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Pancreatic Islet Cells in Experimental Hypo- 
and Hyperparathyroidism in Rats 

L. GRIMELIUS, H. JOHANSSON and A. SEGERSTR6M 

From the Institute of Pathology and the Department of Surgery, University of Uppsala, Sweden 

ABSTRACT 
The hypocalcaemic effect of glucagon is well documented 
in the literature. In this investigation the pancreatic islet 
cells were studied in hypocalcaemic (parathyroidectomized) 
and hypercalcaemic (parathyroid hormone treated) rats. 
Observations were made after 1 and 8 weeks of hypocal- 
caemia and after 3 days of hypercalcaemia. No qualitative 
or quantitative changes in the islet cells were observed. The 
results are discussed. 

INTRODUCTION 

The hypocalcaemic effect of glucagon is well 
documented in the literature and it has been 
shown in animal experiments that administration 
of glucagon induces hyperplasia of the parathyroid 
glands (11). The question whether the endocrine 
function of the pancreas can be affected by alter- 
ing the function of the parathyroids, on the other 
hand, seems to have received little attention in 
the literature (see (11,  12)). 

The aim of the present study was to ascertain 
whether the pancreatic islet cells, especially the 
glucagon-producing a2 cells, show any qualitative 
or quantitative changes under hypo- and hyper- 
calcaemic conditions. 

MATERIAL AND METHODS 
Thirty-six adult male rats of the Sprague-Dawley strain, 
with an initial weight of 200 to 250 g, were used. 

Sixteen rats were parathyroidectomized by fine needle 
diathermy (8, 9). Seven of these rats were killed after 1 
week and 9 after 8 weeks. 

Four rats were treated with parathyroid hormone (Para- 
Thor-Monea, 100 USP units per ml, Ely Lilly) for 3 
days. The hormone was injected bidiurnally by the sub- 
cutaneous route and the dose was 800 USP units per 100 g 
body weight and day. 

In all groups control animals were used for comparison 
(see Tables 1-111). All animals were fasted for 18 hours be- 
fore they were killed but received water ad libitum. They 
were killed at the same time of day with an overdose of 
ether. 

The parathyroid function was evaluated by means of 
repeated determinations of the serum calcium level by 
flame photometry (Eppendorf). Preoperatively the mean 
serum calcium value was 5.0 d q / l  (S.D. 0.57). Only rats 
with a Serum calcium decrease postoperatively to 4.1 
mEq/l or less were used (9). The serum calcium level in 
the control animals remained unchanged during the ex- 
perimental period. The initial body weight and weight in- 
crease of the parathyroidectomized and parathyroid hor- 
mone treated rats did not differ from those of the con- 
trol animals. 

Fixation 
Pancreatic tissue was fixed in 10% formalin for 24 hours 
or in BouIn fluid for 22 hours. 

Staining procedure 
Adjacent 5 thick deparaffinized sections were stained 
with (a)  van Gieson stain; (b) Davenport alcoholic silver 
nitrate stain as modified by Hellersltrom & Hellman (6); 
( c )  variant I of the Grimelius silver nitrate stain (5 ) .  An 
0.01% solution of the silver nitrate stain was used in- 
stead of 0.03%; the reason for this reduction was to 
prevent grey or grey-green granulation of the centrally 
located p cells, as sometimes appears in the pancreatic 
islets of rats; (d) Gomori aldehyde fuchsin stain mainly as 
modified by Maske (10) with ponceau fuchsin as a counter- 
stain (7). 

Differential counts were carried out on formalin-fixed sec- 
tions stained with the two silver stains and the Gomori 
stain, in a binocular light microscope with a magnification 
of x 1250 (immersion lens) and with the aid of a mov- 
able stage and a squared grid placed in one of the eye- 
pieces. 

The sections were systematically examined and the islets 
differentially counted in the order in which they occurred. 
In the adjacent sections the study began in the same area. 
Only cells with nuclei or nuclear fragments were counted. 
The al cells were counted in the Davenport stain, the an 
cells in the Grimelius stain and the j3 cells in the Gomori 
stain. At least 2000 islet cells were counted in each case 
and stain. 

RESULTS 

Light microscopy revealed no structural or tinc- 
torial changes in the pancreatic islets in either 
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Tables I and 11. The percentual distribution of the 
different cell types in pancreatic islets of parathyroid- 
ectomized rats (PTE) in comparison with controls. 
Table I refers to animals killed I week and Table 11 
8 weeks postoperatively 
a1 cells were counted in the Davenport silver stain, cr, cells 
in the Grimelius silver technique and j3 cells in the Gomori 
stain. At least 2000 cells were counted in each case and 
stain 

aI cells in Y,  

PTE Controls PTE Controls PTE Controls 

a2 cells in Y,  j3 cells in % 

Table I. (I week) 

4.7 7.6 
6.6 6.7 
6.5 6.4 
5.1 6.2 
5.9 6.9 
6.5 6.3 
8.0 4.1 

M a  6.19 6.31 
S.E.M.b 0.41 0.41 

r-value - 0.22 
Level of 
signifi- 
cance p>O.O5 

Diff.' -0.13 

Table 11. (8 weeks) 

7.2 5.1 
3.2 6.1 
4.7 4.4 
7.2 7.1 
3.4 8.5 
7.0 
6.0 
6.2 
5.9 

M a  5.64 6.24 
S.E.M.* 0.51 0.73 

t-value - 0.67 
Level of 
signif i- 
cance p>O.O5 

Diff.' - 0.60 

38.1 30.7 
36.6 28.8 
40.3 35.3 
40.0 33.9 
36.9 39.4 
29.3 36.7 
37.7 37.2 

36.99 34.57 
1.39 1.41 
-+ 2.42 
+ 1.22 

p > 0.05 

30.3 26.0 
24.9 33.4 
24.9 26.6 
25.4 34.8 
35.9 28.8 
39.2 
33.4 
30.4 
26.7 

30.12 39.92 
1.73 1.78 
+ 0.20 
+ 0.08 

p > 0.05 

59.2 61.6 
54.6 62.3 
55.0 57.0 
56.5 60.6 
59.6 52.1 
62.2 60.5 
58.0 60.6 

57.87 59.24 
1.03 1.35 
- 1.37 
-0.81 

p > 0.05 

63.1 70.6 
71.8 63.4 
69.3 72.9 
64.5 64.6 
62.3 65.2 
53.1 
63.3 
66.6 
68.7 

64.74 67.34 
1.81 1.86 
- 2.60 
- 1.00 

p> 0.05 

Mean value. ' Standard error of the mean value. 
' Difference between MpTE and M Control. 

the hypo- or hypercalcaemic rats. Neither were 
any changes observed in the exocrine pancreatic 
tissue. 

The results of the differential counts showed 
that the percentual distribution of the three types 
of cell in the pancreatic islets of the experimental 
animals did not differ significantly from that in 
the control animals (see Tables 1-111). 

DISCUSSION 

Paloyan et al. (12) showed that 8 weeks of gluca- 
gon administration to rabbits resulted in hyper- 
plasia of the parathyroid glands in 9 of 11 ani- 
mals. Marked a cell degranulation was also ob- 
served in the pancreatic islets in these animals 
treated with glucagon. Further evidence of a 
relationship between the pancreatic islets and the 
parathyroid glands was presented by Paloyan et  
al. (12) in their retrospective review of a human 
autopsy material, where hypertrophy and hyper- 
plasia of the pancreatic islets were found in 12 of 
15 cases with parathyroid tumour. Our studies in 
the rat provide no proof of a relationship between 
these endocrine organs, but neither do they ex- 
clude this possibility. 

A species difference may explain the absence 
of an effect of experimental hypo- and hyperpara- 
thyroidism on the pancreatic islet cells, but other 
explanations are possible. The hypercalcaemic 
period in our rats may have been too short to 
affect the pancreatic islet cells qualitatively or 
quantitatively. The duration of the hypocalcaemia 
in the rats of one of our experimental series was 
8 weeks. The absence of any effect on the pan- 
creatic islets may be due to the hypocalcaemic 
state, since Stern & Bell (13) consider that glu- 

Table 111. Percentual distribution of the different cell 
types in pancreatic islets of rats treated with para- 
thyroid hormone ( P H )  for 3 days 
The control animals were given saline solution instead of 
hormone. For further details see text to Tables I and I1 

a1 cells in Y,  

PH Controls PH Controls PH Controls 

az cells in Y,  j3 cells in % 

6.1 6.2 
5.1 4.9 
6.8 7.8 
7.8 4.8 

M a  6.45 5.92 
S.E.M.b 0.57 0.70 
Diff.' + 0.53 
t-value + 0.58 
Level of 
signifi- 
cance p>O.O5 

33.2 30.3 
32.0 33.1 
32.9 32.3 
36.6 40.1 

33.68 33.95 
1.01 2.13 
- 0.28 
-0.12 

p > 0.05 

63.8 66.4 
64.8 66.7 
64.6 64.7 
62.3 56.4 

63.88 63.55 
0.57 2.42 
+ 0.33 
+0.13 

p > 0.05 

a Mean value. 

' Difference between MPH and M Control. 
Standard error of the mean value. 
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cagon is less effective in hypocalcaemia and more 
effective in the presence of hypercalcaemia. The 
fact that glucagon influences the serum calcium 
concentration and the parathyroid glands, re- 
gardless of whether the effect is exerted via cal- 
ciotonin (1, 2, 3, 4) or inhibition of bone resorp- 
tion (13) or via new formation of bone (14), does 
not necessarily mean that the opposite is valid. 
Glucagon has many other effects apart from that 
on the calcium metabolism. It  is possible that 
other actions, for example those on the carbo- 
hydrate, protein and fat metabolism and the in- 
testinal motor function, may make such demands 
on the a2 cells that changes in the parathyroid 
function and the serum calcium concentration 
will affect the glucagon-producing cells of the 
pancreatic islets to such a small extent that with 
the method used the changes would not have been 
detected. 

The relationship between hyperparathyroidism 
and pancreatitis is well documented in the litera- 
ture. In our studies no signs of inflammation of 
the pancreas were observed. As mentioned above, 
the duration of the hypercalcaemia was short. 

Differential counts 

Three differential counts were performed on sec- 
tions from each experimental and control animal. 
The al and a2 cells were differentially counted in 
silver stains and the ,8 cells in a “granule” stain. 
The frequency of the cell types was expressed in 
per cent of counted endocrine cells. In many cases 
the sum of the three cell types exceeded 100%. 
As pointed out previously (9, the argyrophil cells 
are often over-represented in the silver stains and 
the cells in the “granule” stain used. As in man, 
a small number of a cells showing a positive 
silver reaction in both of the silver stains used is 
found in the rat (Grimelius, unpublished observa- 
tion). In a small number of cases the sum men- 
tioned above was less than 100 %. One reason for 
this is the presence of degranulated islet cells, 
which on differential counting will not be in- 
cluded in any of the three groups of cell types. 
Also contributory to the deviation from the sum 
of 100 is the error of the method, which depends 
upon the examiner’s experience of differential 
counting. 

Since in this investigation the results of the dif- 
ferential counts in the experimental animals were 

compared with those in the controls, the over- 
representation mentioned above as well as of the 
error the method in differential counting is of 
less importance. 
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