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Phthalate esters, such as dibutyl phthalate (DBP), are extensively utilized and human and
animal exposure leads to serious toxic effects, including hepatotoxicity. In the present study the
protective effects of royal jelly (R]) on DBP-induced liver damage was investigated. A total
number of 40 Wistar albino rats were randomly divided into eight groups (n = 5): control (corn
oil), DBP (500 mg kg1), RJ] (200 mg kg?), Quercetin (QCN; 50.00 mg kg1), R] (100 mg kg1) +
DBP, R] (200 mg kg1) + DBP, R] (300 mg kg'1) + DBP, QCN (50.00 mg kg'1) + DBP. After 28 days
of daily oral gavage treatment, animals were euthanized. The insulin resistance index, lipid
profile and hepatic enzymes were measured on the collected serum samples. Moreover,
oxidative and nitrosative stress biomarkers were determined in the liver. Histopathological
alterations and ultimately cytochrome P450 2E1 (CYP2E1) activity was also assessed. Data
obtained revealed that R] significantly reduced the insulin resistance index and liver enzymes
level in RJ-DBP groups. At the same time, R] recovered the DBP-induced oxidative stress and
restored the DBP-depleted glutathione. Moreover, R] improved lipid profile and reduced
significantly the DBP-induced hepatic CYP 2E1 activity in RJ-DBP groups. Dibutyl phthalate
induced-hepatic damage such as necrosis of hepatocytes and scattered bleeding was alleviated
in RJ-DBP group. Our data suggested that the administration of R] could protect the DBP-
induced hepatic functional and structural alterations. The R] protective effects might be

attributed to its antioxidant and anti-inflammatory properties and reduced CYP 2E1 activity.

© 2025 Urmia University. All rights reserved.

Introduction

Phthalates are environmental toxicants that humans
are exposed to on a daily basis all around the world. They
are a group of chemical substances composed of alkyl
diesters of phthalic acid. Phthalate esters are classified into
high molecular weight with 7 - 13 carbon atoms and low
molecular weight with 3 - 6 carbon atoms in their
backbone.l2? Generally, phthalates in their pure form are
odorless, colorless, oily liquids with high lipophilic
properties and low solubility in water.! Phthalates are
usually used as plasticizer to increase the pliability,
flexibility and elasticity of plastics, and also extensively
used in cosmetics, personal care products, food packaging
and medical products.? Phthalates are non-covalently
bound to parent material, hence, they commonly leach
from these substances into environmental sources
especially under high temperatures, and it leads to human
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being frequently exposed to these substances through
ingestion, inhalation and dermal contact.* Phthalates have
been detected in water, air, sediments, soil, food, human
blood plasma, breast milk and urine3 Exposure to
phthalates is a public health concern because they have
been identified as reproductive and developmental
toxicants as well as endocrine-disrupting chemicals .2
Epidemiological studies have found close associations
between phthalate exposure and insulin resistance.>¢ For
instance, urinary levels of several phthalate metabolites
were positively correlated with insulin resistance in the
adult males.” Animal studies also indicated that phthalate
can induce insulin resistance, It was shown that mice
exposed to diisononyl phthalate demonstrated increased
insulin resistance index [homeostasis model assessment -
insulin resistance (HOMA-IR)] and oxidative stress.?
Previous studies indicated that oxidative stress activated
various serine/-threonine kinase, hence, increased serine
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phosphorylation of insulin receptor substrate (IRS)-1 and
IRS-2 which results in the reduction of IRS-mediated
insulin signaling and induce insulin resistance.?

Moreover, other findings indicated that Di-(2-ethyl-
hexyl)-phthalate disrupts the insulin signaling pathway in
the liver of Sprague Dawley rats and LO2 cells through
inducing the activity of peroxisome proliferator-activated
receptor (PPAR) y which have an important role in
decreasing protein expression of insulin receptor (IR) and
glucose transporter (GLUT) 4. Previous studies also
showed that PPARy forms hetrodimer with retinoid X
receptor and is able to hinder the transcriptional activity
of the GLUT4 promoter by directly and specifically binding
to the GLUT4 promoter region.l® Reportedly, dibutyl
phthalates (DBPs) could decrease insulin synthesis and
secretion in rat insulinoma cells through mitochondrial
apoptotic signaling pathway and oxidative stress. In the
same study, it was shown that DBP could reduce the
expression of GLUT2 proteins which plays an important
role in insulin secretion in pancreatic (3-cells.!!

Non-alcoholic fatty liver disease (NAFLD) is closely
related to insulin resistance in the liver and peripheral
organs such as adipose tissue and skeletal muscle. It is
worth noting that two-thirds of type 2 diabetes mellitus
patients have NAFLD.? In peripheral IR, glucose uptake
from blood into skeletal muscle is reduced and lipolysis in
the adipose tissue is increased. Conversely, hepatic IR is
correlated with diminishing of glycogenesis and also an
increase of gluconeogenesis and glycogenolysis.?
Alteration caused by insulin resistance, including
increased lipolysis in adipose tissue, which leads excess
fatty acids entering to the liver as well as increased de novo
lipogenesis and impaired fatty acids beta oxidation in
mitochondria lead to fat accumulation in the liver and
incidence of NAFLD.12 Consequently, modulation of IR
represents a potential strategy for NAFLD treatment.

Royal jelly (R]) is a yellowish-white and acidic
secretion of hypopharyngeal and mandibular glands of
nurse bees used to nourish young worker larvae for the
first three days and the whole life of queen bees. The main
constituents of R] include water, proteins, sugars, and
lipids, minor constituents including minerals, amino acids,
vitamins, enzymes, hormones, polyphenols, nucleotides,
and minor heterocyclic compounds.’3 Royal jelly has
several pharmacological effects such as antioxidant, anti-
inflammatory, anti-diabetic, anti-hyperlipidemia, and anti-
hypertension.!3 Previous studies showed that R] could
decrease the fructose-induced insulin resistance in rats.
In another study, it was shown that R] increases the mRNA
expression of adiponectin and adiponectin receptors and
also increases the protein expression of phosphorylated
AMP-activated protein kinase leading to a decrease in the
expression of glucose-6- phosphatase enzyme, which plays
an important role in gluconeogenesis, thus, improves
hyperglycemia in obese/diabetic KK-Ay mice.!> In a recent

study, insulin resistance, insulin, cholesterol, triglycerides
(TGs), low-density lipoprotein (LDL) and high-density
lipoprotein (HDL) levels were increased in rats fed on a
high fat diet and the administration of R] (100 mg kg, 8
weeks) led to a decrease in insulin resistance, insulin and
an improvement in the lipid profile.l6 Hani M reported that
R] improved oxidative stress conditions in the
streptozocin-induced diabetic rats by increasing
glutathione, catalase, superoxide dismutase and
decreasing malondialdehyde (MDA).17

According on R] pharmaceutical and biological novel
effects in this study we aimed to investigate the potential
and beneficial effects of R] on DBP induced hepatotoxicity
with focusing on any alterations in insulin resistance and
its consequences.

Materials and Methods

Chemicals and assay Kkits. Chemicals used in this
study including: Quercetin (QCN), nicotinamide adenine
dinucleotide phosphate (NADPH), ascorbic acid, 5,5'-
dithiobis-(2-nitrobenzoic acid), sodium acetate trihydrate
were purchased from Sigma-Aldrich (Sigma-Aldrich., St.
Louis, USA). Corn oil was obtained from local grocery
(Ladan Inc., Tehran, Iran). Royal Jelly was prepared from a
local bee keeper (Hamedan, Iran). Dibutyl phthalate,
potassium chloride, phosphoric acid (85.00%), thio-
barbituric acid, tris-base, ethylene diamine tetra acetic
acid, sulphanilamide, n-(1-naphthyl) ethylene diamine-
2HC], folin's reagent, 2,4,6-Tris(2-pyridyl)-1,3,5-triazine
(TPTZ), FeCl3.6H20 (Ferric chloride hexahydrate), hydro-
chloric acid (HCl), sodium hydroxide, perchloric acid,
potassium sodium tartrate, sodium carbonate, Copper (II)
sulfate, glacial acetic acid, 4-nitrophenol were purchased
from Merck (Darmstadt, Germany). Assay Kkits including
alanine aminotransferase (ALT), aspartate amino-
transferase (AST), fast blood sugar, TG, Cholesterol, HDL,
LDL were purchased from Delta Darman (Delta Darman
Part, Tehran, Iran). Hematoxylin and Eosin staining kits
were supplied by Asia Pajohesh (Tehran, Iran).

Animal grouping and study design. Adult Wistar
strain albino rats (200 - 250 g) obtained from the Animal
department of Urmia University of Medical Sciences,
Urmia, Iran. Animals were maintained under standard
laboratory conditions (27.00 + 2.00 °C and 12-hr dark-light
cycle) and had free access to standard pellet diet and tap
water. After 1 week of acclimation they were divided into
eight groups of five rats each as follows: control (corn oil),
DBP (500 mg kg1), R] (200 mg kg1), QCN (50.00 mg kg1),
RJ (100 mg kg1)+ DBP, R] (200 mg kg1) + DBP, R] (300 mg
kg1) + DBP, QCN (50.00 mg kg') + DBP. All treatments
were administered once daily. Both QCN and DBP were
dissolved in corn oil, and R] was dissolved in normal
saline. All compounds were administered by oral gavage
and administration lasted for 28 days. All experimental
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protocols were carefully considered and ultimately
approved by the Ethics Committee of Tehran University,
Tehran, Iran (IR.UT.VETMED.REC.1402.013).

Blood sampling and tissue collection. One day after
the last treatment, tissue collection and blood sampling
from animals both were performed. Animals were
anesthetized with a combination of 90.00 mg kg1
ketamine (Rotexmedica, Aachen, Germany) and 9.00 mg
kg xylazine (Alfasan, Woerden, The Netherlands) intra-
peritoneally. After induction of deep general anesthesia,
blood samples were collected via direct cardiac puncture
and were centrifuged at 1,500 g for 5 min to separate
blood serum. The collected serum samples were stored at
- 20.00 °C until further analyses. The liver tissues were
rapidly dissected out and cleaned with cold normal saline
solution. Subsequently, one part of the liver tissue was
fixed in 10.00% formalin for routine histological
examination and another part was stored at — 80.00 °C for
molecular studies. After dissection, liver index (liver
weight per bodyweight) was determined.

Biochemical analyses. The serum levels of liver
enzymes ALT, AST, lipid profile including HDL, LDL, TG
and cholesterol and the level of blood glucose were
determined by commercially available kits. Moreover, the
serum concentration of lactate dehydrogenase (LDH) was
measured by available assay kit (Ziestchem, Tehran, Iran).

Hormonal assay (insulin). The serum level of insulin
hormone was measured using assay kits (Siemens,
Munich, Germany) according to the manufacturer’s
procedure. Homeostasis model assessment was used to
assess insulin resistance as:18

HOMA - IR= (Fasting insulin x Fasting glucose)/405

Total antioxidant capacity of serum (TAC).
Assessment of the TAC of collected serum samples was
performed by utilizing the ferric ion reducing/antioxidant
power assay as a colorimetric method based on the
formerly described protocol.’® According to this assay,
conversion of colorless and oxidized Fe3* ions of Fe3*-
2,4,6-tris(2-pyridyl)-1,3,5-triazine (TPTZ) substrate into
blue-colored and reduced FeZ*-tri-pyridyl triazine (TPTZ)
in acidic pH (pH 3.60; produced by acetate buffer) is
measured by a spectrophotometer (Boitek, Winooski,
USA) at 593 nm.

Malondialdehyde level in the liver tissue. To assess
the level of lipid peroxidation, the content of MDA in liver
samples was detected according to thiobarbituric acid
reaction as described by previous methods.2? Each sample
MDA content was expressed as nmol per mg of protein.

Nitric oxide (NO) measurement. To assess the
nitrosative stress, the content of the NO was assessed in
hepatic homogenates by the Griess reaction.?! In this
reaction, NO was converted to nitrite, which is a more
stable compound than NO, and then in an acidic
environment (created by orthophosphoric acid) converted

to HNOz, which reacts with sulfanilamide to form the
diazonium salt. Finally, the Azo dye resulted from the
reaction of the diazonium salt with N-(1-naphthyl)
ethylenediamine 2HCI was detected at 540 wavelengths.
The NO content was expressed as nmol per mg of protein
in samples.

Total thiol molecules (TTM) assessment. The
concentration of TTM was evaluated according to the
previous methods.22  Briefly, supernatant from
homogenized liver tissue was reacted with 5,5’ - dithiobis
2-nitrobenzoic acid (10.00 mM in pure methanol) and
incubated at room temperature (25.00 °C) for 15 min.
Finally, the absorbance of the supernatants was measured
at 412 nm. The TTM contents of samples were expressed
as nmol per mg of protein.

Hepatic cytochrome P450 2E1 (CYP 2E1) activity
measurement. The activity of CYP 2E1 isoenzyme was
evaluated based on the hydroxylation of 4-nitrophenol to
4-nitrocatechol according to previous methods.23
Concisely, the reaction mixtures contained 0.10 mM 4-NP,
1.00 mM NADPH, 0.10 M potassium phosphate buffer
(GoldBio, St. Louis, USA), 1.00 mM ascorbic acid, pH 7.00,
and hepatic homogenate (1.00 mg mL?! final
concentration), in a final volume of 1.00 mL. The reaction
was started by adding NADPH at 37.00 °C and terminated
by adding 0.20 mL of 1.50 M perchloric acid after 45 min of
incubation at 37.00 °C. To determine the produced 4-
nitrocatechol level, 0.10 mL sodium hydroxide 10.00 N
was added to the supernatants and its absorbance was
read at 510 nm wavelength. The activity was expressed as
nmol per min per mg of protein.

Protein content evaluation. Total protein content
of the samples was measured according to the Lowry
et al. method.24

Histopathological examination. Formalin-fixed
liver tissue sections were dehydrated by a standard
graded series of ethanol and then embedded in paraffin
and divided into 5.00 pm sections. These sections were
then stained using the Hematoxylin and Eosin method
after that evaluated using a light microscope (Nikon,
Tokyo, Japan).

Statistical analyses. Statistical differences between
the test groups were determined by One-way ANOVA
followed by Tukey’s post hoc test through GraphPad Prism
software (version 9.0; GraphPad Software Inc., San Diego,
USA). A p < 0.05 was considered as statistically significant.
All data are presented as mean * standard deviation.

Results

Body weight (BW) and liver index of rats. As
represented in Table 1, any changes of BW and liver index
(liver weight per BW) were evaluated at the end of the
study. There were no differences in the average body and
liver weight of rats among the study groups.
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Royal jelly and QCN reversed the DBP-induced
alterations in hepatic functional enzymes and lipid
profile. As shown in Table 2, compared to control group,
DBP exposure caused a significant increase in serum level
of ALT and AST (p<0.05). The R]-DBP and QCN-DBP treated
animals, significantly reduced the serum levels of ALT and
AST when compared with DBP group (p < 0.05). As re-
presented in Table 3, compared to control group, animals
treated with DBP demonstrated a significant increase in
serum levels of cholesterol, TG and LDL, along with a
significant decrease in serum levels of HDL (p < 0.05). The
serum levels of cholesterol and TG were significantly
reduced in RJ-DBP and QCN-DBP groups when compared
to DBP group. In addition, serum levels of LDL remarkably
diminished at medium dose (200 mg kg1) of RJ-DBP group
(p < 0.05). There was no significant difference in serum
HDL levels between DBP group and the groups receiving
the combination of DBP with R] or QCN (p > 0.05).

Royal jelly and QCN reversed DBP-induced changes
on LDH level. As shown in Figure 1, compared to control
group, DBP exposure elevated serumlevel of LDH (p<0.05).

Compared to DBP group, medium (200 mg kg?1) and
high (300 mg kg) doses of RJ-DBP groups and QCN-
DBP group demonstrated a significant decrease in
serum LDH level (p < 0.05).

Royal jelly and QCN reduced the DBP-elevated
insulin resistance index. As represented in Table 4,
compared to control group, DBP exposure resulted in
higher concentrations of blood glucose and insulin and
consequently a higher insulin resistance index (p < 0.05).
Compared to DBP group, RJ-DBP and QCN-DBP treated
animals remarkably lowered the DBP-elevated insulin
resistance index values (p < 0.05). The RJ-DBP group at
medium and high dose levels and QCN-DBP group
demonstrated a significant decrease in glucose and insulin
content (p < 0.05).

Royal jelly reversed DBP-induced alterations in
TAC. As shown in Figure 2, compared control group, DBP
exposure reduced TAC remarkably in DBP group (p <
0.05). The serum level of TAC in medium and high doses of
RJ-DBP groups significantly increased, when compared
with DBP group (p < 0.05).

Table 1. Effect of royal jelly on bodyweight, liver weight, and liver index alterations in the control and treatment groups.

Parameters Control DBP R]

QCN RJ 100+DBP R]200+DBP RJ]300+DBP QCN+DBP

Body weight (g) 217.38 + 21.12 215.87 £ 9.55 247.94 + 24.93 217.25+ 18.24 211.18 £ 21.55 217.63 £ 14.50 211.67 + 13.12 198.74 + 42.82

Liver weight (g) 7.82+095 839+x049 949zx1.16 836+046 786+ 101 813035 814+ 0.94 727 +1.27
Liver index 0.03+0.00 0.03%£0.00 0.03+0.00 0.03+0.00 0.03+0.00 0.03+0.00 0.03+0.00 0.03+0.00
DBP: Dibutyl phthalate; R]: Royal jelly; QCN: Quercetin

No significant differences were found among the groups (p > 0.05).

Table 2. Effect of royal jelly and quercetin on dibutyl phthalate-induced alterations in liver enzyme.

Parameters  Control DBP R] QCN RJ 100+DBP R] 200+DBP R]J300+DBP  QCN+DBP
ALT (UL1) 7850+14.85 105.50+7.78" 52.50+0.71 65.00£849 95.00+7.07 69.00+5.66* 5500x7.07% 59.00=+2.83*

AST (UL1) 142.00+4.24 192.00+9.90" 135.00 +4.24 102.00 +16.97 157.00 + 1.41# 127.50 £ 6.36* 131.00 + 15.56* 133.50 £ 9.19*#

DBP: Dibutyl phthalate; R]: Royal jelly; QCN: Quercetin
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

* indicates significant differences between the control and DBP-treated animals (p < 0.05); # represents significant difference between the
DBP-treated animals and groups received combination of DBP with R] or QCN (p < 0.05).

Table 3. Effect of royal jelly and quercetin on dibutyl phthalate induced alterations in lipid profile.

Parameters Control DBP R]

QCN RJ 100+DBP R]J 200+DBP R]300+DBP

QCN+DBP

Cholesterol (mg dL'1) 52.00£4.00 8250+ 1.50" 78.50%1.50 53.00 +10.00 71.50 + 6.50# 71.50 + 1.50#* 73.50 + 5.50# 52.00 + 8.00#

TG (mg dL1) 33.50 £ 2.12 143.00 + 19.80" 57.50 £ 9.19 42.00 + 11.31 50.50 + 6.36* 36.50 £ 0.71# 64.00 + 12.73* 39.00 + 12.73#
HDL (mgdL1) 51.50+0.71 41.50+6.36" 50.00 £4.24 4650+4.95 31.00+7.07 45001414 47.00+7.07 30.00+11.31
LDL (mg dL1) 6.00+0.00 9.00+141" 7.00+x141 500+141 850%212 5.00+141* 850212 7.00 £ 0.00

DBP: Dibutyl phthalate; R]: Royal jelly; QCN: Quercetin

TG: Triglyceride; HDL: High-density lipoprotein; LDL: Low-density lipoprotein.
* indicates significant differences between the control and DBP-treated animals (p < 0.05); # represents significant difference between
DBP-treated animals and groups received combination of DBP with R] or QCN (p < 0.05).

Table 4. Effects of royal jelly and quercetin on serum levels of glucose, Insulin.

Parameters Control DBP R]

QCN  RJ100+DBP RJ]200+DBP RJ300+DBP QCN+DBP

Glucose (mg dL-1) 124.50 + 20.50 229.50 + 26.50"161.00 + 11.00"148.00 + 3.00 191.50 + 15.50 153.00 + 6.00# 180.00 + 28.00# 176.50 + 5.50#

Insulin (WU mL1) 545+035 850+ 1.50" 5.50+0.50
HOMA-IRindex 1.66+024 4.72+042" 220%049

445+045
1.63+0.28

6.55 + 0.45
3.11+0.66*

440 £ 0.30%
1.67 +0.25*

4.50+0.50%
197 +0.13#

4.25+0.75#%
1.86 + 0.54#

DBP: Dibutyl phthalate; R]: Royal jelly; QCN: Quercetin
HOMA-IR: Homeostasis model assessment - insulin resistance

* indicates significant differences between the control and DBP-treated animals (p < 0.05); # represents significant difference between
DBP-treated animals and groups received combination of DBP with R] or QCN (p < 0.05).
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Royal jelly and QCN reversed DBP-elevated
oxidative/nitrosative biomarker in liver tissue. The
content of MDA as an important and common biomarker
of lipid peroxidation and the concentration of NO as an
indicator of nitrosative stress were measured in liver
samples. As shown in Figure 3, comparing with control,
DBP exposure elevated the level of hepatic MDA
remarkably in DBP group (p < 0.05). Comparing with DBP
group, the levels of hepatic MDA in R]-DBP and QCN-DBP
groups were significantly decreased (p < 0.05). The NO
content of liver in the DBP-exposed animals was
significantly elevated when compared with control group
(p < 0.05). The RJ-DBP groups at medium and high doses
and QCN-DBP group showed a significant reduction of NO
content in the liver (Fig. 4).

At the same time TTM concentration as an index of
glutathione resources were evaluated in liver tissues.
The concentration of TTM was significantly (p < 0.05)
reduced in the DBP-received animals, while DBP-R]
groups at medium dose significantly prevented thiol
depletion (Fig. 5).

45.00 A
40.00 - )
35.00 A
30.00 4 # #
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20.00 1

LDH (UL1)

15.00 -
10.00 -
5.00

0.00 -
Control DBP R] QCN RJ100 RJ 200 RJ300 QCN+DBP
+DBP +DBP +DBP

Fig. 1. Effect of royal jelly (R]) and quercetin (QCN) on dibutyl
phthalate (DBP)-induced alterations on lactate dehydrogenase
(LDH) serum level.

* indicates significant differences (p < 0.05) between the
control and DBP-treated animals; # represents remarkable
difference between DBP-treated animals and groups received
combination of DBP with R] or QCN (p < 0.05).
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0.00

TAC (Ab 593 nm)

Control DBP R] QCN RJ 100 RJ 200 RJ300 QCN+DBP
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Fig. 2. Effects of royal jelly (R]) and quercetin (QCN) on dibutyl
phthalate (DBP)-reduced alterations on serum total antioxidant
capacity (TAC).

* indicates significant differences (p < 0.05) between the control
and DBP-treated animals; # represents remarkable difference
between DBP-treated animals and groups received combination
of DBP with RJ or QCN (p < 0.05).

Royal jelly and QCN restored the DBP-induced
hepatic CYP 2E1 activity. As shown in Figure 6,
comparing with control group, DBP exposure
significantly elevated the CYP 2E1 activity in DBP group
(p < 0.05). Comparing with DBP group, CYP 2E1 activity
in RJ-DBP groups and QCN-DBP groups significantly
decreased (p < 0.05).

Histopathological findings. Liver tissue sections
from the control group had normal structures with
normal hepatocytes. In contrast, the sections from the
DBP-exposed group showed abnormal structure,
including necrosis of hepatocytes and scatter bleeding. In
the group of animals that were treated just with R] or
quercetin, there were no particular pathological
alterations. Among the groups receiving the combination
of R] and DBP, the medium dose of R] showed better
results compared to both the low and high doses.
Additionally, in the histopathological examinations of the
low and high doses of R], certain pathological changes,
such as necrosis and bleeding, were shown. In groups
that received the combination of QCN and DBP, there
were also no particular pathological alterations (Fig. 7).
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Fig. 3. Effect of royal jelly (R]) and quercetin (QCN) on dibutyl
phthalate (DBP)-induced malondialdehyde (MDA) level in liver.

* indicates significant differences (p < 0.05) between the control
and DBP-treated animals; # represents remarkable difference
between DBP-treated animals and groups received combination
of DBP with RJ or QCN (p < 0.05).
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Fig. 4. Effect of royal jelly (R]) and quercetin (QCN) on dibutyl
phthalate (DBP)-induced nitric oxide (NO) level in liver.

* indicates significant differences (p < 0.05) between the control
and DBP-treated animals; # represents remarkable difference
between DBP-treated animals and groups received combination
of DBP with RJ or QCN (p < 0.05).
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Fig. 5. Effect of royal jelly (R]) and quercetin (QCN) on dibutyl
phthalate (DBP)-reduced total thiol molecules (TTM)level in liver.
* indicates significant differences (p < 0.05) between the control
and DBP-treated animals; # represents remarkable difference
between DBP-treated animals and groups received combination
of DBP with R] or QCN (p < 0.05).
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Fig. 6. Effect of royal jelly (R]) and quercetin (QCN) on dibutyl
phthalate (DBP)-induced hepatic cytochrome P450 2E1 (CYP
2E1) activity.

* indicates significant differences (p < 0.05) between the control
and DBP-treated animals; # represents remarkable difference
between DBP-treated animals and groups received combination
of DBP with R] or QCN (p < 0.05).

Discussion

Results of the current study revealed that DBP-induced
hepatotoxicity characterized by functional and structural
changes including imbalanced oxidative status and
inflammation. Moreover, a marked CYP 2E1 induction
following DBP exposure was also shown. Histopathological
alterations due to DBP exposure confirmed the DBP-
induced hepatotoxicity. On the other hand, administration
of R] as test compound and also QCN as a reference agent
could ameliorate the DBP-induced hepatic injuries, both
functionally and structurally.

Data obtained in this study demonstrated the induction
of oxidative and nitrosative stress in liver and serum by
DBP, based on considerable alteration in nitrosative and
oxidative stress biomarkers, which was in accordance with
previous research results. Zhang et al. argued that DBP
exposure dramatically increase MDA content and decrease
superoxide dismutase level in liver following the exposure
of rats to 5.00 mg kg! per day DBP for 6 weeks.2

RJ 200 RJ 100

RJ 300

Quercetin

Quercetin+DBP

Fig. 7. Photomicrographs from the liver using Hematoxylin and
Eosin staining. CV: Central vein, S: Sinusoid, N: Necrosis,
H: Hemorrhage K: Kupffer cell, P: Portal region.

Moreover, current data on DBP-induced oxidative and
nitrosative stress is similar to those reported by Ore et al.8
and Shen et al26 There are increasing data indicating that
DBP could induce oxidative and nitrosative stress injuries.
On the other hand, the alterations of hepatic MDA, NO,
TTM and serum TAC level were reversed in concurrently
received DBP and R] groups, indicating that R] could
protect from oxidative and nitrosative damages induced
by DBP. Previous studies demonstrated that R] could
mitigate oxidative and nitrosative stress, as it has been
reported that R] reduced the taxol-induced NO and MDA
levels and enhanced the taxol-reduced TTM level in the
testis of rats.2” Tohamy et al. also showed that R] could
reduce oxidative stress induced by hydroxyurea in liver.28

Another finding of this study demonstrates a
remarkable elevation in plasma levels of insulin and
glucose as well as insulin resistance in rats exposed to
DBP. This finding is supported by previous reports of Ore
et al.Band Mondal and Mukherjee.?? In the Ore et al. study
exposure of BALB/c mice against diisononyl phthalate at
20.00 and 200 mg kg! BW dose levels resulted in
remarkable oxidative stress and a significant increase in
insulin resistance.8 On the other hand, alterations in
insulin, glucose, and insulin resistance index were
reversed in DBP-combined R] groups, demonstrating that
R] could reduce insulin resistance induced by DBP. The
reducing effect of R] on glucose, insulin and insulin
resistance index is in accordance with the previous reports
of Zamami et al* and Metwally Ibrahim et al.l6 Although
the precise mechanism by which phthalate induces insulin
resistance has not been elucidated, previous studies have
explained the involvement of oxidative stress in insulin
resistance and inflammation.® Previous studies have
identified the molecular pathway through which oxidative
stress leads to insulin resistance.3? Activated nitrogen and
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oxygen molecules, by activating the serine-threonine
kinase pathway, including c-Jun N-terminal kinase and
nuclear factor-kB prevent the phosphorylation of the
tyrosine amino acid of IRS and thus the progression of the
IRS-dependent insulin pathway.3? Thus, it is probable that
R] improve insulin resistance through its antioxidant
effect. Investigation of lipid profile in rats exposed to DBP
showed increased levels of cholesterol, TG, and LDL, as
well as decreased levels of HDL. These findings were
similar to those reported by Ore et al8 and Zhang et al.%5
showed that DBP leads to hyperlipidemia by stimulating
PPARa receptors. Increasing PPARa activity leads in
elevated expression of sterol regulatory element binding
proteins, fatty acid synthase, and glycerol-3-phosphate
acyltransferase proteins and reduced expression of
phosphorylated AMP-activated protein kinase protein in
liver, which ultimately causes hyperlipidemia.2> Elevated
influx of fatty acids into the liver results in the incomplete
[-oxidation of fatty acids, leading to the generation of free
oxygen radicals. These radicals induce lipid peroxidation
of cell membranes and damage hepatocytes, as indicated
in this study by elevated serum levels of liver enzymes.? In
this study, the increased serum levels of LDH, ALT, and
AST showed that DBP exposure caused hepatotoxicity in
rats. Interestingly, our results showed that the groups of
animals, which received combination of R] and DBP,
improved lipid profile and reduced the level of liver
enzyme. The findings are supported by the published
studies, which argued that R] administration reduced the
serum level of liver enzyme and improved the lipid profile
in ovariectomized rats.3! It has been also reported that R]
improved lipid profile in aged and obese rat that fed with
high fat diet.1® Royal jelly has been demonstrated to have
estrogenic properties in both in vivo and in vitro
studies.3233 It is well known that estrogen lowers the
serum cholesterol levels.3435 Another study showed that
the major R] protein 1 interacts with bile acids in the
intestine, preventing their absorption. As a result, the
excretion of bile acid and cholesterol is increased.
Additionally, major R] protein 1 enhances cholesterol
catabolism by stimulating the mRNA and protein
expression of cholesterol 7a-hydroxylase in liver.3¢
Previous studies indicated that the toxicity of phthalate
may be related to the disruption of cytochrome P450
homeostasis.?” Shi et al indicated that Di-(2-ethylhexyl)-
phthalate exposure enhanced constitutive androstane
receptor and their downstream gene level, including CYP
2E1, in lung tissue and as result induced lung injury.38 It is
well documented that increasing CYP 2E1 activity, lead to
increasing generation of reactive oxygen species and
oxidative stress.3? Consistent with the research mentioned,
our findings indicated that DBP exposure induces CYP 2E1
activity in liver tissue. Interestingly R] declined CYP 2E1
activity in groups received combination of R] and DBP,
suggesting that the hepatoprotective effects of R] may

partly related to its capability in the reduction of oxidative
stress and inhibition of CYP 2E1 activity.

Histopathological analysis in the present research
showed that DBP-induced hypertrophy and necrosis of
hepatocyte and inflammatory cells infiltration, and scatter
bleeding were obvious, these results are in consistent with
another researcher.82> However, R] uptake significantly
alleviated the histopathologic and structural changes by
DBP-induced.

In this study, QCN was determined as a positive control
due to its anti-inflammatory, antioxidant, anti-diabetic,*
and hepatoprotective properties in liver steatosis, fatty
hepatitis, liver fibrosis, and liver cancer.*! Previous studies
showed that QCN was able to ameliorate the phthalates-
induced hepatotoxicity, which were characterized with
increased serum concentration of ALT, AST, LDH, and
hepatic levels of MDA in phthalates-received rats.*2 Our
study results were also consistent with previous studies.

Our data suggest that R] with anti-inflammatory and
antioxidant effect could be novel compound to reduce the
phthalate induced hepatotoxicity and in particular
phthalate related insulin resistance.
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