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Background: Long-term use of levofloxacin can cause alterations in the liver function. 
This study aimed to determine the protective effect of black seed oil (BSO) against liver 
injury due to levofloxacin administration in rats.

Methods: The chemical composition of BSO was analyzed with gas chromatography and 
mass spectrophotometry (GC-MS). Rats (n=30) were treated daily with levofloxacin and 
BSO at three doses (1, 2 or 4 mL/kg) orally for 28 days. The presence of liver injury 
was determined based on serum biomarkers and liver malondialdehyde (MDA) levels, and 
histopathological examinations. 

Results: The GC-MS analyses showed that BSO contained 25 chemical compounds, 
including thymoquinone (10.14%). The levofloxacin administration significantly increased 
the liver enzymes and MDA levels, and induced a marked alteration in the liver histological 
structures. Treatments of rats with one or two mL/kg BSO significantly decreased the liver 
enzymes, and MDA levels compared to those that received levofloxacin alone (P<0.05). 
However, the highest dose (4 mL/kg) BSO failed to improve liver MDA levels. The 
recovery of liver histological damages was also observed in rats treated with BSO. 

Conclusion: It was concluded that the BSO administration reduced the liver dysfunction 
due to levofloxacin at doses of 1 or 2 mL/kg, but not at 4 mL/kg. Further research is 
warranted to explore if the protective effect of BSO is associated with its antioxidant 
properties.
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Introduction

he eradication of tuberculosis is chal-
lenged by a rise in the number of mul-
tidrug-resistant tuberculosis (MDR-TB) 
cases worldwide [1]. Levofloxacin, an 
antibiotic from the fluoroquinolone 
group, is one of the most common drugs 

used for MDR-TB cases [2]. This drug inhibits DNA 
supercoiling in Mycobacterium tuberculosis, thus dam-
aging the DNA replication by interfering with its gyrase 
activity [3]. However, levofloxacin may induce hepa-
totoxicity characterized by elevated liver enzymes, i.e. 
alanine and aspartate aminotransferases (ALT & AST) 
levels [4]. The hepatotoxicity secondary to levofloxa-
cin administration may occur after 5-14 days of the 
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therapy initiation [5, 6]. Cases of hepatotoxicity have 
been reported in a number of patients who received le-
vofloxacin for the management of their MDR-TB [7]. In 
this context, retrospective data from 746 patients have 
demonstrated an increase in the incidence of hepato-
toxicity during treatment with fluoroquinolone drugs, 
especially levofloxacin and moxifloxacin [8]. 

The hepatotoxicity management remains limited due 
to lack of approved drugs with adequate hepatoprotec-
tive properties. Studies have reported the beneficial ef-
fects of black seed oil (BSO) extracted from the plant,  
Nigella sativa , on the prevention of drug-induced liver 
injury [9]. This oil has been shown to contain several 
bioactive compounds, including thymoquinone, thymo-
hydroquinone, dithymoquinone, p-cymene, carvacrol, 
4-terpineol, and t-anethol [10]. Thymoquinone has been 
demonstrated to inhibit oxidative stress by increasing 
the activity of the antioxidant enzymes, such as super-
oxide dismutase and glutathione peroxidase, and reduc-
ing the lipid peroxidase activity [11]. Since the toxicity 
by levofloxacin occurs mainly due to diminished gluta-
thione supplies [12], strengthening the body’s defense 
system with antioxidants would be essential to over-
come the oxidative stress-related cellular damages. This 
study was planned to investigate the antitoxic effect of 
black seed oil on the liver function in rats after levofloxa-
cin administration at subacute doses.

Materials and Methods

Chemicals and drugs: The black seed oil (BSO) was 
obtained from black cumin seed (Nigellasativa) pur-
chased from Al-waqia’ah supplier (Makassar, Indone-
sia). Levofloxacin tablets (Hexpharm Jaya®) were ob-
tained from a licensed pharmaceutical store in Makassar, 
Indonesia. Thiobarbituric acid (TBA, Sigma-Aldrich), 
1,1,3,3-tetra methoxy propane (TMP, Sigma-Aldrich), 
and Trichloroacetic Acid (TCA, Merck) were ordered 
via the official suppliers in Indonesia. The diagnostic 
kits for AST, ALT, and GGT were obtained from Hu-
man Diagnostics Worldwide (Wiesbaden, Germany).

Chemical constituents analyses: Prior to the in vivo 
experiments, a laboratory analysis was conducted to 
identify the chemical constituents of the BSO samples 
used in this study. The analysis was performed using a 
Trace 1310 gas chromatography with TSQ 8000 Evo 
mass spectrometry (Thermo Scientific; Mundelein, IL, 
USA). The column size was 20 mm x 0.18 mm (TG-
5MS) with helium gas used as the carrier. The oven had 
an initial and final temperature of 50oC and 330oC, re-
spectively, at an increasing rate of 10 to 25oC/minutes. 

Preparation of animals: The experimental animals 
used in this study were 30 male albino rats (Rattus 
norvegicus) at an average weight of 200-300 g each. 
They were acclimatized to the laboratory environment 
for 14 days prior to the treatments. The rats had free 
access to standard food pellets and drinking water 
throughout the study. The animal care protocol used 
was based on the institution’s animal care standards, 
which had already been granted an ethical clearance 
(318/UN4.6.4.5.31/PP36/2020). 

Preparation of Levofloxacin and Black Seed Oil: 
The levofloxacin dosage used in this study was based 
on that for humans (15 mg/kg/body weight/day), which 
was converted to animal dosage as described by Nair 
and Jacob’s guideline [13]. Accordingly, the levofloxa-
cin dose was 93 mg/kg per rat. At this dose, levofloxacin 
has previously been shown to sufficiently induce renal 
toxicity in rats [14]. The levofloxacin powder was pre-
pared as suspension, using 1% sodium carboxymethyl 
cellulose (Na-CMC) immediately before administration. 
The BSO was diluted in corn oil at three different con-
centrations, i.e.10%, 20%, and 40%, and the volume of 
administration was one mL/200g per rat’s body weight. 
These concentrations were equivalent to the BSO doses 
of one, two or four mL/kg, respectively.

Experimental protocol: The animals were divided 
into five groups of six each as follows: 1) healthy con-
trols, 2) levofloxacin group (rats received levofloxa-
cin suspension and corn oil as a placebo), and, 3, 4, 5) 
treatment groups that received BSO at either of three 
doses of one, two or four mL/kg body weight. The 
BSO treatment was given two hours before the daily 
levofloxacin administration for 28 days. The blood 
samples were collected one day before starting the 
study (day 0) and a day after the last treatment (day 
29). Following the final blood sampling, a necropsy 
was performed to harvest the rats’ livers for further 
analyses. The right lobe of the liver was fixed in 10% 
formaldehyde diluted in phosphate buffered saline 
(PBS) for histopathological examination. The left lobe 
was immersed in liquid nitrogen and stored in a freezer 
at minus 20oC for malondialdehyde (MDA) analysis.

Serum biomarkers analyses: The collected blood 
samples were centrifuged at 3000 rpm for 20 minutes. 
Next, we analyzed the serum levels of alanine amino-
transferase (ALT), aspartate aminotransferase (AST), 
and gamma-glutamyl transferase (GGT) according to 
the kits’ instructions provided by the supplier. A 100 μl 
aliquot of each blood plasma was mixed with 1000 μl 
PBS, homogenized, and incubated for five minutes at 
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37°C. After the incubation, 250 µl of the substrate kit was 
added, homogenized, and re-incubated for one minute at 
37°C. All of the serum biomarker levels were measured 
at 340 nm, using Humalyzer 3500 (Hamburg, Germany).

Liver Malondialdehyde Analyses: The MDA analysis 
was carried out according to the method described by a 
previous study [15]. A rat liver sample, weighing 400mg, 
was ground in a mortar and pestle, and homogenized in 
PBS at pH 7.4. The homogenate was centrifuged at 3000 
rpm for 10 minutes. A 0.5 mL supernatant from each ho-
mogenate was mixed with 1 mL of 1% TBA and 1 mL of 
10% TCA before being placed in a water bath at 90℃ for 
20 minutes. The absorbance was then measured at 531 
nm, using a UV-visible spectrophotometer.

Histopathological examinations: After 48-hour stor-
age in formaldehyde, the liver specimens were cut into 
0.5-1cm thickness, stored in embedding cassettes, and 
homogenized in a tissue processor (Thermo Scientific; 
Bedford, MA, USA). The specimens were embedded 
in paraffin blocks and sliced into 4-5 µm thickness, us-
ing a microtome, then floated on a warm water bath at 
40°C. The specimens were placed on glass slides and 
dried, using an electric hotplate for at least 2 hours be-
fore being stained with hematoxylin and eosin (H&E) 
and then covered with glass slips. The histopathological 
examination was conducted under a light microscope 

(Olympus; Tokyo, Japan) equipped with a Nikon cam-
era. The photomicrographs were taken at 100X and 
400X magnifications. The liver histological damages 
were examined independently by two expert murine 
pathologists who were blinded to the animal grouping.

The antioxidative activity of the BSO samples was 
tested against radicals, using 2,2-diphenyl-1-picryl-
hydrazyl-hydrate (DPPH). The half maximal inhibi-
tory concentration (IC50) values were determined by 
measuring the absorbance of a series of BSO con-
centrations, using a UV-visible spectrophotometer at 
515nm. The IC50 values were then plotted in the form 
of a concentration-response curve.

Statistical analyses: The normal distribution of data 
was determined using Shapiro-Wilk’s and one-way 
ANOVA analyses, and finally by Tukey’s HSD test to 
determine significant differences among the groups. The 
data were presented as the means±standard deviations. 
The level of statistical significance was set at P<0.05.

Results 

Chemical Constituents: The gas chromatography 
and mass spectrophotometry (GC-MS) analyses of 
BSO revealed 25 peaks on the chromatogram, sugges-
tive of 25 volatile chemical compounds being pres-
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*P<0.05 compared to the control group. 
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ent in BSO (Table 1). These tests revealed six major 
constituents as follows: a) 9,12-octadecadienoic acid 
(Z, Z) (44.94%); b) bicyclo (3.1.0) hex-2-ene, 4-meth-
yl-1-(1-methylethyl) (10.23%); c) thymoquinone 
(10.14%); d) o-Cymene (9.05%); e) n-hexadecanoic 
acid (8.25%); and f) 9,12-Octadecadienoic acid (Z, 
Z)-2,3-dihydroxypropyl ester (6.95%).

Liver Biomarkers: The liver enzymes, such as AST, 
ALT, and GGT, were significantly elevated after the rats 
received levofloxacin (93 mg/kg) for 28 days (P<0.05; 
Figure 1). The elevations of the liver enzymes suggest 
the occurrence of damages to the hepatocytes. Simulta-
neously, the MDA levels in the liver tissue samples also 
increased by approximately 3-fold compared to those 
of the controls (P<0.05). Compared to the levofloxa-
cin group, pre-treatment with black seed oil at 1 mL/kg 
induced a substantial decrease in the liver biomarkers’ 
levels (P<0.05; Figure 1). The reductions in the MDA 
levels were not dose-dependent. Compared to the 1 mL/
kg dose, the administration of BSO at 2 mL/kg reduced 

the AST, GGT, and MDA levels but did not change the 
ALT levels. Interestingly, the liver biomarkers were not 
reduced, in the groups treated with BSO at 4 mL/kg.

Histopathological Analyses: Figure 2 represents the 
results of the histopathological observations under light 
microscopy after H&E staining. In the normal controls, 
the rat liver samples showed normal cellular architecture 
with no or minimal damages. In contrast, the liver tissue 
samples from the rats treated with levofloxacin but with-
out BSO were characterized by large areas of hydropic 
degeneration, ballooning hepatocytes, lipid degenera-
tion, vacuolization, congestion and signs of hemorrhage 
(Figures 2B & 2C). The histological damages were dif-
fuse and mostly evident in over 50% of the observed ar-
eas at 400x magnification (Figure 2D). 

In general, the group that was pre-treated with BSO 
at 1 mL/kg showed minimal damages, with the cells 
demonstrating lipid degeneration and necrosis (Figure 
2E). These histopathological changes only affected a 

Figure 2. Comparison of rats’ liver microphotographs after 28 days of exposure to different treatments

A: Control; B-D: Levofloxacin; E: Black seed oil 1 mL/kg; F: Black seed oil 2 mL/kg; G: Black seed oil 4 mL/kg. Congestion (blue ar-
row), fatty degeneration and vacuolization (green arrow), hydropic and ballooning degeneration (yellow arrow), necrotic cells (black 
arrow), and areas of necrosis (blue circle). H&E staining at 100x and 400x magnification. 
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small number of cells as observed under light micros-
copy at 400x magnification (Figure 2E). Similarly, most 
rats treated with BSO at 2 mL/kg also showed normal 
liver tissue features apart from a low number of cells 
with lipid degeneration and necrosis (Figure 2F). Mean-
while, the group treated with BSO at 4 mL/kg appeared 
to have minimal to mild liver damages (Figure 2G). The 

histopathological changes observed were mostly charac-
terized as lipid degeneration, swollen cytoplasms, and 
vacuolization of hepatocytes due to lipid accumulations. 

DPPH Scavenging Activity: The DPPH assay esti-
mated the antioxidant activity of BSO by the mechanism 
associated with free radical scavenging. It was found 
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Table 1. Chemical compounds found in the black seed oil based on GC-MS analysis

No RT. Molecular Formula Compound Title** % Area

1 4.00 C10H16 Bicyclo[3.1.0]hex-2-ene, 4-methyl-1-(1-methyl ethyl)- 10.23

2 4.89 C10H14 o-Cymene 9.05

3 5.58 C11H20O cis-4-methoxy thujane 3.19

4 6.00 C10H18O 3-Cyclohexen-1-ol,4-methyl-1-(1-methylethyl)-, (R)- 0.80

5 6.16 C10H16O 1-Cyclohexene-1-carboxaldehyde, 2,6,6-trimethyl- 0.53

6 6.50 C10H12O2 Thymoquinone 10.14

7 7.29 C15H24 Tricyclo [5.4.0.0 (2,8)] undec-9-ene 0.55

8 7.74 C15H24 Longifolene 1.81

9 8.60 C15H24O Phenol, 4-methoxy-2,3,6-trimethyl- 1.24

10 8.86 C14H26O 7-Tetradecenal, (Z)- 0.08

11 9.68 C15H26O Humulene-1,6-dien-3-ol 0.09

12 9.92 C12H20O 4,8-Decadienal,5,9-dimethyl- 0.69

13 10.17 C16H32O2 Butyric acid, dodecyl ester 0.07

14 11.42 C16H32O2 n-Hexadecanoic acid 8.25

15 12.76 C18H32O2 9,12-Octadecadienoic acid (Z,Z)- 44.94

16 16.36 C27H56O4Si2
9-Octadecatrienoic acid, 2-[trimethylsilyl)oxy]-1-[(trimethylsilyl) 

oxymethyl] ethyl ester 0.32

17 16.67 C12H38O4 9,12-Octadecadienoic acid (Z,Z)-2,3-dihydroxy propyl ester 6.95

18 17.58 C37H76O 1-Heptatriacotanol 0.22

19 18.00 C27H54O4Si2 1-Monolinoleoylglycerol trimethylsilyl ether 0.20

20 18.47 C20H26N2O2 Dasycarpidan-1-methanol-acetate (ester) 0.13

21 18.91 C27H52O4Si2 9,12,15-Octadecatrienoic acid 0.06

22 19.12 C27H54O4Si2 1-Monolinoleoylglycerol trimethylsilyl ether 0.10

23 19.68 C27H54O4Si2 1-Monolinoleoylglycerol trimethylsilyl ether 0.07

24 20.62 C27H54O4Si2 1-Monolinoleoylglycerol trimethylsilyl ether 0.06

25 22.10 C27H54O4Si2 1-Monolinoleoylglycerol trimethylsilyl ether 0.23

Total 100
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that the IC50 of the BSO samples used was greater than 
250 µg/mL based on the concentration-response curve as 
shown in Figure 3. 

Discussion

Since the hepatotoxic side effects of levofloxacin 
might be serious or even life-threatening, it is impera-
tive to explore therapeutic strategies aimed at prevent-
ing or minimizing the induced toxicity. Several studies 
have reported the beneficial effects of black seed oil 
(BSO) and some parts of  Nigellasativa plant, sugges-
tive of significant antioxidant and anti-inflammatory 
properties [16]. These therapeutic effects are likely 
to be very useful in protecting against levofloxacin-
induced toxicity in the liver.

It has been reported that BSO may contain 22-38% 
fixed oil, including linoleic acid, oleic acid, tocoph-
erols, retinol, carotenoids, thymoquinone, and about 
0.40-1.50% volatile oil [17]. Among the essential 
oils, the main constituent is mostly thymoquinone 
(14-28%), a potent antioxidant and anti-inflammatory 
agent [17-19]. However, based on GC-MS analyses, 
the BSO sample used in this study had a lower thymo-
quinone content (10.14%) compared to those reported 
by earlier studies [17-19]. The thymoquinone content 
of BSO may vary based on the origin of the plants and 
the extraction method used. This may emphasize the 
need for standardizing the BSO products that are com-
mercially available as food supplements.

In this study, BSO’s protective effect on the liver was 
evaluated versus the levofloxacin’s toxicity. Fluoroqui-
nolone antibiotics, including levofloxacin, can have seri-
ous side effects since they cause permanent damage to 
the liver that may be fatal [20]. The incidences of levo-
floxacin induced-hepatotoxicity have been reported by 
many studies, which is characterized by increased levels 
of liver enzymes, such as AST, ALT, ALP, and bilirubin, 
diffuse hepatocellular necrosis, and intense cellular de-
generation [4-6]. The results of this study demonstrated 
that daily administration of levofloxacin for 28 days 
caused marked elevations of AST, ALT, GGT and MDA 
levels. However, treatment with BSO at 1 mL/kg before 
levofloxacin administration halted the elevation of all 
liver injury biomarker levels, including the MDA. 

MDA is a product of lipid peroxidation, hence, the 
surge in the liver MDA level is suggestive of increased 
lipid peroxidation in the rats’ liver after levofloxacin 
administration. The hepatotoxic effect of drugs is of-
ten associated with oxidative stress, resulting from an 
imbalance between the antioxidant cellular system and 
the generation of reactive oxygen species [21]. Nev-
ertheless, the BSO treatment only reduced the liver 
MDA levels at 1 or 2 mL/kg, but not at 4 mL/kg. This 
finding suggests that the hepatoprotective effect of 
BSO was dose-dependent. 

To confirm the antioxidative effect of BSO, a DPPH 
assay was conducted. This compound is highly stable 
and reacts with antioxidants by accepting hydrogen 
atoms [22]. The IC50 value of the BSO in this study 
was higher than 250 µg/mL. Another study has shown 

Figure 3. Dose-response plot of black seed oil free radical scavenging activity, using DPPH test

Based on the equation sown above, the IC50 of clove oil was less than 250 µg/mL.
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that the capability of BSO to trap radical DPPH may 
vary depending on its variety. For instance, BSO from 
Australia has an IC50 value of about 460 µg/mL, while 
the Turkish variety presents an IC50 of 515 µg/mL [18]. 
It is important to note that the antiradical activities of 
BSO can be influenced by a range of factors, including 
the plant’s growth environment, seed and oil storage, 
and the extraction process. In this study, we did not 
directly compare the IC50 value of the BSO samples 
with other standard antioxidants. Obviously, it may be 
necessary to provide a quantitative basis for the BSO 
radical scavenging activity [23]. Further studies are 
warranted to clarify this matter.

The levofloxacin administration not only increased 
the liver enzyme levels, but also induced marked de-
generations in the hepatocytes. Unlike other drug-
induced hepatotoxicities where the inflammatory 
reaction is often evident in the liver tissues [24, 
25], there was no inflammatory cell infiltration in 
the rats treated with levofloxacin. Instead, lipid and 
hydropic degenerations were the hallmarks of the 
histopathological changes observed in our study. A 
similar result has also been observed in mice treated 
with levofloxacin, where swollen hepatocytes, ne-
crosis, vacuolization, and pyknosis have been the 
most evident changes in the liver [26]. 

With BSO treatment, the presence of histological 
damages in the levofloxacin-treated rats were mark-
edly reduced at all given doses, especially at one or 
two mL/kg groups. This is consistent with the results 
of other studies that tested the hepatoprotective effects 
of BSO against paracetamol [27], carbon tetrachloride 
[28], and vitaminosis-induced toxicities [29]. The pro-
tective effects of  Nigella sativa have been not only 
demonstrated in the liver, but also in other organs, in-
cluding heart [30], gastrointestinal tract [31], and the 
kidneys [14]. Its antioxidant compound, i.e. thymo-
quinone, has been shown in an earlier study [32] to 
prevent a decline in the activity of liver antioxidants, 
such as superoxide dismutase, catalase, and glutathi-
one peroxidase, and non-enzymatic antioxidants, such 
as Vitamins A, E, and C. Given the findings of this 
and other studies, the protective effect of black seed 
oil is likely to stem from its radical scavenging activity 
and inhibiting the lipid peroxidation in the liver, which 
protect the integrity of the liver hepatocytes.

Conclusions

Black seed oil from the  Nigella sativa plant has pro-
tective effects against liver toxicity induced following 
28 days of levofloxacin administration. The hepatopro-
tective effect was confirmed by significant declines in 
the liver enzymes found in the serum, improved liver 
tissue injury, and reduced liver malondialdehyde level. 
The most protection was found when the black seed oil 
was administered at doses of 1 or 2 mL/kg per rat. This 
protective effect is likely to find useful applications in 
clinical settings in humans. 

Ethical Considerations

Compliance with ethical guidelines

The animal care protocol was carried out based on 
the institution’s animal care guidelines. The study 
protocol was reviewed and approved prior to conduct-
ing the experiments (Institutional Registration #: 318/
UN4.6.4.5.31/PP36/2020).

Funding

Funding for this study was provided by the Ministry 
of Research, Technology and Higher Education, the 
Republic of Indonesia.

Authors' contributions

All authors equally contributed to preparing this article.

Conflict of interest

The authors declare no conflict of interests with any 
internal or external entities in conducting this study.

Acknowledgements

This study received a research grant from the Min-
istry of Research, Technology and Higher Education 
of Republic of Indonesia. The authors appreciate the 
professors, management and staff of Laboratory of 
Clinical Pharmacy, Faculty of Pharmacy, Hasanuddin 
University, Indonesia, for their assistance with this re-
search project.

Nurfadilah et al. Black Seed Oil Protects against Liver Toxicity and Dysfunction. Iran J Toxicol. 2022; 16(4)237-246

October 2022, Volume 16, Number 4

http://ijt.arakmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://www.unhas.ac.id/
https://www.unhas.ac.id/


244

References

[1] World health organization (WHO). Global tuberculosis re-
port 2020. Geneva: World Health Organization; 2020. [Link] 

[1] Mase SR, Chorba T. Treatment of drug-resistant tuberculosis. 
Clinics in Chest Medicine. 2019; 40(4):775-95. [DOI:10.1016/j.
ccm.2019.08.002] [PMID] [PMCID] 

[2] Wentzell L, Maxwell A. The complex of DNA gyrase and 
quinolone drugs on DNA forms a barrier to the t7 DNA poly-
merase replication complex. Journal of Molecular Biology. 
2001; 304:779-91. [DOI:10.1006/jmbi.2000.4266] [PMID] 

[3] Adikwu E. Fluoroquinolones reported hepatotoxicity. 
Pharmacology & Pharmacy. 2012; 3(3):328-36. [DOI:10.4236/
pp.2012.33044] 

[4] Schloss M, Becak D, Tosto ST, Velayati A. A case of 
levofloxacin-induced hepatotoxicity. American Journal of 
Case Reports. 2018; 19:272-6. [DOI:10.12659/AJCR.907440] 
[PMID] [PMCID] 

[5] Figueira-Coelho J, Pereira O, Picado B, Mendonça P, Ne-
ves-Costa J, Neta J. Acute hepatitis associated with the use 
of levofloxacin. Clinical Therapeutics. 2010; 32(10):1733-7. 
[DOI:10.1016/j.clinthera.2010.09.004] [PMID] 

[6] Richeldi L, Covi M, Ferrara G, Franco F, Vailati P, Meschiari 
E, et al. Clinical use of levofloxacin in the long term treatment 
of drug resistant tuberculosis. Monaldi Archives for Chest 
Disease. 2002; 57:39-43. [PMID]

[7] Paterson JM, Mamdani MM, Manno M, Juurlink DN. 
Fluoroquinolone therapy and idiosyncratic acute liver in-
jury: A population-based study. CMAJ - Canadian Medical 
Association Journal. 2012; 184(14):1565-70. [DOI:10.1503/
cmaj.111823] [PMID] [PMCID] 

[8] Mollazadeh H, Hosseinzadeh H. The protective effect of ni-
gella sativa against liver injury: A review. Iranian Journal of 
Basic Medical Sciences. 2014; 17(12):958-66. [PMID] [PMCID]

[9] Harzallah H, Kouidhi B, Flamini G, Bakhrouf A, Mahjoub 
T. Chemical composition, antimicrobial potential against cari-
ogenic bacteria and cytotoxic activity of tunisian nigella sa-
tiva essential oil and thymoquinone. Food Chemistry. 2011; 
129:1469-74. [DOI:10.1016/j.foodchem.2011.05.117] 

[10] Mansour MA, Nagi MN, El‐Khatib AS, Al‐Bekairi AM. Ef-
fects of thymoquinone on antioxidant enzyme activities, lipid 
peroxidation and dt‐diaphorase in different tissues of mice: 
A possible mechanism of action. Cell Biochemistry and Func-
tion. 2002; 20(2):143-51. [DOI:10.1002/cbf.968] [PMID] 

[11] Talla V, Veerareddy P. Oxidative stress induced by fluoro-
quinolones on treatment for complicated urinary tract infec-
tions in indian patients. Journal of Young Pharmacists. 2011; 
3(4):304-9. [DOI:10.4103/0975-1483.90242] [PMID] [PMCID] 

[12] Nair AB, Jacob S. A simple practice guide for dose conver-
sion between animals and human. Journal of Basic and Clini-
cal Pharmacy. 2016; 7:27-31. [DOI:10.4103/0976-0105.177703] 
[PMID] [PMCID] 

[13] Fiqardina A, Djabir YY, Santoso A, Salsabil NS, Ismail I. 
The nephroprotective effect of clove oil (oleum caryophylli) 
against levofloxacin toxicity in rats. Iranian Journal of Toxi-
cology. 2022; 16(1):27-34. [DOI:10.32598/IJT.16.1.854.1] 

[14] Djabir Y, Adnan J, Amaliah N, RamLi N, Sartini S, Mama-
da S, et al. Roselle (hibiscus sabdariffa l.) calyx water extract 
ameliorates isoniazid and rifampicin induced liver and renal 
injuries in rats. Journal of Herbmed Pharmacology. 2021; 
10(3):296-303. [DOI:10.34172/jhp.2021.34] 

[15] Bourgou S, Pichette A, Marzouk B, Legault J. Antioxidant, 
anti‐inflammatory, anticancer and antibacterial activities of 
extracts from nigella sativa (black cumin) plant parts. Jour-
nal of Food Biochemistry. 2012; 36(5):539-46. [DOI:10.1111/
j.1745-4514.2011.00567.x]

[16] Amin B, Hosseinzadeh H. Black cumin (nigella sativa) and 
its active constituent, thymoquinone: An overview on the an-
algesic and anti-inflammatory effects. Planta Medica. 2016; 
82(1/2):8-16. [DOI:10.1055/s-0035-1557838] [PMID] 

[17] Burits M, Bucar F. Antioxidant activity of Nigella sativa essential 
oil. Phytotherapy Research. 2000; 14(5):323-8. [DOI:10.1002/1099-
1573(200008)14:5<323::AID-PTR621>3.0.CO;2-Q] 

[18] Singh S, Das SS, Singh G, Schuff C, de Lampasona MP, 
Catalán CAN. Composition, in vitro antioxidant and anti-
microbial activities of essential oil and oleoresins obtained 
from black cumin seeds (nigella sativa l.). BioMed Research 
International. 2014; 2014:918209. [DOI:10.1155/2014/918209] 
[PMID] [PMCID] 

[19] Baggio D, Ananda-Rajah MR. Fluoroquinolone antibiotics 
and adverse events. Australian Prescriber. 2021; 44(5):161-4. 
[DOI:10.18773/austprescr.2021.035] [PMID] [PMCID]

[20] Pizzino G, Irrera N, Cucinotta M, Pallio G, Mannino F, Arc-
oraci V, et al. Oxidative stress: Harms and benefits for human 
health. Oxidative Medicine and Cellular Longevity. 2017; 
2017:8416763. [DOI:10.1155/2017/8416763] [PMID] [PMCID]

[21] Kedare SB, Singh RP. Genesis and development of dpph 
method of antioxidant assay. Journal of Food Science and 
Technology. 2011; 48(4):412-2. [DOI:10.1007/s13197-011-0251-
1] [PMID] [PMCID]

[22] Molyneux P. The use of the stable free radical diphe-
nylpicrylhydrazyl (dpph) for estimating antioxidant activ-
ity. Songklanakarin Journal of Science and Technology. 2004; 
26(2):211-9. [Link]

[23] Djabir YY, Arsyad A, Usmar U, Wahyudin E, Arwi H, Ru-
pang IS. The stages of development of liver and renal injuries 
in rats induced by fixed dose combination of antituberculosis 
regimen. FABAD Journal of Pharmaceutical Sciences. 2020; 
45(1):29-35. [Link]

[24] Djabir YY, Arsyad A, Murdifin M, Tayeb R, Amir MN, 
Kamaruddin FA, et al. Kleinhovia hospita extract alleviates 
experimental hepatic and renal toxicities induced by a com-
bination of antituberculosis. Journal of Herbmed Pharmacol-
ogy. 2021; 10(1):102-8. [DOI:10.34172/jhp.2021.10] 

[25] Ara C, Asmatullah A, Kanwal S, Chaudhary A, Siddiqua 
A. Hematological and histopathological analyses of levo-
floxacin induced toxicity in mammals. Punjab University 
Journal of Zoology. 2020; 35(1):1-6. [DOI:10.17582/journal.
pujz/2020.35.1.01.06]

[26] Adam GO, Rahman MM, Lee S-J, Kim G-B, Kang H-S, 
Kim J-S, et al. Hepatoprotective effects of nigella sativa seed 
extract against acetaminophen-induced oxidative stress. 
Asian Pacific Journal of Tropical Medicine. 2016; 9(3):221-7. 
[DOI:10.1016/j.apjtm.2016.01.039] [PMID] 

Nurfadilah et al. Black Seed Oil Protects against Liver Toxicity and Dysfunction. Iran J Toxicol. 2022; 16(4)237-246

October 2022, Volume 16, Number 4

http://ijt.arakmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://www.who.int/publications/i/item/9789240013131
https://doi.org/10.1016/j.ccm.2019.08.002
https://doi.org/10.1016/j.ccm.2019.08.002
https://www.ncbi.nlm.nih.gov/pubmed/31731984
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7000172
https://doi.org/10.1006/jmbi.2000.4266
https://www.ncbi.nlm.nih.gov/pubmed/11124026
https://doi.org/10.4236/pp.2012.33044
https://doi.org/10.4236/pp.2012.33044
https://doi.org/10.12659/AJCR.907440
https://www.ncbi.nlm.nih.gov/pubmed/29523775
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5859667
https://doi.org/10.1016/j.clinthera.2010.09.004
https://www.ncbi.nlm.nih.gov/pubmed/21194596
https://pubmed.ncbi.nlm.nih.gov/12174702/
https://doi.org/10.1503/cmaj.111823
https://doi.org/10.1503/cmaj.111823
https://www.ncbi.nlm.nih.gov/pubmed/22891208
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3470619
https://pubmed.ncbi.nlm.nih.gov/25859299/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4387231/
https://doi.org/10.1016/j.foodchem.2011.05.117
https://doi.org/10.1002/cbf.968
https://www.ncbi.nlm.nih.gov/pubmed/11979510
https://doi.org/10.4103/0975-1483.90242
https://www.ncbi.nlm.nih.gov/pubmed/22224037
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3249743
https://doi.org/10.4103/0976-0105.177703
https://www.ncbi.nlm.nih.gov/pubmed/27057123
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4804402
https://doi.org/10.32598/IJT.16.1.854.1
https://doi.org/10.34172/jhp.2021.34
https://doi.org/10.1111/j.1745-4514.2011.00567.x
https://doi.org/10.1111/j.1745-4514.2011.00567.x
https://doi.org/10.1055/s-0035-1557838
https://www.ncbi.nlm.nih.gov/pubmed/26366755
https://doi.org/10.1002/1099-1573(200008)14:5%3C323::AID-PTR621%3E3.0.CO;2-Q
https://doi.org/10.1002/1099-1573(200008)14:5%3C323::AID-PTR621%3E3.0.CO;2-Q
https://doi.org/10.1155/2014/918209
https://www.ncbi.nlm.nih.gov/pubmed/24689064
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3933240
https://doi.org/10.18773/austprescr.2021.035
https://www.ncbi.nlm.nih.gov/pubmed/34728881
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8542490
https://doi.org/10.1155/2017/8416763
https://www.ncbi.nlm.nih.gov/pubmed/28819546
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5551541
https://doi.org/10.1007/s13197-011-0251-1
https://doi.org/10.1007/s13197-011-0251-1
https://www.ncbi.nlm.nih.gov/pubmed/23572765
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3551182
https://d1wqtxts1xzle7.cloudfront.net/39013361/Molineux_07-DPPH-with-cover-page-v2.pdf?Expires=1664793079&Signature=cYInbT1qIabuVKIzkDzMs~Xn8guk6NBO00ecorRz6jM6cCHTj7bZO4KicOtQoaCDzMe04fqnLI9jZCvSxu3t0hQQcKjjEsun-zeV7i1p3KxHEnbQoOe1UYCiE8qsJWrlkbIy3ozUC3L5LhCDL50fJO7xROUrH53BsTrphs-~zGmA71HrKTlPVFBka0oRidhD~IH8gGKhCLuwD4NbMgFhq6naRWMDzQBD4MmDWnfLUfc-cggToqizMfDUp7Tj~kxZhGCjIE-VB13tG5pDjb2aNmib2glxlkpEWm7r8h6bD77MWcbRmqkCedGb3U2NVZRKAWeOxjjq6wVIkSo4BEBcdQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://pdf.trdizin.gov.tr/pdf/d2s4cDNMRGZXODZXVmtyYzdWZlRncXZGc3JpejVxU2pPR2ZmanJmZmUyZkRwL3VNNGYvazVYamYvMnFTTDZYSlVDekU2L3pjK2pWLzBzNW03Smt3UU9oQm0zQ1k3anoxM2F1RlpiSjlUTTl2NHVNK044REg2cm40cC93djRtbDNnWVFJZzVMWVhtdDBaV0VYUlA5bXFaNmVySXpJSWdBUDVCUGtSNldGdGNnL2d6aTduckgwUmJSU0s2ZnVrblI5QkxDMVhneGdEcUVXYURKYWVzNWNqbUFUdk9ZSEhWMXhpRk9KdTNDaVdVczRsRGxYdzM5K1YwRThYOGZWYnNpeDk4VGhTYWxPN1FyN2tnPT0
https://doi.org/10.34172/jhp.2021.10
https://doi.org/10.17582/journal.pujz/2020.35.1.01.06
https://doi.org/10.17582/journal.pujz/2020.35.1.01.06
https://doi.org/10.1016/j.apjtm.2016.01.039
https://www.ncbi.nlm.nih.gov/pubmed/26972391


245

[27] Danladi J, Abdulsalam A, Timbuak J, Ahmed S, Mairiga 
A, Dahiru A. Hepatoprotective effect of black seed (nigella 
sativa) oil on carbon tetrachloride (ccl4) induced liver toxicity 
in adult wistar rats. Journal of Dental and Medical Sciences 
(IOSR-JDMS. 2013; 4(3):56-62. [DOI:10.9790/0853-0435662] 

[28] Al-Suhaimi EA. Hepatoprotective and immunological 
functions of Nigella sativa seed oil against hypervitaminosis 
a in adult male rats. International Journal for Vitamin and Nu-
trition Research. 2012; 82(4):288-97. [DOI:10.1024/0300-9831/
a000121] [PMID] 

[29] Ahmed MA, Hassanein KM. Cardio protective effects of 
nigella sativa oil on lead induced cardio toxicity: Anti in-
flammatory and antioxidant mechanism. Journal of Physi-
ology and Pathophysiology. 2013; 4(5):72-80. [DOI:10.5897/
JPAP2013.0083]

[30] Rifat-Uz-Zaman MS, Khan MS. Gastroprotective and anti-
secretory effect of Nigella sativa seed and its extracts in indo-
methacin-treated rats. Pakistan Journal of Biological Sciences. 
2004; 7:995-1000. [DOI:10.3923/pjbs.2004.995.1000]

[31] Hannan MA, Rahman MA, Sohag AAM, Uddin MJ, Dash 
R, Sikder MH, et al. Black cumin (nigella sativa l.): A com-
prehensive review on phytochemistry, health benefits, mo-
lecular pharmacology, and safety. Nutrients. 2021; 13(6):1784. 
[DOI:10.3390/nu13061784] [PMID] [PMCID] 

Nurfadilah et al. Black Seed Oil Protects against Liver Toxicity and Dysfunction. Iran J Toxicol. 2022; 16(4)237-246

October 2022, Volume 16, Number 4

http://ijt.arakmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://www.iosrjournals.org/iosr-jdms/papers/Vol4-issue3/K0435662.pdf
https://doi.org/10.1024/0300-9831/a000121
https://doi.org/10.1024/0300-9831/a000121
https://www.ncbi.nlm.nih.gov/pubmed/23591666
https://doi.org/10.5897/JPAP2013.0083
https://doi.org/10.5897/JPAP2013.0083
https://doi.org/10.3923/pjbs.2004.995.1000
https://doi.org/10.3390/nu13061784
https://www.ncbi.nlm.nih.gov/pubmed/34073784
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8225153


This Page Intentionally Left Blank


