1, 
Ultrastructure, Beta cells, ~utrition and diabetes, Diet 
and diabetes, Insulin in serum, Obesity, Strains of mice. 

The "Wellesley Hybrid" mice were produced from 
matings of male strain I and female strain C3ttf mice, 
raised in the Department of Zoology and Physiology 
laboratories of Wellesley College by one of the authors 
(EEJ). 

In  earlier studies, the hybrid mice were noted to 
gain weight more rapidly than the parental strains 
and to reveal intermittent hyperglycemia and glyco- 
suria most frequently during 4 to 9 months of age. It 
was noted further that  glycosuria was more frequent 
among the male (53%), in contrast to the female (5%) 
hybrids, and that  the frequency of glycosuria decreased 
beyond nine to twelve months of age. Previous publi- 
cations (Jo~Es, 1964; LIKE et al., 1965) reported the 
frequent occurrence in the hybrid mice of greatly 
enlarged islets of Langerhans, consisting almost 
exclusively of beta cells. 

This paper reports the results of morphologie 
studies of the pancreatic islets in three groups of 
"Wellesley Hybrid" mice and preliminary observa- 
tions in a number of commercially available albino 
mice serving as controls. 

* Supported in part by grants from the United States 
Public Health Service, AM-09584-02, T1-AM-05077-10, 
5 ROI CA-07726-03. 

** Paper I I I  of this series is GnEnso~ et. al., ]967. 

Materials and Methods 

Portions of pancreas from 29 mice were obtained 
for morphologic study. The mice were separated into 
the following groups: 

Fifteen male "Wellesley Hybrid" mice, six to ten 
months of age at the time of sacrifice, were maintained 
on a diet of Purina Laboratory Chow 1. Thirteen of the 
fifteen mice were euglycemic (values below 200 rag/ 
100 ml) during the four months of observation, with 
normal levels of serum immunoreactive ins~din (IRI) 
(below 50 #U/ml). Two mice, eight and ten months 
of age were intermittently hyperglycemic (blood 
glucose values between 210 and 280 rag/100 ml) for 
ten weeks, with significantly elevated serum Ii~I at 
sacrifice (505 and 420 #U/ml). The pancreata of this 
group of fifteen animals were studied by light micro- 
scopy. 

A second group of fourteen mice, twelve to sixteen 
months of age, included ten hybrid males and four 
parental strain mice (2 female C3Hf and 2 male I 
strain mice). All had been maintained on a diet of Old 
Guilford Breeding pellets ~. The four parental strain mice 
never displayed glyeosuria and were normog]ycemic 

1 Purina Laboratory Chow: St. Louis, Missouri. 
Emery Morse Company: Guilford, Connecticut. 
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at sacrifice. The hybrid mice revealed intermittent 
glycosuria and hyperglycemia for variable periods of 
time. The pancreata of these animals were studied by 
light and electron microscopy and reported previously 
(LIKE et al., 1965). 

1967). One diabetic mouse from this group was killed 
for light microscopic and ultrastruetural studies of the 
pancreatic islets. Blood glucose at sacrifice was 450 
rag/100 ml and serum II~I was in excess of 1500/~U/ 
ml. 

Key for figures' lettering 
AC = Acinar cells 
AR = Agranular (smooth) reticulum 
B?r = Basement membrane 
CAP = Capillary 
cer = Ceroid pigment 
D = Duct 
F = Fenestrated endothelial cell 
G = Golgi complex 
Gl% = Granular endoplasmic reticulum 
M = Mitochondrion 
N = Nucleus 
ne = Ulm~yelinated nerve 
P = Polysomes and "free" ribosomes 
RBC = Red blood cell 

Fig. 1, 2, 3, 4, 9 and 10. Light miorographs of paraffin 
embedded tissues fixed in Bouin's solution 

Fig. 5--8. Electron mierographs of tissue fixed in col- 
lidine-buffered osmium tetroxide, embedded in Epon 
and stained with aqueous uranyl acetate followed by 

lead (KAI~N0VSKu 

A third group of six male hybrid 
mice, seventeen to twenty-one months 
of age, manifested either persistent or 
intermittent hyperglycemia (values in 
excess of 200 rag/100 ml) while on a 
diet of Old Guilford Breeding pellets. 
Blood glucose values, however, return- 
ed to normal levels when the diet was 
changed to either Purina Chow pellets or 
powdered Old Guilford Breeding pel- 
lets (GnEAso~ et M., 1967). l~einstitu- 
tion of Old Guilford Breeding pellets 
did not result in a return of hypergly- 
cemia. Serum I g I  levels prior to the 
change of diet were in excess of 800 #U/ 
ml in all animals. At the time of sacri- 
fice, all but one mouse revealed elevated 
levels of serum Ii%I (85 to 915 #U/ml). 
The pancreata of these animals were 
studied by light microscopy. 

A fourth group of eleven Albino Swiss-Hauschka 
mice a were fed Old Guilford Breeding pellets for six 
months. Persistent hyperglycemia (340 to 450 rag/100 
ml) appeared in one animM after 6 weeks, and in a 
second after 22 weeks (GI,~ASON et al., 1967). Serum 
I R I  levels at sacrifice were 2400 #U/ml and 300 #U/ml 
respectively. The pancreata of these eleven mice were 
studied by light microscopy. 

More than fifty per cent of a larger group of Swiss- 
tIauschka mice, on an identical diet, have become 
diabetic and are now under study (GLEASON et al., 

a Charles l~iver Breeding Laboratories: Wilmington, 
Massachusetts. 

Fig. i and 2. Pancreatic islets of no rmoglycemic mice. Essentially identicM in appearance in 
parental strain (Cat{~ and I), Swiss-Hauschka or Purina Chow4ed Wellesley t Iybrid mice. -- 
Fig. 1. tIematoxylin and eosin. 100 x . - -  Fig. 2. Aldehyde fuchsin stain. The deeply staining, 

well granulated beta cells are characteristic ofnormaI mice. 70 x 

For histological examination, pancreata were 
processed as previously reported (LIK~ and MIKI, 
1967). With the exception of the pancreas of the 
Swiss-I-Iauschka mouse, which was fixed in glutaral- 
dehyde, all tissues were prepared for electron micros- 
copy in buffered osmium tetroxide. Methods of blood 
glucose and serum It~I determinations are described 
in the preceeding reports (GL~ASOX et M., 1967 and 
CAmLL ct al., 1967). 

Results 
The pancreatic islets of the Guilford Chow-fed 

euglycemie parental strains (C3HI and I) and the 
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Swiss-Hauschka mice, and the Purina Chow-fed eugly- 
eemic "Wellesley t tybr id"  mice were morphologi- 
cally indistinguishable. Conventional hematoxylin 
and eosin and aldehyde fuchsin stained preparations 

Fig. 3 and 4. Pancreas of  a diabetic Wellesley Hybr id  mouse. The greatly 
enlarged islets reveal central cavi ta t ion (arrows). Surrounding cxoerine 
pancreas (AC) is nol~nal. -- Fig.  3. t Iematoxyl in  and eosin stain,  tOO x .  -- 

Fig.  4. Aldehyde fucbsin stain.  70 • 

revealed the normal size, number, and granularity of 
the islets in these animals (Fig. 1 and 2). 

The pancreas of one of the two Wellesley Hybrid 
mice that  developed mild intermittent hyperglycemia 

on a diet of Purina Chow pellets revealed an increase 
in islet size and both revealed moderate beta cell 
degranulation. The largest islets, however, were 
considerably smaller than those previously observed 

in animals consuming Old Guilford 
:Breeding pellets ( J o ~ s ,  1964). 

The islets of Langcrhans of the two 
groups of diabetic Wellesley Hybrids, 
ages 12--16 (10 mice) and 17--21 
months (6 mice), were comparable and 
will be described together. The appear- 
ance of the greatly enlarged islets ob- 
served in all of these animals is illustrat- 
ed in Fig. 3 and 4. These light micro- 
graphs illustrate the tendency to central 
cyst formation among the larger lesions, 
and the presence of well granulated 
(aldehyde--fuchsin positive) beta cells 
(Fig. 4). Hemorrhagic cysts have also 
been observed (Jo~]~s, 1964). Electron 
microscopic studies provided further 
evidence that  the greatly enlarged islets 
consisted almost exclusively of beta 
cells. The smooth-contoured, non- 
indented nuclei, as well as the ap- 
peareance of the secretory granules, 
were characteristically those of beta 

cells (Fig. 6--8). Ultrastructural differences were 
visible that  rendered the hyperplastie cells readily 
distinguishable from normal beta cells (Fig. 5). The 
secretory granules of the former were diminished in 
number and in sharp contrast with normal "resting" 
beta cells in which cytoplasmic granules were plenti- 
ful. The organelles responsible for protein synthesis, 
i.e., the granular endoplasmic reticnlum and free 
ribosomes, were more abundant in the cells of the 
enlarged islets. Mitochondria were usually increased 
in size and number, bizarre in configuration, and con- 
tained numerous closely packed cristae mitochondria- 
]es. The enlarged Golgi structures were widely dispersed 
throughout the cells, with many collections of smooth 
and coated vesicles visible. The small number of 
remaining beta granules were not aggregated at the 
cell membranes (Fig. 7), hence evidence of "emio- 
cytosis" was not visible (LAcy, 1959). Alpha cells of 
normal appearance were present, but  with greatly 
decreased frequency (LrKE et al., 1965). 

Representative pancreatic islets of the three Swiss- 
Hauschka mice that  became diabetic when fed Old 
Guilford Chow are illustrated in Figs. 9 and 10. Although 
the striking increase in islet size was apparent, the 
magnitude of the hyperplasia fell short of that  noted 
in the Wellesley Hybrids and the aldehyde fuchsin 
stain revealed relative degranulation of the beta cells. 
When the electron microscopic appearance of the islet 
cells in one of these animals was compared with that  
of the Wellesley Hybrids, striking similarities were 
apparent. Thus, the beta cells of both diabetic groups 
revealed evidence of degranulation, increased quan- 
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Fig.  5. I s le t  of ~ normoglyecmic  mouse.  Lower  power  electron mic rograph  of  a small  islet, composed of  normal  be ta  cells and  sur rounded  by  elements  of  the  
exoer ine  pancreas .  The  numerous  round  cytoplasmic  granules,  the  small Golgi complexes,  the  inconspicuous g ranu la r  endoplasmie re~iculum and  the s lender  

mi tochondr ia  are character is t ic .  Occasional ba r - shaped  be ta  granules  are visible (arrows). O s m i u m  te t loxide .  Approx ima te ly  6000 x 
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Fig. 6 - 8 .  Electron micrographs of beta cells of cliabe~ie Wellesley Hybrids. 
Fig, 6. Portions of several cells of a hyperI)lastic islet. The nucleus is smoothly contoured an4 the reduced number of cytoplasmic granules are contained 
in loosely fitting sacs. /%te the large nzitochondria and Golgi complex. ~umerous coated vesicles (arrows) and the smooth tubular structures (? agranular 

retieulum) arc presumably of Goigi origin, Osmium tetrexide. Approximately 21000 •  
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:Fig. 7. Beta cells and an adjoining capillary. :Beta granules are not localized at the vascular pole of the ceils in the hyperplastte islets. Tubules of the 
hypertrophied granular endoplasmic reticnlum are cisternal and often dilated or vesicular. Smooth tubules (Al%) are also noted, as are collections of small 

vesicles (arrows), Osmium tctroxidc. Approximately 21000 • -- 
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Fig. 8. Another example of a large bizarre mitoehondrion. Beta granules are infrequent and the vesicular-appearing, granular endoplasmie retieulum 
prominent. Small arrows indicate ribosomes attached to vesicular membranes in spotty fashion. Osmium tetroxide. Approximately 2s 000 • 
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tities of granular endoplasmic reticulum, enlarged Gol- 
gi structures, and more numerous and often bizarre- 
appearing mitochondria. 

mellitus in the Wellesley Hybrid mouse and the com- 
mercially available Swiss-Hauschka mouse. The mor- 
phologie studies reported here demonstrate the close 

correlation between the presence of 
diabetes and islet morphology, in both 
animal groups. 

The endocrine pancreas of those 
mice that  failed to develop hyper- 
glycemia at any time during the study 
were almost always normal regardless 
of the diet. In contrast, the islets of hy- 
perglycemic animals were significantly 
altered with their overall size gradually 
increasing with the duration and 
severity of the syndrome. Thus, the 
beta cell degranulation and slight in- 
crease in islet size observed in the Pu- 
rina chow-fed, mildly diabetic hybrids, 
eventually leads to the greatly enlarged, 
well-granulated islets of the older 
animals after prolonged maintenance 
on Old Guilford Breeding Pellets and 
long-standing diabetes. The apparent 
absence of an observable size difference 
between the pancreatic islets of the 
two age groups of hybrid mice, might 

Fig. 9 and 10. IIyperl)lastie islets of diabetic Swiss-Hausehka mouse. 

~'ig. 9. Degeneration (arrow) an4 eventual cavitation (arrow with asterisk) 
also a featUre of these greatly enlarged islets. SUrrounding aeinar tissue (AC) 

normal, ttematoxylin and eosin. 100 • 

Fig. 10. A significant proportion of the beta cells are degranulated. (com- 
pare with ]~ig. 4). Aldehyde fuchsin. 110 x 

Discussion 

Accompanying papers in this issue (CAmLLet  
al., 1967; GLEASO~ et al., 1967) have detailed the 
critical role of the diet in the evolution of diabetes 

be attr ibuted to an error of sampling. The panereata 
of the older group were used only for morphologie 
study, whereas those of the younger group were 
processed for insulin extraction as well as histologie 
procedures. 

The maintenance of normal blood glucose levels 
by the six Wellesley Hybrids, (17--21 months of age) 
after the reinstitution of Old Guilford Breeding pellets 
deserves further comment. The continued elevation of 
serum II~I and the presence of greatly enlarged islets 
in these mice at a time when blood glucose levels are 
normal, strongly suggests tha t  more than normal 
quantities of insulin are required, and are available, 
to maintain euglycemia. The enlarged islets, with 
ultrastructural evidence of enhanced protein synthesis, 
have presumably successfully satisfied the increased 
demand for insulin. I t  should be reiterated, tha t  earlier 
studies had indicated the decreased incidence of 
glycosuria among the hybrid mice beyond 12 months 
of age in the face of continued peripheral resistance to 
insulin (Jo~Es, 1964; LIKE et al., 1965). 

The group of presently diabetic Swiss-Hausehka 
mice will be followed with interest to determine whether 
with time, they too can enlarge their mass of pancrea- 
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t ic  is let  t issue suff iciently to cope wi th  the  insul in 
requi rements ,  and  r e tu rn  the  b lood  glucose to  normal  
levels. 

A l though  the  obese hyperg lycemic  mice (BJoI~K- 
MAN et  al., 1963), the  K K  mice (NAKAMURA, 1967), 
and  the  Sp iny  mouse (PICKET et al. 1967) have  been 
shown to  have  enlarged  islets  and  increased  levels of 
c i rculat ing insulin,  there  is no r epor t ed  amel io ra t ion  of 
the  d iabet ic  synd rome  wi th  age in those  an imal  groups.  
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