Journal of University of Babylon, Pure and Applied Sciences,Vol.(26), No.(5)
Histological Effect of Ursolic Acid,
Hyperinsulinemia and Vitamin B Complex on
Sciatic Nerve Repair and Lipid Profile of
Alloxan induced Diabetic Rabbits

Abdul Razzaq N. Khudair* Shaymae’ H. Shabaa?®

Physiology and Pharmacology Department, College of Veterinary Medicine, Basrah
University, Basrah, Irag, E-mail: shym_hussein@yahoo.com
2Physiotherapy Department, College of Health and Medical Technology, Middle
Technical University, Baghdad, Irag, E-mail: shym_hussein@yahoo.com

Abstract

This study aimed to evaluate the effects of ursolic acid, hyperinsulinemia and
vitamin B complex on sciatic nerve repair in diabetes mellitus male rabbits,
determination of their effects on lipid profile and histological structures of the sciatic
nerve. The results of our study showed that alloxan induced diabetes caused a
significant increase (p<0.05) in serum cholesterol and triglyceride while treatment of
extracted and standard ursolic acid, hyperinsulinemia and vitamin B complex caused a
significant decrease (p<0.05) in serum cholesterol and triglyceride. There are
significantly decreased (p<0.05) in serum high density lipoprotein (HDL) and
significantly increase (p<0.05) in serum low density lipoprotein (LDL) is found in
induced diabetic and hyperinsulinemia groups while there is a significant increase
(p<0.05) of HDL in all treated groups except hyperinsulinemic group, on the other
hand, there is a significant decrease (p<0.05) in LDL, especially in extracting ursolic
acid group (p<0.05). Histological sections of sciatic nerve confirmed there is a
degeneration of nerve fibers appears as areas of cloudy swelling and fatty de-
generation of the nerve fibers due to nerve crush. There are various improvement changes
due to the different treatment type.

Keywords: Histological, Ursolic Acid, Hyperinsulinemia, Vitamin B Complex, Sci-
atic Nerve, Lipid Profile, Alloxan, Diabetic, Rabbits.
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1-Introduction

Diabetes Mellitus (DM) is metabolic variation categorized by the incidence of chronic
hyperglycemia accompanied in a different degree, by alterations in the metabolism of
protein, lipids and carbohydrate [1] as an effect of disorder on insulin secretion, insulin
activity or both. The diabetes type depends on the suppose etiology. It consists of two
types of diabetes mellitus widely prevalent that are diabetes mellitus typel and type 2 [2].
The traditional signs of diabetes are polyuria, polydipsia, and polyphagia [3]

Ursolic acid (UA) (3B-hydroxyurs-12-en-28-oic acid) is a pentacyclic triterpenoid that
exists in various plants and is a component of numerous herbal medicines [4]. It is the
major effective component among the other triterpenoids in ap- ple peels [5]. Ursolic
acid has antibacterial, antifungal, insecticidal, anti-HIV, complement inhibitor, diuretic,
antidiabetogenic and gastrointestinal system ad- justing actions [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 type2. [10] [11]

The sciatic nerve, innervating the hind limb; it involves mixed of motor and sensory
axons and is usually used as a model for studying regeneration of the nerve and its regener-
ation is associated with a variety of changes in the dorsal root ganglion (DRG) neuron cell
bodies and regenerates is associated with the expression of new genes and proteins [12]
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2-Materials and Methods

3-Animals

Fifty healthy-mature male local rabbits (Lepus cuniculus) obtained from the local
market- places of Basrah, their weights ranged from (900 g — 1.900 g) and ages between
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 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 intravenous injection of Alloxan [13]; each group divided into two subgroups
without and with sciatic nerve crush 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 [14]; 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) [15], standard ursolic acid (50
mg/ kg) [15], hyperinsulinemia (1.2 1U/ kg Insulin) [16] and Vitamin B complex (2 mg/
kg) [17], respectively.

4-Lipid Profile Measurements:

4.1-Determination of Serum Cholesterol
Serum Cholesterol level in the blood was measured by the enzymatic method of a
com- mercial kit (BioMerieux; France) using the enzymatic method of [18]
4.1.1 - Determination of Serum Triglyceride
Serum triglyceride was measured by (BioMerieux; France) Kit depending on the

enzy- matic method of [19].

Determination of Serum HDL and LDL The measurement was done by the
(BioMerieux; France) Kit depending on the enzymatic method of [20] .

5-Histological parameter

The sciatic nerve was isolated and fixed in 10% formalin. The fixed tissues were pro-
cessed routinely for paraffin embedding; the sections were deparaffinized using xylene
and dehydrated in a gradient of alcohol solutions. The Sciatic nerve sections were stained
with Hematoxylin and Eosin stain as a routine histological stain used to demonstrate the
general composition of the tissue [21].
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6-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 [22].

7-Results

8-Lipid Profile Measurements

The Lipid Profile Measurements for serum cholesterol, triglyceride, HDL and LDL
were clarified in the tables listed below respectively.

Table(1): The effect of ursolicacid, hyperinsulinemia and vitamin B complex on serum
cholesterol and serum triglyceride of alloxan induced diabetic rabbits.

Parameters

Groups Subgroups Cholesterol mg/ dl Triglyceride mg/dl
Gl With Crush 235.200=12.029 B [ 128.400=3 507 C
+Ve control (Diabetes only) || Without Crush | 253.000=37.536 ¢ |180.880=10243 D
G2 With Crush 51333= 0410 D | 66338=0247 E
Extracted UA Without Crush | 22.048= 0.157 E | 80328=0315 A
c3 With Crush 40476=0.106 F | 142386= 0160 F
Standard UA Without Crush | 174.149=0.155 G | 1521450123 F
G4 With Crush 156.000£31.200 H | 134600=30066 G
Hyperinsulinemia Without Crush | 292 600=3.029 I | 79.800= 1303 H
G5 With Crush 70324+ 19713 K | 128.127=0.027 K
Vitamin B complex Without Crush | 84.637= 0.030 L | 1017080013 L
LSD 12.99 10.66

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

The statistical analysis of our study shows significantly (p<0.05) increases serum
cholesterol and triglycerides of both crushed and non-crushed sciatic nerve. It is also
clear from the table that treatment with Ursolic Acid either extracted or standard shows
significantly decrease these two parameters more than diabetic group despite the crush in-
jury. Hyperinsulinemia significantly decreases cholesterol of crushed injury sciatic nerve
rabbits, but increases non-crushed rabbits cholesterol; the result of triglycerides for hy-
perinsulinemia is vice versa. Vitamin B complex treatment significantly decreases serum
cholesterol of both crushed and non-crushed diabetic rabbits. But it significantly de-
creased triglycerides of only non-crushed sciatic nerve diabetic malerabbits.

196



Journal of University of Babylon, Pure and Applied Sciences,Vol.(26), No.(5)

Table (2): Effect of ursolic acid, hyperinsulinemia and vitamin B complex on serum
HDL and serum LDL of alloxan induced diabetic male rabbits.

Parameters
Groups Subgroups HDL mg dl IDL mg dl

¢l With Crush 32608= 1620 c | 17360010114 C
+Ve control (Diabetes only) | Without Crush | 18.020=3721 D | 201000+66215 D
G2 With Crush 102.628+4.135 E | 77.653= 0356 E
Extracted UA Without Crush | 112.008=0076 F | 160.977=0.082 F
G3 With Crush 97 865= 0.081 G | 13774120088 G
Standard UA Without Crush | 117.324+0083 H | 1734480078 H
G4 With Crush 18360+ 2941 1 ]|111400+26178 1
Hyperinsulinemia Without Crush | 37.100=0.138 7 | 2444002073 1
et With Crush 1004120172 M| 132.58520.025 G
Vitamin B complex Without Crush | 95388=0.024 N | 2181610014 K
LSD 1.562 17.23

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

Itis clear from the table that in induced diabetes group there is significantly decreased
(p<0.05) serum HDL and significantly increase (p<0.05) serum LDL. Itis also clear from
the table that all treatment groups cause such increase in HDL accept hyperinsulinemia
which causes a significant decrease in HDL (p<0.05). In the case of serum LDL treat-
ment with extracted ursolic acid cause a significant decrease in LDL. Standard ursolic
acid caused a significant increase (p<0.05) in this parameter. Hyperinsulinemia treatment
caused a highly significant increase in LDL in non-crushed sciatic nerve diabetic rabbits
but causes a significant decrease (p<0.05) in crushed sciatic nerve diabetic rabbits while
treatment with Vitamin B complex causes a significant increase (p<0.05) in LDL.

9-Histological parameter

Figure (1): Longitudinal section
of rabbit sciatic nerve of
Gl-positive  control  group
(diabetic only) without crush,
showing clear separation of
Neurofibrils and loose
connection between them with
prominent Schwann cells (Black
arrows) (H&E 400x).

Figure (2): Longitudinal
section of rabbit sciatic nerve
of Gl-positive control group
(diabetic only) after 14 days of
crush injury, showing clear
deficient andloose nerve fibers
( <= arrows) with clear
enlarged Schwann cells nuclei
of myelinated axons (Black
arrows) (H&E 400x).
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Figure (3): Longitudinal section

of rabbit sciatic nerve of
G2-diabetic treated with extracted
UA after 14 days of crush injury.
showing clear improvement and
regeneration of Neurofibrils but
there some vacuolation still found
and some separations of
Neurofibrils (Black arrows) (H&E
400x).
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of rabbit sciatic nerve of
G3-diabetic treated with standard
UA after 14 days of crush injury.
showing there is a cloudy
degeneration (Black arrows) and
separations and loosening of
Neurofibrils (€=arrows) still
found (H&E 400x).

Figure (5): Longitudinal section
of rabbit sciatic nerve of
G4-diabetic treated with
Hyperinsulinemia after 14 days of
crush injury. showing clear loose
nerve fibrils  and  cloudy
degeneration with clear increased
number of Schwann cells of axons
(H&E 100x).

(left) and transverse section (Right)
of rabbit sclatic nerve of
G5-diabetic treated with Vit. B
complex after 14 days of crush
injury, showing good regeneration
of neurofibrils and disappearance
of cloudy and fatty degenerations
but there is some enlargement of
Schwann cells of axons (H&E

100x).

10-Discussion

Lipid Profile Measurements were investigated in our study in order to examine the
effect of diabetes and different treatments to the rabbit’s serum cholesterol, triglyceride,
HDL and LDL.

The outcome of serum lipid profile laboratory investigations done on the studied rab-
bits demonstrated in the tables (1 and 2). It is clear that there is a significant eleva-
tion (p<0.05) of serum cholesterol of alloxan induced rabbits and highly significant, rise
(p<0.05) of triglyceride (TG). While there is a more significant decrease (p<0.05) of high-
density lipoprotein (HDL) in alloxan induced diabetic rabbits. In addition, there is a sig-
nificant increase (p<0.05) of low-density lipoprotein (LDL) of diabetic rabbits.

All these measurement results resemble those found by [23] on al- loxan induced
diabetic rabbits. These findings also are comparable with that reported by [24] [25] [26]
[27].

The reason for these findings is that in normal conditions there is suppression of the
release of free fatty acids into the circulation due to inhibition of lipolysis because of the
active effect of insulin which inhibits the lipase enzyme activity that is responsible for the
lipolysis process [28].

In diabetes mellitus, there is insufficient insulin leads to the activation of lipase en-
zyme and enhancement of lipolysis and subsequently discharges more free fatty acids
into the blood circulation [29]. Moreover, the presence of extra fatty acids in plasma due
to alloxan induced hyperglycemia enhances liver to convert some of them into
phospholipids and cholesterol [30].
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Results in the table (1) showed a significant reduction (p<0.05) of cholesterol and
triglyceride when treated with ursolic acid are coming to an agreement with results found
by [31] when found that ursolic acid decrease the level of triacyl glyc- erol in the
plasma via the inhibition of pancreatic lipase and by stimulating lipolysis in adipocytes.
Furthermore, [32] found the same result that this study found when the stated that
Ursolic Acid has the ability to reduce the level of plasma total cholesterol, free fatty
acids and triglycerides in diabetic mice.

It is obvious from the table that hyperinsulinemia causes a significant increase
(p<0.05) in the cholesterol and triglyceride levels if compared with other treatment
groups as well as with the diabetic group (positive). These results are assisted by those
found by [33] and [34] when stated that insulin resis- tance is commonly associated with
hyperinsulinemia and hypertriglyceridemia, also [35] found that it is associated with an
increase in LDL-TG production. Because of the close correlation between TG
production rate and hyperinsulinemia, it has generally been assumed that insulin
facilitates LDL production, particularly when plasma free fatty acids and glucose levels
are elevated [36]. It is also clear from the table (1 and 2) that treatment with Vitamin B
complex decreases serum cholesterol and triglyceride of non-crushed sciatic nerve
diabetic rabbits, but it significantly increases HDL and little effect on LDL.

Different degrees of histological changes in the sciatic nerve after examination of
several histological slides from all the experimental groups which clearly appeared in
(Figures 1-6) stained with Hematoxylin Eosin stain. After crush injury of alloxan in-
duced diabetes rabbits and after treatments that are used in this study, several histological
changes were found in those slides as shown in the figures mentioned; those changes
could be noticed four days after crush injury and after two weeks after the treatments as
mentioned by several workers such as [37] and [38]. These changes included
degeneration of axons when started as a cloudy swelling and fatty degenerations
followed by myelin sheath destruction and the prolifera- tion of a larger number of
Schwann cells, all such changes are found in slides taken from the groups of our
experiment and also mentioned by the above-mentioned workers.

To encourage the phenomenon of healing, regeneration, and recovery of damaged
nerve by crush injured many drugs have been used, these drugs can help in nerve
regeneration or healing or pain relief. Such drugs involve systemic steroid or local
ones [39] [40] [41]. But in our study, we used ursolic acid extracted from green apple
peels compared with standard imported one as well as using insulin and vitamin B
complex. The results we obtained are very good results of healing using extracted ursolic
acid compared to insulin. Vitamin B complex gave very good results which are
documented by the results found by and [42]. When concluded that vitamins B was
considered as the best drugs which can be used in the regeneration of damaged nerves.
[43] and [44] stated that the vitamin B complex has shown to promote regeneration and
functional recovery of injured sciatic nerve and regeneration of nerve fibers with their
myelin sheath.
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Very good results of sciatic nerve regeneration obtained by using Ursolic Acid in
this study are agreeing with what is found by [45] when they stated that Ursolic Acid
can promote repair of peripheral nerves, can repair damaged neurons and promote neural
regeneration after peripheral nerve injury.

11-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 ur- solic acid that extracted from apple peels can overcome degenerative processes
in the sciatic nerve and has positive effects on lipid profile measurement. Physiologic
hyper- insulinemia has less effect on studying parameters compared to ursolic acid.
Treatment with vitamin B complex gave positive results and can overcome bad results
which occur due to diabetes and crush injury to the sciatic nerve.

References

[1] I. Conget, “Diagnosis, classification and pathogenesis of diabetes mellitus. en-
docrinologia y diabetes,” Hospital Clinic | Universitari de Barcelona. Espafia. Rev.
Esp. Cardiol, vol. 55, no. 5, pp. 528-35,2002.

[2] “World health organization (who)diabetes fact sheet n°312,” 2015. [Online].
Available: Availableathttp://www.who.int/mediacentre/factsheets/fs138/en/

[3] S. A. Steven and D. A. Elizabeth, “Step — up to medicine (step-up series).” MD:
Lippincott WilliaHagerstwon, MD: Lippincott Williams & Wilkinsms, 2008, p. 560.

[4] L. Wozniak, S. Skapska, and K. Marszalek, “Ursolic acid—a pentacyclic triterpenoid
with a wide spectrum of pharmacological activities,” Molecules, vol. 20, pp. 20 614—
2064, 2015.

[5] Q. He, L. Yang, J. Zhang, J. Ma, and C. Ma, “Chemical constituents of gold-red
apple and their a-glucosidase inhibitory activities,” J. Food Sci, vol. 79, pp. 1970-
1983, 2014.

[6] J.Liu, “Oleanolic acid and ursolic acid: Research perspectives,” J. Ethnopharmacol,
vol. 100, pp. 92-94, 2005.

[7]1 R. Domingues, A. Guerra, M. Duarte, C. Freire, C. Neto, C. Silva, and A. Silvestre,
“Bioactive triterpenic acids: from agroforestry biomass residues to promising ther-
apeutic tools,” Mini-Reviews in Organic Chemistry, vol. 11, no. 3, pp. 382-399,
2014,

[8] R.Checker, S. Sandur, D. Sharma, R. Patwardhan, S. Jayakumar, V. Kohli, G. Sethi,
B. Aggarwal, and K. Sainis, “Potent anti-inflammatory activity of ursolic acid, a
triterpenoid antioxidant, is mediated through suppression of nf-kappab, ap-1 and
nf-at,” PloS one, vol. 7, p. 31318, 2012.

200


http://www.who.int/mediacentre/factsheets/fs138/en/

Journal of University of Babylon, Pure and Applied Sciences,Vol.(26), No.(5)

(9]

[10]

[11]

[12]

[13]

[14]

[18]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Y. lkeda, A. Murakami, and H. Ohigashi, “Ursolic acid: An anti- and pro-
inflammatory, triterpenoid,” Mol. Nutr. Food Res, vol. 52, pp. 26-42, 2008.

D. Rache, A. Chetrit, M. Shanik, I. Raz, and J. Roth, “Basal-state hyperinsuline-
mia in healthy normoglycemic adults is predictive of type 2 diabetes over a 24-year
follow-up,” vol. 32, no. 8, pp. 1464-1466, 2009.

D. co. uk (Diabetescouk), “Hyperinsulinemia. diabetes digital media 1td - the
global diabetes community.” 2016. [Online]. Available: http://www.diabetes.co.uk/
hyperinsulinemia.html.Retrieved:3/5/2016.

S. Fuand T. Gordon, “The cellular and molecular basis of peripheral nerve regener-
ation,” Mol. Neurobiol, vol. 14, pp. 67116, 1997.

E. Vieira, C. Ueno, V. Valva, M. Goulart, T. Nogueira, and M. Gomes, “Bone regen-
eration in cranioplasty and clinical complications in rabbits with alloxan-induced
diabetes,” Braz. Oral Res, vol. 22, no. 2, pp. 184-191, 2008.

E. Tamaddonfard and S. Cheraghyian, “Comparison of cold allodynia in ligature and
crush models of neuropathic pain in rats,” Indian Vet. J, vol. 83, pp. 952-954, 2006.

I. Kazmi, M. Afzal, G. Gupta, and F. Anwar, “Antiepileptic potential of ursolic acid
stearoyl glucoside by gaba receptor stimulation,” Siddhartha Institute of Pharmacy,
Dehradun, Uttarakhand, India. CNS Neuroscience & Therapeutics, vol. 18, pp. 799—
800, 2012.

L. Romanelli, M. Amico, F. Mattioli, A. Memoli, G. Savini, and A. Muller, “Effects
of insulin-induced acute hypoglycemia and normoglycemic hyperinsulinemia on the
retinal uptake and ocular metabolism of glucose in rabbits,” Metabolism, vol. 53,
no. 10, pp. 1274-1283, 2004.

B. L. Oglesbee, “Blackwell’s five-minute veterinary consult: Small mammal (2nd
ed.),” vol. 720, 2011.

C. C. Allain, L. S. Poon, and C. S. Chan, “Enzymatic determination of total serum
cholesterol,” Fupc, vol. 20, pp. 470-475, 1974.

P. Fossati and L. Prencipe, “Serum triglycerides determined colorimetrically with
one enzyme that produces hydrogen peroxide,” Clin. Chem, vol. 28, p. 2077, 1982.

M. Burstein, H. Scholnick, and R. Morfin, “Rapid method for the isolation lipopro-
teins from human serum by precipitation with polyanions,” J. Lipid Res, vol. 11, pp.
583-595, 1970.

G. L. Luna, “Manual of histological staining of armed forces institute of pathology.”
USA: 18: McGraw-Hill, 1968.

R. Levesque, “Spss programming and data management: A guide for spss and sas
users,” vol. 450. Chicago, Illinois: SPSS Inc, 2007.

201


http://www.diabetes.co.uk/

Journal of University of Babylon, Pure and Applied Sciences,Vol.(26), No.(5)

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

O. K. Bager, “The effects of diabetes mellitus in nerve conduction of human and ex-
perimentally induced diabetic rabbits. a thesis for the degree of master of science in
veterinary medicine. physiology department,” 2015, a thesis for the degree of mas-
ter of science in veterinary medicine. Physiology department. College of Veterinary
Medicine/ Basrah University.

S. Tamboli and S. Sontakke, “Effect of clonidine on lipid profile in diabetic rab-
bits model and its interaction with metformin,” Asian Journal of Biochemical and
Pharmaceutical Sciences, vol. 3, no. 17, pp. 25-28,2013.

F. Akter, M. Rahman, M. Mostofa, and E. Chowdhury, “Anti-diabetic effect of neem
and spirulina in alloxan induced diabetic mice,” International Journal of Current
Research and Academic Review, vol. 2, no. 4, pp. 124-134, 2014.

S. ljioma, A. Okafor, P. Ndukuba, A. Nwankwo, and S. Akomas, “Hypoglycemic,
hematologic and lipid profile effects of chromolaena odorata ethanol leaf extract
in alloxan induced diabetic rats,” Annals of Biological Sciences, vol. 2, no. 3, pp.
27-32, 2014.

D. co. uk (Diabetescouk, “Diabetes and cholesterol. diabetes digital media Itd - the
global diabetes community.” 2017, retrieved: 20/8/2017; http://www.diabetes.co.uk/
Diabetes-and-cholesterol.html.Retrieved:20/8/2017.

A. Loci, M. Shaabha, A. Khazaraji, A. Husain, and A. Twaija, “Hypoglycemic effect
of a valuable extract of artemicisia herb alba II. effect of a valuable extract on some
blood parameters in diabetic animals,” J. Ethnopharmacology, vol. 43, pp. 167-171,
1994,

C. Agardh, P. Bjorgell, and E. Nilson, “The effect of tolbtamide on lipoproteins,
lipoprotein lipase and hormone sensitive lipase,” Diabetes Res. Clin. Pract, vol. 46,
pp. 99-108, 1999.

K. Bopanna, J. Kannan, G. Suhma, R. Balarman, and S. Rathod, “Antidiabetic and
antihyperlipidemic effect of neem seed, kernel powder on alloxan diabetic rabbits,”
Int. J. Pharmacol, vol. 29, pp. 162-167,1997.

J. Kim, D. Jang, H. Kim, and J. Kim, “Anti-lipase and lipolytic activities of ursolic
acid isolated from the roots of actinidia arguta,” Arch. Pharm. Res, vol. 32, pp. 983—
987, 20009.

S. M. Jang, M. J. Kim, M. S. Choi, E. Y.Kwon, and M. K. Lee, “Inhibitory effects
of ursolic acid on hepatic polyol pathway and glucose production in streptozotocin-
induced diabetic mice,” Metabolism, vol. 59, pp. 512-519, 2010.

G. Egusa, W. Beltz, S. Grundy, and B. Howard, “Influence of obesity on the
metabolism of apolipoprotein b in humans,” J. Clin. Invest, vol. 76, pp. 596-603,
1985.

202


http://www.diabetes.co.uk/

Journal of University of Babylon, Pure and Applied Sciences,Vol.(26), No.(5)

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

B. V.Howard, “Lipoprotein metabolism in diabetes mellitus,” J. Lipid Res, vol. 28,
pp. 613-628, 1987.

D. Streja, E. Marliss, and G. Steiner, “The effects of prolonged fasting on plasma
triglyceride kinetics in man,” Metabolism, vol. 26, pp. 505-516,1977.

G. M. Reaven and M. S. Greenfield, “Diabetic hypertriglyceridemia: evidence for
three clinical syndromes,” Diabetes, vol. 30, no. 2, pp. 66-75, 1981.

R. Hobbenaghi, J. Javanbakht, E. Hosseini, S. Mohammadi, M. Rajabian, P. Moay-
eri, and H. Aghamohammad, “Neuropathological and neuroprotective features of
vitamin b12 on the dorsal spinal ganglion of rats after the experimental crush of
sciatic nerve: an experimental study,” Diagnostic pathology, vol. 8, p. 123,2013.

A. Raducan, S. Miricd, O. Duicu, S. Raducan, D. Muntean, O. Fira-Mladinescu,

R. Lighezan, S. D. O. R. S. M. D. F.-M. O. Raducan, A.; Mirica, and R. Lighezan,
“Morphological and functional aspects of sciatic nerve regeneration after crush in-
jury,” Rom. J. Morphol. Embryol, vol. 54, pp. 735-739, 2013.

A. Sozcukler, H. Deksametazon, and S. Sinir, “Comparison of the effects of local
and systemic dexamethasone on the rat traumatic sciatic nerve model,” Turkish Neu-
rosurg, vol. 23, pp. 623-629, 2013.

H. Sulu, M. Altun, B. Edriva, H. Tura, and N. Sulu, “Comparison of the effects of
local and systemic dexamethasone on the rat traumatic sciatic nerve model,” Turkish
Neurosurg, vol. 23, pp. 623-629,2013.

A. A. Khan, N. A. Faruqi, and M. S. Ansari, “Effects of hydrocortisone on the sci-
atic nerve crush injury in adult rat light microscopic study,” Current Neurobiology,
vol. 5, no. 1&2, pp. 11-16,2014.

T. Yuksel, Z. Halici, R. Demir, M. Cakir, C. Calikoglu, G. Ozdemir, and D. Unal,
“Investigation of the effect of telmisartan on experimentally induced peripheral
nerve injury in rats,” Int. J. neuro. sci, vol. 28, no. 1, pp. 1-32, 2014.

H. Sun, T.Yang, Q. Li, Z. Zhu, L. Wang, G. Bai, D. Li, Q. Li, and W. Wang, “Dex-
amethasone and vitamin b12 synergistically promote peripheral nerve regeneration
in rat by upregulating the expression of brain derived neurotrophic factor,” Arch.
Medsci, vol. 8, pp. 924-930, 2012.

S. M. Al-saaeed and M. H. Al-khalisy, “The regenerative role of vitamins b1, b6,
b12 in treatment of peripheral neuropathy,” International Journal of Science and
Research (1JSR), vol. 6, no. 3, p. 2415,2017.

S. Kunkel, M. Suneja, S. Ebert, K. Bongers, D. Fox, S. Malmberg, F. Alipour,
R. Shields, and C. Adams, “mrna expression signatures of human skeletal muscle at-
rophy identify a natural compound that increases muscle mass,” Cell Metab, vol. 13,
no. 6, pp. 627-38, 2011.

203



