
Introduction

In our previous study (10) we documented that the al-
leviation of glucose intolerance in SHR-cp lean males by
the long lasting terguride treament is accompanied not
only by decrease of insulinemia, but by the increase of in-
sulin binding to erythrocytes as well. Thus the possible
causal relationship between increase of insulin binding, the
decrease of insulinemia and alleviation of glucose intole-
rance in the SHR-cp lean males can be taken into conside-
ration. But the findings of Nestler et al (17) do not exclude
that the above mentioned changes in insulin binding,insu-
linemia and in glucose tolerance can be considered only as
coincidence without causal relationship or that there are
more regulative mechanism of glucose tolerance. The men-
tioned authors claimed that in neither their study of young
nonobese (16) nor obese men (17,21) did DHEA adminis-
tration affect either fasting serum insulin or glucose levels
or tissue sensitivity to insulin (as determined by either the
hyperinsulinemic-euglycemic clamp technique (5)or
Bergman’s modified minimal model technique (1), respec-
tively). Nevertheless, they found DHEA’s beneficial action
on glucose tolerance. Coleman et al.(7) found that DHEA
is potent to prevent the development of diabetes in geneti-
cally diabetic (db/db) mice. Moreover, they found (7) that

DHEA improved glucose tolerance and reduced plasma in-
sulin in old normal BL/6 female mice. The mentined
DHEA effect the authors (7) explained by increase of sen-
sitivity to insulin.

Thus it is well founded to verify the effect of DHEA
long lasting treatment in the SHR/N-cp lean rats. 

Material and methods

 

Animals
Experiments were carried out in lean genetically hyper-

tensive males of Koletsky type(controls:n=7,low dose of
DHEA:n=9, high dose of DHEA:n=11). Lean SHR/N-cp
rats represents dominant non-obese homozygotes and hete-
rozygotes whereas their obese siblings are recessive homo-
zygotes (cp-cp). The abnormal animals were obtained by
Koletsky(12) when mating a female spontaneiously hyper-
tensive rat (Okamoto -Aoki strain) with normotensive
Sprague-Dawley male rat. The genetically obese animals ap-
peared after several generations of selective inbreeding of
hypertensive offsprings of the original cross.

After weaning at the age of 30 days the animals were
kept in group of four and supplied with water and DOS-
2b pelleted diet ad libitum. During the experiment the ani-
mals were kept in group of two in PVC boxes (humidity:
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55+10%, room temperature:22+1°C, natural lighting). Body
weight,water and pellet intake was daily controlled (except
weekends).

Dehydoepiandrosterone (DHEA) treatment
The drug was appliedd i.p. at the dose l0 and 20 mg per

kg b.w. for 21 days (when lipemia, insulinemia, insulin bin-
ding to erythrocytes , body fat pads and percentage changes
of body weight over injection period was investigated) or
for ll days (when glucose tolerance was monitored).DHEA
was dissolved in aqua pro inj. (l0 or 20 mg in l ml),solution
was applied 0.1 ml/l00 g b.w.In control animals aqua pro
inj. 0.1ml/100 g b.w. was applied i.p. DHEA was obtained
from Web Advanced Products, Inc., Woodd Cross, UT,
USA.

Insulin binding to rat erythrocytes
Plasma was separated from approximately 3 ml of he-

parinized blood drawn by cardiac puncture(under ether
anaesthesia by open chest). Erythrocytes were obtained in
the presence of constant amount of 125I(A-14) insulin
(33pM) at l5°C 3 hours.Results were corrected for nonspe-
cific binding. The details of the method are published pre-
viously (Hilgertová et al.(l990).

Plasma lipids and insulinemia.
Blood sampled by cardiac puncture (under light ether

anaesthesia at 07.00 a.m. after l4 h starvation) was centri-
fuged and the serum stored in plastic tubes at -2O° C.Total
plasma cholesterol and plasma triglycerides were estimated
enzymatically by Hitachi analyzer,plasma insulin was esti-
meted by RIA.

Glucose tolerance
Blood was sampled to heparinized capillaries (from the

retrobulbar plexus under light ether anaesthesia) before glu-
cose loading (basal glycaemia) as well as 30,60,l20 and l80
min after glucose loading. Glucose (3g/kg b.w., 30% soluti-
on) was applied intragastrically after 14 h starvation.
Glycaemia was estimated enzymatically.

Fad pads
Immediately after finishing the cardial puncture the ani-

mal was decapitated, epididymal and retroperitoneal fat pads
were weighted and their weight expressed in g/100 g b.w.

Statistics
The data were analyzed by program SOLO. Statistical

significance of intergroup differences was evaluated by t-test.

Results

Effect of DHEA on % of changes of body weight (Table l)
When compared to controls, low dose shows no effect,

high dose shows profound decrease. Effect of low dose and
high dose differs significantly.

Effect of DHEA on fat pads (Table l)
DHEA shows no effect on epididymal and/or retroperi-

toneal fat pads.

Effect of DHEA on plasma triglycerides
and total plasma cholesterol (Table 2)

DHEA shows dose dependent effect (i.e. decrease) on
plasma triglycerides as well as on total plasma cholesterol.

In both cases high dose shows significantly greater effect.
Low dose shows effect only on plasma triglycerides.

Pellet intake (Table 2)
Hypophagia was induced by the higher dose. Low dose

remained without effect.

Basal glycaemia (Table 3)
Under the high as well as low dose there is a decrease.

Glucose tolerance (Table 3)
High as well as low dose decrease the sum of glycaemia

obtained 30,60,l20 and l80 min after glucose loading (area
under the curve).

Table l:

Group Initial % changes Epididymal Retroperi-
body of body fat pad toneal fat

weight over (g/l00g b.w.) pad(g/100g
(g) injection b.w.)

period

Controls(7) 289+16 +7.00+2.89 1.29+0.31 1.25+0.28

DHEA-10(9) 268+21bB +7.00+3.88 1.13+0.39 1.05+0.39

DHEA-20(11) 288+26 +1.91+2.59dD 1.29+0.17 1.33+0.33

Means + SEM are presented. The number of animals per group is in
the brackets. The significance of values (by two tailed t-test) refers to the
comparison between control and dehydroepiadrosteron treated animals.
Abbreviations: DHEA-10: 10 mg/kg b.w., DHEA-20: 20 mg/kg b.w., a -
P<0.l0,b - P<0.05, c - P<0.02, d - P<0.01(significance versus controls).
Capital:significance DHEA-10 versus DHEA-20.
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Table 2:

Group Plasma Total plasma Pellet intake
triglyce- cholesterol (g/100g b.w./day

rides (mmol/l)
(mmol/l)

Controls(7) 0.90+0.15 1.80+0.16 7.77+0.78

DHEA-10(9) 0.67+0.08d 1.78+0.10 7.19+0.65

DHEA-20(11) 0.53+0.09dD 1.56+0.12D 6.93+0.58d

Means + SEM are presented. The abbreviations are the same as in
Table l.



Insulinemia (Table 3)
Insulinemia shows no changes after long lasting DHEA

treatment.

Percentage of insulin binding to erythrocytes (Table 3)
Insulin binding was not influenced by long lasting

DHEA treatment.

Discussion

As mentioned in the introduction in our previous paper
(10) we documented in SHR/N-cp lean males that long las-
ting terguride treatment shows alleviation of glucose intole-
rance. This is accompanied by decrease of insulinemia and
by increase of percentage of specific insulin binding to
erythrocytes. Our recent data documented that the changes
in glucose tolerance is not in all cases accompanied by pa-
rallel changes in insulinemia and in insulin binding.

At this place it would be suitable to mention the data
obtained by Škrha et al. (20). They monitored the effect of
short term fasting in obese type 2 diabetes mellitus. Short
term fasting reduced slightly but significantly body weight,
which was accompanied by reduction of fasting plasma glu-
cose, by increased glucose disposal rate and by increase of
metabolic clearance rate of glucose. No changes of insulin
receptors on erythrocytes were observed.

There are two common features with our results, i.e.,
the beneficial effect of treatment of the abnormalities in
glucose metabolism in the mentioned type of patients is not
accompanied by the changes in insuline receptors on eryth-
rocytes but there is decrease of fasting plasma glucose. The
mentioned results(20) suggest that elevated insulin sensiti-
vity has not to be accompanied by changes in insulin re-
ceptors on erythrocytes.

Svačina et al. (18) nowdays when studying the relati-
onship between the the basal level of DHEA and insulin
sensitivity they found that there is significant positive cor-
relation between the mentioned parameters. They studied
the changes of plasmatic DHEA during IVGTT in health

subject and in patients suffering from diabetes mellitus. The
increase of insulin was followed by elevation of DHEA.
They estimated tissue sensitivity to insulin by hyperinsuli-
nemic-euglycaemic clamp technique.These data suggest
a close relationship between insulinemia induced by
IVGTT and DHEA. Direct pendant to our measurement is
presented by Nestler at al.(l6,l7)and by Coleman et al
(6,7).Nestler et al. (16,17) found that in young obese as well
as nonobese men DHEA shows no changes in tissue sensi-
tivity to insulin (as determined by hyperinsulinemic-eucly-
caemic clamp technique),but that DHEA shows beneficial
effect on glucose tolerance. Coleman et al. (6) demonstra-
ted that DHEA addministration prevented the development
of diabetes mellitus in genetically diabetic (db/db) or obese
(ob/ob) mice. In the other paper Coleman et al. (7) showed
that DHEA increases tissue sensitivity to insulin in aged
normal mice. As the markers of the elevation of tissue sen-
sitivity to insulin they judged the improved glucose toleran-
ce and reduced plasma insulin The mentioned beneficial
effect of DHEA can be in our experiments expressed by de-
crease of basal glycaemia and by the decrease of „area un-
der the curve“, i.e. by the decrease of sum of glycaemia
30,60,120 and l80 min after glucose loading. Both changes
can be viewed as an expression of elevation of insulin sen-
sitivity. But it remains to be solved why this assumed chan-
ge in insulin sensitivity is not accompanied by the changes
in insulin binding to erythrocytes and by some changes in
insulinemia.

This question arises when we consider the effect of ter-
guride on the glucose tolerance in the animals of the same
strain and sex, i.e., SHR/N-cp lean. We found that the de-
crease of glucose tolerance was accompanied by elevation
of insulin binding to erythrocytes and by decrease by insu-
linemia (10).

It cannot be a priori excluded that the same changes in
the glucose tolerance induced by two different substances
(terguride versus DHEA) are based on the changes of in-
sulin sensitivity (i.e., its elevation), but this assumed incre-
ase of insulin sensitivity is not accompanied in the same
manner by changes in insulin binding to erythrocytes and
by the changes in insulinemia. Similarly, while the glucose
intolerance which we found in SHR/N-cp obese rats as well
as in their lean siblings (9) is accompanied by profoundly
reduced specific insulin binding on erythrocytes (11), then
glucose intolerance induced by brain oligemic hypoxia
shows no changes in insulin binding to erythrocytes (in pre-
paration).

On the other hand, glucose intolerance induced by oli-
gemic brain hypoxia is accompanied by hyperinsulinemia.
All the mentioned data suggest that glucose intolerance is
conditioned by decrease of insulin sensitivity , but its ex-
pression in the changes of insulin binding to erythrocytes
and the changes in insulinemia can be dependent on the
factor which evoked the glucose intolerance (genetic factor
versus brain oligemic hypoxia) and/or on factor alleviating
glucose intolerance (terguride versus DHEA).
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Table 3:

Group Basal gly- Glucose tole- IRI % insulin
caemia rance -“ area (pmol/l) binding to

(mmol/l) under the erythrocy-
curve“ tes

(mmol/l)

Controls(7) 5.45+0.61 29.32+2.13 243+77 2.05+0.92

DHEA-10(9) 4.46+0.44d 24.04+2.71d 222+38 2.24+0.88

DHEA-20(11) 4.18+0.44d 25.85+3.37c 206+103 1.64+0.67(9)

Mean + SEM are presented. The abbreviations are the same as in Table
l.“Area under the curve“ represents the sum of glycaemia 30,60,120 and
180 min after glucose loading.



It is known (19) that under the conditions of insufici-
ency of insulin secretion (diabetes I) or when insulin resi-
stence was developed (diabtes II), triglycerides are elevated
by the intensified lipolysis and by increase input of none-
stirified acids to the liver. DHEA in our series of experi-
ments decreases the basal glycaemia and increase glucose
tolerance (Table 3).Considering the last mentioned DHEA
effect as an expression of increase of insulin sensitivity,
then decrease of triglycerides induced by DHEA (Table 2)
can be judged as a consequence of the changes of the men-
tioned insulin sensitivity (i.e., its elevation). As mentioned
above, the effect of DHEA is not limited only to changes in
glucose tolerance. We documented dose dependent effect
on plasma triglycerides and total plasma cholesterol.

While decrease of cholesterol was found only after hig-
her dose, then decrease of plasma triglycerides was found
under low as well as high dose (Table 2). Moreover, the de-
crease after high dose was significantly higher than after
low dose.

As to the effect of DHEA on plasma triglycerides our
data are in accordance with Mohan et al. (14). They found
in rat that treatment with DHEA lowered triglyceride levels
regardless of whether it was elevated by diet or not. On the
other hand, total plasma cholesterol levels were lowered by
DHEA only when it was higher than normal due to feeding
the condensed milk diet (14). Kurzman et al. (13) found
that DHEA is potent to lower total plasma cholesterol in
both lean and obese dogs. Moreover, studies (8,16) using
human subjects have shown decrease in low density lipo-
protein cholesterol levels following DHEA treatment.

At this place the nutrition parameters of our rats must
be mentioned. We demonstrated (Table 2) dose dependent
effect of DHEA on pellet intake. While the low dose rema-
ined without effect, then the higher dose induced hypopha-
gia.

It cannot be excluded that the decrease of triglycerides
as well as cholesterol are done to a certain degree by hy-
pophagia.It does not hold good for triglycerides under the
lower dose of DHEA. There was not proved statistically sig-
nificant decrease of pellet intake.

With the same precaution we must take the lowering ef-
fect of DHEA in basal glycaemia and in percentage of chan-
ges of body weight over injection period. Especially under
the higher dose the effect of DHEA induced hypophagia
cannot be overlooked.

As to the effect of DHEA on food intake per se there is
no uniformity in the published data. On one side, Cleary et
al (2,3) when studying the effect of DHEA in obese Zucker
rat, they found that cumulative food intakes tended to be lo-
wer in obese-treated compared with obese-nontreated rats.
On the other hand, Cleary (4) documented that DHEA in
Sprague-Dawley rats DHEA does not show any effect on
nutrition.

It is obvious that when we want to study hypolipidemic
effect of DHEA then species, genetic, and nutritional fac-
tors must be taken into consideration.

Conclusions

Data presented by Nestler et al. (16,17), Svačina et al.
(18), Škrha et al. (20) as well as our previous data (10) and
recent findings suggest that DHEA can be potent to influ-
ence insulin sensitivity but that this influence is not ex-
pressed in all cases by change in insulin binding to
erythrocytes and by the changes in insulinemia.Moreover,
DHEA can show species dependent effect in the influence
on insulin sensitivity.
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