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ABSTRACT

Objective: The common side effects associated with cyclophosphamide administration are bone
marrow suppression, exposure to infections, as well as cardiovascular complications, including
sinus bradycardia, pericarditis, myocarditis, and type 1 heart problems. The present study was
sought to investigate the effect of curcumin on modulating side effectt of cyclophosphamide and the
mechanisms involved.

Methods: This experimental study was carried out in the Department of Pharmacology, North
Sumatra University during 2020. Thirty Wistar albino male rats, weighing 100 to 150 g (initial body
weight); aged 85 to 100 days were selected for the study. After acclimatization for 14 days. Rats (n
= 30) were pretreated with catechin (200 mg/kg, p.o.) alone, normal sample and different dose
combination of curcumin (200, 400, 800 mg/kg, p.o.) in 10th day. The whole rats in each groups fed
on 150 mg/KgBW of cyclophosphamide solution on days 11th to 15th of the trial The heart was
remove blood was taken Serum creatine kinase-MB (CK-MB) level was estimated by IFCC method
and Troponin T (cTnl) level by ELISA method. The blood samples were collected and complete
blood count were measured by cell counter. The statistical analysis was done by one way ANOVA
followed by Tukey post hoc test, with coefficient interval of 95% (a = 0,05).
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protective against cardiac cell damage of mice.

Results: The results revealed that the CKMB and Troponin T levels decreased along with a
dosage increase in thegroup with ethanol extract of white turmeric and an improvement in
homeostasis and the histopathology of the liver of the rats. The

impact of white turmeric is

Keywords: Blood examination
cyclophosphamide; troponin T.

1. INTRODUCTION

Cyclophosphamide is a very popular
antineoplastic and immunosuppressant agent
which comes under  the class  of
oxazaphosphorine-alkylating agent. Its ability to
kill tumor cell is mainly due to its DNA alkylation.
Although it has tumor selectivity and a wide
spectrum of clinical uses Cyclophosphamide is
responsible to cause multiple organ toxicity
Cyclophosphamide causes generation of two
active metabolites such as phosphoramide
mustard and acrolein which can react with
carboxyl (-C[O] OH), mercapto (-SH), amino
(-NH2), phosphate (-PO3H2), and hydroxyl
(-OH) groups, and can form cross-links with
DNA and proteins. and impaired secretion of
heart lipoprotein lipase. Cyclophosphamide
-induced alterations of lipid metabolism
pathways in  variousconditions lead to
myocardial lipid accumulation and lipotoxic
cardiomyopathy [1]. Cyclophosphamide is a
nitrogen mustard alkylating agent with potent
antineoplastic, immunosuppressive, and immu-
nomodulatory properties. Its use has long been
established in cancer therapy and in
pretransplant stem cell conditioning regimens.
Cyclophosphamide’s effect on both cell-
mediated and humoral immunity has made it
particularly appealing in the off-label treatment
of several refractory autoimmune conditions [2].

Curcumin possess various pharmacological
effects such asantioxidant, anti-inflammatory,
anti-thrombotic, anti-apoptotic,and
hepatoprotective activities. It has been reported
that curcumin plays a pivotal role against skin,
oral, lung, forestomach, colon, and prostate
cancers. In some of the recent studies, it has
been revealed that curcumin was found to be
beneficial against isoproterenol, ischemia
reperfusion, and doxorubicin-induced
cardiotoxicity [3].

Turmeric (Curcuma longa), an Indian spice, is a
yellow pigment that is used worldwide in
cooking, cosmetics, dyes, and medicines. It is

and histopathology;

CKMB; curcuma zedoaria; curcumin,

worth nothing that turmeric is a frequently used
food additive in Southeast Asia, whichi mproves
color and flavor of food preparations.
Curcumin(chemical name: diferuloylmethane) is
an active component of turmeric which has the
capacity to interact with hundreds of molecular
targets. Several studies have demonstrated the
protective effects of curcumin against many
chronic diseases, including various cancers,
pulmonary disorders, and autoimmune diseases
[4]. It has been shown to attenuate oxidative
stress and to exert a cardioprotective effect
owing to its lipid-lowering properties [5].

White turmeric contains bioactive compounds
such as flavonoids, polyphenols, curcuminoid,
terpenoids and essential oils. There are
approximately 60 essential oil components and
oleoresin in white turmeric with curzerenone,
germacrone, camphor, curcumenol as the
largest component [6].

Therefore, the aim of this study is to evaluate
the cardio-protection effect of curcuma against
cyclophosphamide induced cardiovascular
complications.

2. METHODS

The materials utilized in this study include
Curcuma zedoria, Camellia sinensis Cycloid,
Aquades, alpha-naphthol, HNO3,
RC(0),0,H,S0,, Ethanol (distilled), mercury (Il)
chloride, calcium chloride, calcium iodide,
iodium, bismuth (lll) nitrate, HCI, Pb(C2H302)2,
FeCl3, 10% formalin buffer, buffer Na3C6H507,
isopropanol, hexane, 0.5% Na CMC, zinc
powder, toluene, xylene, and dye (hematoxylin
and eosin)[7].

The Curcuma rhizome obtained from UPT
Materia Medica Batu, in East Java, cleaned and
dried. Subsequently, the rhizomes were
macerated with 96% ethanol, poured into a
glass tube, and 75 pieces of polarised liquid
were added. The tube was then sealed and left
to stand 5 day in the absence of sunlight. This
was followed by cleaning, pressing, and
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maceration, with 96% ethanol. The rhizomes
were then cut into 100 pieces, sealed, and left
to stand for 2 days in the absence of sunlight.
This was followed by filtration, evaporation
using a rotary evaporator and drying at 40°C, to
obtain thick extract[1].

Meanwhile, cathechin leaves were washed and
ground with a grinder. Subsequently, 50 grams
of the powder obtained was then extracted for 3
hours with 250 ml water use using soxlet and
reflux apparatus with hot (45°C) water. The
extract was then placed in a rotary evaporator,
frozen at -20°C, and crushed to obtain powder.
This powder was then combined with saline
liquid (15 w/v), and intraperitonaly injected into
mice at a dosage of 6 kg/bb. Only male group
were used for this study. The mice were
grouped into 6 different groups and placed in
separate cages [8].

TnT levels were determined with the Enzym test
(Boehringer Mannheim Corp) according to the
manufacturer’s instructions. This sandwich
ELISA system is based on two mAbs, namely, a
biotinylated cardiac TnT-specific capture
antibody (M7) that binds to streptavidin-coated
plastic tubes and a horseradish peroxidase—
labeled detection antibody (1B10) that cross-
reacts with skeletal muscle TnT. Because the
assay has been developed for use in the human
system, we had to ensure that it is also suitable
for the murine system. This was achieved by
comparing the reactivity of the mAbs with TnT
from mice and humans with the use of Western
blotting. Briefly, human tissue samples were
obtained at autopsy from myocardial septum
and intercostal muscles. Murine samples were
obtained from whole hearts and from quadriceps
muscles. Crude extracts were prepared by
homogenizing 1 part of minced tissue in 15 parts

(w/v) of Laemmli buffer under reducing
conditions. The tissue extracts were then
separated in 10% polyacrylamide—sodium
dodecyl sulfate mini-gels (Hoefer Scientific

The CKMB and Troponin T serum were
analysed in the Clinical laboratory, Faculty of
Pharmacy, North Sumatra University. Serum

Table 1. Study design

Treatment

Distilled water and food

Distilled water and food

Intraperitonally Na CMC 0,5% once a day in 10
day

Cyclophosphamid injection 150 mg/kgbb day 11 to
day

15

Distilled water and food

Intraperitonally Catechin 200 mg/kgbb once a day
in 10 day

Cyclophosphamid injection 150 mg/kgbb day 11 to
day

15

Distilled water and food

Intraperitonally curcumin ethanol extract 200
mg/kgbb once a day in 10 day

Cyclophosphamid injection 150 mg/kgbb day 11 to
day

Distilled water and food

Intraperitonally ethanol exract 400 mg/kg bb once
aday in 10 day

Cyclophosphamid injection 150 mg/kgbb day 11 to
day 15

Distilled water and food

Intraperitonally ethanol exract 800 mg/kg bb once
aday in 10 day

Cyclophosphamid injection 150 mg/kgbb day 11 to
day 15

Group
Normal sample
Negative population control

Positive population sample

Ethanol curcuma extract control 200 mg/kg bb

Ethanol curcuma extract control 400 mg/kg bb

Ethanol curcuma extract control 400 mg/kg bb
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Instruments) and electrophoretically transferred
to BA 85 nitrocellulose sheets (Schleicher and
Schuell). For immunostaining, the sheets were
cut into strips, blocked with 1% bovine serum
albumin in PBS containing 0.1% Tween 20 for
30 minutes, and incubated with either the
biotinylated mAb M7 at concentrations ranging
from 15 ng/mL to 600 pg/mL or the horseradish
peroxidase—labeled mAb 1B10 at a
concentration of 150 pyg/mL. Strips with the mAb
M7 were then incubated for 30 minutes with
peroxidase-conjugated streptavidin (Dako) at a
dilution of 1:10 000. Bound antibodies were
detected by conversion of substrate (0.5 g/L,
chloronaphthol) in the presence of 0.01% H,0..
Between each incubation step, the strips were
washed several times with PBS containing 0.1%
Tween 20 and, before reaction with substrate,
with PBS alone [9].

Because a murine standard for the calibration of
the TnT ELISA is not available, it was not
possible to determine the absolute concentration
of TnT in units of weight per volume. Therefore,
the results had to be expressed as the relative
TnT increase, which is defined as the ratio
between the individual mouse TnT level and the
upper normal level. The upper normal level was
defined by the mean+SD valuex1.96 of controls.
Controls consisted of mice immunized with an
irrelevant antigen, ie, skeletal muscle myosin.
The ratio yielding absolute diagnostic specificity
(no positive test results among mice without
myocarditis) at  the highest possible
sensitivity level, ie, a relative increase of more
than 2, was used as the cutoff value for TnT

9.

CKMB analysis was performed using the IFCC
method. while Troponin T was analysed through
ELISA test. Total CK activity was determined at
25°C with the Granutest 15 assay kit (Merck)
according to the manufacturer's instructions.
The upper normal value was 131 U/L (mean+SD
value of nine untreated controlsx1.96). Relative
CK-MB isoenzyme activity was measured by
fluorescent densitometry after electrophoretic
separation of isoenzymes on agarose gels and
incubation with substrate. Separation and
visualization were performed according to the
manufacturer’'s protocol (REP/EDC system,
Helena Laboratories). CK-MB values were
considered elevated if both the relative amount
of CK-MB exceeded 4.5% of the total CK activity
and the absolute CK-MB activity exceeded 12
U/L, as these values yielded absolute specificity
at the highest possible sensitivity level [9].
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The mice were first administered with
cyclophospamid, and curcumin extract was
administered 2 hours later. Mice were
anaesthetized (75 mg/kg, i.p.)and xylazine (8
mg/kg, i.p.) as anesthesia [1]. Incisions were
made on the organs, and blood samples were
collected in a glass tube containing liquid
EDTA. Blood samples (4 mL) were collected by
using a heparinized syringe (5 mL) from the
inferior vena cava. The blood was divided into
two portions. The first portion (1 mL) was

transferred into tubes containing ethylene
diamine tetra acetic acid (EDTA) for
hematological analysis while the remaining

blood was placed into plain tubes at ambient
temperature for 30 min before centrifugation at
2000 rpm for 10 min to yield the serum for
subsequent biochemical analysis. Lymphocyte,
erythrocyte, thrombocyte and leucocyte count,
and determine blood morphology using wright
giemsa staining (5 drops of Giemsa in 1 ml of
buffer phosphate) [7].

The mice hearts were harvested after mice
were pronounced clinically dead, cleaned with
0.9% NaCl injection, and a part of each heart
tissue was cut (0.5 x 0.5 x 0.5cm dimension for
each part). Subsequently, the tissues were
treated with 10% formalin, immersed in
paraffin, cut into about 4um per slide, and
subjected to histopathology analysis using
hematoxylin-eosin dye, in the Laboratory of
Pharmacy, North Sumatra University [10]. Each
blood cell type was measured in Mean + SD
with percentage (%) and analyzed with One
Way ANOVA, followed by Tukey post hoc test,
with coefficient interval of 95% (a = 0,05).

Tables 1, 2, 3 and 4 show the results of troponin
T assay, CKMB analysis, and blood cell type
evaluation, respective.

According to the tables above, the CKMB and
Troponin T levels are highest in the negative
group, while the positive and the normal groups
have almost the same values. Therefore, CKMB
and Troponin T levels were concluded to
decrease with increasing dosage of curcumin
Zedoaria.

The table above shows the leucocyte count
decreases with increasing dosage of Curcuma
zedoaria and is highest in the negative group.
Meanwhile, the 0.5% Na CMC group’s
erythrocyte count was discovered to be the
highest and to differ significantly from the,
normal, and 400 mg/kgbb ethanol extract and
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catechin groups (p<0.05). In addition, the
thrombocyte count for the catechin group differs
significantly from the Na CMC 0.5% group
(p<0.05), while the Iymphocyte count was
discovered to differ significantly between each
group (p> 0.05).

3. DISCUSSION

Curcumin can reduce atrophy of the
myocardium as well as fibrosis ofthe cardiac
cells. It also decreases the apoptotic myocytes
occurring in mice treated with doxorubicin.
Interestingly, curcumin is said to exhibit
cardioprotective effect when co-administered
with doxorubicin which may be contributed
by autophagy. In fact, it has been hypothesized
that repeated administration of doxorubicin

reduce antioxidant level which increase
the levels of cardiac biomarkers at the
same time, giving the overall effect of
inducing cardiomyopathy  [11]. Overall,

the mechanism of cardiotoxicity as induced by
doxorubicin are several including
oxidative damage level increase, increased in
inflammation and apoptosis.

Cyclophosphamide is also an antineoplastic
agent that may causecardiac problem such as
interstitial edema and hemorrhage, mainly
attributed to the cause of oxidative stress.
Cyclophosphamide induced oxidative stress
results in abnormal cell death and these toxic
metabolites lead to a direct damage of
endothelial capillary blood vessels [12]. In a
report, a group of rats treated with curcumin
(100 mg/kg, p.o.) together with
cyclophosphamide (30 mg/kg, i.p.) had low
levels of damage in the myocardium based on
histopathological and immunohistochemical
properties as compared to rats administered
with cyclophosphamide alone. Based on the
study by Chakraborty et al (2017), the
combination of oral curcumin (50 mg/kg, p.o.)
and piperine(20 mg/kg, p.o.) confer better
protection against cardiac toxicity that is
induced cyclophosphamide (200 mg/kg, i.p.) as
compared to treatment with curcumin (200
mg/kg, p.o.) alone [13]. In another study
pretreatment of curcumin (200 mg/kg, p.o.) for 7
days before cisplatin (5 mg/kg, i.p.) exhibit
cardioprotective effect based on histopathology,
biochemical and cytokines changes when
compared with cisplatinalone treated group [14].

Table 2. Interpretation of the Results of Troponin T Analysis with Cyclophosphamide
Administration.

Group Result

Mean

Normal Group 0.065 pg/ml
0.07 pg/ml

0.062 pg/ml
0.067 pg/ml
0.075 pg/ml
0.07 pg/ml

0.064 pg/ml
0.061 pg/ml
0.848 pg/ml
0.449 pg/ml
1.036 pg/ml
0.533 pg/ml
0.174 pg/ml
0.197 pg/ml
0.135 pg/ml
0.151 pg/ml
0.083 pg/ml
0.113 pg/ml
0.117 pg/ml
0.118 pg/ml
0.091 pg/ml
0.107 pg/ml
0.114 pg/ml
0.083 pg/ml

Catechin or positive
group

Negative group

Ethanol extract of 200
mg/kgbb

Ethanol extract of 400
mg/kgbb

Ethanol extract of 800
mg/kgbb

0.066 + 0.003 pg/ml

0.0675 + 0.006 pg/ml

0.7615 + 0.273 pg/ml

0.1642 + 0.027 pg/ml

0.1077 + 0.0166 pg/ml

0.0987 + 0.0142 pg/ml
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Table 3. Interpretation of the results of CKMB analysis with cyclophosphamide administration

No Group CKMB Mean + SD
1 Normal Group 354.0 £ 81.0 kg/bb
2 Catechin or positive group 389.0 + 102.5 kg/bb
3 Negative group 843.0 + 140.0 kg/bb
4 Ethanol extract of 200 mg/kgbb 600.0 + 37.0 kg/bb
5 Ethanol extract of 400 mg/kgbb 595.0 £ 157. kg/bb
6 Ethanol extract of 800 mg/kgbb 572.0 + 61.0 kg/bb

Fig. 1. Interpretation of Histopathology Analysis in Mice Heart
Results highlighted that there was no remarkable difference between all group control mice heart histological
sections (p<0,05)

The mice in the negative control group (Na
CMC 0.5%) were discovered to have the
highest CKMB values compared to other
groups, and this enzyme decreased in each
group, with increasing dosage of Curcuma
zedoaria. However, the group with the highest
dosage, 800 mg/kg bb had lower CKMB level,
compared to the normal group. This study
therefore shows Curcuma zedoaria has cardiac
protection against cyclophosphamide induced
cardiac complication in mice.

This study shows administering curcumin at
dosage of 800 mg/kg bb or higher possibly
balances the blood cell count, as well as
CKMB and Troponin T level and reduce local
Inflammation. Curcuma zedoaria is commonly
known as “zedoary” and “white turmeric’ in
English and “er-jyur” in Chinese. It isnative to
northeast India and Indonesia but widely
cultivated in subtropical regions including India,
Southeast Asia, Thailand, Indonesia, Japan,
and China [15]. Zedoary rhizome looks like

ginger from the outside (wrinkled gray, ash-
colored) and like turmeric from the inside
(brownishred-yellow). It has a less intense
aroma that can be rated between turmeric and
mango. In addition, the rhizome powder of C.
zedoaria is used for culinary purposes because
of its unique smell, but has a very bitter and
pungent taste, causing many people to
substitute it with ginger.

Sharma et al. (2011) proved that Curcuma
longa and curcumin stabilize the cell
membrane and restore various blood
parameters. The infected rats cotreated with
curcumin showed increased WBCs value,
PCV%, and monocyte cells due to immune-
stimulating activity of curcumin [16]. The effect
of curcumin on hematological parameters in
schitosoma mansoni-infected mice
demonstrated slight improvement in RBCs,
Hb%, PCV, and MCHC value compared to
infected group [17].
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No Keterangan Leukocyte Erythrocyte Thrombocyte Lymphocyte
Mean * SD Mean * SD Meant SD Mean * SD

1 Normal Group 0.98 + 026#c 4.90 + 0.26#c 5.00 + 1.00#c 58.67 + 23.46#"
2 Catechin or positive group 1.17 £ 0.,54*c 5.43 + 0.03*c 52.33 £ 3.51*c 39.00 £ 2.00*

3 group 0.5% CMC Na 9.91 + 1.39ab 7.60 + 0.24ab 660.27 £ 294.27ab 46.33 + 2.52*#
4 Ethanol extract of 200 mg/kgbb 5.83 + 1.02abc 6.32 + 0.24*#" 349.67 + 157.39*#" 58.33 + 15.82*#"
5 Ethanol extract of 400 mg/kgbb 2.71 £ 0.91*#c 6.58 + 0.28a#" 16.00 £ 2.00*#c 32.67 £ 5.13*#"
6 Kelompok EEKP 800 mg/kgbb 1.40 £ 0.23%#c 6.27 + 0.24*#" 28.50 + 2.78*#c 49.33 + 1.53*#"
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In this study, the leukocytes count was
discovered to reduce with increasing dose of
Curcuma zedoaria, and this value was highest
in the negative control group (Na-CMC 0.5%).
Meanwhile, there was no significant difference
among the lymphocytes count of each group,
indicating the occurrence of acute inflammation
of the liver due to elevated leukocytes.
However, this was not accompanied by
elevated lymphocytes, as a marker of chronic
active inflammation. The groups administered
with the ethanol extract of Curcuma zedoaria
had similar leukocyte counts, but this value
reduces with increasing dose. The treatment
group that was given the ethanol extract of
Curcuma zedoaria had almost the same
number of leukocytes, but the group with the
higher dose had fewer leukocytes. This is in
line with a study conducted by Wardhani et, al
(2020) Which found that Curcuma zedoaria
had a protective effect against the white blood
cells of mice exposed to CuSO4 [18].

4. CONCLUSION

The results of this study also showed an
improvement in the histopathology of the
ethanolic extract of white turmeric at a dose of
800 mg /kgbb, matching the results of the
catechin extract, and the normal group.
Several studies have reported the pro-oxidant
and oxidative stress properties of
cyclophosphamide, leading to antioxidant
activity and increased lipid peroxidation in
several mice tissues.. For obtaining the
therapeutic dosage, it is best to utilize a more
diverse dose of white turmeric in future studies.
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