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ABSTRACT
This study aimed to evaluate the effect of ursolic acid, hyperinsulinemia and vitamin
B complex in skeletal muscle, which represented by Gastrocnemius muscle after sciatic
nerve crush in diabetes mellitus male rabbits, determine their effects on some
biochemical parameters which include insulin, total serum protein (TSP) and skeletal
muscle protein percentage and detect their effects on histological structures of the skeletal
muscle represented by Gastrocnemius muscle. The results of our study showed that there
is a significant increase of insulin in diabetic rabbits and this increase is continued in all
treatment groups with a higher level range of (3.56-8.4 µu/ ml); the lowest significant
increase is with vitamin B complex treated group. Our study illustrated that Induction of
diabetes has no significant effect on skeletal muscle protein percentage but has a
significant effect on total serum protein, while all treatment groups caused a significant
increase in skeletal muscle protein percentage and total serum protein. Histological
sections of the Gastrocnemius muscle represent some changes happened due to sciatic
nerve crush injury, such as some distraction in skeletal muscle fibers, splitting and
atrophy of others as well as there is an increase in thickness of fibrous tissue separating
them. There is a good regeneration of muscle fibers with little splitting phenomena; also
there is a clear formation of muscle cell nuclei, which indicate an improvement of muscle
after different treatment.
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INTRODUCTION
Diabetes Mellitus (DM) is a metabolic alteration characterized by the incidence of
chronic hyperglycemia associated with a different degree of alterations in the metabolism
of protein, lipids and carbohydrate (1) as an effect of disorder on insulin excretion,
insulin activity or both of them. The diabetes type depends on its etiology. It consists of
two types of diabetes mellitus, commonly established which are diabetes mellitus type 1
and type 2 (2). The traditional signs of diabetes are polyuria, polydipsia, and polyphagia
(3).
Ursolic acid (UA) (C30H48O3) is a pentacyclic triterpenoid that exists in numerous
plants and is a component of several herbal medicines (4). It is the main active
component among the other triterpenoids in apple peels (5). Ursolic acid has antifungal,
insecticidal, antibacterial, complement inhibitor, diuretic, anti-HIV, gastrointestinal
system adjusting actions and antidiabetogenic (6,7). It has antitumor action (8), and
produces anti-inflammatory influence in cells with definite inflammation, but in normal
cells, it can be pro-inflammatory (9).
Hyperinsulinemia is a situation with a level of blood insulin greater than normal level
in individuals without diabetes. Although hyperinsulinemia is not diabetes, it is usually
accompanied with diabetes type 2 (10, 11).
Skeletal muscle has a serious function in locomotion functioning, posture
maintenance, breathing and production of heat during cold environment (12). Skeletal
muscle is quantitatively the greatest essential tissue participating in preserving glucose
homeostasis, as it accounts for ≈ 75% of glucose utilization after insulin stimulation (13).
Those with type 2 diabetes may have hastened muscle atrophy and loss of strength (14).

MATERIALS AND METHODS
Animals:
Fifty healthy, mature male local rabbits (Lepus cuniculus) collected from the local
marketplaces of Basrah, their age ranged from (5–8 months) were adapted for one week
in an animal house of the College of Veterinary Medicine/ Basrah University. The
experimental period lasts for seven weeks included (one week–adaptation period, three
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weeks–DM induction, one week–sciatic nerve crush surgery and two week treatment
period). The animals were distributed into five groups (ten animals in each group).
Diabetes Mellitus was induced in all groups by 200 mg/ kg of Alloxan injected in the
marginal ear vein (15); each group divided into two subgroups without and with sciatic
nerve crushes operation by an incision made over the lateral aspect of the hind limb. The
sciatic nerve of the left limb was crushed at the mid-thigh level using a small hemostatic
forceps for a period of 60 Second (16); then each group except (G1+ve control/ diabetic
rabbits) treated with different treatment for two weeks, the treatments include extracted
ursolic acid (50 mg/ kg) (17), standard ursolic acid (50 mg/ kg) (17), hyperinsulinemia
(1.2 IU/ kg Insulin) (18) and vitamin B complex (2 mg/ kg) (19), respectively.
Biochemical Parameters:
 Determination of Serum Insulin:
The insulin levels were measured by ELISA according to the manufacturer's
instructions. Insulin levels were estimated by means of colorimetric measurement
at 450 nm with (Reader Automated ELISA system; Human ELISA; German)
through interpolation from a standard curve (20).


Determination of Total Serum Protein (TSP):
The measurement was done by the (Biomaghreb; Tunisia) Kit depending on the
enzymatic method of (21).



Determination of Skeletal Muscle Protein:
The Kjeldahl method was used for analysis of the total protein content of the
rabbit gastrocnemius muscle by direct nitrogen measurement and subsequent
multiplication by a conversion factor (22).

Histological Parameters:
Skeletal muscle, which represented by Gastrocnemius muscle were isolated and fixed
in 10% formalin. The fixed tissues were prepared routinely for paraffin embedding; the
sections were deparaffinized using xylene and dehydrated in a gradient of alcohol
solutions. Tissue sections were prepared for examination.


Hematoxylin and Eosin stain:
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Gastrocnemius Muscle stained with Hematoxylin and Eosin. Hematoxylin and
Eosin (H&E) stain as a routine histological stain are used to demonstrate the
general composition of the tissue (23).
Statistical Analysis:
All data were expressed as means±SD. Significant differences among the
experimental groups were determined by one way ANOVA method analysis of variance.
Statistical significance was considered significant at p<0.05 (24).

RESULTS
Biochemical Parameters:
Biochemical Parameters include determination of serum insulin, total serum protein
(TSP) and skeletal muscle protein; these results illustrated in the (Tables 1 and 2).
Table (1): Effect of ursolic acid, hyperinsulinemia and vitamin B complex on serum
insulin of alloxan induced diabetic male rabbits.
Parameter
Insulin µu/ ml
4.920 ±0.311
With Crush
G1
+Ve control (Diabetes only) Without Crush 3.560 ± 0.673
8.320 ± 0.277
With Crush
G2
Extracted UA
Without Crush 8.400 ± 0.387
5.700 ± 0.158
With Crush
G3
Standard UA
Without Crush 5.660 ± 0.114
7.160 ± 0.114
With Crush
G4
Hyperinsulinemia
Without Crush 8.060 ± 0.114
3.460 ± 0.305
With Crush
G5
Vitamin B complex
Without Crush 3.560 ± 0.279
LSD
0.259
Means bear different letters differs significantly at the 5% level.
Groups

Subgroups

B
C
D
D
E
E
F
G
H
H

It is clear from the table, there is a significant increase (p<0.05) of insulin in diabetic
rabbits and this increase is continued in all treatment groups with a higher level with a
range of (3.56-8.4 µu/ ml). The lowest significant increase is with vitamin B complex
treated group.
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Table (2): Effect of ursolic acid, hyperinsulinemia and vitamin B complex on skeletal
muscle protein percentage (Gastrocnemius muscle) and total serum protein (TSP) of
alloxan induced diabetic male rabbits.
Groups

Subgroups

G1
+Ve control (Diabetes only)

With Crush
Without Crush
With Crush
Without Crush
With Crush
Without Crush
With Crush
Without Crush
With Crush
Without Crush

G2
Extracted UA
G3
Standard UA
G4
Hyperinsulinemia
G5
Vitamin B complex
LSD

Parameters
Skeletal Muscle Protein %
TSP
g/ dl
40.780 ± 0.130
A
4.824 ± 0.023
40.960 ± 0.114
A
5.470 ± 1.436
41.700 ± 0.158
C
5.653 ± 0.002
42.700 ± 0.158
D
5.541 ± 0.001
41.580 ± 0.130
E
5.552 ± 0.002
41.080 ± 0.130
F
5.323 ± 0.002
41.400 ± 0.158
G
6.076 ± 0.057
41.000 ± 1.000
H
4.080 ± 0.130
41.180 ± 0.130
J
4.982 ± 0.001
41.480 ± 0.130
K
5.051 ± 0.001
0.267
0.345

C
D
D
D
D
D
E
F
G
H

Means bear different letters differs significantly at the 5% level.

It is clear from the table that induction of diabetes has no significant effect on
skeletal muscle protein percentage but has a significant effect on total serum protein. It is
also clear from the table that all treatment groups (ursolic acid either extracted or
standard, hyperinsulinemia and vitamin B complex) caused a significant increase
(p<0.05) in skeletal muscle protein percentage and also the same effect of treatments are
noticed on total serum protein.
Histological parameter:

Figure (1): Longitudinal section of
rabbit’s Gastrocnemius muscle of G1positive control group (diabetic) after 14
days of sciatic nerve crush injury,
showing very clear Cloudy (C) and Fatty
(F) degenerations in addition to the clear
splitting of myofibrils and pyknosis of
muscle cell nuclei (H&E 400X).

Figure (2): Longitudinal section of
rabbit’s Gastrocnemius muscle of G1positive control group (diabetic) without
sciatic nerve crush injury, showing
muscular Cloudy (C) and Fatty (F)
degeneration still detected, but there is
less splitting of myofibrils and less
pyknosis of muscle cell nuclei (H&E
400X).
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Figure (3): Longitudinal section of rabbit
Gastrocnemius muscle of G2-diabetic
treated with extracted UA group after 14
days of Sciatic Nerve crush injury, showing
the less regenerative process of the muscle
fibers, there is a splitting of muscle fibers
and the large amount of Fibrous tissue (F)
still present (H&E 100X).

Figure (5): Longitudinal section of rabbit’s
Gastrocnemius muscle of G4-diabetic treated with
hyperinsulinemia group after 14 days sciatic
nerve crush injury, indicating some degrees of
regeneration of muscle fibers; also there is
increased the number of irregularly located
muscle cell nuclei (Black arrows). Muscle fibers
are characterized by crimping and waving (H&E
400X).

Figure (4): Longitudinal section of rabbit’s
Gastrocnemius muscle of G3-diabetic treated
with standard UA group after 14 days sciatic
serve crush injury, showing partially good
muscular
fiber
regeneration
multinuclei
formation, no muscular fiber splitting but there
are cloudy and fatty degenerated areas (d) still
existence (H&E 100X).
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Figure (6): Transverse section of rabbit
Gastrocnemius muscle of G5-diabetic treated with
Vit. B complex group after 14 days of Sciatic Nerve
crush injury, showing good normal size of muscle
fibrils with formation of dark well stained muscle
cell nuclei (Black arrows) but the contents of most
myofibrils are still loose and not densely compacted
in spite of some myofibrils which began to be dense
and compact (H&E 400X).

DISCUSSION
Biochemical parameters were investigated in our study in order to examine the
effect of diabetes and different treatment on the rabbit’s serum insulin, total serum
protein (TSP) and skeletal muscle protein.
Results in the (Table 1) indicated a significant increase (p<0.05) of insulin in diabetic
rabbits treated with an extracted ursolic acid with a higher level compared with the other
groups. These results are assisted by those found by (25,26,27,28) who illustrated that
natural components can enhance the release of insulin and/ or stimulate translocation of
glucose transporter type 4 (GLUT4) and glucose uptake, they explained that ursolic acid
represented a powerful antihyperglycemic activity, increased insulin secretion, insulin
vesicle translocation, and increased glycogen content.
It seems from (Table 2) that alloxan induced diabetes did not influence skeletal
muscle protein percentage, but increased total serum protein (TSP) significantly. It
appeared also that treatment by ursolic acid either extracted or standard and
hyperinsulinemia caused a significant increase (p<0.05) in skeletal muscle protein percent
and total serum protein (TSP) when compared with the positive control (diabetic group)
either with or without crush injury of the sciatic nerve.
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These results resemble that found by (29) when illustrated that ursolic acid has been
identified as a powerful stimulator of muscle protein anabolism and increase muscle
hypertrophy and maintaining of muscle protein by preventing proteolysis. Also, our
results of the muscle protein percentage rise by hyperinsulinemia are in agreement with
findings of (30) when explained that the physiologic raise of insulin enhance net muscle
protein anabolism primarily by inhibiting protein breakdown rather than by stimulating
protein synthesis.
After crush injury of alloxan induced diabetes rabbits and after treatment used in this
study; numerous histological changes of Gastrocnemius muscle observed in slides taken
from all groups of the experimentation those changes are demonstrated in histological
figures of the Gastrocnemius muscle of experimental groups indicated in (Figures 1-6)
which shows the destruction of skeletal muscle fibers and splitting fibers in addition to
atrophy and increased thickness of fibrous tissues. Those changes happened to
Gastrocnemius muscles of alloxan diabetic animals subjected to crush injury, but after
treatment with ursolic acid either extracted or standard there were a good regeneration
and muscle fibers regain their normal size after being atrophied before the treatment with
ursolic acid these results come with confinement of what is found by (29) when found
that ursolic acid extracted from apple peels can prevent muscular atrophy caused by
muscle damage by poor peripheral innervation or by malnutrition. (29) also have been
stated that ursolic acid increases brown fat and decreased diet induced obesity.

CONCLUSIONS
From the results of this experiment, we can conclude that alloxan induced diabetes
causes degeneration of the peripheral nerve represented by the sciatic nerve. Treatment
with ursolic acid specially extracted from apple peels can overcome degenerative
processes in the Gastrocnemius muscle and have a good effect on biochemical parameters
such as serum insulin, total serum protein (TSP) and skeletal muscle protein. Physiologic
hyperinsulinemia has less effect on studying parameters compared to ursolic acid.
Treatment with vitamin B complex gave very good results and can overcome bad results
which occur due to diabetes and crush injury to the sciatic nerve and Gastrocnemius
muscle.
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ﺗﺄﺛﯿﺮ ﺣﺎﻣﺾ اﻻورﺳﻮﻟﯿﻚ ،ﻓﺮط اﻻﻧﺴﻮﻟﯿﻦ وﻓﯿﺘﺎﻣﯿﻦ ب اﻟﻤﺮﻛﺐ ﻋﻠﻰ ﺑﻌﺾ اﻟﻘﯿﺎﺳﺎت اﻟﻜﯿﻤﯿﺎﺋﯿﺔ اﻟﺤﯿﻮﯾﺔ واﻟﺘﺮﻛﯿﺐ
اﻟﻨﺴﯿﺠﻲ ﻟﻠﻌﻀﻼت اﻟﮭﯿﻜﻠﯿﺔ ﻓﻲ اﻻراﻧﺐ ﻣﺴﺘﺤﺪﺛﺔ اﻟﺴﻜﺮي ﺑﺎﻻﻟﻮﻛﺴﺎن.

ﻋﺒﺪ اﻟﺮزاق ﻧﻌﯿﻢ ﺧﻀﯿﺮ  ,ﺷﯿﻤﺎء ﺣﺴﯿﻦ ﺷﺒﻊ

*

* ﻗﺴﻢ ﺗﻘﻨﯿﺎت اﻟﻌﻼج اﻟﻄﺒﯿﻌﻲ ،ﻛﻠﯿﺔ اﻟﺘﻘﻨﯿﺎت اﻟﺼﺤﯿﺔ واﻟﻄﺒﯿﺔ ،اﻟﺠﺎﻣﻌﺔ اﻟﺘﻘﻨﯿﺔ اﻟﻮﺳﻄﻰ ،ﺑﻐﺪاد ،اﻟﻌﺮاق.
** ﻓﺮع اﻟﻔﺴﻠﺠﺔ واﻻدوﯾﺔ ،ﻛﻠﯿﺔ اﻟﻄﺐ اﻟﺒﯿﻄﺮي ،ﺟﺎﻣﻌﺔ اﻟﺒﺼﺮة ،ﺑﺼﺮة ،اﻟﻌﺮاق.

اﻟﺨﻼﺻﺔ
ﺗﮭﺪف ھﺬه اﻟﺪراﺳﺔ إﻟﻰ ﺗﻘﯿﯿﻢ ﺗﺄﺛﯿﺮ ﺣﺎﻣﺾ اﻷورﺳﻮﻟﯿﻚ ،ﻓﺮط اﻷﻧﺴﻮﻟﯿﻦ وﻓﯿﺘﺎﻣﯿﻦ ب اﻟﻤﺮﻛﺐ ﻓﻲ اﻟﻌﻀﻼت
اﻟﮭﯿﻜﻠﯿﺔ واﻟﺘﻲ ﺗﻤﺜﻠﮭﺎ ﻋﻀﻠﺔ اﻟﺴﺎق ﺑﻌﺪ ﺳﺤﻖ اﻟﻌﺼﺐ اﻟﻮرﻛﻲ ﻓﻲ ذﻛﻮر اﻷراﻧﺐ ﻣﺴﺘﺤﺪﺛﺔ اﻟﺴﻜﺮي ﺑﺎﻻﻟﻮﻛﺴﺎن ،ﺗﺤﺪﯾﺪ
آﺛﺎرھﺎ ﻋﻠﻰ ﺑﻌﺾ اﻟﻘﯿﺎﺳﺎت اﻟﻜﯿﻤﯿﺎﺋﯿﺔ اﻟﺤﯿﻮﯾﺔ اﻟﺘﻲ ﺗﺸﻤﻞ اﻷﻧﺴﻮﻟﯿﻦ ،اﻟﺒﺮوﺗﯿﻦ اﻟﻜﻠﻲ ﻓﻲ ﻣﺼﻞ اﻟﺪم ) (TSPوﻧﺴﺒﺔ
اﻟﺒﺮوﺗﯿﻦ ﻓﻲ اﻟﻌﻀﻼت اﻟﮭﯿﻜﻠﯿﺔ واﻟﻜﺸﻒ ﻋﻦ آﺛﺎرھﺎ ﻋﻠﻰ اﻟﺘﺮﻛﯿﺐ اﻟﻨﺴﯿﺠﻲ ﻟﻠﻌﻀﻼت اﻟﮭﯿﻜﻠﯿﺔ ﻣﻤﺜﻠﺔ ﺑﻌﻀﻠﺔ اﻟﺴﺎق.
ﺣﯿﺚ أظﮭﺮت ﻧﺘﺎﺋﺞ دراﺳﺘﻨﺎ أن ھﻨﺎك زﯾﺎدة ﻣﻌﻨﻮﯾﺔ ﻓﻲ اﻷﻧﺴﻮﻟﯿﻦ ﻓﻲ اﻷراﻧﺐ اﻟﻤﺴﺘﺤﺪﺛﺔ اﻟﺴﻜﺮي ﺑﺎﻻﻟﻮﻛﺴﺎن ،وﺗﺴﺘﻤﺮ
ھﺬه اﻟﺰﯾﺎدة ﻓﻲ ﺟﻤﯿﻊ ﻣﺠﻤﻮﻋﺎت اﻟﻌﻼج وﺑﻤﺴﺘﻮى ﺗﺮاوح ﺑﯿﻦ ) (ml /µu ٨.٤-٣.٥٦ﺑﯿﻨﻤﺎ أﻗﻞ زﯾﺎدة ﻣﻌﻨﻮﯾﺔ ﻛﺎﻧﺖ ﻓﻲ
اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻌﺎﻟﺠﺔ ﺑﻔﯿﺘﺎﻣﯿﻦ ب اﻟﻤﺮﻛﺐ .ﻛﻤﺎ أظﮭﺮت دراﺳﺘﻨﺎ أن اﺳﺘﺤﺪاث ﻣﺮض اﻟﺴﻜﺮي ﻟﯿﺲ ﻟﮫ ﺗﺄﺛﯿﺮ ﻣﻌﻨﻮي ﻋﻠﻰ
ﻧﺴﺒﺔ اﻟﺒﺮوﺗﯿﻦ ﻓﻲ اﻟﻌﻀﻼت اﻟﮭﯿﻜﻠﯿﺔ وﻟﻜﻦ ﻟﮫ ﺗﺄﺛﯿﺮ ﻣﻌﻨﻮي ﻋﻠﻰ اﻟﺒﺮوﺗﯿﻦ اﻟﻜﻠﻲ ﻓﻲ اﻟﺪم ،ﻓﻲ ﺣﯿﻦ أن ﺟﻤﯿﻊ ﻣﺠﻤﻮﻋﺎت
اﻟﻌﻼج ﺳﺒﺒﺖ زﯾﺎدة ﻣﻌﻨﻮﯾﺔ ﻓﻲ ﻧﺴﺒﺔ اﻟﺒﺮوﺗﯿﻦ ﻓﻲ اﻟﻌﻀﻼت اﻟﮭﯿﻜﻠﯿﺔ واﻟﺒﺮوﺗﯿﻦ اﻟﻜﻠﻲ ﻓﻲ ﻣﺼﻞ اﻟﺪم .ﻛﻤﺎ اظﮭﺮت
اﻟﻤﻘﺎطﻊ اﻟﻨﺴﯿﺠﯿﺔ ﻟﻌﻀﻠﺔ اﻟﺴﺎق ﺑﻌﺾ اﻟﺘﻐﯿﯿﺮات اﻟﺘﻲ ﺣﺪﺛﺖ ﺑﺴﺒﺐ ﻋﻤﻠﯿﺔ ﺳﺤﻖ اﻟﻌﺼﺐ اﻟﻮرﻛﻲ ،ﻣﺜﻞ ﺗﺪﻣﯿﺮ ﺑﻌﺾ
أﻟﯿﺎف اﻟﻌﻀﻼت اﻟﮭﯿﻜﻠﯿﺔ ،اﻧﻘﺴﺎﻣﮭﺎ وﺿﻤﻮر اﻷﺧﺮى ،ﻛﺬﻟﻚ ھﻨﺎك زﯾﺎدة ﻓﻲ ﺳﻤﻚ اﻷﻧﺴﺠﺔ اﻟﻠﯿﻔﯿﺔ اﻟﻔﺎﺻﻠﺔ ﺑﯿﻨﮭﺎ .وظﮭﺮ
ﻓﻲ اﻟﻤﻘﺎطﻊ اﻟﻨﺴﯿﺠﯿﺔ ﻟﻤﺠﺎﻣﯿﻊ اﻟﻤﻌﺎﻟﺠﺔ وﺟﻮد اﻋﺎدة ﺑﻨﺎء ﺟﯿﺪ ﻟﻸﻟﯿﺎف اﻟﻌﻀﻠﯿﺔ ﻣﻊ اﻟﻘﻠﯿﻞ ﻣﻦ اﻻﻧﻘﺴﺎﻣﺎت ﻓﯿﮭﺎ ،أﯾﻀﺎ
ھﻨﺎك ﺗﺸﻜﯿﻞ واﺿﺢ ﻣﻦ ﻧﻮى اﻟﺨﻼﯾﺎ اﻟﻌﻀﻠﯿﺔ ،اﻟﺘﻲ ﺗﺸﯿﺮ إﻟﻰ ﺗﺤﺴﻦ ﻓﻲ اﻟﻌﻀﻼت ﺑﻌﺪ اﻧﻮاع اﻟﻌﻼج اﻟﻤﺨﺘﻠﻔﺔ.

REFERENCES
1. Conget, I. (2002). Diagnosis, classification and pathogenesis of diabetes mellitus.
endocrinología y diabetes. Hospital Clínic I Universitari de Barcelona. España.
Rev. Esp. Cardiol., 55 (5): 528-35.
2. World Health Organization (WHO) (2015). Diabetes Fact sheet N°312. Available
at: http://www.who.int/mediacentre/factsheets/fs138/en/.
3. Steven, S. A. and Elizabeth, D. A. (2008). Step – up to Medicine (Step-up Series).
Hagerstwon, MD: Lippincott Williams & Wilkins, 560 pages. ISBN 0-78177153-6.
4. Wozniak, L.; Skapska, S. and Marszalek, K. (2015). Ursolic acid–a pentacyclic
triterpenoid with a wide spectrum of pharmacological activities. Molecules, 20:
20614–2064.

267

Bas.J.Vet.Res.Vol.16, No.2, 2017.

ISI Impact Factor:3.461

5. He, Q.; Yang, L.; Zhang, J.; Ma, J. and Ma, C. (2014). Chemical constituents of
gold-red apple and their α-glucosidase inhibitory activities. J. Food Sci., 79:
C1970-1983.
6. Liu, J. (2005). Oleanolic acid and ursolic acid: Research perspectives. J.
Ethnopharmacol., 100: 92-94.
7. Domingues, R.; Guerra, A.; Duarte, M.; Freire, C.; Neto, C.; Silva, C. and
Silvestre, A. (2014). Bioactive triterpenic acids: from agroforestry biomass
residues to promising therapeutic tools. Mini-Reviews in Organic Chemistry,
11 (3): 382–399.
8. Checker, R.; Sandur, S.; Sharma, D.; Patwardhan, R.; Jayakumar, S.; Kohli, V.;
Sethi, G.; Aggarwal, B. and Sainis, K. (2012). Potent anti-inflammatory
activity of ursolic acid, a triterpenoid antioxidant, is mediated through
suppression of NF-kappaB, AP-1 and NF-AT. PloS one, 7, e31318.
9. Ikeda, Y.; Murakami, A. and Ohigashi, H. (2008). Ursolic acid: An anti- and proinflammatory, triterpenoid. Mol. Nutr. Food Res., 52: 26-42.
10. Rache, D.; Chetrit, A.; Shanik, M.; Raz, I. and Roth, J. (2009). Basal-state
hyperinsulinemia in healthy normoglycemic adults is predictive of type 2
diabetes over a 24-year follow-up. Diabetes Care, 32 (8): 1464–1466.
11. Diabetes.co.uk (Diabetescouk) (2016). Hyperinsulinemia. Diabetes Digital Media
Ltd
the
global
diabetes
community.
Available
at:
http://www.diabetes.co.uk/hyperinsulinemia.html. Retrieved: 3/5/2016.
12. Wang, Y.; Winters, J. and Subramaniam, S. (2012). Functional classification of
skeletal muscle networks. I. Normal physiology. J. Appl. Physiol., 113 (12):
1884–1901.
13. Bouzakri, K.; Koistinen, H. and Zierath, J. (2005). Molecular mechanisms of
skeletal muscle insulin resistance in type 2 diabetes. Current diabetes reviews,
1 (2): 167-174.
14. Park, S.; Goodpaster, B.; Strotmeyer, E.; Kuller, L.; Broudeau, R.; Kammerer,
C.; de Rekeneire, N.; Harris, T.; Schwartz, A.; Tylavsky, F.; Cho, Y. and
Newman, A. (2007). Health, aging and body composition study. Accelerated
loss of skeletal muscle strength in older adults with type 2 diabetes: the health,
aging, and body composition study. Diabetes Care, 30: 1507-1512.
15. Vieira, E.; Ueno, C.; Valva, V.; Goulart, M.; Nogueira, T. and Gomes, M.
(2008). Bone regeneration in cranioplasty and clinical complications in rabbits
with alloxan-induced diabetes. Braz. Oral Res., 22 (2): 184-191.
16. Tamaddonfard, E. and Cheraghyian, S. (2006). Comparison of cold allodynia in
ligature and crush models of neuropathic pain in rats. Indian Vet. J., 83: 952954.

268

Bas.J.Vet.Res.Vol.16, No.2, 2017.

ISI Impact Factor:3.461

17. Kazmi, I.; Afzal, M.; Gupta, G. and Anwar, F. (2012). Antiepileptic potential of
ursolic acid stearoyl glucoside by GABA receptor stimulation. Siddhartha
Institute of Pharmacy, Dehradun, Uttarakhand, India. CNS Neuroscience &
Therapeutics, 18: 799–800.
18. Romanelli, L.; Amico, M.; Mattioli, F.; Memoli, A.; Savini, G. and Muller, A.
(2004). Effects of insulin-induced acute hypoglycemia and normoglycemic
hyperinsulinemia on the retinal uptake and ocular metabolism of glucose in
rabbits. Metabolism, 53 (10): 1274-1283.
19. Oglesbee, B. L. (2011). Blackwell's five-minute veterinary consult: Small mammal
(2nd Ed.). Wiley-Blackwell; 720 pages.
20. Damazio, R.; Zanatta, A.; Cazarolli, L.; Chiaradia, L.; Mascarello, A.; Nunes,
R.; Yunes, R. and Barreto Silva, F. (2010). Antihyperglycemic activity of
naphthylchalcones, Eur. J. Med. Chem., 45: 1332–1337.
21. Peters, T. Jr. (1968). Proposals for standardization of total protein assays. Clin.
Chem., 14 (12): 1147–1159.
22. Bradstreet, R. B. (1965). The Kjeldahl digestion. In: The Kjeldahl method for
organic nitrogen, (Bradstreet R. B.m Ed.), Academic Press, New York, NY, 988, 248 pages.
23. Luna, G. L. (1968). Manual of histological staining of armed forces institute of
pathology, 3rd Ed., McGraw-Hill, USA: 18; 258 pages.
24. Levesque, R. (2007). SPSS Programming and Data Management: A Guide for SPSS
and SAS Users (4th Ed.). Chicago, Illinois: SPSS Inc., 450 pages.
25. Cazarolli, L.; Zanatta, L.; Alberton, E.; Figueiredo, M.; Folador, P.; Damazio,
R.; Pizzolatti, M. and Silva, F. (2008). Flavonoids: cellular and molecular
mechanism of action in glucose homeostasis, Mini. Rev. Med. Chem., 8: 1032–
1038.
26. Cazarolli, L.; Pereira, D.; Kappel, V.; Folador, P.; Figueiredo, M.; Pizzolatti, M.
and Silva, F. (2013). Insulin signaling: a potential signaling pathway for the
stimulatory effect of kaempferitrin on glucose uptake in skeletal muscle, Eur. J.
Pharmacol., 712 (1-3): 1–7.
27. Silva, F. R.; Zanatta, L.; Frederico, M. J.; Pizzolatti, M. G. and Campos, A. M.
(2013). Kaempferol and kaempferitrin: nutraceutical compounds contribute to
glucose homeostasis by acting at multiple biological sites, in: Garion Villers,
Yves Fougere (Eds.), (Org.). Kaempferol: Chemistry, Natural Occurrences and
Health Benefits, 1st Ed. Nova science publishers Inc., New York, 1–45.
28. Castro A. J., Frederico M. J., Cazarolli L. H., Mendes C. P., Bretanha L. C.,
Schmidt É. C., Bouzon Z. L., Pinto V. A., Ramos C. F., Pizzolatti M. G.,
Silva F. R., (2015). The mechanism of action of ursolic acid as insulin
secretagogue and insulinomimetic is mediated by cross-talk between calcium

269

Bas.J.Vet.Res.Vol.16, No.2, 2017.

ISI Impact Factor:3.461

and kinases to regulate glucose balance. Biochimica. ET Biophysica. Acta.,
51–61.
29. Kunkel, S.; Suneja, M.; Ebert, S.; Bongers, K.; Fox, D.; Malmberg, S.; Alipour,
F.; Shields, R. and Adams, C. (2011). mRNA expression signatures of human
skeletal muscle atrophy identify a natural compound that increases muscle
mass. Cell Metab., 13 (6): 627–638.
30. Gelfand, R. A. and Barrett, E. J. (1987). Effect of physiologic hypeinsulinemia on
skeletal muscle protein synthesis and breakdown in man. J. Clin. Invest., vol.
80 (1): 1-6.

270

