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Summary. Treatment  of ver tebrate  pancreat ic  islet 
tissue with hydrogen sulphide, thus init iat ing the sulphide- 
silver procedure for u l t ras t ructura l  visualization of heavy 
metals in tissues, evoked marked swelling in zinc-contain- 
ing secretion granules of fl-cells in several species rapidly 
leading to disruption of many  granules. Other organelles 
of the  fi-cells were unaffected, as also were the  secretion 
gramfles of adjacent  zinc-containing ~2-cells. Likewise, fi- 
and ~2-granules with no heavy metals or only traces of 
them, like those of the guinea pig and the coypu, were all 
well preserved after gassing with hydrogen sulphide. I t  is 
suggested tha t  this observation may  give some informa- 
t ion on insulin-zinc-sulphydryl relationships in vivo. 

Labilitg structurale des granules de sdcrgtion contenant 
du zinc des cellules fl du pancrgas aprgs gazage avec de 
l'hydrog~ne sulfurd 

Rdsumd. Le t ra i tement  des ilots pancr6atiques de 
plusieurs espgces de vert6br6s avec de l 'hydrog~ne sulfur6, 
eonst i tuant  ainsi la phase initiale de la mgthode sulfure- 
argent  pour la visualisation ul t ras t ructurale  des m6taux 
lourds darts les tissus, provoquai t  un gonflement marqu6 
des granules de s6crgtion zineif~res des cellules fl dans 
plusieurs esp~ees, conduisanb rapidement  ~ la rupture  de 
beaueoup de granules. D'autres  organelles des cellules fl 
restaient  intacts,  ainsi que les granules de s6cr6tion des 
cellules e2 zincif~res voisines. De m6me, les granules fl et 
~ sans ou avec seulement des traces de m6taux lourds, 
eomme ceux du cobaye et du nutr ia ,  6taient bien conserv6s 

apr~s le gazage avec l 'hydrog6ne sulfur6. --  On sugg~re 
que cette observation peut  donner quelques aspects sur 
les relations insuline-zinc-sulfhydryl in vivo. 

Strulcturelle Labilitgit yon Selcretionsgranula mit Zinlc- 
gehalt in panl~reatischen B-Zellen naeh Begasung mit 
Sehwefelwasserstoff 

Zusammenfassung. Behandlung mehrerer Arten von 
pankreat ischem Inselgewebe yon Wirbelt ieren mit  Sehwe- 
felwasserstoff, womit  die Sulfid-Silber-Methode zur ultra- 
strukturellen Darstellung yon Gewebe-Schwermetallen 
eingeleitet wird, verursacht  eine ausgesprochene An- 
schwellung der zinkhaltigen Sekretionsgranula der fl- 
Zellen, die schnell zum ZerfM1 der Granula fiihrt. Andere 
Zellorganellen der fl-Zellen waren nicht  besch~digt, auch 
nicht  die Sekretionsgranula der benachbarten ~-Zellen.  
Ebenfalls waren fl- und ~ -Granu la  mit  keinen oder nur 
Spuren yon Schwermetallen, wie die des Meerschweinchens 
und der Nutria,  alle wohlbehalten nach der Behandlung 
mit  Sehwefelwasserstoff. - -  Als eine Arbeitshypothese fiir 
zukiinftige Untersuchungen wird angedeutet,  dal3 diese 
Beobachtung yon Bedeutung in Bezug auf die Insulin- 
Zink-Sulfhydryl-Verh~ltnisse sein kann. 
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compounds, sulphide-silver procedure, insulin release, 
~-cells,  fi-cells, secretion granules, guinea pig, coypu, man, 
cat, dog, teleost fish, Chinese hamster.  

Introduction 

I n  t r ia ls  to  t es t  the  so-called su lphyd ry l  (SH) and  
zinc theories  of the  pa thogenes is  of a i loxan  diabetes ,  
a n d  poss ib ly  also of d iabe tes  mel l i tus  in genera l  (cf. 
FALKME~, 1967), we recen t ly  observed  some pecul ia r  
h i s tochemica l  reac t ions  in the  secret ion granules  of 
some k inds  of/?-cells. They  occurred  so cons t an t ly  t h a t  
we t hough t  i t  m igh t  be wor th  while to  r epor t  t hem 
briefly.  Ano the r  reason to  give a note  on our  obser-  
va t ions  is t h a t  t h e y  m a y  be of biological  significance. 

The pecul ia r  reac t ions  observed  compr ised  fa i r ly  
m a r k e d  differences in the  u l t r a s t r u c t u r a l  p re se rva t ion  
of the /? -g ranu les  of var ious  species a f te r  I-I2S gassing, 
and  also of ten a va r i a t i on  in th is  respect  be tween  ~ -  
and  fi-granules of the  same species. 

* Paper  read at  the Meeting of the Scandinavian 
Society for Diabetes Research in Stockholm, Feb rua ry  
1--3,  1968. 
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Material  and Methods 

Pancreat ic  islet tissue from the following species was 
used: the bony fish Cottus quadrieornis (the long-horn 
sculpin), man, the rabbi t ,  the Chinese hamster,  the rat ,  
the guinea pig, the coypu, the cat, and the dog. In  this 
pilot  investigation at  least two well preserved islets were 
studied in each animal. In  each species the number  of 
animals varied from two to 10. F rom man, al together 3 
biopsy specimens were obtained from 3 pat ients  during 
operation for carcinoma of the stomach or the kidney. No 
pat ients  with overt  diabetes were included. Details on the 
animal and human mater ia l  will be given in a more 
comprehensive report  tha t  is presently being prepared 
(PInL, 1968b). 

The tissue specimens were used for ul t ras t ructural  hi- 
stochemical studies on the occurrence of heavy metals,  
notably  zinc, by  our previously described modification of 
the sulphide-silver procedure (PmL and FALX~XE~, 1967; 
PI~IL, 1967). 

The modified sulphide-silver method implies initial 
gassing of the tissue slices immersed in buffered glutaral-  
dehyde. In  the present experiments the gassing was per- 
formed at  temperatures  varying from 0~ to about  8~ 
and at  p H  from 7.4 to 6.7. Otherwise, the technique 
closely followed the original description with its la test  
modifications (PIHr,, 1968a) included. The effects of the 
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pH variations were not investigated more systematically, 
e.g. by using a graded series of buffers. The ionic strength 
of the fixative was the same as used previously, i.e. 
essentially 2.5% glutaraldehyde with a 0.1 M phosphate 
buffer. 

The embedding, cutting, staining, and electron micro- 
scopic techniques were all those described in detail 
elsewhere (PILL and FALB:5~E~, 1967; PIHL, 1967, 1968a). 

Results 

In experiments performed so far it was observed 
that  whereas the ~-granules of islets from the guinea 
pig, the coypu (Fig. 1), and the sculpin were well pre- 
served after fixation in H~S-gassed glutaraldehyde, the 
fl-cells of all other species investigated, including man, 
were often rapidly swollen and emptied by exactly the 
same treatment.  This autolysis selectively struck the 
fl-granules, for other organelles, such as nuclei, endo. 
plasmie reticulum, mitochondria, lysosomes, and cell 
membranes were all fairly well preserved (Figs. 2--4). 
Interestingly, the adjacent ~e-cells, including their 
granules, were well preserved (Figs. 2 and 3) in all 
species studied. I t  was also observed that  sulphide- 
silver-positive fl-granules close to the nucleus and the 
Golgi apparatus suffered less from the H~S gassing than 
the rest of the secretion granules. 

When various stages of the destruction of the fl- 
granules were studied, it was found that  initially the 
granules swelled to two or three times their original 
size, growing thin centrally (Fig. 3). Then, the granule 
contents dissolved, sulphide-silver-positive material 
(probably zinc) being dispersed in all directions. The 
fi-granules of all species were fairly well preserved when 
H2S-gassing of the glutaraldehyde was omitted, irre- 
spective of the temperature and I~H variations (vide 
infra). 

The selective destruction of fl-cells by H2S could be 
alleviated by keeping the temperature of the glutaral- 
dehyde at 3.5--4.5~ and not allowing the p t I  to fall 
below 7.2. As soon as the temperature was allowed to 
rise to about 6--8~ there was in some species practi- 
cMly no single fi-granule left, whereas mitochondria and 
other cell organelles were still fairly well preserved 
(Fig. 4). 

In specimens kept at 3.5--4.5~ and at a p i t  above 
7.2, and also by the reactivation procedure (PIn-L, 
1968a), it  could be assessed that  all the #-granules 
with a tendency to selective destruction by tI~S con- 
tained ample amounts of sulphide-silver-positive ma- 
terial. The fl-granules of the guinea pig gave a com- 
pletely negative sulphide-silver reaction, whereas 
"reactivation" of ultra-thin sections from coypu islets 
yielded but  traces of metal. In the fl-granules of the 
sculpin only a few seemed to contain sulphide-silver- 
reactive substance. 

The ~-cells of the guinea pig and the sculpin were 
sulphide-silver-negative. Those of the coypu, man, and 
dog were generally positive only after 'Oreactivation" 
with sulphides; and the e~-granules of the rat, the 

rabbit, the Chinese hamster, and the eat, in increasing 
order, gave clearly positive sulphide-silver reaction. 

A more comprehensive report on the sulphide-silver 
picture of various types of islet parenchyma cells will 
be given elsewhere (PiHL, 1968b). 

Discussion 

I t  is striking that  only those fl-granules that  were 
found to contain histochemically demonstrable zinc 
(sculpin, man, rabblt, Chinese hamster, rat, cat, and 
dog) were destroyed, whereas #-granules which almost 
lacked such zinc (guinea pig, coypu) retained their 
structures much better. This observation may at first 
sight seem to invalidate some of our preceding reports 
(PiHL and FALKMER, 1967; PinJ,, 1967, 1968a). Ho- 
wever, this supposed discrepancy is not a real one. The 
difficulties in obtaining good u]trastructural preser- 
vation of heavy metal containing fi-granules have been 
emphasized previously (cf. PiHL, 1968a) and the rea- 
sons for the fact that  it may be possible to detect heavy 
metals in fairly well preserved fi-granules have been 
given in the present report. Admittedly, we have, 
however, no explanation to offer for the finding that  
heavy metal containing fl-granules close to the nucleus 
and the Golgi region may escape destruction from tt~S 
gassing better than secretion granules located more 
peripherally (provided that  the temperature and pH 
are strictly controlled to be 0--~~ and 7.2--7.4, 
respectively). 

From comparative studies on the amino acid com- 
position of various mammalian insulins, together with 
biochemical investigations on the mode of binding of 
zinc to the insulin molecule (cf. SMIT~, 1966, 1968), it 
has been suggested that  it  is the imidazol group of the 
histidine molecule at BIo position that  binds the zinc. 
The insulins from the guinea pig and the coypu have at  
the B10 position aspartic acid and glutamie acid, re- 
spectively (SMITH, 1968; DAWDSON et al., 1968). Nei- 

Fig. 1. Part of a coypu pancreatic islet treated with hydro- 
gen sulphide during fixation. The granules of both the e2- 
and fl-cells are fairly well preserved and do not differ from 
those of cells fixed in plain glutaraldehyde. There is no 
silver precipitation from physical development of the 
actual cells. (Stained with uranyl acetate alone, as are 

M1 the subsequent figures.) 
Fig. 2. Human pancreatic islet cells treated as in Fig. 1. 
The fl-cell granules (top) are in a state of dissolution. Some 
of them (arrows) show silver precipitates. The e~-granules 

(below) are not affected by hydrogen sulphide. 
Fig. 3. Part of a rat pancreatic islet treated as in Fig. 1. 
The /Leell gramfles (top, right) have swollen, being in a 
state of dissolution and have reacted with silver. Around 
destroyed granules the reaction product can also be seen 
in the cytoplasm. The e~-granules are unaffected by the 
gassing, and only few granules show silver precipitates. 
Fig. 4. Part of a human pancreatic E-cell treated as in Fig. 
1. The large vacuoles (V) are thought to represent granules 
which are almost dissolved. One large aggregation of 
silver precipitates is seen within the upper vacuole. The 

mitoehondrion (M) is fairly well preserved. 
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ther of these two amino acids contains such a potent  
zinc binder as the imidazol group of histidine, pKi~ is 
around 6 and pK 1 of I-I2S is around 7 under the actual 
conditions. Provided tha t  pK~m is not seriously dis- 
placed by  the presence of the zinc atom, by far the 
major par t  of the imidazol should be in the unchanged 
form at  pH 7.2 and hence suitable as a ligand to zinc. 
At p H  6.7 part  of the zinc-imidazol bond should be 
broken. The presence of SH- as a counterion to H + 
would reinforce, synergistically, the effect of lowering 
pH by  forming zinc sulphide, and the joint effect of 
I-I+ and SH- on the granules should therefore become 
more marked than would be anticipated from the pkwy. 
A similar mechanism has been found for the effect of 
HC1 on the Fe ~+ -imidazol bonds in Cytochrome C 
(BoEI~I et al., 1953). The disruption of such a stabili- 
zing bond in a protein molecule as Zn-imidazol will 
almost certainly give rise to alterations in the tert iary 
structure. 

However, this explanation of the selective fi-granule 
destruction as an ionic and p H  effect is not compatible 
with the recent observation by  CooR]~ et al. (1967) and 
TXLJEDAL, (1968) tha t  isolated mammalian fi-granules 
are more stable at  low pH than at  p H  7.2--7.4. I~either 
does it cover the fact tha t  the glucagon-containing 
(ef. BI~OLIN and HELLERSTROM, 1967) ~-~-granules of 
the islets of the Chinese hamster, the rabbit, and the 
rat  were not destroyed by the H~S-gassing despite 
their zinc content (VoIGT, 1959; PiH~ and FALKME~, 
1967). A similar - -  though admittedly not so marked 
- -  difference in the preservation of the specific granules 
after gassing with H~S was also noted between the 
mast  cells and the eosinophil granulocytes, which both 
contain zinc (cf. PiHL and GUSTAFSON, 1967; Pm~, et 
al., 1967). So far, we have no data to explain these 
differences adequately. We can only speculate tha t  zinc 
must  be bound to the granules of mast  cells and pan- 
creatic fi-cells in another way than in eosinophil granu- 
locytes and pancreatic islet ~-cells. 

I t  must  also be taken into consideration tha t  the 
surplus amount  of SH- ions might activate a hypo- 
thetical SH-dependent lyric enzyme within the granule, 
or markedly interfere with the function of the perigran- 
ular membrane,  for it is known tha t  SH- ions and 
metals have this effect (I~oBINSON, 1966). As a mat ter  
of fact we recently observed that  the fl-granules of the 
Chinese hamster, but not those of the guinea pig, 
seemed to contain protein-bound SH groups (Pm5 and 
FA~KME~, 1968). However, it does not seem probable 
tha t  such mechanisms of lyric enzyme activation 
would be effective at 0--4~ 

At physiological pH insulin is said to be precipitated 
only by  Zn, Co, Ni, or Cd (ScoTT, 1934). Probably the 
hormone is kept  within the fl-cell granule in insoluble 
form (MAs~(E, 1955). I t  seems fair to assume tha t  any 
mechanism quickly mobilizing Zn from insulin would 
bring about  dissolution of the granule. I t  is known tha t  
following administration of the chelating substance 
dithizone "a large number of fl-cells were injured 

severely" (KAwANIS~I, 1966), and tha t  endogenous 
insulin was mobilized without any morphologie signs 
of increased activity of fl-cells (MoH~IKE et al., 1966). 
The recent observation by YOSHI~AGA and YAMAMOTO 
(1966) tha t  active sulphonylureas bind zinc, whereas 
inactive derivatives do not, may  also be of some inter- 
est here. This finding indicates that  insulin becomes 
released from the secretion granules when the binding 
to zinc or any other heavy metal  is broken. 

As a speculative working hypothesis for future in- 
vestigations, it thus seems fair to assume that  the 
effect of SI t -  ions on fl-grannles is due to its breaking 
of Zn-protein bonds. If  this be the mechanism of insu- 
lin release in zinc-containing fl-cells, it seems reasonable 
that  the content of active SH groups in the fl-cell 
would have to be kept critically low. Actually, this is 
exactly what has been postulated in LAzA~ow's SH- 
theory on the mechanism of alloxan diabetes, saying 
that  the content of SI-[ groups in the fl-cells is much 
lower than in other cells of the body due to "the syn- 
thesis of insulin with its high content of cysteine (cf. 
COOPERSTErN et al., 1964). I t  must  be admitted, how- 
ever, tha t  so far we have not obtained any data indi- 
cating a particularly low content of active SH groups 
in isolated pancreatic islet tissue (cf. FALX~ER, 1967; 
HAvu et al., 1968). 

I t  is obvious from what has been said above tha t  
many  more basic facts about  these peculiar reactions 
must  be established before any less speculative dis- 
cussion on the interpretation of our observation can be 
given. As noted by  us previously (cf. FALK~E~ 1967), 
it may  have implications for both insulin release in 
vivo, and the zinc and SH theories of the pathogenesis 
of some types of diabetes mellitus. 
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