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Background: Ifosfamide (IFS) has potential complications such as nephropathy and hemor-
rhagic cystitis (HC). Although mesna can prevent IFS-induced cystitis by direct binding and 
neutralization of acrolein, HC symptoms have still been observed clinically in most of these 
cases. Celery is a powerful healing vegetable that has antioxidant, anti-inflammatory, and 
anticancer effects. The current study evaluated the synergistic effects of mesna and celery 
seed on IFS-induced HC in rabbits.
Methods: Twenty male rabbits (four groups) were administered distilled water, IFS, mesna, 
and mesna+celery seed cotherapy (MCC) for three weeks. The serum and urinary bladder of 
experimental rabbits underwent biochemical (TNF-α, MDA, iNOS, SOD, GPx, and CAT), 
histopathological and ultrastructural investigations to evaluate the structural changes of the 
urinary bladder (UB).
Results: IFS injection resulted in severe cystitis with a remarkable increase in the scale of 
hematuria, elevations of TNF-α, MDA, and iNOS activity, and reduced activity of SOD, GPx, 
and CAT antioxidants. Additionally, the structure of UB exhibited evident mucosal edema and 
ulceration. In contrast, the MCC regimen group revealed partial synergistic improvement of all 
mentioned parameters.
Conclusion: IFS induced cystitis by releasing acrolein, which exerted a significant role in 
the pathogenesis of HC. In contrast, the MCC intake partially ameliorated the UB damage 
through its antioxidant and anti-inflammatory effects.
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Introduction
Indeed, chemotherapy regimens usually cause several problems such as allergy and 
nephropathy. Hemorrhagic cystitis (HC) is a severe complication in patients treated 
with ifosfamide (IFS), a synthetic analog of cyclophosphamide.1 The incidence of HC 
in patients treated with high doses of intravenous IFS is 70%, and the mortality rate 
is 4%.2

Patients suffering from HC exhibited various symptoms such as urgency, dys-
uria, hematuria, and suprapubic pain. Therefore, the complications of HC include 
hemorrhage, necrosis, fibrosis, and contracture of the urinary bladder (UB).3 The 
pathogenesis of IFS-induced HC involves direct contact of acrolein with the 
urothelium, which induces inflammation of the UB. The urothelium is a simple 
barrier between urine and the UB that gets tremendous importance due to its 
prominent role in the pathophysiology of UB dysfunction.4 Acrolein is a toxic 
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metabolite of IFS formed from hepatic microsomal hydro-
xylation and excreted by the kidney. Usually, acrolein 
induces urothelial apoptosis with ulceration and sloughing 
of the urothelium, followed by damage of the lamina 
propria and detrusor muscle of the UB.5 Some proinflam-
matory cytokines such as the tumor necrosis factor-α 
(TNF-α) and interleukin-1β (IL-1β) increase the produc-
tion of nitric oxide (NO) in the cytoplasm of urothelial 
cells, which plays another significant role in the pathogen-
esis of HC.6 The oxidative stress conditions promote TNF- 
α and NO formation, which induces oxidative stress and 
inflammation. Malondialdehyde (MDA) is an important 
oxidative stress biomarker that oxidizes polyunsaturated 
fatty acids.7 Therefore, the UB toxicity mainly arises from 
reactive nitrogen species (RNS) reaction, including NO 
and the superoxide (O¯2). O2 is abundant in the inflam-
matory areas and overproduces peroxynitrite ((ONOO), 
which causes HC as a final hazardous effect of IFS on 

the UB.8 Overproduction of the reactive oxygen species 
(ROS) and RNS during UB inflammation leads to oxida-
tive stress, cellular injury, and necrosis via several 
mechanisms, including cellular proteins denaturation, 
DNA damage, and membranes lipid peroxidation.9

Mesna (2-mercaptoethanol sulfonate NA) binds directly 
with acrolein to neutralize it into an inert thioether which 
passes quickly in urine to the UB without inducing any 
urothelial damage. Although mesna has been used effectively 
against IFS-induced cystitis, however; the symptoms of HC 
persist clinically in about 30% of cases.10 Mesna cannot 
eradicate IFS-induced HC, which arises from direct contact 
of the toxic acrolein with the UB mucosa and induces the 
production of free radicals, RNS and ROS. Therefore, the 
protective agents against molecular damage in cases of HC 
should include various antioxidative enzymatic defense sys-
tems such as superoxide dismutase (SOD) and non- 
enzymatic antioxidants such as celery (Apium graveolens).11
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Celery is a delicious crunchy plant that has 
a prestigious history as food and medicine. It is one 
member of the parsley family that originates in the 
Mediterranean Sea region. Eating raw celery with meals 
enriches the body with celery nutrient materials, inhibits 
appetite, reduces body weight (has high contents of water 
and fibers with few calories), and is a traditional effective 
remedy for preventing hypertension.12 Besides, celery acts 
as an antioxidant, anti-inflammatory, and diuretic agent to 
treat arthritis, hepatitis, bronchitis, and asthma.13 Celery 
has a powerful healing effect due to its unique compo-
nents, such as butylphthalide and flavonoids.14 Since 
celery is safe and cheap, studies focusing on its efficacy 
as an antioxidant in combination with mesna or other 
therapeutic modalities against IFS-induced HC are highly 
required. Therefore, we investigated the effectiveness of 
mesna and celery cotherapy (MCC) to prevent IFS- 
induced HC in the current study.

Materials and Methods
Animals and Experimental Design
The current study included an experimental model of adult 
male New Zealand rabbits to induce HC by IFS adminis-
tration and preventing it by the MCC regimen. The rabbits 
were housed under 23 °C and fed standard diet ad-libitum. 
Their age was eight weeks, and their body weight was 1.5– 
2.4 kg. The current animal study was accepted by the 
Research Ethics Committee of Qassim University 
(Cams1-2019-2-2-I-5467) and was conducted following 
the ARRIVE guidelines. All procedures were conducted 
at the animal house of Qassim University under the super-
vision of a qualified veterinarian (for routine care, general 
anesthesia, blood sampling, and euthanasia) following the 
guidelines of Animal Welfare Society, University of 
London, England. The rabbits were divided into four 
groups (n=5), which were treated for three weeks. The 
control group received an intravenous injection (IVI) of 
2 mL distilled water/kg/week via the marginal ear vein and 
the second group (IFS group) received IVI of 45mg IFS/ 
kg/week to induce HC.15 In contrast, the third group 
(IFSM group) received IVI of (45mg IFS +18 mg mesna/ 
kg/week),16 and the fourth group (IFSMC group) received 
IVI of (45 mg IFS+18 mg of mesna/kg/week IV) +15 mg 
of celery seed/kg/day orally by an orogastric tube.12 All 
rabbits were anesthetized and sacrificed to excise the UB 
as described before.17 The histopathological (HP) and 
biochemical investigations were conducted to evaluate 

the efficacy of the MCC regimen on the UB structure in 
all groups.

Materials
Ifosfamide vials (holoxan 1gm) and mesna ampoules (uro-
mitexan 400mg) were obtained from Baxter oncology 
(GmbH, Germany). Celery seed capsules (75 mg) were 
purchased from Natural factors (Monroe, Canada). The 
ELISA kits of TNF-α (ABIN6574142), MDA 
(ABIN775215), inducible nitric oxide synthase (iNOS, 
ABIN6968940), SOD3 (ABIN6959756), glutathione per-
oxidase (GPX1, ABIN4969526), and catalase (CAT, 
ABIN628258) were purchased from the antibodies-online 
GmbH (Aachen, Germany).

Effects of Mesna and MCC Regimens on 
the Scale of Hematuria in IFS-Induced HC
Urine dipstick is one of the most valuable and sensitive 
screening tests for detecting hematuria in unstandardized 
conditions. It is better than urine microscopy analysis and 
cytometry techniques because it is more sensitive, acces-
sible, cheaper, and faster than other tools. We collect the 
urine sample for routine dipstick testing of macroscopic 
hematuria by putting the rabbit in a cage and confining it 
with water. Then the rabbit’s body was picked up verti-
cally, and its UB was pushed to express some urine every 
15 minutes. At the same time, another person held 
a disposable clean, dry container to catch the stream of 
urine specimen. The urine dipstick test was immersed into 
the urine sample to grade the scale of hematuria (from 0– 
3) in all groups.18,19

Biochemical Assessments of Antioxidant 
and Inflammation Biomarkers
The rabbit was restrained to avoid inadvertent movement. 
The dorsal surface of the rabbit’s ear tip was shaved, 
sterilized with 70% alcohol, and anesthetized locally by 
EMLA cream 30 minutes before obtaining the blood sam-
ple. Two mL of blood were collected from the central ear 
vein of each rabbit in a sterile Eppendorf tube using a 20- 
gauge butterfly needle. Blood hemostasis was achieved by 
pressing the blood sampling site with sterile gauze for 2 
minutes.20 According to the manufacturer’s instructions, 
the blood samples were centrifuged at 3000 rpm for 10 
minutes to obtain serum specimens, stored at −80°C to 
perform colorimetric assays. The serum activity of SOD3, 
GPX1, CAT, TNF-α, MDA, and iNOS biomarkers was 
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measured as described previously21,22 to evaluate the effi-
cacy of the MCC regimen.

Effects of Mesna and MCC Regimens on 
the HP of UB Structure in IFS-Induced 
HC
Small specimens from the UB were obtained, processed to 
get thin sections, and stained with H&E or Masson tri-
chrome stains to examine the general structure of UB and 
the extent of HC lesions. The scale of UB damage (ulcera-
tion, hemorrhage, and edema) was rated by a pathologist 
from 0–3 (no, mild, moderate, and severe changes).23 In 
addition, other parts from the UB were processed and 
examined by the scanning electron microscope (SEM) as 
described before to evaluate the extent of UB damage at 
the mucosal surface.24,25

Morphometric Study
Ten fields from each group were photographed by the 
CMOS (TC5PRO) digital camera of a light microscope 
(Jinan, China) at magnification 200X to evaluate the UB 
structure. Image analysis of UB sections was conducted by 
ImageJ V1.50i (NHI/USA) to measure the size of mucosal 
ulcers and the area percentage of collagen fibers (CF)/10 
HPF to evaluate the extent of UB fibrosis.

Statistical Analysis
The mean (M)±standard deviation (SD) of experimental 
data were statistically analyzed by the SPSS program ver-
sion 25 (IBM, USA). ANOVA followed by LSD test was 
conducted to identify the intergroup comparisons (signifi-
cant values at P<0.05). The mean ± SD of the results were 
used in the present study because they are not affected by 
the sample size and indicate how accurately the mean 
represents the sample of data. At first, the normality tests 
(skewness and Kurtosis) were performed and revealed the 
normal data distribution.

Results
Mesna and MCC Effects on the Scale of 
Hematuria of IFS-Induced HC
Measurement of the scale of hematuria by the urine dip-
stick test in Figure 1 revealed significant increases in the 
scale of hematuria in the IFS group compared to the 
control and IFSMC groups.

Mesna and MCC Effects on the 
Antioxidant Enzymes of IFS-Induced HC
Quantitative analysis of the antioxidant enzymes in 
Figure 2 revealed significant reductions in the serum 
activity of SOD, GPx, and CAT in the IFS group 

Figure 1 Statistical analysis of mesna and MCC effects on the scale of hematuria in IFS-induced HC. The IFS group shows significant increases in the scale of hematuria 
compared to the control and IFSMC groups. *P<0.05 vs the control and @P<0.05 vs the IFSMC group.
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compared to the control and IFSMC groups, indicating 
the marked oxidative stress effects of IFS on the IFS 
group. In contrast, administration of MCC in the 
IFSMC group resulted in significant elevations in all 
antioxidants, which attenuated the oxidative stress and 
HC in the IFSMC group.

Mesna and MCC Effects on the 
Inflammatory Biomarkers of IFS-Induced 
HC
Quantitative analysis of ELISA results in Figure 3 
revealed significant increases in the TNF-α, MDA, and 
iNOS serum activity of the IFS group compared to their 
normal activity in the control and IFSMC groups, indicat-
ing the marked inflammatory effects of IFS on the IFS 
group. In contrast, administration of MCC in the IFSMC 
group resulted in a remarkable reduction in the activity of 
all inflammatory biomarkers, indicating that MCC attenu-
ated HC in the IFSMC group due to the reduction of 
oxidative stress and inflammatory mediators’ biomarkers.

Mesna and MCC Effects on the HP of UB 
Structure in IFS-Induced HC
Figure 4 revealed typical UB structure in the control and 
IFSMC groups, indicating the protective effects of the 

MCC regimen against HC in the IFSMC group. In con-
trast, an evident abnormality had been encountered in the 
structure of UB (urothelial ulceration and mucosal slough-
ing) in the IFS group, compared to the control group, 
indicating the harmful effects of IFS. In addition, the 
IFSM group revealed mild ulceration of the UT compared 
to the IFS group, indicating the partial protection of mesna 
monotherapy against IFS-induced urotoxicity. Statistical 
analysis of the ulcers’ size confirmed the induction of 
HC in the IFS group compared to the control group and 
the evident protection of UB by the MCC regimen in the 
IFSMC group compared to the IFSM group.

Mesna and MCC Effects on UB CF 
Deposition in the IFS-Induced HC
Figure 5 exhibited excessive CF deposition in the lamina 
propria of UB, indicating fibrosis of the UB wall in the IFS 
group. In contrast, the UB of the IFSM & IFSMC groups 
revealed mild deposition of CF.

Mesna and MCC Effects on the UB 
Ultrastructure of IFS-Induced HC
Figure 6 revealed the ultrastructure of UB mucosa by the 
SEM. The UB of the control and IFSMC groups revealed 
normal UB transitional epithelium (TE), indicating 
a remarkable preventive effect of the MCC regimen 

Figure 2 Statistical analysis of mesna and MCC effects on the antioxidants’ serum activity of IFS-induced HC. The SOD3, GPx1, and CAT activity show significant reductions 
in the IFS group compared to the control and IFSMC groups. *P<0.05 vs the control and @P<0.05 vs the IFSMC group.
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against the HC in the IFSMC group. In contrast, the IFS 
group exhibited a significant increase in the area percen-
tage of mucosal ulcers, indicating the hazardous effects of 
IFS on the UB of the IFS group. At the same time, the area 
percentage of mucosal ulcers was minimally reduced in 
the IFSM group, indicating inadequate protection of the 
UB by mesna monotherapy in the IFSM group. Statistical 
analysis of the area percentage of mucosal ulcers con-
firmed the existence of HC in the IFS group compared to 
the control and IFSMC groups.

Discussion
Today, it is evident that IFS-induced HC mainly arises 
from inflammation and damage of the UB urothelium 
due to elevated ROS and proinflammatory cytokines. 
Unfortunately, no single “magic bullet” is sufficient for 
the treatment of HC, and the need to introduce other 
promising regimens for the prevention of HC is of prime 
interest. Thus, combined treatment modalities such as 
mesna with natural herbs such as celery seeds are highly 
recommended, and the anti-inflammatory agents are 
expected to be effective for the treatment of HC. This 
type of cotherapy has remarkable antioxidants and anti- 
inflammatory effects.26

In the current study, we undertook bladder samples 
from pretreated rabbits with IFS, mesna, and celery seeds 

to provide insights into the protective mechanisms of the 
MCC regimen and to evaluate the upregulation of proin-
flammatory cytokines in cases of HC. The degree of 
hematuria in Figure 1 and the serum levels of TNF-α, 
MDA, and iNOS (proinflammatory and lipid peroxidation 
cytokines) were elevated in the IFS group and significantly 
reduced in the IFSMC group by coadministration of mesna 
and CES in Figure 3. Additionally, the serum levels of 
SOD3, GPX1, and CAT significantly reduced in the IFS 
group compared to the control and IFSMC groups in 
Figure 2. In contrast, administration of MCC in the 
IFSMC group resulted in significant reductions in the 
degree of hematuria and the levels of TNF-α, MDA, and 
iNOS, with significant elevations in the SOD3, GPX1, and 
CAT levels, indicating that the MCC regimen reduced the 
oxidative stress in the IFSMC group, which attenuated the 
degree of HC. Moreover, the main HP features of HC in 
Figures 4–6 were urothelial damage and necrosis in the 
IFS group, which were significantly reduced in the IFSMC 
group more than in the IFSM group.

The induction of HC after IFS injection could be 
explained by numerous studies, which reported that direct 
contact of acrolein with the UB urothelium and increased 
production of the ROS and RNS compounds are the lead-
ing causes of HC.27,28 Korkmaz et al mentioned that 
acrolein reacts with various proteins, DNA, and 

Figure 3 Statistical analysis of mesna and MCC effects on the inflammatory biomarkers of IFS-induced HC. The TNF-α, MDA, and iNOS activity show significant increases in 
the IFS group compared to the control and IFSMC groups. *P<0.05 vs the control and @P<0.05 vs the IFSMC group.
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glutathione, causing cellular necrosis and depletion. At the 
same time, the pathogenesis of HC is influenced by the 
toxic effects of acrolein and the cascade of cellular inflam-
matory reactions on the urothelium of UB, with conse-
quent injury of these tissues, which are evoked by the 
release of numerous proinflammatory mediators.29 

Moreover, acrolein activates the inflammatory mediators 
such as the nuclear factor-kB (NF-kB) and TNF-α, which 
initiate lipids peroxidation and exaggerate oxidative stress. 
After entering the UB, acrolein increases the production of 
ROS in the urothelium, reacts with glutathione and alde-
hyde dehydrogenase to produce the toxic acrolein metabo-
lites, which are responsible for the overproduction of free 
oxygen radicals by the urothelium.30 In addition, NO and 
peroxynitrite (ONOO) activation impairs the urothelial 
integrity and increases the severity of UB damage. NO is 
a biological molecule, which is produced in high concen-
trations and competes with the endogenous SOD. The 
inflammatory cells such as macrophages potentially 

release NO and superoxide, leading to overproduction of 
ONOO via iNOS activation, which is an essential factor in 
the process of tissue damage.31 Mesna is rapidly oxidized 
in the circulation into an inactive dimer (dimesna), which 
is excreted in urine and creates a nontoxic compound in 
the UB by direct combination with the double bonds of 
acrolein.32 Although mesna is effective in protection 
against 70% of HC cases (due to its limited antioxidant 
activity); however, it needs coadministration of other 
synergistic antioxidant agents to support its weak protec-
tive effects. Fortunately, a recent study reported that coad-
ministration of mesna with antioxidant agents has been 
widely accepted as a novel chemoprotective regimen and 
could be effective in preventing UB inflammatory condi-
tions as they exhibit remarkable protective effects and 
almost abolish damage of the UB.33

Dietary modifications have been incorporated as the 
first line of treatment against HC. Numerous literature 
has proved that herbal medicine plants such as celery are 

Figure 4 Mesna and MCC effects on the structure of urinary bladder (UB) of IFS-induced HC. The UB of the control and IFSMC groups exhibit the normal structure of the 
transitional epithelium (yellow arrow). In contrast, the UB of the IFS group reveals a large mucosal ulcer (red *) and congested blood vessels (blue *). At the same time, the 
IFSM group exhibits a mild improvement of the UB structure with a small ulcer (red *) compared to the IFS group. H&E; 200x, bar = 100 µm. Statistical analysis of the size of 
UB mucosal ulcers. *P<0.05 vs the control and @P<0.05 vs the IFSMC group.
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safe, cheap, and could be used effectively to prevent 
numerous urinary tract diseases such as HC. Hence, the 
non-enzyme antioxidants, such as celery and ginseng, are 
crucial elements in reducing molecular damage, enhancing 
the antioxidative defense system with decreased blood 
urea nitrogen and serum creatinine levels in numerous 
diseases.34 Therefore, in the current study, we examined 
whether the MCC regimen shows better results than mesna 
monotherapy in IFS-induced HC or not. In the present 
study, this hypothesis has been supported by improving 
biochemical and histological results, which may reduce 
ROS and RNS activity and the proinflammatory cytokines 
in the IFSMC group. The most active constituents of 
celery seeds are d-limonene (60%), terpenes, and selinene, 
which can enhance the activity of depleted antioxidant 
enzymes, including SOD, GPx, and CAT enzymes.35,36 In 
addition, the novel chemoprotective regimen MCC ame-
liorated the damage of UB through modulating the anti-
oxidant status, enhancing the scavenging activity of free 

radicals (ROS and RNS), and regulating the proinflamma-
tory cytokines.37 At the same time, the celery seeds exten-
sively decreased the MDA, iNOS, and ONOO markers and 
reduced the lipids peroxidation activity.38 Furthermore, 
celery seeds have proved anti-inflammatory properties 
(decreased levels of IL-1, IL-6, and TNF-α), which may 
contribute to better efficacy of IFS therapy and prevent 
IFS-induced HC and urotoxicity.39,40

Conclusion
To sum up, the development of HC is a severe side effect 
that remarkably limits the use of IFS as an antineoplastic 
agent. Based on the current results, the protective MCC 
regimen produced lesser inflammation, ulceration, and 
hemorrhage of the UB and exhibited apparent restoration 
of the antioxidant enzymes to their normal activity. In 
addition, the IFSMC group alleviated the symptoms of 
HC and revealed a significant reduction of TNF-α, MDA, 
and iNOS activity in the IFSMC group compared to the UB 

Figure 5 Mesna and MCC effects on UB collagen fibers deposition of IFS-induced HC. The UB of the control and IFSMC groups exhibit normal transitional epithelium 
(yellow arrow) over the lamina propria. In contrast, the UB shows obvious large mucosal ulcer (red *) and collagen fibers deposition (yellow *) in the IFS group with 
moderate improvements of fibrosis in the IFSM group. Masson’s trichrome; 200x, bar = 100 µm. Statistical analysis of collagen fibers’ deposition in the UB of all groups. 
*P<0.05 vs the control and @P<0.05 vs the IFSMC group.
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of IFS-treated rabbits. Therefore, the MCC regimen seems 
to be a novel promising chemoprotection cotherapy, which 
could control the symptoms of IFS-induced HC. However, 
the improvement of UB histology and the antioxidants 
activity in cases of IFS-induced HC by the MCC regimen 
did not ensure full recovery of UB toxicity. This finding 
deserves the need for further experimental explorations 
focusing on the efficacy of other celery therapeutic modal-
ities, such as combining celery with honey against induced 
HC. Future studies may find new chemoprotection agents 
that can provide a total reduction of IFS-evoked HC.
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