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We studied the effect of Epithalon on the function of pancreatic islets and regulation of blood 
glucose level in female rhesus monkeys of various ages. Epithalon corrected the age-related 
decrease in glucose tolerance and restored the dynamics of insulin level in response to glucose 
load. 
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Clinical studies showed that physiological aging is 
accompanied by dysfunction of the pancreas and dis- 
turbances in glucose metabolism, which are mani- 
fested in increased basal glucose and insulin concen- 
trations in the blood, insulin resistance, and decreased 
glucose tolerance [4-6]. Several endogenous and exo- 
genous factors promote the development of these dis- 
orders. They include excessive body weight, pecu- 
liarities of fat distribution in the organism (abdominal 
obesity), low physical activity, and age-related neuro- 
endocrine disorders [2,4]. Insulin resistance is the major 
risk factor for non-insulin-dependent diabetes mellitus 
(NIDDM). The morbidity rate of patients with NIDDM 
constantly increases. Much attention is given to the 
study of the mechanisms of age-related insulin resist- 
ance and synthesis of new medicinal preparations for 
the correction of this disorder. 

Here we studied the effect of tetrapeptide Epitha- 
lon synthesized at the St. Petersburg Institute of Bio- 
regulation and Gerontology on functional activity of 
pancreatic islets and glucose metabolism in rhesus 
monkeys (Macaca mulatta). Our previous studies 
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showed that Epithalon stimulates melatonin produc- 
tion, which decreases with age [3]. It should be em- 
phasized that age-related disturbances in the endocrine 
function of the pancreas and glucose metabolism are 
similar in rhesus monkeys and humans [2]. 

MATERIALS AND METHODS 

Experiments were performed on 7 adult young (6-8 
years) and 7 old (20-27 years) clinically healthy fe- 
male rhesus monkeys (Macaca mulatta) kept in a nur- 
sery of the Institute of Medical Primatology (Sochi- 
Adler). The animals were housed in individual meta- 
bolic cages (isolated room) at 20-25~ and controlled 
light/dark cycle (daytime 6.00-18.00). They received a 
balanced diet and were adapted to metabolic cages and 
procedure of blood sampling for no less than 4 weeks. 

The glucose tolerance test was conducted 1 month 
before Epithalon treatment to study functional activity 
of pancreatic islets and glucose metabolism under ba- 
sal conditions. Fasting animals intravenously received 
40% glucose solution (300 mg/kg) at 9.00-9.30. The 
blood was sampled before and 5, 15, 30, 60, and 90 
rain after glucose administration. 

The peptide Ala-Glu-Asp-Gly (Epithalon) was in- 
jected intramuscularly in a daily dose of 10 lag for 10 
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days (1 month after the glucose tolerance test). The 
glucose tolerance test was repeated on days 8-9 of 
treatment and 1 and 2 months after Epithalon with- 
drawal. 

Plasma glucose concentration was measured by 
the glucose oxidase method. Insulin level was esti- 
mated by enzyme immunoassay with DSL kits. To 
estimate glucose tolerance, we measured the rate of 
disappearance of etogenous glucose from the blood 
over 15 rain after glucose administration (percent per 
rain, % per min). The results were analyzed by Stu- 
dent's t test. 

RESULTS 

In old monkeys the basal glucose level and its concen- 
tration 5, 15, 30, and 60 rain after administration of 
glucose in the standard dose were higher than in young 
animals (Fig. 1, Table 1). Moreover, in old monkeys 
the basal insulin level and its concentration 30 and 60 
rain after glucose administration were higher than in 
young animals (Fig. 2). Insulin concentration in the 
blood of old animals significantly decreased 5 min 
after glucose administration (Fig. 2). 

In old monkeys under basal conditions, the area 
under the glucose response curve (after administration 

of exogenous glucose in the standard dose) far sur- 
passed that in young animals (Table 1). The rate of 
glucose disappearance in old monkeys was lower than 
in young animals (4.3_0.1 and 5.3+0.05% per min, 
respectively, p<0.001). 

In old monkeys Epithalon tended to decrease the 
basal glucose concentration (3.8+0.4 v s .  4.0_+0.4 
mmol/liter in the control) and modulated the dynamics 
of glucose concentration (Fig. l ,  Table 1). Glucose 
concentration in old animals underwent significant 
changes 5, 15, and 60 rain after Epithalon administra- 
tion. However, the concentration of  glucose under ba- 
sal conditions and after treatment with exogenous glu- 
cose remained practically unchanged in young mon- 
keys (Fig. 1, Table 1). 

After treatment with Epithalon the area under the 
glucose concentration curve after administration of 
exogenous glucose in the standard dose slightly de- 
creased in old monkeys (388.9_+43.6 v s .  479.6_+38.0 
mmol/literxmin in the control). Age-related differ- 
ences in the area under the glucose response curve 
were observed under basal conditions, but disappeared 
after Epithalon treatment (Table 1). After Epithalon 
administration the rate of glucose disappearance signi- 
ficantly increased in old monkeys (4.92_+0.20 v s .  4.3_+ 
0.1% per min in the control, p<0.01), but remained 

TABLE 1. Glucose Concentration and Area under Glucose Response Curve in Female Rhesus Monkeys of Various Ages 
Receiving Glucose in the Standard Dose before, dudng, and 1 or 2 Months after Treatment with Epithalon (M~rn) 

Conditions, age group 

Before Epithalon 
administration 

6-8 years 

20-27 years 

During Epithalon 
administration 

6-8 years 

20-27 years 

After Epithalon 
withdrawal 

1 months 

6-8 years 

20-27 years 

2 months 

6-8 years 

20-27 years 

Glucose concentration, mmol/liter 

before after administration of glucose in the standard dose glucose 
admini- 
stration 5 15 30 60 90 

3.8• 

4.0• 

3.6• 

3.8• 

3.8• 

4.1• 

3.7• 

4.2• 

9.2• 

12.0• 

8.9• 

8.4• § 

8.2• 

9.5• 

8.4• 

8.6• §247247 

5.6• 

9.8• 

6.1• 

6.8• *§ 

7.2• 

8.4• 

5.9• 

8.1• . . . . .  

3.9• 

7.8• 

3.9• 

5.7• 

4.9• 

7.7• 

4.1• 

7.4• 

3.4• 

5.0+0.4* 

3.8• 

3.9• §247 

3.4• 

5.2• 

3.2• 

5.3• 

3.5• 

4.1• 

3.7---'-0.5 

3.1• 

4.1• 

4.5• 

3.1• 

4.1• 

Response 
area, mmol/ 

literxmin 

294.9• 

479.6• 

343.3• 

388.9• 

353.0-+19.9 

480.0• 

293.2+25.0 

451.0• 

Note. *p<0.001, **/><0.01, and ***p<0.05 compared to 6-8-year-old animals; *p<0.001, **p<0.01, and **+p<0.05 compared to indexes observed 
before Epithalon administration. 
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Fig. 1. Glucose concentration in peripheral blood plasma from young (1) and old female rhesus monkeys (2) receiving glucose in the standard 
dose before (a) and on days 8-9 of Epithalon treatment (b). *p<0.001 and **p<0.05 compared to young animals; *p<0.001 and +*p<0.05 
compared to indexes observed before Epithalon administration. 
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Fig. 2. Insulin concentration in peripheral blood plasma from young (1) and old female rhesus monkeys (2) receiving glucose in the standard 
dose before (a) and on days 8-9 of Epithalon treatment (b). *p<0.05 compared to young animals; *p<0.001 and +*p<0.05 compared to indexes 
observed before Epithalon administration. 

unchanged in young animals (5.20+-0.18 v s  5.20-+0.05 
% per rain in the control, p>0.05). 

Basal glucose concentration, its level 30, 60, and 
90 min after glucose administration, and area under 
the glucose response curve returned to normal 1 and 2 
months after Epithalon withdrawal (Table 1). However, 
5 and 15 rain after treatment glucose concentration re-. 
mained below the basal level (Table 1). Moreover, the 
rate of glucose disappearance 1 and 2 months after Epi- 
thalon withdrawal was higher than in the control (4.7-+ 
0.3, 4.96-+0.20, and 4.3:L-0.1% per rain, respectively). 

Basal insulin concentration decreased after Epi- 
thalon administration. Glucose-induced changes in 

insulin concentration were similar in old and young 
monkeys (Fig. 2). In old monkeys receiving Epithalon 
the relative increase in insulin concentration became 
more pronounced 5Lmin after glucose administration 
(320__.29 v s .  198__.40% in the control, p<0.05; in young 
animals 450-+72%), but decreased by the 60th minute 
(69_+8 v s .  117+_.20% in the control, p<0.05). 

In old monkeys, insulin concentration increased, 
while glucose level decreased 5 min after administra- 
tion of glucose in the standard dose, These changes 
indicate that Epithalon normalizes phase I of insulin 
secretion associated with a rapidly reacting pool. Prob- 
ably, the sensitivity B-cells of Langerhans islets to 
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glucose in high concentrations increases. Disturbances in 
the early phase of insulin secretion were observed in pa- 
tients with NIDDM and impaired glucose tolerance [1 ]. 

Epithalon not only normalized the early phase of 
insulin secretion, but also increased "plasticity" of 
phase II. Insulin concentration significantly decreased 
30 and 60 rain after glucose administration (Fig. 2). 
Normalization of insulin level in old monkeys was 
decelerated under basal conditions (Fig. 2), which is 
consistent with published data [2]. Insulin concentra- 
tion returned to normal after 30 and 60 min, which is 
probably related to an increase in the sensitivity of 
peripheral tissues to insulin. This assumption is con- 
firmed by a decrease in insulin and glucose concentra- 
tions (Table 1, Fig. 1). 

Our results indicate that treatment with Epithalon 
for 10 days normalizes impaired glucose tolerance and 
corrects changes in blood insulin level in aging mon- 
keys. Glucose tolerance remained high 1 and 2 months 
after Epithalon withdrawal. Epithalon produces a nor- 
malizing effect on functional activity of pancreatic 
islets and glucose metabolism. Probably, Epithalon 
restores sensitivity of 13-cells and peripheral tissues to 
blood glucose and insulin, respectively. It can be hypo- 

thesized that the effect Of Epithalon is realized via 
stimulation of melatonin secretion [3]. Previous stu- 
dies showed that melatonin decreases basal insulin 
concentration [9], in vitro inhibits its production in 
Langerhans islets [8], and prevents hyperglycemia du- 
ring experimental diabetes mellitus [7]. 
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