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The influence of gonadectomy on some variables related to the diabetic syndrome
was studied in the eSS line of rats, a nonobese model of spontaneous non-insulin
dependent diabetes, whose biochemical and histopathological manifestations are
more severe in males than in females. Rats were gonadcctomized at 90 days of age.
Spayed animals showed higher body weight, impaired intolerance to glucose at 9 and
12 months of age, lower insulinemia and a decreased number of large pancreatic
islets. Castrated rats revealed lower body weight when compared with controls.
However, those males did not evidence impairment in the intolerance to glucose,
changes in insulinemia or remarkable modifications in endocrine pancreas histology.
In kidneys, a lower cellular area in superficial proximal convoluted tubules was
noticed. Despite the lower biomass registered in orchidectomized animals, their dia
betic evolution was not modified. Conversely, ovariectomy appeared to be a wors
ening factor.
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The IIM/Fm eSS rat is a nonobese
model of human spontaneous non
insulin-dependent diabetes developed and
bred in the School of Medicine of Rosario,
Argentina (12, 13, 19, 22). Male rats show
early onset slowly progressive glucose
intolerance with age as well as glycosuria.

Correspondence to M. C. Tarres (TEL/FAX: 54 41
25 37 53).

During the second year of life a significant
decrease in islets of Langerhans, glomeru
losclerotic lesions and presence of
cataracts are prominent in these animals
(11, 13, 21, 22). Conversely, female rats
reveal lower biomass and fewer conspicu
ous biochemical and histopathological
manifestations (19, 20).

Lower diabetic syndrome severity
demonstrated in eSS females has also been
described in other murine models (8, 10,
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16). Sexual hormones seem to play an
important role, though the problem is not
yet fully clarified (5, 8).

The present study was undertaken to
investigate the influence of gonadectomy
on some variables related to the diabetic
syndrome in male and female eSS rats.

Materials and Methods

Thirty five female and sixteen male eSS
rats were fed ad libitum since weaning
with a commercial balanced diet contain
ing per 100 g food the following: protein
25.1 g, fat 3.5 g, carbohydrate as corn
starch 43 g, fiber 6 g, minerals 8 g, vita
mins 1.9 g and moisture 12.5 g. The caloric
density was 304 Kcal/100 g.

Gonadectomy was performed at the
age of 3 months under ether anesthesia
through scrotal incision in seven males
and laparatomy in nine females. Thirteen
intact females were mated with males of
the same line, while the other thirteen
remained virgins.

Body weight was recorded prior to cas
tration or mating and at 6, 9 and 12
months of age.

Basal glycemia (GO) and glycemia at 30
(G30), 60 (G60) and 120 min (G120) after
a load of 10% glucose (200 mg/100 g body
weight) via stomach tube were determined
at 6, 9 and 12 months of age.

At 13 months of age basal glycemia and
insulinemia (GO, 10) and 120 min after the
oral glucose load (G120,1120) were evalu
ated.

Blood samples were obtained by tail
puncture. Plasma glucose was analyzed by
enzymatic method using a commercial kit
(Wiener Laboratories, Argentina) while
insulin levels were determined by double
antibody radioimmunoassay (15).

Animals were sacrificed by ether over
dose at 13 months of age. Kidneys and
pancreas were excised, immediately fixed 

in 10 % neutral formalin and embedded in
paraffin.

The pancreas were longitudinally cut to
include pieces of head, body and tail in
histological sections. Kidneys were hori
zontally cut at the renal pelvis level. Spec
imens were cut 6 |im thick and stained
with hematoxylin-eosin (HE). Kidneys
were also stained with Periodic Acid-
Schiff (PAS).

Large and small islets of Langerhans
per microscopic field were counted at
100 x (11).

Superficial and juxtamedullary renal
corpuscles (i.e.: capsule plus glomerular
tufts) as well as proximal convoluted
tubules (CPT) were measured (18). Cor
puscular diameters and CPT cellular areas
were determined.

Comparison among groups were per
formed through analysis of variance and
multiple comparisons (6). The number of
large and small pancreatic islets per micro
scopic field were analyzed by using the
Kruskal-Wallis analysis of variance and
the Mann-Whitney U Test (17).

Results

There was a significant decrease of
body weight in orchidectomized animals
and a significant increase of it in spayed
rats when compared with controls (fig 1).

Since virgins and mothers did not differ
in any of the studied variables, they were
considered as one group.

Tables I and II show that G120 was
higher in gonadectomized females than in
controls at 9, 12 and 13 months of age
whilst no differences were detected
between castrated and uncastrated ani
mals. Female controls resulted significant
ly less intolerant to glucose than intact
males.

Table II puts into evidence that
ovariectomized animals registered lower

J. Physiol. Biochem., 53 (2), 1997



GONADECTOMY IN ESS DIABETIC RATS 213

Table I. Glycemia 120 min after glucose load (mg/dl) in gonadectomized and control eSS rats at different
ages.

Values are means ± SD. **: p<0.01; ***: p<0.001; ns: not significant.

Groups 6 months 9 months 12 months

Gonadectomized females 164 ± 17 316 ±169 286 ± 38
Control females 168 ± 8 177 ± 10 199 ±20
Gonadectomized males 189 ± 28 257 ± 63 280 ± 89
Control males 213 ±44 218 ±47 304 ± 88
Comparisons among:

• all groups ** ** ***
• females ns *♦*
• males ns ns ns
• controls *** ns ★**
• gonadectomized animals ** ns ns

Table II. Plasma glucose (mg/dl) and plasma insulin ( U/ml) in fasting state and 120 min after glucose load
in gonadectomized and control eSS rats at 13 months of age.

All values are means ± SD. *: p<0.05; ***: p<0.001; ns: not significant.

Groups GO I0 G120 1120

Gonadectomized females 159 ± 8 18.6 ± 6.06 360 ± 56 22.88 ± 11.02
Control females 150 ± 10 31.04 ±7.28 237 ± 81 24.14 ±6.31
Gonadectomized males 157 ± 11 13.42 ±8.43 288 ± 90 13.26 ±4.74
Control males 154 ± 18 9.25 ± 3.46 301 ± 65 18.25 ± 7.25
Comparisons among:

• all groups ns ■irtr* * ns
• females —— * —
• males —— ns ns —
• controls — *** * —
• gonadectomized animals — ns ns

10 than female controls and do not differ
from castrated rats; female controls
revealed higher values than male ones. GO
and 1120 were similar among groups.

Islets of Langerhans were round
shaped and evidenced regular borders,
especially in females. The number of large
islets per microscopic field in female con
trols was higher than in uncastrated males
(0.87 ± 0.29 vs 0.46 ± 0.14; p < 0.001). In
contrast, ovariectomized animals had a
smaller number of large islets than con
trols (0.59 ± 0.19; p < 0.05) while no dif
ferences were observed between castrated
and uncastrated animals (0.41 ± 0.28 vs

0.46 ± 0.14; p > 0.05). On the other hand,
no differences were seen in the number of
large pancreatic islets in any of the studied
groups (p > 0.05). Neither lymphocytic
infiltrates nor necrosis were visualized.

No corpuscular lesions were described
in renal parenchyma. Notwithstanding,
orchidectomized animals showed foci of
interstitial chronic nephritis and tubular
dilatation in medullary zone as well as
focal lymphocytic infiltrates. In some
cases, protein cylinders were observed.

Corpuscular diameters were not signif
icantly different between males and
females (gonadectomized and controls).

J. Physiol. Biochem., 53 (2), 1997



214 M. C. TARRfiS, S. M. MART1NEZ, S. M. MONTENEGRO er al.

Fig. 1. Body weights of gonadectomized and control
inale and female eSS rats from 3 to 12 months of age.
• : gonadectomized females; A: mother controls; O:
virgin controls; (□ gonadectomized males; ■, control
males. Mean ± SD; *p < 0.05; Mp< 0.01; <

0.001; ns: not significant.

Superficial CPT cellular area was lower
in castrated rats (1483 ±174 pm2 vs 1997
± 543 pm2, p < 0.05) but did not differ in
female groups (1448 ±418 pm2 vs 1545 ±
351 pm~ p > 0.05).

Juxtamedullary CPT shows no signifi
cant differences in male and female
groups.

Discussion

In spite of the verified adverse effects of
diabetes on the female fertility of eSS line
(13), pregnancy appears to have no effects
on the time course of glucose homeostasis,
as indicated by the fact that G120 and
plasma insulin values as well as the num
ber of large islets were the same as those of
virgin controls.

Gonadectomy had a remarkable effect
on the body weight of male and female
eSS rats. Lower biomass in males may be
associated to the lack of anabolic action of 

testosterone and it matches with findings
in other murine diabetic model (7). Other
wise, the increase of body weight in
ovariectomized eSS animals might be jus
tified taking into account that estrogens
inhibit body weight gain in rodents (7).

Considering that eSS females usually
show lower intolerance to glucose and
lower biomass than males (12, 13), it is
interesting to outline that biomass in
ovariectomized eSS rats was lower than in
castrated animals although their tolerance
to glucose appeared similar. Despite the
demonstrated relationship between a
higher body weight and the severity of
hyperglycemia in male rats (21), neither
lower biomass nor the lowering of sexual
hormones could improve the diabetic syn
drome. These data might point out that
testosterone is not a main determinant
factor in glucose intolerance of eSS male
rats. However, the eventual influence of
adrenal androgens cannot be excluded as
seen in Cohen’s rats after gonadectomy
(1).

The impairment of glucose intolerance
in spayed rats might be related with the
loss of certain estrogenic effects on pan
creas as revealed in pancreatectomized
rats (4), in cyclophosphamide-induced
type I diabetic rats after ovariectomy (14)
and in human polycystic ovarian disease
whose glucose intolerance appears
reversible with estrogen administration
(2). Treatment of ovariectomized eSS rats
with estrogen could show whether this
hormone acts to improve their diabetic
status.

As it occurs in human type II diabetes
when GO increases between 80 and 140
mg/dl (3), the pancreas in eSS control
females seemed to react to higher levels of
GO with higher values of 10. On the con
trary, the pancreas loses such capacity in
spayed animals as well as in males (cas
trated and controls) showing lower values
of 10 with similar values of GO. Ovariec- 
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tomized rats also evidenced diminution in
the number of large islets of Langerhans
which, at least in humans, carry out the
bulk of endocrine function (9). This fact is
naturally characteristic in male rats of this
line (11, 13).

IKEDA et al. reported that lack of
hyperglycemia in female Wistar fatty rats
would not obey to sexual hormones since
ovariectomy performed during adulthood
(8) and even during perinatal period (10)
glycemia was not augmented. Although
the reason of sexual dimorphism in Wistar
fatty rats remains unclear, this feature
could be influenced by higher food intake
in males (8). Thus, it cannot be discarded
that higher body weight as well as the
impairment of glucose intolerance in
spayed eSS rats might be due to a higher
food intake induced by gonadectomy.

It has been repeatedly verified that
renal lesions of older eSS males are similar
to those found in long-term human dia
betes (11,12, 22). This fact is related to the
intensity of hyperglycemia and the age of
onset of the diabetic syndrome (21). The
failure to induce a clear worsening of glu
cose intolerance should be considered a
key factor in understanding why orchi
dectomy did not lead to an increase in
glomerular lesions. On the other hand,
tubular differences in superficial and jux-
tamedullary nephrons may be due to a
distinct sensitivity to the deprivation of
testosterone although the possible partici
pation of adrenal androgens must also be
kept in mind.

In sum, it might be said that only in
females of the eSS diabetic line glucid
homeostasis may be influenced, at least in
part, by the presence of gonadal hor
mones.
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Se valora el efecto de la gonadectomia rea-
lizada a los 90 di'as de edad en machos y hem-
bras de la linea de ratas eSS. Se trata de un
modelo no obeso de diabetes insulino indepen-
diente cuyas manifestaciones bioquimicas e
histopatologicas son mas evidentcs en los
machos. Las hembras ovariectomizadas mues-
tran, respecto de las testigos, incremento de
peso, mayor intolerancia a la glucosa a los 9 y
12 meses de edad, menores niveles de insulina
plasmatica y reduccion del numero de islotes
de Langerhans de mayor tamano. Los machos
castrados tienen menor peso que los testigos,
sin mostrar empeoramiento de la intolerancia a
la glucosa, cambios en la insulinemia, ni modi-
ficaciones pancreaticas. En el ririon se observa
menor area celular en los tubulos contomeados
proximales superficiales. Se concluye que la
gonadectomia, a pesar de la menor biomasa de
los machos castrados, no modifica la evolucion
de su diabetes. En las hembras eSS la ovariec-
tomia parece constituir un factor agravante.

Palabras clave: Ratas diabeticas, Gonadectomia,
Tolerancia glucida.
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