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Abstract
Thisresearch aimed to evaluate the preventing effects of naringin, naringenin, and their combination on liver injury induced 
by Taxol (paclitaxel) in Wistar rats. Male Wistar rats received 2 mg/kg Taxol intraperitoneal injections twice weekly on the 
second and fifth days of each week for 6 weeks. During the same period as Taxol administration, rats were given naringin, 
naringenin, or a combination of the two (10 mg/kg b.wt) every other day. Treatment with naringin and/or naringenin reduced 
the abnormally high serum levels of total bilirubin, aspartate transaminase, alanine transaminase, alkaline phosphatase, lac-
tate dehydrogenase, and gamma-glutamyl transferase in Taxol-treated rats. It also significantly increased the level of serum 
albumin, indicating an improvement in the liver. The perturbed histological liver changes were markedly improved due to 
the naringin and/or naringenin treatment in Taxol-administered rats. Additionally, the treatments reduced high hepatic lipid 
peroxidation and increased liver glutathione content as well as the activities of superoxide dismutase and glutathione per-
oxidase. Furthermore, the treatments reduced the levels of alpha-fetoprotein and caspase-3, a pro-apoptotic mediator. The 
naringin and naringenin mixture appeared more effective in improving organ function and structural integrity. In conclusion, 
naringin and naringenin are suggested to employ their hepatoprotective benefits via boosting the body’s antioxidant defense 
system, reducing inflammation, and suppressing apoptosis.
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Introduction

Taxol (paclitaxel) is an essential member of the taxane fam-
ily and is regarded as an effective anti-tumoral agent (Zhu 
and Chen 2019). Taxol is one of the most effective natural 

anticancer medications that have been discovered (Yu et al. 
2022). Paclitaxel (trade name Taxol®), a lipophilic chemi-
cal produced from Taxus brevifolia, can suppress cellular 
division, motility, activation, secretory activities, and signal 
transduction (Roberts et al. 1982; Belotti et al. 1996; Jackson 
et al. 1997; Hui et al. 1998; Wang et al. 1998; Giannaka-
kou et al. 2001). Numerous studies have demonstrated the 
efficacy of Taxol treatment as a supportive therapy for can-
cers such as ovarian cancer (Gu et al. 2019), breast cancer 
(Hou et al. 2019; Tomko et al. 2019), and nasopharyngeal 
carcinoma (Gao et al. 2018; Wang et al. 2020). Taxol resist-
ance, a challenging issue for clinical therapy and long-term 
anticancer effects (Song et al. 2015; Gao et al. 2018; Tomko 
et al. 2019; Wang et al. 2020), however, caused the overall 
efficacy to remain unsatisfactory. Because of its poor solu-
bility in water and poor tolerance of the excipients used in 
the formulation, Taxol has a restricted therapeutic applica-
bility (Ezrahi et al. 2019). Taxol is processed in the liver and 
eliminated in the bile like other cytostatic agents (Horwitz 
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et al. 1993; Manzano et al. 1996; Stenina 2003; Vaclavikova 
et al. 2004). Side effects of Taxol treatment include elevated 
liver biomarkers and histopathological damage in the Taxol 
group, a confirmation of its hepatotoxic effect [(Xie et al. 
2015; Adikwu et al. 2019; Gür et al. 2022). Generally, chem-
otherapy-induced liver toxicity is believed to be secondary 
to reactive oxygen species (ROS) generation and is proposed 
to induce tumor cell apoptosis (Lim et al. 2010). Taxol was 
also reported to cause organs’ oxidative stress and toxicity 
(Cristiano et al. 2022; Ali et al. 2023). Therefore, current 
research is focused on increasing Taxol’s bioavailability 
(Gade et al. 2022).

Medicinal plants and their bioactive compounds have 
anti-angiogenic, antioxidant, sedative, and analgesic prop-
erties, and the beneficial effects registered to date promote 
their usage in endometriosis management (Ashrafizaveh 
et al. 2019). Flavonoids are a vast group of phenolic chemi-
cals found widely in plants and are key components in many 
traditional treatments (Sun et al. 2013). Additionally, fla-
vonoids are secondary plant metabolites that contribute to 
flower color and aroma, cellular growth regulation, pollina-
tor insect attraction, and biotic and abiotic stress protection 
(Rodríguez De Luna et al. 2020). Moreover, flavonoids are 
best known for their antioxidant effect, enzyme regulation, 
anti-inflammatory, vasculoprotection, and anti-diabetic 
effects (Tungmunnithum et al. 2018; Dias et al. 2021).

Naringin and its aglycone, naringenin, are the principal 
flavonoids found in grapefruit (Sayre et al. 2012) and have 
a variety of pharmacological potentialities, such as antioxi-
dant, anti-free radical, and anti-lipoperoxidation (Gerçek 
et al. 2021). Naringin and naringenin were reported to act 
as antitumor compounds by suppressing carcinogenesis 
through several mechanisms and could be hopeful candi-
dates for new safe anticancer therapies following further 
research (Memariani et al. 2020).

Due to the common use of Taxol in the chemotherapy of 
many different forms of tumors and its adverse hepatotoxic 
effects, the goal of this work was to examine the potential 
preventive benefits of naringin and naringenin on hepatotox-
icity induced by Taxol and elucidate their roles in tailoring 
oxidative stress, inflammation, and apoptosis.

Materials and methods

Experimental animals

In this study, fifty mature male Wistar rats weighing 
130–150 g served as the test subjects. They were purchased 
from the Vacsera Vaccination Centers’ Animal Facilities in 
Helwan, Cairo, Egypt. The animals were housed in polypro-
pylene cages with stainless steel covers that were well venti-
lated, at a typical air temperature of 25 ± 5 °C, and with 12-h 

cycles of light and darkness every day. Before the experi-
ment began, the animals were overseen for 15 days to rule 
out any concurrent infections. Animals were given unlimited 
access to water and a daily, balanced standard food. All ani-
mal processes followed the recommendations and guidance 
of institutional animal care and use committee (IACUC), 
Faculty of Science, Beni-Suef University, Egypt (Ethical 
Approval Number: BSU/FS/2017/7). All efforts have been 
done to alleviate the animals’ pain, distress, and discomfort.

Chemicals

Taxol (paclitaxel) of batch number: 7E05628 was purchased 
from Bristol-Myers Squibb global biopharmaceutical com-
pany. Sigma (MO, USA) provided naringenin and naringin 
(batch codes: BCBM4171V and BCBJ2179V, respec-
tively). Alkaline phosphatase (ALP) reagent kits, alanine 
transaminase (ALT), aspartate transaminase (AST), gamma-
glutamyltransferase (GGT), and GGT were all bought 
from Biosystem S.A. (Spain) with catalogue numbers of 
M11533c-21, M11531c-21, M11584c-11, and M11592-
0610, respectively. Lactate dehydrogenase (LDH) reagent 
kit (catalogue number: MX41214) acquired from Spin React 
(Spain). Albumin and total bilirubin kits (catalogue numbers 
10560 and 10,742 respectively) were attained from HUMAN 
Gesellschaft für Biochemica und Diagnostica mbH, Wies-
baden, Germany. Verso 1-Step RT-PCR Reddy Mix Kit from 
Thermo Scientific (Applied Biosystems, Foster City, CA, 
USA) (catalogue number: AB-1454-LD). All other chemi-
cals were purchased commercially and were of analytical 
quality.

Experimental design

The adult male Wistar rats used in this study were divided 
into five groups, each consisting of ten rats (Fig. 1):

1.	 Normal group: For 6 weeks, rats in this group received 
2 ml of saline intraperitoneally twice a week and 5 ml 
of 1% carboxy methylcellulose (CMC)/kg body weight 
(b.wt) orally every other day.

2.	 Taxol-administered control group: For 6 weeks, rats in 
this group received intraperitoneal (i.p.) Taxol at a dose 
level of 2 mg/kg b.wt (Gao et al. 2016) twice a week, 
along with oral administration of the equal volume of 
1% CMC (5 ml/kg b.wt) every other day.

3.	 Taxol-administered group treated with naringin: Similar 
to the Taxol-administered control group, this group of 
rats received i.p. Taxol before receiving naringin orally 
every other day for 6 weeks at a dose of 10 mg/kg body 
weight (Reddy et al. 2008) (dissolved in 5 ml 1% CMC).

4.	 Taxol-administered group treated with naringenin: Simi-
lar to the Taxol-administered control group, this group 
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of rats received i.p. Taxol before receiving naringenin 
orally every other day for 6 weeks at a dose of 10 mg/kg 
body weight (Fallahi et al. 2012) (dissolved in 5 ml 1% 
CMC).

5.	 Taxol-administered group treated with mixture of nar-
ingin and naringenin: Similar to the Taxol-administered 
control group, rats in this group received i.p. Taxol 
before receiving a combination of naringin and narin-
genin orally every other day for 6 weeks at a dose of 
10 mg/kg b.wt (dissolved in 5 ml 1% CMC).

Blood and tissue sampling

Blood was drawn from the jugular vein of each animal 
at the conclusion of the experiment, placed in gel and 
clot activator tubes, and then centrifuged at 3000 rpm for 
15 min. For various biochemical analyses, the superna-
tant sera were quickly collected, divided into four servings 
for each animal, and kept at − 30 °C. Livers were quickly 
excised after decapitation and dissection. For histologi-
cal examinations, each animal’s liver portions (5 mm3) 
were settled in 10% neutral buffer formalin. Each rat’s 
liver pieces (0.5 g) were homogenized in 5 mL 0.9% NaCl. 
The homogenate was centrifuged at 3000 rpm for 15 min 
to separate the supernatants, which were then frozen at 
30 °C until they were used to detect markers for oxidative 
stress and the antioxidant defense system. Before being 
employed for RNA isolation and reverse transcriptase-pol-
ymerase chain reaction (RT-PCR) analysis, liver Sects. (3 
mm3) were stored in sterile Eppendorf tubes at − 70 °C.

Biochemical investigation of liver function

The activities of serum ALT and AST were measured fol-
lowing the method of Gella et al. (1985). Serum activities 
of GGT and ALP were analyzed following the techniques 
of Schumann et al. (2002) and Schumann et al. (2011), 
respectively. The activity of LDH was measured following 
the method of Young (2000). Albumin and total bilirubin 
levels were measured following Doumas et al. (1971) and 
Jendrassik and Grof (1938), respectively.

Assessment of oxidative stress and antioxidant 
status in the liver

Liver LPO (lipid peroxidation) was estimated following the 
technique of Preuss et al. (1998). Briefly, to precipitate the 
protein, 75 μl of 76% (TCA) trichloroacetic acid was added 
to 0.5 ml liver homogenate. The separated supernatant was 
then given 175 μl of 1.07% TBA (thiobarbituric acid) as 
a color-developing agent. After 30 min in a water bath at 
80 °C, the formed weak pink color was detected at 532 nm. 
MDA (malondialdehyde) was used as standard. By add-
ing 0.5 ml of 5,5′-dithiobis (2-nitrobenzoic acid), Ellman’s 
reagent (as a color-developing agent), and phosphate buffer 
solution (pH 7), to the homogenate supernatant following 
protein precipitation, liver GSH (glutathione) content was 
estimated using the method of Beutler et al. (1963) with 
some modifications. The generated yellow colors in samples 
and GSH standards were contrasted with a blank at 412 nm.

Following the methodology of Matkovics et al. (1998), 
which is based on the GSH detection that is converted to 
GSSG (oxidized glutathione) by the enzyme through the 

Fig. 1   Animal grouping and 
experimental design
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residual GSH detection and subtraction from the total, liver 
GPx (glutathione peroxidase) activity was measured. Shortly 
after, 350 µL of Tris buffer (pH 7.6), 50 µL of GSH solution 
(2 mM), and 50 µL of H2O2 (3.38 mM) were added to a 
Wasserman tube. After 10 min of incubation, the remain-
ing GSH content was measured at 430 nm using the previ-
ously described technique for GSH measurement. The blank 
test was carried out by substituting 100 µL of distilled water 
for 50 µL of samples and 50 µL of GSH solution, while the 
standard test was carried out by substituting 50 µL of distilled 
water for 50 µL of samples. The enzyme activity can then be 
determined once the sample’s residual GSH content has been 
identified and the GSH has been converted to the oxidized 
form (GSSG).

Using Marklund and Marklund’s approach, liver SOD 
(superoxide dismutase) activity was assessed Marklund and 
Marklund (1974). Pyrogallol’s autooxidation is inhibited by 
SOD in the process, which is the basis of the method. It is 
necessary for the procedure to have superoxide ions present. 
The amount of enzyme that inhibits extinction changes by 
50% in a minute is considered to be one unit of enzyme 
when compared to the control.

Histopathological examination

Each rat was sacrificed, decapitated, and dissected, and the 
liver was immediately removed and injected with saline. 
Different groupings of rat liver fragments were collected, 
preserved for 24 h in 10% neutral buffer formalin. Follow-
ing a thorough rinse in tap water, the samples were dehy-
drated using a series of ethyl alcohol dilutions (50%, 70%, 
90%, 95%, and 100%). In a furnace set to 56 °C for 24 h, 
samples were cleaned with xylene before being submerged 
in paraffin wax. Sections of 4 micron thickness were made 
from paraffin wax tissue blocks with a slide microtome. For 
a standard examination, the tissue sections were collected 
on glass slides, dewaxed, and stained with hematoxylin and 
eosin (H&E) stain. The examination was carried out using a 
light electric microscope (Banchroft et al. 1996).

Gene expression analysis

To determine the mRNA expression of alpha-fetoprotein 
(AFP), total RNA was isolated from the liver tissue using 
the methods of Chomzynski and Sacchi (1987) and Hassan 
et al. (2021) and Thermo Scientific Verso 1-Step RT-PCR 
Reddy Mix Kit (Applied Biosystems, Foster City, CA, USA) 
as directed by the manufacturer in the presence of particu-
lar primers. The forward and reverse primer sequences for 
AFP are 5′dAAC​AGG​GCG​ATG​TCC​ATA​A3′ and 5′dAAT​
GGT​GGG​AGC​ATA​CAG​G3′, respectively (Tsamandas et al. 
2007). The AFP data was expressed as a fold change from 
the typical control.

Immunohistochemical detection of caspase‑3

The Department of Pathology at the National Cancer Insti-
tute processed, blocked, and sectioned the liver samples into 
5-µm-thick sections before mounting them on positively charged 
slides (Fisher Scientific, Pittsburgh, PA) after the liver samples 
had been fixed in 10% neutral buffered formalin. To process the 
caspase-3 reactivity, Galaly et al. (2014) and Ahmed and Ahmed 
(2014) procedures were employed. Briefly, liver sections were 
exposed to diluted primary caspase-3 antibody (Santa Cruz Bio-
technology, Santa Cruz, CA, USA) for 1 h following antigen 
retrieval. Biotinylated secondary antibody (DakoCytomation 
Kit) was diluted and incubated for 15 min at 37 °C. Horseradish 
peroxidase-conjugated streptavidin (DakoCytomation Kit) was 
then added, and a further 15 min were added for incubation. The 
bound antibody complex was discovered through the reaction of 
the 3, 3′-diaminobenzidine (DAB) substrate and counterstaining 
with hematoxylin. Since all liver sections were treated simultane-
ously under same conditions using identical antibody dilutions, 
the immune staining was comparable between research groups. 
Each preparation underwent a negative control (a slide without 
a primary antibody). To assess the level of cell immunological 
positive, the slides were inspected under a light microscope. 
Images of liver sections were captured using a digital camera 
(Leica, DM2500M Leica, Wetzlar, Germany). The labeling was 
examined and analyzed using the free software ImageJ (1.51d) 
(Varghese et al. 2014). ImageJ was used to calculate the integrated 
intensities (in pixels) of caspase-3’s favorable response.

Statistical analysis

For statistical analysis, IBM software’s SPSS computer pro-
gram (version 22), for social sciences, was employed. A one-
way analysis of variance (ANOVA) test was used to establish 
the significance of group means, and then a Tukey’s post hoc 
test was used to compare mean values pairwise. The results 
were represented as means ± standard errors of means, and the 
differences were deemed significant at p < 0.05.

Results

Effect of treatment on serum biomarkers of liver 
function

The serum AST, ALT, GGT, LDH, and ALP activities as well 
as the total bilirubin level were considerably (p < 0.05) elevated 
in the rats after receiving intravenous Taxol for 6 weeks. In 
contrast, the treatment of Taxol caused a substantially lower 
(p < 0.05) serum albumin level with a drop in percentage of 
34.39% when compared to the normal group. When compared 
to Taxol-administered rats, naringin, naringenin, and their com-
bination significantly improved the serum AST, ALT, GGT, 



90896	 Environmental Science and Pollution Research (2023) 30:90892–90905

1 3

LDH, and ALP activities, as well as bilirubin concentration and 
albumin level (Figs. 2 and 3).

Effects of oxidative stress on the liver 
and antioxidant defense system parameters

When Taxol was administered to normal rats, as shown 
in Fig. 4, it considerably (p < 0.05) boosted liver LPO 

(+ 151.46%) while significantly (p < 0.05) lowering GSH 
level, SOD, and GPx activities in comparison to normal 
control rats. Naringin and naringenin, either singly or 
in combination, were administered orally, and the LPO 
was improved substantially, falling by 48.26, 26.25, and 
24.32%, respectively. Additionally, liver GSH content was 
markedly increased due to the treatment with naringin, 
naringenin, and their mixture with percentage changes 
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of + 6.60, + 53.07, and + 37.61% respectively. The narin-
genin treatment and its mixture with naringin resulted in a 
considerable increase (p ˂ 0.05) in GSH content, whereas 
the naringin treatment produced a non-significant increase 
(p > 0.05). Furthermore, the three treatments ameliorated 
the activities of liver SOD recording significant (p ˂ 
0.05) percentage changes of + 6.41, + 6.73, and + 8.91% 
respectively and GPx which recorded significant (p ˂ 0.05) 
changes of + 6.4 and + 10.63% for naringin and naringenin 
respectively while their mixture induced a non-significant 
rise (p > 0.05) in GPx activity with change of + 4.34%.

Liver histopathological Effects

Various histopathological lesions in liver specimens of experi-
mental groups are illustrated in Table 1 and Fig. 5. The his-
tological investigation from normal control rats’ liver sections 
revealed normal histological architecture (Fig. 5a). However, 
severe to moderate pathological hepatic lesions were found in 
the Taxol-administered group including marked congestion in 
the central veins, blood vessels of the portal area, severe fatty 
changes, and moderate necrotic changes. Meanwhile, pyknotic 
changes in some hepatocytes, moderate mononuclear leucocytic 
infiltration, Kupffer cell proliferation, and marked apoptosis 
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Table 1   Pathological hepatic lesion scores in the tested groups

Histopathological lesion scores are categorized 0: absence, I: minimal, II: mild, III: moderate, and IV: severe

Lesion groups Fatty changes Necrotic 
changes

Inflamma-
tory cells

Degenerative 
changes

Congestions Kupffer cell 
proliferation

Apoptosis

Normal 0 0 0 0 0 0 0
Taxol IV III III III III IV III
Taxol + naringin II II II II I II II
Taxol + naringenin III I II II I II I
Taxol + naringin + naringenin II I I II I I I
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were seen (Fig. 5b and c). Improvements in these changes were 
found in the Taxol-administered groups treated with naringin 
and/or naringenin. Mild fatty changes, necrotic changes, inflam-
matory cells, necrosis, degenerative changes, Kupffer cell pro-
liferation and apoptosis, and minimal congestion were observed 
in Taxol-administered groups treated with naringin (Table1; 
Fig. 5d). Moderate fatty changes and mild inflammatory cells, 
degenerative changes, and Kupffer cell activation as well as 
minimal necrosis, congestion and apoptosis were detected in 
the Taxol/naringenin-treated group (Table 1; Fig. 5e). Rats 

treated with the mixture elucidated quite improvement of the 
hepatic histological changes compared to other treated rats. Mild 
fatty and degenerative changes were noticed while other lesions 
exhibited minimal scores (Table 1; Fig. 5f).

Effects of treatment on liver tissue mRNA expression 
of AFP

The administration of Taxol to rats for 6 weeks induced a 
significant (p ˂ 0.05) elevation in mRNA expression of AFP. 

Fig. 5   Photomicrographs of liver sections of different experimental groups: a photomicrograph of liver section of normal rats, demonstrating 
the normal histological structure of a hepatic lobule, hepatocytes (H), trabeculae (T), sinusoids (S), central vein (CV), Kupffer cells (KC); b, c 
Photomicrographs of liver section of Taxol-administered rats, indicating congested blood vessels (CBV) in the portal area, severe fatty change 
(FC) and inflammatory cell infiltration (IC) in the portal area, sever proliferation of Van Kupffer cells (KC), and apoptotic cells (AP); d photomi-
crograph of liver section of Taxol-administered rats treated with naringin indicating moderate degenerative changes (DC), fatty change (FC), and 
moderate proliferation of Van Kupffer cell (KC); e photomicrograph of liver section of Taxol-administered rats treated with naringenin indicat-
ing moderate fatty change (FC), inflammatory cells (IC), and moderate proliferation of Kupffer cells (KC); and f photomicrograph of liver sec-
tion of Taxol-administered rats treated with mixture of naringin and naringenin showed moderate necrosis (N), minimal inflammatory cells (IC), 
and mild proliferation of Van Kupffer cells (KC). (H&E; 400 ×)
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Naringin, naringenin, and their mixture in Taxol-adminis-
tered rats induced significant decreases (p ˂ 0.05) in the 
elevated mRNA expression of AFP (Fig. 6).

Effects of treatment on liver tissue 
immunohistochemistry

Table 2 and Fig. 7 show the immune-histochemical reactiv-
ity of caspase-3. When Taxol was given to rats for 6 weeks, 
the caspase-3 activity was considerably (p < 0.05) higher 
than it was in the control group. In Taxol-treated rats, nar-
ingin, naringenin, and their combination all significantly 
reduced the enhanced caspase-3 activity (p < 0.05), with 
the combination of naringin and naringenin being the most 
potent.

% change =
(

Final value − Initial value

Initial value

)

× 100 (Zaazaa, 2022)

Discussion

Taxol was known to treat numerous malignancies, especially 
aggressive and metastatic breast cancer, ovarian cancers, 
lung cancers, pancreatic cancer, and many other malig-
nancies (Klein and Lehmann 2021). However, Taxol has 
induced non-specific reactive hepatitis and elevated hepatic 
enzymes, as well as liver tissue histopathological damage 
in rats (Ermolaeva et al. 2008). Additionally, it is reported 
to cause hypersensitivity, peripheral neuropathy, nephrotox-
icity, myelotoxicity and mucositis (Zang et al. 2019).The 
current study revealed the impact of Taxol-induced liver tis-
sue, and hepatocellular damage was confirmed biochemi-
cally by measuring serum activities of cytosolic enzymes 
(AST, ALT, and LDH), which were significantly elevated. 
Additionally, membrane-bound enzyme activities (GGT 
and ALP) and serum bilirubin levels are increased, thereby 
revealing hepatobiliary obstructions. These findings are 
in line with the previous research by Costa et al. (2018) 
who found that Taxol induces hepatic toxicity by increasing 
AST, ALP, GGT, and bilirubin. High liver enzyme levels 
are indicative of cellular leakage and hepatocyte membrane 
damage (Choudhary and Devi 2014). Albumin is system-
atically included among the parameters used in the nutri-
tional evaluation and has recently become more widespread 
(Numeroso et al. 2008). Albumin deficiency indicates vari-
ous liver disorders (Carvalho and Machado 2018). The pre-
sent study revealed that Taxol-administered rats exhibited 
significantly decreased serum albumin levels in concordance 
with the study of Park et al. (2012).

Histopathological liver tissue investigation in the Taxol-
intoxicated rats supported these biochemical results. The 
liver exhibited congested central vein, moderate necrosis, 
moderate inflammatory cells, and severe Kupffer cell pro-
liferation. The present results are following the findings of 
Król (1998) who observed that Taxol causes histopatholog-
ical liver damage. Furthermore, Karaduman et al. (2010) 
indicated heightened and time-dependent liver tissue degen-
eration and necrosis in mice in the Taxol group.

The previous deleterious biochemical and histological 
alterations were associated with a marked liver LPO eleva-
tion and decreased non-enzymatic antioxidant (GSH) con-
tent and enzymatic antioxidant (SOD and GPx) enzyme 
activities. Such findings are consistent with those of a num-
ber of other researchers (Alexandre et al. 2007; Hadzic et al. 
2010; Panis et al. 2012) who indicated that Taxol treatment 
results in a lower antioxidant status. Moreover, Taxol exerts 
cytotoxic effects by generating ROS and causing oxidative 
stress (Meshkini and Yazdanparast 2012; Vera-Ramirez et al. 
2012; Ilinskaya et al. 2015). Commonly, anti-cancer chemo-
therapeutic drugs attenuate antioxidant defense system and 
evoke the oxidative stress and production of damaging free 

Fig. 6   The mRNA expression of AFP in normal, Taxol-administered 
control, and Taxol-administered groups treated with naringin, narin-
genin, and their combination. ap ˂ 0.05: significance compared with 
normal control. bp ˂ 0.05: significance compared with Taxol-admin-
istered rats

Table 2   Liver caspase-3 protein expression in normal, Taxol-admin-
istered control, and Taxol-administered groups treated with naringin, 
naringenin, and their combination

Results are expressed as mean ± SEM of n = 6. Percentage changes 
were calculated by comparing the Taxol-administered group with the 
normal, and the Taxol-administered groups supplemented with nar-
ingin and naringenin (either singly or in combination) with the Taxol-
administered control
a p ˂ 0.05: significant in comparison with the normal group
b p ˂ 0.05: significant in comparison the Taxol-administered group

Parameter groups Caspase-3 (area %) % change

Normal 6.924 ± 0.09 –
Taxol 37.630 ± 1.09a 4.44%
Taxol + naringin 21.054 ± 1.17ab  − 0.44%
Taxol + naringenin 15.285 ± 1.03ab  − 0.59%
Taxol + naringin + naringenin 9.782 ± 0.06b  − 0.74%
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radicals to the liver and other organs (Ahmed et al. 2019a, 
b; Mahmoud et al. 2020, 2021; Ahmed et al. 2022a, 2022b).

AFP is a translation product of the albuminoid gene fam-
ily and is characterized as an embryo-specific glycoprotein 
that is associated with a tumor (Beattie and Dugaiczyk 
1982; Murray and Nicholson 2011). Failure of AFP decline 
is usually seen as a sign of chemoresistance or existing 
residual tumors, requiring further treatment and predict-
ing an unfavorable prognosis (Dällenbach et al. 2006; de la 

Motte Rouge et al. 2016). Taxol administration in the cur-
rent research caused mRNA overexpression of tumor marker 
AFP. These findings agree with those of Takeyama et al. 
(2007) who showed several new hepatic metastases and 
increased serum AFP within 5 months in a case report of a 
patient with multiple hepatic metastases receiving combined 
chemotherapy, including TS-1 and Taxol.

Immunohistochemical results of the liver section in the 
Taxol group showed a significantly increased caspase-3 

Fig. 7   Photomicrographs of immunohistochemically stained liver sections for the detection of caspase-3 showing very weak expression in the 
normal group (a), very strong expression in the group that received Taxol (b), moderate expression in the group that received Taxol and was 
treated with naringin (c), mild expression in the group that received Taxol and was treated with naringenin (d), and weak expression in the group 
that received Taxol and was treated with both naringin and naringenin (e)
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activity. Thus, Taxol is suggested to activate apoptosis in 
Wistar rats. These findings agree with Gu et al. (2017) who 
considered Taxol to induce apoptosis and elevate caspase-3 
activity. Additionally, Lu et al. (2005) showed that Taxol 
causes apoptosis through caspase-3 activation in human 
osteogenic sarcoma cells.

The combined use of Taxol with other traditional medi-
cines was used to improve susceptibility to Taxol while 
minimizing its dose (Chen et al. 2012; Lee et al. 2014). Fla-
vonoids have been numerically shown to suppress tumor 
cell growth in vitro and in vivo (Turati et al. 2015). In this 
investigation, the oral administration of naringin and/or nar-
ingenin resulted in a reduction in serum ALT, AST, ALP, 
GGT, and LDH activity, along with total bilirubin levels, 
while increasing serum albumin levels. Improvements in 
biochemical parameters related to liver function were linked 
to improvements in liver histological architecture. Mean-
while, naringin and/or naringenin decreased liver LPO and 
heightened GSH content, SOD, and GPx activities after 
6 weeks of treatment. These findings go hand in hand with 
the previous ones of Ahmed et al. (2019a, b) who observed 
that naringin and naringenin amended changes caused by 
acetaminophen in liver enzyme (ALT, AST, ALP, GGT and 
LDH) activities, as well as total bilirubin level, liver LPO, 
and antioxidant parameters and also attenuate the damage 
of hepatic tissues.

Additionally, El-Mihi et al. (2017) found that naringin has 
a protective and therapeutic effect against thioacetamide-
induced liver injury and fibrogenesis. Moreover, different 
doses of naringin were determined protective and effective 
for cyclophosphamide-induced hepatotoxicity (Bülbül et al. 
2018). Additionally, naringenin inhibited the elevation of 
ALT, AST, and bilirubin in lambda-cyhalothrin-treated 
rats (El-Saad and Abdel-Wahab 2020). Moreover, Malayeri 
et al. (2022) found that naringenin enhanced methotrexate-
induced alterations in the activities of AST, ALT, and ALP 
in the liver of rats. Moreover, Cavia-Saiz et al. (2010) men-
tioned that naringin and naringenin are powerful free radical 
collectors and inhibit LPO.

Moreover, naringin and naringenin treatment in Taxol-
administered rats suppressed the expression of (AFP and 
caspase-3). The treatment with their mixture was effective 
in decreasing AFP and caspase-3. The antioxidant charac-
teristics of naringin and naringenin, as well as their ability 
to scavenge free radicals, may explain their inhibitory effects 
on Taxol-induced apoptosis and inflammation. Previous 
publications backed up this assertion, which indicated that 
both naringin and naringenin have a strong anti-free radical 
and antioxidant action (Renugadevi and Prabu 2009; Sahu 
et al. 2014; Alam et al. 2014). Additionally, naringin has 
antioxidant, anti-inflammatory, and DNA-protecting proper-
ties (Gelen et al. 2018). As mentioned also, naringenin can 

alleviate inflammation and cell death (Jayaraman et al. 2012; 
Lou et al. 2012; Wali et al. 2020).

Conclusions

The administration of naringin, naringenin, and their mixture 
potentially prevented the deleterious effects of Taxol-induced 
toxicity in the liver. The mixture of naringin and naringenin 
was found to be the most potent in improving liver function 
and structural integrity. The ameliorative effects of naringin 
and/or naringenin could be mediated via antioxidant defense 
system enhancement as well as inflammation and apoptosis 
suppression. More experimental and clinical studies are needed, 
however, to determine the molecular mechanisms of action by 
checking signaling pathways involved in oxidative stress, anti-
oxidant defense, inflammation and apoptosis and to assess the 
efficacy and safety of naringin and/or naringenin in humans.

Author contribution  All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were per-
formed by [Osama M. Ahmed], [Shimaa S. Khaled], [Noha A. Ahmed], 
[El-Shaymaa El-Nahass], [Hanan A. Soliman] and [Mohamed Abdel-
Gabbar]. The first draft of the manuscript was written by [Shimaa S. 
Khaled] and all authors commented on previous versions of the manu-
script. All authors read and approved the final manuscript.

Funding  Open access funding provided by The Science, Technology & 
Innovation Funding Authority (STDF) in cooperation with The Egyp-
tian Knowledge Bank (EKB).

Data availability  All data are contained in the article.

Declarations 

Ethical approval  The study followed the recommendations and guid-
ance of institutional animal care and use committee (IACUC), Faculty 
of Science, Beni-Suef University, Egypt (Ethical Approval Number: 
BSU/FS/2017/7).

Consent to participate  Not applicable.

Consent for publication  Not applicable.

Conflict of interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

http://creativecommons.org/licenses/by/4.0/


90902	 Environmental Science and Pollution Research (2023) 30:90892–90905

1 3

References

Adikwu E, Ebinyo NC, Harris LW (2019) Coenzyme Q10 and resvera-
trol abrogate paclitaxel-induced hepatotoxicity in rats. Cancer 
Transl Med 5(4):65

Ahmed OM, Ahmed RR (2014) Anti-proliferative and apoptotic effica-
cies of ulvan polysaccharides against different types of carcinoma 
cells in vitro and in vivo. J Cancer Sci Ther 6:202–208

Ahmed OM, Abdul-Hamid MM, El-Bakry AM, Mohamed HM, Rah-
man FEZSA (2019a) Camellia sinensis and epicatechin abate 
doxorubicin-induced hepatotoxicity in male Wistar rats via their 
modulatory effects on oxidative stress, inflammation, and apop-
tosis. J Appl Pharm Sci 9(4):030–044

Ahmed OM, Fahim HI, Ahmed HY, Al-Muzafar HM, Ahmed RR, 
Amin KA, El-Nahass ES, Abdelazeem WH (2019) The preven-
tive effects and the mechanisms of action of navel orange peel 
hydroethanolic extract, naringin, and naringenin in N-acetyl-p-
aminophenol-induced liver injury in Wistar rats. Oxid Med Cell 
Longev 2019:1–19

Ahmed OM, Elkomy MH, Fahim HI, Ashour MB, Naguib IA, Alghamdi 
BS, Mahmoud HUR, Ahmed NA (2022a) Rutin and quercetin 
counter doxorubicin-induced liver toxicity in Wistar rats via their 
modulatory effects on inflammation, oxidative stress, apoptosis, 
and Nrf2. Oxidative Med Cell Longev 2022:2710607

Ahmed OM, Galaly SR, Mostafa MA, Eed EM, Ali TM, Fahmy AM, 
Zaky MY (2022b) Thyme oil and thymol counter doxorubicin-
induced hepatotoxicity via modulation of inflammation, apoptosis, 
and oxidative stress. Oxidative Med Cell Longev 2022:6702773

Alam MA, Subhan N, Rahman MM, Uddin SJ, Reza HM, Sarker SD 
(2014) Effect of citrus flavonoids, naringin and naringenin, on 
metabolic syndrome and their mechanisms of action. Adv Nutr 
5(4):404–417

Alexandre J, Hu Y, Lu W, Pelicano H, Huang P (2007) Novel action 
of paclitaxel against cancer cells: bystander effect mediated by 
reactive oxygen species. Can Res 67(8):3512–3517

Ali YA, Ahmed OM, Soliman HA, Abdel-Gabbar M, Al-Dossari M, 
Abd El-Gawaad NS, El-Nahass ES, Ahmed NA (2023) Rutin 
and hesperidin alleviate paclitaxel-induced nephrocardiotoxicity 
in Wistar rats via suppressing the oxidative stress and enhancing 
the antioxidant defense mechanisms. Evid-Based Complement 
Alternat Med 2023

Ashrafizaveh A, Sabouri Fard H, Azmoudeh E (2019) Application of 
medicinal plants, acupuncture, massage therapy and transcuta-
neous electric nerve stimulation in treatment of endometriosis: 
review study. Iran J Obstet Gynecol Infertility 22(5):90–100

Banchroft JD, Stevens A, Turner DR (1996) Theory and practice of 
histological techniques. Fourth Ed. Churchil living stone, New 
York, London, San Francisco, Tokyo pp. 766

Beattie WG, Dugaiczyk A (1982) Structure and evolution of human 
α-fetoprotein deduced from partial sequence of cloned cDNA. 
Gene 20(3):415–422

Belotti D, Vergani V, Drudis T, Borsotti P, Pitelli MR, Viale G, Giavazzi 
R, Taraboletti G (1996) The microtubule-affecting drug paclitaxel 
has antiangiogenic activity. Clin Cancer Res 2(11):1843–1849

Beutler E, Duren O, Kelly BM (1963) Improved method for the 
determination of blood glutathione. J Laboratoryand Clin Med 
61:882–888

Bülbül GY, Mİs L, Șengül E, Yıldırım S, Çelebİ F, Çinar A (2018) 
Protective effects of naringin on liver enzymes (AST, ALT, ALP) 
and histopathology in cyclophosphamide-induced rats. Atatürk 
Üniv Vet Bilimleri Derg 13(2):182–190

Carvalho JR, Machado MV (2018) New insights about albumin and liver 
disease. Ann Hepatol 17(4):547–560

Cavia-Saiz M, Busto MD, Pilar-Izquierdo MC, Ortega N, Perez-Mateos 
M, Muñiz P (2010) Antioxidant properties, radical scavenging 

activity and biomolecule protection capacity of flavonoid narin-
genin and its glycoside naringin: a comparative study. J Sci Food 
Agric 90(7):1238–1244

Chen LK, Liang Y, Yang QY, Xu F, Zhou NN, Xu GC, Liu GZ, Wei 
WD (2012) Triplet platinum-based combination sequential 
chemotherapy improves survival outcome and quality of life of 
advanced non-small cell lung cancer patients. Asian Pac J Cancer 
Prev 13(5):1863–1867

Chomzynski P, Sacchi N (1987) Single-step method of RNA isolation 
by acid guanidinium thiocyanate-phenol-chloroform extraction. 
Annu Rev Biochem 162:156–159

Choudhary AK, Devi RS (2014) Serum biochemical responses under 
oxidative stress of aspartame in wistar albino rats. Asian Pac J 
Trop Dis 4:S403–S410

Costa ML, Rodrigues JA, Azevedo J, Vasconcelos V, Eiras E, Campos 
MG (2018) Hepatotoxicity induced by paclitaxel interaction with 
turmeric in association with a microcystin from a contaminated 
dietary supplement. Toxicon 150:207–211

Cristiano C, Avagliano C, Cuozzo M, Liguori FM, Calignano A, Russo 
R (2022) The Beneficial effects of ultramicronized palmitoyle-
thanolamide in the management of neuropathic pain and associ-
ated mood disorders induced by paclitaxel in mice. Biomolecules 
12(8):1155

Dällenbach P, Bonnefoi H, Pelte MF, Vlastos G (2006) Yolk sac 
tumours of the ovary: an update. Eur J Surg Oncol (EJSO) 
32(10):1063–1075

de la Motte Rouge T, Pautier P, Genestie C, Rey A, Gouy S, Leary A, 
Haie-Mederf C, Kerbrat P, Culine S, Fizazi K, Lhommé C (2016) 
Prognostic significance of an early decline in serum alpha-fetopro-
tein during chemotherapy for ovarian yolk sac tumors. Gynecol 
Oncol 142(3):452–457

Dias MC, Pinto DC, Silva A (2021) Plant flavonoids: chemical charac-
teristics and biological activity. Molecules 26(17):5377

Doumas BT, Watson WA, Biggs HG (1971) Albumin standards and 
the measurement of serum albumin with bromcresol green. Clin 
Chim Acta 31:87–96

El-Mihi KA, Kenawy HI, El-Karef A, Elsherbiny NM, Eissa LA (2017) 
Naringin attenuates thioacetamide-induced liver fibrosis in rats 
through modulation of the PI3K/Akt pathway. Life Sci 187:50–57

El-Saad AMA, Abdel-Wahab WM (2020) Naringenin attenuates toxic-
ity and oxidative stress induced by lambda-cyhalothrin in liver of 
male rats. Pak J Biol Sci 23(4):510–517

Ermolaeva LA, Dubskaya TY, Fomina TI, Vetoshkina TV, Gol’dberg 
VE (2008) Toxic effect of an antitumor drug paclitaxel on mor-
phofunctional characteristics of the liver in rats. Bull Exp Biol 
Med 145(2):263–265

Ezrahi S, Aserin A, Garti N (2019) Basic principles of drug delivery 
systems–the case of paclitaxel. Adv Coll Interface Sci 263:95–130

Fallahi F, Roghani M, Moghadami S (2012) Citrus flavonoid naringenin 
improves aortic reactivity in streptozotocin-diabetic rats. Indian J 
Pharmacol 44(3):382

Gade JV, Sharma PP, Jain B, Rawat R (2022) Synthesis and characteri-
zation of paclitaxel nanoparticles for drug delivery. Mater Today: 
Proc 51:445–450

Galaly SR, Ahmed OM, Mahmoud AM (2014) Thymoquinone and 
curcumin prevent gentamicin-induced liver injury by attenuating 
oxidative stress, inflammation and apoptosis. J Physiol Pharmacol 
65(6):823–832

Gao W, Zan Y, Wang ZJJ, Hu XY, Huang F (2016) Quercetin ameliorates 
paclitaxel-induced neuropathic pain by stabilizing mast cells, and 
subsequently blocking PKCε-dependent activation of TRPV1. Acta 
Pharmacol Sin 37(9):1166–1177

Gao J, Shao Z, Yan M, Fu T, Zhang L, Yan Y (2018) Targeted regulation of 
STAT3 by miR-29a in mediating Taxol resistance of nasopharyngeal 
carcinoma cell line CNE-1. Cancer Biomark 22(4):641–648



90903Environmental Science and Pollution Research (2023) 30:90892–90905	

1 3

Gelen V, Şengül E, Yıldırım S, Atila G (2018) The protective effects of 
naringin against 5-fluorouracil-induced hepatotoxicity and nephro-
toxicity in rats. Iran J Basic Med Sci 21(4):404–410

Gella FJ, Olivella T, Pastor MC, Arenas J, Moreno R, Durban R, Gomez 
JA (1985) A simple procedure for the routine determination of 
aspartate aminotransferase and alanine aminotransferase with pyri-
doxal phosphate. Clin Chim Acta 153(3):241–247

Gerçek E, Zengin H, Erişir FE, Yılmaz Ö (2021) Biochemical changes and 
antioxidant capacity of naringin and naringenin against malathion 
toxicity in Saccharomyces cerevisiae. Comp Biochem Physiol Part 
C: Toxicol Pharmacol 241:108969

Giannakakou P, Robey R, Fojo T, Blagosklonny MV (2001) Low con-
centrations of paclitaxel induce cell type-dependent p53, p21 and 
G1/G2 arrest instead of mitotic arrest: molecular determinants of 
paclitaxel-induced cytotoxicity. Oncogene 20(29):3806–3813

Gu F, Li L, Yuan QF, Li C, Li ZH (2017) Down-regulation of survivin 
enhances paclitaxel-induced Hela cell apoptosis. Eur Rev Med Phar-
macol Sci 21(15):3504–3509

Gu F, Zhang H, Yao L, Jiang S, Lu H, Xing X, Zhang C, Jiang P, Zhang R 
(2019) Leptin contributes to the taxol chemoresistance in epithelial 
ovarian cancer. Oncol Lett 18(1):561–570

Gür FM, Aktaş İ, Bilgiç S, Pekince M (2022) Misoprostol alleviates 
paclitaxel-induced liver damage through its antioxidant and anti-
apoptotic effects. Mol Cell Toxicol 18(3):393–400

Hadzic T, Aykin-Burns N, Zhu Y, Coleman MC, Leick K, Jacobson GM, 
Spitz DR (2010) Paclitaxel combined with inhibitors of glucose 
and hydroperoxide metabolism enhances breast cancer cell kill-
ing via H2O2-mediated oxidative stress. Free Radical Biol Med 
48(8):1024–1033

Hassan RA, Hozayen WG, Abo Sree HT, Al-Muzafar HM, Amin KA, 
Ahmed OM (2021) Naringin and hesperidin counteract diclofenac-
induced hepatotoxicity in male wistar rats via their antioxidant, 
anti-inflammatory, and antiapoptotic activities. Oxidative Med Cell 
Longev 2021:9990091

Horwitz SB, Cohen D, Rao S, Ringel I, Shen HJ, Yang CP (1993) Taxol: 
mechanisms of action and resistance. Journal of The National Can-
cer Institute. Monographs 15:55–61

Hou X, Niu Z, Liu L, Guo Q, Li H, Yang X, Zhang X (2019) miR-1207-5p 
regulates the sensitivity of triple-negative breast cancer cells to 
Taxol treatment via the suppression of LZTS1 expression. Oncol 
Lett 17(1):990–998

Hui A, Min WX, Tang J, Cruz TF (1998) Inhibition of activator protein 1 
activity by paclitaxel suppresses interleukin-1-induced collagenase 
and stromelysin expression by bovine chondrocytes. Arthritis 
Rheum: Off J Am Coll Rheumatol 41(5):869–876

Ilinskaya AN, Clogston JD, McNeil SE, Dobrovolskaia MA (2015) Induc-
tion of oxidative stress by Taxol® vehicle Cremophor-EL triggers 
production of interleukin-8 by peripheral blood mononuclear cells 
through the mechanism not requiring de novo synthesis of mRNA. 
Nanomed: Nanotechnol Biol Med 11(8):1925–1938

Jackson JK, Tudan C, Sahl B, Pelech SL, Burt HM (1997) Calcium pyroph-
osphate dihydrate crystals activate MAP kinase in human neutro-
phils: inhibition of MAP kinase, oxidase activation and degranula-
tion responses of neutrophils by taxol. Immunology 90(4):502–510

Jayaraman J, Jesudoss VAS, Menon VP, Namasivayam N (2012) Anti-
inflammatory role of naringenin in rats with ethanol induced liver 
injury. Toxicol Mech Methods 22(7):568–576

Jendrassik L, Grof P (1938) Colorimetric method of determination of 
bilirubin. Search results. Biochemischezeitschrift 297:81–82

Karaduman D, Eren B, Keles ON (2010) The protective effect of beta-1, 
3-D-glucan on taxol-induced hepatotoxicity: a histopathological 
and stereological study. Drug Chem Toxicol 33(1):8–16

Klein I, Lehmann HC (2021) Pathomechanisms of paclitaxel-induced 
peripheral neuropathy. Toxics 9(10):229

Król T (1998) Activity of lysosomal system in mouse liver after taxol 
administration. Gen Pharmacol 30(2):239–243

Lee HH, Ye S, Li XJ, Lee KB, Park MH, Kim SM (2014) Combina-
tion treatment with paclitaxel and doxorubicin inhibits growth of 
human esophageal squamous cancer cells by inactivation of Akt. 
Oncol Rep 31(1):183–188

Lim SC, Choi JE, Kang HS, Si H (2010) Ursodeoxycholic acid 
switches oxaliplatin- induced necrosis to apoptosis by inhibiting 
reactive oxygen species production and activating p53-caspase 
8 pathway in HepG2 hepatocellular carcinoma. Int J Cancer 
126(7):1582–1595

Lou C, Zhang F, Yang M, Zhao J, Zeng W, Fang X, Zhang Y, Zhang C, 
Liang W (2012) Naringenin decreases invasiveness and metastasis 
by inhibiting TGF-β-induced epithelial to mesenchymal transition 
in pancreatic cancer cells. PLoS one 7(12):e50956

Lu KH, Lue KH, Chou MC, Chung JG (2005) Paclitaxel induces apoptosis 
via caspase-3 activation in human osteogenic sarcoma cells (U-2 
OS). J Orthop Res 23(5):988–994

Mahmoud AM, Mohamed BM, Ibraheem IBM, Soliman HA, Ahmed OM 
(2020) Characterization of Ulva fasciata ethanolic extract-mediated 
biosynthesized silver nanoparticles and evaluation of their nephroca-
diopreventive effects in doxorubicin-injected Wistar rats. Adv Anim 
Vet Sci 8(s2):98–111

Mahmoud AM, Ahmed OM, Mohamed IB, Soliman HA, Mohamed BM 
(2021) The preventive effects and mode of actions of Ulva fasciata 
synthesized silver nanoparticles in doxorubicin-induced hepatotoxic-
ity in Wistar rats. J Pharm Res Int 33(24A):24–48

Malayeri A, Badparva R, Mombeini MA, Khorsandi L, Goudarzi M 
(2022) Naringenin: a potential natural remedy against methotrexate-
induced hepatotoxicity in rats. Drug Chem Toxicol 45(2):491–498

Manzano A, Roig TERESA, Bermudez JORDI, Bartrons RAMON (1996) 
Effects of taxol on isolated rat hepatocyte metabolism. Am J Physiol 
Cell Physiol 271(6):C1957–C1962

Marklund S, Marklund G (1974) Involvement of the superoxide anion 
radical in the autoxidation of pyrogallol and a convenient assay for 
superoxide dismutase. Eur J Biochem 47(3):469–474

Matkovics B, Kotorman M, Varga IS, Hai DQ, Varga C (1998) Oxida-
tive stress in experimental diabetes induced by streptozotocin. Acta 
Physiol Hung 85(1):29–38

Memariani Z, Abbas SQ, Ul Hassan SS, Ahmadi A, Chabra A (2020) Nar-
ingin and naringenin as anticancer agents and adjuvants in cancer 
combination therapy: efficacy and molecular mechanisms of action, 
a comprehensive narrative review. Pharmacol Res 171:105264

Meshkini A, Yazdanparast R (2012) Involvement of oxidative stress in 
taxol-induced apoptosis in chronic myelogenous leukemia K562 
cells. Exp Toxicol Pathol 64(4):357–365

Murray MJ, Nicholson JC (2011) α-fetoprotein. Arch Dis Child-Educ Pract 
96(4):141–147

Numeroso F, Barilli AL, Delsignore R (2008) Prevalence and significance 
of hypoalbuminemia in an internal medicine department. Eur J 
Intern Med 19(8):587–591

Panis C, Herrera ACSA, Victorino VJ, Campos FC, Freitas LF, De Rossi 
T, Colado Sima˜o AN, Cecchini AL, Cecchini R (2012) Oxidative 
stress and hematological profiles of advanced breast cancer patients 
subjected to paclitaxel or doxorubicin chemotherapy. Breast Cancer 
Res Treat 133(1):89–97

Park JH, Davis KR, Lee G, Jung M, Jung Y, Park J, Yi SY, Lee MA, 
Lee S, Yeom CH, Kim J (2012) Ascorbic acid alleviates toxicity of 
paclitaxel without interfering with the anticancer efficacy in mice. 
Nutr Res 32(11):873–883

Preuss HG, Jarrell ST, Scheckenbach R, Lieberman S, Anderson RA 
(1998) Comparative effects of chromium, vanadium and Gymnema 
sylvestre on sugar-induced blood pressure elevations in SHR. J Am 
Coll Nutr 17(2):116–123



90904	 Environmental Science and Pollution Research (2023) 30:90892–90905

1 3

Reddy TK, Nagaraju I, Kumar KH, Lokanatha V, Reddy CD, Jagetia GC 
(2008) Cardioprotective effect of naringin in mice treated with doxo-
rubicin. Planta Med 74(03):P-49

Rehman MU, Mir MU, Farooq A, Rashid SM, Ahmad B, Bilal Ahmad 
SB, Ali R, Hussain I, Masoodi M, Muzamil S, Madkhali H, Ganaie 
MA (2018) Naringenin (4, 5, 7-trihydroxyflavanone) suppresses the 
development of precancerous lesions via controlling hyperprolifera-
tion and inflammation in the colon of Wistar rats. Environ Toxicol 
33(4):422–435

Renugadevi J, Prabu SM (2009) Naringenin protects against cad-
mium-induced oxidative renal dysfunction in rats. Toxicology 
256(1–2):128–134

Roberts RL, Nath J, Friedman MM, Gallin JI (1982) Effects of taxol on 
human neutrophils. J Immunol 129(5):2134–2141

Rodríguez De Luna SL, Ramírez-Garza RE, Serna Saldívar SO (2020) 
Environmentally friendly methods for flavonoid extraction from 
plant material: impact of their operating conditions on yield and 
antioxidant properties. Sci World J 2020:1–38

Sahu BD, Tatireddy S, Koneru M, Borkar RM, Kumar JM, Kuncha M, 
Srinivas R, Sunder RS, Sistla R (2014) Naringin ameliorates gen-
tamicin-induced nephrotoxicity and associated mitochondrial dys-
function, apoptosis and inflammation in rats: possible mechanism of 
nephroprotection. Toxicol Appl Pharmacol 277(1):8–20

Sayre CL, Gerde KD, Yáñez JA, Davies NM (2012) Flavonoid Pharma-
cokinetics. Clinical Pharmacokinetics of Flavonoids. John Wiley & 
Sons, Inc.,Hoboken, NJ, USA, 195–247

Schumann G, Bonora R, Ceriotti F, Férard G, Ferrero C, Franck PF, Gella 
FJ, Hoelzel W, Jørgensen PJ, Kanno T, Kessner A, Klauke R, Kris-
tiansen N, Lessinger JM, Linsinger TP, Misaki H, Panteghini M, 
Pauwels J, Schiele F, Schimmel HG, Weidemann G, Siekmann, 
(2002) IFCC primary reference procedures for the measurement of 
catalytic activity concentrations of enzymes at 370C. Part 6: Refer-
ence procedure for the measurement of catalytic concentration of 
γ-Glutamyltransferase. Clin Chem Lab Med (CCLM) 40:734–738

Schumann G, Klauke R, Canalias F, Bossert-Reuther S, Franck PF, Gella 
FJ, Jørgensen PJ, Kang D, Lessinger JM, Panteghini M, Ceriotti F 
(2011) IFCC primary reference procedures for the measurement of 
catalytic activity concentrations of enzymes at 37° C. Part 9: Refer-
ence procedure for the measurement of catalytic concentration of 
alkaline phosphatase: International Federation of Clinical Chemistry 
and Laboratory Medicine (IFCC) Scientific Division, Committee on 
Reference Systems of Enzymes (C-RSE) 1. Clin Chem Lab Med 
(CCLM) 49(9):1439–1446

Song Y, Peng X, Wang M, Xie J, Tan G (2015) Gene expression profiling of 
taxol-resistant nasopharyngeal carcinoma cells with siRNA-mediated 
FOLR1 downregulation. Int J Clin Exp Pathol 8(9):11314–11322

Stenina MB (2003) Paclitaxel in clinical practice [in Russian], Ed. N. I. 
Perevodchikova, Moscow 81–117

Sun H, Dong T, Zhang A, Yang J, Yan G, Sakurai T, Wu X, Han Y, Wang 
X (2013) Pharmacokinetics of hesperetin and naringenin in the Zhi 
Zhu Wan, a traditional Chinese medicinal formulae, and its pharma-
codynamics study. Phytother Res 27(9):1345–1351

Takeyama H, Sawai H, Wakasugi T, Takahashi H, Matsuo Y, Ochi N, 
Yasuda A, Sato M, Okada Y, Funahashi H, Manabe T, Akamo Y 
(2007) Successful paclitaxel-based chemotherapy for an alpha-
fetoprotein-producing gastric cancer patient with multiple liver 
metastases. World J Surg Oncol 5(1):1–5

Tomko A, O’Leary L, Trask H, Achenbach JC, Hall SR, Goralski KB, Ellis 
LD, Dupré DJ (2019) Antitumor activity of abnormal cannabidiol 

and its analog O-1602 in taxol-resistant preclinical models of breast 
cancer. Front Pharmacol 10:1124

Tsamandas AC, Antonacopoulou A, Kalogeropoulou C, Tsota I, Zabakis 
P, Giannopoulou E, Liava A, Tzelepi V, Tepetes K, Petsas T, Kalo-
fonos H, Kardamakis D (2007) Oval cell proliferation in cirrhosis 
in rats. Exp Study Hepatol Res 37(9):755–764

Tungmunnithum D, Thongboonyou A, Pholboon A, Yangsabai A (2018) 
Flavonoids and other phenolic compounds from medicinal plants 
for pharmaceutical and medical aspects: An overview. Medicines 
5(3):93–109

Turati F, Rossi M, Pelucchi C, Levi F, La Vecchia C (2015) Fruit and 
vegetables and cancer risk: a review of southern European studies. 
Br J Nutr 113(S2):S102–S110

Vaclavikova R, Soucek P, Svobodova L, Anzenbacher P, Simek P, 
Guengerich FP, Gut I (2004) Different in vitro metabolism of pacli-
taxel and docetaxel in humans, rats, pigs, and minipigs. Drug Metab 
Dispos 32(6):666–674

Varghese F, Bukhari AB, Malhotra R, De A (2014) IHC Profiler: an open 
source plugin for the quantitative evaluation and automated scoring 
of immunohistochemistry images of human tissue samples. PLoS 
one 9(5):e96801

Vera-Ramirez L, Ramirez-Tortosa M, Perez-Lopez P, Granados-Principal 
S, Battino M, Quiles JL (2012) Long-term effects of systemic can-
cer treatment on DNA oxidative damage: the potential for targeted 
therapies. Cancer Lett 327(1–2):134–141

Wali AF, Rashid S, Rashid SM, Ansari MA, Khan MR, Haq N, Alhareth 
DY, Ahmad A, Rehman MU (2020) Naringenin regulates doxo-
rubicin-induced liver dysfunction: impact on oxidative stress and 
inflammation. Plants 9(4):550

Wang TH, Wang HS, Ichijo H, Giannakakou P, Foster JS, Fojo T, 
Wimalasena J (1998) Microtubule-interfering agents activate c-Jun 
N-terminal kinase/stress-activated protein kinase through both 
Ras and apoptosis signal-regulating kinase pathways. J Biol Chem 
273(9):4928–4936

Wang X, Li H, Li W, Xie J, Wang F, Peng XS, Y. and Tan, G. (2020) The 
role of Caspase-1/GSDMD-mediated pyroptosis in Taxol-induced 
cell death and a Taxol-resistant phenotype in nasopharyngeal car-
cinoma regulated by autophagy. Cell Biol Toxicol 36(5):437–457

Xie JD, Huang Y, Chen DT, Pan JH, Bi BT, Feng KY, Huang W, Zeng WA 
(2015) Fentanyl enhances hepatotoxicity of paclitaxel via inhibi-
tion of CYP3A4 and ABCB1 transport activity in mice. PLoS One 
10(12):e0143701

Young DS (2000) Effects of drugs on clinical laboratory tests. 5th Edition, 
vol. 2. American Association for Clinical Chemistry (AACC) press, 
Washington, USA

Yu DL, Lou ZP, Ma FY, Najafi M (2022) The interactions of paclitaxel 
with tumour microenvironment. Int Immunopharmacol 105:108555

Zaazaa AM (2022) Studying the anticancer properties of bone marrow-
derived mesenchymal stem cells against hepatocellular carcinoma 
induced by n-nitrosodiethylamine in male rats”. Biointerface Res 
Appl Chem 13(1):1–13

Zang X, Lee JB, Deshpande K, Garbuzenko OB, Minko T, Kagan L 
(2019) Prevention of paclitaxel-induced neuropathy by formulation 
approach. J Control Release 303:109–116

Zhu L, Chen L (2019) Progress in research on paclitaxel and tumor immu-
notherapy. Cell Mol Biol Lett 24(1):1–11

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.



90905Environmental Science and Pollution Research (2023) 30:90892–90905	

1 3

Authors and Affiliations

Shimaa S. Khaled1 · Hanan A. Soliman1 · Mohammed Abdel‑Gabbar1 · Noha A. Ahmed2   · El‑Shaymaa El‑Nahass3 · 
Osama M. Ahmed2

 *	 Noha A. Ahmed 
	 drnohascience@science.bsu.edu.eg; 

drnohascience@gmail.com

	 Shimaa S. Khaled 
	 shimaa.soliman288@yahoo.com

	 Hanan A. Soliman 
	 hanan_abdelhameid@yahoo.com

	 Mohammed Abdel‑Gabbar 
	 hhmgabar@science.bsu.edu.eg

	 El‑Shaymaa El‑Nahass 
	 shima_k81@yahoo.com

	 Osama M. Ahmed 
	 osamamoha@yahoo.com; osama.ahmed@science.bsu.edu.eg

1	 Biochemistry Department, Faculty of Science, Beni-Suef 
University, P.O. Box 62521, Beni‑Suef, Egypt

2	 Physiology Division, Zoology Department, Faculty 
of Science, Beni-Suef University, P.O. Box 62521, 
Beni‑Suef, Egypt

3	 Department of Pathology, Faculty of Veterinary Medicine, 
Beni-Suef University, P.O. Box 62521, Beni‑Suef, Egypt

http://orcid.org/0000-0002-5080-0933

	Naringin and naringenin counteract taxol-induced liver injury in Wistar rats via suppression of oxidative stress, apoptosis and inflammation
	Abstract
	Introduction
	Materials and methods
	Experimental animals
	Chemicals
	Experimental design
	Blood and tissue sampling
	Biochemical investigation of liver function
	Assessment of oxidative stress and antioxidant status in the liver
	Histopathological examination
	Gene expression analysis
	Immunohistochemical detection of caspase-3
	Statistical analysis

	Results
	Effect of treatment on serum biomarkers of liver function
	Effects of oxidative stress on the liver and antioxidant defense system parameters
	Liver histopathological Effects
	Effects of treatment on liver tissue mRNA expression of AFP
	Effects of treatment on liver tissue immunohistochemistry

	Discussion
	Conclusions
	References


