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Summary. The nuclear and plasma membranes of islet 
cells from non-glyeosurie and diabetic Chinese hamsters 
were examined by freeze-etching. The B-cells of diabetic 
animals presented a slight increase in the number of 
nuclear pores and marked alterations in the number, size 
and distribution of membrane-associated particles in the 
plasma membrane. In A-cells, identified by the presence 
of characteristic bundles of coarse filaments in the peri- 
nuclear region, a definite increase in the number of nuclear 
pores was found in the most severely diabetic animals. 

These preliminary findings point to alterations in the 
membrane systems as possible determinants for the 
abnormalities of islet function in diabetes mellitus. 
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In view of the major importance ascribed go mem- 
brane systems in the control of biological processes, we 
considered that  a comparative investigation, by freeze- 
etching, of such systems in A- and B-cells of normal and 
diabetic animals was timely. Freeze-etching, by expos- 
ing large areas of the inner matrix of membranes, allows 
their ulgrastruegural characterization in both qualita- 
tive and quantitative terms. First, however, one has go 
find out how to distinguish A- from B-cells in freeze- 
etch replicas. Indeed, the usual criteria used in thin- 
sectioned material, such as the electron density of the 
granule-core or its distance from the limiting mem- 
brane, are of no help in a freeze-etch preparation. Pre- 
vious attempts to differentiate A- and B-cells in freeze- 
etching were based solar on such crude and indirect 
evidence as the location of the cells within the islets [1]. 
I t  is known for example that  in some animal species, 
the center of the islet consists mostly of B-cells [2]. In  
the Chinese hamster, we have recognized a peculiar 
ultrasgrueturM feature which offered a novel and secure 
way to identify A- and B-cell in freeze-etching, and 
which allowed us to investigate the organization of 
some membrane systems in each of these cell types. 

Material and Methods 

Thirty Chinese hamsters (Cricetulu8 griseus), 5 to 
20 months old were selected from the colony main- 
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gained at the Upjohn Company (Kalamazoo, Michigan) 
and classified into 3 age- and sex-matched groups on 
the basis of the following biological criteria. The "con- 
trol" hamsters were derived from nondiabetic parents 
and had never presented glycosuria. The "diabetic bug 
non ketotic" animMs had shown a consistent Tesgape 
value of 4 @ and a negative Kegostix test for at least 
4 months. The "diabetic and ketogic" hamsters were 
characterized by a positive Kegostix test for 1 to 5 
months, associated with persistent glycosuria. 

The hamsters were killed by decapitation after 18 
to 24 h fasting. At that  time, their mean plasma glucose 
level averaged 107 -4- 4, 256 ~= 23 and 320 ~= 13 rag/ 
100 ml for the control, non ketogie and ketotie ham- 
sters respectively. All morphologicM studies were per- 
formed on islets isolated according to a standard pro- 
cedure [3]. Islets for thin-section electron microscopy 
were fixed in 2~o phosphate-buffered glut~rMdehyde, 
post-fixed with buffered osmic acid, dehydrated with 
alcohol and embedded in Epon. For freeze-etching, 
approximately 100 islets obtained from 2 animals in the 
same group were pelleted, fixed in phosphate-buffered 
glutaraldehyde and infiltrated with a 30% solution of 
glycerol in phosphate buffer (eryoproteegang). They 
were then freeze-etched according to Moor and Miihle- 
thaler [4] in a Balzers freeze-etching unit (BAF 301). 
The replicas and the ulgrathin sections were examined 
in a Philips EM 300 electron microscope. Magnifications 
were calibrated with a reference grid (Fullam Inc., 
2160 lines/ram). 

Results and Discussion 

In examining replicas of Chinese hamster islets, we 
were struck by the presence of freeze-etch images of 
filaments in the perinuclear region of certain cells. In 
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Fig.  1. l~reeze-etch repl ica of am islet-cell  f rom a Chinese hamster .  The  f rac ture  process has spli t  the  nuclear  
envelope,  reveal ing the  nuclear  pores (np). I n  the  cy top lasm surrounding the  nucleus,  bo th  longi tudinal ly-  
(arrows) and cross-fractured (asterisks) f i laments  are seen. I n  this  an imal  species the  presence of such bundles  
of coarse f i laments  allows one to ident i fy  this  cell t ype  as an  A-cell  (see Fig.  2 a). sg = secretory granules;  m = 

mi tochondr ion .  ( •  27,000) 
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Fig.  2 a - - c .  a) E lec t ron  mierograph  of a th in-sec t ioned 
A-cell. Numerous  bundles  (arrows) of coarse f i laments  
( tonofi lament-l ike) are present  wi th in  the  cy top lasm 
stwrounding the  nucleus.  No such bundles  could be found 
in B-cells. np  = nuclear  pores. ( x 18,000). b) Freeze-e tch  
repl ica  of an  A-cell. A bundle  of f i laments  (arrows) in the  
paranuclear  region can be seen mos t ly  in longi tudinal  
fracture.  (X 31,000). c) Freeze-e tch  repl ica of an  A-cell. 
Several  bundles  of f i laments  are visible in cross-fracture.  
The circular  insert  shows the  appearance  of corresponding 
f i laments  in a th in-sect ion.  ( X 51,000). In se r t :  ( x 51,000) 
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freeze-etching, filaments appear  either as dots pro- 
t ruding above the cytoplasmic fracture face (cross- 
fracture) or as linear arrays disposed on the cytoplasmic 
surface (longitudinal fracture) (Figs. 1, 2b and 2 c). I n  
scrutinizing electron micrographs from thin-sectioned 
islets, we discovered tha t  the counterpar t  of the freeze- 
etched arrays and dots were present only in A-cells and 
consisted of numerous bundles of coarse filaments 
(Fig. 2 a). These bundles were invariably present in the 
perinuclear region of all A-cells of the Chinese hamsters 
we have examined so far by conventional  electron 
microscopy [5]. We identified, therefore, all cells show- 
ing numerous bundles of coarse filaments in freeze-etch 
replicas as A-cells 1. 

The appropriate tools for both  the examinat ion of 
membranes and the identification of A- and B-cells 
being thus available, we selected two membrane  com- 
par tments  which are easily visualized by freeze-etching 
and also bear considerable functional  significance. 

These two membrane  compar tments  are the nuclear 
envelope and the plasma membrane,  respectively 
(Fig. 4). 1Nucelear envelope is of part icular  significance 
since it is th rough  the nuclear pores t ha t  the nucleo- 
cytoplasmic exchanges take place, exchanges which 
play  a key role in the control of the biosynthetic activ- 

1 Additional criteria can help distinguishing A- and 
B-cells but only in diabetic animals. B-cells from diabetic 
animals are frequently degranulated and may show con- 
spicuous deposits of glycogen which can be identified in 
freeze-etching (Fig. 3). Virtually no glycogen deposit is 
seen in A-cells of diabetic animals which are characterized 
by the frequent occurrence of multigranulated lysosomal 
bodies (crinophagy) [6]. Moreover, preliminary observa- 
tions indicate that  it is also possible to identify D-cells in 
freeze-etched islets. The secretory granules in D-cells have 
a small size and a polymorphous shape which is easily 
recognizable in freeze-etch replicas. So far the number of 
D-cells encountered was too small for allowing any quanti- 
fication of morphological parameters as performed in A- 
and B-cells. 

Fig. 3. Electron micrographs of thin-sectioned (a) and freeze-etched (b) B-cells from a diabetic (non-ketotic) 
Chinese hamster. The presence of glycogen deposits within the cytoplasm allows one to identify unambiguous- 

ly a B-cell in freeze-etch replicas. (a = • 19,000; b = x 49,000) 
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Fig. 4. Freeze-etch replica of a B-cell from a "control" Chinese hamster showing three-dimensional views of the 
fraegure faces of plasma membranes, of the nuclear envelope and of cell organelles, mostly secretory granules 

(sg). Notice the absence of bundle of filaments in the perinuclear region, np = nuclear pores. (•  22,000) 
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Fig. 5. Freeze-etch appearance of B-cell plasma membranes in "control" (a), diabetic (b) and ketotic (c and d) 
Chinese hamsters. Characteristically, freeze-etching process exposes the inner matrix of biological membranes 
and reveals intramembranous particles 60 to 180 ~ in diameter. In (a) the membrane-associated particles are 
randomly distributed. The number of particles found in inernbrane faces of the "control" Chinese hamster (about 
I000/~ 2) is only one half of that present in a similar membrane face of a normal rat (about 2000/~z 2) (i). In (b) 
the membrane-associated particles tend to be grouped in clusters. In (c) large areas of the exposed face of the 
plasma membrane appear devoid of particles. (d) shows an extreme degree of loss of membrane-associated 
particles. The counting of the membrane-associated particles on these pictures has given the following values: 

(a) 1056 particles/Iz2; (b) J008/~z2; (c) 586/~z2; and (d) 284/iz 2. (a, b, c and d = • 80,000) 

Figs. 6 and 7. Fracture faces of the plasma membrane of B-cells in a "control" (Fig. 6) and ketotic (Fig. 7) Chinese 
hamster. Membrane-associated particles (encircled areas) are distinctly larger in the ketotic animal as compared 

with those of the "control" animal. ( • 178,000) 
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SIZE-DISTRIBUTION OF MEMBRANE-ASSOCIATED PARTICLES 

OF B-CELLS ( PLASMA MEMBRANE A-FACE ) 
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Fig. 8. Frequency distr ibution (in %) of particle sizes in 
plasma membranes of B-cells from "control",  diabetic 

(non-ketotic) and ketotic Chinese hamsters 

i t y  of the  ceil (for review see ref. 7). The number  and  
surface a rea  of nuclear  pores in A- and  B-cel l  nuclei  
were therefore  first  assessed in our 3 expe r imen ta l  
groups.  

Fig.  2 a shows a grazing sect ion t h rough  the  nuclear  
envelope. The nuclear  pores are c lear ly  visible b u t  on ly  
a few of the  t o t a l  number  presen t  in the  nuclear  en- 
velope are offered for examina t ion  and/or  quan t i t a t ion .  
B y  con t ras t  (see Figs. 1 and  4), f reeze-etching reveals  
the  nuclear  pores  in large areas  of  the  nuclear  envelope 
where t h e y  appea r  as r ims or d imples  depending  upon  
the  face of t he  m e m b r a n e  exposed.  I n  such pictures ,  i t  
is possible to  measure  accura te ly  bo th  the  dens i ty  and  
size of the  pores.  Table  1 summar izes  the  resul ts  of 
these  measurements .  F o r  each cell type ,  we have com- 
pa red  the  d a t a  ob ta ined  in  5 pai rs  of cont ro l  Chinese 
hamsters ,  5 pai rs  of non-ke to t i c  d iabe t ic  animals ,  and  
5 pairs  of ke to t i c  hamsters .  I n  A-cells, the  dens i ty  ~ of 
nuclear  pores was s ignif icant ly  h igher  in ke to t i c  t h a n  in 
e i ther  cont ro l  or non-ke to t i e  animals .  No signif icant  
difference was found be tween non-ke to t i c  and  cont ro l  
animals .  I n  B-cells, the  number  of nuclear  pores  was 
also s ignif icant ly  increased in ke to t i c  animals  as com- 
pa red  to  the  controls .  However ,  there  was no signif icant  
difference be tween ke to t i c  and  non-ke to t ic  animals .  

The increase in the  number  of nuclear  pores  ob- 
served in A-cells of ke to t i c  an imals  can be i n t e rp re t ed  
as reflecting an increased b iosyn the t i c  a c t i v i t y  of 
g lucagon-secre t ing cells. Such a f inding is therefore  
compat ib le  wi th  the  view t h a t  a re la t ive  increase in  
glucagon p roduc t ion  cont r ibu tes  to  the  sever i ty  of the  
syndrome  in the  Chinese hamster .  The s l ight  increase  
in the  number  of nuclear  pores  observed in  B-ceils of 
d iabet ic  Chinese hamste rs  is less easy  to  in te rpre t ,  al- 

2 Expressed either as number of pores/tz 2 or as % of 
surface area/~ 2 of the nuclear envelope. 

Table 1. Quantitative data (raean ~ S E M )  on nuclear and plasma membranes in pancreatic A- and B-cells of control (C), 
non-ketotic diabetic ( N K )  and ketotic diabetic (K)  Chinese hamsters 

A-cell B-cell 

C N K  K C/NK C/K N K / K  C N K  K C/NK C/K N K / K  

Nuclear pores 
Number (per F 2) 9.89 10.59 11.95 NS <0.005 <0.02 8.93 9.94 10.15 <0.1 <0.02 NS 

:~SEM 0.46 0.46 0.27 0.26 0.55 0.32 
Surface area (% 7.46 7.99 9.01 NS < 0.005 < 0.02 6.44 7.17 7.32 < 0.1 < 0.02 NS 
per ~ )  ~ S E M  0.35 0.35 0.20 0.19 0.39 0.23 

Plasma membrane 
associated particles 
Number inA-face  1186 1071 920 NS <0.005 <0.01 1217 948 767 <0.005 <0.005 <0.05 
(per [L e) •  97 50 16 29 49 60 
Number  in B-face 252 257 368 NS NS NS 248 194 298 NS NS NS 
(per F ~) -USEM 50 67 82 25 28 94 
Mean size in A- 98.5 99.2 100.6 NS NS NS 95.0 96.5 102.1 <0.1 <0.005 <0.001 
face (A) •  1.0 1.0 1.6 0.6 0.9 1.1 

The statistical signifiesnce of differences between groups is indicated in each case (NS: P > 0.15). 
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Fig. 9. P lasma  m e m b r a n e  of a B-cell  f rom a diabet ic  (ketotie) Chinese hamster .  The arrows poin t  to exocyto t ic  
(emiocytotie)  s tomata ,  mos t  of which show pro t rud ing  granule-cores.  S t o m a t a  are sur rounded by areas of 
m e m b r a n e  depr ived  of membrane-assoc ia ted  particles.  SeverM areas of the  m e m b r a n e  outs ide  the  exocyto t ie  

events  also show a var iable  degree of par t ic le  deplet ion.  ( •  143,000) 
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though it suggests a sustained biosynthetic act ivi ty of 
the insulin producing cells. This is also consistent with 
previous claims tha t  the relative insulin deficiency 
observed in these animals cannot be ascribed to a 
pr imary defect in the synthesis of the hormone [8]. 

The other membrane compartment  selected for the 
s tudy in freeze-etching was the plasma membrane of 
A- and B-cells. In  the insular cells, as in other cell 
types solar studied, the inside of the membranes ap- 
pears structurally differentiated into smooth areas 
carrying particles 60 to 180 A in diameter. I t  is now 
widely accepted tha t  these particles represent, at  least 
in part,  proteins which together with lipids are the 
building blocks of the membrane. When various mem- 
brane systems arc studied by  freeze-etching, differ: 
ences in the number, distribution and arrangement of 
these particles are noted. For example, metabolically 
active membranes such as the B-cell membrane possess 

numerous particles, while inactive membranes, such as 
the myelin around the nerve axons, which acts as an 
inert insulator, contain only few particles. Thus, the 
number of particles seen in freeze-etched preparations 
seem to be directly related to the degree of functional 
complexity of the membrane [9]. 

We have investigated the density, size and pat tern  
of distribution of such particles in both  A- and B-cells 
of normal and diabetic Chinese hamsters (Table 1). 

In  B-cells, a progressive and highly significant fall 
in the density of membrane-associated particles oc- 
curred (up to 35yo of the control values) in parallel 
with the severity of the diabetic state (Fig. 5). A simi- 
lar, although less marked trend was seen in the A-cells 
of the most severely diabetic Chinese hamsters. In  the 
plasma membrane of B-cells, the mean size of particles 
also tended to shift to larger values as diabetes became 
more severe (Figs. 6 to 8). A third change observed in 

Fig. 10. Plasma membrane of a B-cell from a diabetic (ketotic) Chinese hamster. The membrane-associated 
particles are distributed in clusters separated by smooth areas. The arrows point to sites of exocytotie events 
(probably at 8 later stage than that shown in Fig. 9). At these sites, the membrane face is also conspicuously 

deprived of membrane-associated particles. ( • 96,000) 
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the B-cell membrane  of diabetic animals was a modifi- 
cation in the pa t t e rn  of dis tr ibut ion of these particles 
(see Fig. 5). Fig. 5a  shows the  plasma membrane  of a 
B-cell f rom a normoglyeemic Chinese hamster.  I n  this 
membrane,  the particles are distr ibuted in a r andom 
pa t te rn  and are well separated from one another.  B y  
contrast ,  the particles in diabetic animals (Figs. 5 b - -e )  
are clustered and leave completely smooth  areas in the 
membrane.  One possible cause for these smooth,  
particle-free areas could be a repeti t ive exocytosis 
(emiocytosis) (Figs. 9 and 10), coupled with an impair- 
ment  of the redis tr ibut ion and/or  turnover  of the 
membrane-associated particles. Indeed, the incorpora- 
t ion of the smooth  membrane  of the granule in the 
r ichly par t iculated plasma membrane  [1], if no t  bal- 
anced b y  synthesis and redistr ibut ion of new particles, 
would lead to the progressive dilution of the particles 
in the plasma membrane  described above. 

I n  summary,  the present account  suggests t h a t  the 
progression of diabetes in Chinese hamsters  is associated 
with an altered organizat ion of membrane  systems in 
pancreatic endocrine cells, a t  the level of bo th  the 
nuclear envelope and the plasma membrane.  These 
u l t ras t ruc tura l  changes m a y  occur at  an earlier stage of 
the disease in ]3- than  in A-cells. Fur ther  investigations 
are now required to  assess fnlly the significance of these 
alterations. Nevertheless, the present da ta  appear  
sufficiently promising to ~a r r a n t  fur ther  use of this 
novel approach for the s tudy  of islet pa thophys io logy 
in spontaneous diabetes. 
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