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Protective role of n-acetyl cysteine against cyclophosphamide-induced cardiotoxicity
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Cyclophosphamide, an anti-cancerous and immuno-
suppressant drug, gets activated by hepatic microsomal
cytochrome P,5, mixed function oxidase (MFO) system to
phosphoramide mustard and acrolein (Georgia et al. 2005).
Anti-neoplastic effects are associated with phosphoramide
mustard, while acrolein is linked to adverse effects (Kern
and Kehrer 2002). One of the potential toxic effect of
cyclophosphamide is cardiotoxicity and the toxic potential
of cyclophosphamide is related to lipid peroxidation (Ray
et al. 2010, Tripathi and Jena 2010). N-acety! cysteine, the
acetyl derivative of amino acid L-cysteine, acts like an
electron donor for neutralizing free radicals and also enters
into glutathione synthesis to act as an antioxidant (Gurbuz
et al. 2009). In the present study, an attempt was made to
assessthe protectiverole of N-acetyl cysteinewith reference
to cyclophosphamide-induced cardiotoxicity.

Femalealbino rats of Wistar kyoto strain weighing 200+20
g procured from National Institute of Nutrition, Hyderabad,
India, were used for the study. Ratswere fed with commercial
standard mash feed. Feed and water were provided ad lib.
Animal experimental protocols were approved by
Institutional Animal Ethics Committee. Rats were divided
into 4 groups, with 6 animalsin each group. Group 1 served
as control. Group 2 (cyclophosphamide toxic control) was
given cyclophosphamide dissolved in sterile distilled water
intraperitonially @ 40 mg/kgbwt onday 1, 3, 5and 7. Groups
3 and 4 were administered cyclophosphamide asin group 2
and were also treated with N-acetyl cysteine orally @ 0.2%
of feed from day 1 to 14 and 8 to 14, respectively.

Blood was collected at the end of second week for
biochemical analysis of serum and RBC. The animals were
then euthanized; hearts were immediately excised, rinsed
with ice-cold physiological saline and stored at —20°C for
further homogenization. The activity of creatine
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phosphokinase (CPK) and | actate dehydrogenase (LDH) was
assayed using diagnostic kits. The cardiac troponins were
estimated as serum salt soluble proteins by the method of
Indiraand Rao (2002). The activity of superoxide dismutase
(SOD) was determined as per Madesh and Balasubramanian
(1998) and catal ase according to Asru (1972).

The heart tissues were weighed and homogenized in 0.2
M tris HCI buffer (pH 7.4) and aliquots of this homogenate
were used for estimating concentration of thiobarbituric acid
reacting substances (TBARS) (Balasubramanian et al. 1988),
reduced glutathione (GSH) (Moron et al. 1979) and protein
carbonyls (Levine et al. 1990). For estimation of Na*-K*
ATPase activity of heart, tissue microsomal preparation was
done by the method described by Wallace (2001) and then
assay of Na*-K* ATPase activity was done in the way
described by Kiku et al. (1967), and the inorganic phosphate
released was estimated by the method of Fiske and Subba
Row (1956).

All chemicalsand solvents used were of the highest purity
and analytical grade. The data were subjected to statistical
analysis by applying one way ANOVA using statistical
package for social sciences (SPSS) version 15. Differences
between means were tested using Duncan’s multiple
comparison test and significance was set at P<0.05.

Theactivities of CPK and LDH (1U/1) in serum increased
significantly (P< 0.05) in cyclophosphamide-treated group 2
ascompared to control (Table 1). N-acetyl cysteinetreatment
in groups 3 and 4 produced a non-significant decrease in
their activity. The concentration of troponins (mg/dl),
measured as serum salt soluble proteins, was raised
significantly (P< 0.05) in cyclophosphamide group which
decreased significantly (P< 0.05) on N-acetyl cysteine
administration. The cellular mechanisms of toxicity by
phosphoramide mustard and acrolein, the principal
metabolites of cyclophosphamide, are thought to be mediated
through increased formation of free radicals and diminution
of cellular antioxidant status (Ray et al. 2010, Tripathi and
Jena 2010). In the present study, administration of
cyclophosphamide induced heart damage as evinced by rise
in the activity of serum LDH and CPK, and an increase in
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Table 1. Serum and tissue biochemical parameters

Parameter Group 1: Control Group 2: Group 3: Group 4:
Cyclophosphamide Cyclophosphamide Cyclophosphamide
control (d 1,3,5,7) (d1,3,5,7)+N-acetyl (d1,3,5,7)+N-acetyl
cysteine (1-14 d) cysteine (8-14 d)
CPK (1ufl) 165.54+7.462 248.31+43.88P 170.58+19.23% 196.26+16.94%
LDH (u/l) 242.41+10.242 345.49+17.29b 303.54+19.89P 328.53+18.19P
Troponins (mg/dl) 14.31+0.982 38.07x1.74¢ 32.94+2.28b 32.75+1.37b
SOD (U/mg protein) 0.25+0.03°¢ 0.12+0.012 0.19+0.01P 0.19+0.02P
Catalase (ug of H,0, 9.52+0.77° 5.48+0.402 7.90£0.542 6.50+1.582
decomposed/mg protein/min)
TBARS (1 mol MDA/mg protein) 0.11+0.012 0.27+0.02°¢ 0.19+0.01P 0.24+0.01°¢
Protein carbonyls (n mol/100 mg protein) 1.34+0.072 1.94+0.14° 1.59+0.122 2.17+.10P
GSH (p mol/mg protein) 22.18+1.62 10.16+0.85 14.73+1.57 13.29+0.52
Na*-K* ATPase (1 mol of Pi 19.11+1.48° 4.01+0.712 17.50+0.63%¢ 16.03+0.80°

released/mg protein/30 min)

Values are mean+S.E (n = 6); Means with different al phabets differ significantly (P< 0.05) with other groups, One-way ANOVA.

the concentration of troponins as compared to control group.
This might be due to direct free radical damage or due to
release of lysosomal enzymes that further aggravate injury.
N-acetyl cysteinetreatment significantly decreased troponins
elevation, while a moderate decrease was observed in the
activity of CPK and LDH that might be duetoitsfreeradical
scavenging and anti-apoptotic properties (Gurbuz et al.
2009).

The activity of antioxidant enzymes namely SOD (units/
mg protein) and catalase pg of H,O, decomposed/mg protein/
min) measured in RBCsdecreased significantly (P< 0.05) in
cyclophosphamide-treated group compared to control group.
N-acetyl cysteine treatment could improve activity of SOD
significantly (P< 0.05) but had no significant effect on
catalase in groups 3 and 4. The concentration of
malondialdehyde (MDA), a thiobarbituric acid reacting
substance (TBARS; p mol MDA/mg protein), and protein
carbonyls (n mol/100 mg protein) increased (0.27+0.02 and
1.94+0.14, respectively) in cyclophosphamide group as
compared to control group (0.11+0.01 and 1.34+0.07,
respectively). N-acetyl cysteinetreatment for 14 daysreduced
concentration of MDA significantly (P< 0.05). GSH
concentration (pmol/mg protein) in group 2 showed a
significant (P< 0.05) decline as compared to control, while
it showed significant (P< 0.05) improvement with N-acetyl
cysteine administration for 14 days in group 3. Marked
oxidative stress by cyclophosphamide in this study was
indicated by an increase in the concentration of TBARS and
protein carbonyls, the markers of peroxidative damage of
lipids and proteins, respectively when compared to those of
control group. N-acetyl cysteinetreatment for 14 days could
significantly reverse these changes. The thiol group of N-
acetyl cysteine reacts with 4-OH CP (the intermediate
metabolite of cyclophosphamide) and forms alkyl-thio
derivative, which does not spontaneously form

phosphoramide mustard and acrolein. This might be the
reason for decreased concentration of TBARS and protein
carbonyls in the N-acetyl cysteine treated groups 3 and 4.
Reduced glutathione (GSH), the thiol containing cellular
antioxidant, functions to scavenge free radicals, to donate
electrons to OH and superoxide and to metabolize
xenobiotics. The concentration of GSH was significantly
lowered in cyclophosphamide toxic group 2, which may be
dueto itsincreased participation in metabolism of 4-OH CP.
N-acetyl cysteine treatment for 14 days significantly
improved the GSH level, while 7 days treatment produced
nonsignificant improvement, which suggests enhanced
glutathione synthesis following 14 day administration with
N-acetyl cysteine.

The Nat- K* ATPase activity (i mol of Pi released/mg
protein/30 min) of heart tissue was significantly (P< 0.05)
reduced by cyclophosphamide in group 2 as compared to
control, whileit revealed asignificant (P< 0.05) improvement
following N-acetyl cysteine treatment in groups 3 and 4.
When the proteins get oxidized by ROS, the SH groups of
proteins get converted into disulphide bonds. This decrease
in SH group content might beresponsiblefor thefall in Na*-
K* AT Pase activity found in cyclophosphamide group asthe
functional ability isvery much dependent on SH groups. This
decline was significantly reversed by N-acetyl cysteine in
groups 3 and 4.

In conclusion, the results of the study revealed that
cyclophosphamide exerted cardiotoxicity by free radical
(ROS) generation or by inhibiting the major antioxidant
defenses and N-acetyl cysteine treatment could produce
moderate protective effect on heart, which could be attributed
toitsability to augment glutathione synthesis and quenching
of freeradicals. Further, simultaneous administration of N-
acetyl cysteine along with cyclophosphamide was found to
be superior.
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SUMMARY

A study was conducted to evaluate the mechanism of
cyclophosphamide-induced cardiotoxicity and protectiverole
of N-acetyl cysteine in Wistar rats. The rats were divided
into 4 groups: Group 1 served as control, groups 2, 3 and 4
received 4 doses of cyclophosphamide (40 mg/kg b.wt. i/p
on aternate days), while groups 3 and 4 also received N-
acetyl cysteine (0.2% of feed) from day 1 to 14 and day 8 to
14 of experiment, respectively. The concentration of
troponins, protein carbonyls, TBARS and GSH, and the
activity of CPK, LDH, SOD, catalase and Na'- K* ATPase
were assessed. Significant (P<0.05) alterationswererecorded
in CPK, LDH, troponins, protein carbonyls, SOD, catalase,
TBARS, GSH and Na*- K* ATPase in cyclophosphamide
toxic group 2. N-acetyl cysteine treatment for 14 days
produced improvement on heart, while 7 day treatment has
no recognizableeffect. It isconcluded that cyclophosphamide
induced cardiac toxicity by stimulating oxidative stress and
14 day treatment with N-acety! cysteine offered protection.
It is desirable to co-administer N-acetyl cysteine to avoid
undue cardiotoxicity due to cyclophosphamide.
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