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Abstract
Aims: Bladder toxicity is one of the major toxicity effects associated with cancer chemotherapeutic
treatments with Cyclophosphamide (CP) and Buthionine-SR-Sulfoximine (BSO). In the current
study, we utilized a Swiss albino mouse model to investigate the effects of Nigella sativa seeds (NSE)
pre-treatment on the urotoxicity produced by acute concentrations of CP and Buthionine-SRSulfoximine (BSO).
Methods: To evaluate the toxicity modulation, we carried out several measurements such as Lipid
Peroxidation (LPO), Peroxide Hydrogen production (H2O2), and antioxidants in the urinary
bladder of the mice.

OPEN ACCESS
*Correspondence:
Bechr Hamrita, Virology & Antiviral
Strategies Research Unit UR17ES30
(ViroBiotech), Higher Institute of
Biotechnology, University of Monastir,
BP 74, Tahar HADDED Street, Monastir
5000, Tunisia, Tel: 00 216 99554508;
E-mail: bechrhamrita@yahoo.fr
Received Date: 15 Jul 2021
Accepted Date: 24 Aug 2021
Published Date: 27 Aug 2021
Citation:
Hamrita B, Rouissi K, Hamed SB,
Hafi F, Elayeb R, Achour S. In Vivo
Study: Chemopreventive Effects of
Nigella sativa (Black Cumin) Against
Cyclophosphamide and Buthionine-SRSulfoximine Provoked Bladder Toxicity.
Clin Oncol. 2021; 6: 1850.
ISSN: 2474-1663
Copyright © 2021 Bechr Hamrita. This
is an open access article distributed
under the Creative Commons Attribution
License, which permits unrestricted
use, distribution, and reproduction in
any medium, provided the original work
is properly cited.

Results: The findings revealed that NSE pre-treatment induced a protective effect in terms of
LPO, H2O2 and enzymatic antioxidant activities. The levels of Glutathione S-Transferase (GST),
Glutathione Reductase (GR), Glutathione Peroxidase (GP), and Catalase (CAT) in mice exposed to
CP were significantly lower than in controls. The data obtained also show a decrease in Glutathione
(GSH) levels and an increase in LPO activity in the CP-treated mice group. BSO treatment has
shown an additive toxic impact in CP-treated mice. Our findings emphasize NSE's ability to restore
enzymatic activity and hence provide protection against CP and BSO.
Conclusion: From the outcome of our investigation, it is possible to conclude that NSE has a
powerful preventive effect against CP and BSO urotoxcicity. As a pre-treatment, NSE restores GSH
which might contribute to the CP-induced apoptosis reversal and the free radical-mediated LPO.
Keywords: Cyclophosphamide; BSO; Urotoxicity; Nigella sativa; Mice

Introduction
Cancer is a leading cause of death worldwide and represents a troublesome burden on patients
and their relatives as well as on societies and health care systems. Different cures and therapies, such
as surgery, radiation, and chemotherapy, have been suggested to counteract this fatal disease. In spite
of the significant advances in the field of cancer treatment, each of these therapies is associated with
a number of vexing side effects. Surgeries have often been blamed for causing bodily mutilations
and dysfunctions; radiation and chemotherapeutic treatments have frequently been reproached for
entailing traumatic side effects, such as nausea, vomiting, and diarrhea, in addition to losses of
appetite, weight, and hair.
Cyclophosphamide (CP) and Buthionine-SR-Sulfoximine (BSO) represent the two most
commonly recommended medications for cancer treatment. CP is the most widely utilized alkylating
anticancer agent in anti-neoplastic to treat both malignant and non-malignant disorders, despite its
hazardous immunotoxicity, hematotoxicity, and mutagenicity [1,2]. Various studies report that CP
can be linked to cardiac damage, carcinogenicity, and even hemorrhagic cystitis [2]. It has been
observed in the literature that CP often leads to extensive tissue damage and lung toxicity [3]. This
alkylating agent has also been reported to cause urological cytotoxicity and hemorrhagic cystitis
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in the bladder [3]. Several bladder epithelial damages have also been
previously attributed to acrolein, products of CP hydroxylation in
the liver [4,5]. The aggregation of CP toxic metabolites in the urine
bladder has been related to the generation of Reactive Oxygen Species
(ROS) that could affect the urinary bladder and several other vital
organs [6].

side effects associated with CP and BSO treatments. These novel
compositions have been used as an adjuvant to chemotherapies,
protecting patients' normal cells from the toxicity associated with
such treatments. In this regard, folk medicine appears to be gaining
popularity among medical researchers. To put it another way, there
is a new interest in recent studies toward the discovery of tumortherapeutic agents from natural sources. In fact, despite the fact that
neither its active ingredients nor the modes of action are properly
known, folk medicine has frequently been used with tremendous
success in the treatment of many diseases. Of particular interest to the
aims of the present study, the black cumin (Nigella sativa) represents
a reputed healing herbaceous spicy plant, whose seeds have long been
used to maintain good health and cure various diseases, including
bronchial asthma, headache, dysentery, infections, obesity, back pain,
hypertension, gastrointestinal problems, and eczema [17]. The black
cumin seed oil has frequently been reported to exhibit antioxidant,
anti-inflammatory, and chemopreventive effects [18,19]. It has,
for instance, been shown to suppress the proliferation of various
tumor cells, including colorectal carcinoma, breast adenocarcinoma,
osteosarcoma, ovarian carcinoma, myeloblastic leukemia, and
pancreatic carcinoma, though being minimally toxic to normal cells
[20,21].

CP therapy has been demonstrated to increase Glutathione (GSH)
levels in the urine bladder, which represent among the most critical
organic molecules within the cell that dictates its capacity to evacuate
toxic materials like chemotherapeutic drug metabolite [7]. As GSH
has a key role in tumor cell resistance to certain chemotherapeutic
drugs, its reduction seems to be an interesting strategy for sensitizing
malignant cells to some chemotherapy drugs. According to several
studies, BSO can considerably lower GSH levels and may aid in the
restoration of sensitivity to alkylating drugs in resistant tumors.
BSO, a strong inhibitor of r-glutamylcysteine synthetase was
shown to improve the anticancer activity of several medications
in vitro, notably CP, melphalan, adriamycin, daunomycin, and
mitomycin C [8]. In experimental models, BSO has been seen to
boost the cytotoxic impacts of multiple chemotherapeutic drugs
and radiotherapy through the reduction of this crucial enzyme [9].
The amount of glutathione in normal tissues and malignant cells is
affected by BSO and other medications that modulate glutathione
levels [10]. BSO's anticancer function is considered to be related to its
regulation of cytotoxicity via GSH depletion. However, the decrease
of GSH after BSO treatment has been linked to many toxic effects,
involving cardiotoxicity, hepatic damage, and respiratory issues,
according to many investigations [11,12].

The seeds of NS have been determined to contain this plant‘s active
components. Traditionally, the black seed was being associated with
medicinal properties in the Islamic culture [22]. For many decades,
it has been used as a traditional medicine in the Middle and the Far
East for a variety of diseases, such as bronchial asthma, dysentery,
obesity, gastrointestinal problems [23]. The black seeds’ extract has,
however, been used only in a few clinical trials. Amino acids, proteins,
carbohydrates, fixed and volatile oils, alkaloids, saponins, and several
substances compose the chemical constitution of this seed. NS seeds
have fixed oil content of 36% to 38%, proteins, alkaloids, saponin,
and up to 2.5% of essential oil [24]. The volatile oil is made of 18.4%
to 24% of Thymoquinone (TQ) and 46% of monoterpenes including
p-cymene and α-piene [25]. Recent clinical and animal research
indicates that the extract of black seeds has a wide range of significant
therapeutic benefits, including immunomodulatory, antibacterial,
hypotensive, hepatoprotective, and anti-diabetic properties [2].

Based on the different toxic effects associated with CP care
alone or combined with BSO, recent studies have focused on the
investigation of tissue antioxidants that could assist to minimize
or eliminate this damage. A wild range of natural and synthetic
substances have been demonstrated to decrease CP toxicity via their
antioxidant properties [7,13]. Recent investigations have found
that CP-induced GSH depletion is mainly driven by the action of
its reactive metabolite acrolein with GSH [4]. While acrolein reacts
spontaneously with glutathione due to its high reactivity, glutathione
S-transferases catalyze the production of Michael adducts between
Glutathione and acrolein (GSTs). Other studies have found that
CP therapy might rise the pro-inflammatory cytokines like tumor
necrosis factor-α (TNF-α), Interleukin-1β (IL-1β), and type 2
cyclooxygenase in the bladder epithelium [14,15]. Other markers
could assist with the CP-induced urotoxicity pathogenesis including
cytokines, Cyclooxygenase-2 (COX-2), and ROS.

Besides that, advanced toxicological studies have shown that seed's
crude extracts and some of their active components such as volatile
oil, Thymoquinone (TQ) may defend toward nephrotoxicity and
hepatotoxicity caused by the disease or additives [24]. TQ is the chief
component of NS and has been proven to have promising antioxidant
capabilities [18]. It has been shown to partially protect the gastric
mucosa against acute alcohol-induced mucosal damage, which is
attributed to its radical scavenging function [18]. In the same context,
Sayed-Ahmed et al. have investigated the possible protective effects
of TQ against Gentamicin (GM) -induced nephrotoxicity [26]. The
supplement of TQ was described to bring about a significant decrease
in reduced Glutathione (GSH), a marked increase in Glutathione
Peroxidase (GPx) and catalase. Compared to the control data, GMinduced a rise in blood urea nitrogen, creatinine, Thiobarbituric
Acid-Reactive Substances (TBARS), and total nitrate/nitrite (NOx)
and a significant drop in GSH, GPx, CAT, and ATP [18].

It's hypothesized that Nitric Oxide (NO) has an important role in
the urinary tract damage related to CP treatment [14]. Another major
source of tissue damage is oxidative stress, which is characterized
by a sharp rise in malondialdehyde levels and an inhibition of the
peroxidase and catalase enzymes [15]. Of particular interest, CP
treatment is often associated with reductions in the GSH (reduced
glutathione) levels in the urinary bladder [7]. In general, the reactive
metabolites of CP seem to be subject to a variety of therapeutic and
toxic activities [2,5]. In fact, despite its potent antitumor activity,
CP-induced urotoxicity is considered as a limiting step against the
absolute approval for its application in clinical practice [16].

Accordingly, the current study was conducted to explore
the effects of oral administration of a NS extract on antioxidant,
Lipid Peroxidation (LPO), and H2O2 generation, in the urinary
bladders of CP and BSO-treated mice that had been predisposed or

As such, novel compositions for use as broad-spectrum
chemoprotectants are needed to overcome the current troublesome
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urothelial cell line T24 was used as an in vitro model of the human
bladder. this cell line was offered from the Pasteur Institute of Tunis,
Tunisia, and was commonly grown in 75 cm2 flasks (Nunc, Denmark)
and maintained in Minimum Essential Medium (MEM) (Invitrogen,
Glasgow, UK) augmented with 10% fetal bovine serum (FBS, Hyclone,
Logan, UT), 100 units/ml penicillin and 100l g/ml streptomycin.
Cultures were kept at 37°C in a humidified environment with 5%
CO2. Cell dissociation was accomplished using 0.05% of trypsin and
0.02% of EDTA.

simultaneously exposed to a GSH decreasing drug in the case of an
infection or antibiotic administration.

Materials and Methods
Nigella seeds extract (NSE)
The current investigation utilized a full aqueous semisolid extract
of black cumin (Nigella sativa) seeds obtained from the plant extract
division of the local Central Pharmacy in Tunisia. The moisture and
ash levels of the seeds extract were 12% and 8%, correspondingly. The
pH of 10% of the aqueous extract solution indicated 4.6. The extract's
purity has been validated by the manufacturer's expert taxonomist.

Cells were seeded on 24-well culture plates in the medium at a
density of about 105 cells/cm2, and after 24 h of stabilization, bladder
cells line T24 were co-cultured with a medium comprising different
concentrations of CP and BSO (200 and 800 M) and NSE (10, 50, and
100 M) for 24 h.

Chemicals
Cyclophosphamide monohydrate [2-[bis-(2-chloroethyl) amino]
tetrahydro- 2H-1,3,2-oxazaphosphorine 2-oxide monohydrate]; CAS
6055-19-2 and BSO [L-buthionine-SR-sulfoximine]; CAS 5072-26-4
were purchased from Sigma–Aldrich Co., St. Louis, MO, USA.

The CP concentration was chosen based on prior cytotoxic values
in cultivated cells [28].

Animals

For the stock solution, CP and BSO were dissolved in MilliQ plus
sterilized water at an 800 mM concentration, and NSE was dissolved
in Dimethylsulfoxide (DMSO) to get 100 mM concentration. The
trial concentrations used in the experiments were freshly made in the
basal medium with a final DMSO concentration of 0.15.

The current study's experimental investigations were carried out
using male Swiss albino mice (252 g) furnished by the animal service
of the Pasteur Institute of Tunis. Animal care and handling practices
were carried out in compliance with the Institutional Animal Ethics
Committee's recommendations (IAEC). The animals were bred and
kept in a conventional lab environment (temperature 25 ± 2°C;
photoperiod of 12 h). A standard (industrial) pellet diet and sufficient
water were provided ad libitum.

Measurement of H2O2 production: The Ferrous ion Oxidation
Xylenol orange (FOX1) technique was used to determine H2O2 levels
[29]. FOX1 reagent included 25 mM sulphuric acid, 250lM ferrous
ammonium sulfate, 100 mM xylenol orange, and 0.1 M sorbitol. In
brief, 100 µl of culture media were mixed with 900l of FOX1 reagent,
vortexed, and incubated at room temperature for 30 min. After
centrifuging the solutions at 12000 g for 10 min, the amount of H2O2
in the supernatants was measured using a spectrophotometer set at
560 nm.

Dosage and experimental groups
Normal saline solution was used to maintain BSO, CP, and NSE
extracts. The methodology entails dividing mice into seven groups,
Groups I to VII, each with 6 mice. Group I represent the control
where mice received a normal saline p.o. during 10 days and a single
i.p. injection on the 10th day. Group II (BSO) referred to the mice
receiving BSO (500 mg/kg body wt) and a single i.p. injection on the
10th day. The mice in Group III (CP) received CP (50 mg/kg body
wt.) and a single i.p. dose on the 10th day of therapy. Mice in Group
IV (BSO + CP) were given BSO i.p. 5 h prior to CP administration.
Mice in Group V (CP + NSE) were given seeds extract for 10 days and
a single i.p. injection of CP on the 10th day. Mice in Group VI (BSO
+ NSE) received seeds extract treatment (100 mg/kg body wt.) p.o.
for 10 days and a single i.p. injection of BSO on the tenth day. The
animals in Group VII (BSO + CP + NSE) were given seeds extracted
for 10 days and then CP and BSO on the 10th day.

Lipid peroxidation: LPO was determined by using Uchiyama
and Mihara method [30]. The test mixture contained 0.67% of
thiobarbituric acid; TBA (Sigma-Aldrich), 10 mM butylated hydroxy
toluene, BHT (Sigma-Aldrich), 1 percent ortho-phosphoric acid
(Sigma-Aldrich), and tissue homogenate in a volume of 3 ml: The
activity of LPO was represented as nmol of TBA Reactive Substances
(TBARS) formed/h/g of tissue that used a molecular extinction
coefficient epsilon (є) of 1.56 × 105 M-1.
Measurement of GSH: The GSH level in the PMS of the urine
bladder was determined using the method reported previously [13].
1 ml of PMS was precipitated with 1 ml of 4% sulfosalicylic acid
(Sigma-Aldrich). The plates were stored for 1 h at 4°C before being
centrifuged at 1200 g for 15 min at 4°C. In a total amount of 3 ml,
the test mixture contained 0.2 ml of filtered aliquot, 2.6 ml of sodium
phosphate buffer (0.1 M, pH 7.4), and 0.2 ml 100 mM DTNB (dithiobis-2-nitrobenzoic acid, Sigma-Aldrich). At 412 nm, the absorbance
of the reaction product was quantified, and data were represented as
nmol GSH/g tissue.

Dosing was conducted in such a manner that all mice can be
sacrificed on the same day (day 11). The BSO and CP doses were
chosen based on pilot studies that included the assay of a wide range
of doses, as well as data from previously published reports [27].
Biochemical investigations
Once the treatment was complete, mice were sacrificed under
moderate anesthesia, and their bladders were collected. A potter
homogenizer was used to homogenize the bladder tissue in chilled
phosphate buffer (0.1 M, pH 7.4), and another portion of the tissue
was saved for histological investigation. The homogenate was
centrifuged at 10,500 g for 30 min at 4°C to get Post-Mitochondrial
Supernatant (PMS), which was then used for the biochemical assays
outlined below.

Antioxidant enzyme measurements: The activity of
Glutathione-S-Transferase (GST) was measured using the technique
described by Haque et al. [29]. In a total volume of 2 ml, the reaction
mixture contained 1.675 ml sodium phosphate buffer, 0.2 ml of 1
mM GSH (Sigma-Aldrich), 0.025 ml of 1 mM CDNB (1-chloro-2,4dinitrobenzene, Sigma-Aldrich), and 0.1 ml of PMS. The absorbance
change was measured at 340 nm, and the enzymatic activity was
calculated as nmol CDNB conjugates formed/min/mg protein

Cell culture and peroxide hydrogen production:
Cell culture: For its ability to respond to appropriate stimuli, the
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utilizing є of 9.6 × 103 M-1 cm-1.
The activity of GR (glutathione reductase) was measured using
Sharma et al. [30] methods. In a total volume of 2 ml, the test
mixture contained 1.6 ml sodium phosphate buffer, 0.1 ml 1 mM
ethylenediamine tetraacetic acid disodium salt (EDTA, SigmaAldrich), 0.1 ml NADPH (nicotinamide adenine dinucleotide
phosphate reduced, Sigma-Aldrich), 0.1 ml oxidized glutathione
(Sigma-Aldrich), and PMS (0.1 ml). Enzymatic activity was
determined at 340 nm as nmol NADPH oxidized/min/mg protein
utilizing epsilon (є) of 6.22 × 103 M-1 cm-1. Glutathione Peroxidase
(GP) activity was measured using the approach of Sharma et al. [30].
In a total volume of 2 ml, the testing mixture contained 1.49
ml sodium phosphate buffer, 0.1 ml EDTA (1 mM), 0.1 ml sodium
azide (1 mM, Central Pharmacy of Tunis, Tunisia), 0.1 ml 1 mM
GSH (Sigma-Aldrich), 0.1 ml NADPH (0.02 mM), 0.01 ml of 0.25
mM hydrogen peroxide (H2O2, CDH Chemicals), and 0.1 ml PMS.
The oxidation of NADPH was determined spectrophotometrically
at 340 nm. Enzymatic activity was measured as nmol NADPH
oxidized/min/mg of protein utilizing epsilon (є) of 6.22 × 103 M-1 cm1
. CAT (catalase) level was determined referring to Haque et al. [29]
approach. In an entire amount of 3 ml, the testing mixture contained
1.95 ml phosphate buffer, 1 ml H2O2 (0.09 M), and 0.05 ml PMS. At
240 nm, the change in absorbance was measured kinetically. The level
of H2O2 consumed/min/mg protein has been used to determine CAT
activity.

Figure 1: Effects of Nigella Seeds Extract (NSE), BSO, and CP on the
lipid peroxidation in the urinary bladder of mice. Significant differences are
indicated by *P<0.01 and *P<0.01 in Group II (BSO) and Group III (CP) of
treated animals, respectively; and *#P<0.01 in Group IV (BSO+CP), when
compared with control animals (Group I). *P<0.01 indicates significant levels
for the BSO+CP group when compared to the CP group. *#P<0.01 and
*#P<0.05 indicate significant difference of data related to Group V (CP+NSE)
and Group VI (BSO+NSE) when compared with Group III and Group II,
respectively. *#P<0.01 when data related to Group IV were compared with
those of Group VII. Values are means ± SE (n=6).

Protein measurement
Protein was determined using the Lowry et al. procedure [31].
Histological studies
Bladder urothelium tissue isolated from control and treated mice
was stained in 10% buffered formalin before paraffin sectioning. To
examine under a light microscope, sections of around 5 m thickness
were stained with hematoxylin and eosin.
Statistical analysis
To assess if there were significant variations in data from different
groups, a single factor one-way analysis of variance (ANOVA) was
used. P values <0.05 represent a statistical significance level. The
significance of the different treatment groups was then analyzed and
compared using the Student-Newman-Keuls test. The results were
presented as mean ± SE.

Figure 2: Effects of Nigella Seeds Extract (NSE), BSO, and CP on GSH
content in the urinary bladder of mice. Significant differences are indicated
by *P<0.01 and *P<0.01 in Group II (BSO) and Group III (CP) of animals,
respectively; and *#P<0.01 in Group IV (BSO+CP) when compared with
control animals (Group I). *#P<0.01 indicates significant change in the
BSO+CP group when compared with the CP group. *#P<0.01 and *#P<0.01
indicate significant differences in observations in Group IV (CP+NSE) and
Group VI (BSO+NSE) when compared with data related to the GSH of
Groups III and II, respectively. *#P<0.01 indicates significant differences
when data related to the GSH of Group IV were compared with Group VII.
Values are means ± SE (n=6).

Results
During the treatment, no mice died and no significant changes in
body weight were observed in the various groups of animals.

(Group II), NSE treatment was shown to significantly (P<0.05) lower
LPO levels in the bladder. As shown in Figure 1, the comparison of
the LPO values obtained for the BSO+CP group (Group IV) and
those acquired for the BSO+CP+NSE group clearly demonstrates a
significant reduction (P<0.01) in the latter (Group VII).

Lipid peroxidation
The analysis indicates that BSO treatment resulted in a significant
rise (P<0.01) in LPO levels in the bladder when compared to the
control values (Figure 1). The administration of CP was also found to
significantly increase LPO.

Reduced glutathione

Similarly, the combined impact of BSO+CP led to a significant
rise in LPO as compared to the control group (Group I): When
compared to the CP group (Group III) separately, the BSO+CP group
(Group IV) had a significant (P<0.01) rise in LPO levels (Figure 1).
Animals pre-treated with NSE and then exposed to BSO (BSO+NSE)
had a significant (P<0.01) decrease in LPO in regards to the LPO
levels in the bladder. When the data obtained for the CP+NSE group
(Group V) were compared with those obtained for the CP group
Remedy Publications LLC., | http://clinicsinoncology.com/

When compared to the control values (2.3 nmol GSH/g tissue),
the BSO, CP, and BSO+CP-treated groups had significant (P<0.01)
reductions of 0.94, 1.45, and 0.45 nmol GSH/g tissue in GSH,
accordingly (results produced for Cellular GSH of urine bladder
are presented in Figure 2). Similarly, as compared to the CP group
(Group III), the BSO+CP group (Group IV) had a significant (P<0.01)
reduction in GSH levels.
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Table 1: Activities of anti-oxidant enzymes in the urinary bladder of mice in
different treatment groups.
Group

Activity of anti-oxidant enzyme
GST

GR

GP

CAT

100 ± 3

99 ± 4

111 ± 5

60 ± 3

II (BSO)

56 ± 2 *

48 ± 4 *

78 ± 3 *

53 ± 2 *

III (CP)

71 ± 3 *

78 ± 5 *

95 ± 4 **

40 ± 3 *

#

#

#

I (Controls)

42 ± 2 *

74 ± 3 *

38 ± 3 *#

IV (BSO+CP)

35 ± 3 *

V (CP+NSE)

109 ± 5 #

108 ± 5 #

118 ± 2 #

63 ± 5 #

#

#

#

69 ± 7 #

110 ± 4 ##

60 ± 5 ##

VI (BSO+NSE)

103 ± 3

VII (BSO+CP+NSE)

101 ± 4 ##

105 ± 6

104 ± 6 ##

112 ± 4

CP: Cyclophosphamide; BSO: Buthionine Sulfoximine; NSE: Nigella Seeds
Extract
Values are means ± SE (n=6). GST expressed as nmol CDNB conjugates/min/mg
protein, GR as nmol NADPH oxidized/min/mg of protein, and GP as nmol NADPH
oxidized/min/mg protein. CAT activity is expressed as nmol H2O2 consumed/min/
mg protein. Significant differences are indicated by *P<0.01, **P<0.001, *P<0.05
when compared with control animals. (Group I) #P<0.01 when compared with
Group II, ##P<0.01 when compared with CP-treated animals (Group III) and *#P
<0.01 when compared with Group IV.

Figure 3: Effect of Nigella Seeds Extract (NSE) on H2O2 production in the
medium culture of bladder urothelium cells exposed to CP. The cells were
exposed to CP or co-exposed to CP (200 and 800 lM) and NSE (10, 50
and 100 lM) for 24 h. Data represent the mean ± SD from four independent
experiments. *P<0.05 vs. control, and #P<0.05 vs. CP exposed cells.

When the BSO and BSO+NSE groups were compared, the GSH
level of the latter was found to be significantly higher (P<0.01).
Likewise, the GSH levels in the bladder of the CP+NSE group (Group
V) increased significantly (P<0.01) when compared to the group given
only CP (Group III). When the GSH levels obtained for the BSO+CP
(Group IV) group were compared with the results obtained for the
BSO+CP+NSE group (Group VII), a significant (P<0.01) recovery in
GSH was shown (Figure 2).
Antioxidant enzymes
When compared to the control group, BSO and CP treatments
were shown to create significant (P<0.01) reductions in GST, GR,
GP, and CAT levels in the bladder (Table 1). When compared to
the CP or control group, the BSO+CP group demonstrated an
additive significant (P<0.01) reduction in GST, GR, and GP levels.
Nevertheless, no significant difference in CAT activity was found
between both the animals in groups IV (BSO+CP) and III (CP).

Figure 4: Photographs showing histopathological changes in bladder
urothelium tissue in different groups, Control group (C), CP treated group
(CP), Nigella Seeds Extract treated group (NSE), Cyclophosphamide +
Nigella Seeds Extract treated group (CP+NSE) (hematoxylin and eosin
staining, 400x).

As compared to their respective controls, the BSO (Group II)
and CP (Group III), the activity of those antioxidant enzymes grew
significantly (P<0.01) in both the BSO+NSE (Group VI) and CP+NSE
(Group V) groups (Table 1). When mice were treated with NSE and
then exposed to BSO+CP (Group VII, BSO+CP+NSE treatment), the
activity of all antioxidant enzymes increased significantly (P<0.01)
when compared to the BSO+CP group (Group IV).

treated mice are shown in Figure 4. The urothelium tissue underwent
histopathological analysis, which indicated that CP treatment led to
an aberrant cellular arrangement with few pyknotic nuclei, vacuolated
spaces, and hemorrhagic state. Co-administration of NSE at 100
mg/kg body weight, on the other hand, prevented these alterations
and preserved normal architecture with fewer pyknotic nuclei and
architecture that was almost identical to that of the untreated control.
When positive controls treated with NSE alone were compared to
negative controls, there were no histological differences in the bladder
urothelium.

Hydrogen peroxide (H2O2) production in vitro
The impacts of CP and NSE on H2O2 generation in bladder
urothelium cell line T24 were shown in Figure 3. Cells were incubated
for 24 h with CP (200 and 800 M) with various doses of NSE (10, 50,
and 100 M) to see if the combination of CP and NSE had any benefic
effect. H2O2’s levels produced in cell medium were significantly
(P<0.05) raised by 159 and 241% when compared to controls after
exposure to CP (200 and 800 M), respectively, and were significantly
(P<0.05) reduced by (27% t, 41%, and 20%) cells co-cultured with
NSE (10, 50, and 100 M) and CP at dose (200 M) and by (40%, 49%,
and 25%) at the dose of 800 µM when compared with CP separately
(200 and 800 µM) respectively.

Discussion
Cancer is a major cause of illness and death throughout the
world and constitutes a troublesome burden on patients and their
relatives as well as on societies and health care systems. Throughout
the years, several anti-cancer treatments and therapies have been
proposed, among which chemotherapy prevails. In spite of the
significant advances in the field of cancer treatment, however, most
of these treatments are associated with vexing toxic side effects.

Histological examination of bladder urethelium
The histological observations of bladder urothelium tissue in
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Cyclophosphamide (CP) and Buthionine-SR-Sulfoximine (BSO) are
two of the most commonly given cancer medicines. Despite their
undisputed efficiencies in the treatment of cancer, their application
is often reported to entail a number of troublesome side effects. Thus,
recent research has focused on the discovery of new chemoprotectants
that might be used as adjuvants to chemotherapies to protect patients'
normal cells from the toxicity related to CP and BSO treatments.
The current study was conducted to investigate the impacts of oral
administration of an NS seeds extract on Lipid Peroxidation (LPO),
H2O2 generation, and antioxidant activities in the urinary bladder
of CP and BSO treated mice that were predisposed or concurrently
exposed to a GSH reduction agent in the manner of either an infection
or antibiotic utilize.

combination (Group VII). The pre-treatment with Black Cumin
seeds extract was shown to restore depleted GSH as well as other
antioxidants while lowering LPO levels in the bladder.
Generally, the results show that the NSE reported in this study
is a potential immunomodulatory herbal extract with strong GSH
restoring properties. Thus, this extract may open up new avenues
opportunities for reducing the side effects of CP and BSO cancer
therapies.
Previously, the NSE has been shown to have immunomodulatory
properties in mice [38]. However, several factors are possibly involved
in bladder toxicity and Reactive Oxygen Species (ROS) may play a
major role in the pathogenesis of reperfusion injuries. ROS may react
with proteins, lipids, and nucleic acids, causing lipid peroxidation in
biological membranes. This can affect enzymatic activities such as ion
pump function and DNA damage; limiting transcription and DNA
repair [39]. TQ has been demonstrated to possess strong antioxidant
properties and has been shown to protect non-tumor tissues from
chemotherapy-induced damage [40]. The data obtained are broadly
consistent with prior research [40,41]. Moreover, the present findings
suggest that NSE and its derivative TQ have a potent chemo-protective
potential for the inhibition of toxicity processes by modulating lipid
peroxidation, H2O2 and cellular antioxidant environments. These
results are in agreement with other previous reports [40,41]. The
current study's findings show that NSE pre-treatment restored CP
urotoxicity caused primarily by LPO and reduced GSH by reversing
those impacts.

The data indicated that no mortalities were reported for the
various experimental groups of animals during the treatment. When
data of GSH decrease were examined, it was shown that BSO had a
more significant impact than CP. 42% difference was seen between
the two compounds, confirming that BSO is a more powerful GSH
depletion than CP, as previously described in the literature. The
interaction of its reactive metabolite, acrolein, with GSH P is largely
responsible for CP-induced GSH depletion [4].
Acrolein interacts not just with GSH but rather with cysteine,
which is one of GSH's component amino acids [4]. Several studies
have found that substances containing free sulfhydryl groups may
protect against the urotoxic effects of cyclophosphamide. Several
Sulfhydryl (-SH) substances, including cysteine, have been shown to
protect experimental mice from the toxicity of CP [32].

In this investigation, we found that exposing urothelium cells line
T24 to CP (200 and 800 M) significantly enhanced H2O2 production
in the extracellular medium, demonstrating that ROS production
is the main determinant for CP-induced toxicity. NSE's capacity to
influence CP-induced cellular damage is consistent with its increased
efficacy in lowering ROS (H2O2 production). Our findings are in
line with those of Fu et al. [41], who discovered that plant extract
might have antioxidative proprieties and free radical scavenging
characteristics in vitro, and can scavenge a variety of oxidizing
radicals including OH•, NO2•, O2•, and RNS•.

The injection of CP intraperitoneally was found to significantly
increase LPO in the bladder. Indeed, lipid peroxidation is commonly
employed as an indication of oxidative stress and cell membrane
disruption [33].
Free radicals, like superoxide anion and hydroxyl radical, act in a
toxic manner on DNA, membrane proteins, and lipids. LPO caused
by CP has been documented in various tissues of exposed mice [34].
The function of acrolein in CP-induced LPO has been hypothesized
[35]. It has been proposed that acrolein, by binding to nucleophilic
amino acids, may directly influence transcription as well as the
regulation of this process via its capacity to deplete GSH [4].

In addition, Histopathological analysis of the bladder urothelium
tissue indicates that CP therapy induces aberrant cellular organization
with few pyknotic nuclei, vacuolated gaps, and hemorrhaging. Cotreatment with NSE, on the other hand, inhibits these alterations and
preserves normal architecture with very few pyknotic nuclei.

In terms of BSO treatment, the data indicated that it resulted in
GSH depletion and an increase in LPO in the urinary bladder. GSH
deficiency has also been linked to an increase in the vulnerability
of cells to apoptosis [36]. Depletion of intracellular GSH has been
documented in a variety of different apoptotic contexts, with
various researches indicating that GSH loss in apoptotic cells is the
consequence of the rapid efflux rather than oxidative depletion [37].
Furthermore, when BSO and CP were combined, an additive impact
was found in terms of GSH, LPO, and other parameters. The goal of
utilizing BSO in combination with CP was to investigate a possible
case in which the host is exposed to a mixture of GSH depleting
agents, including pathogens, and to examine if NSE seed extract
treatment had any modulatory impact on their commutative/additive
actions. Nigella sativa (a member of the ranunculaceae family) is a
very interesting medicinal plant with a rich historical and religious
history and strong therapeutic potential [24].

In summary, this is the first study in Tunisia to emphasize the
biological activity and the bladder urotoxicity. The seed extract
reported here had a significant antioxidant capacity in several in
vivo tests. Our results confirmed the efficiency of Nigella sativa
seeds extract from Tunisia as a natural antioxidant agent. Because
of its broad availability in nature and its low toxicity, this NSE
might be a promising candidate for future use as an adjuvant to
cancer chemotherapies. As a result, additional researches are being
conducted in our laboratories to further investigate this extract in
terms of cell cycle regulatory and antioxidant activities, to further
confirm its efficacy as an anti-tumor agent, and, especially, to make it
fit for a possible pharmaceutical use as a treatment.
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