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Abstract

Objective: This study aims to shed a new light on pharmacological
effects of bee bread as a product of the hive through examination of
the effect of itsethyl acetate extract onhyperglycemia, dyslipidemia,
and liver dysfunction induced by streptozotocin.

Materials and Methods: The bee bread ethyl acetate extract was
analyzed for total phenolics, flavonoids, and the antioxidant
activities using total antioxidant capacity, 2, 2- diphenyl-1-
picrylhydrazyl (DPPH), 2, 2'-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid (ABTS), and reducing power assays. In vivo study was
carried out on thirty-six rats divided into control or diabetic rats,
received daily for 15 days distilled water (10 ml/kg), or ethyl acetate
extract of bee bread (100 mg/kg), or glibenclamide (2.5 mg/kg). The
protective effect of bee bread against metabolic changes induced by
streptozotocin in Wistar rats, was evaluated by checking the blood
glucose levels, lipid profile, atherogenic index, coronary risk index,
cardiovascular risk index, body weight and hepatic enzyme markers
in normal and diabetic rats. Glibenclamide was used as standard
drug to compare the efficacy of bee bread.

Results: The results indicate that bee bread ethyl acetate extract has
a high content of phenolics and flavonoids and a strong antioxidant
activity. Glycemia, lipid profile and hepatic enzymes were modified
in diabetic rats. These modifications were ameliorated after the
treatment withbee bread extract which was more potent than
glibenclamide.

Conclusion: In summary, ethyl acetate extract of bee bread
possesses effective glycemia lowering effects and representsa
natural source of new bioactive molecules for future therapy of
hyperglycemia, hyperlipidemia and liver dysfunction.
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Introduction

from two main sources namely, nectar and

The nutrients necessary for the survival pollen.
and health maintenance of bee colony come
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Nevertheless, bees do not consume these
foods directly; but they induce biochemical
changes, the nectar turns into honey
andthepollen turns into bee bread (Dolezal
and Toth, 2018; Vaudo et al., 2015).

The process of forming the bee bread
begins with harvesting the pollen of
flowers, which is mixed by bee’s with
saliva that contains its own digestive
enzymes and nectar or honey.The pollen
from flowers is transformed into a pollen
ball or bee pollen, it is stored in the rear legs
of the bee where there is a pollen basket and
then carried to the hive. At this stage, other
bees continue the mission by filling the %
of the alveoli of the hive by the balls of the
pollen and the ¥ which remains by the
honey. Finally, a thin layer of wax is added
to cover the cells and to protect the pollen
from the oxygen. The bee bread isformed
after an anaerobic lactic fermentation
process, which makes it richer in nutrients
and more digestible than bee pollen (Barene
et al., 2014; Kieliszek et al., 2018) .

Diabetes is a chronic epidemic disease
affecting millions of people worldwide;it is
basically classified into two major types:
type 1 diabetes or insulin-dependent
diabetes and type 2 diabetes or non-insulin-
dependent diabetes. Type 1 diabetes is due
to autoimmune destruction of pancreatic
beta cells, leading to insulin deficiency, and
it usually begins to manifest in childhood
and early adulthood (Chatterjee et al., 2017,
DiMeglio et al., 2018).

Streptozotocin is the most preferred
chemical used for modelling human
diabetes in laboratory animals. It is
absorbed by pancreatic B cells via the
GLUT2 glucose transporter. The main
reason for STZ-induced B-cell death is the
alkylation of DNA that causes the
formation of poly-ADP-ribosylationand a
depletion of ATP and NAD™ (Szkudelski,
2001).

The main objective of this study was to
investigate  the  hypoglycemic  and
hypolipidemic effect of bee bread in
diabetes. To our knowledge, this study is

the first on the anti-diabetic effect of this
hive product.

Materials and Methods
Bee breadsample and extraction

Bee bread used in this study was
produced in Imouzermarmoucha, Morocco.
The bee bread extract was prepared by
liquid-liquid extraction usingwater and
ethyl acetate;the ethyl acetate extract was
placedin a rotary evaporator then, the
desired concentration (100 mg/kg) was
obtained after adding distilled water.

The bee bread used in this study was
classified as  multifloral.  Phenolic
compounds profile, minerals, tocopherols,
fatty acids, and sugar composition of the
bee bread sample was reported in our
previous study (Bakour et al., 2019).

Quantification of total phenolic contents

The total phenolic contents was
determined spectrophotometrically
usingMarghitas et al. method (Marghitas et
al., 2009). The phenolic content of bee
bread was determined using a calibration
curve. The results areexpressed as mg of
gallicacid equivalent per gram of bee bread
ethyl acetate extract.

Total flavonoid content

Total flavonoid content was determined
spectrophotometrically  usingKong et
al.method (Kong et al., 2012). The
absorbance was read at 510 nm using a
calibration curve plotted forquercetin. The
results areexpressed as mg of quercetin
equivalent/g of bee bread ethyl acetate
extract.

Total antioxidant capacity

The total antioxidant capacity of bee
bread extract was evaluated
spectrophotometrically according to the
method of Zengin et al. (Zengin et al.,
2013). The antioxidant capacity of ethyl
acetate extract of bee bread was evaluated
as equivalent of ascorbic acid (mg Eq AA/g
of bee bread ethyl acetate extract).
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Free radical scavenging activity (DPPH)

Free radical scavenging activity was
done according to Miguel et al. method
(Miguel et al.,, 2014). BHT (butylated
hydroxytoluene) was used as positive
control, and the absorbance was taken at
517 nm after one hour. Tests were carried
out in triplicate and the scavenging activity
was estimated based on the percentage of
DPPH radical scavenged using the
following equation ICs0=[(Ao-
A1/A0)x100], where Ag is the absorbance of
a negative control (blank sample containing
the same amount of solvent and DPPH
solution) and A: is the absorbance of the
sample.

2, 2’-azino-bis (3-ethylbenzothiazoline-
6-sulphonic acid (ABTS)

ABTS radical scavenging activity was
evaluated spectrophotometrically using
Silva et al. method (Silva et al., 2013). The
absorbance at 734 nm was read after 6 min.
All tests were carried out in triplicate. The
capability to scavenge the ABTS radical
was calculated using the following
equation: 1Cso=[(Ao-A1/A0)*100], where
Ao is the absorbance of a negative control
(blank sample containing the same amount
of solvent and ABTS solution) and A1 is the
absorbance of the sample.

Reducing Power (RP)

The reducing power was determined
spectrophotometrically using
Padmanabhan and Jangle method (2012).
The absorbance was measured at 700 nm;
ascorbic acid was used as a positive control.
The results are represented as the extract
concentration providing 0.5 of absorbance
(ECs0), calculated from the graph obtained
by plotting the absorbance at 700 nm,
against  the  corresponding  extract
concentration (Padmanabhan and Jangle,
2012).

Animals

Thirty-six male Wistar rats
(167.04+28.95 g) were chosen at random
for the experiment. Internationally accepted

principles for the use and care of laboratory
animals have been followed for the care and
handling of rats as per the guidelines of the
European Community (EEC Directive of
1986; 86/609/EEC). The approval from the
Ethical Committee, Faculty of Sciences,
Fez, Morocco was obtained (USMBA-
SNAMOPEQ 2017-03).

Induction of experimental diabetes

Diabetes was artificially induced by
intravenous injection of streptozotocin
(STZ) (Sigma, St. Louis, MO) (60 mg/kg
dissolved in citrate buffer, 0.1 M, pH 4.5)
through the tail vein (vena caudalis major).
After 3 days, blood glucose of rats injected
with STZ was measured
spectrophotometrically using the glucose
oxidase method to confirm hyperglycemia.
The rats selected for the study were those
with fasting blood glucose levels greater
than 250 mg/dl (ElI Hilaly and Lyoussi,
2002).

Experimental design

Thirty-six rats were chosen at random
and divided into six groups (n=6 per group).
Group 1: non-diabetic rats that received
distilled water (10 ml/kg); Group 2: non-
diabetic rats that received ethyl acetate
extract of bee bread (BBE) at a dose of 100
mg/kg; Group 3: non-diabetic rats that
received glibenclamide (GLB)
(BENCLAMID® PROPHARMA) at a
dose of 2.5 mg/kg, the dose of GLB was
chosen following the protocol described by
(Chukwunonso Obi et al., 2015); Group 4:
diabetic rats that received distilled water
(10 mi/1 kg); Group 5: diabetic rats that
were treated with BBE at a dose of 10
Omg/kg; and Group 6: diabetic rats that
were treated with GLB 2.5 mg/kg.

BBE, water and GLB were administered
orally once daily to each rat for a total of 15
days. Blood glucose was monitored for 3 hr
was done. Blood samples were taken on the
last day of the experiment from retro-orbital
puncture of all Wistar rats under anesthesia
(by inhaling a cotton ball soaked in diethyl
ether) using capillary tubes then
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centrifuged, and the plasma was conserved
until analysis.

Biochemical analysis

Plasma levels of glucose, triglycerides
(TGs), cholesterol (TC), low density
lipoprotein (LDL-C), very low density
lipoprotein (VLDL), and high density
lipoprotein (HDL-C), and the activities of
alanine aminotransferase (ALT), aspartate
aminotransferase (AST); Lactate
dehydrogenase (LDH) and alkaline
phosphatase (ALP) of all groups were
analyzed.  Atherogenic  Index  (Al),
Coronary Risk Index (CRI) and
Cardiovascular Risk Index (CVRI) were
calculated using the following formulae:
Al=LDL cholesterol/HDL cholesterol;
CRI=TC/HDL cholesterol;
CVRI=TGs/HDL cholesterol (Erejuwa et
al., 2016)

Statistical analysis

The results are presented as mean+SD.
Statistical analysis was carried out by
GraphPad Software 5, using One-way
analysis of variance followed by Post hoc
Tukey’s multiple comparison test. Student t
test was used to compare the change in body
weight between day 1 and day 15.A p<0.05
was considered significant.

Results
Antioxidant content and antioxidant
activities of bee bread

The phenolic content as shown in Table 1
was 27.27+0.38 mg Eq GA/g, flavonoids
was 5.29+0.27 mg Eq quercetin/g and total
antioxidant capacity was 65.44+6.34 mg eq
AA/g. The ICso/ECso of antioxidant activity
of BBE was 1.52+0.021 mg/ml by ABTS,
0.43£0.02 mg/ml by DPPH, and 0.71+0.05
mg/ml by reducing power.

Effect of daily oral administration of
BBE and GLB on glycemia in the
diabetic and non-diabetic rats

The results presented in Table 2 show
that STZ caused a very significant rise in
blood glucose levels. On the other hand, the
results of the diabetic groups of rats treated
with BBE showed a decrease in blood
glucose reaching the normal value from the
third day of treatment, while the results
obtained with the reference drug GLB
showed a decrease in blood glucose, but it
remained significantly higher than the non-
diabetic group that received distilled water.

Glycemia changes during 3 hr after a
single oral administration of BBE and
GLB in the diabetic and non-diabetic
rats

Table 3 presents blood glucose levels
during 3 hr. As shown in the results, after
one hour and a half, the blood glucose was
lowered better in the group treated with
BBE than that of the group treated with
GLB, and after 3 hr the decrease of
glycemia continued to reach 200+41.36
mg/dl with BBE and (226+28.28 mg/dl)
with GLB.

Table 1. The phenolic and flavonoids content and the antioxidant activities of bee bread in vitro (TAC, DPPH,

ABTS and RP).

Phenolics Flavonoids TAC ABTS DPPH RP

mg EqGA/g mg EqQ/g mg EqAA/g mg/ml mg/ml mg/ml
BBE 27.27+0.38 5.29+0.27 65.44+6.34 1.52+0.021 0.43+0.02 0.71+0.05
BHT 0.002+0.001 0.01+0.002 NT
Ascorbic acid NT NT 0.004+0.001

Data are expressed as meantSD. NT=not tested; TAC=total antioxidant capacity; ABTS=Azino-bis (3-
ethylbenzothiazoline-6-sulphonic acid; DPPH=2, 2-diphenyl-1-picrylhydrazyl; RP=reducing power; mg
EqGA/g=mg equivalent Gallicacid/g; mgEqQ/g=mg equivalent Quercetin/g; mg EgAA/g=mg equivalent

ascorbicacid/g.
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Table 2. Effect of daily oral treatment with ethyl acetate bee bread extract and glibenclamide on blood glucose
level in normal and STZ-diabetic rats.

Blood glucose levels (mg/dl)-Time (days)

Type of Interventions Day 1 Day 3 Day 6 Day9 Day 12 Day 15
group
DW 108+5***b 110+4***b 10746%**> 90+ g***P 98+7***b 11045.77%**P
Non-diabetic ~ BBE 113+3%*xb 11245%*xb 11242%*xb 1114%*xb 11042%**b 98:27***P
rats GLB 105+4***b 104+3***b 10242%%*D 100£2%**b Q743%**b 98] ***b
STZ+DW 386+23***2 400+4***2 398x5***2 394&7***2 402:+£3%**2 409+60%***2
Diabetic rats STZ+BBE 410445***ax**C ] 90 £22***2 111+30%**P 118+10%a***b 10841 2%**b 10£18***b
STZ+GLB 343+13***2 22025***ax**C D304 AxAAX 17Q+]QFFHx ]160+36%**+2 18111 ***ax
— — " — —

Data are expressed as mean£SD; n=6 per group; ***p<0.001; DW=distilled water; BBE=bee bread extract;
GLB=glibenclamide; STZ+DW=Streptozotocin diabetic group received distilled water;
STZ+BBE=Streptozotocin diabetic group received BBE; STZ+GLB=Streptozotocin diabetic group received
GLB; (a): comparison of all groups with the group received distilled water (DW); (b): comparison of all groups
with STZ-diabetic group received distilled water (STZ+DW); (c): comparison between STZ-diabetic group
received BBE (STZ+BBE) and STZ-diabetic group received GLB (STZ+GLB).

Table 3. Effect of single oral administration of ethyl acetate bee bread extract and glibenclamide on blood glucose
level for 3 hr in normal and STZ-diabetic rats.

Type of group Interventions Blood glucose levels (mg/dl)-Time (Hours)
Ohr 1.5hr 3hr

DW 95.00£9%**> 103.33+15%**> 84.33+10%**P
Non-diabetic rats BBE 92.25+14%**b 92.0012%**P 91.50+£10%**b

GLB 93.50+8%**b 95.50+12%**P 109.00+11***b

STZ+DW 530+16.76***2 540+46.46***2 573+14 57***2
Diabetic rats STZ+BBE 525+51.61***2 522:+28,99***axxb 20041367 **ax*xb

STZ+GLB 550£70.71***2 47531 81%**a*D 226428.28%**ax**D

Data are expressed as mean+SD; n=6 per group; *p<0.05; ***p<0.001; DW=distilled water; BBE=bee bread
extract; GLB=glibenclamide; STZ+DW=Streptozotocin diabetic group received distilled water; STZ+BBE=STZ-
diabetic group received BBE; STZ+GLB=STZ-diabetic group received GLB; (a): comparison of all groups with
the group received distilled water (DW); (b): comparison of all groups with STZ-diabetic group received distilled
water (STZ+DW); (c): comparison between STZ-diabetic group received BBE (STZ+BBE) and STZ-diabetic
group received GLB (STZ+GLB).

Effect of daily oral administration of
BBE and GLB on body weight in the
diabetic and non-diabetic rats

The results summarized in Table 4 show
that after 15 days of STZ injection, the body
weight was significantly reduced in the
group of diabetic rats that received distilled
water and in the group of diabetic rats
treated with GLB, while no significant
decreases were recorded in the group of
diabetic rats treated with BBE.

Effect of daily oral administration of
BBE and GLB on lipid profile in the
diabetic and non-diabetic rats

The levels of TC, LDL-C, TG, VLDL
and HDL-C, in plasma of non-diabetic and
diabetic rats are shown in Table 5. Diabetic
rats showed a significant increase in TC,
TG, LDL-C, and VLDL, and a significant
decrease in plasma HDL-C level. While
treatment with GLB and BBE kept the
values of TC, LDL-C, TG, VLDL and
HDL-C, near normal values.
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Table 4. Effect of daily oral treatment of ethyl acetate bee bread extract and glibenclamide on body weight in
normal and STZ-diabetic rats.

Body weight (g)
Type of group Interventions
Day 0 (baseline) Day 15
DW 153.33+11.37 160+10
Non diabetic rats BBE 145495 169.5+32
GLB 185.5+9.19 184+19.79
STZ+ DW 171+£12.72 94.5+4.5**
Diabetic rats STZ+ BBE 197.75+32.62 152.75+41.11
STZ+ GLB 146+8.45 116+5.65*

Data are expressed as mean+SD; n=6 per group; *p<0.05; **p<0.01; DW=distilled water; BBE=bee bread extract;
GLB=glibenclamide; STZ+DW=Streptozotocin diabetic group received distilled water; STZ+BBE=STZ-diabetic
group received BBE; STZ+GLB=STZ-diabetic group received GLB; the comparison was made between day O
and day 15 using t-test.

Table 5. Effect of repeated daily oral treatment with the ethyl acetate bee bread extract and glibenclamide on blood
TC, TG, LDL-C, HDL-C, and VLDL-C levels and atherogenicindexin normal and STZ-diabetic rats.

Type of Interventions TC(mg/dl) HDL-C(mg/dl) TGs(mg/dl) LDL-C (mg/dl) VLDL (mg/dl)
group

DwW 161+7***b 55+4.93***b 150.345.47%**D 74.97+10%**> 31.06+1.09%**>
Non-diabetic ~ BBE 160.66+8***> 54.662.9%**b 146+3.34%%*P 76.8+9%%*P 29.09+2.46***b

rats GLB 164.33+7.88***0  5533+3,38**> 156.33+2.88***0  77.73+10.44***0  31.20+2.17***0
STZ+DW 246.33+£3.17****  26.66+2.18**** 226.33+8.98***%  174.4+4.93***2 45.26%3.79***2
Diabeticrats ~ STZ+BBE 17025%*xb 46.33+2.72%**D 16347 G4***d 91.06+4.08*a***b 32 60+1.52%**P
STZ+GLB 166.33£10%**P 42.667***axx*b 165 66+3,84***>  90.53+3.80%***0 33,1341 76%**0

Data are expressed as mean+SD; n=6 per group; *p<0.05; **p<0.01; ***p<0.001; DW=distilled water; BBE=bee
bread extract; GLB=glibenclamide; STZ+DW=STZ-diabetic group received distilled water; STZ+BBE=STZ-
diabetic group that received BBE; STZ+GLB=STZ-diabetic group that received GLB; (a): comparison of all
groups with the group that received distilled water (DW); (b): comparison of all groups with STZ-diabetic group
that received distilled water (STZ+DW); (c): comparison between STZ-diabetic group that received
BBE(STZ+BBE) and STZ-diabetic group that received GLB (STZ+GLB)

Effect of daily oral administration of
BBE and GLB on the atherogenic index,
cardiovascular risk index  and
cardiovascular risk index in the diabetic
and non-diabetic rats

Table 6 shows the results of Atherogenic
Index (Al), Coronary Risk Index (CRI) and
Cardiovascular Risk Index (CVRI);the
elevation of these indexes was observed in
the untreated diabetic rats, while for the
treated diabetic rats, (Al), (CRI) and
(CRVI) values obtained were near those

obtained in the group of non-diabetic rats
that received distilled water.

Effect on hepatic enzymes

Table 7 shows AST, ALT, LDH and
ALP levels in plasma of normal and
diabetic rats. The diabetic rats showed a
significant increase in these liver enzymes
levels. While with the use of GLB and BBE
a significant lowering of these enzymes was
observed.
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Table 6. Effect of repeated daily oral treatment with the ethyl acetate Bee bread extract and glibenclamide on the
Coronary Risk Index (CRI), atherogenicindex (Al), and Cardiovascular Risk Index (CVRI) in normal and STZ-

diabetic rats.

Type of group Groups CRI (units) Al(units) CVRI(units)
DW 2.92+0.33%**b 1.34+0.34***P 2.73+1.1%%*P

Non-diabetic rats BBE 2.92+0.22%**b 1.4140.27***P 2.67+1.15%**
GLB 3.0040.29%**b 1.43+0.26%**P 2.8240.26%***b
STZ+DW 9.34+0.67***2 6.60+0.44***2 8.48+4.11***2

Diabetic rats STZ+BBE 3.69:+0.25%*xbxa 1.99+0.21 *¥*brxa 3.51+0.9%**b
STZ+GLB 3.9040.12%**bkxxa 2.1240. 11 **bkxxa 3.8820.54**P

Data are expressed as mean£SD; n=6 per group; *p<0.05; **p<0.01; ***p<0.001; DW=distilled water; BBE=bee
bread extract; GLB=glibenclamide; STZ+DW=Streptozotocin diabetic groupthatreceived distilled water;
STZ+BBE=STZ-diabetic group that received BBE; STZ+GLB=STZ-diabetic group that received GLB; (a):
comparison of all groups with the group that received distilled water (DW); (b): comparison of all groups with

STZ-diabetic group that received distilled water (STZ+DW).

Table 7. Effect of repeated daily oral treatment with the ethyl acetate Bee bread extract and glibenclamide on
blood AST, ALT, LDH, and ALP levels in normal and STZ-diabetic rats.

Type of group Interventions AST (U/L) ALT (U/L) LDH (U/L) ALP (U/L)
DW 1305%**b 58+6%**P 580+20%**P 12011 %**P

Non-diabetic rats BBE 12543 %**b 5Q#7***b 577+4%**b 116+14%**P
GLB 128:+4%**b 5745%**b 579£7***b 11941 2%%*P
STZ+DW 221+10%**2 89+ 7***a 820+50***2 22415%**a

Diabetic rats STZ+BBE 14841 2%%*b 60£2%**P 600£15%**P 150+10%**P
STZ+GLB 160183 62:+£3%%*P 610+12%**P 1471 2%%*b

Data are expressed as mean=SD; n=6 per group; **p<0.01; ***p<0.001; DW=distilled water; BBE=bee bread
extract; GLB=glibenclamide; STZ+DW=STZ-diabetic groupthatreceived distilled water; STZ+BBE=STZ-
diabetic group that received BBE; STZ+GLB=STZ-diabetic group that received GLB; (a): comparison of all
groups with the group that received distilled water (DW); (b): comparison of all groups with STZ-diabetic group

that received distilled water (STZ+DW).

Discussion

The findings of the present study showed
that the administration of a single dose of
STZ causes a very significant elevation of
glycemia (p<0.001); these results are in
agreement with previous studies according
to which a single dose of STZ caused
damage in pancreas f-cells, leading to
diabetes in rats (Dimo et al., 2007; El Hilaly
and Lyoussi, 2002). The mechanism of
action of GLB is well known, it is a secret
agogue that stimulates insulin secretion
from pancreatic 3 cells by sensitizing them
to the action of glucose, it binds to a specific
receptor in the

B cell (SURT1) and inhibits potassium efflux
by closing ATP-dependent potassium
channels (KATP); therefore, the results
observed in this study for GLB
are explained by the fact that STZ does not
cause complete destruction of the p cells,
and GLB stimulates insulin secretion in the
residual B cells of these diabetic rats(de Wet
and Proks, 2015). Concerning BBE, the
blood glucose lowering effect was more
potent than that observed for GLB. To
explain this effect, several possible
scenarios can be proposed and must be
verified by future studies, such as an effect
of increased glucose utilization via the
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insulin sensitization in peripheral tissues
like that observed by taurine, (Nandhini et
al., 2004) an insulin-like effect such as that
observed by Singh et al. in diabetic rats
treated  with  an Indian plant
Cinnamomumtamala and Aloe vera, (Singh
et al., 2015) an effect caused via decreased
glucose uptake by the small intestine, (Li et
al., 2005) or via the normalization of
hepatic gluconeogenic enzymes (Pari and
Venkateswaran, 2004).

There is evidence that increased TG and
reduced HDL-C levels are the main features
of dyslipidemia in diabetics.
Hypertriglyceridemia in diabetes may
result from increased VLDL production and
impaired catabolism of TG -rich particles.
Lipoprotein lipase, a key enzyme in the
elimination and breakdown of TGs from the
circulation, enzyme is alleviated by both
insulin deprivation and insulin resistance.
The abnormally high concentration of
plasma lipids in diabetes is mainly due to
the increased mobilization of free fatty
acids from peripheral deposits, as insulin
inhibits hormone-sensitive lipase (Garg,
1994).

HDL-C is a protector against
atherosclerosis, it reverses the transport of
cholesterol, inhibiting LDL-C oxidation
and neutralizing the atherogenic effects of
oxidized LDL-C. A large increase in LDL-
C and VLDL-C can lead to a decrease in
HDL-C, as there is a reciprocal relationship
between the concentration of VLDL-C and
HDL-C. The decrease in the HDL-C levels
may also be due to a deficiency in lecithin
cholesterol acyltransferase (Chandramohan
et al., 2010).

The liver is an organ that plays an
important role in homeostasis of glucose
and lipids; this homeostasis is severely
affected by diabetes (Postic et al., 2004).
The increase of LDH, ALP and hepatic
transaminase levels is an index of liver cell
injury. The results of this study revealed a
significant elevation of these liver enzymes
in diabetic rats. These results are identical
to those obtained in other studies (Farokhi
etal., 2012; Kazemian et al., 2015; Zarei et

al., 2015). However, a significant decrease
was observed in these hepatic enzymes in
the group treated with GLB and in the group
treated with BBE. The same results were
observed by ethanolic extract of bee bread
in our previous study (Bakour et al., 2017).

The results presented in Table 1 show
that the bee bread is rich in antioxidants.
Tocopherols and phenolic compounds
profile of this bee bread was shown in a
previous study which revealed a rich
composition ofa-tocopherol, - tocopherol
and flavonoids such as is orhamnetin,
quercetin, kaempferol and
methylherbacetin (Bakour et al., 2019).

It has been shown that ethyl acetate is a
good solvent for extracting flavonoids
(Amri and Hossain, 2018; Mujwah et al.,
2010), therefore the biological effect of
BBE could be attributed to its flavonoids
content. Previous studies revealed that
natural antioxidant compounds have
beneficial effects on the treatment and
prevention of  diabetes and its
complications; for instance, quercetin could
reduce blood glucose levels in diabetic rats
(Daniel et al., 2018; Hamilton et al., 2018;
Srinivasan et al., 2018). In another study, it
was shown that rutin has the ability to
reduce liver injury induced by diabetes
(Liang et al., 2018).
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