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Using m o r p h o l o g i c a l m e t h o d s i t w a s f o u n d t h a t a connec t ion ex is t s 
b e t w e e n t h e p a r o t i d s a l i v a r y g l a n d s a n d t h e i s t le ts of L a n g e r h a n s in t h e 
p a n c r e a s . A d m i n i s t r a t i o n of p a r o t i n c a u s e d a r e d u c t i o n in t h e n u m b e r 
of A cel ls ( secre t ing g lucagon) , w i t h s i m u l t a n e o u s r educ t i on in t h e 
d i m e n s i o n s of t h e i r nuc le i a n d i n c r e a s e in the n u m b e r of B cells. The 
ac t ion of p a r o t i n w o u l d t h e r e f o r e be s y n e r g i c to g lucagon and a n t a g o -
nis t ic in r e l a t ion to insu l in . R e m o v a l by o p e r a t i o n of the s a l i va ry g l ands 
c a u s e d an i n c r e a s e in t h e n u m b e r of A cel ls a n d i nc r ea se in t h e d i m e n -
s ions of the i r nuc le i , w h i c h a lso c o n f i r m s t h e h y p e r g l y c e m i c ac t ion of 
t h e p a r o t i d s a l i v a r y g l ands . Exc is ion of t h e pa ro t id s a l i va ry g l ands a f t e r 
35 d a y s ceases to a f f e c t t h e m o r p h o l o g i c a l p i c t u r e of t h e is lets of 
L a n g e r h a n s . I t w a s a s s u m e d t h a t t h e f u n c t i o n of t h e exc ised sa l iva ry 
g l a n d s w a s t a k e n ove r by t h e s u b m a n d i b u l a r s a l i va ry g lands . 

I. I N T R O D U C T I O N 

S t u d i e s h a v e a p p e a r e d in l i t e r a t u r e s ince 1928 ( B u d g e s — ci ted a f t e r S a -
w i c k i, 1960), on t h e e n d o c r i n e f u n c t i o n of t h e s a l i v a r y g lands . 

In t h e y e a r s f o l l o w i n g t h e a b o v e d a t e (1929—1941) J a p a n e s e r e s e a r c h w o r k e r s 
( O g a t a , 1955; I t o e t al., 1954; 1955) p u b l i s h e d s e v e r a l p a p e r s desc r ib ing h o w they 
c o n f i r m e d t h e e x i s t e n c e of t h e e n d o c r i n e f u n c t i o n of s a l i va ry g l ands by t h e u s e of 
phys io logica l , b iochemica l a n d h i s t o c h e m i c a l m e t h o d s . In 1944 t h e s e sc ien t i s t s 
o b t a i n e d f r o m s a l i v a r y g l a n d s a b io logica l ly a c t i v e subs t ance , of t h e n a t u r e of 
p ro te in , w h i c h w a s he ld to be t h e spec i f i c h o r m o n e of t h e pa ro t id g l ands a n d g iven 
t h e n a m e of p a r o t i n . 

M a n y a u t h o r s h a v e d e m o n s t r a t e d t h e e x i s t e n c e of co r r e l a t i on b e t w e e n t h e s a l i v a r y 
g l ands a n d o t h e r e n d o c r i n e s (I t o, 1960; L a c a s s a g n e , 1940; P a r h o n et el., 
1957; F l e m i n g , 1960; R a y n a u d , 1954a, b ; S h o f e r & M u h l e r , 1960; S a - 
w i c k i , 1960; D z i e r z y k r a y - R o g a l s k a & G u t s z e , 1963; D z i e r z y -
k r a y - R o g a l s k a , 1963). 
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The problem of the role of sa l ivary glands in ca rbohydra te metabol ism has been 
examined by m a n y au tho r s for a considerable period: R e a l s , 1890; O g a t a , 1955; 
D i o n e s o v , 1952; H i l l et al., 1955; P a r h o n et al., 1956; P a r h o n et al., 1957; 
D e h a u m e , 1958; G r a n d o s, 1951; B i r n k r a n t & S h a p i r o, 1942. 

R e a l e (1890), O g a t a (1955) found tha t the sal ivary glands exhibi t hypogly-
cemic activi ty, and D i o n e s o v (1952) — that the action of the parot id g lands in 
ca rbohydra te metabol i sm is synergic wi th the action of insulin. 

On the o ther hand au tho r s such as B i r n k r a n t & S h a p i r o (1942), G r a n - 
d o s (1951), P a r h o n et al. (1956) repor t t he hyperglycemic func t ion of parot in . 
H i l l , M a t t & P e a r l m a n (1955) obtained a hyperglycemic fac tor f rom perot id 
sal ivary glands by ex t rac t ion . This ex t rac t caused hyperglycemia when given to 
rats . Similar expe r imen t s made on rabbi t s by P a r h o n et al. (1956) conf i rmed the 
hyperglycemic func t ion of t he sal ivary glands. It would the re fo re appear f r o m these 
invest igat ions tha t ex t r ac t f r o m parot id glands has an antagonis t ic action in re la t ion 
to insulin ( inhibits hypoglycemic func t ion — P a r h o n et al. 1956). 

In view of t he d i f f e rences be tween opinions held by au thors engaged in research 
on the ef fec t of paro t id sal ivary glands on sugar metabol ism and the islets of 
Langerhans in t he pancreas , we were in teres ted in examin ing the behaviour of cells 
A and B a f t e r paro t in x) had been adminis te red and a f t e r t he excision of the parot id 
sal ivary glands. 

II. MATERIAL AND METHODS 

Fi f ty young, sexual ly ma tu re , male wh i t e rats , weighing about 200 g, were used 
for the xper iments . The an imals were kept on a s tandard granula ted diet2) . 

The an imals w e r e divided into th ree groups: 
Group I — control an ima l s 
Group II — an imals in jec ted wi th parot in 
Group III — an imals f r o m which the parot id sal ivary glands had been excised by 
operat ion, and which w e r e la ter dissected at d i f f e ren t in tervals of t ime. 

Group I (control) included 3 sub-groups : 
1. animals l e f t un touched 3 r a t s 
2. animals which w e r e given an in t r amuscu la r in ject ion of normal saline 

solution — 0.1 ml/100 g of body we igh t 3 r a t s 
3. animals on which a "b l ind" operat ion was per formed, i.e. wi thout removal 

of g lands 4 ra t s 
Group II inc luded: 

1. animals which were given 0.1 mg of parot in per 100 g of body weight over 
a period of 7 days 10 r a t s 

2. animals , which w e r e given 0.2 mg of parot in per 100 g of body weight 
over a period of 7 days 10 r a t s 

Group III inc luded: 
1. animals dissected 7 days a f t e r excision of the parot id glands 10 r a t s 
2. an imals dissected 21 „ „ „ „ „ „ „ 5 r a t s 
3. an imals dissected 35 „ „ „ „ „ „ „ 5 ra t s 

') The au thor has p leasure in express ing her g r a t i ' u d e to the Teikoku Mfg. Co., 
Tokio. fo r supply ing f r e e of charge the parot in used in t he p repara t ion of this s tudy. 

2) Granu la t ed feed for r a t s ( Inst i tute of Medicines, Warsaw)- Rough-Ground w h e a t 
lHVo, rough-g round bar ley 19%, rough-ground oats 19°/o, bran 20%>, f ish meal 8°/o. 
skimmed powdered milk 3%, fodder yeas t 5%>, casein 1%>, v i tamin m i x t u r e 1%. 
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T h e an imals used for the exper iment were opera ted on a f t e r they had been 
anaes the t i sed wi th e ther . The method of opera t ing was descr ibed in the s tudy by 
D z i e r z y k r a y - R o g a l s k a (1963). 

T h e ra t s w e r e dissected under e ther anaes thes ia and the panc reas removed for 
f i x ing in a Bouin 's f luid, Lison-Vokaer ' s f lu id and subl imate . The ma te r i a l was 
s a t u r a t e d in pa r a f f i n , then cut into specimens 6 ^ thick and s ta ined by the fol lowing 
m e t h o d s : 

a) haematoxy l in and eosine, 
b) Azan and Mallory method, 
c) f u c h s i n e a ldehyde — G o m o r i method (1950), 
d) chromic haematoxyl in and phloxin — G o m o r i method (1939). 
A t f i r s t it proved ex t remely diff icul t to dis t inguish the d i f f e r en t k inds of cells 

and it was not unt i l use was made of t he t echnique described in t h e s tudies by G o -
m o r i , 1939; H e l l e s t r o m e & H e l m a n , 1960; B a n g l e , 1956; S c a 1 1, 1962; 
L o v e n e & F e n g , 1962; tha t sa t i s fac tory resul ts w e r e obta ined. The best resul ts 
w e r e obta ined f r o m use of the method wi th chromic haematoxy l in and phloxin — 
G o m o r i , 1939. 

L a c y (1957) in examin ing the cells of the islets in the guinea-pig , dog, r abb i t and 
ra t emphas ised the special diff icul t ies encountered in diagnosing the cell types of 
the r a t pancreas . In the other an imals the cells of t h e islets can be easily dis-
t inguished by their shape and dist inct ive s ta ining of the cyttoplasm granula t ions . 

In the p repa ra t ions p repared by G o m o r i ' s method (chromic haematoxyl in , 
phloxin) , in which no dif f icul ty was encountered in d is t inguishing A and B cells 
under a micromet r ic Carl Ze iss -Jena type glass calculat ion was m a d e of t he 
pe rcen tage of composit ion of the cells of the islet appa ra tus . For th is purpose 
calculat ion was m a d e in several p repa ra t ions for each indiv idual of the cells of the 
islets up to 1000, indicat ing the number of A, B and other cells. In addit ion the size 
of the cel lular nuclei was measured in both types of cells and read ings made of two 
dimensions in the longest and broades t place of the cel lular nucleus . 

III. RESULTS OF INVESTIGATIONS 

Animals in Group I (Control) 

The islets of Langerhans in the rats in group I are of similar structure, 
no differences in the structure of the islets being observed between the 
three sub-groups of animals. The islets of Langerhans in the rats of this 
group occur in the shape of oval cellular concentrations clearly separated 
from the exopancreatic parenchyma by the bag of connective tissue. The 
islets are formed of several kinds of cells. Two types of cells are 
distinguished in the preparations examined — A and B. The other types 
of ceils, occurring scantily, described by other research workers, could not 
be distinguished in our preparations. 

A cells lie in concentrations on the poles of the islet or in small numbers 
surrounding the whole islet. The granular elements of the cytoplasm of 
these cells stain a pink colour with the Gomori method using phloxin, 
which permits of distinguishing them from B cells. Their dimensions are 
smaller than those of B cells, which gives the impression when they are 



292 1. Dzierzykray-Rogalska & K. Wenderlich 

examined that the nuclei of these cells lie far closer to each other than 
the nuclei of B cells. The average size of nuclei of A cells was 4.7—4,9 
and they stain lighter than the nuclei of B cells. 

B cells are usually situated in the central parts of the islet. Cells of this 
type usually form bands between which a large number of sinusoids can 
be observed. The cytoplasm granular elements of these cells stain a steely-
blue colour with chromic haematoxylin the Gomori method. Both the 
whole B cell and its nucleus have larger dimensions than those of A cell. 
The mean dimensions of the nuclei of B cells are 4.7—5.1. Within the 
islets of Langerhans in this group of animals the ratio of A cells to B cells 
is constant: A cells form 20% and B cells 75% in relation to all the cells 
forming the islets, 5% being formed by undistinguished cells (Figs. 1 
and 2). 

Animals in Group II 

The islets of Langerhans in animals in group II (which received 0.1 and 
0.2 mg of parotin per 100 g of body weight) do not differ from each other. 

The decrease in comparison with the control animals in the number 
of A cells — they form only small concentrations of several cells each, and 
can be seen on the periphery of the islet, and also the decrease in the 
dimensions of the nuclei of these cells (mean 4.3—4.7 ¡u), are remarkable. 

The number of B cells distinctly increases. Neither the dimensions of 
B cells nor of their cellular nuclei alter in relation to the dimensions of 
B cells in the control animals. 

The ratio of A cells to B cells in this group of animals changes — A cells 
form 17% and B cells 78% of all the cells of the islets (Fig. 3). 

Animals in Group III 

The islets of Langerhans in animals of group III are not of uniform 
structure: the animals in sub-groups 1 and 2 (dissected respectively 7 and 
21 days af ter the salivary glands had been excised) have islets of Langer-
hans of similar s tructure to each other, but differ in comparison with 
sub-group 3 (animals dissected 35 days a f te r excision of salivary glands). 

The islets of Langerhans in sub-groups 1 and 2 exhibit distinctly 
increased contents of A cells in relation to the islets of the control animals. 
They form large concentrations, consisting of 25—35 cells arranged round 
the periphery of the islets. Increase is also observed in the dimensions of 
the nuclei of A cells (size of nuclei of A cells 4.7—5.3 ¡u). 

B cells in sub-groups 1 and 2 undergo considerable reduction in relation 
to the control animals. The dimensions of neither B cells nor of their 
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nuclei alter. The ratio of A cells to B cells in these two sub-groups of 
animals is subject to considerable change (A cells formed about 25%, 
B cells about 70%, of all the cells of the islets — Fig. 4). 

The islets of Langerhans in the pancreas of sub-group 3 animals 
(dissected 35 days af ter excision of salivary glands) are very similar in 
s tructure to the islets described in the control animals. The percentage of 
A and B cells is also similar to that in the control group. Dimensions of 
the cellular nuclei and cells do not differ f rom the control dimensions 
(Fig. 5). 

IV. DISCUSSION 

The investigations made revealed differences in the structure of the 
islets of Langerhans in rats subjected to experimental factors. 

The islets of Langerhans in animals in group II (animals which were 
given parotin, a specific hormone of the salivary glands) exhibit in relation 
to the control animals distinct reduction in the number of A cells and 
decrease in the dimensions of the nuclei of these cells. At the same time 
the number of B cells within experimental group II increases. 

B i r n k r a n t & S h a p i r o (1942), P a r h o n et al. (1956) found that 
parotin produces hyperglycemic conditions in the organism. The results 
of our experiments agree with those of the above authors. It would seem 
that increasing number of B cells (producing insulin) is the morphological 
expression of compensation of the balance of carbohydrate metabolism. 

At the same time the reduction in the number of A cells (secreting 
glucagon) which we observed may also prove that the action of parotin is 
synergic with glucagon. 

Animals in group III (dissected 7 and 21 days af te r excision of the 
salivary glands) exhibit increase in the number of A cells with simulta-
neous decrease in the number of B cells. 

By excision of the parotid salivary glands (which we held to be a hyper-
glycemic factor, in addition to glucagon) we remove one of the elements 
influencing the maintenance of a raised blood sugar level. It would seem 
that this condition is the result of the a t tempt made by the organism to 
achieve balance between the action of hypoglycemic and hyperglycemic 
factors. 

Animals dissected 35 days af ter operation exhibit s tructure of the islets 
similar to that of islets in rats in the control group. This condition would 
seem to be the result of the at tempt of the organism to adapt itself to new 
conditions. It may be that during this period (between the operation and 
dissection) the functioning of the parotid salivary gland is part ly taken 
over by the submandibular salivary gland (as the result of adaptation). 
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The condition of re turn of islets of Langerhans to normal function, and in 
consequence to structure, have not infrequently formed the object of 
research in which the authors obtained similar results, i.e. re turn of the 
gland to normal, using other experiments (Z a j u s z, 1956). 
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I. D Z I E R Ż Y K R A Y - R O G A L S K A i K. WENDERLICH 

WPŁYW PODAWANIA PAROTYNY I WYCIĘCIA ŚLINIANEK PRZYUSZNYCH 
NA OBRAZ MORFOLOGICZNY WYSP LANGERHANSA TRZUSTKI SZCZURA 

BIAŁEGO 

Streszczenie 

Au to rk i badały przy użyciu metod histologicznych wp ływ czynności dok rewne j 
ś l in ianek przyusznych na obraz morfologiczny wysepek Lange rhansa szczurów b ia -
łych. 

W tym celu zwierzętom podawano pa ro tynę lub usuwano operacy jn ie ś l inianki 
przyuszne. Po podawaniu pa ro tyny s twierdzono powiększenie się liczby komórek B 
(wytwarza jących insulinę), przy jednoczesnym zmniejszeniu się liczby komórek A 
(wy twarza j ących glukagon). Uzyskane wynik i pozwoliły na wysunięc ie hipotezy, że 
działanie pa ro tyny (jako swoistego hormonu ślinianek) jest antagonis tyczne w s to-
sunku do działania insuliny, a synergis tyczne do glukagonu. 

Po wycięciu ś l in ianki p rzyuszne j s twierdzono zmniejszenie się liczby komórek B 
oraz powiększenie się liczby komórek A. Powyższe wynik i po twie rdza ją działanie 
hyperg l ikemiczne śl inianki przyusznej . 



E X P L A N A T I O N S OF P L A T E S 

P l a t e I II . 

Fig. 1. Islet of L a n g e r h a n s in the p a n c r e a s of a cont ro l ra t . A cells lie round t h e 
p e r i p h e r y . The cen t ra l p a r t s of t h e is let a r e f o r m e d of bands of B cells. 
S inusoids can be seen. Magni f i ed 150X. 

Fig. 2. I s le t of L a n g e r h a n s of a contro l ra t . A cells a r e s i tua ted in a concen t ra t ion 
on t h e pole (arrow). Magni f ied 450 X. 

Fig. 3. I s le t of L a n g e r h a n s of an ima l s in g roup II. A cells a r e a r r a n g e d in a smal l 
concen t r a t ion on the pe r i phe ry of the islet. Reduced n u m b e r of A cells. 
Magn i f i ed 450 X. 

P l a t e IV. 

Fig. 4. Is le t of L a n g e r h a n s of an ima l s in g r o u p I I I , s u b - g r o u p 1. La rge c o n c e n t r a t -
ions of A cells (arrow). Magni f i ed 450 X. 

Fig. 5. Is le t of L a n g e r h a n s of a r a t in g r o u p I I I , s u b - g r o u p 3. S t r u c t u r e of islet 
s imi la r to tha t in con t ro l an imals . Magn i f i ed 450 X. 
Al l sec t ions w e r e s ta ined wi th ch romic h a e m a t o x y l i n and phloxin (G o- 
m o r i. 1939). 
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