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Summary. Pancreat ic  A-cells of chinese hamsters with 
diabetes of varying severity and durat ion were examined 
by  electron microscopy. Two predominant  changes were 
observed: 1. Lysosomal digestion of secretory granules 
(~ "crinophag:(") occurred in pract ical ly 
all A-cells of diabetic animals but  was rarely observed in 
those of normoglyccmie controls. This is considered a 
response of A-cells to the cessation of glucagon release 
secondary to hyperglycemia.  2. In  relat ively degranulated 
A-cells of kctotic diabetic animals, di latat ion of the 
cisternae of the I~EI~ was seen together with accumula-  
t ion of pale, flocculent material ,  possibly reflecting per- 
sisting or enhanced glucagon synthesis. In  addition, 
numerous matur ing secretory granules were seen in the 
eis~ernae of the Golgi complex. Since these apparent ly  
contradictory phenomena may  be seen in the same cell, 
it  is suggested tha t  "granulolysis" may  not  only result 
from decreased hormone release secondary to hyper- 
glycemia but  tha t  different and independent s t imulatory 
signals may  exist for glueagon synthesis, for glueagon 
release, and for the init iat ion of "granulolysis".  

Modifications de l'ultrastr~cture des cellules A dana 
l'hyperglyedmie diabdtique. Etudes sur le pancrgas du 
hamster chinois 

JR@sum@. Les cellules A du pancr@as endocrine de 
hamsters  ehinois a t te ints  d 'un  diab~te de degr6 et durTe 
variables ont 6t6 examinges en microscopie 61ectronique. 
Deux modifications prTdominantes ont @t@ observ@es: I. 
La digestion lysosomiale des granules de sTcrTtion ((~gra- 
nulolyse~) ou ((crinophagie))) survient dans prat iquemcnt  
routes les cellu]es A d 'anin]aux diabTtiques. Par  contre, 
elle n 'est  que rarement  observTe ehez les animaux t@moins 
non-diabdtiques. Ce phdnom~ne est interprTt6 comme 
~bant une r@ponse des cellules A k l 'arr~t de la libTration 
du glucagon secondaire ~ l 'hyperglycdmie. 2. Duns les 
eellules A relat ivement  dggranulTes d ' an imaux  prdsentant  
un diabgte eTtosique, une di latat ion des eisternes du 
rdtieulum endoplasmique granulaire est observge avee 
accumulation d 'un  matdriel  pgle et floeconneux refldtant 
probablement  une synth~se persistante ou augmentde du 
glucagon. En outre, de nombreux granules de sTcrdtion en 
@tat de formation ont dr@ observ@es dans les eisternes du 

complexe de Golgi. Puisque cos deux phTnomgnes, ap- 
paremment  eontradietoires, pcuvcnt  se produire dans une 
mgme eellule, il se pourrai t  que la (~granulolyse~) rgsulte 
non seulement d 'une lib@ration diminuTe de glueagon 
faisant suite k l'hyperglye@mie, mais qu'il  soit en outre 
nTcessaire de faire intervenir des signaux ind@endants  de 
la synthgse du glueagon, de sa lib@ration et de l ' ini t iat ion 
de la ((grannlolyse~>. 

Elelctronenmikroslcopisehe Verdtnderungen der A- Zellen 
bei diabetischer Hyperglykaemie. Untersuchung am Pan- 
lcreas des chinesischen Hamsters 

Zusammenfassung. Elektrouenmikroskopische Unter-  
suchungen der A-Zellen des Pankreas  diabetischer chine- 
sischer Hamster  liel3en vor allem zwei Ver/inderungen er- 
kennen:  1. In  prakt isch allen A-Zellen diabetischer Tiere 
konnte  der Abbau yon ~-Granula in den yon Lysosomen 
abgeleiteten Strukturen beobachtet  werden (,,Granu- 
lolyse", , ,Krinophagie").  Oieses Phaenomen wh'd als 
t~eaktion der Zelle auf eine Verminderung der Glucagon- 
sekretion angesiehts anhal tender  Hyperglykaemie auf- 
gefal~t. 2. Eine Erweiterung der Cisternae des granulier- 
ten ergastoplastischen ~et icu lums durch eine Anh~ufung 
flockigen, wenig dichten Materials war in A-Zellen ke- 
totisch diabetischer Tiere zu sehen. Diese Beobachtung 
wird im Sinne einer anhal tenden oder gesteigerten Gin- 
cagonsynthese gedeutet.  Da beide scheinbar gegens/~tz- 
lichen Phiinomene innerhalb der gleichen Zelle vorkom- 
men, mul~ die MTgliehkeit bet rachte t  werden, dal~ die 
Granulolyse nieht nm" das Resul ta t  einer dutch I-Iyper- 
glykaemie bedingten Verminderung der Glucagon- 
Sel~'etion zu sein braueht.  Vielmehr ist es wahrseheinlich, 
dal3 versehiedene l~egulationsmechanismen die Synthese 
des Glucagons, dessen Sekretion, sowie den Prozel~ der 
, ,Granulolyse" unabhi~ngig voneinander zu beeinfiussen 
vermTgen. Dabei mag der Konzentra t ion des zirkulieren- 
den Glucagons besondere Bedeutung zukommen. 

Key-words: Chinese hamster,  spontaneous diabetes, 
Cricetu]us griseus, pancreas, islets of Langerhans, A-cells, 
lysosomes, "~-granulolysis",  glucagon, glucagon and 
diabetes, ul trastrueture,  electron microscopy. 

Morphological  s tudies  of the  endocr ine  pancreas  of 
no rma l  and  d iabet ic  chinese hams te r s  have  been per- 
fo rmed  in several  labora tor ies ,  and  have  p e r m i t t e d  
the  defini t ion of the  s t ruc tu ra l  a l t e ra t ions  of B-cells 
charac ter iz ing  t h a t  form of spontaneous  d iabe tes  in 
an imals  which m a y  mos t  resemble  juveni le-onset  dia-  
betes  of m a n  [15, 13, 3, 16]. Much less a t t en t ion  has  
thus  far  been focused on the  morpho logy  of the  A-cells 
of these an imals  [3, 16]. 

I n  the  course of exper imen t s  concerning the  recta-  

* Supported in par t  by  the Fonds nat ional  suisse de la 
Recherche scientifique (Grants. No. 4848.3 and 3.154.69). 

bolic and  morphologica l  changes associa ted  wi th  the  
spon taneous ly  occurr ing d iabe t ic  s ta te  of sp iny  mice 
and  t h a t  induced  in  r a t s  b y  the  in jec t ion  of s t rep to-  
zotocin,  we have  r e p e a t e d l y  observed  s t ruc tu ra l  a l ter-  
a t ions  suggest ive of lysosomal  des t ruc t ion  of secre tory  
granules  in A-cells of d iabet ic  animals ,  a process for 
which the  t e rm "a lpha-granu lo lys i s"  was p roposed  
[21, 20]. "Grann lo lys i s"  or " c r i n o p h a g y "  has  been ob- 
served in o ther  endocr ine  cells [23, 5, 9], and  is now 
considered the  morphologica l  expression of an  in t ra-  
cellular r egu l a to ry  response to  a shu t -down or a slow- 
down of hormone  secret ion [21, 20, 8]. 
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Tab le  1. Characterization of chinese hamsters used in  the morphological studies 

Animal Colony Age at Clinical assessment b Duration of Plasma Plasma Pancreas 
Noa No death diabetes glucose c II~I c IRI c 

(months )  (months )  mg/ lOOml  txU/m.l m U / m g  

1 X I  - -  2d~ 22 m Mild  ketosis ,  severe  a t  d e a t h  4 m 333 10 0.28 
2 U 9  --  5d~ 3 m Cont ro l  - -  106 78 2.7 
3 A A I  --  7d~ 13 m Cont ro l  - -  l l 0  55 1.3 
6 Z2 --  40~ 19 m lVfild, n o n  ke to t i c  4 m 307 213 0.54 
7 W 2  - - 2 2 ~  13 m Severe,  n o n  ke to t i e  5 m 449 45 0.35 
8 A F I  --  1~ 6 m Severe,  n o n  ke to t i e  4 m 198 no  p l a s m a  1.46 

No glyeosur ia  a t  d e a t h  
9 P G 9  --  9c~ 3 m Severe  ke tos is  2 m 442 n o t  mea-  0.13 

su rab le  

a Missing n u m b e r s  r e p r e s e n t e d  a n i m a l s  w h i c h  d ied  d u r i n g  t r a n s p o r t  or were  f o u n d  dead  in  t h e i r  cage a n d  could  n o t  
b e  s tud ied .  

b B a s e d  on  a s ses smen t s  of g lyeosur ia  (Tes-Tape)  a n d  k e t o n u r i a  (Aeetest)  in  t h e  U p j o h n  Colony a n d  d u r i n g  t h e  24 h 
p reced ing  d e a t h .  

c M e a s u r e m e n t s  m a d e  a t  dea th .  

Fig.  1. N o r m a l  chinese  h a m s t e r  ( an ima l  3, Table) .  P a r t  
of a n  A-cell  c o n t a i n i n g  n u m e r o u s  sec re to ry  g ranu les  (sg), 
The  profi les of t h e  r o u g h  endop l a smie  r e t i e u l u m  m a y  be  
seen  (arrows).  L y  = lysosomes,  m ~ m i t o c h o n d r i o n ,  

C = capi l la ry ,  l%BC = r e d  b lood  cell (17000 • ) 

S ince  g r a n u l o l y s i s  h a s  t h u s  f a r  n o t  b e e n  d e s c r i b e d  
i n  A-ce l l s  of  d i a b e t i c  c h i n e s e  h a m s t e r s ,  t h e  p r e s e n t  
s t u d y ,  u s i n g  a n i m a l s  w i t h  d i a b e t e s  of v a r y i n g  s e v e r i t y  
a n d  d u r a t i o n  w a s  u n d e r t a k e n .  

Fig.  2. Severe ly  ke to t i e  chinese  h a m s t e r  ( an ima l  1, Table) .  
T h e  c y t o p l a s m  of t h e  A-cell  con t a in s  n u m e r o u s  lysosomes  
(Ly). The  e i s t e rnae  of t h e  R E R  (er) show v a r y i n g  degrees  
of d i l a t a t i o n  a n d  c o n t a i n  pale  f locculent  ma te r i a l ,  sg 

sec re to ry  g ranu les  (20 000 X ) 

Materials and Methods 

7 m a l e  c h i n e s e  h a m s t e r s ,  b e t w e e n  3 a n d  22 m o n t h s  
old,  w e r e  o b t a i n e d  f r o m  t h e  U p j o h n  C o m p a n y ,  K a l a -  
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mazoo, Michigan, USA. Table 1 summarizes data con- 
cerning their age and metabolic state. They were killed 
by  a blow to the head and immediate decapitation; 
blood for the measurement of plasma glucose and 
immunoreactive insulin (IRI)  was obtained from t h e  
neck. The pancreases were immediately dissected free 
of fat;  par t  of the tissue was used for the extraction 
and measurement of IRI .  Plasma glucose, plasma and 
pancreatic I R I  were measured according to the proce- 
dures described elsewhere in this issue [24]. 

For electron microscopy, small blocks of pancreatic 
tissue were immediately removed, fixed in phosphate- 

since they only serve to estabhsh the metabolic state 
underlying the morpho][ogical observations to be re- 
ported. 

Electron microscopic studies: t~ig. 1 shows an exam- 
ple of a normal A-cell with typical electron-dense sec- 
retory granules. The rough endoplasmic reticulum 
(REI~) consists of relatively few cisternae. Structures 
exhibiting the morphological features characteristic 
for lyric bodies or lysosomes (dense bodies and multi- 
vesicular bodies) may  be seen. Only rarely do they con- 
tain material with texture and electron-density indis- 
tinguishable from those of secretory granules. 

Fig. 3. Mildly diabetic, non-ketotic chinese hamster (animal 6, Table). Part  of an A-cell (A) containing few secretory 
granules (sg) and 3 dense bodies (Ly) which include structures indistinguishable from secretory granules. Arrows indi- 
cate 2 secretory granules in close contact with a multigranulated body. B ~ B-cell, m = mitochondrion, G = Golgi 

complex, G1 Glycogen, N = Nucleus (19000 • ) 

buffered 4% glutaraldehyde, postfixed in 2% Osmium 
tetroxide [17], dehydrated and embedded in Epon [12]. 
Semi-thin sections were cut with Porter-Blum micro- 
tomes in order to identify the islets of Langerhans, 
and contiguous thin sections were cut with the LKB- 
ultramicrotome, stained with lead hydroxide [11] and 
studied with Zeiss-EM 9 and Philips-300 electron mi- 
croscopes. 

Results 

The biological data  (Table 1) confirm those pre- 
viously reported from other laboratories for similar 
animals [22, 10, 14] and will not be commented upon, 

While some A-cells of diabetic animals may  pre- 
serve a normal aspect, a majori ty shows character- 
istic alterations in tha t  increasing numbers of lyso- 
somes are found (Fig. 2). Many of the lysosomes con- 
tain material resembling the secretory granules (Fig. 
3). The number of secretory granules to be observed in 
any one lysosome may  vary.  For lysosomes containing 
more than one secretory granule, the term "multi- 
granulated lytic body" has been suggested. In  some 
cells, these multigranulated lyric bodies are particu- 
larly numerous (Fig. 4). 

Some favorable sections have allowed the identifi- 
cation of structures considered to represent stages of 

Diabetologi~, Vol. 6 15 
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Fig. 4. Mildly diabetic, non-ketotic chinese hamster (animal 6, Table). A-cell containing numerous multigranulated 
lyric bodies (Ly). The ~-granules (sg) show an unusually large halo between the dense core and the limiting membrane. 

G = Golgi complex, m ~ mitochondrion, N ~ nucleus (32 500 X ) 
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as yet hypothetical sequences?which may  lead to the 
formation of ]ytie bodies containing secretory~granules 
[21, 20]. Firstly, secretory granules may  be incorporat- 
ed into pre-existing lysosomes or multivesicular bod- 
ies, a process initiated by  the juxtaposition of the two 
structures and the subsequent fusion of their limiting 
membranes (Figs. 3, 5, 6, 7). Secondly, several secre- 
tory  granules may  fuse with each other so as to form 

Apart  from granulolysis, accumulation of pale 
flocculent material  in the dilated cisternae of the g E t  
was the most striking alteration to be observed in A- 
cells of ketotic diabetic animals (Figs. 2, 12, 13, 14). 
In  the cells shoMng this modification of the REt~, the 
number of secretory granules was usually reduced; 
however, the Golgi complex contained numerous ma- 
turing secretory granules (Fig. 13). 

Figs. 5 and 6. Severely diabetic, non-ketotie chinese 
hamster (animal 7, Table). Hypothetical sequence of the 
formation of granule-containing lysosomes by fusion of 
limiting membranes (arrows) and subsequent incorpo- 
ration of the secretory granules into the lysosome (Fig. 5 ." 

49000 •  6:25000 • 

Fig. 7. Same animal as Figs. 5 and 6. A multivesicular 
body (rob) containing a secretory granule (49 800 • ) 

Fig. 8. Non-ketotic diabetic chinese hamster (animal 8, 

Table). In the upper part of the picture, a group of 4 
closely associated ~-granules in the process of fusing with 
each other. This fusion leads to the formation of multi- 
granulated bodies (Ly) as those shown in the lower part of 

the picture (22800 • ) 

Figs. 9-- 1 I. Same animal as Fig. 8. IY[ultigranulated bodies 
which, in addition to secretory granules showing varying 
degrees of degradation, contain mierovesicles (arrows) and 
apparently non-organized residual material (*). (Fig. 9 : 

25000 • ; Fig. i0:43000 • ; Fig. ii : 51000 • 

multigranulated bodies, consisting of several granular 
cores surrounded by  a single limiting membrane (Figs. 
8--  11). Subsequently, microvesicles, presumably car- 
tying lyric enzymes, may  be incorporated into the 
multigranulated bodies and initiate the process of 
"granulolysis". 

Discussion 

Observations made on spontaneously diabetic spiny 
mice and on rats rendered diabetic by the injection of 
streptozotocin have previously led us to suggest tha t  
A-cells of the endocrine pancreas might be capable of 

15" 
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disposing of secretory granules by  lysosomal digestion 
or "alpha-granulolysis" [21, 20]. Since glucagon is con- 
sidered a hormone of glucose need and since acutely 
induced hyperglycemia appears to reduce its release 
f rem the pancreas [25, 28, 18, 4], chronic hypergly- 
cemia may  well interfere with the secretory function of 
the A-cells of diabetic animals. I t  seemed logical there- 
fore to consider ~-granulolysis as a hyperglycemia- 
nduced mechanism for the destruction of unneeded 

Diabetic Chinese Hamsters Diabetologia 

totic diabetic animals, i.e. the dilatation of the cisternae 
of the R E g  by  accumulating pale, amorphous material. 
Similar findings have previously been described by  
others [16] but  thus far no a t t empt  has been made to 
relate them to the functional state of the A-cell in the 
metabolic environment of the diabetic organism. Al- 
though hyperglycemia would be expected to decrease 
the release of glucagon and its synthesis, the accumula- 
tion of large amounts of material  within the cisternae of 

Fig. 12. Severely ketotie chinese hamster (animal 9, 
Table). Parts of two A-cells. The cisternae of the rough 
endoplasmie reticulum (er) of the cell on the right hand 
side are dilated and contain pale flocculent material. Only 
a few secretory granules (sg) are present in the cytoplasm; 
they are principally located near the plasma membrane. 

G = Golgi complex; Ly = lysosome (21600 • ) 

Fig. 13. Severely ketotie chinese hamster (animal 1, 
Table). The rough endoplasmic retieulum (er) of this A-cell 
displays similar aspect as that shown in Fig. 12. Numerous 
maturing secretory granules are seen in the Golgi eisternae 

(arrows). (18000 X ) 

glucagon [21, 20], and its occurrence in diabetic chinese 
hamsters is in agreement with this contention. An ana- 
logous process had previously been described in pro- 
lactin-producing cells of the anterior pi tui tary gland of 
lactating rats  after the removal of the suckling young; 
[23] and "granulolysis" or "cr inophagy" is now con- 
sidered the morphological expression of the response 
of cells producing peptide hormones to the cessation of 
requirement for the hormone(s) they produce [21, 20, 
23, 5, 9, 81. 

I t  is more difficult to account for the other A-cell 
changes which we have thus far observed only in ke- 

the I~ER suggests tha t  under the conditions prevailing 
in diabetic ketoaeidosis, the rate of glueagon synthesis 
exceeds tha t  of its storage. In  addition, the observation 
of concomitant relative degranulation of the same A- 
cell indicates tha t  not only the synthesis but  also the 
release of glucagon m a y  be increased. This interpreta- 
tion seems reasonable in the light of the recent finding 
of increased levels of circulating glueagon in diabetic 
ketosis [1]. Although this observation still requires 
more ample confirmation, it is conceivable tha t  the 
stimulus for such apparent ly paradoxical and excessive 
glucagon secretion might be provided by increased 
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levels of amino acids [2, 19, 27] known to be associated 
with the diabetic state, by  enhanced secretion of en- 
teric hormones such as pancreozymin [7, 26, 6] con- 
sequent to diabetic hyperphagia  or, possibly, by  a 
combinat ion of these mechanisms [6]. Finally, the 
possibility m a y  be considered tha t  the A-cell m a y  it- 
self be insulin-sensitive and require the presence of in- 
sulin for the recognition of hyperglycemia with re- 
sulting suppression of glucagon release. 

Since ~-granulolysis and the accumulat ion of pale 
material  with subsequent  di latat ion of the cisternae 
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