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Abstract

The present study was designed to investigate the probable
hypoglycemic, hypolipidemic and hepatoprotective effects of
propolis water extract in diabetic rats. Diabetes was induced in
male rats by intraperitoneal injection of single dose (45 mg/kg body
weight) of streptozotocin (STZ). After induction of diabetes, rats
were orally administered propolis in two separate doses, 50 or 100
mg/kg body weight daily for 6 weeks. Herein, propolis administration
significantly improve the hyperglycemic status resulting from
diabetes induction, as evidenced by lowered blood glucose, blood
glycosylated hemoglobin levels and hepatic G-6-Pase activity, while
enhanced serum insulin, blood hemoglobin levels and hepatic
glycogen content, compared to the diabetic group. Regarding
lipid metabolism, the increased levels of lipid fractions, and the
reduced high density lipoprotein cholesterol level in diabetic rats
were reverted back to normal levels after propolis administration
indicating, further, its hypolipidemic effect. Moreover, propolis
enhanced the body weight gain and protein metabolism in diabetic
rats. In addition, propolis was found to has hepatoprotective effects
via improving liver functions in diabetic rats, which was confirmed
by decreased serum AST, ALT and y-GT activities associated with
decreased bilirubin level, compared to the diabetic group. Current
findings clearly point out the antidiabetic, hypolipidemic and
hepatoprotective properties of propolis water extract which may be
of health benefits in ameliorating various metabolic disorders and
complications of diabetes.
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Introduction

Diabetes mellitus (DM) is a major endocrine disorder, affecting
approximately 5% of the world’s population [1]. DM, a global health
crisis, is one of the most common non-communicable diseases
affecting humanity regardless of the geographic location or
socioeconomic profile of the population [2], rising to epidemic
proportions globally and undoubtedly one of the major challenging
public health problems in the twenty-first century as it considered the
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principle cause of great economic loss that can impede nation’s
development [3], as It considered one of the five leading causes of
death in world [4]. Itis a chronic metabolic disorder that characterized
by elevated blood glucose levels with carbohydrate, protein, and fat
metabolism disturbances which result, in part, from absolute or
relative deficiency of insulin (type | and type |1, respectively). Chronic
hyperglycemia considered the main risk factor in both types for the
development of diabetic complications as it is thought that frequent or
large glucose fluctuations may independently contribute to the
development of these complications [5]. Experimentally, STZ has
been found to produce a selective toxic effect on -cells and induces
DM type | in most laboratory animal species [2]. STZ Type | DM is
induced by pancreatic B-cells destruction with eventual absence of
insulin, mediated by an autoimmune mechanism and consequent
inflammatory process through production of many inflammatory
cytokines (TNF-a, IFN-y and IL-1p) and oxidative stress markers [6].
In diabetics, depending on the severity of the diabetes, higher level
blood glucose will be reached and remain increased for long duration,
through hepatic glucose overproduction and peripheral underutilization.
Gailliot et al. [7], Singh and Kakkar [8] reported that STZ treated rats
showed a significant elevation in serum glucose levels, while a marked
decrease in serum insulin levels were observed. This is in accordance
with who found hyperglycemia and glucose intolerance with marked
decrease in serum insulin levels in STZ-diabetic rats. Similar results
obtained in STZ induced type Il diabetic mice by Manjusha et al. [9],
who found a marked increase of FBG levels accompanied by marked
decline in serum insulin levels. Glycogen is the body auxiliary energy
source that trapped and converted back into glucose by glucose-6-
phosphatase (G-6-pase) enzyme when there is need for energy. In
experimental diabetes, enzymes responsible for glucose and fatty acids
metabolism are markedly altered [10]. G-6-pase activity was
significantly increased while glycogen synthesis was decreased in the
liver of STZ-diabetic rats [11]. Similar results obtained by Xie et al.
[12]. who reported that injection of rats with STZ resulted in significant
decline in glycogen contents with marked elevation in G-6-pase
activity in their livers. In diabetes, since various proteins, such as
hemoglobin (Hb), undergo non-enzymatic glycation, blood excess
glucose can bind with Hb forming glycosylated hemoglobin (HbAlc)
[13]. Hb content was significantly decreased, while HbAlc level was
elevated in STZ-induced diabetic rats [14]. Such results were in
accordance with the results revealed a significant increase in HbAlc
level associated with Hb level decline in diabetic patients [15] and rats
[16]. Diabetes is associated with profound alterations in the lipoprotein
profile and plasma lipids with increasing risk of, coronary insufficiency,
myocardial infarction and atherosclerosis [17]. Disturbance in lipid
metabolism is so prominent that diabetes has been called “more a
disease of lipid than carbohydrate metabolism”. Because, glucose
cannot be used effectively as a metabolic fuel, the mobilization of
energy reserves from fat stores is enhanced, leading to elevated
concentration of fatty acids, glycerol and ketones in the blood [18].
Over 95% of all lipids transported in the blood are present in lipid-
protein or lipoprotein and such types were affected vigorously in

2018 diabetes. A significant increase in serum total cholesterol (TC),
triglycerides (TG), total lipids (TL), low density lipoprotein-cholesterol
(LDL-C) and very low density lipoprotein-cholesterol (VLDL-C)
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along with a decrease in serum high density lipoprotein-cholesterol
(HDL-C) levels were observed in STZ diabetic rats [8,16,19] as well as
in diabetic patients [20]. An association between diabetes mellitus and
deranged protein metabolism has been known for many years ago.
The decrease in serum and hepatic total proteins in diabetic patients
may be due to microproteinuria and/or increased protein catabolism
since insulin inhibits hepatic amino acid release [21]. Several reports
showed that serum total proteins, globulin and albumin levels were
markedly lowered in STZ-diabetic rats [9,8]. STZ injection induces
hepatocellular damage, which is one of the characteristic changes in
diabetes [2]. The elevated serum glucose level, aspartate transaminase
(AST), alanine transaminase (ALT), and y-GT, among various
biochemical parameters, were found to be indicative of liver damage,
hepatic functions change, cellular leakage and loss of functional
integrity of hepatic cell membranes [22]. These enzymes release into
the serum is a result of changes in the permeability of liver membranes
and/or tissue injury. Oche et al. [2], Xie et al. [12] and Arya et al. [23]
reported that in STZ diabetic rats there was a marked increase in
serum AST, ALT and y-GT due to damage occurred in the liver tissue
as a result of hyperglycemia. Bilirubin is excreted by liver; therefore,
interference with the normal liver functions affects its rate of
conjugation and excretion. Thus a high level of bilirubin is used as
indices for liver function and bile excretion status. Diabetes was found
to increase the plasma total bilirubin, through decreasing its liver
uptake and conjugation or increasing its production from RBCs
hemolysis, indicating presence of liver problems [2]. Although,
effective control of blood glucose level is an effective strategy in
reducing clinical complications of DM remarkably, optimal control of
blood glucose level alone could not prevent complications which
promote to hypothesize an alternative treatment approaches
essentiality. Even though there is no cure for diabetes, the
pharmacological and non-pharmacological approaches certainly
improved the prognosis and improved the quality of life to certain
extent [24]. In recent years, studies are increasing in the field of free
radical induced oxidative damage in human diseases including
diabetes. Various antioxidants, vitamins and other natural products
are being investigated to encounter oxidative events. Thus,
identification of naturally occurring inhibitors of peroxidation to be
taken in diet can lead to important strategies for disease prevention.
Diabetes management without any side effects is a huge challenge
leading to increase demand for natural products as a preventive agent
for diabetes treatment that possess antidiabetic activity with fewer side
effects. In recent years, bees-derived natural products received
considerable attention because of their diverse pharmacological
actions. Realizing this fact, propolis was taken into account as a
natural product for its emerging hypoglycemic and antioxidant
efficacy [25]. Propolis (bee glue) is a complex resinous substance
collected by honeybees, especially Apis mellifera, from a variety of
plant sources including cracks in bark and leaf buds. It is a strong
adhesive material used by bees in the construction, maintenance, and
protection of their hives. It has a complex chemical composition and
is known to be rich in polyphenols, flavonoids, waxes, resins, balsams,
amino acids, oils, etc [26]. In many countries, it has been used in folk
medicine since ancient times and recently, it was reported to possess
multiple biological activities, such as antifungal, antibacterial,
antiviral, antioxidant, anticancer, immunomodulatory, wound
healing, hepatoprotective and anti-inflammatory [27]. Thus, it has
been extensively used in beverages and food to improve health and
prevent diseases such as heart disease, inflammation, cancer and
diabetes [28]. The results of previous experiments were highly
encouraging as they revealed that propolis administration significantly

lower the level of blood glucose in STZ — induced diabetic rats and in
glucose load condition, as it can protect pancreatic tissue by enhancing
the antioxidant defense system with its hypoglycemic and
hypolipidemic activities, which can be used to delay or prevent
diabetic complications [29]. Similar results were obtained by Al-Hariri
et al. [29] and Lio et al. [30] who showed that oral administration of
encapsulated propolis can control hyperglycemia as it can significantly
inhibit FBG elevation and improve insulin sensitivity in STZ-diabetic
rats. These results are in agreement with the findings of Bhadauria et
al. [31] who found that 3 weeks propolis treatment (200 mg/kg b.w)
raise hepatic glycogen store in diabetic rats accompanied with a
significant decrease in G-6-pase activity. For lipid metabolism, Fuliang
et al. [32] observed that 7 weeks propolis ethanolic or water extract
(150 mg/kg bw) oral administration may modulate lipid metabolism,
in STZ-diabetic rats, as propolis significantly lowered serum TC
(20.4%), TG (36.8%), LDL-c (46.3%) levels and increased serum
HDL-c (11.1%) levels. Similar results were obtained by Al-Hariri [25]
and Lio et al. [30]. Regarding protein metabolism, Yonar et al. [33]
reported that treatment of diabetic rats with propolis water extract
resulted in a significant increase in serum total proteins, albumin and
globulins as compared with the diabetic group. The results are in
harmony with the findings of El-Sayed et al. [34] who reported that
oral treatment of STZ-induced diabetic rats with 200 mg/kg bw of
propolis for 5 weeks ameliorated alterations in serum total proteins.
Concerning liver damage, Bhadauria et al. [35] concluded that
propolis extract possesses therapeutic potential against hepatic
damage. This is confirmed by Zhu et al. [36] who posted that long-
term administration of water propolis extract (200 mg/kg bw) resulted
in marked improvement of the liver lesions in STZ-diabetic rats where
serum AST and ALT levels were significantly decreased. Moreover, EI-
sharaky et al. [37] showed that propolis reduced the increased levels of
AST and ALT in plasma of the diabetic rats. All of this suggests that
propolis water extract may has potential as a pharmaceutical for
patients suffering from various diseases such as cardiovascular
diseases, cancer, and diabetes [38]. Therefore, the target of the present
research is the examination of the overall action of propolis as natural
substance that can be used in curing diabetic complications.

Materials and Methods

Chemicals

STZ was purchased from Sigma Aldrich Co. (St. Louis, Mo 6,
USA). Bio propolis capsules were purchased from Egyptian Sigma
Pharmaceutical Industries Company, Egypt.

Animals

Adult male albino rats (Rattus rattus), weighing 100-120 g, were
kept under a photoperiod of 12 h light: 12 h darkness, with lights-
on from 06.00 to 18.00 h. They housed in stainless cages in a good-
ventilated animal room. Rats were fed on adequate stable diet and
water were allowed ad libitum. After a week of acclimatization, the
rats were divided into six groups each of six animals.

Induction of diabetes

Overnight fasting rats were injected intraperitoneally with a
single dose of freshly prepared STZ solution (45 mg/kg body weight)
dissolved in citrate buffer, pH 4.6. Two days after induction, diabetes
was confirmed by examining blood glucose level using Glukotest of
diagnosis glucose level by ACCU-CHEKGo apparatus obtained from
Roche Company, Germany [13]. Rats with fasting blood glucose level
over 200 mg/dl are considered as diabetic rats [39].
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Experimental design

The rats were divided into six groups of 6 each: the first group
served as control and had no treatment; the second group received
propolis in a dose of 50 mg/kg body weight; the third group received
propolis in a dose of 100 mg/kg body weight; the fourth group
injected intraperitoneally with a single dose of STZ solution, 45 mg/
kg body weight (diabetic group); the fifth group was diabetic and
received propolis in a dose of 50 mg/kg body weight; the sixth group
is diabetic and received propolis in a dose of 100 mg/kg body weight.
After the induction of diabetes, all rats, except the control, were orally
administered the selective doses of propolis daily for 6 weeks period.

Samples collection

At the end of the experimental period, overnight fasted rats were
weighed then sacrificed by cervical decapitation using a sharp razor
blade. Blood samples were collected in clean centrifuge tubes, and let
stand for appropriate time, after which they were centrifuged at 3000
rpm for 15 min. Blood sera were carefully separated, labeled and kept
at -20°C for selective biochemical analysis. On the other hand, liver
and pancreas specimens were quickly removed from the animals,
weighed, homogenized in distilled water, labeled and kept together
with sera at -20°C until furtherassays.

Biochemical determinations

Fasting serum glucose, hemoglobin and serum HDL-C
concentration were estimated by the methods of Trinder [40],
Van and Zijlstra [41] and Grove, respectively using SPINREACT
diagnostics kit, Spain. Meanwhile, glycosylated hemoglobin was
estimated according to the method of Gonen and Rubenstein [42] by
using glycosylated hemoglobin kit obtained from Teco Diagnostics,
U.S.A. Serum insulin was measured by ELISA kit purchased from
Boehringer Mannheim, Germany, according to the method of Flier
et al. [43] using Boehringer Analyzer ES 300. Liver glycogen content
and glucose-6-phosphatase activity were determined as described
by Damsho et al. [44] and Rossetti et al. [45] methods, respectively.

Serum LDL-C and globulins levels were calculated according to
Friedewald, [46] and Young [47] equations, respectively. Serum and
hepatic total cholesterol, triglycerides, total lipids and total proteins
were estimated using kits from Biodiagnostic Company, Egypt
according to Young [47], Fossati and Prencipe [48], Zollner and Kirsch
[49], Henry methods, respectively, while serum albumin level was
estimated by colorimetric method of Young [47] using albumin —kit
from Diamond Company, Egypt. Using kits from ELITech Company,
France, serum AST, ALT and y-GT activities were estimated by the
methods of Scherwin et al. [50] Serum total bilirubin content was
detected according to Young [47] using total bilirubin—kit from
Diamond Company, Egypt.

Statistical analysis

Obtained datawere statistically evaluated with SPSS 17.5 software.
P values equal or less than 0.05 were considered the minimal level of
significance. All the results were expressed as the mean + SE for six
animals in each group. Percentage of change in the treated groups was
calculated.

Results

Table 1 shows serum glucose and insulin levels, hepatic glycogen
content and G-6-Pase activity, and blood Hb level and HbA1C (%).
The results showed that daily administration of low or high doses of
propolis water extract for 6 weeks produced no significant change in
all tested parameters concentration when compared to the control
group. In STZ-diabetic groups, significant increases in glucose, G-6-
Pase and HbALC levels, while significant decrease in insulin,
glycogen and Hb concentrations, were obtained comparing with
control results. Diabetic rats treated with propolis showed marked
decreases in glucose, G-6-Pase and HbALC levels, while significant
increase in insulin, glycogen and Hb concentrations when compared
to the diabetic group. Although this, the results of glucose (in case
of low propolis dose) and G-6-Pase appeared significantly high,
where glycogen contents appeared significantly low in comparison
with control groups. There were no remarkable changes between the

Table 1: Serum glucose and insulin levels, hepatic glycogen content and G-6-Pase activity, and blood Hb level and HbA1C (%) in in different animal groups.

Group Control Propolis (P) Diabetic (D) D+P
Parameter . .
Low High Low High
Mean + SE 100.71+£7.71 100.60 + 7.57 100.17 £ 4.10 324.35 + 24.57? 124.73 £ 15.43° 145.03 + 12.612°
Glucose .
(mg/ 100 ml) -0.10 -0.53 +222.06 +23.85 +44.00
** -61.54 -55.28
Mean + SE 22.80+1.32 21.79+1.24 21.80 + 1.56 14.57 + 0.822 22.76 + 0.87° 23.34 £1.72°
Insulin .
(u1 U/ml) -4.42 -4.38 - 36.09 -0.17 +2.36
** +56.21 +60.19
Mean + SE 44,44 £ 0.78 43.50 £ 0.73 4223 +1.12 31.08 + 0.362 40.65 + 0.612° 40.76 + 0.902°
Glycogen .
(9/100 g) -2.11 -4.97 - 30.06 -8.52 -8.28
xx +30.79 +31.14
Mean + SE 2.42+0.19 2.38+0.19 2.32+0.06 3.25+0.19* 2.80 +0.012° 2.76 £0.13%°
G-6-Pase (umol -1.65 -413 +34.29 +15.70 +14.04
Pi/ min/g)
xx -13.84 -15.07
Mean + SE 13.41+0.25 12.98 + 0.40 12.96 + 0.28 9.37+£0.29* 13.05 £ 0.27° 13.57 + 0.24°
Hb (g/dl) * -3.20 -3.35 -30.12 -2.68 +1.19
*x +39.27 +44.82
Mean + SE 3.36 +0.19 3.34+£0.25 3.03+0.15 5.73+0.162 3.67 +0.39° 4,32 £ 0.54°
HbA1C (%) * -0.59 -9.82 +70.53 +9.22 +28.57
** -35.95 -24.60

Values expressed as mean = SE (n = 6); a, b Significant difference (P < 0.05) comparing to control and diabetic groups respectively; * , ** are % of changes comparing

to control and diabetic groups respectively.
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results of low and high doses of propolis in STZ-diabetic rats. The
data of serum and hepatic TL, TG and TC levels were summarized
in Table 2. Daily administration propolis in low and high doses for
6 weeks induced no marked alterations in all mentioned parameters,
when compared to control values. However, diabetic groups displayed
significantly increased these variables, comparing with control results.
Administration of both low and high doses of propolis partially
ameliorated the adverse effect of STZ diabetes since obtained data
showed significant decreases in all tested parameters when compared
to the diabetic group, except the low dose propolis treated group in
case of hepatic TC which showed no significant change. In comparison
with control groups, levels of serum TG and TC in diabetic rats
treated with low and high doses of propolis and hepatic TC content in
diabetic rats treated with low dose of propolis were still significantly
elevated, while levels of remaining data appeared unchanged.
Obtained results displayed non-significant changes between low and
high doses of propolis in STZ-diabetic rats. Serum levels of HDL-C,
LDL-C and HDL/LDL ratio were demonstrated in Table 3. Obtained
results showed that daily administration of low or high dose of
propolis extract for 6 weeks resulted in non significant changes, when

compared to the control groups. Remarkable significant increases in
tested parameters were seen in diabetic groups, when compared to
the control groups. The results also exhibited significant increases
in HDL-C level and HDL/LDL ratio associated with a significant
decrease in LDL-C level in STZ-diabetic rats treated with low and high
doses of propolis, comparing with diabetic groups. Although LDL-C
levels still significantly higher and HDL/LDL ratio still significantly
lower, when compared to control groups. No detectable changes were
recorded between low and high doses of propolis in STZ-diabetic rats
except in case of LDL-C where it showed in a significant decrease.

Table 4 illustrates Hepatic total proteins content and serum total
proteins, albumin and globulins levels. Following daily administration
of low and high doses of propolis water extract for 6 weeks, obtained
results showed no significant changes in all tested parameters, when
compared to control group. However, in STZ-diabetic groups,
significant decreases were noted, comparing with control results.
Following treatment with propolis in STZ-diabetic rats, significant
rise in all tested parameters were detected, comparing with results
obtained from diabetic rats. In comparison with control groups,

Table 2: Serum and hepatic TL, TG and TC levels in different animal groups.

Group|Control Propolis (P) Diabetic (D) D+P
Parameter ; ;
Low High Low High

Mean + SE 256.67 + 20.90 282.93+16.66 276.34+£14.99 502.29 +27.43* 286.66 + 14.56° 283.90 + 10.92°
Glucose .
(mg/ 100 ml) +10.23 +7.66 +95.69 +11.68 + 10.60

** -42.92 -43.47

) Mean + SE 330.26 + 27.16 338.53+34.87 321.07 £32.93 | 581.79 +42.572 369.11 + 45.70° 353.85 +41.73°

Insulin * +2.50 -2.78 +76.16 +11.76 +7.14
(11 U/ml)

** - 36.55 -39.17

Mean + SE 50.18 £ 0.47 53.38 £ 0.37 52.74 £ 0.36 109.57 +£ 0.44* 65.47 + 0.33%° 64.74 + 0.432°
Glycogen .
(/100 g) +6.37 +5.10 +118.35 +30.47 +29.01

*x -40.24 -40.91

Mean + SE 52.61 +4.15 57.71+5.53 55.35+5.07 106.96 + 8.65 64.18 +5.18° 67.56 + 6.52°
G-6-Pase (umol +9.69 +5.20 +103.30 +21.99 +28.41
Pi/ min/g)

*x -39.99 -36.83

Mean + SE 90.86 + 0.81 92.25+0.72 92.99 + 0.65 139.59 + 0.34* 109.78 + 0.492° 109.12 + 0.72%°
Hb (g/dl) * +5.93 +2.34 +53.63 +20.82 +20.09

*x -21.35 -21.82

Mean + SE 145.13 +5.82 160.92 + 6.53 147.44 + 4,50 203.20 + 15.09* 174.73 £9.37* 151.26 + 4.64°
HbA1C (%) * +10.87 +1.59 +40.01 +20.39 +4.22

*x -14.02 - 25.56

Values expressed as mean + SE (n=6); a, b Significant difference (P < 0.05) comparing to control and diabetic groups respectively; * , ** are % of changes comparing

to control and diabetic groups respectively.

Table 3: Serum HDL-C, LDL-C and HDL/LDL ratio in different animal groups.

Group|Control Propolis (P) Diabetic (D) D+P

Parameter Low High Low High

Mean + SE 38.42 £0.97 40.78 + 0.90 39.21 £ 0.90 21.17 £ 0.67° 35.02 £ 1.04° 38.42 £ 0.67°
HDL-C * +6.14 +2.05 - 44.89 -8.84 0.00
(mg/dl)

*x +65.42 +81.48

Mean + SE 42.40 £ 0.45 44.96 + 0.26 43.22 +0.41 96.50 + 0.44° 61.63 + 0.66°° 57.69 +1.01%b¢
LDL-C * +6.03 +1.93 +127.50 +45.35 +36.06
(mg/dl)

*x -36.13 -40.21

Mean + SE 0.90 +0.03 0.90 +0.02 0.91 +0.02 0.21+0.0° 0.57 +0.02% 0.66 + 0.02%
HDL/LDL ratio  * 0.00 +1.11 -76.66 - 36.66 - 26.66

*x +171.42 +214.28

Values expressed as mean + SE (n=6); a, b, ¢ Significant difference (P < 0.05) comparing to control, diabetic and D+P low dose groups respectively; * , ** are % of

changes comparing to control and diabetic groups respectively.
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Table 4: Hepatic total proteins content and serum total proteins, albumin and globulins levels in different animal groups.

Group Control Propolis (P) Diabetic (D) D+P
Parameter ; ;
Low High Low High
Hepatic total Mean + SE 7.17+£0.32 7.18 £0.30 7.16 £ 0.08 5.03+0.19* 6.21 +0.27%° 6.50 + 0.25°
proteins * +0.13 -0.13 -29.84 -13.38 -9.34
(9/100 gm) *x +23.45 +29.22
Mean + SE 5.88+0.22 6.01+£0.61 5.80+0.39 3.39+0.13* 5.27 +0.25° 5.50 + 0.33°
Serum total .
proteins (g/dl) +2.21 -1.36 -42.34 -10.37 -6.46
*x +55.45 +62.24
] Mean + SE 3.26 £0.12 3.15+0.06 3.31+0.06 1.54+0.122 2.65+ 0.09*° 2.56 +0.13%"
g/tz;l‘)m'” * -3.37 +153 -52.76 -18.71 -21.47
* +72.07 +66.23
) Mean + SE 248 +0.26 2.55+0.41 2.40+£0.34 1.79+0.172 2.55+0.30° 2.48 +0.34°
g'/‘(’jtl’)“"”s * +2.82 -3.22 -27.82 +2.382 0.01
o +42.45 +38.54

Values expressed as mean + SE (n = 6); a, b Significant difference (P < 0.05) comparing to control and diabetic groups respectively; * , ** are % of changes comparing
to control and diabetic groups respectively.

Table 5: Serum AST, ALT and y-GT activities and total bilirubin level in different animal groups.

Volume 104 ¢ Issue 6 » 1000322

Group|Control Propolis (P) Diabetic (D) D+P

Parameter Low High Low High

Mean + SE 75.76 £ 2.30 79.61 + 4.66 79.00+1.78 118.47 £ 2.11° 90.92 + 5.68%" 87.00 + 3.98%°
AST (ull) * +5.08 +4.27 +56.37 +20.01 +14.83

* -23.25 - 26.56

Mean + SE 36.84 +2.72 43.64 + 3.61 45.55+2.44 102.95 + 2.26° 56.74 + 1.78%° 52.95 + 3.1720
ALT (u/l) * +18.45 +23.64 +179.45 +54.01 +43.72

* -44.88 - 48.56

Mean + SE 32.42+0.93 33.93+1.25 32.97+1.15 76.42 +2.83° 41.98 + 1.26%° 42.68 + 1.05*°
Y-GT (u/l) * +4.65 +1.69 +135.71 +29.48 +31.64

** - 45.06 -44.15

Mean + SE 0.85 +0.04 0.88 £ 0.04 0.84 +£0.02 3.09 +0.08° 2.07 +0.022° 1.93 £ 0.09*°
Bilirubin (mg/dl) * +3.52 -1.17 +263.52 +143.52 +127.05

** - 33.00 -37.54

Values expressed as mean + SE (n = 6); a, b Significant difference (P < 0.05) comparing to control and diabetic groups respectively; * , ** are % of changes comparing

to control and diabetic groups respectively.

significantly lowered serum albumin in diabetic rats treated with low
and high doses of propolis were observed, and after low dose treatment
in case of hepatic total proteins. The results reveal a non-significant
change between low and high doses of propolis in diabetic rats. Table
5 represents serum AST, ALT and y-GT activities and total bilirubin
level. Results of this study sshowed that daily administration of low
or high doses of propolis extract for 6 weeks showed non significant
changes in all liver function markers levels when compared to the
control group. Regarding to diabetic group, a significant increases
were obtained when compared to normal control one. In contrary,
diabetic groups treated with propolis showed significant increases in
all tested parameters when compared to the diabetic group, although
these values still significantly higher when compared to normal
control group. A non significant change was detected between low
and high doses of propolis in diabetic rats.

Discussion

Diabetes mellitus (DM) is a global health care issue resulting
from hyperglycemia-mediated life-threatening complications.
Although the use of glucose-lowering agents is routinely practiced,
high dependence on medication leads to poor quality of life for DM
patients. While it is still not feasible to precisely determine the critical
timing when DM is truly established, perhaps the best way to reduce

DM-associated mortality is to prevent it [51]. Though different types
of oral hypoglycemic agents are available for DM treatment, increasing
demand to use antidiabetic natural products were observed because
of the existing drugs undesirable side effects. Hence, natural products
continue to be more affordable and accessible than conventional
drugs representing the available treatment first line for numerous
worlds’ population [52]. Natural products have been used lately as
an alternative to prevent or overcome diabetes, as they contain a
bioactive component that has a hypoglycemic potential [53]. Propolis
is one of those natural products which have antioxidant capacity and
marked hypoglycemic [54], hypolipidimic [25] and hepatoprotective
effects [35].

Glucose hemostasis

The results of the present study showed that a single injection
of 45 mg/kg bw of STZ to the rats caused a significant increase in
serum glucose and blood glycosylated hemoglobin (HbA1c) levels
as well as in hepatic G-6-pase activity in contrast to significant
decrease in serum insulin and blood hemoglobin (Hb) levels as
well as liver glycogen content as compared to the control group.
These results are in accordance with the findings reported that STZ
intraperitoneal administration to rats led to marked elevation of
serum fasting glucose level (hyperglycemia) and hypoinsulinemia
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[23,19]. These blood glucose and insulin concentration changes had
reflected B-cell function abnormality with subsequent decrease in
insulin biosynthesis and secretion and impaired glucose utilization
(oxidation and glycogenesis) [12]. The recent experiments done by
Ghosh et al. [55] suggested DNA alkylation as the major cause for
B-cell death induced by STZ resulting in significant insulin decrease
and marked elevation in serum glucose level. Such suggestion was in
harmony with the study of Guerrero-Berroa et al. [56] who cleared
that in STZ treated rats there was total or near total loss of insulin
secretion, as number of cells producing insulin were reduced. This
led to decreased insulin production resulting in an enhanced
gluconeogenesis and glycogenolysis leading to overall increase in
blood glucose levels with gross loss of liver glycogen content as well
as muscles and fats due to increased protein catabolism and lipolysis.
Regarding the decrease of the hepatic glycogen content, it is in
harmony with the increase of G-6-pase activity and hyperglycemia
observed in the present study, in STZ-induced diabetic rats. However,
hyperglycemia is accompanied by reduced insulin induced glycogen
synthesis activation, which could provide an explanation for the
depressed ability of liver to synthesize or accumulate glycogen in
diabetes [9]. Thus, the decreased hepatic glycogen content may be
associated mainly with the hyperglycemia resulted from reduced
insulin production and action [12]. Alternatively, glycogen storage
disruption may also associate with liver dystrophic changes leading to
an inhibition of some carbohydrate metabolism key enzymes such as
hexokinase, glucokinase and phosphoglucomutase and/or stimulation
of others like G-6-Pase [57]. The hepatic glycogen stores depletion in
diabetes, therefor, may arise from glycogenolysis increase, as indicated
by the G-6-Pase activity increase which suggested being responsible
for the increase of hepatic glucose output and subsequently blood
glucose levels elevation [8]. In the present study, Hb content was
significantly decreased, while the HbAlc level was elevated in STZ-
induced diabetic rats. Such results were in accordance with the results
revealed a significant increase in HbAlc level in diabetic patients and
STZ-diabetic rats [57,58]. However, HbAlc % elevation and declined
Hb contents, during diabetes, may be attributed to the higher levels
of blood glucose and its impaired utilization as excess glucose reacts
with Hb to form HbAlc and the rate of glycation is proportional to the
blood glucose concentration [58]. On the other hand, in the present
study, marked hypoglycemic effects were shown by propolis treatment
in STZ-diabetic rats, which indicatedby the raised plasmainsulin levels
and hepatic glycogen contents as well as Hb levels, while significantly
lowered blood glucose, hepatic G-6-pase activity and HbAlc levels to
reach nearly normal control values in comparison with diabetic rats
[59]. The results herein are in harmony with the findings depoted that
propolis oral treatment (200 mg/kg bw) to STZ-induced type | diabetic
rats daily for 5 weeks [34] and to type Il diabetic rats for 8 weeks [19],
ameliorated serum glucose alterations near the normal levels. This
is confirmed by Al-Hariri [25] who suggested the potential use of
propolis as an antidiabetic agent, attributing its hypoglycemic activity
to intestinal maltase activity inhibition, thus preventing blood glucose
elevation following carbohydrate intake [60,61]. Another explanation
was suggested by Orsoli¢ et al. [62] who illustrated that propolis
long-term glycemic control could be due to the inhibition of hepatic
glucose release, stimulation of peripheral tissues glucose uptake and/
or reduced intestinal glucose absorption, which would be useful for
type | DM treatment. Such suggestion is in agreement with the data
obtained by Al-Hariri et al. [29] who detected that propolis treatment
in STZ-induced diabetic rats is associated with high plasma insulin
and/or low glucagon, that causes hepatic glucose output inhibition
and peripheral tissue insulin sensitivity improvement as probable

mechanisms for propolis glycemic control. Moreover, Kolankaya et
al. [63] and Newairy et al. [64] propolis antioxidant components as
flavonoids and many phenolic compounds may in part account for
its hypoglycemic effects by enhancing the antioxidant defense system
and hence protecting and/or repairing hepatic and pancreatic tissue
[29]. In point of fact, the antihyperglycemic activity of propolis could
be mainly attributed to its insulinogenic activity that may stimulate
insulin secretion from the remnant and/or regenerated B-cells, as
propolis either enhances cell activity and induces regeneration and
repair of pancreatic B cells or it prevents further deterioration of 3
cells through its antioxidant properties [30]. This clearly confirms the
possibility of propolis usage as a therapeutic adjunct for diabetes cure.
Regarding the improvement in glycogen content and G-6-pase activity
following propolis treatment in diabetic rats, similar results recorded
by Bhadauria et al. [65] who found that 3 weeks propolis treatment
(200 mg/kg bw) preserved hepatic glycogen store dramatically in
diabetic rats accompanied with a significant decrease in G-6-pase
activity, indicating a marked decrease in hepatic glycogenolysis,
which explains the significant decrease in blood glucose levels and
confirms the hypoglycemic effect of propolis extract. In harmony with
these data, demonstrated that propolis extract maintained the glucose
homeostasis of diabetic rats by controlling carbohydrate metabolizing
enzyme activities such as G-6-pase. Interestingly, Al-Hariri [25] and
Lio et al. [30] showed that diabetic rat’s propolis treatment caused a
marked elevation in Hb level but a marked decline in the HbA1c level
compared to diabetic rats, a result that could be due to modulation in
the glycemic status. Similarly, the treatment of diabetic rats with 200
mg/kg body weight propolis extract showed an obvious reduction,
by 7.4%, of HbAlc level which demonstrated the anti-diabetic effect
of propolis extract and suggested that propolis may reduce diabetic
complications by its hypoglycemic effect[36].

Lipid profie

For lipid metabolism, STZ diabetic rats in the present work
showed a great disturbance in lipid profile as they exhibited significant
increase in both serum and liver total lipids (TL), total cholesterols
(TC) and triglycerides (TG) in addition to serum low density
lipoprotein (LDL-C) levels while a significant decrease in serum
high density lipoprotein (HDL-C) level was seen compared to the
control group. These results are in agreement with those obtained by
Singh and Kakkar [8] and Zhou et al. [19] who recorded a significant
increase in the serum and hepatic levels of lipid profile except HDL-C
that decreased significantly in diabetic rats when compared to the
control group, and this, unlikely, represents a coronary heart diseases
risk. The abnormal high concentrations of serum lipids in diabetic rats
could be mainly due to the increase in free fatty acids mobilization
from the peripheral fat depots as a consequence of insulin deficiency,
since insulin inhibits lipase hormone, thus, serum fatty acids excess
promote its conversion into hepatic cholesterol and phospholipids,
which along with formed hepatic TG excess, may be discharged
into the blood in the form of lipoproteins [18]. Furthermore, the
marked serum and liver hyperlipidemia characterizing the diabetic
state may be regarded as a consequence of lipolytic hormones, such
as catecholamines and glucagon, uninhibited actions on fat depots
[59]. In type Il diabetic individual, insulin-mediated lipoprotein
lipase (LPL) depressed activity descends the lipoprotein clearance
rate, which often reflected by elevated TG and TL levels together
with excessive fat deposition in various tissues including the muscle
bed [30]. On the other hand, in the present study, administration of
propolis extract to diabetic rats greatly counteracted lipid profile as
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compared to diabetic group. Alves et al. [60] reported that propolis
hypocholesterolemic effect results from its direct effect on liver or an
indirect effect through thyroid hormones that nearly affect almost
all lipid metabolism reactions pathways. These results are possibly
profited by the amendment of insulin sensitivity and LPL activity
suggesting that propolis might reduce insulin resistance by reducing
lipogenesis and the toxic effects of lipids in liver. Zhu et al. [36] and
Lio et al. [30] added that the reduction in lipid fractions by propolis
may be also attributed to the decreased cholesterol absorption,
degradation or elimination associated with decreased production
of the major transporters of endogenously synthesized cholesterol,
indicating cholesterol mobilization from extra hepatic tissues to liver
where it is catabolized, in addition to its antioxidant contents such
as phenolic compounds and flavonoids which may be responsible, in
part for the anti-hyperlipidemic effect of propolis extract in diabetic
rats. Daleprane et al. [61] suggested that propolis can lower plasma
LDL-C in several ways; first, GIT cholesterol uptake inhibition;
second, blood LDL-C elimination via LDL receptors; and finally,
cholesterol-degrading enzymes (cholesterol-7-hydroxylase) increased
activity. While propolis is capable of increasing ATP-binding cassette
transporter A1l (ABCA1) expression, a membrane transporter that
directly contributes HDL-C biogenesis by regulating cholesterol
cellular efflux, since it plays a pivotal role in cholesterol homeostasis
and HDL-C metabolism, which would be beneficial for atherosclerosis
therapy and prevention [30].

Protein metabolism

Concerning proteins, the present study demonstrated that serum
and hepatic total proteins, serum albumin and globulins levels were
significantly decreased in diabetic rats. These results are comparable
with those of other studies illustrating that the marked decreases in
plasma total proteins, albumin and globulins levels in STZ-induced
diabetic rats reflect disorders in the synthesis and metabolism of
proteins as a consequence to acute liver damage [9]. However, this
significant decline may be attributed also to several reasons such as
increased gluconeogenesis, decreased amino acid uptake, hepatic
damage and disruption and/or dissociation of polyribosomes from
endoplasmic reticulum [11]. Furthermore, it seems likely to suggest
that the lack of insulin would decrease amino acids incorporation
into proteins and/or may decrease protein synthesis as Ene et al. [21]
confirmed that insulin deficiency in vivo is associated with enhanced
protein breakdown, amino acids levels elevation and negative
nitrogen balance in diabetic rats. Herein, treatment of diabetic rats
with propolis extract resulted in a significant increase in serum and
hepatic total proteins, albumin and globulins as compared with the
diabetic group. Similarly, intraperitoneal administration of propolis
water extract at 50 mg/kg body weight to alloxan-induced diabetic
mice for 7 days resulted in a significant increase in serum total proteins
[62]. These results are also compatible with the findings obtained
by Kolankaya et al. [63] who reported that there was a significant
increase in serum albumin and globulin levels in propolis treated
rat groups after administration of the extract (200 mg/kg b.w.) daily
for 15 days and this may be due to marked improvement in the liver
status and the hepatic functions. Also, the results are in harmony with
the findings of El-Sayed et al. [34] who reported that oral treatment of
STZ-induced diabetic rats with 200 mg/kg b.w of propolis, daily for 5
weeks ameliorated alterations in the plasma total proteins and animal
body and tissue weights.

Liver function

Diabetes is a metabolic disease which leads to significant increase

in free radicals prompting liver diseases development via fibrogenesis,
inflammatory response and hepatocyte apoptosis induction [55].
The data obtained by the present study showed that serum ALT, AST
and y-GT activities as well as bilirubin level obviously increased
in diabetic rats compared with normal control. These results are
compatible with the findings obtained by Xie et al. [12] who found
leakage of these enzymes from the liver cytosol into the blood
stream indicating hepatocytes damage due to increased oxidative
stress, liver dysfunction, enzymes biosynthesis disturbance with liver
membrane permeability alteration. Such suggestion was in harmony
with the study who observed that STZ injection for 30 days resulted
in significant increase in serum transaminases activities and alkaline
phosphatases in rats compared to the control group. This is confirmed
by Singh and Kakkar [8] who stated that serum AST, ALT and y-GT
activities increased in STZ-diabetic rats in response to marked hepatic
abnormalities. Concerning the elevated serum total bilirubin level in
the present study in diabetic group, the result is in accordance with the
findings obtained by El-Sharaky et al. [37] which showed that diabetes
was found to increase the serum total bilirubin perhaps due to the
decreased liver uptake and/or conjugation or increased bilirubin
production due to accelerated RBCs hemolysis indicating presence of
both hematological and liver problems. Another explanation is the
excessive production of free radical in diabetes, since the clearance
of serum bilirubin was associated with free radical production [2].
Lastly, plasma bilirubin level elevation may be attributed to periportal
necrosis confirming liver damage incidence [37]. On the other hand,
the data, herein, showed that treatment of diabetic rats with propolis
water extract resulted in a significant amelioration in the liver markers
serum levels and this improvement demonstrated the protective effect
ofpropolisonhepatocytesstructureandfunctionindiabeticrats. These
results are consistent with those of Bhadauria et al. [65] who revealed
that propolis therapy attenuated the increased serum levels of these
enzymes and caused a subsequent recovery towards normalization that
might be due to recoupment in cell membrane stabilization and free
radical scavenging action of propolis components as well as enhanced
antioxidant status. Similar results were obtained by Newairy et al.
[37] showed that propolis reduced plasma ALT and AST increased
levels in the diabetic rats indicating that propolis tended to prevent
damage and suppress enzymes leakage through cellular membranes
and supporting the propolis hepatoprotective effect. These results
are confirmed, also, by the findings reported by Zhu et al. [20] who
posted that water propolis extract treatment (200 mg/kg bw) for 6 and
8 weeks resulted in obvious improvement of the liver lesions induced
by STZ compared to diabetic rats, perhaps by transglutaminases
expression down-regulating where serum AST and ALT levels were
significantly decreased, suggesting propolis as a potential hepatic
anti-fibrogenic and anti-cirrhotic agent, in diabetes. Additionally,
bilirubin concentration, herein, was found to be markedly declined
in serum of diabetic rats treated with propolis extract. This result is
in agreement with the findings of Newairy et al. [37] who posted that
this effect may be related to its antioxidant properties, a suggestion
which is consistent with the finding that propolis is able to induce
hepatoprotective effects on liver damage in mice. The possible
mechanisms of hepatoprotective action of propolis extract may be
related to its free radical scavenging activity as indicated by the MDA
decrease and the improvement of the antioxidant system as revealed
by GSH, SOD and CAT increased levels increase contents in the liver.
Improved enzymatic biochemical parameters and histopathological
observations also indicated recovered structural and functional
integrity of the hepatic cells. Thus, it can be concluded that propolis
extract possesses therapeutic potential against hepatic damage [65].
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