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Currently, diabetes mellitus (DM) has become one of the most common non-infectious pathologies, often causing complications in

the cardiovascular system, kidneys, vision, nervous system, etc., which leads to early disability and mortality of people at the working

age [1,2]. The constant increase in the cost of treatment of patients with this disease is a heavy burden on health care, so it becomes

obvious that there is a need to find and develop facilities to reduce the prevalence of diabetes and its complications.
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Introduction

For the study of DM, experimental models are of great impor-
tance, which can be used to test various methods of correcting car-
bohydrate metabolism and evaluate their effectiveness. Now, there
are more than 30 known chemical compounds with diabetogenic
properties that cause hyperglycemia of various genesis. Among
them, alloxan presenting in the body tissues [3], that has a selec-
tive damaging effect on the beta-cells of the pancreas, and causes
a model of DM. This alloxan model is widely used in experimental
studies to find out the mechanisms of formation of diabetes mel-

litus and its correction using various means [4-6].

Considering that alloxan selectively destroys the [-cells of
Langerhans islands by inducing reactions with free radicals, this
model is closer to type 1 DM. However, it is known that alloxan-
induced diabetes combines features of both types - 1 and 2 [7,8],
characterizing by insulin resistance, which is clinically manifested

by impaired glucose tolerance [9].

Impaired glucose tolerance has a dominant role in the patho-
genesis of prediabetes, or latent diabetes [10]. This condition has
no distinct clinical symptoms and is detected in 15 - 17% of cases
by the results of a standard test of glucose tolerance during pre-
ventive examinations or accidentally. Very often, this hidden en-
docrine disorder leads to the development of DM [11], so timely
diagnosis, as well as effective correction of this condition is an ur-

gent task.

In recent years, in clinical practice, along with well-known
drugs to reduce hyperglycemia in diabetic patients, began to ac-
tively introduce drugs of plant origin [12-14], the main effect of
which is usually associated with the antioxidant action [12,15].

One of these widely advertised hypoglycemic drugs is turmeric

(Curcuma longa) [6, 14], which has wide biological effects (antimi-
crobial [16], anti-inflammatory [17], antioxidant [15], hypolipid-
emic [18], etc. Recently, it was found that turmeric rhizome powder
caused a decrease in glucose absorption in the digestive tract, in-
creased the glycogenesis processes in the liver and muscles, acti-
vated insulin secretion and reduced the secretion of the counterin-
sular hormone - cortisol, which led to a decrease in hyperglycemia
in rats with an experimental model of DM [19]. In this work, the
aim was to study the effect of Curcuma longa rhizome powder on
the sensitivity of tissues to the introduction of exogenous hormone
(insulin resistance) and the degree of glucose uptake by tissues

(glucose tolerance).

Materials and Methods

To achieve this goal, experiments were conducted on adult male
Wistar rats. All animals were divided into four groups. The first
(n =10) and the second (n = 10) groups were control groups that
consisted of intact animals. Animals of the third (n = 10) and the
fourth (n = 10) groups were received a 10% alloxan solution at
the volume of 0.1 ml/100 g body weight. Animals of the 1% and
the 3" groups were kept on a standard feed, while the the 2" and
the 4™ groups of animals received additionally turmeric rhizome
powder (Curcuma longa) - 2% of the feed weight. This amount
of turmeric rhizome powder (Curcuma longa) corresponded ap-
proximately to 400 - 450 mg/rat per day depending on food intake,
while the doses advised for human per day with meal were 1500
mg turmeric for 2 months [20]. Animals of all groups were kept
in standard vivarium conditions, without restriction of water and

food consumption.

To determine the effect of insulin on the concentration of glu-
cose in the blood of rats insulin (Rosinsulin R, manufacturer - LLC
"Plant Medsintez") was injected intraperitoneally at the rate of 2

IU per 1 kg. Before the injection of insulin, the background values
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of glucose concentration were determined, and then this param-

eter was determined on the 1%, 2" and 3™ hour of observation.

To evaluate the glucose tolerance, in the morning on an empty
stomach, the background glucose concentration in the whole blood
was measured and rats were given per os 30% glucose solution at
the volume 5% of body weight. At the end of the 1%, 2" and 3" hour
after solution intake the concentration of glucose in the blood was

determined.

The concentration of glucose in the blood was measured by
electrochemical enzymatic analysis on an automatic glucose ana-

lyzer Super GL (Dr. Muller, Germany).

Statistical analysis of the results was carried out based on cal-
culating the arithmetic mean (M) and their errors (+m). Differenc-
es between indicators were evaluated using the Student's t-criteri-
on for parametric samples and were considered significant at p <

0.05. Calculations were done using common formulas of standard
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programs of the Microsoft Office package.

All experiments were performed in accordance with Interna-
tional recommendations for conducting biomedical research in-
volving animals, issued by the International Council for science
(CIOMS) in 1985, with article XI of the Helsinki Declaration of the
world medical Association (1964) and rules of laboratory practice
in the Russian Federation (Order of the RF MOH dated 19.06. 2003,
No. 267).

Results

After the injection of alloxan, the blood glucose concentration in
the animals of the 3™ and the 4" experimental groups was signifi-
cantly higher on the 1% day of observation than in the control, that
indicated the development of DM (Table 1). However, during the
entire observation period, the blood glucose level in animals that
consumed turmeric with food was significantly lower compare to
similar indicators of rats that consumed standard food, although it

did not reach the control level.

Group N Groups of animals | Back-ground 1 . Days p

1 Control 44 +0,3 3,6 £0,07 4,0 £0,2 4,4 +0,07
2 Control+ Curcuma 4,0+0,3 3,5+0,4 2,8+0,3" 2,2+0,2™
3 DM 50 0,1 18,3 +0,2™ 21,2 £0,1™ 16,2+0,3™
4 DM+Curcuma 4,2 +0,3 12,2 +0,06™ 6,9 0,2 53 +0,2™

Table 1: Blood Glucose Concentration in Rats, mMol/l (M + m).

Notes: (here and following): DM - diabetes mellitus; * - significant differences from similar parameters of control group (p<0,05);

A - significant differences between experimental groups and the second one (p<0,05).

+ - significant differences compared to the background values in each group (p <0.05)

It should be noted that while taking Curcuma longa rhizome
powder in intact animals of the 2" group, the blood sugar level
on the 3and the 6™ day of the experiment was also significantly
lower than the similar indicators in the animals of the 1 group.
Consequently, under the conditions of receiving Curcuma longa
rhizome powder, rats with an alloxan model of DM had a less sig-
nificant increase of glucose concentration in the blood and a faster

its normalization.

At the next stage of the study, an insulin resistance test was per-
formed, to check the sensitivity of tissues to the exogenous hor-

mone injection.

In the healthy animals on standard feed, a significant decrease
of glucose concentration in the blood during the 1 and the 2™
hours following the hormone injection was found, that indicated
an adequate sensitivity of tissues to the hormone (Table 2). In the
control group 1, by the 3 hour of the experiment, the glucose con-
centration was restored to almost the background values, and in
the group of healthy animals that consumed turmeric powder with
food (group 2), the hypoglycemic effect on insulin administration
was weaker, but persisted much longer. In the group of animals
with the alloxan model of DM, whose diet included only standard
food, there was no response to the injection of insulin in contrast

to similar indicators of healthy animals. In rats with DM receiving

Time After Injection, Hour
Group N Groups of Animals Back-Ground 1 5 :
1 Control 4,1+0,2 3,1+0,3* 3,2+0,3" 3,7+0,4
2 Control+ Curcuma 55+0,1 52+0,1 51+0,2 4,9 +0,2*
3 DM 11,8 +2,7* 15,9 + 3,2* 17,6 + 2,4* 16,0 + 2,8*
4 DM+Curcuma 10,9 £ 2,1* 10,0 + 1,7* 8,7 1,54 7,8 £1,5%%%

Table 2: Blood Glucose Concentration in Rats after the Insulin Injection, mMol/1 (M * m).
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turmeric (group 4), a significant decrease in the glucose concen-
tration following insulin injection was demonstrated on the 2

and the 3¢hours.

Thus, turmeric rhizome powder increased the sensitivity of tis-
sues to insulin in DM rats, that may explain one of the mechanisms

of the hypoglycemic effect of the drug.

At the next stage, an oral glucose tolerance test was performed.

Blood Glucose Concentration in Rats after Intake of 30% Glu-
cose Solution (5 ml / 100 g of body weight), mMol/l (M+m)

It can be seen (Table 3) that the background values of glucose
concentration in the control groups were within the physiologi-
cal norm, but in the group of animals with DM, both on standard
feed and consuming turmeric, there was a statistically significant
increase of glucose concentration in the blood compared with the

control values. However, rats of the group 4, received turmeric
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powder had a significant lower increase of glucose concentration

compare to animals on standard feed (group 3).

After the intake of 30% glucose solution the control group of
rats demonstrated a slight but statistically significant increase of
glucose concentration in the blood only during the first hour, which
did not exceed the physiological norm. In this group, this indica-
tor was restored almost to the background values already on the
2nd hour of observation. In group 2, there was no increase in the
concentration of glucose in the blood, despite the sugar load. Along
with this, in the groups with DM (3 and 4), the level of glucose in the
blood after glucose load increased in the first hour and remained
significantly higher for 2 hours in the 3rd group. In group 4, the glu-
cose concentration increased also after the glucose solution intake,
but significantly lower than in group 3. The presented data indi-
cated an increase in the ability of tissues to deposit glucose under

the influence of turmeric in both healthy animals and in DM.

Time after intake, hour
Group N Groups of animals Back-ground 1 > .
1 Control 4,7+0,3 6,0 £ 0,4* 53+0,5 45+0,4
2 Control+ Curcuma 43+0,2 4,6 +0,2 4,4 +04 49 +0,4
3 DM 10,8 + 0,8* 13,3+ 0,9** 14,1 +£0,9* 10,8 £ 0,9*
4 DM+Curcuma 8,0+0,8% 11,2 +1,1+* 10,5+ 1,5* 9,3 +0,9*
Table 3
Conclusion 6. Aizman RIL, et al. “The mechanisms of plant Curcuma longa

Thus, turmeric has a fairly pronounced hypoglycemic effect
both in healthy animals and under diabetes, which is due to in-
crease of tissues sensitivity to the main hypoglycemic hormone -
insulin, that causes an elevation of tolerance to excessive intake of

carbohydrates.

Bibliography
1. The IDF diabetes Atlas. Ninth edition (2019).

2. Dedov Il et al. “Diabetes mellitus in the Russian Federation:
prevalence, morbidity, mortality, parameters of carbohydrate
metabolism and structure of sugar-lowering therapy accord-
ing to the Federal register of diabetes mellitus, status 2017".
Diabetes Mellitus 21.3 (2018): 144-159.

3. Mozheiko LA. “Experimental models for the study of diabetes
mellitus. Part 1. Alloxan diabetes”. Journal of the Grodno State
Medical University 3 (2013): 26-29.

4. Etuk EU. “Animals models for studying diabetes mellitus”. Agri-
culture and Biology Journal of North America 1.2 (2010): 130-
134.

5. Mikhailichenko VYu and Stolyarov SS. “The Role of insulin and
counterinsular hormones in the pathogenesis of alloxan dia-
betes mellitus in rats in the experiment”. Modern Problems of
Science and Education 4 (2015): 485.

rhizome action on carbohydrate metabolism in alloxan - in-
duced diabetes mellitus rats”. American Journal of Biomedical
Research 3 (2015): 1-5.

7. Islam MS and Loots Du T. “Experimental rodent models of type
2 diabetes: a review”. Methods and Findings in Experimental
and Clinical Pharmacology 31.4 (2009): 249-261.

8. Yarmolinskaya M. L, et al. “Experimental models of type 1 dia-
betes”. Journal of Obstetrics and Women'’s Diseases 68.2 (2019)
109-118.

9. Shilov A, et al. “Cherepanova Insulin resistance, glucose intol-
erance, and their correction in patients with metabolic syn-
drome”. Doctor 2 (2011): 16-20.

10. Nikonova LG, et al. “Reaction of the pancreas of dogs with im-
paired glucose tolerance to physical activity of different inten-
sity”. Morphology 142.4 (2012): 72-77.

11. Diabetes Association. “Diabetes and classification of diabetes
mellitus”. Diabetes Care 27.1 (2004): 15-110.

12. Jafarova RE,, et al. “Effects of bilberry leaf extract on the course
of the pathological process of alloxan-induced diabetes melli-
tus”. Fundamental Research 4 (2010): 36-43.

Citation: Aizman RI, et al. “Correction of Insulin Resistance and Glucose Tolerance in Rats with Alloxan-Induced Diabetes Mellitus". Acta Scientific

Medical Sciences 4.3 (2020): 77-80.


file:///C:/Users/DELL/Desktop/Acta%20Scientific/Pdf%20Data/ASMS/ASMS-20-RA-013/1.%09URL:%20http:/www.diabetesatlas.org
https://endojournals.ru/index.php/dia/article/view/9686
https://endojournals.ru/index.php/dia/article/view/9686
https://endojournals.ru/index.php/dia/article/view/9686
https://endojournals.ru/index.php/dia/article/view/9686
https://endojournals.ru/index.php/dia/article/view/9686
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.212.9006&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.212.9006&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.212.9006&rep=rep1&type=pdf
https://www.ncbi.nlm.nih.gov/pubmed/19557203
https://www.ncbi.nlm.nih.gov/pubmed/19557203
https://www.ncbi.nlm.nih.gov/pubmed/19557203
https://care.diabetesjournals.org/content/27/suppl_1/s5
https://care.diabetesjournals.org/content/27/suppl_1/s5

Correction of Insulin Resistance and Glucose Tolerance in Rats with Alloxan-Induced Diabetes Mellitus

13. Mitrofanova IYu., et al. “Methodological bases of selection of
plant objects as sources of phytopreparations”. Fundamental
Study 10 (2012): 405-408.

14. Kozlova AP, et al. “What components of the plant Curcuma
longa have a hypoglycemic effect in diabetes?” Bulletin of the
Novosibirsk State Pedagogical University 3 (2016): 167-175.

15. Bonte F, et al. “Protective effect of curcuminoids on epidermal
skin cells under free oxygen radical stress”. Planta Medica 63.3
(1997): 265-266.

16. LutomskKi J., et al. “Effect of an alcohol extract and of active in-
gredients from Curcuma longa on bacteria and fungi”. Planta
Medica 26.1 (1974): 9-19.

17. Ghatak N and Basu N. “Sodium curcuminate as an effective an-
ti-inflammatory agent”. Indian Journal of Experimental Biology
10.3 (1972): 235-236.

18. Babu PS and Srinivasan K. “Hypolipidemic action of curcumin,
the active principle of turmeric (Curcuma longa) in strepto-
zotocin induced diabetic rats”. Molecular and Cellular Biochem-
istry 166.1-2 (1997): 169-175.

19. Kozlova AP, et al. “Prevention and correction of carbohydrate
metabolism disorders in diabetes mellitus as a medical and
social problem of healthy lifestyle formation: experimental
justification”. Science for Education Today 1 (2019): 208-225.

20. Khajehdehi P, et al. “Oral supplementation of turmeric attenu-
ates proteinuria, transforming growth factor-$ and interleu-
kin-8 levels in patients with overt type 2 diabetic nephropa-
thy: a randomized, double-blind and placebo-controlled
study”. Scandinavian journal of Urology and Nephrology 45
(2011): 365-370.

Assets from publication with us

¢ Prompt Acknowledgement after receiving the article
e Thorough Double blinded peer review

¢ Rapid Publication

¢ Issue of Publication Certificate

¢ High visibility of your Published work

Website: https://www.actascientific.com/

Submit Article: https://www.actascientific.com/submission.php
Email us: editor@actascientific.com

Contactus: +91 9182824667

Citation: Aizman RI, et al. “Correction of Insulin Resistance and Glucose Tolerance in Rats with Alloxan-Induced Diabetes Mellitus". Acta Scientific
Medical Sciences 4.3 (2020): 77-80.


https://www.ncbi.nlm.nih.gov/pubmed/9225611
https://www.ncbi.nlm.nih.gov/pubmed/9225611
https://www.ncbi.nlm.nih.gov/pubmed/9225611
https://www.ncbi.nlm.nih.gov/pubmed/4848567
https://www.ncbi.nlm.nih.gov/pubmed/4848567
https://www.ncbi.nlm.nih.gov/pubmed/4848567
https://www.ncbi.nlm.nih.gov/pubmed/4651248
https://www.ncbi.nlm.nih.gov/pubmed/4651248
https://www.ncbi.nlm.nih.gov/pubmed/4651248
https://www.researchgate.net/publication/14165166_Hypolipidemic_action_of_curcumin_the_active_principle_of_turmeric_Curcuma_longa_in_streptozotocin_induced_diabetic_rats
https://www.researchgate.net/publication/14165166_Hypolipidemic_action_of_curcumin_the_active_principle_of_turmeric_Curcuma_longa_in_streptozotocin_induced_diabetic_rats
https://www.researchgate.net/publication/14165166_Hypolipidemic_action_of_curcumin_the_active_principle_of_turmeric_Curcuma_longa_in_streptozotocin_induced_diabetic_rats
https://www.researchgate.net/publication/14165166_Hypolipidemic_action_of_curcumin_the_active_principle_of_turmeric_Curcuma_longa_in_streptozotocin_induced_diabetic_rats
https://www.researchgate.net/publication/331411736_Prevention_and_correction_of_carbohydrate_metabolism_disorders_in_diabetes_mellitus_as_a_medical_and_social_problem_of_building_a_healthy_lifestyle_An_experimental_rationale
https://www.researchgate.net/publication/331411736_Prevention_and_correction_of_carbohydrate_metabolism_disorders_in_diabetes_mellitus_as_a_medical_and_social_problem_of_building_a_healthy_lifestyle_An_experimental_rationale
https://www.researchgate.net/publication/331411736_Prevention_and_correction_of_carbohydrate_metabolism_disorders_in_diabetes_mellitus_as_a_medical_and_social_problem_of_building_a_healthy_lifestyle_An_experimental_rationale
https://www.researchgate.net/publication/331411736_Prevention_and_correction_of_carbohydrate_metabolism_disorders_in_diabetes_mellitus_as_a_medical_and_social_problem_of_building_a_healthy_lifestyle_An_experimental_rationale
https://www.ncbi.nlm.nih.gov/pubmed/21627399
https://www.ncbi.nlm.nih.gov/pubmed/21627399
https://www.ncbi.nlm.nih.gov/pubmed/21627399
https://www.ncbi.nlm.nih.gov/pubmed/21627399
https://www.ncbi.nlm.nih.gov/pubmed/21627399
https://www.ncbi.nlm.nih.gov/pubmed/21627399

