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Abstract

Background. Cyclophosphamide (CPX) has many adverse effects, partly due to oxidative stress induction in vari-
ous tissues. Morin is one of the natural flavonoids with strong antioxidant properties.

Objectives. The aim of the current research was to estimate the influence of morin on changes in antioxidant
parameters in rat livers after cyclophosphamide administration.

Material and Methods. The study was performed on Wistar rats. The rats in Group C received 0.9% saline;
those in Group CX received cyclophosphamide (CPX); and those in Group M-CX received CPX with morin.
Cyclophosphamide and morin were given by gastric gavage for 10 consecutive days at doses of 15 mg/kg and
100 mg/kg, respectively. Malondialdehyde (MDA) and glutathione (GSH) concentrations, superoxide dismutase
(SOD) activity and catalase (CAT) activity were determined in liver tissue homogenates.

Results. CPX caused a significant decrease in SOD activity and GSH levels, but only the latter was fully restored
by morin. There were no significant differences in CAT activity in the various groups. CPX also insignificantly
decreased MDA levels, which was aggravated by co-administration of morin.

Conclusions. The results obtained indicate that morin may exert some protective action on CPX-induced changes

in the antioxidant state in rat livers (Adv Clin Exp Med 2014, 23, 4, 505-509).
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Cyclophosphamide (CPX) is widely used as an
immunosuppressant and anticancer agent. After
it is administered in a high single dose, it induces
oxidative stress in tissues, which causes some ad-
verse effects, especially hemorrhagic cystitis [1-3].
The action of CPX on the oxido-reduction state in
tissues after repeated administration in small dos-
es is not very clear and is probably more complex
(4, 5].

Many studies focus on the possibilities of dif-
ferent natural and synthetic compounds decreas-
ing CPX-induced toxicity. Different data suggest

that substances belonging to the flavonoid group,
e.g. morin, exhibit strong antioxidant properties
and therefore may be useful in reversing CPX-in-
duced changes in antioxidants state [6-9].

In a previous study the current authors found
that a synthetic derivative of morin - water-solu-
ble morin-5’-sulfonic acid sodium salt (NaMSA)
- had antioxidative effects in rat kidneys and livers,
reversing some CPX-induced changes in antioxi-
dant level/activity [5]. The purpose of the current
study was to assess the effect of morin, a natu-
ral flavonoid, on selected antioxidant parameters
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in the rat liver after 10 days of cyclophosphamide
administration.

Material and Methods

Animals

The study was performed on male and female
Wistar rats (203 g + 18 g). The animals were pur-
chased from the Department of Pathomorphology
at Wroclaw Medical University (Wroclaw, Poland).
The animals were kept in separate polypropylene
cages. Conditions including a 12/12 h light/dark
cycle, at temperature between 21 and 23°C, wa-
ter and standard food ad libitum were maintained
throughout the experimental procedures. The ap-
proval of the First Local Ethics Committee for Ex-
periments on Animals in Wroclaw was obtained.

Chemicals

The chemicals used in the experiment were
cyclophosphamide in subst. from Sigma (Germa-
ny); morin hydrate in subst. from Sigma (Germa-
ny), 0.5 g thiopental vials from Biochemie (Aus-
tria); and 0.9% NaCl solution from Polpharma S.A.
(Poland).

Experiment

The experiment was performed according to
methods described in earlier reports [5, 10]. Thir-
ty-six rats of both sexes were divided randomly in-
to 3 study groups (12 animals in each): The control
group (Group C), receiving 0.9% NaCl solution at
9 am and at 2 pm; the cyclophosphamide group
(Group CX), receiving CPX at a dose of 15 mg/kg
at 9 am and 0.9% NaCl solution at 2 pm; and the
cyclophosphamide-morin group (Group M-CX),
receiving cyclophosphamide at a dose of 15 mg/kg
at 9 am and morin at a dose of 100 mg/kg at 2 pm.
All of the substances were dissolved in 0.9% NaCl
solution (4 mL/kg volume) and were administered
for 10 consecutive days by gastric gavage. The ex-
periment was terminated on the 11" day. The an-
imals were sacrificed by terminal anesthesia us-
ing intraperitoneal thiopenthal (70 mg/kg). Half of
the liver was homogenized on ice using lysis buf-
fer (pH 7.5) consisting of 1% NP40, 10 mM EDTA,
140 mM NaCl, 10% glycerol and 20 mM Tris base,
and then centrifuged at 14000 rpm for 25 min at
4°C. In the supernatants obtained, the concentra-
tions of malondialdehyde (MDA) and glutathione
(GSH) as well as superoxide dismutase (SOD) and
catalase (CAT) activities were determined.

Measurements
of the Oxidative Stress
Parameters

All parameters were assessed spectrophotomet-
rically (MARCEL $350 PRO spectrophotometer).

MDA was assayed using a BIOXYTECH-
-MDA-586 kit (OxisResearch, USA) according to
the manufacturer’s instructions, and its level was
expressed as pmol/mL.

GSH concentration was assayed using
a BIOXYTECH GSH-400 kit (OxisResearch, USA)
according to the manufacturer’s instructions, and
its level was expressed as pM.

SOD activity was assayed using a Ransod kit
(Randox Laboratories, UK) according to the man-
ufacturer’s instructions, and its activity was ex-
pressed as U/mg of protein.

CAT activity was determined following de-
creases in the initial H,O, concentration (30 mM
used as the initial substrate) at 240 nm and 25°C,
over a time frame of 60 s, following the procedure
published by Johanson et al. [11]. Briefly, 100 uL
of supernatant isolated from rat liver homoge-
nates was placed in a cuvette and diluted to a fi-
nal volume of 2 mL with phosphate-buffered saline
(50 mM). The decrease in absorption at 240 nm
60 s after adding 1 mL H,0, was observed. One
unit of CAT was defined as the amount of enzyme
that degraded 1 uL H,O, per min. Values were ex-
pressed as U/mg of protein.

The total protein level in the homogenate su-
pernatants was analyzed in a certified laboratory
using a Flex kit and Dimension RxL-Max appara-
tus (Siemens). In brief, copper cations interact in
alkaline solution with peptide bonds in proteins.
Blue-colored copper (II) complexes were propor-
tional to protein concentration and measured by
the bichromatic technique.

Statistical Analysis

Data were expressed as means + standard de-
viation (SD). Statistical analyses of the impact of
the studied substances on CAT and SOD activi-
ties and on GSH and MDA levels were performed
by ANOVA analysis of variance. Detailed com-
parisons between the study groups were evaluat-
ed by post-hoc Tukey’s test. P < 0.05 was consid-
ered statistically significant. The statistical analysis
was performed using STATISTICA 9 PL software
(StatSoft, Krakow, Poland).
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Results

The mean values of the studied parameters,
with corresponding SD values and levels of signifi-
cance, are presented in Table 1.

When compared to the control group
(Group C), CPX significantly decreased glutathi-
one levels in rat livers, which was fully reversed by
concomitant treatment with morin.

CPX evoked a significant decrease in SOD ac-
tivity in rat livers in comparison to Group C, and
this action was not reversed by the addition of
morin to the CPX regimen. The difference was sig-
nificant between Group M-CX and Group C, but
not between Groups M-CX and CX.

No statistically significant differences were ob-
served in CAT activity in rat livers among any of
the groups.

Finally, CPX insignificantly decreased liver
MDA concentration compared to the control group.
This was aggravated by the co-administration of
morin, and the differences between Group M-CX
and Groups C and CX were statistically significant.

Discussion

This study assessed antioxidant parameters
such as SOD, GSH and CAT in rat livers. CPX sig-
nificantly decreased SOD activity and GSH levels,
which was similar to many other reported find-
ings [12-14]. In the current study, morin exerted
a strong protective effect in the case of GSH liver
concentrations, fully restoring CPX-induced GSH
depletion, but failed to reverse decreased SOD ac-
tivity, which is one of the most potent intracellu-
lar antioxidants [15]. Using the same experimen-
tal model, the current authors previously noted
that CPX also significantly decreased GSH levels
in rat kidneys, which was fully reversed by a wa-
ter-soluble derivative of morin - NaMSA. NaMSA

also fully protected rat kidneys, but not livers, from
CPX-induced decreases in SOD activity [5]. Simi-
larly, in the current study, the addition of morin,
a natural compound, did not reverse decreased
SOD activity in rat livers.

The authors did not observe any impact of
CPX on CAT activity either in the current study or
in the previous work using the same experimen-
tal model [5]. However, other authors document-
ed decreased CAT activity in CPX-treated groups
of rats or mice [12-14].

In the present study the mean value of the
MDA concentrations in the CPX-receiving group
was 5.0 pmol/mL. In the authors’ previous work,
following the same schedule of administration
(15 mg/kg daily for 10 days), CPX significantly de-
creased malondialdehyde concentration in com-
parison to the control group, with a mean value
of 4.86 umol/mL [5]. In many studies, administer-
ing CPX caused an increase in MDA levels in vari-
ous tissues as an effect of the prooxidative activity
of this drug. Most of those studies were, howev-
er, performed on rats receiving high single dose
of CPX [1, 16, 17]. In a study by Kim et al., CPX
caused an increase in hepatic MDA levels, with de-
creased concentrations of reduced glutathione and
CAT activity in female rats [12]. In other studies,
CPX also increased MDA level in mouse livers as
well as decreased SOD and CAT activity and GSH
levels [13, 14]. Despite a similar cumulative dose
of CPX to that used in our current study, different
schedules of administration of the drug might be
responsible for the different changes in MDA lev-
els noted by other researchers. Askar et al. [4] also
observed decreased MDA concentrations after ad-
ministering CPX in small doses in an ischemia-re-
perfusion skin injury model. The results of the cur-
rent study confirm that even small doses of CPX
may deplete endogenous antioxidant storage, but
still may not induce lipid peroxidation reflected as
increased MDA concentration.

Table 1. Malondialdehyde (MDA), glutathione (GSH), superoxide dismutase (SOD) and catalase (CAT) levels in rat liver

homogenates
Group C CcX M-CX
Parameter | mean + SD mean = SD mean = SD
MDA (umol/mL) 5.49 £ 0.46 5.00+1.12 3.83 £0.61*°
GSH (uM) 100.59 + 6.97 88.85 £ 3.20* 98.33 + 6.42°
SOD (U/mg of protein) 1332.74 + 86.03 1197.82 +107.23¢ 1228.21 £ 67.09¢
CAT (U/mg of protein) 0.092 £0.021 0.097 £0.024 0.080 £ 0.029

ap <0.001 vs. C;® p < 0.005 vs. CX; € p < 0.005 vs. C; ¢ p < 0.05 vs. C. C - the control group; CX - the group receiving cyclo-
phosphamide intragastrically at a 15 mg/kg dose at 9 am; M-CX - the group receiving cyclophosphamide intragastrically at
a 15 mg/kg dose at 9 am and morin intragastrically at a 100 mg/kg dose at 2 pm.
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The authors of the current study chose a natu-
rally-occurring flavonoid - morin - to evaluate its
potential protective action on CPX-induced oxida-
tive stress. In the available literature, little has been
reported about the activity of this substance and its
effect on antioxidant parameter changes after CPX
administration. Morin’s antioxidant properties have
been confirmed in various models [7-9]. Morin
may also minimize the toxicity of antitumor agents
such as doxorubicin or mitomycin C [18], or may
influence the pharmacokinetics of anticancer/im-
munosuppressant drugs such as methotrexate [19]
or cyclosporin A [20]. Unfortunately, in the earlier
study the current authors did not observe that mo-
rin had any protective action against CPX-induced
tissue toxicity such as changes in white blood cells,
red blood cells or platelet level, nor on body weight
loss. The weight loss parameter became even worse
during simultaneous CPX and morin use [10].

The results of the present study with morin
are very similar to the authors’ previous work with
NaMSA [5] despite the different physicochemical
properties of the two substances (water-soluble vs.
water-insoluble). The pharmacokinetic properties
of substances are determined by their water/lipid
solubility, among other factors. Water/lipid solu-
bility may also have an impact on an agent’s tissue
and intracellular distribution. In in vitro models it
has been observed that the water soluble sulfonic
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