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and lowered hepatic poly (ADP-ribose) polymerase protein level
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Regina Ngozi Ugbaja1,2 & Tolulope Peter Fatokun1
& Dorcas Ibukun Akinloye1

& Adewale Segun James1 &

Oluseye Olusegun Onabanjo3
& Oluseyi Adeboye Akinloye1

Received: 9 December 2020 /Accepted: 13 April 2021
# Springer Nature Switzerland AG 2021

Abstract
Background and aim Diabetes is a major cause of death worldwide and currently available allopathic drugs presents adverse side
effects, thus, necessitating a continuous screening for natural products. This study therefore investigated the effects of Propolis
Ethanol Extract (PEE) on blood sugar, lipid metabolism, and poly-(ADP)-ribose polymerase (PARPs) protein level of diabetic
male Wistar rats.
Methodology Seventy rats weighing between (150–180) g used in this study were randomized into seven (7) groups as follows:
group 1 (Normal control given Olive oil), group 2 (Diabetic control given Olive oil), group 3 [Diabetic + PEE (200 mg/kg)],
group 4 [Diabetic + (PEE 600 mg/kg)], group 5 [Diabetic + Glibenclamide (10 mg/kg)], group 6 [Normal + PEE (200 mg/kg)],
and group 7 [Normal + PEE (600mg/kg)]. Diabetes was induced by a single intraperitoneal injection of streptozotocin (65 mg/kg
in 0.1 M citrate buffer pH 4.5), while the vehicle and PEE were orally administered once daily. Treatment with PEE commenced
after the confirmation of diabetes. Five rats from each group were sacrificed after the third and sixth weeks of PEE treatment.
Results Administration of PEE significantly (P < 0.05) lowered the elevated fasting blood sugar, improves body weight, and
abated lipotoxicity in the brain, heart, liver and kidney of the treated groups in a dose- and duration-dependent manners. The
increased protein level of PARPs and lowered hydroxyl methyl-glutaryl CoA reductase activity were significantly reversed after
PEE treatment.
Conclusions This study concludes that PEE might be a suitable and viable regimen against diabetic complications in rats.
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Introduction

Diabetes mellitus, a complex metabolic disorder is hallmarked
by defective insulin action and or secretion culminating to

aberrant metabolism of lipids, proteins, and carbohydrates
[1]. Several millions of people in the developed world are
currently diabetic while about 1% of the world population
are reported be affected by diabetes [2, 3]. Diabetes, as a major
risk factor for cardiovascular diseases has been linked to pre-
mature death in many countries [4]. Organ failures associated
with hyperglycemia and dyslipidemia in the diabetics might
be responsible for the ever-increasing mortality [3]. Sustained
hyperglycemia as seen in diabetic condition causes glycosyl-
ation of cellular proteins such as collagen, causing formation
of extracellular matrix and plaques on the arterial walls there-
by, causing endothelial dysfunction which contributes to ath-
erosclerosis. Atherosclerosis and dyslipidemia are major risk
factors for cardio-cerebrovascular diseases which correlates
positively, and have 97 % prevalence in diabetics [3, 5].
Hyperglycemia also aggravates oxidative and nitrosative
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stress which might activate poly (ADP) ribose polymerase, a
nuclear enzyme known to exacerbate endothelial dysfunction
and worsening diabetic complications such as cardiomyopa-
thy, neuropathy, nephropathy, and retinopathy [6]. Other roles
of PARPs includes cell functioning and viability as well as
being involved with cellular reactivity to cytoplasmic stress
responses [7]. Due to high prevalence of diabetes, there have
been tremendous efforts by scientists concerning identifying
blood sugar lowering agents from natural products which are
usually considered non-toxic compared with currently avail-
able allopathic sources [1].

Propolis, (honey bee glue or hive dross) is a complex res-
inous material collected by honey bees from buds and exu-
dates of certain plant sources neighbouring its hives with char-
acteristic physico-chemical features which depends largely on
geographical location, vegetation, and time of the year during
harvest [8, 9]. The chemical compositions of Propolis are
mainly flavonoids, aromatic acids and esters, aldehydes
and ketones, fatty acids and esters, terpenes, steroids, ami-
no acids, polysaccharides, alcohols, and hydroxyl-ben-
zenes. These metabolites have been reported to possess
various biological activities including anticancer, antioxi-
dant, anti-inflammatory, antibiotic, antifungal, anti-
hepatotoxic effect, as well as ability to prevent heart dis-
eases and cancer [9, 10]. Ethanol extract of Propolis has
been shown to mitigate the elevation of triacylglycerol,
low density lipoproteins, and very low density lipopro-
teins in diabetic rats. This is was suggested to be via
regulation of lipogenic enzyme such as hydroxyl-methyl-
glutaryl CoA reductase (HMG- CoA reductase) activity
and stimulation of reverse cholesterol transport [11].
Considering the disparaging information in the literature
about Propolis action on lipid metabolism, and the
underplaying molecular mechanism, the present study re-
ports its chemical composition, and a pre-clinical evalua-
tion of the modulatory effects of a South-western Nigerian
Propolis on lipid metabolism, and hyperglycaemia in dia-
betic rats.

Materials and methods

Chemicals and reagents

All chemicals used in this study were of pure and analytical
grades available (including streptozotocin), purchased from
Sigma Aldrich Co. Ltd (St Louis, United States) while rats
Poly (ADP- r ibose) polymerase ELISA (cat No.
MBS261970) kit was manufactured by MyBioSource, Inc
(San Diego, USA). Triacylglycerol and cholesterol kits were
products of Randox Laboratories Company (Crumlin, United
Kingdom). Glucose oxidase test strips was a product of
Lifespan Incorporation (Milpitas, California, USA).

Propolis sample collection

Local Propolis was obtained from honey bee hive at
Olorunda, Akobo, Oyo State, South-West Nigeria, stored in
an airtight amber bottle and kept at frozen temperature and
authenticated at the Department of Forestry and Wildlife
Management (FWM), Federal University of Agriculture,
Abeokuta. Ogun State, Nigeria.

Preparation of Propolis ethanol extracts (PEE)

Propolis ethanol extract (PEE) was prepared as described by
Paviani et al.. [12]. Briefly, 3 g of raw Propolis was dissolved
in 10 mL of 95% ethanol and stirred occasionally for 24 h at
room temperature. The insoluble residue was removed by fil-
tration using a Whatman filter paper and the filtrate kept at 4º
C. The solvent was evaporated using a rotary evaporator at 60º
C to obtain the dried PEE which was reconstituted in Olive oil
and used for the study.

Gas chromatography mass spectroscopy (GC-MS)
analysis of PEE

GC-MS analysis of PEE was performed using a Fisons GC
8000 gas chromatograph coupled to a Fisons MD 800 mass
detector under electron impact ionization (70 eV). Spectra of
compounds were collected as they exit a chromatographic
column by the mass spectrometer, were then stored on the
computer and analyzed. Identification of chemical constitu-
ents was accomplished based on mass spectral matching with
National Institute of Standards and Technology (NIST 02) and
Wiley 275 libraries (≥ 80% matching) [13], while the reten-
tion time was used to compute the Kovat retention index (KI).

Experimental animals

Seventy (70) male albino rats (weighing between 150 and
180 g) used were procured from the Animal breeding Unit
of College of Veterinary Medicine, Federal University of
Agriculture, Abeokuta (FUNAAB). They were acclimatized
for two weeks prior the commencement of the experiment and
maintained on standard chow with free access to clean water
ad libitum. The study was approved by the Department of
Biochemistry Ethical Committee (FUNBCHPG1718-01).
The animals were kept in clean metabolic cage and exposed
to 12 h day-light cycle at ambient temperature and were han-
dled humanely according to the guidelines on the use of lab-
oratory animals as described by Sherwin et al.. [14].

Induction of diabetes mellitus in rats

Diabetes was induced in rats as described by Srinivasan and
Ramarao [15]. A single dose of streptozotocin-citrate buffer
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solution (65 mg/kg streptozotocin in 0.1 M citrate buffer pH
4.0) was administered intraperitoneally. Blood samples were
collected from the rats’ tail vein 72 h- post induction to con-
firm diabetes using Glucose oxidase reagent test strips
(Lifespan Incorporation, Milpitas, California). Rats with
fasting blood sugar ≥ 240 mg/dl were considered diabetic
and used for the study. The blood glucose and body weight
was determined after the 3rd and 6th weeks post-treatment.

Experimental design

After the confirmation of diabetes, diabetic and non- diabetic
animals were randomly divided into seven groups of ten ani-
mals each using a simple randomisation method. Olive oil
(vehicle) and PEE (reconstituted with Olive oil) were orally
administered once daily at 0.5 mL/kg body weight.
& Group 1- Normal control (vehicle at 0.5 mL/kg body

weight)
& Group 2- Diabetic control (also received the vehicle)
& Group 3- Diabetic + 200 mg /kg body weight PEE
& Group 4- Diabetic + 600 mg/kg body weight PEE
& Group 5- Diabetic + 10 mg glibenclamide (Standard drug)
& Group 6- 200 mg/ kg body weight PEE alone
& Group 7- 600 mg /kg body weight PEE alone

Animal sacrifice and sample collection

At the end of 3rd and 6th weeks of treatment with PEE, five
(5) animals each were selected from the groups and sacrificed
under light diethyl ether after an overnight fasting. Blood
samples were collected via cardiac puncture into lithium-
heparinised tube and centrifuged at 4000 rpm for 5 min to
obtain the plasma. The tissues (brain, heart, liver, and kidney)
were excised and the samples were kept at frozen temperature
for biochemical assays.

Biochemical analyses

Determination of lipid profiles

Plasma lipoproteins (high- and low – density lipoproteins)
were isolated as described by Ugbaja et al.. [16]. Briefly,
200 µL of the plasma was pippeted into a labelled
Eppendorf tube. 10 µL Heparin/manganese chloride mixture
was added and centrifuged at 3000 rpm for 10 min. The su-
pernatant (HDL) was separated while the pellet (VLDL +
LDL) was reconstituted with 200 µL of distilled water [17].
Homogenate (10%) prepared by homogenising 0.2 g of the
organs in 1.8 mL of chloroform/methanol mixture (2:1) was
used for the lipid profile assays [18]. Commercially available
test kits used to determine cholesterol and triacylglycerol con-
centrations were product of Randox laboratory Ltd. (United

Kingdom). Phospholipid was determined using Stewart [19]
method as described by Ugbaja et al.. [16]. Briefly, an aliquot
of the plasma/ lipid extract was evaporated and later mixed
with 2 mL of ammonium ferrothiocyanate and mixed for
1 min. Absorbance of the sample was read at 488 nm.

Determination of 3-hydroxy-3-methyl-glutaryl-CoA
(HMG-CoA) reductase activity

The activity of 3-hydroxy-3-methyl-glutaryl-CoA (HMG
CoA) reductase in the liver was determined using the method
described by Rao and Ramakrishnan [20] by determining the
ratio of HMGCoA: mevalonic acid. Briefly, liver homogenate
(10 % w/v) was prepared in saline arsenate solution (1 g/L).
Equal volumes of fresh 10 % (w/v) liver homogenate and
dilute Perchloric acid (50 ml/L) were mixed, allowed to stand
for 5 min and centrifuged at 2000 rpm for 10 min. Then 1 ml
of the filtrate was treated with 0.5 ml of freshly prepared
hydroxylamine reagent (alkaline hydroxylamine in the case
of HMG CoA and neutral hydroxylamine in the case of
mevalonate), mixed and after 5 min, 1.5 ml of ferric chloride
reagent was added and shaken. The absorbance was read after
10 min at 540 nm versus a similarly treated saline/arsenate
blank.

Determination of plasma poly – (ADP ribose) polymerase
level

A fivefold serial dilution of the standard reagent was carried
out to yield 24 mIU/L, 12 mIU/L, 6 mIU/L, 3 mIU/L, 1.5
mIU/L. 50 µL of standard solutions was added to the well.
50 µL of streptomycin HRP was added to the standard test. 40
ul of the sample was added to separate wells. After this, 10 µL
of PARP antibodies and 50 µL of streptavidin were added to
the sample. The plate was covered and mixed gently. The
plate was incubated for 60 min at 37 . After incubation, the
plate was washed five times with 30x solution. 50 µL of chro-
mogen solution A and 50 µL of chromogen solution B were
added to the well. The plate was shake gently and incubated
for 10min at 37 . 50ul of stop solution was added. There was a
colour change from blue to yellow. A blank well is taken as
zero; the optical density was measured at 450 nm. Using the
standard concentration and the corresponding optical density
(OD) values, a linear curve regression equation was obtained.
The OD value of the samples was applied to the regression
equation to calculate the corresponding sample’s
concentration.

Statistical analysis

Data were analysed using the Statistical Package for Social
Sciences (SPSS) version 20.0. Results obtained are expressed
as mean ± standard error of mean (SEM).Where homogeneity
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occurred, One-way analysis of variance (ANOVA) followed
by Turkey’s test to determine the level of homogeneity.
Values with p < 0.05 were considered significant.

Results

Gas chromatography -mass spectroscopy (GCMS)
analysis of PEE

In order to ascertain the different components, present in
South -Western Nigeria propolis, the PEE was subjected to
GCMS analysis. thirteen distinct peaks (representing 13 com-
ponents) were observed on the chromatogram revealing a pan-
oply of compounds; ranging from alpha- amyri, 19-
Cyclolanost-24-en-3-ol to beta-amyrin; Olean-12-en-3-ol, ac-
etate, 9, 19-Cycloergost-24(28)-en-3-ol, 9, 19-Cyclolanost-
24-en-3-ol, taraxasterol, lupeol, Others including
hexadecenoic, tridecanoic acid as well as their respective es-
ters were also recorded (Table 1). The chromatogram is shown
in Fig. 1.

Effect of PEE on fasting blood glucose concentration
and body weight changes

As expected, induction of diabetes with streptozotocin caused
a marked (p < 0.05) increase in the fasting blood glucose
levels at 3rd and 6th weeks respectively when compared to
the normal control (Table 2). Treatment with PEE resulted in
significant (p < 0.05) reductions in the elevated blood glucose

by the 3rd weeks with 200 and 600 mg/ kg body weight PEE
respectively. There was no significant difference (p > 0.05)
between the standard drug (Glibenclamide) - treated group
and the PEE treated- groups. There were significant (p <
0.05) weight loss in diabetic control (untreated) compared to
normal control at the 3rd and 6th week. Interestingly, the
extract did not have significant effect (p > 0.05) on the body
weight in the diabetic group treated with 200 mg/kg and
600 mg/kg body weight dose compared to the normal control.
At both 3 and 6 weeks, a significant increase (p < 0.05) was
observed in the body weight of the rats treated with 10 mg/kg
glibenclamide compared to the diabetic group (Table 3).

PEE lowered plasma triacylglycerol (TAG), cholesterol
(CHOL) and phospholipids (PHOL) in a dose- and
duration-dependent manners

Plasma cholesterol increased significantly (p < 0.05) in the
untreated diabetic group when compared to the normal control
at the 3rd and 6th week respectively. After the treatments
however, 200- and 600 mg/kg PEE caused significant (p <
0.05) decrease at 3rd and 6th week when compared to the
diabetic untreated group. In the same manner, plasma triacyl-
glycerol (TAG) concentration was increased significantly (p
< 0.05) when compared to the normal control group by while
plasma phospholipid also increased at the end of week 3 and
week 6 respectively. Notwithstanding, the hypertriglyc-
eridemia and hyperphospholipidosis were significantly abated
following treatment with 200 and 600 mg /kg PEE at the 3rd
week respectively. The reductions were more pronounced by

Table 1 GCMS analysis of PEE
PEAK
NUMBER

KI
VALUE

RETENTION
TIME

COMPONENTS %PEAK
AREAS

1. 1687.80 16.814 n-Hexadecanoic acid 7.0352 %

2. 1735.94 16.986 Hexadecanoic acid ethyl ester 1.917 %

3. 1991.62 19.360 9-Octadecanoic acid 11.142 %

4. 2081.37 19.481 (E) -9-Octadecanoic acid Ethyl
ester

4.577 %

5. 2467.53 19.741 Octadecanoic acid 6.553 %

6. 2700.26 26.811 (Z)-3-(Heptadec-10-en-1-yl)
phenol

8.924 %

7. 2992.73 32.026 β-Amyrin 10.351 %

8. 3194.45 32.161 β-Amyrone 3.068 %

9. 3194.48 32.258 9,19-Cyclolanost-24-en-3-ol 7.268 %

10. 3195.69 32.355 9,19- Cycloergost-
24(28)-en-3-ol

25.594 %

11. 3196.19 32.431 9,19-Cyclolanost-24-en-3-ol 3.310 %

12. 3257.21 32.694 9,19-Cyclonostan-3- ol 1.792 %

13. 3275.70 33.449 Taraxasterol 5.974%
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the 6th week when compared to the diabetic untreated group
as shown in Fig. 2

Effect of Propolis ethanol (PEE) extract on high-
density lipoprotein (HDL) triacylglycerol (TAG), cho-
lesterol (CHOL) and phospholipids (PHOL) concentra-
tion in diabetic rats

To evaluate the effect of Propolis on lipoproteins particles in
diabetic rats, cholesterol, triacylglycerol and phospholipids
concentrations were estimated in the high-density lipoproteins
(Fig. 3). HDL- cholesterol, triacylglycerol and phospholipids
were significantly (p < 0.05) reduced significantly (p < 0.05)
in the diabetic group at the end of 3rd and 6th week respec-
tively when compared with the normal control group.
Nevertheless, administration of PEE significantly (p < 0.05)

caused drastic increment in the lipid-carrying HDL particles
in varying manners; HDL-CHOL and HDL-TAG increased
significantly in a dose-related manner and duration –wise.
There was no significant difference in HDL-PHOL at 3rd
week however, increments were recorded by the 6th week in
200 and 600 mg /kg PEE groups respectively.

PEE reduces the concentrations of cholesterol,
triacylglycerol and phospholipids in very low- density
lipoproteins (VLDL-LDL)

The effect of PEE on the concentrations of CHOL, TAG and
PHOL in diabetic rats is shown in Fig. 4. VLDL-cholesterol,
triacylglycerol and phospholipids concentrations significantly
(p < 0.05) in the untreated diabetic groups when compared to
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Chromatogram

Fig. 1 Chromatogram of Propolis ethanol extracts (PEE). Peaks are shown as retention time (RT); the identified phyto-constituents are found in Table 1

Table 2 Blood glucose
concentration (mg/dl) of animals
pre- and post-treatment with PEE

Groups Day 0 Week 3 Week 6

Normal control 85.50±4.52a 72.75±4.22a 65.50±4.67a

Diabetics control 342.67±43.10c 332.67±32.31b 323.67±30.24d

Diabetics+200 mg/ kg PEE 254.34±5.61b 311.00±19.16b 243.34±4.81c

Diabetics+600 mg/ kg PEE 241.25±11.52b 233.50±45.8b 173.50±24.73c

Diabetics+10 mg/ kg glibenclamide 255.67±11.18b 234.67±2.85b 154.00±5.57b

Non-diabetics+200 mg/ kg PEE 62.20±5.00a 65.20±4.45a 54.20±2.66a

Non-diabetic+600 mg/ kg PEE 76.60±4.77a 62.80±1.78a 46.20±2.04a

Values are expressed as mean ± SEM (n = 5). Values with different letters along the same column are statistically
different (p < 0.05). PEE – Propolis ethanol extracts
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the normal control group by at the 3rd and 6th week respec-
tively. However, post-treatment with PEE resulted in signifi-
cant (p < 0.05) reductions in the elevated parameters in groups
treated with 200 and 600 mg/kg PEE at 3rd and 6th week of
treatment respectively.

PEE mitigates lipotoxicity in liver of diabetic rats

Lipotoxicity is the accumulation of dangerous lipids in the
tissue as a result of aberrant metabolism. Hepatic cholesterol,
triacylglycerol, and phospholipids were significantly (p <
0.05) elevated in the diabetic rats by the third the sixth week,
an estimated 211. 49%, 11.18 and 33.73% increment were
recorded when compared with normal group (Fig. 5).
Treatment with PEE however lowered these parameters sig-
nificantly (p < 0.05) by dose- and duration dependently.

PEE downs lipotoxicity in kidney of diabetic rats

There were significant increases (p < 0.05) in renal choles-
terol concentration in the diabetic control group compared
to the normal control at week 3 and 6 respectively. After
treatment for 3 weeks however, significant decrease were
observed in the kidney cholesterol concentration in the
treated groups with 200 and 600 mg/kg PEE respectively

Table 3 Changes in body weight (g) of animals after treatment

Groups Week 3 Week 6

Normal control 33.00±2.04c 31.00±5.78b

Diabetic control -2.60±4.48b -28.20±3.55a

Diabetic+200 mg/kg PEE 3.20±1.06b -26.40±3.65a

Diabetic+600 mg/kg PEE -22.85±5.61a -23.80±3.99a

Diabetic+10 mg/kg glibenclamide 3.00±2.56b 4.60±5.08c

Non-diabetic+200 mg/kg PEE 47.60±2.31d 22.00±5.14b

Non-diabetic+600 mg/kg PEE 53.00±3.19e 26.00±6.96b

Values are expressed as mean ± SEM (n = 5). Values with different letters
along the same column are statistically different (p < 0.05). PEE –
Propolis ethanol extracts

3 weeks 6 weeks
0

20

40

60

80

100

a

e
c b b b

d

a

c
b

a a
b

d

Duration (weeks)

)ld/g
m(

L
O

H
C

a
malP

3 weeks 6 weeks
0

50

100

150

a

c d c b a a a

c
d c c b b

Duration (weeks)

)ld/g
m(

GAT
a

msalP

3 weeks 6 weeks
0

50

100

150 Basal control
Diabetics control
Diabetics + 200 mg/ kg PEE
Diabetics + 600 mg/ kg PEE
Diabetics + 10 mg/ kg GBC
Non-diabetics + 200 mg/ kg PEE
Non-diabetic + 600 mg/ kg PEE

c f
b a c d c

c

f

a b
e

b d

Duration (weeks)

)ld/g
m(

L
O

HP
a

msalP

Fig. 2 Effects of PEE on plasma
phospholipids (PHOL),
cholesterol (CHOL), and
triacylglycerol (TAG) levels of
diabetic rats. Values are
expressed as mean ± SEM (n = 5).
Bars with different letters are sta-
tistically distinct (p < 0.05). PEE -
Propolis ethanol extracts; GBC -
Glibenclamide
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compared to the diabetic control. But at 6 weeks, signifi-
cant increase (p < 0.05) was observed in kidney cholesterol
concentration (Fig. 6). For TAG levels however, signifi-
cant increase (p < 0.05) was observed in the diabetic group
compared to the normal control. At 3 weeks, significant
decrease was observed in the kidney triacylglycerol con-
centration in the diabetic group treated with 200 mg/kg and
600 mg/kg body weight respectively compared to the dia-
betic control. But at 6 weeks, significant increase (p <
0.05) was observed in kidney cholesterol concentration in
the diabetic group treated with 200 mg/kg and 600 mg/kg
body weight respectively compared to the diabetic control.
There was a significant increase (p < 0.05) in the kidney
phospholipid concentration in the diabetic control group
compared to the normal control. At 3 weeks, there was
no significant difference (p > 0.05) compared with the dia-
betic treated groups. At 6 weeks though, there were signif-
icant decreases (p < 0.05) in phospholipid concentration in

diabetic group treated with 200 mg/kg and 600 mg/kg body
weight respectively compared to the diabetic control
group.

PEEsmodulate lipids in the heart and brain of diabetic
rats

Figure 7 shows the effect of ethanol extract of Propolis on heart
cholesterol, triacylglycerol and phospholipids concentrations.
After 3 and 6 weeks respectively, there were significant (p <
0.05) increases in the heart cholesterol, triacylglycerol concen-
tration and phospholipid in the diabetic control when compare
to normal group. On treatment, there were significant (p < 0.05)
decrease in cholesterol levels while triacylglycerol and phos-
pholipids decreased in groups treated with 200 mg/kg and
600 mg/kg body weight PEE compared to the diabetic control
by weeks 3. Significant decrease (p < 0.05) were however ob-
served in the cholesterol concentration levels, triacylglycerol as
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Fig. 3 Effects of PEE on the
high-density lipoprotein (HDL)
phospholipids (PHOL) cholester-
ol (CHOL), and triacylglycerol
(TAG) concentrations of diabetic
rats. Values are expressed as
mean ± SEM (n = 5). Bars with
different alphabets are statistically
different (p < 0.05). PEE-
Propolis ethanol extracts; GBC -
Glibenclamide
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well as phospholipids in diabetic group treated with 200 mg/kg
and 600 mg/kg body weight PEE respectively when compared
to the diabetic control at week 6.

In the rats’ brain, an increase of cholesterol and TAG was
observed parallel with decrease in phospholipids in the untreated
diabetic groups at the 3rd week as shown in Fig. 8. Treatment
with 200 and 600 mg/ kg body weight Propolis ethanol caused a
significant (p < 0.05) decrease in cholesterol level, and triacyl-
glycerol level while phospholipids also reduced by the third
week of treatment. At 6 weeks however, only 200 mg/kg body
weight. Propolis ethanol extract significantly decrease (p < 0.05)
the brain triacylglycerol concentration while increasing the brain
phospholipid concentrations in diabetic rats treated with
200 mg/kg and 600 mg/kg body weight ethanol Propolis extract
compared to normal control, while there was significant decrease
in cholesterol level as well.

Effect of PEE on hepatic HMG- CoA reductase activity
and PARPs level in diabetic rats

Figure 9 shows the effect of Propolis ethanol extract on he-
patic HMG-CoA to mevalonate ratio. The ratio of HMG-CoA

to Mevalonate in the liver is inversely proportional to the
activity of the enzyme, HMG-CoA reductase. A significant
decrease (p < 0.05) was observed in HMG-CoA to
mevalonate ratio in diabetic control group compared to normal
control at 3 and 6 weeks respectively. At 6 weeks, 200 mg/kg
and 600 mg/kg doses significantly increase HMG-CoA to
mevalonate ratio in the diabetic treated group compared to
the diabetic control. At 6 weeks, diabetic group treated with
600 mg/kg dose shows the highest cholesterogenesis inhibi-
tion. The effect of PEE on PARPs level is shown in Fig. 10.
The concentration of poly-(ADP)-ribose polymerase in the
plasma was significantly (p < 0.05) increased in diabetic con-
trol rats compared to normal control. At 3 and 6 weeks
200 mg/kg and 600 mg/kg doses significantly (p < 0.05) de-
creased high concentration of PARPs observed in diabetic
treated groups.

Discussion

Propolis embodies a plethora of biologic and pharmacologic
attributes which has been extensively studied in different
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experimental models, with hundreds of bioactive principles
identified in Propolis samples collected from various locations
around the world, making it a viable source of therapeutic
regimen [21]. The main bioactive substances found in
South-western Nigeria Propolis in the present study include
α- and β- amyrin, mono- and polyunsaturated fatty acid, phe-
nolic compounds, taraxasterol, lupeol, among others as shown
by the GC-MS analysis (Fig. 1). Due to variability in the
chemical structures of Propolis from different geographical
locations, season of the year, collection methods and other
factors, Propolis can exert diverse biological and pharmaco-
logical effects such as antioxidant, anti-inflammatory,
cytoprotective, anti-cholytic, anti-hyperglycemic and hypolip-
idemic effects [22]. Glucotoxicity, hyperlipidemia, and
lipotoxicity are hallmarks of diabetes and its associated com-
plications such as insulin resistance and cardiovascular dis-
eases [22]. Lipotoxicity refers to an array of aberrant condi-
tions of lipid metabolism including elevated non-esterified
fatty acid, increased tissue fat content, altered fat topography
and adiposopathy [23]. Hyperglycemia, a major risk factor for

microvascular complications might be reduced up to about
25–35% by a mere 1% reduction in glycated haemoglobin
(HbA1c). Microvascular complications are major causes of
mortality due to incidence of stroke and heart attack. Stroke
and heart attack are thus, linked to dysmetabolism of lipids,
glucose, and proteins, and are important predisposing factors
of diabetes [21, 22].

Studies have shown blood lipids and sugar lowering effect
of Propolis in rabbits [23] human subjects [11], Mice [24], and
rats [25]. Although many of the studies investigated hyperlip-
idemia and hyperglycemia associated with diabetes, most of
these studies failed to investigate lipotoxicity in vital organs
leaving a gap in the link between diabetes and accumulation of
lipids in these tissues thus failing punctuate the incipient dan-
gers in tissue accumulation of lipids. This present study there-
fore explored the modulatory effects of PEE on lipotoxicity
and dyslipidemia as well as poly (ADP- ribose) polymerase
protein level in diabetic male rats.

In the present study, PEE administration to diabetic rats
significantly (p < 0.05) lowered the elevated blood glucose
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levels when compared with the untreated groups in a dose-
and duration dependent manner at the end of third and sixth
weeks of treatment with 200 and 600 mg/ kg PEE respective-
ly. Interestingly, there was no significant difference between
the 600 mg / kg PEE treated group and the glibenclamide-
treated group validating the blood sugar lowering effect of
Propolis. This lowering effect of propolis on blood sugar has
been reported before by Al-Hariri et al. [26] who suggested
improved pancreatic function and increased insulin immune-
reactive area due to propolis administration. In the same vein,
Oršolić et al.. [27] posited possible mechanisms of PEE- me-
diated improvement in blood sugar level. Firstly, increased in
glucose utilization by peripheral tissues; secondly, inhibition
of alpha-glucosidase action; and thirdly, increased glucoki-
nase activity and reduction in gluconeogenic enzymes.
However, the exact mechanism remains enigmatic. The re-
sults obtained in the animal body weight shows significant

reductions in weight of diabetic animals when compared to
the normal control group. This reduction is interestingly more
pronounced in the PEE treated group especially at the third
week of administration for both doses of the extract. Oršolić
et al.. [27] observed similar trend in body weights of the ani-
mals administered with PEE. Reductions in blood sugar level
and reduced weight gain suggests a positive physiologic effect
of Propolis, especially as this may be an added advantage in
mitigating against over-weightiness - a very important risk
factor for obesity and type − 2 diabetes (T2D).

Diabetes has been shown to cause damage to several or-
gans of the body including the brain, eyes, heart, liver and
kidney due to varying complications arising from
glucotoxicity and lipotoxicity [28]. The findings in this study
indicate a modulatory role of PEE on diabetic lipotoxic and
non-lipotoxic perturbation in tissues’ and plasma lipids ho-
meostasis in the investigated organs (brain, heart, liver, and
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kidney), as well as lipoproteins particles characterized by dys-
regulated cholesterol (CHOL), triacylglycerol (TAG) and
phospholipids (PHOL) concentrations. Plasma and tissues’
cholesterol, triacylglycerol, and phospholipids were markedly
(p < 0.05) elevated as expected in the diabetic untreated group
however, PEE showed tremendous abatement effect on these
lipidosis in a dose- duration dependent manner for both 200
and 600 mg/ kg PEE treated groups. Reduction of circulating
blood lipids is a plausible step in the prevention and manage-
ment of cardiovascular and associated complications [25].
This reductions in plasma and tissues’ CHOL and TAG levels
is consistent with study of Elissa et al. [10], and we report here
of the reduction in PHOL as well following PEE administra-
tion. The decrease in the level of cholesterol of the blood and
organs may be attributed to a reduction in the activities of the
enzyme, hepatic 3-hydroxy-3-methyl glutaryl coenzyme A
(HMG-CoA) reductase (Fig. 9). This is also in accordance
with [28]. PEE (600 mg/kg) body weight have the highest

HMG-CoA to mevalonate ratio implying an inhibition of en-
dogenous cholesterogenesis.

HDL are lipids-carrying particles whose presence in the
cell is important in the protection against cardiovascular dis-
ease by avoiding oxidation of low-density lipoproteins (LDL)
or neutralizing the atherogenic effects of oxidized LDL in the
arterial walls [11].We demonstrated in this study of the ability
of PEE to reduce the concentration of LDL particles with a
concomitant increment in the HDL fractions. There were sig-
nificant reductions in VLDL + LDL- cholesterol, triacylglyc-
erol and phospholipids concentrations in a dose- and duration
dependent manners after week 3 and 6 respectively with and
opposite effect on the HDL- CHOL, TAG and PHOL. Our
observation agrees with the studies of Mustafa et al. [29] and
Usman et al. [30] that reported the same trends after treatment
with PEE. ATP-binding cassette transporter A1 and G1
(ABCA1 and ABCG1) expressions are associated with cho-
lesterol efflux from peripheral tissues and Propolis has been
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shown to enhance their expression suggesting that PEE mod-
ulate the formation of HDL particles leading to an increase in
HDL fractions [11, 31].

PARP, a nuclear protein coordinates several physiological
functions including, but not limited to DNA replication, cell

division, and cell death [32]. PARPs activation is critical in
the pathogenesis of diabetic complications mediated by apo-
ptosis [32, 33]. Furthermore, increased level of PARPs has
been linked to oxidative stress and inflammation [32]. Many
additional functions of PARPs isoforms in biochemical and
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molecular signalling have now been demonstrated. According
to Obrosova et al. [34], PARPs upregulation plays important
role in the pathogenesis of cardiovascular and neurodegenera-
tive diseases. This study further accentuates the role of PARPs
in the pathophysiology of diabetes. Increased level of PARPs
protein in the plasma of the diabetic rats is consistent with other
studies [21, 34], suggesting diabetes-induced organ damage.
The mechanism of PARPs activation was proposed to be due
to oxidative stress induced by the streptozotocin [21].
However, the main reason for PARP-induced cell death is via
depletion of NAD+ and ATP pools [35], which lead to organ
failure. PEE attenuated the expression of PARPs significantly
(p < 0.05) in the treated group when compared with the untreat-
ed animals. We could propose two possible mechanisms for
this observation; firstly, Streptozotocin enters into the β-cells
via a glucose transporter (GLUT2), where it causes alkylation
of DNA molecule and its eventual damage. Pancreatic damage
reflects massive activation of PARPs in the islets [36]. But, α
and β amyrin, cycloartenol (9,19-Cyclolanost-24-en-3- ol)
present in Propolis have been reported to exhibit anti-oxidant,
cardiotonic, antihyperlipidemic, and anti-inflammatory effects
[37]. We pose that PEE could penetrate the pancreatic B- cell
(being lipophilic) and exert its action via its enormous antiox-
idant ability to mitigate against the streptozotocin- induced ox-
idative damage to pancreatic DNA leading to improved insulin
secretion and actions. Secondly, Propolis or any of its metabo-
lites could act as an inhibitor of PARPs thus, mitigating against
the DNA damage and reduced adenine nucleotides pool deple-
tion. On the basis of our findings, attenuation of PARPs level in
the PEE-treated group might be indicative its anti-
inflammatory effect, as well as suppression of oxidative stress.
Furthers studies are needed to evaluate the effect of PEE on
expression of key lipogenic enzymes especially those linked
with diabetes to ascertain the main receptor for the Propolis.

Conclusion

Taken together, amelioration of hyperglycemia, hyperlipid-
emia, lipotoxicity, reduction of weight gain and attenuation
of hepatic PARPs level are just but few beneficial effects

exhibited by Propolis as shown in this study, thus, maybe a
source of readily available, cheap and effective regimen
against diabetes and its associated complications.
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