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Abstract. - OBJECTIVE: Glucocorticoids
(GCs) are steroids that play an essential role in
physiological processes and are valuable thera-
peutic agents against various diseases. The aim
of our study was to evaluate the antioxidant ef-
fects of piperine (PIP) on steroid-induced oxida-
tive stress in liver tissue.

MATERIALS AND METHODS: We used 36
fertilized specific-pathogen-free (SPF) chick-
en eggs that were divided into the following 6
groups: group 1 (n=6), phosphate buffered sa-
line (PBS) (pH 7.4 saline solution [0.9%)] isoton-
ic); group 2 (n=6), 0.50 umol hydrocortisone suc-
cinate sodium (HC); group 3 (n=6), 0.50 pmol HC
and 100 mg/kg piperine (PIP); group 4 (n=6), 0.50
pumol HC and 50 mg/kg PIP; group 5 (n=6), 0.50
pmol HC and 25 mg/kg PIP; and group 6 (n=6),
0.50 pymol HC and 10 mg/kg PIP. Chick embry-
os were removed from the eggs and the livers
dissected from the embryos. The total antioxi-
dant status (TAS), total oxidant status (TOS), re-
duced glutathione (GSH), and lipid peroxidation
(malondialdehyde [MDA]) levels were measured.

RESULTS: The highest levels of GSH and TAS
in the liver tissues were observed in group 3,
with a significant difference from those in group
2 (p<0.001 and p =0.006, respectively). The low-
est levels of MDA and TOS in the liver tissues
were observed in group 3, with a significant dif-
ference from those in group 2 (p <0.001 and p
=0.021, respectively).

CONCLUSIONS: The antioxidant and hepato-
protective properties of PIP were observed on-
ly at high doses.
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Introduction

The liver is a vital organ that detoxifies sub-
stances that are harmful to the body. It regulates
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many metabolic functions and contributes to the
maintenance of homeostasis'. Liver cells that are
overexposed to drugs and toxins must expend
a great amount of energy during the detoxifica-
tion process. Reactive oxygen species (ROS) are
known to formed due to this increase, and these
ROS can damage cells such as proteins and lipids
and molecules such as nucleic acids and mem-
brane lipids, which disrupt cell function and can
result in cell death if not eliminated. This oxida-
tive stress is believed to contribute to the onset
and progression of many different diseases, such
as hepatic inflammation, hypercholesterolemia,
diabetes, and hepatic cirrhosis'*. Corticosteroids
are used in the treatment of many liver diseas-
es with beneficial therapeutic efficacy; however,
they are known to cause serious health problems®.

Glucocorticoids (GCs) are compounds that
play a physiologically important role and are
widely used in the treatment of various diseas-
es®’. They are essential in the body’s response to
oxidative stress and participate in the recovery of
homeostasis by regulating the immune system,
metabolism, and body fluids. Synthetic GCs, such
as dexamethasone (DEX) and hydrocortisone,
have been widely used to treat various hemato-
logical malignancies and as anti-inflammatory
and immunosuppressive agents®?,

Increased ROS destruction plays a role in the
pathogenesis of various diseases®. GCs have also
been reported to contribute to the growth of prod-
ucts such as superoxide, hydrogen peroxide, and
hydroxyl radicals, also known as ROS*'°. Studies
have reported that exogenous high GC adminis-
tration is associated with deoxyribonucleic acid
(DNA) damage in various tissues (e.g., liver and
heart)’.

Black pepper (Piper negrum) is widely used
in India and surrounding regions as a seasoning;
however, this naturally occurring alkaloid has also
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been used for centuries to treat diseases, such as
migraines, fevers, and flu, in several Asian coun-
tries, especially in India and China'"'?. Piperine
(PIP; 1-piperoyl piperidine) is a piperidine deriv-
ative present in the upper layer of pepper fruits
(Piperis nigri)”. PIP increases the production of
gastric juices and promotes proper digestion, stim-
ulates the secretion of pancreatic and intestinal
juices, increases appetite, and has diuretic and
cleansing properties. PIP also facilitates the ab-
sorption of group B vitamins, beta-carotene, sele-
nium, coenzyme Q10, and resveratrol',

The biological properties of PIP have shown
that it has antioxidant, anti-inflammatory, and
antiulcer effects, and that it also has the poten-
tial to modulate certain immune responses and
exhibits hepatoprotective activity'®. In addition,
this compound promotes the absorption of certain
drugs, thereby decreasing their metabolism and
cholesterol levels in the blood'*!'*"!8,

In this study, it was aimed to apply PIP treat-
ment for the toxic effects of GC on the liver.
Since the antioxidant and liver protective efficacy
of PIP is known, a study plan was developed to
evaluate the effects of PIP against liver damage
caused by GC. The aim of this study was to in-
vestigate the antioxidant activity of PIP against
steroid-induced liver oxidants.

Materials and Methods
PIP and hydrocortisone succinate sodium (HC)

were provided by Sigma-Aldrich Corp. (St. Louis,
MO, USA). Thirty-six fertilized specific-patho-

Table I. Materials and procedures.

gen-free (SPF) chicken eggs were used. Each
egg weighed from 53 to 62 g (mean, 58 g). SPF
eggs were obtained from Izmir Bornova Veteri-
nary Control Institute (Bornova, Izmir, Turkey).
Permission for the study was obtained from the
Local Ethics Committee of Afyon Kocatepe Uni-
versity Animal Experiments (Date: 06/20/2019,
Number: 49533702/74).

The eggs were placed in a horizontal position
and incubated at 37°C and relative humidity of
70% for 17 days, after which they were randomly
divided into the following 6 groups (Table I):
group 1 (n=6), PBS (pH 7.4 saline solution [0.9%)]
isotonic); group 2 (n=6), 0.50 umol HC; group 3
(n=6), 0.50 pmol HC and 100 mg/kg PIP; group
4 (n=6), 0.50 umol HC and 50 mg/kg PIP; group
5 (n=6), 0.50 pmol HC and 25 mg/kg PIP; and
group 6 (n=6), 0.50 pmol HC and 10 mg/kg PIP.

Injection was performed on SPF eggs on the
15th day of incubation. SPF eggs were removed
from the incubator and cleaned with 70% ethanol,
after which the air sac in each egg was injected
with HC, phosphate buffered saline (PBS), or PIP
or combinations of HC and PIP, using insulin in-
jectors (AS, inner shell membrane intact). After
injection, the puncture was sealed with sterile
cellophane tape, and the eggs were further incu-
bated for 48 h in the same incubator'®?°. SPF eggs
were removed from the incubator on the 17th day
to take tissue samples and terminate the exper-
iment protocol. For the stock solution, HC was
dissolved in distilled water at a concentration of
50 umol. PIP solution was added to the fertilized
chick egg 3 h after the injection of HC in groups
3,4, 5, and 6 (Table I).

Method of Delivery Effect
Group Agent Dosage administration Volume  frequency duration (d)
1.PBS (n=6) PBS PBS (pH 7.4) AS 0.2mL Once 15-17
2.HC (n=06) HC 0.50 pmol AS 0.2mL Once 15-17
3. HC + PIP (n=6) HC 0.50 pmol AS 0.1 mL Once 15-17
PIP 100 mg/kg 0.1 mL
4. HC +PIP (n=16) HC 0.50 pmol AS 0.1 mL Once 15-17
PIP 50 mg/kg 0.1 mL
5.HC + PIP (n=6) HC 0.50 umol AS 0.1 mL Once 15-17
PIP 25 mg/kg
6. HC + PIP (n = 6) HC 0.50 umol AS 0.1 mL Once 15-17
PIP 10 mg/kg 0.1 mL
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Preparation of Liver Tissue Samples

Samples of liver tissue were carefully dissected
out of the embryos, after which 0.1- to 0.2 g sam-
ples were weighed out. Then, 1-2 mL 0.1 M phos-
phate buffer (pH 7.4) was added to reach a total
volume of 10 times the tissue weight, immediate-
ly after which the solutions were homogenized
in an ice-containing vessel using Ultra Turrax
(IKA Works, Wilmington, North Carolina, NC,
USA) for 1 min at 24000 rpm. The resulting ho-
mogenate was then sonicated for 1 min at 20000
cycles/s using the Hielscher (Hielscher Ultrason-
ics, Teltow, Germany) sonicator for better homog-
enization. The prepared liver tissue homogenates
were immediately centrifuged at 10000 g for 15
min, and the supernatant layer was transferred
into a separate tube. Supernatant samples were
stored at -80°C until needed for assessing the
biochemical parameters.

Glutathione Levels

Reduced glutathione (GSH) levels were de-
termined using a glutathione assay kit (Chrom-
systems Diagnostics, Munich, Germany) with
the Thermo Scientific Ultimate 3000 high-per-
formance liquid chromatography (HPLC) device
and a fluorescence detector (Ex: 385 nm; Em:
515 nm). GSH levels were expressed as umol/g
wet tissue.

Total Oxidants and Antioxidants

The total antioxidant status (TAS) and total ox-
idant status (TOS) in liver tissues were evaluated
using the colorimetric method with a commer-
cial kit (Mega Tip, Gaziantep, Turkey) according
to the manufacturer’s protocols. The ChemWell
2910 microanalyzer was used for the absorbance
assays (Awareness Technology Inc., Palm City,
Florida, FL, USA). The results from the tissue
analyses are expressed as follows: TAS, TOS;
mmol Trolox, umol H,O, equiv/L, equiv/L, pmol
Trolox equiv/wet tissue, and pmol H,O, equiv/g
wet tissue.

Malondialdehyde Levels

The levels of malondialdehyde (MDA) in the
tissues were determined using an enzyme-linked
immunosorbent assay kit (ELISA; Cayman
Chemical, Ann Arbor, Michigan, MI, USA) ac-
cording to the manufacturer’s protocols. The
ChemWell 2910 microanalyzer was used to con-
duct the absorbance assays (Awareness Technol-
ogy Inc., Palm City, Florida, USA). The MDA
levels in the wet tissue are expressed in umol/g.
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Statistical Analysis

Statistical Package for the Social Sciences
(SPSS 18.0, SPSS Inc., Chicago, IL, USA) soft-
ware program was used for statistical analysis
of the data. One-Way ANOVA test was used
for comparisons between groups. Tukey’s HSD
(honestly significant difference) test was used to
determine which groups were different. p- values
which are smaller than 0.05 were considered sta-
tistically significant. Mean values are presented
as MeanzStandard Deviation (m=+sd).

Results

As shown in Figure 1, the GSH levels in the
liver tissues from the chick embryos were sig-
nificantly lower in the HC groups than in group
1 (Figure la; p =0.02), significantly higher in
groups 3 and 4 than in group 2 (Figure 1b and lc;
p =0.000 and p =0.006, respectively), and signifi-
cantly lower in group 6 than in group 3 (Figure
1d; p =0.000).

The TAS levels in the liver tissues, an addi-
tional antioxidant marker, are shown in Figure 2.
These levels were significantly higher in groups
3 and 4 than in group 2 (Figure 2a, Figure 2b;
p =0.006 and p =0.006, respectively) and were
significantly lower in group 6 than in group 3
(Figure 2c, Figure 2d; p =0.021 and p =0.044,
respectively).

TOS and MDA are liver tissue oxidant de-
struction markers. The levels of these markers
are shown in Figure 3 and Figure 4, respectively.
The TOS levels were significantly higher in group

GSH
b
C
200
d
| a

100 -

50 - -

0.

PBS HC  H

C+PIP100 HC+PIPSO HC+PIP25 HC+PIP10

pmol/g tissue
=
w
3

Figure 1. Reduced glutathione (GSH) levels in the chick
embryo liver tissue 2 d after the hydrocortisone succinate
sodium (HC) and piperine (PIP) treatment, on day 17. (a)
Compared with group 1 (p =0.020). (b) Compared with
group 2 (p =0.000). (c) Compared with group 3 (p =0.006).
(d) Compared with group 4 (p =0.006).
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Figure 2. Total antioxidant status (TAS) levels in the
chick embryo liver 2 d after the hydrocortisone succinate
sodium (HC) and piperine (PIP) treatment, on day 17. (a)
Compared with group 1 (p =0.006). (b) Compared with
group 2 (p =0.013). (c) Compared with group 3 (p =0.021).
(d) Compared with group 4 (p =0.044).

2 than in group 1 (Figure 3a; p =0.022), signifi-
cantly lower in groups 3 and 4 than in group 2
(Figure 3b, Figure 3c; p =0.000 and p =0.004,
respectively), and significantly higher in group 6
than in group 3 (Figure 3d; p =0.006). A signif-
icant difference was found in MDA levels in the
liver tissue between only groups 2 and 3 (Figure
4, p =0.021).

Discussion

GCs are widely used for treating various he-
matological malignancies, particularly acute or
chronic lymphoblastic leukemia and multiple my-
eloma. The detrimental effects of a chronically
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Figure 3. Total oxidant status (TOS) levels in the chick
embryo liver 2 d after the hydrocortisone succinate sodium
(HC) and piperine (PIP) treatment, on day 17. (a) Compared
with group 1 (p =0.022). (b) Compared with group 2
(p =0.000). (¢) Compared with group 3 (p =0.004). (d)
Compared with group 4 (p =0.006).
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Figure 4. Malondialdehyde (MDA) levels in the chick
embryo liver 2 d after the hydrocortisone succinate sodium
(HC) and piperine (PIP) treatment, on day 17. (a) Compared
with group 2 (p =0.021).

elevated GC level from prolonged stress or ex-
ogenous hormone administration are most likely
linked with an increase in the formation of ROS
or reactive nitrogen species. The efficacy of this
approach depends on the ability of the GCs to
produce ROS, resulting in oxidative stress that
causes cellular damage. These findings suggest
that the effect of GCs on the transcription of
mitochondrial DNA stimulates excess ROS pro-
duction in the mitochondrial electron transport
chain'.

GCs are known to exert harmful effects both in
vivo and in vitro. These include inducing oxida-
tive damage to various macromolecules, such as
lipids, proteins, and DNA'*?!,

Some studies*** have linked fetal exposure
to high GC levels with fetal and adult neurogen-
esis and behavioral changes have reported that
prenatal exposure to synthetic GCs may cause
life-long behavioral and emotional problems in
children, including attention deficit hyperactiv-
ity disorder (ADHD), which may increase the
risk of subsequent development. The cellular
damage caused by excessive oxidative stress al-
so plays an important role in the onset of various
diseases?*.

Black pepper contains various alkaloids, vol-
atile oils, carbohydrates, starches, and proteins.
Some studies!"'?!72* on the biological proper-
ties of PIP have shown that it has antioxidant,
anti-inflammatory, neuroprotective, anxiolytic,
cognitive-enhancing, and antimicrobial effects;
it also has the potential to modulate some im-
mune responses. PIP has been shown to reduce
the level of thiobarbituric acid reagents, such as
catalase (CAT), GSH, glutathione peroxidase
(GPx), and superoxide dismutase (SOD). It may
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also improve the activity of biotransformation
enzymes in the liver in a dose-dependent man-
ner11,12,17,24'

In addition to its varied pharmacological activ-
ities, such as antifungal, anticancer, hepatopro-
tective, and antioxidative effects, PIP has been
reported to increase the bioavailability of various
drugs both structurally and therapeutically, and
promote the absorption of certain drugs to reduce
blood metabolism and cholesterol levels'!".

Many of the physiological effects of black pep-
per extracts, or of PIP, its main component, have
been reported in recent years. Damage from oxi-
dative stress and lipid peroxidation have been pro-
posed as major causes of atherosclerosis, cancer,
and aging. PIP, which has hepatoprotective prop-
erties, has been shown in vitro to protect against
oxidative stress damage by inhibiting or quench-
ing free radicals, ROS, and lipid peroxidation and
was reported to act as a hydroxyl radical scavenger
at low concentrations. At higher concentrations, it
triggers the Fenton reaction, which results in the
increased production of hydroxyl radicals. PIP
also acts as a strong superoxide scavenger with
a half maximal inhibitory concentration (IC50)
value of 1.82 mM; whereas, 52% of the inhibition
of lipid peroxidation was observed at a dose of 1.4
mM with an IC50 value of 1.23 mM. PIP is also
an effective antioxidant that protects against the
oxidation of human low-density lipoprotein!1525-27,

The results obtained from analyzing the liver
tissue from chick embryos treated with HC revealed
that the lowest levels of antioxidant GSH were ob-
served in group 2, which was treated with only HC
(Figure 1); however, the highest GSH levels were
observed in group 3, which was treated with 100
mg/kg PIP and HC; these results were significant.
The GSH levels were significantly higher in group
4, which was treated with a lower dose of PIP, than
in group 2, and were also higher in groups 5 and 6,
but the differences were not significant compared
with group 2 levels. The results of the present study
were consistent with those of previous findings that
reported the oxidant effects of steroids'®?'.

The lowest TAS levels were observed in group
2; whereas, the highest levels were observed in
group 3, which is like the results obtained for
GSH levels (Figure 2). The high TAS levels ob-
served in group 3 were significantly higher than
those in group 2.

The results of assessing the TOS levels pro-
vided information about the oxidant status and
showed that the highest levels were observed in
group 2 and the lowest in group 3 (Figure 3), a
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significant difference (Figure 3b; p =0.000). The
MDA levels, another oxidant status marker, were
highest in group 2 and lowest in group 3 (Figure
4a; p =0.021). Although the TOS levels in group 4
were also significantly low (Figure 3c; p =0.004),
a significant low MDA level was observed in
group 3 (Figure 4).

Vijayakumar et al*® (2004) have investigated
the effect of PIP, a nitrogenous alkaloid, on the
lipid peroxidation of tissue and enzymatic and
nonenzymatic antioxidants in rats fed a high-
fat diet. PIP was found to reduce the levels of
reactive substances, such as acid and conjugated
dienes. Moreover, GSH, GPx, CAT, and SOD
levels were maintained, with values close to those
in the control rats; therefore, the results suggested
that PIP reduces the high levels of oxidative stress
caused by a high-fat diet?.

Rathee et al® (2018) have investigated the ef-
fects of Aegle marmelos and PIP after inducing
liver damage using carbon tetrachloride in Wis-
tar rats. They have reported high levels of SOD,
GSH, and CAT, all antioxidant markers, and low
levels of MDA, an oxidant status marker, in the
liver tissues in the group treated with PIP. The
findings of their study were consistent with those
of the present study?.

Mao et al*® (2017) have investigated the antiox-
idant effects of PIP on brain tissue in a pilocar-
pine-induced rat epilepsy model. They reported
high levels of SOD and CAT and low levels of
MDA. The antioxidant properties of PIP in this
study were consistent with the findings of the
present study*’.

Sethiya et al”® (2015) have also investigated
the antioxidant effects of PIP on brain tissue in
a pilocarpine-induced rat epilepsy model. They
reported high levels of SOD, GSH, and CAT and
low levels of MDA in the PIP group. The results
of their study were also consistent with the find-
ings of the present study”.

According to the results of studies conducted
with different harmful oxidant agents, PIP has
been reported to be successful in alleviating the
effects of ROS and has also been reported to have
hepatoprotective properties?®31-33,

When a general evaluation is made, this study
will give a different perspective to the literature
in terms of experimental model. There are a few
limitations of our study. One of them is that our
results cannot be presented in the light of histo-
pathological findings. Another is that the chosen
experimental model cannot directly reflect the en-
vironment and conditions of a developing human
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embryo. Therefore, it is not possible to simply dis-
seminate and apply the results observed in chick
embryos to humans. However, the chick embryo
model has the advantage of allowing potentially
hazardous, toxic and curative agents/substances
to be investigated directly on the embryo. The
fact that the study was conducted on chick em-
bryos enabled the subject to be addressed with
a new methodological approach. These are also
the strengths of the study. In addition to all these,
we think that it would be beneficial to conduct
studies with larger samples in which technical
materials and special test kits will be used to ob-
tain more comprehensive results. Considering the
limitations and strengths of our study, we believe
that it will contribute greatly to the literature.

Conclusions

High ROS levels were observed in steroid-in-
duced liver damage in a chick embryo model. PIP
was used to inhibit and/or reduce the harmful
effects of ROS, and high doses of PIP (100 mg/
kg) were found to be more successful in reducing
these effects. Additional large-sample studies that
test different tissues should be conducted to bet-
ter demonstrate PIP’s protective effects.

Conflict of Interest

The authors declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

Acknowledgements )
The authors would like to thank Prof. Dr. Tolga ERTEKIN
for his support and information sharing.

ORCID ID
Ayhan Vurmaz: https://orcid.org/0000-0002-1840-2900.
Emre Atay: https://orcid.org/0000-0002-2378-1183.

Authors’ Contribution

All authors participated in the design, interpretation of the
studies, analysis of the data, wrote the manuscript and re-
view of the manuscript.

References

1) Lakshmi T, Sri Renukadevi B, Senthilkumar S,
Haribalan P, Parameshwari R, Vijayaraghavan R,
Rajeshkumar S. Seed and bark extracts of Aca-
cia catechu protects liver from acetaminophen

4)

10)

11)

12)

13)

14)

induced hepatotoxicity by modulating oxidative
stress, antioxidant enzymes and liver function en-
zymes in Wistar rat model. Biomed Pharmacother
2018; 108: 838-844.

Li X, Wei F, Gao J, Wang HY, Zhang YH. Oxida-
tive stress and hepatotoxicity of Rana chensinen-
sis exposed to low doses of octylphenol. Environ
Toxicol Pharmacol 2018; 64: 86-93.

Samarghandian S, Azimi-Nezhad M, Farkhon-
deh T, Samini F. Anti-oxidative effects of curcum-
in on immobilization-induced oxidative stress in
rat brain, liver and kidney. Biomed Pharmacother
2017; 87: 223-229.

XuP, LiY, YuZ, YangL, Shang R, Yan Z. Protective
effect of vitamin ¢ on triptolide-induced acute hep-
atotoxicity in mice through mitigation of oxidative
stress. An Acad Bras Cienc 2019; 91: e20181257.

Al-Sayed E, Abdel-Daim MM, Khattab MA. Hepa-
toprotective activity of praecoxin A isolated from
Melaleuca ericifolia against carbon tetrachlo-
ride-induced hepatotoxicity in mice. Impact on
oxidative stress, inflammation, and apoptosis.
Phyther Res 2019; 33: 461-470.

Chen Q, Li C, Gong Z, Chan ECY, Snyder SA,
Lam SH. Common deregulated gene expression
profiles and morphological changes in developing
zebrafish larvae exposed to environmental-rel-
evant high to low concentrations of glucocorti-
coids. Chemosphere 2017; 172: 429-439.

Watanabe H, Kosano H, Nishigori H. Steroid-in-
duced short term diabetes in chick embryo: Re-
versible effects of insulin on metabolic changes
and cataract formation. Investig Ophthalmol Vis
Sci 2000; 41: 1846-1852.

Bjelakovi¢ G, Beninati S, Pavlovi¢ D, Koci¢ G, Je-
vtovi¢ T, Kamenov B, Saranac LJ, Bjelakovi¢ B,
Stojanovi¢ |, Basi¢ J. Glucocorticoids and oxida-
tive stress. J Basic Clin Physiol Pharmacol 2007;
18: 115-127.

Oakley RH, Cidlowski JA. The biology of the glu-
cocorticoid receptor: new signaling mechanisms
in health and disease. J Allergy Clin Immunol
2013; 132: 1033-1044.

Feng YL, Tang XL. Effect of glucocorticoid-in-
duced oxidative stress on the expression of Cb-
fal. Chem Biol Interact 2014; 207: 26-31.

Butt MS, Pasha |, Sultan MT, Randhawa MA,
Saeed F, Ahmed W. Black pepper and health
claims: a comprehensive treatise. Crit Rev Food
Sci Nutr 2013; 53: 875-886.

Shityakov S, Bigdelian E, Hussein AA, Hussain
MB, Tripathi YC, Khan MU, Shariati MA. Phyto-
chemical and pharmacological attributes of pip-
erine: A bioactive ingredient of black pepper. Eur
J Med Chem 2019; 176: 149-161.

Di X, Wang X, Di X, et al. Effect of piperine on the
bioavailability and pharmacokinetics of emodin in
rats. J Pharm Biomed Anal 2015; 115: 144-149.

Tarasiuk A, Fichna J. Effectiveness and thera-
peutic value of phytochemicals in acute pancre-
atitis: A review. Pancreatology 2019; 19: 481-487.



A. Vurmaz, E. Atay

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

Sethiya NK, Shah P, Rajpara A, Nagar PA, Mish-
ra SH. Antioxidant and hepatoprotective effects of
mixed micellar lipid formulation of phyllanthin and
piperine in carbon tetrachloride-induced liver inju-
ry in rodents. Food Funct 2015; 6: 3593-36083.

Aboelwafa HR, Yousef HN. The ameliorative ef-
fect of thymol against hydrocortisone-induced
hepatic oxidative stress injury in adult male rats.
Biochem Cell Biol 2015; 93: 282-289.

Urdaneta KE, Castillo MA, Montiel N, Sem-
prun-Hernandez N, Antonucci N, Siniscalco D.Au-
tism spectrum disorders: potential neuro-psycho-
pharmacotherapeutic plant-based drugs. Assay
Drug Dev Technol 2018; 16: 433-444.

Zhao JQ, Du GZ, Xiong YC, Wen YF, Bhadau-
ria M, Nirala SK. Attenuation of beryllium induced
hepatorenal dysfunction and oxidative stress in
rodents by combined effect of gallic acid and pip-
erine. Arch Pharm Res 2007; 30: 1575-1583.

Duman R, Vurmaz A. Role of innate immunity
and oxidative stress in steroid-induced cataracts
in developing chick embryos. Cutan Ocul Toxicol
2018; 37: 281-285.

Vurmaz A, Duman R, Sabaner MC, Ertekin T,
Bilir A. Antioxidant effects of piperine in in-vivo
chick embryo cataract model induced by steroids.
Cutan Ocul Toxicol 2019; 38: 182-189.

Stani¢ D, Plecas-Solarovi¢ B, Petrovi¢ J, Bo-
gavac-Stanojevi¢ N, Sopi¢ M, Kotur-Stevuljevi¢
J, Ignjatovi¢ S, PeSi¢ V. Hydrogen peroxide-in-
duced oxidative damage in peripheral blood lym-
phocytes from rats chronically treated with corti-
costerone: The protective effect of oxytocin treat-
ment. Chem Biol Interact 2016; 256: 134-141.

Ichiseki T, Kaneuji A, Ueda Y, Kaneko S, Ueda S,
Matsumoto T. The initial phase of oxidative stress
in a steroid-induced osteonecrosis rabbit model.
Adv Biosci Biotechnol 2012; 3: 978-982.

Raciti M, Ong J, Weis L, Edoff K, Battagli C, Falk
A, Ceccatelli S. Glucocorticoids alter neuronal
differentiation of human neuroepithelial-like cells
by inducing long-lasting changes in the reac-
tive oxygen species balance. Neuropharmacolo-
gy 2016; 107: 422-431.

Zazeri G, Povinelli APR, Lima MDF, Cornélio
ML. Experimental approaches and computational

modeling of rat serum albumin and its interaction
with piperine. Int J Mol Sci 2019; 20: 2856.

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

Dutta M, Ghosh AK, Mishra P, Jain G, Rangari V,
Chattopadhyay A, Das T, Bhowmick D, Bandyop-
adhyay D. Protective effects of piperine against
copper-ascorbate induced toxic injury to goat car-
diac mitochondria in vitro. Food Funct 2014; 5:
2252-2267.

Srinivasan K. Black pepper and its pungent prin-
ciple-piperine: a review of diverse physiological
effects. Crit Rev Food Sci Nutr 2007; 47: 735-748.
Srinivasan K. Antioxidant potential of spices and
their active constituents. critical reviews in food
science and nutrition. Crit Rev Food Sci Nutr
2014; 54: 352-372.

Vijayakumar RS, Surya D, Nalini N. Antioxidant
efficacy of black pepper (Piper nigrum L.) and pip-
erine in rats with high fat diet induced oxidative
stress. Redox Rep 2004; 9: 105-110.

Rathee D, Kamboj A, Sidhu S. Augmentation of
hepatoprotective potential of Aegle marmelos in
combination with piperine in carbon tetrachloride
model in wistar rats. Chem Cent J 2018; 12: 94.

Mao K, Lei D, Zhang H, You C. Anticonvulsant ef-
fect of piperine ameliorates memory impairment,
inflammation and oxidative stress in a rat mod-
el of pilocarpine-induced epilepsy. Exp Ther Med
2017; 13: 695-700.

Arcaro CA, Gutierres VO, Assis RP, Moreira TF,
Costa PI, Baviera AM, Brunetti IL. Piperine, a nat-
ural bioenhancer, nullifies the antidiabetic and
antioxidant activities of curcumin in streptozoto-
cin-diabetic rats. PLoS One 2014; 9: e113993.

Elnaggar YSR, Etman SM, Abdelmonsif DA, Ab-
dallah OY. Novel piperine-loaded Tween-integrat-
ed monoolein cubosomes as brain-targeted oral
nanomedicine in Alzheimer’s disease: pharma-
ceutical, biological, and toxicological studies. Int
J Nanomedicine 2015; 10: 5459-5473.

Mohammadi M, Najafi H, Mohamadi Yarijani Z,
Vaezi G, Hojati V. Piperine pretreatment attenu-
ates renal ischemia-reperfusion induced liver in-
jury. Heliyon 2019; 5: e02180.

Quijia CR, Chorilli M. Characteristics, biological
properties and analytical methods of piperine: a
review. Crit Rev Anal Chem 2020; 50: 62-77.
Sehgal A, Kumar M, Jain M, Dhawan DK. Piper-
ine as an adjuvant increases the efficacy of cur-
cumin in mitigating benzo(a)pyrene toxicity. Hum
Exp Toxicol 2012; 31: 473-482.



