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Summary.  The modified sulfide-silver method was 
applied to the electron microscopic histochemistry of 
heavy metals (zinc) in the islet cells from normal rabbits, 
using glutaraldehyde saturated with hydrogen sulfide 
as a vital fixative. Zinc was distinctly localized at the 
cores of granules in B cells in various amounts. Secretory 
granules in A cells sometimes revealed a small amount 
of zinc, whereas other ultrastructures of both A and B 
cells did not show any positive reaction. The procedure 
described in the paper was thought to be useful enough 
for pursuing nob only the localization but  also the dyna- 
mics of zinc in pancreatic islets. 

Histochimie microscopique dlectronique des m~taux 
lourds dans les ilots de Langerhans de lapins 

Rdsumd. La mdthode an sulfure d'argent modifide a 
dtd appliqude ~ l'histochimie microseopique @lectronique 
des m@taux lourds (zinc) duns les cellules insulaires de 
lapins normaux en utilisan~ eomme fixateur vital la glu- 
taraldghyde saturde avec du sulfure d'hydrog~ne. Le zinc 
a dtd localis6 distinctement duns les centres et les mem- 
branes limitant les granules dans les cellules B, en quantit@ 
variables. Les granules sdcr6toires darts les cellules A 
contenaient parfois une petite quantitd de zinc, tandis que 
les autres ultrastructures des eellules A e t  B ne mort- 

tr@renb pus de rdaction positive. Le proc@d@ d6crit duns 
cet article a 6t6 jugd utile pour rechercher non seulement 
la localisation du zinc mais aussi sa  dynamique duns les 
riots panerdatiques. 

ElektronenmiIcroskopische Histoehemie yon Schwerme- 
fallen in Langerhans'schen Inseln bei Kaninchen 

Die modifizierte Sulfid-Silber Methode wurde fiir 
elektronenmikroskopisch-histochemische Untersuchungen 
des Verhaltens yon Schwermetallen (Zink) in den Insel- 
zellen yon normalen Kaninchen herangezogen. Zur Vital- 
fixierung diente mit Schwefelwasserstoff ges/ittigtes 
Glutaraldehyd. Zink liei~ sich deutlich in verschiedenen 
Mengen im Zentrum und in den Membranen von B-Zell- 
granula lokalisieren. Auch in den Granula yon A-Zellen 
fund sich gelegentlich Zink in kleinen Mengen, w/~hrend 
die iibrigen Ultrastrukturen der A- und B-Zelle keine po- 
sitive Reaktion zeigten. ]:)as in dieser Arbeit beschriebene 
Verfahren erscheint nicht nur zur Lokalisierung, sondern 
auch zur Untersuchung des dynamischen Verhaltens von 
Zink in den Pankreas-Insein geeignet. 

Key-words: Electronmicroscopic histochemistry, zinc, 
normal rabbit pancreas, A and B cells. 

One of the characteristics of the islets cells of the 
pancreas is their rich zinc content.  Improvemen t s  [4, 
6] in specificity of the dithizone method  presented by  
OKAMOTO [8, 9] have made it possible to s tudy  zinc 
distr ibution in the islets. The results of the studies 
demonst ra ted  tha t  it varied between different cell 
types  within islets as well as among  species. I n  the 
rabbit ,  fair amounts  of zinc are found in B cells, ag- 
gregated at  the capillary borders of the cells, bu t  A 
cells surrounding the centrally located B cells are 
almost  negative [8, 13]. 

The biological role of zinc in B cells is no t  clearly 
determined yet. I t  has been postulated tha t  a complex 
of insulin with zinc in B cell granules provides a less 
soluble storage form of insulin. MAsK~ [5] suggested 
tha t  other  materials (nitrate, oxalacetate,  organic 
phosphate,  cystine, histidine and gluthatione) being 
produced by  the enhancement  of sugar metabolism, 
would remove zinc from the less soluble insulin-zinc 
complex, and insulin would become more soluble for 
release. 

LOGOTHETOPOULOS [2, 3] has s ta ted t h a t  zinc and 
insulin are linked as a component  of the secretion gran- 
ules of the B cells. Zinc might  contr ibute to whatever  
intermolecular forces keep the granule package to- 

gether. On the other  hand, however, there is some ques- 
t ion about  the localization of zinc in B cells visualized 
by  the method  of dithizone, because of its lack of 
parallelism with secretory granules by  the light micro- 
scope [61 16]. 

I t  was thought  to be necessary to begin with the 
ul t ras t ructural  localization of zinc in B cells in order 
to clarify this problem. Recent ly  there have been a few 
ul t ras t ructural  studies [10, 11, 12] on zinc in the islet 
cells using the sulfide-silver me thod  presented by  
T I ~  [14] and by  VoIGw [15]. Their descriptions, how- 
ever, are not  adequate.  

The present s tudy  was under taken to invest igate 
the localization of zinc in the islets of rabbits  by  the 
modified sulfide-silver procedure of OTSUKA [1] for 
electron microscopic observation. The light microscopic 
va r ie ty  of the sulfide-silver method  has been widely 
used in studies on the role of zinc in pancreat ic  islet 
tissue, and the specifity of the method  has been well 
established. 

Material  and Methods 

Five male rabbits  weighing 2.0--2.5 kg were fasted 
for 12 h before the experiment.  The rabbits  were 

niabetologia, Vol. 5 10 



138 S. Yo~coH et al. : Electron Microscopic ttistochemistry of Heavy Metals Diabetologia 

infused with a sufficient amount  of saline solution via 
the femoral vein in order to remove blood from the 
femoral artery. Then one litre of 3~ glutaraldehyde 
fixative, adjusted to 7.4 p H  by  MiLLo~m's buffer [7] 
saturated with hydrogen sulfide, was infused via the 
same vein. The pancreas was removed, and islets were 
microdissected under a stereoscopic microscope (Olym- 
pus Model SZ) at  a low magnification in the same 
fixative. After 2 h fixation in the H2S-saturated glu- 
tara]dehyde fixative, the microdissected islet tissues 
were rinsed overnight in Mlllonig's solution. 

Fixed islet tissues were immersed and developed 
in the Timm's  reagent for 30 rain in a dark place. After 
slightly rinsing in distilled water, the tissues were 
refixed with 1% osmium tetroxide solution buffered to 
7.4 p i t  by  MmLoNm's solution for 1 h. T imm's  rea- 
gent [14] 

a) 20% arabia gum 10 ml ] 
b) 1 tool silver nitrate sol. 0.1 ml / 
c) hydroquinone 2.0 g ] / citric acid 5.0 g ) 2.0 ml 

dist. water 100 ml 

gefixed islet tissues were stained with the uranyl 
acetate solution, dehydrated through a series of graded 
alcohols and embedded in epon epoxy resin in the 
usual manner.  Sections were cut with a glass knife using 
a Porter-Blum ultramicrotome M T - - I ,  and examined 
with Hitachi  Electron Microscope H U  11 A without 
poststaining. Thicker sections were placed on a glass 
slide and observed by  the light microscope after stain- 
ing with 0.05% toluidine blue solution. Pancreases 
from normal rabbits were examined by  the light micro- 
scope using the TIMM and VOIGT paraffin embedding 
method also. 

Results 

The light microscopic findings of tissue treated with 
the original sulfide-silver procedure of T I ~  [14] and 
VoIGw [15] revealed a distinct positive reaction in the 
cells considered to be B cells, but  almost none in A 
cells (Fig. 1). 

The thicker sections cut from the epon embedded 
material, which was pretreated by  the modified sulfide- 
silver method for electron microscopy, were examined 
by  the light microscope after staining with 0.05~o 
toludine blue. The deep brown positive reaction was 
observed in the cells presumed to be B cells (Fig. 2). 

Ultrastruetural  examination of the islet cells from 
normal rabbits has been reported elsewhere [17]. The 
most remarkable differences between A and B cells 
are the feature of secretory granules and the presence 
of perinnelear fibrillar substance in the B cell (Fig. 3). 
At low magnification, distribution of metal  obtained 
by  the modifed  sulfide-silver procedure was limited to 
the secretory granules in B cells, and a positive reaction 
could not be recognized in the A cell granules (Fig. 4). 
At higher magnification, metal  was distinctly localized 
in the cores of granules of B cells. The silver granules 
appeared sometimes droplet-like and sometimes l ike 
fine grain. There seemed to be an uneven distribution 
of the metal  in the B cell granules. Almost all the ma- 
ture granules, however, showed a more or less positive 
reaction. In  some secretory granules, positive reaction 
was stronger at  the periphery of the granule than at  
the central part .  Few limiting membranes of granules 
of the B cell showed a positive reaction (Figs. 5, 6). 

A cell granules sometimes contained a few silver 
grains at  high magnification (Fig. 7). 

Fig. 1. Pancreatic islet of a normal rabbit. Paraffin-embedded section treated by the sulfide-silver method o f  
Timm. B ceils show a positive reaction, but the reaction is negative in A cells. Obj. • 40 and ocul. • 10 
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The physiological role of perinuclear fibrfllar sub- 
stance has not been clear, but  this substance did not 
show any positive reaction. Other intracellu]ar con]- 

ponents, i.e. membrane system of Golgi apparatus,  
endoplasn]ic reticulun], and mitochondria also did not 
react the modified sulfide-silver procedure et all (Fig. 8). 

Fig. 2. Thicker section from epon-embedded pancreatic islet tissue after modified sulfide-silver method. Graaular 
precipitate of silver in B cells only. Obj. • 40 and oeul. • 10 

Fig. 3. A (upper right) and B (lower left) cell of a normal rabbit pancreatic islet. I~ : nucleus, F : fibrillar substance, 
G: granule. • 16000 

lO* 
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Fig. 4. Low-power electron micrograph 
of a normalrabbi t  pancreatic islet after 
modified sulfide-silver procedure. A cell 
(A) is present at upper median, other 
cells are B cell (B). Almost all of the 13 
cell granules contain silver grains, but  
no b_ cell granules. Cytoplasm is some- 
what destroyed. N: nucleus; G: granule; 
F :  fibrillar substance. • 8000 

Fig. 5. Electron micrograph of B cell 
granules of a normal rabbi t  pancreatic 
islet treated by  the modified sulfide- 
silver procedure. Each granule (G) 
contains droplet-like silver deposits of 
varying amounts.  Sometimes silver 
droplets show a tendency to form at  
the peripheryofgranulecores. • 96000 

Fig. 6. High-power electron mierograph 
of B cell granules after modified sulfide- 
silver procedure. Silver droplets are 
mingled with grains in the same granule 
(G). • 160000 
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Fig. 7. Electron micrograph of a portion of a normal rabbit 
pancreatic B cell after modified sulfide-silver procedure. 
B cell granules (lower left) contain more or less silver 
deposition, whereas small amounts of deposited silver 
are observed in some A cell granules (upper right). A : A 

cell ; ]3 : B cell ; G: granule. • 42 000 

amounts of heavy metal considered to be zinc have 
been demonstrated in the cores of secretory granules 
in the B cells by means of the modified sulfide-silver 
method for the electron microscope. Some other or- 
ganelles where zinc was weakly positive were the cores 
of the A cell granules, whereas the other cell compo- 
nents both in A and B cells did not react to this proce- 
dure. These findings were thought to support the 
hypothesis that  insulin might be stored in B cells as 
granules bound with zinc. The fate of zinc after the 
release of granules (insulin) from the B cell is not cer- 
tain from the results of the present experiments. A 
study of the dynamics of zinc in the B cell is now under  
investigation. 

In  order to identify the metal demonstrated by the 
modified sulfide-silver method with zinc, it would be 
necessary to investigate the 64 Zn uptake of the B cell 
by the method of radioautography. The distribution of 
the metal in these experiments coincided with the 
histochemical demonstration of zinc by the light mi- 
croscope, so that  the metal detected by the modified 
sulfide-silver method was considered to be zinc. The 
modified procedure used in the present experiments 
was evolved by OTsu~:a [1] in order to overcome the 
disadvantage of damage to cell components using the 

Fig. 8. Electron micrograph of a portion of a normal rabbit pancreatic B cell after modified sulfide-silver 
procedure. Mitochondria (M), Golgi area (Gol) and fibrillar substance do not show any positive reaction except for 

granules. N: nucleus; G: granule. • 28000 

Discussion 

Almost all the descriptions [8, 13] concerning the 
histochemical detection of zinc in the islet cells from 
normal rabbits stated that  a large amount of zinc was 
found in the B cells, but  little or none could be detected 
in the A cells. In  the present experiments, various 

perfusion with H2S-saturated glutaraldehyde fixative. 
Moreover, this vital fixation could improve the sensiti- 
vi ty of the reaction. Pz~r~ and FAnK~ER [12], in their 
experiment, fixed the thin sections of the tissue in the 
tt2S-saturated glutaraldehyde solution immediately 
after death, and developed ultra-thin sections in t h e  
sulfide-silver developer after embedding in epon. They 
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s ta ted t ha t  some of the secretory granules of the islet 
cells gave an  a lmost  negat ive  reaction. 0KA~OTO and  
KawANIS~I[10] used HeS-saturated 70% alcohol as a 
fixative, so t h a t  the u l t ras t ruc ture  of cytoplasmic 
organelles was destroyed and  could no t  be observed 
except for the secretory granules.  

The modified sulfide-silver procedure we have ap- 
plied to the pancreas preserved fairly adequate ly  the 
fine u l t ras t rue tures  of cell components ,  and  was satis- 
factory for electron microscopic observat ion.  
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