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Abstract

Background: Drug-induced liver toxicity is a major health concern as it causes acute liver failure. Bavachinin (BVC) is a natural
small molecule isolated from the Chinese herb Fructus Psoraleae. It exhibits various pharmacological properties, including
immunomodulatory, anti-inflammatory, antioxidant, antibacterial, and antiviral effects.

Objectives: This study evaluated the hepatoprotective effects of BVC against carbon tetrachloride (CCl,) hepatotoxicity in
adult male rats.

Methods: Twenty-eight adult male Wister rats were obtained from the Razi Vaccine and Serum Research Institute and divided
into four groups: Control (potassium citrate buffer and olive oil), BVC-treated (5 mg/kg), hepatotoxic (CCl,-treated) group (1
mg/kg), and treatment (CCl, + BVC). Bavachinin was administered once a day for four weeks, and CCl, was administered twice a

week for four weeks via the intraperitoneal route. Liver marker enzymes (ALT, AST, and ALP) and malondialdehyde (MDA) levels
were measured and compared among the groups. Significant differences were analyzed using one-way ANOVA followed by the
Tukey test in GraphPad Prism. A P-value of less than 0.05 was considered significant.

Results: Treatment with BVC reduced the levels of liver marker enzymes and MDA, which were all significantly elevated due to
CCl, toxicity. In the BVC-treated group, AST (194.42 + 8.96, P < 0.001), ALT (120.71 + 8.17, P < 0.05), ALP (85.71 £ 5.78, P < 0.01), and

MDA (59.85 + 2.94, P < 0.01) levels significantly decreased on day 14 compared to the CCl -treated group. Additionally, by day 28,
AST (178.57 £7.93, P < 0.001), ALT (103.71 + 7.91, P < 0.01), ALP (77.14 + 6.88, P < 0.001), and MDA (47.14 + 4.64, P < 0.001) levels showed
even greater reductions compared to the CCl,-treated group.

Conclusions: Bavachinin reduces CCl -induced hepatotoxicity. The antioxidant properties of BVC may contribute to its

protective effects.
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1. Background

The liver is essential for energy exchange and the
biotransformation of xenobiotics, as it is the first organ
to come into contact with most digestion products.
Damage to the liver disrupts normal metabolism and
can even result in liver failure (1, 2). Drug-induced
toxicity is a frequent cause of liver injury, accounting for
approximately half of the cases of acute liver failure,
and it can mimic all types of both acute and chronic
liver disease (3, 4). It is also one of the most common

reasons for medication withdrawal (3) and the most
common cause of ending drug development programs
(5).

Carbon tetrachloride (CCl,) is a typical hepatotoxic

chemical commonly used to study the pathological
mechanisms of liver injury and assess the
hepatoprotective effects of novel drugs (6). Carbon
tetrachloride reduces the activity of antioxidant
enzymes and generates free radicals, leading to
hepatocyte injury, both in vitro and in vivo (7). The
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metabolism of CCl, into trichloromethyl (CCl;) and
peroxy trichloromethyl (OOCCl;) free radicals is

responsible for its toxicity. This process occurs in the
endoplasmic reticulum and is mediated by the
cytochrome P-450 oxidase system (8). Subsequently,
0OO0CCl; covalently binds to cellular macromolecules in

the cell membrane, resulting in functional and
morphological  modifications  that cause fat
degeneration, fibrosis, cirrhosis, cell death, cancer, and
hepatocyte necrosis (9).

Treating diseases that affect the liver is important
and requires caution. Few traditional treatments are
available without hepatotoxic side effects, and modern
medicine has little to offer for liver disease treatment
(10). It is vital to investigate safe and hepatoprotective
drugs, taking traditional medical knowledge into
account (11). Fructus Psoraleae, one of the most well-
known traditional Chinese medicines, is made from the
dried ripe seeds of Psoralea corylifolia L. (Leguminosae)
and has been used extensively to treat a variety of
illnesses, such as vitiligo, bone fractures, and
osteoporosis (12). Bavachinin (BVC), isolated from P.
corylifolia (13), exerts a variety of pharmacological

actions, including antitumor, anti-inflammatory,
antioxidative, antibacterial, antiviral,
immunomodulatory, and anti-Alzheimer’s disease

effects (14-18). Additionally, it has been demonstrated to
be a natural pan-PPAR agonist that lowers blood levels of
triacylglycerol and glucose (18, 19).

Based on increasing reports on the use of traditional
medicine in the treatment of diseases (10, 20), it is
imperative to determine the potential of BVC in the
treatment or prevention of drug-induced toxicity.

2. Objectives

Moreover, due to the antioxidant and anti-
inflammatory effects of BVC, this study aimed to
investigate the potential effects of BVC in decreasing
damage and oxidative stress in the livers of rats treated
with CCl,.

3.Methods

3.1. Chemicals

Carbon tetrachloride and BVC (SMB00100) were
purchased from Sigma-Aldrich Company (Sigma Aldrich
Co., USA). Olive oil was used as the vehicle for BVC in
intraperitoneal injections. Potassium citrate buffer (1%)
was prepared by dissolving potassium citrate in water to
achieve a final concentration of 1%. This buffer was

chosen as the solvent for BVC for intraperitoneal
injections because it can maintain a stable pH
environment, which is crucial for the stability and
bioavailability of BVC. Additionally, potassium citrate
buffer is compatible with biological systems and is non-
toxic, making it suitable for in vivo use without causing
adverse effects on the experimental subjects (21).

3.2. Animals

Twenty-eight adult male Wistar rats, weighing 200 -
250 g, were provided by the Razi Vaccine and Serum
Research Institute (Karaj, Iran). The rats were randomly
assigned to four experimental groups. Randomization
was done by generating random numbers in Excel,
sorting the rats by these numbers, and then assigning
them to groups sequentially. The animals were kept in
separate cages under a 12-hour light/dark cycle at a
temperature of 22 + 2°C, with free access to food and
water. The experimental protocol was approved by the
Research Ethics Committee at Qazvin University of
Medical  Sciences  with  the  ethics code
IR.QUMS.REC.1399.552. This study was conducted in
accordance with international, national, and
institutional protocols for animal experiments.

3.3. Experimental Groups

The animals were randomly divided into four groups,
each consisting of seven rats, and were treated for four
weeks as follows:

(1) Control group: Potassium citrate buffer was
administered via intraperitoneal injection for 4 weeks.
Olive oil, serving as the BVC carrier, was also
administered by intraperitoneal injection twice a week
for 4 weeks.

(2) Bavachinin group: BVC was administered at a dose
of 5 mg/kg through intraperitoneal injection once daily
for 4 weeks (19).

(3) Carbon tetrachloride group: Carbon tetrachloride,
mixed with olive oil in a 1:1 ratio, was administered at a
dose of 1 mg/kg via intraperitoneal injection twice a
week for 4 weeks.

(4) Treatment group: BVC at a dose of 5 mg/kg was
administered once daily, and carbon tetrachloride
mixed with olive oil (in a 1:1 ratio) at a dose of 1 mg/kg
was administered twice a week via intraperitoneal
injection for 4 weeks. The infusion of BVC began
immediately after the first dose of carbon tetrachloride,
with a 2-hour interval between the injections of BVC and
CCl,. This interval allows BVC to effectively mitigate the

liver damage caused by CCl,, ensuring that BVC reaches
an optimal concentration in the liver to activate its
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protective mechanisms, such as antioxidant and anti-
inflammatory effects. This timing strategy is supported
by studies indicating that the timely administration of
protective agents significantly reduces liver damage
(22).

3.4. Analysis of Enzymes Indicative of Hepatic Functions

Blood samples were collected on the 14th and 28th
days following BVC and CCl, administration and were

kept at room temperature for 15 minutes to allow for
coagulation. The samples were then centrifuged at 4000
rpm to separate the serum, which was stored in a
refrigerator for subsequent biochemical tests. The
activities of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and alkaline phosphatase (ALP)
were measured using specific assay kits from Pars
Azmun Company (Karaj, Alborz, Iran) (23). The ALT Assay
Kit (Code: 2 3009) and AST Assay Kit (Code: 2 3019)
employ the IFCC method with pyridoxal phosphate
activation, while the ALP Assay Kit (Code: 2 3034) uses a
kinetic method.

3.5. Measuring the Amount of Malondialdehyde (MDA) in
Liver Tissue

Malondialdehyde, a byproduct of lipid peroxidation,
was measured in liver tissue samples using the
thiobarbituric acid reactive substances (TBARS) method.
To perform this, liver tissue samples were first
homogenized by weighing a precise amount (e.g., 100
mg) and placing it in a chilled homogenization buffer,
typically phosphate-buffered saline (PBS) with a pH of
7.4, at a ratio of 1 mL of buffer per 100 mg of tissue. The
tissue was homogenized on ice using a mechanical
homogenizer until a uniform consistency was achieved.
The homogenate was then centrifuged at 10,000 g for 10
minutes at 4°C to remove cellular debris, and the
supernatant was collected for the TBARS assay.

To prepare the necessary solutions, 30 mL of
concentrated phosphoric acid (85%) was added to 970
mL of distilled water in a 1-liter volumetric flask, mixed
thoroughly, and topped up to 1 liter to make a 3%
solution. For the thiobarbituric acid solution, 0.6 grams
of thiobarbituric acid was dissolved in 100 mL of
distilled water, with gentle heating and stirring to
ensure complete dissolution. These steps ensured the
correct concentrations for the TBARS assay.

In the TBARS assay, 3 mL of 3% phosphoric acid and 1
mL of 0.6% thiobarbituric acid were added to 0.5 mL of
the homogenate in a centrifuge tube. The mixture was
heated for 45 minutes in a boiling water bath. After
cooling, 4 mL of n-butanol was added, and the mixture
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was centrifuged for 20 minutes at 20,000 g. The
absorbance of the organic phase (n-butanol) was then
measured at a wavelength of 535 nm. 1,13;3-
Tetramethoxypropane was used as the standard. The
results were expressed as nanomoles of MDA per gram
of liver tissue (nmol/g) (24).

3.6. Statistical Analyses

Significant differences were determined using a one-
way analysis of variance (ANOVA) followed by the Tukey
test, conducted with GraphPad Prism software, version 9
for Windows (GraphPad Software, San Diego, CA, USA).
The results are presented as mean + SEM for each rat
group (n =7). P-values of < 0.001, < 0.01, and < 0.05 were
considered statistically significant.

4.Results

The analysis of alanine aminotransferase (ALT)
(Figure 1C and D), aspartate aminotransferase (AST)
(Figure 1A and B), and alkaline phosphatase (ALP) (Figure
1E and F) enzyme activities on days 14 and 28 illustrates
the effect of BVC on ALT, AST, and ALP levels in serum
(Table 1). Hepatotoxicity was confirmed by a significant
increase in the activities of all three enzymes in the CCl,-

treated and treatment groups compared to the control
group (**P < 0.001). Treatment with BVC significantly
reduced the release of these enzymes in serum on both
days 14 and 28 compared to the CCl,-treated groups (#P

< 0.05, ##P < 0.01, ###P < 0.001). It is evident that BVC
had a more pronounced effect on decreasing AST levels
than on ALT and ALP. Additionally, the reductions in AST,
ALT, ALP, and MDA levels were more substantial on day
28. Furthermore, it was observed that the injection of
BVC alone caused a slight increase in the levels of the
test variables, but these changes were not statistically
significant.

The amount of MDA, an end product of lipid
peroxidation, was significantly higher in the CCl,-

treated group compared to the control group on both
day 14 and day 28 (P < 0.001). However, the MDA level in
the treatment group was only significantly higher than
the control group on day 14 (P < 0.05) (Figure 2A and B)
(Table 1). The findings indicate that treatment with BVC
significantly reduced the production of MDA in the liver
compared to rats administered CCl, alone. Specifically,

BVC treatment resulted in significantly lower MDA levels
on both day 14 (##P < 0.01) and day 28 (###P < 0.001),
suggesting that BVC effectively mitigates oxidative
stress induced by CCl,. Consequently, the activity of this

oxidative stress marker in the BVC treatment group was
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Figure 1. The effects of BVC on CCl, -induced hepatotoxicity evaluated by aspartate aminotransferase (AST) (A and B); alanine aminotransferase (ALT) (C and D); and alkaline
phosphatase (ALP) (E and F); activities in the serum. The results represent the mean + SEM of seven animals per group. * Significantly different from the control group (**P <
0.001); # Significantly different from the CCl,- treated group (# P < 0.05) (## P < 0.01) (### P < 0.001).

Table 1. Effect Bavachinin on Aspartate Aminotransferase, Alanine Aminotransferase, Alkaline Phosphatase, and MDA in CCl-induced Hepatotoxicity a,bc
Group and Parameter Day Control BVC CCL, Treatment
14 100.42+4.96 116.28 * 6.85 313.85+14.57 194,42 +8.96 HH#
AST (U[L)
28 102+3.24 12114 £7.10 3265741351 178.57+7.93 ###
14 43.71+11.99 60.42£3.97 164.57+10.48 o787 ¥
ALT (U[L)
28 4328 +1112 55.5743.57 15214 +13.05"" RS Y
14 41.42+3.63 58.57%5.00 13.28+731 85714578 0 ##
ALP (U/L)
28 3714+3.98 5428515 15.42£6.09 7114+6.88 ¥
14 38.57£6.03 51.42+6.83 8757494 59.85+2.94 "
MDA (nmol/mg protein)
28 38.28+5.99 46.14 £5.61 90574527 4714 + 4.64 HH#

2 The results represent the mean + SEM of seven animals per group.

b Significantly different from the control group (*P < 0.1) (*** P < 0.001).

¢ Significantly different from the CCl-treated group (# P < 0.05) (## P < 0.01) (### P < 0.001)

significantly lower than in the CCl, group, nearly
reaching the levels observed in the control group. This
implies that BVC has a strong protective effect against
liver damage by reducing oxidative stress and lipid
peroxidation, thus helping to maintain liver function
closer to normal levels.

5. Discussion

In this study, we evaluated the hepatoprotective
effects of BVC against CCl-induced hepatotoxicity in

adult male rats. The results demonstrated that BVC
reduced hepatotoxicity caused by CCl,. Bavachinin

treatment protected liver cells from CCl-induced

damage by lowering liver enzyme levels (ALT, AST, and
ALP) and reducing lipid peroxidation (MDA). Moreover,
significant hepatotoxicity was observed, as evidenced by

] Inflamm Dis. 2024; 28(1): e153348
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Figure 2. The effects of Bavachinin (BVC) on CCl, -induced hepatotoxicity evaluated by malondialdehyde (MDA) generation in rat liver homogenate. The results represent the
mean + SEM of six animals per group. *Significantly different from the control group (* P < 0.05, ** P < 0.001). # Significantly different from the CCl,-only group (## P < 0.01, ###

P<0.001).

increased levels of hepatic enzymes and MDA in rats
treated with CCl,. These findings suggest that BVC has

strong hepatoprotective effects by mitigating oxidative
stress and preserving liver function, which aligns with
previous studies on natural compounds and herbal

extracts known for their liver-protective properties.

For

al.

investigated

the

hepatoprotective properties of Penthorum chinense
Pursh against CCl-induced acute liver injury in mice,

highlighting significant reductions in liver enzymes

] Inflamm Dis. 2024; 28(1): e153348

and oxidative stress markers, similar to our findings
with BVC (25). Another study by Ekpo et al. explored the
flavonoid-rich fraction of Lasianthera africana leaves in
alleviating CCl,-induced hepatotoxicity in Wistar rats,
demonstrating comparable reductions in liver enzymes
and oxidative stress parameters (26). Likewise, Sinaga et
al. examined the hepatoprotective effect of Pandanus
odoratissimus seed extracts against paracetamol-
induced liver injury in rats, showing similar
biochemical improvements indicative of liver
protection (27).
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Furthermore, studies focusing on specific
compounds like BVC have also elucidated mechanisms
of action relevant to our findings. For example,
pharmacokinetic and metabolism studies of BVC have
highlighted its bioavailability and potential therapeutic
applications, supporting its role as an antioxidant and
anti-inflammatory agent (28). Additionally, research into
Psoralea corylifolia L., from which BVC is derived, has
underscored its traditional use in Chinese medicine for
treating liver disorders, reinforcing the rationale for
studying BVC for hepatoprotection (29).

CCl, toxicity is a well-established model of liver

damage that can lead to liver lesions, cirrhosis, and
hepatocarcinoma (30, 31). A clear sign of hepatic injury
is the leakage of cellular enzymes into the plasma,
which indicates cellular leakage and the degradation of
the functional integrity of liver cell membranes (32).
Drug-induced liver injury is associated with increased
levels of AST, ALT, and ALP (33). During acute liver
damage, large amounts of these enzymes are released
into the bloodstream from the cytoplasm (ALT) and
mitochondria (AST) of injured hepatocytes (34). Elevated
serum ALP typically indicates injury to the canalicular
membrane or biliary epithelial cells (35). Lipid
peroxidation caused by CCl, damages liver cell and
organelle membranes, leading to the release of hepatic
enzymes into the bloodstream (36). Consistent with
these findings, our results showed that CCl, treatment

significantly increased the serum activities of ALT, AST,
and ALP. Additionally, BVC inhibited the CCl,-induced

increase in these enzyme levels and protected the liver
from CCl induced damage in vivo. This demonstrates

the stabilization of the plasma membrane and healing
of CClinduced liver tissue injury and biliary
dysfunction. These findings support the widely accepted
view that hepatic parenchymal repair and hepatocyte
regeneration, which increase the liver's resistance to
toxin damage, cause the serum transaminase level to
return to normal (32, 37).

The hepatotoxic effects of CCl, are primarily due to

its active metabolite, the trichloromethyl radical, which
is converted to the trichloromethyl peroxyl radical
(CCI;00) in the presence of oxygen. These free radicals

covalently bind to macromolecules, leading to the
peroxidative degradation of membrane lipids, which
are rich in polyunsaturated fatty acids (38). This process
results in the formation of lipid peroxides that generate
products like MDA, causing membrane damage (39, 40).
The elevated levels of MDA in the liver of CCl,-treated

rats suggest that the natural antioxidant defense system
was compromised, impairing its ability to remove

excessive free radicals (41). However, pretreatment with
BVC significantly reduced MDA production, indicating
hepatoprotection by preventing the initiation and
progression of peroxidative processes in vivo.

Bavachinin is a flavonoid isolated from Psoralea
corylifolia, one of the most widely used traditional
Chinese medicines, derived from the dried fruit of P.
corylifolia L. (18). It has been shown that BVC protects
plasma membranes against various oxidative stresses
(17). The biological activities of flavonoids, including
free radical scavenging and antioxidant activities, are
believed to be positively related to their chemical
structures. These structures include the presence and
arrangement of several functional groups, such as a
catechol structure on the B-ring, a C2-C3 double bond
together with a C4-ketone group, hydroxyl groups at C3
and C5 on the C and A rings, and glycoside groups at C6
and C8 on the Aring (42, 43).

The study on BVC and its hepatoprotective effects
against CCl,-induced liver toxicity in male Wistar rats

provides valuable insights, but several limitations
should be considered. The use of only male Wistar rats
limits the generalizability of the findings to broader
populations, including potential gender-specific
responses. Although the dosing regimen was clearly
stated, a more detailed discussion on the rationale
behind the chosen doses of BVC and CCl, would help

clarify the dose-response relationships. The study also
offered limited mechanistic insights into BVC's
protective mechanisms beyond biochemical markers.
Additionally, the four-week duration of the study may
not fully capture the long-term effects of chronic liver
conditions induced by prolonged CCl, exposure.
Increasing the sample size and addressing potential
reporting biases would also strengthen the study’s
conclusions. Future research that addresses these
limitations could provide a deeper mechanistic
understanding and validate BVC's therapeutic potential
for liver protection in diverse contexts.

In conclusion, BVC demonstrated protective effects
against CCl -induced hepatotoxicity in male Wistar
albino rats, likely due to its antioxidant properties.
However, further studies are needed to identify the
molecular  mechanisms  responsible  for its
hepatoprotective effects.

Acknowledgements

This work was supported by Qazvin University of
Medical Sciences.

J Inflamm Dis. 2024; 28(1): 153348


https://brieflands.com/articles/jid-153348

SiriAetal.

Brieflands

Footnotes

Authors’ Contribution: Conceptualization: Y. N,
methodology: A. S. and N. SH.; data analysis: Y. N.; writing
and original draft preparation: Y. N. and E. B.; review and
editing: Y. N. and E. B.; supervision: Y. N.; manuscript has
been read and approved by all the authors.

Conflict of Interests: The authors declare that they
have no conflict of interest.

Data Reproducibility: The dataset presented in the
study is available on request from the corresponding
author during submission or after publication.

Ethical Approval: The study protocol was approved
with the ethical code IR.QUMS.REC.1399.552 from the
Ethics Committee of the Qazvin University of Medical
Sciences.

Funding/Support: This work was supported by Qazvin
University of Medical Sciences.

References

1. Almazroo OA, Miah MK, Venkataramanan R. Drug Metabolism in the
Liver. Clin Liver Dis. 2017;21(1):1-20. [PubMed ID: 27842765].
https://doi.org[10.1016/j.c1d.2016.08.001.

2. Real M, Barnhill MS, Higley C, Rosenberg ], Lewis JH. Drug-Induced
Liver Injury: Highlights of the Recent Literature. Drug Saf.
2019;42(3):365-87. [PubMed ID: 30343418].
https://doi.org[10.1007/s40264-018-0743-2.

3. Kumar N, Surani S, Udeani G, Mathew S, John S, Sajan S, et al. Drug-
induced liver injury and prospect of cytokine based therapy; A focus
on IL2 based therapies. Life Sci. 2021;278:119544. [PubMed ID:
33945827]. https:/[doi.org[10.1016/j.1fs.2021.119544.

4. Garcia-Cortes M, Robles-Diaz M, Stephens C, Ortega-Alonso A, Lucena
MI, Andrade RJ. Drug induced liver injury: an update. Arch Toxicol.
2020;94(10):3381-407. [PubMed ID: 32852569].
https://doi.org[10.1007/s00204-020-02885-1.

5. Regev A, Palmer M, Avigan MI, Dimick-Santos L, Treem WR, Marcinak
JE, et al. Consensus: guidelines: best practices for detection,
assessment and management of suspected acute drug-induced liver
injury during clinical trials in patients with nonalcoholic
steatohepatitis. Aliment Pharmacol Ther. 2019;49(6):702-13. [PubMed
ID: 30761572]. [PubMed Central ID: PMC6593464].
https://doi.org/10.1111/apt.15153.

6. Bhakuni GS, Bedi O, Bariwal J, Deshmukh R, Kumar P. Animal models
of hepatotoxicity. Inflamm Res. 2016;65(1):13-24. [PubMed ID:
26427493]. https://doi.org/10.1007/s00011-015-0883-0.

7. Johnston DE, Kroening C. Mechanism of early carbon tetrachloride
toxicity in cultured rat hepatocytes. Pharmacol Toxicol. 1998;83(6):231-
9. [PubMed ID: 9868740]. https://doi.org/10.1111/j.1600-
0773.1998.tb01475 x.

8. Das RK, Brar SK. Plant mediated green synthesis: modified
approaches. Nanoscale. 2013;5(21):10155-62. [PubMed ID: 24056951].
https://doi.org[10.1039/c3nr02548a.

] Inflamm Dis. 2024; 28(1): e153348

10.

1.

14.

15.

17.

18.

19.

20.

21

Yousefi-Manesh H, Dehpour AR, Ansari-Nasab S, Hemmati S, Sadeghi
MA, Shahraki RH, et al. Hepatoprotective Effects of Standardized
Extracts from an Ancient Italian Apple Variety (Mela Rosa dei Monti
Sibillini)  against  Carbon  Tetrachloride  (CCl(4))-Induced
Hepatotoxicity in Rats. Molecules. 2020;25(8). [PubMed ID: 32326503].
[PubMed Central ID: PMC7222006].
https://doi.org/10.3390/molecules25081816.

Das R, Mitra S, Tareq AM, Emran TB, Hossain MJ, Alqahtani AM, et al.
Medicinal plants used against hepatic disorders in Bangladesh: A
comprehensive review. | Ethnopharmacol. 2022;282:114588. [PubMed
ID: 34480997]. https:[/doi.org/10.1016/j.jep.2021.114588.

Jain M, Kapadia R, Jadeja RN, Thounaojam MC, Devkar RV, Mishra SH.
Protective role of standardized Feronia limonia stem bark
methanolic extract against carbon tetrachloride induced
hepatotoxicity. Ann Hepatol. 2012;11(6):935-43. [PubMed ID: 23109458].

Wang XX, Lv X, Li SY, Hou ], Ning ], Wang JY, et al. Identification and
characterization of naturally occurring inhibitors against UDP-
glucuronosyltransferase 1A1 in Fructus Psoraleae (Bu-gu-zhi). Toxicol
Appl  Pharmacol.  2015;289(1):70-8. [PubMed ID: 26348140].
https://doi.org/10.1016/j.taap.2015.09.003.

Chen Q, Li Y, Chen Z. Separation, identification, and quantification of
active constituents in Fructus Psoraleae by high-performance liquid
chromatography with UV, ion trap mass spectrometry, and
electrochemical detection. ] Pharm Anal. 2012;2(2):143-51. [PubMed ID:
29403734/ [PubMed Central ID: PMC5760910].
https://doi.org[10.1016/j.jpha.2011.11.005.

Nepal M, Choi HJ, Choi BY, Kim SL, Ryu JH, Kim DH, et al. Anti-
angiogenic and anti-tumor activity of Bavachinin by targeting
hypoxia-inducible factor-lalpha. Eur | Pharmacol. 2012;691(1-3):28-37.
[PubMed ID: 22760073]. https:|/doi.org[10.1016/j.ejphar.2012.06.028.

Hung SY, Lin SC, Wang S, Chang TJ, Tung YT, Lin CC, et al. Bavachinin
Induces G2/M Cell Cycle Arrest and Apoptosis via the ATM/ATR
Signaling Pathway in Human Small Cell Lung Cancer and Shows an
Antitumor Effect in the Xenograft Model. | Agric Food Chem.
2021;69(22):6260-70. [PubMed ID: 34043345].
https://doi.org/10.1021/acs.jafc.1c01657.

Chen X, Yang Y, Zhang Y. Isobavachalcone and bavachinin from
Psoraleae Fructus modulate Abeta42 aggregation process through
different mechanisms in vitro. FEBS Lett. 2013;587(18):2930-5.
[PubMed ID: 23907009]. https://doi.org/10.1016/j.febslet.2013.07.037.

Haraguchi H, Inoue ], Tamura Y, Mizutani K. Antioxidative
components of Psoralea corylifolia (Leguminosae). Phytother Res.
2002;16(6):539-44. [PubMed ID: 12237811].
https://doi.org/10.1002/ptr.972.

Matsuda H, Kiyohara S, Sugimoto S, Ando S, Nakamura S, Yoshikawa
M. Bioactive constituents from Chinese natural medicines. XXXIII
Inhibitors from the seeds of Psoralea corylifolia on production of
nitric oxide in lipopolysaccharide-activated macrophages. Biol Pharm
Bull. 2009;32(1):147-9. [PubMed ID: 19122298].
https://doi.org[10.1248/bpb.32.147.

Khosraviani S, Emami A, Keshavarz Hedayati S, Keshavarz Shahbaz S,
Aali E, Naderi Y. The Synergistic Glucose-lowering Effects of
Metformin and Bavachinin on Type II Diabetic Rats. Iran J Toxicol.
2023;17(2):79-86. https:[/doi.org[10.32598/1JT.17.2.833.2.

Samiee-Rad F, Ghasemi F, Bahadoran E, Sofiabadi M, Shalbaf Z,
Taherkhani A, et al. The effect of topical 0.5% humic acid gel on male
rats with skin ulcer. ] Cutan Aesthet Surg. 2024;17(2):131-6. [PubMed ID:
38800807|. [PubMed Central ID: PMCI11126225].
https://doi.org[10.4103[JCAS.JCAS_104_23.

Joseph S DW;. Molecular cloning: a laboratory manual. 3. 4th ed. New
York: Gold Spring Harbor; 2001. p. 17-3.

Li X, Ni ], Chen L. Advances in the study of acetaminophen-induced
liver injury. Front Pharmacol. 2023;14:1239395. [PubMed ID: 37601069].


https://brieflands.com/articles/jid-153348
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=185257
http://www.ncbi.nlm.nih.gov/pubmed/27842765
https://doi.org/10.1016/j.cld.2016.08.001
http://www.ncbi.nlm.nih.gov/pubmed/30343418
https://doi.org/10.1007/s40264-018-0743-2
http://www.ncbi.nlm.nih.gov/pubmed/33945827
https://doi.org/10.1016/j.lfs.2021.119544
http://www.ncbi.nlm.nih.gov/pubmed/32852569
https://doi.org/10.1007/s00204-020-02885-1
http://www.ncbi.nlm.nih.gov/pubmed/30761572
https://www.ncbi.nlm.nih.gov/pmc/PMC6593464
https://doi.org/10.1111/apt.15153
http://www.ncbi.nlm.nih.gov/pubmed/26427493
https://doi.org/10.1007/s00011-015-0883-0
http://www.ncbi.nlm.nih.gov/pubmed/9868740
https://doi.org/10.1111/j.1600-0773.1998.tb01475.x
https://doi.org/10.1111/j.1600-0773.1998.tb01475.x
http://www.ncbi.nlm.nih.gov/pubmed/24056951
https://doi.org/10.1039/c3nr02548a
http://www.ncbi.nlm.nih.gov/pubmed/32326503
https://www.ncbi.nlm.nih.gov/pmc/PMC7222006
https://doi.org/10.3390/molecules25081816
http://www.ncbi.nlm.nih.gov/pubmed/34480997
https://doi.org/10.1016/j.jep.2021.114588
http://www.ncbi.nlm.nih.gov/pubmed/23109458
http://www.ncbi.nlm.nih.gov/pubmed/26348140
https://doi.org/10.1016/j.taap.2015.09.003
http://www.ncbi.nlm.nih.gov/pubmed/29403734
https://www.ncbi.nlm.nih.gov/pmc/PMC5760910
https://doi.org/10.1016/j.jpha.2011.11.005
http://www.ncbi.nlm.nih.gov/pubmed/22760073
https://doi.org/10.1016/j.ejphar.2012.06.028
http://www.ncbi.nlm.nih.gov/pubmed/34043345
https://doi.org/10.1021/acs.jafc.1c01657
http://www.ncbi.nlm.nih.gov/pubmed/23907009
https://doi.org/10.1016/j.febslet.2013.07.037
http://www.ncbi.nlm.nih.gov/pubmed/12237811
https://doi.org/10.1002/ptr.972
http://www.ncbi.nlm.nih.gov/pubmed/19122298
https://doi.org/10.1248/bpb.32.147
https://doi.org/10.32598/IJT.17.2.833.2
http://www.ncbi.nlm.nih.gov/pubmed/38800807
https://www.ncbi.nlm.nih.gov/pmc/PMC11126225
https://doi.org/10.4103/JCAS.JCAS_104_23
http://www.ncbi.nlm.nih.gov/pubmed/37601069

SiriAetal. Brieflands
[PubMed Central ID: PMC10436315]. 33. Aragon G, Younossi ZM. When and how to evaluate mildly elevated
https://doi.org/10.3389/fphar.2023.1239395. liver enzymes in apparently healthy patients. Cleve Clin | Med.

23. SamieeRad F, Sofiabadi M, Bahadoran E, Moradzadeh M, Gheibi N. 2010;77(3)195-204. [PubMed ID: 20200170].
Evaluation of propolis hepatotoxicity in male rats. Functional Food https://dot.org10.3949/ccjm.772.09064.
Science-Online ISSN: 2767-3146. 2024;4(5):204-15. 34. Ozer ], Ratner M, Shaw M, Bailey W, Schomaker S. The current state of
https://doi.org[10.31989/ffs.v4i5.1344. serum biomarkers of hepatotoxicity. Toxicology. 2008;245(3):194-205.
24. Devasagayam TPA, Boloor KK, Ramasarma T. Methods for estimating [PubMed ID:18291570]. https://doi.org/10.1016/j.t0x.2007.11.021.
lipid peroxidation: an analysis of merits and demerits. Indian |  35. Church R], Watkins PB. The transformation in biomarker detection
Biochem Biophys. 2003;40(5):300-8. and management of drug-induced liver injury. Liver Int
25. Wang M, Zhang X, Feng R, Jiang Y, Zhang D, He C, et al 2017;37(11):1582-90. [PupMed ID: 2?386997]. [PubMed Central ID:
Hepatoprotective properties of Penthorum chinense Pursh against PMC5632128]. https://doi.org/i0.11m/livi3441.
carbon tetrachloride-induced acute liver injury in mice. Chin Med. 36. Gowri Shankar NL, Manavalan R, Venkappayya D, David Raj C.
2017;12:1-11. https://doi.org(10.1186/s13020-017-0153-X. Hepatoprotective and antioxidant effects of Commiphora berryi
26. Ekpo DE, Joshua PE, Odiba AS, Nwodo OFC. Flavonoid-rich fraction of (Arn) Engl bark EXtrE_ICt against CCI(4)-induced oxidative damage in
Lasianthera africana leaves alleviates hepatotoxicity induced by rats. FOOd' Chem Toxtc?l. 2008;46(9)3182-5. [PubMed ID: 18691629)].
carbon tetrachloride in Wistar rats. Drug Chem Toxicol. https://dot.org/10.1016/j.fct.2008.07.010.
2022;45(5):1934-50. [PubMed ID: 33823729). 37. Thabrew M], Joice PD, Rajatissa W. A comparative study of the efficacy
https://doi.org[10.1080/01480545.2021.1892957. of Pavetta indica and Osbeckia octandra in the treatment of liver
27. Sinaga E, Fitrayadi A, Asrori A, Rahayu SE, Suprihatin S, Prasasty VD. dysfuncti9n. Planta Med. 1987;53(3):239-41. [PubMed ID: 3628555].
Hepatoprotective effect of Pandanus odoratissimus seed extracts on https://doi.org/10.1055/5-2006-962691.
paracetamol-induced rats. Pharm Biol. 2021;59(1):31-9. [PubMed ID: 38. Barcelos GR, Grotto D, Serpeloni JM, Aissa AF, Antunes LM,
33403907]. [PubMed Central ID: PMC7801105]. Knasmuller S, et al. Bixin and norbixin protect against DNA-damage
https://doi.org/10.1080/13880209.2020.1865408. and alterations of redox status induced by methylmercury exposure
28. Qian |, Xie F, Shi Y, Li J, Zhang L, Li Y, et al. Pharmacokinetic and In vivo. Environ Mol Mutagen. 2012;53(7):535-41. [PubMed  ID:
metabolism studies of bavachinin through ultra-high-performance 22847942 https://doi.org/10.1002/em.21715.
liquid chromatography coupled with electrospray ionization 39. Esterbauer H, Schaur R], Zollner H. Chemistry and biochemistry of 4-
tandem mass spectrometry. Biomed Chromatogr. 2018;32(10). e4293. hydroxynonenal, malonaldehyde and related aldehydes. Free Radic
[PubMed ID: 29782651]. https://doi.org/10.1002/bmc.4293. Biol Med. 1991;11(1):81-128. [PubMed ID: 1937131].
29. Zhou L, Tang ], Xiong X, Dong H, Huang ], Zhou S, et al. Psoralea https://dol.org/10.1016/0891-5849(91)90192-6.
corylifolia L. Attenuates Nonalcoholic Steatohepatitis in Juvenile = 40. Gueraud F, Atalay M, Bresgen N, Cipak A, Eckl PM, Huc L, et al.
Mouse. Front Pharmacol. 2017;8:876. [PubMed ID: 29249967]. [PubMed Chemistry and biochemistry of lipid peroxidation products. Free
Central ID: PMC5715270]. https://doi.org/10.3389/fphar.2017.00876. Radic  Res. 2010;44(10):1098-124. [PubMed ID: 20836659].
30. Dong S, Chen QL, Song YN, Sun Y, Wei B, Li XY, et al. Mechanisms of https://dol.org/10.3109/10715762.2010.498477.
CCl4-induced liver fibrosis with combined transcriptomic and 41. Moreira PR, Maioli MA, Medeiros HC, Guelfi M, Pereira FT, Mingatto
proteomic analysis. | Toxicol Sci. 2016;41(4):561-72. [PubMed ID: FE. Protective effect of bixin on carbon tetrachloride-induced
27452039]. https://doi.org/10.2131/jts.41.561. hepatotoxicity in rats. Biol Res. 2014;47(1):49. [PubMed ID: 25299839].
31.  Ogiso H, Ito H, Ando T, Arioka Y, Kanbe A, Ando K, et al. The Deficiency [PubMed Central ID: PMC4192761]. https://doi.org/10.1186/0717-6287-
of Indoleamine 2,3-Dioxygenase Aggravates the CCl4-Induced Liver 47-49.
Fibrosis in Mice. PLoS One. 2016;11(9). e0162183. [PubMed ID: 42. Cogolludo A, Frazziano G, Briones AM, Cobeno L, Moreno L, Lodi F, et
27598994]. [PubMed Central ID: PMC5012673]. al. The dietary flavonoid quercetin activates BKCa currents in
https://doi.org[10.1371f/journal.pone.0162183. coronary arteries via production of H202. Role in vasodilatation.
32. Sreelatha S, Padma PR, Umadevi M. Protective effects of Coriandrum Cardiovas§ Res. 20,07;73(,2):424'31' [PubMed  ID:  17055466]-
sativum extracts on carbon tetrachloride-induced hepatotoxicity in https://doi.org/10.1016/j.cardiores.2006.09.008.
rats. Food Chem Toxicol. 2009;47(4):702-8. [PubMed ID: 19146910]. 43. Kim M, Han ], Kim S. Isoflavone daidzein: chemistry and bacterial
https://doi.org[10.1016/j.fct.2008.12.022. metabolism. |  Applied  Biolo  Chemi.  2008;51(6):253-61.
https://doi.org[10.3839/jabc.2008.040.
8 J Inflamm Dis. 2024; 28(1): 153348


https://brieflands.com/articles/jid-153348
https://www.ncbi.nlm.nih.gov/pmc/PMC10436315
https://doi.org/10.3389/fphar.2023.1239395
https://doi.org/10.31989/ffs.v4i5.1344
https://doi.org/10.1186/s13020-017-0153-x
http://www.ncbi.nlm.nih.gov/pubmed/33823729
https://doi.org/10.1080/01480545.2021.1892957
http://www.ncbi.nlm.nih.gov/pubmed/33403907
https://www.ncbi.nlm.nih.gov/pmc/PMC7801105
https://doi.org/10.1080/13880209.2020.1865408
http://www.ncbi.nlm.nih.gov/pubmed/29782651
https://doi.org/10.1002/bmc.4293
http://www.ncbi.nlm.nih.gov/pubmed/29249967
https://www.ncbi.nlm.nih.gov/pmc/PMC5715270
https://doi.org/10.3389/fphar.2017.00876
http://www.ncbi.nlm.nih.gov/pubmed/27452039
https://doi.org/10.2131/jts.41.561
http://www.ncbi.nlm.nih.gov/pubmed/27598994
https://www.ncbi.nlm.nih.gov/pmc/PMC5012673
https://doi.org/10.1371/journal.pone.0162183
http://www.ncbi.nlm.nih.gov/pubmed/19146910
https://doi.org/10.1016/j.fct.2008.12.022
http://www.ncbi.nlm.nih.gov/pubmed/20200170
https://doi.org/10.3949/ccjm.77a.09064
http://www.ncbi.nlm.nih.gov/pubmed/18291570
https://doi.org/10.1016/j.tox.2007.11.021
http://www.ncbi.nlm.nih.gov/pubmed/28386997
https://www.ncbi.nlm.nih.gov/pmc/PMC5632128
https://doi.org/10.1111/liv.13441
http://www.ncbi.nlm.nih.gov/pubmed/18691629
https://doi.org/10.1016/j.fct.2008.07.010
http://www.ncbi.nlm.nih.gov/pubmed/3628555
https://doi.org/10.1055/s-2006-962691
http://www.ncbi.nlm.nih.gov/pubmed/22847942
https://doi.org/10.1002/em.21715
http://www.ncbi.nlm.nih.gov/pubmed/1937131
https://doi.org/10.1016/0891-5849(91)90192-6
http://www.ncbi.nlm.nih.gov/pubmed/20836659
https://doi.org/10.3109/10715762.2010.498477
http://www.ncbi.nlm.nih.gov/pubmed/25299839
https://www.ncbi.nlm.nih.gov/pmc/PMC4192761
https://doi.org/10.1186/0717-6287-47-49
https://doi.org/10.1186/0717-6287-47-49
http://www.ncbi.nlm.nih.gov/pubmed/17055466
https://doi.org/10.1016/j.cardiores.2006.09.008
https://doi.org/10.3839/jabc.2008.040

