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Abstract

Propolis is used by the Fulani Nomads in Nigeria to manage diabetes. This study was carried out to evaluate
the effect of Nigerian propolis on hyperglycemia-induced oxidative stress and hyperlipidemia in diabetic rats.
Diabetes was induced with Alloxan (100mg/Kg). Animals were divided into 6 groups (n=5); Grp. A & B were
non-diabetic receiving normal saline and 200mg/Kg propolis respectively. Grp. C, D, E, & F were diabetic
receiving normal saline, 150mg/Kg metformin, 200mg/Kg propolis, and 300mg/Kg propolis respectively for 28
days. Hyperglycemia, elevated serum levels of low density lipoprotein cholesterol (LDL-C), Very low density
lipoprotein cholesterol (VLDL-C), triglycerides (TG), total cholesterol (TC), aspartate aminotransferase (AST),
alanine transferase (ALT), urea, malonaldehyde (MDA) and decreased levels of high density lipoprotein
cholesterol (HDL-C), superoxide dismutase (SOD), and glutathione (GSH) were observed in the diabetic
untreated animals. Diabetes had no effect on serum creatinine level. Propolis decreased blood glucose level
and serum levels of LDL-C, TC, and elevated HDL-C. AST, ALT, and urea levels decreased. MDA level decreased
with increase in SOD and GSH levels. These changes were significant (P<0.05). Propolis of Nigerian origin
possesses hypoglycemic and antihyperlipidemic activities in addition to its ability to ameliorate oxidative-
stress induced organ dysfunction.
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Introduction

Diabetes mellitus is a common metabolic disorder
characterized primarily by its blood glucose “rai-
sing”” activity which results from impaired secretion
of insulin or insulin insensitivity!” This disorder is
one of the world’s fastest growing metabolic
disorders!?l affecting about 4% of the world’s
population and is estimated to increase by 5.4% in
2025 [3], Diabetes results into metabolic imbalances,
such as; hyperglycemia and hyperlipidemia and the
deviation from the normal physiology of many
tissuesl* Reactive oxygen species (ROS) production
increases in diabetes owing to hyperglycemia which
induces autoxidative glycosylation of cell membra-
nes, destruction of the antioxidant systems, lipid
peroxidation, and tissue injury!®. It is an established
fact that hyperlipidemia is a major risk factor to the
development of atherosclerosis and its complica-
tionst®}

Organs such as the kidney and liver are affected
physiologically and morphologically in diabetes. The
ability of the kidney to keep the level of metabolites
such as; uric acid, creatinine, urea, and ions at
optimum level in other to maintain a stable internal
environment confers on it a great homeostatic
function, however, the level of these metabolites
increases greatly due to renal impairment resulting
from diabetes mellitus!”). The level of markers of
hepatic injury such as Alanine transferase (ALT) and
aspartate aminotransferase (AST) are also elevated
in diabetes.

Several attempts have been made to tackle
hyperglycemia and comorbidities that come with
increased blood glucose level. To this effect drugs
like sulfonylureas, that stimulate insulin secretion by
the islets and a-glucosidase inhibitors that augment
glucose utilization and suppress glucose production
have been developed!®. Despite the limited efficacy
of these therapies, it is also not devoid of side
effects, therefore necessitating the search for new
classes of drugs to combat this disorder. To this
effect, many substances from plant source have
been found to possess anti-diabetic activity with
minimal side effects and the search is on-going!®.

The success of research on the effect of medicinal
plants on diabetes is apparent in the discovery and
synthesis of metformin, a sulfonylurea from Galega
officinalis™.

“Propolis is a natural product derived from plant
resins and collected by honeybees to be used as
glue and as draught-extruder for beehives”!". It has
been used for centuries in folk medicine and have
been found to possess; antimicrobiall™'>#] anti-
protozoal and anti-parasitic!™!, anti-inflammatory!®,
anti-ulcerl”'®] and anti-tumor activities'?°! among
others. Propolis has a complicated chemical compo-
sition and more than 300 compounds have been
identified in propolis samples. These substances
include; polyphenols, phenolic aldehydes, amino
acids, coumarins, steroids, sequiterpene quinines
and inorganic compounds

The content of propolis sample is dependent on
collecting location, time, and plant source, there-
fore the phytogeographical areas and time region
causes great variation in the biological activities of
propolis"l. Several studies have been carried out to
examine the effects of propolis from different
geographical regions on experimentally induced
diabetes and its complications, but sparse data is
available on the effect of propolis of Nigerian origin.
This study was undertaken to investigate the effect
of Nigerian propolis on hyperglycemia, hyperlipide-
mia, anti-oxidant system, and biomarkers of hepatic
injury and renal function in experimentally induced
diabetes mellitus.

Methods
Drugs and reagents

Nigerian propolis was purchased from the
Federal University of Agriculture, Abeokuta, Ogun
state in Nigeria. The alloxan and metformin used
were products of Sigma Aldrich. Kits used in evalua-
ting Superoxide dismutase (SOD), Malonadehyde
(MDA), creatinine, urea, blood glucose, ALT, AST
and lipid profile were properties of the Animal
science department, Faculty of Agriculture,
University of Ibadan, Nigeria.
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Extract preparation

Raw propolis was obtained by scraping it off its
hive frames. Ethanolic extract was prepared accor-
ding to the method used by Ivan et al.*'l. In brief,
One gram of raw propolis was extracted with 25 mL
of 95% ethanol for 24 h at 37 °C and the filtrate was
adjusted to 25 mL with 80% ethanol.

Animals

Laboratory investigations on the animals were
carried out in accordance with the ethical guidelines
stipulated by the ethical committee of the College
of Health Sciences, University of Ibadan, Nigeria.
These guidelines were in accordance with the
internationally accepted principles for laboratory
animal use and care. Thirty adult male Wistar rats
were used for this experiment. The animals wei-
ghed between 200-250¢g. The animals were kept and
housed in the animal holdings of the Department of
physiology, University of Ibadan, Nigeria, under
standard laboratory conditions of temperature,
light and humidity and were fed with rat pellets and
water Ad libitum. The rats were randomly divided
into six groups (A, B, C, D, E and F) of five animals
each. Standard drug (metformin) and ethanolic
extract of propolis were administered orally for 28
days.

Experimental design

The rats were divided into six groups of 5 rats
each.

Group A-Normal control (non-diabetic); receiving
normal saline

Group B-Vehicle control (non-diabetic); receiving
200mg/kg of propolis

Group C-Diabetic control; receiving normal saline

Group D-Diabetic treated; receiving 150mg/kg of
metformin

Group E-Diabetic experimental; receiving
200mg/kg of propolis

Group F-Diabetic experimental; receiving
30omg/kg of propolis

Induction of diabetes

The animals were fasted overnight. Diabetes was
induced by single intraperitoneal (i.p) injection of
alloxan monohydrate (100 mg/kg) in sterile normal
saline (0.9%). The diabetic state was determined 72
hours after alloxan administration through the tail,
using the one touch ultra-glucometer. Weekly
record of blood glucose level was taken afterwards.

Animal sacrifice

After 4 weeks of treatment, animals were sacrifi-
ced. The animals were sacrificed by cervical disloca-
tion after been anaesthetized and then dissected.
Blood was obtained directly from the heart into
plain centrifuge bottles.

Preparation of serum

After allowing blood samples to stand for an
hour, they were centrifuged at 3000r/min for 15
minutes to obtain the serum and analysed for urea,
creatinine, ALT, AST, LDL-Chol, HDL-Chol, TC, TG,
VLDL, SOD and MDA.

Biochemical assays

The serum samples were used for biochemical
analysis of AST and ALT activities using Rietman-
Frankel’s method!?). Triglycerides, cholesterol, SOD
and MDA levels were analysed in the serum using
commercial diagnostic kits (Randox).

VLDL-C and LDL-C lipoproteins were precipitated
by addition of phosphotungstic acid and magne-
sium chloride to determine the level of HDL-C.

Supernatant containing HDL-C fraction was
assayed for cholesterol. LDL-C level was determined
using the method of Friedwald et al*3l. Serum urea
and creatinine were determined using the methods
of Talke & Schubert[** and Jaffe et al.l*! respecti-
vely.

Statistical analysis

Data were presented as mean * standard error of
mean and analysed by one-way analysis of variance,
followed by Waller-Duncan post-hoc test. Statistical
significance was accepted at P<0.05.
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Results
Effect of Propolis on Body Weight

Table 1 shows the initial weights and final weights
of animals in all groups after the 28 day experiment.
Body weight of animals in the diabetic untreated
group decreased after 28 days while there was
significant (P<0.05) increase in the body weights of
animals in other groups.

see Table 1.

Hypoglycemic Effect of Propolis

Figure 1 shows and compares weekly changes in
the blood glucose levels in different groups. Alloxan
administration increased blood glucose level until
the first week in both treated and untreated
groups. Blood glucose level was significantly (P<
0.05) reduced in the metformin and propolis (both
doses) treated groups from the second week
onwards when compared to the diabetic control
group. There was no significant change in the level
of blood glucose between the Non-diabetic control
and vehicle control groups all through the experi-
mental period. There was also no significant diffe-
rence between the hypoglycemic activity of propo-
lis at both doses (200mg/Kg and 300mg/Kg).

Effect of Propolis on Lipid Profile

Figure 2 shows serum levels of VLDL-C, LDL-C,
HDL-C, TC, and TG in all the groups. Diabetes eleva-
ted serum levels of VLDL-C, LDL-C, TC and TG and
decreased the level of HDL-C. The administration of
metformin and the different doses of propolis
produced no significant (P< 0.05) decrease in the
elevated levels of VLDL-C and triglycerides when
compare to the diabetic untreated group. Elevated
serum level of LDL-C was significantly reduced after
treatment with metformin and propolis. Elevated
serum level of TC was significantly decrease by both
doses of propolis only and not metformin. The two
doses of propolis produced significant increase in
the serum level of HDL-Chol while metformin
produced no effect on the decreased serum HDL-
Chol when compared to the diabetic untreated

group. There was no significant difference in the
activities of the two doses of propolis on lipid
profile. There was also no difference in the lipid
profiles of the normal and vehicle control groups.

see Fig. 1

see Fig. 2

VLDL- Very Low Density Lipoprotein, LDL- Low
Density Lipoprotein, HDL- High Density Lipoprotein,
CHOL- Total Cholesterol, TG- Triglyceride

Effect on Serum Levels of MDA, SOD, and GSH

Figure 3 shows serum levels of MDA while Figure
4 shows serum levels of SOD, and GSH. The level of
MDA was elevated, while SOD and GSH were
decreased significantly (P< 0.05) in the diabetic
untreated group compared to the normal and
vehicle control groups. Treatment with metformin
and propolis significantly decreased the elevated
MDA level when compared to the diabetic untrea-
ted groups. The decreased SOD and GSH levels in
diabetic group were significantly increased after
treatment with propolis and metformin. Treatment
of vehicle control group with propolis and diabetic
group with 300mg/Kg propolis also produced
significant increase in SOD levels when compared to
the normal untreated group.

see Fig. 3
see Fig. 4

Effect on Serum ALT and AST

Table 2 shows the serum levels of AST and ALT in
all groups. Serum levels of ALT and AST were
elevated significantly (P< 0.05) in the diabetic
untreated group when compared to the normal
control group. Administration of metformin and
propolis significantly decreased the elevated level
of AST when compared to the diabetic untreated
group. Metformin had no significant effect on the
elevated level of ALT while propolis significantly
reduced the level of ALT when compared to the
diabetic untreated group.
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Effect on Serum Creatinine and Urea

Table 2 shows the serum levels of creatinine and
urea in all groups. The serum level of urea was
significantly (P<0.05) increased in the diabetic
untreated group compared to the normal control
group. Administration of propolis (at both doses)
and metformin significantly reduced the elevated
level of urea to a level not significantly different
from that in the normal control group. There was no
significant difference in the serum levels of creati-
nine in all groups.

see Table 2.

Discussion

Since ancient times, plants have been a primary
source of medicine for treating several ailments[®..
Traditional plants have also been used in different
parts of the world, especially in developing coun-
tries owing to meagre income of the populace to
treat diabetes[*”2°1. More than 350 plants have been
implicated with hypoglycemic activity!*®l. A notable
milestone was the discovery and synthesis of
metformin, a sulfonylurea from Galega officinalis!™.

One of the potent methods employed in inducing
diabetes in experimental animals is by the use of
alloxan®®), as it has been found to selectively
destroy the insulin-producing B-cells of the pancreas
by oxidation of essential sulphydryl (-SH groups),
inhibition of glucokinase enzyme, generation of free
radicals and disturbances in intracellular calcium
homeostasis3°3"32,  Hyperglycemia-induced in-
crease in the level of reactive oxygen species causes
autoxidative glycosylation of cell membranes,
destruction of the antioxidant systems, lipid peroxi-
dation, and tissue injuryl>.The use of alloxan have
been found to mimic the oxidative stress status
experienced by diabetic patients.

Propolis of different geographical regions have
been found to possess several biological activities,
among which is its oxygen radical scavenging
activity[33l. Previous studies have been carried out
on propolis of Croatian, Brazilian, Chinese, Egyptian

origin among others and have been found to
possess hypoglycemic activity3+353¢], Much re-
search effort has been made on the biological
activities of honey from Nigeria with little effort
geared towards studying the biological activities of
its propolis.

In the present study, intraperitonial administra-
tion of alloxan produced hyperglycemia, hyperlipi-
demia, elevated serum level of markers of hepatic
injury and renal dysfunction, and also depressed
serum antioxidant capacity. This is evident in the
significant rise in blood glucose level, the significant
(P<0.05) rise in the serum level of LDL-C, VLDL-C,
total cholesterol, triglycerides, and lowered level of
HDL-C, significant rise in serum level of AST and ALT,
significant rise in serum level of urea, and the
significant rise in the level of serum MDA and
lowered levels of SOD and GSH of animals in the
diabetic untreated group when compared to the
normal non-diabetic animals.

Administration of propolis at the doses of
200mg/Kg and 300mg/Kg to diabetic rats produced
significant decrease in the blood glucose level from
the first week of administration onward and there
was no significant difference in the hypoglycemic
activity of propolis at both doses. This result con-
forms to the findings of Wang and Lil3”) and Murata
et al.3®l. The significant hypoglycemic activity of
propolis may suggest that propolis exacts this
activity by direct and indirect mechanism in rats?39,
If propolis had acted only as an indirect hypoglyce-
mic agent, no effect would have been observed
when administered to alloxan treated rats due to
the severe destructive effect of alloxan on the B-
cells of the pancreasel*°). Propolis may also have
acted indirectly by stimulating the few surviving B-
cells to secrete more insulin rather than aiding the
regeneration of necrotic B-cells of the pancreas.

The observed increase in serum levels of LDL-C,
VLDL-C, TC, TG, and decreased level of HDL-C in
diabetic untreated groups is in accordance with the
findings of Douillet et al.[*l and Naziroglu et al.l*2l.
Administration of propolis to diabetic animals at
doses of 200mg/Kg and 300mg/Kg significantly
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lowered the level of LDL-C and total cholesterol and
also significantly elevated the level of HDL-C when
compared to the diabetic untreated animals.
Propolis administration at both doses produced no
significant effect on the elevated levels of triglyceri-
des and VLDL-C. This result does not conform to
that of Michelle et al.l*3] who reported that Brazilian
propolis had no effect on elevated level of serum
LDL-C, VLDL-C, TC, TG, and decreased HDL-C in
diabetes after 28 days of treatment. El-Sayed et
al.3%] also reported propolis of Egyptian origin of
having antihyperlipidemic effect by significantly
ameliorating the elevated level of LDL-C, TC, TG, and
decreased HDL-C in diabetes. Administration of
propolis at the dose of 200mg/Kg to non-diabetic
animals produced no significant difference in the
lipid profile of the normal non-diabetic control and
the vehicle control group that received propolis.
This result is in agreement with the findings of Mani
et al.l*l who observed that long term administra-
tion of propolis to normal rats produced no altera-
tion to the serum lipid profile. The lowering of TC,
LDL-C and the concomitant increase in the serum
level of HDL-C confers a cardio-protective function
on propolis thereby decreasing the risk of microva-
scular/macrovascular disease and related complica-
tions characteristic of diabetes!**l. Hypoglycemic
activity of propolis, as evident from this study may
be responsible for the amelioration of alterations in
lipid and lipoprotein profiles characteristic of
diabetes.

Serum activities of ALT and AST are indicators of
hepatotoxity and are also used as biomarkers for
early acute hepatic damagel*®l. Increased levels of
these enzymes indicate cellular infiltration and
disturbance in the functioning of the hepatic cell
membranes!*’l. Serum levels of AST and ALT were
significantly elevated in the diabetic untreated
group when compared to the normal untreated
group, signifying hepatotoxicity and acute hepatic
damage. Administration of propolis (at both doses)
and metformin significantly decreased the serum
level of AST when compared to the diabetic untrea-
ted group. Propolis, at both doses also significantly
decreased serum level of ALT, while metformin had

no significant effect on the elevated serum level of
ALT compared to the diabetic untreated group. The
lowering of the activities of these enzymes to a
normal serum level following administration of
propolis may be due in part to the ability of propolis
to prevent or correct cellular infiltration characteri-
stic of disturbance in the functional and morpholo-
gical state of the liver in diabetes.

Serum levels of creatinine, a metabolic by-
product of creatine that supplies energy for muscle
contraction and urea, generated in the liver by
metabolised protein are markers of optimal renal
function. Elevated levels of these metabolites
signify impairment in kidney(s) function!”.. In the
diabetic untreated group, serum level of urea was
significantly elevated compared to the normal
control group. Treatment with metformin and the
two doses of propolis extract significantly ameliora-
ted the clearance of this metabolite by the kidney,
thus restoring the serum level of urea to normal.
This is in agreement with the findings of Yamabe et
al.[*8], From this study, the induced-diabetes had no
significant effect on the serum level of creatinine,
thus no significant difference was found in the
serum level of creatinine between all the groups.
The increased level of serum urea rightly points to
poor clearance by the kidney. Muscle wasting is
characteristic of diabetes and muscle mass is one of
the factors that determine the amount of creatinine
generated. Muscle mass is directly proportional to
the amount of creatinine generated!*%). Thus, the
loss of weight after diabetes induction in the
untreated rats may be responsible for low genera-
tion of creatinine, which failed to raise serum level
of creatinine despite the impairment in renal func-
tion.

Insufficiency of antioxidant defence system leads
to elevation in the levels of free radicals. Elevated
level of free radicals may lead to disruption in
cellular functions, oxidative damages to membranes
and enhanced susceptibility to lipid peroxidation!.
Serum level of MDA was elevated, while SOD and
GHS levels in the diabetic untreated rats were
depressed, indicative of oxidative stress and depres-
sion of the antioxidant defence system. This result
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shows that the complications observed may be due
to depression of the defence system in the rats.
Administration of the two doses of propolis and
metformin significantly decreased the serum level
of MDA and elevated the serum levels of SOD and
GSH when compared to the diabetic untreated rats.
This also suggests that propolis may have carried
out its antidiabetic effect by augmenting the
depressed antioxidant defence system in the rats.

Conclusion

Propolis of Nigerian origin possesses hypoglyce-
mic and antihyperlipidemic activities in addition to
its ability to ameliorate oxidative-stress induced
organ dysfunction.

Acknowledgments

Nil.

References

1. American Diabetes Association. Diagnosis and classification
of diabetes mellitus. Diabetes Care 2005; 28(1): S37-542.

2. Or3olize N, BaSiae I. Honey Bee Products and their
Polyphenolic Compounds in Treatment of Diabetes. In
Phytopharmacology and Therapetutic Values IV. Edited by
Govil JN, Singh VK. LLC, U.S.A. Studium Press, pp.
455-471[Recent Progress in Medical Plants, vol 22].

3. Kim SH, Hyun SH, Choung SY. Anti-diabetic effect of
cinnamon extract on blood glucose in db/db mice. Journal of
Ethnopharmacology 2006; 104:119-123.

4. Yue KK, Chung WS, Leung AW, Cheng CH. Redox changes
precede the occurrence of oxidative stress in eyes and aorta,
but not in kidneys of diabetic rats. Life Science 2003;
73:2557-2570.

. Baynes JW. Role of oxidative stress in development of
complications in diabetes. Diabetes 1991; 40(4):405-12.

. Kaur J, Singh P, Sowers JR. Diabetes and cardiovascular
diseases. American Journal of Therapeutics 2002; 9:510-515.

7. Shokeen P, Anand, P, Murali K, Tandon V. Antidiabetic
activity of 50% ethanolic extract of Ricinus communis and its
purified fractions. Food and Chemical Toxicology 2008;
46(11):3458-66.

. Moller DE. New drug targets for type 2 diabetes and the
metabolic syndrome. Nature 2001; 414(6865):821-827.

. Adisa RA, Choudhary MI, Olorunsogo OO. Hypoglycemic
activity of Buchholzia coriacea (Capparaceae) seeds in
streptozotocin-induced diabetic rats and mice. Experimental
and Toxicologic Pathology 2011; 63(7-8):619-625.

10. Aiman R. Recent research in indigenous anti-diabetic
medicinal plants, An overall assessment. Indian Journal of
Physiology and Pharmacology 1970; 14:65-76.

11. Mahmoud L. Biological Activity of Bee Propolis in Health and

v

[e)}

(o]

O

Disease. Asian Pacific Journal of Cancer Prevention 2006;
7:22-31.

12. Grecianu A, Enciu V. Activity in vitro of propolis against
bacterial strains of animal origin. Institutal Agronomic clon
lonescu de la Brade (Zootehnie. Medicima Veterinara) 1976;
21:90-2.

13. Amoros M, Lurton F, Boustie J, Girre F, Sauvager F, Cormier
M. Comparison of the antiherpes simplex virus activities of
propolis and 3-methylbut-2 enyl caffeate. Journal of Natural
Products 1994; 57:644-7.

14. Ota C, Unterkircher C, Fantinato V, Shimizu MT. Antifungal
activity of propolis on different species of Candida. Mycoses
2001; 44:375-8.

15. Starzyk J, Scheller S, Szaflarski J, Moskwa M, Stojko A.
Biological properties and clinical application of propolis;
Studies on the antiprotozoan activity of ethanol extract of
propolis. Arzneimittelforschung 1977; 27:1198-9.

16. Park EH, Kahng JH. Suppressive effects of propolis in rat
adjuvant arthritis. Archive of Pharmacal Research 1999;
22:554-8.

17. Tossoun ZA, Rashed A, Hegazi AG. Honey and propolis as
management of chronic skin ulcers. International
Symposium on Apitherapy Cairo March 8-9th 1997.

18. Boyanova L, Derejian S, Koumanova R, Katsarov N, Gergova
G, Miltov I, Nikolov R, Krastev Z. Inhibition of Helicobacter
pylori growth in vitro by Bulgarian propolis: Preliminary
report. Journal of Medical Microbiology 2003; 52:417-9.

19. Kimoto T, Koya-Miyata S, Hino K, Micallef MJ, Hanaya T, Arai
S, lkeda M, Kurimoto M. Pulmonary carcinogenesis induced
by ferric nitrilotriacetate in mice and protection from it by
Brazilian propolis and artepillin C. Virchows Archiv 2001;
438:259-70.

20. Chia-Nana C, Chia-Lib W, Jen-Kuna L. Propolin C from
propolis induces apoptosis through activating caspases, Bid
and cytochrome C release in human melanoma cells.
Biochemical Pharmacology 2004; 67:53-66.

21. Ivan K, Marina B, Stjepan P, Sanda V. Quantitative analysis
of the flavonoids in raw propolis from northern Croatia. Acta
Pharmaceutica 2004; 54:65-72.

22. Reitman S, and Frankel SA. Colorimetric method for the
determination of serum glutamic oxaloacetic and glutamic
pyruvic transaminases. American Journal of Clinical
Pathology 1957; 28:56-63.

23. Friedwald WT, Levy R, Fredrickson DS. Estimation of the
concentration of LDL-cholesterol in plasma without the use
of the preparative ultracentrifuge. Clinical Chemistry 1972;
18:499-502.

24. Talke H, Schubert GE. Enzymatische Harnstoff bestimmung
in Blut and serum in Optischen Test nach Warburg. Klin
Wochschr 1965; 43(1):174.

25. Jaffe M. Ueber den Neiderschlag, welchen Pikrinsdure im
normalen harn Erzeught und (iber eine neue Reaction des
Kreatinins. Z Physiol Chem 1886; 10(1):391-400.

26. Rawat M, and Parmar, N. Medicinal Plants with Antidiabetic
Potential. American-Eurasian Journal of Agriculture &
Environmental Sciences 2013; 13(1):81-94.

27. Kavishankar GB, Lakshmidevi N, Mahadeva MS, Prakash HS,
Niranjana SR. Diabetes and Medicinal Plants. International
Journal Pharmaceutical and Biomedical Sciences 2011;
2(3):65-80.

28. Padavala AB, Gadde S, Radha B, Vedurupaka VL, Talluru SR,
Yellapu R, Kolli S. A database of 389 medicinal plants for
diabetes. Bioinformation 2006; 1(4):130-131.

29. Etuk EU. Animals models for studying diabetes mellitus.
Agriculture and Biology Journal of North America 2010; 1:130-
134.

30. Dunn JS, Sheehan HL, Mclethie NGB. Necrosis of islets of
Langerhans produced experimentally. Lancet 1943; 1:484-7.

http://pharmacologyonline.silae.it
ISSN: 1827-8620

155 (149-158)



PhOL 20.Mustafa et al.

31. Szkudelski T. The Mechanism of Alloxan and Streptozotocin
Action in B-Cells of the Rat Pancreas. Physiological Research
2001; 50:536-46.

32. Dhanesha N, Joharapurkar A, Shah G, Dhote V, Kshirsagar S,
Bahekar R, Jain M. Exendin-4 activates glucokinase. Journal
of Diabetes 2012; 4(4):369-77.

33. Chen C, Weng M, Wu C, Lin J. Comparison of radical
scavenging activity, cytotoxic effects and apoptosis
induction in human melanoma cells by Taiwanese propolis
from different sources. Complementary and Alternative
Medicine 2004; 1:175-185.

34. Nada O, Damir S, Marijana ZK, Gordana, L, Gordana G. Effect
of Croatian propolis on diabetic nephropathy and liver
toxicity in mice. BMC Complementary and Alternative
Medicine 2012; 12:117.

35. Wei Z, Ying-Hua L, Min-Li C, Fu-Liang H. Protective effects of
Chinese and Brazilian propolis treatment against
hepatorenal lesion in diabetic rats. Human & Experimental
Toxicology 2010; 30(9):1246-1255.

36. EI-Sayed ME, Osama MA, Hamdy AA, Ahmed MM. Potential
Antidiabetic and hypolipidemic effects of propolis extract in
streptozotocin-induced diabetic rats. Pakistan Journal of
Pharmaceutical Sciences 2009; 22(2):168-174.

37. Wang NZ, Li D. Effect of combined propolis-ethanol-extract
and Shaoyao-Gancao-tang on blood sugar Levels in rabbits
with alloxan induced experimental diabetes. Asia Pacific
Journal Clinical Nutrition 2004; 13:566.

38. Murata K, Yatsunami K, Fukuda E, Onodera S, Mizukami O,
Hoshino G, Kamei T. Antihyperglycemic effects of propolis
mixed with mulberry leaf extract on patients with type 2
diabetes. Alternative Therapy in Health and Medicine 2004;
10:78-9.

39. lwu MM, Igboko OA, Okunji CO, Tempesta MS. Anti-diabetic
and aldose reductase activities of biflavanones of Garcinia
kola. Journal of Pharmacy and Pharmacology 1990;
42(4):290-292.

40. Lenzen S. The mechanisms of alloxanand streptozotocin-
induced diabetes. Diabetologia 2008; 51:216-26.

41. Douillet C, Bost M, Accominotti M, Borson-Chazot BF,
Ciavatti M. Effect of selenium and vitamin E supplements on
tissue lipids,peroxides, and fatty acid distribution in
experimental diabetes. Lipids 1998; 33:393-399.

42. Naziroglu M, Dilsiz N, Cay M. Protective role of
intraperitoneally administered vitamin C and E and selenium
on the levels of lipid peroxidation in the lens of rats made
diabetic with streptozotocin. Biological Trace Element
Research 1999; 70:223-232.

43. Michelle CB, Daniela PB, Denise RSS, José MS. Absence of
propolis effect on plasma glycaemic control and lipid
metabolism in a diabetic rat model. Journal of ApiProduct
and ApiMedical Science 2009; 1(2):51-55.

44. Mani F, Damasceno HC, Novelli EL, Martins EA, Sforcin JM.
Propolis: Effect of different concentrations, extracts and
intake period on seric biochemical variables. Journal of
Ethnopharmacology 2006; 105(1-2):95-98.

45. Marinou KA, Georgopoulou K, Agrogiannis G, Karatzas T,
lliopoulos D, Papalois A, Chatziioannou A, Magiatis P,
Halabalaki M, Tsantila N, Skaltsounis LA, Patsouris E, Dontas
IA. Differential effect of Pistacia vera extracts on
experimental atherosclerosis in the rabbit animal model: an
experimental study. Lipids in Health and Disease 2010; 9:73.

46. Lee HS, Won NH, Kim KH, Lee H, Jun W, Lee KW.
Antioxidant effects of ageous extract of Terminalia chebula
in vivo and in vitro. Biological and Pharmaceutical Bulletin
2005; 28(9):1639-44.

47. Drotman R and Lawhan G. Serum enzymes are indications
of chemical induced liver damage. Drug and Chemical
Toxicology 1978; 1(2):163-171.

48. Yamabe N, Yokozawa T, Oya T, Kim M. Therapeutic
potential of (-)-epigallocatechin 3-Ogallate on renal damage
in diabetic nephropathy model rats. Journal of.
Pharmacology and Experimental Therapeutics 2006;
319(1):228-236.

49. Alessandra CB, Marion SA, Natailia CM, Viviane BM,
Aparecido BP, Gianna MK, Ita PH. Influence of Muscle Mass
and Physical Activity on Serum and Urinary Creatinine and
Serum Cystatin C. Clinical Journal of the American Society of
Nephrology 2008; 3(2):348-354.

http://pharmacologyonline.silae.it
ISSN: 1827-8620

156 (149 - 158)



PhOL

20.Mustafa et al.

157 (149-158)

Group

A B C D E F

Initial BW (g)

225+ 7.5 210+06.1 242+6.3 235+8.4 247+11.5

235+7.8

Final mass BW (g)

270+10.2* 258+10.2* 229+10.3 262+0.4* | 278=8.9*

260=8.5*

Table 1: Effect of Propolis on Body Weight (BW)
*P<0.05 significantly different from diabetic control group

A - Non-diabetic control, B - Non-diabetic (200mg/kg propolis), C -Diabetic control, D — Diabetic

treated (150mg/kg metformin), E — Diabetic experimental (200mg/kg propolis), F- Diabetic
experimental (300mg/kg propolis).

HEPATIC AND RENAL FUNCTION MARKERS (mg/dL)

Group ALT AST UREA CREATININE
A 31.17 + 2.69* 111.99 +£4.10% | 4510+ 3.84% 0.97 £ 0.01
B 2947+ 2.01% 11322 +5.71* | 41.723+2.92% 0.94 = 0.01
& 128.56 £ 6.93 27111 £9:12 64:25:+512 1.01 = 0.04
D 12527 £ 5.18 11231 £5.82% | 39.38+2.18* 0.98 = 0.02
E 3245+ 1.67*% 11447 £ 6.75% | 4477+ 4.29% 0.96 = 0.06
F 34.46 £ 2.43% 99.53 +4.52% 37.90 + 3.39*% 0.94 = 0.05

Table 2: Effect of propolis on serum markers of hepatic and renal functions
*P<0.05 significantly different from diabetic control group

A - Non-diabetic control, B - Non-diabetic (200mg/kg propolis), C -Diabetic control, D - Diabetic

treated (150mg/kg metformin), E - Diabetic experimental (200mg/kg propolis), F- Diabetic
experimental (30omg/kg propolis).
ALT- Alanine transferase, AST- Aspartate aminotransferase.
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Figure 1: Showing and comparing weekly changes in the blood glucose level of
animals in all groups
A - Non-diabetic control, B - Non-diabetic (200mg/kg propolis), C —-Diabetic control,
D - Diabetic treated (150mg/kg metformin), E — Diabetic experimental (200mg/kg
propolis), F- Diabetic experimental (300omg/kg propolis).
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Figure 2: Showing and comparing lipid profiles between all groups and the diabetic
untreated group.*P<0.05 significantly different from diabetic control group
A - Non-diabetic control, B - Non-diabetic (200mg/kg propolis), C -Diabetic control, D -
Diabetic treated (150mg/kg metformin), E - Diabetic experimental (200mg/kg propolis), F-

Diabetic experimental (30omg/kg propolis).

1.5

Serum level (nmol/mg protein)

MDA

g3 GROUP A
B3 GROUP B
& GROUPC
D GROUPD
GROUPE
GROUPF

Figure 3: Serum level of MDA in all groups
*P<0.05 significantly different from diabetic control group

A - Non-diabetic control, B - Non-diabetic (200mg/kg propolis), C -Diabetic control, D - Diabetic treated
(150mg/kg metformin), E - Diabetic experimental (200mg/kg propolis), F- Diabetic experimental

(30omg/kg propolis). MDA- Malonaldehyde
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Figure 4: Showing SOD and GSH levels in all groups
*P<0.05 significantly different from diabetic control group

**P<0.05 significantly different from diabetic control group and normal control
A - Non-diabetic control, B — Non-diabetic (200mg/kg propolis), C -Diabetic control, D — Diabetic treated
(150mg/kg metformin), E — Diabetic experimental (200mg/kg propolis), F- Diabetic experimental (300mg/kg

propolis). SOD- Superoxide dismutase, GSH- Gluthatione
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