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Medicinal plants have been used for treatment of various ailments since time immemorial. Tabernaemontana coronaria is a
flowering plant belonging toApocynaceae family. Considering the very good antioxidant properties ofTabernaemontana coronaria,
the anticancer property of the ethanolic extract was evaluated against DEN and Fe-NTA induced clear cell renal cell carcinoma.
A group of male rats were induced with single intraperitoneal injection of DEN (200mg/kg bw) and followed by Fe-NTA
(9mg Fe/kg bw) twice a week for 24 weeks. Another set of two groups were inducedwith carcinogens and treated with plant extracts
(200 and 400mg/kg bw), respectively. Further two sets of rats were treated with only the plant extracts. The therapeutic efficacy
of the ethanolic extract of Tabernaemontana coronaria was observed in terms of normalization of altered renal oxidative stress
parameters like LPO and enzymic and nonenzymic antioxidants in kidney of rats. These results suggested that the plant extract
could act against DEN and Fe-NTA induced clear cell renal cell carcinoma in male rats by a mechanism related to its antioxidant
properties which was confirmed by histopathological studies.

1. Introduction

In recent years, there have been considerable efforts to search
for naturally occurring substances that can inhibit, reverse, or
retard the multistage carcinogenesis. Tabernaemontana coro-
naria (synonym: Tabernaemontana divaricata) is a flowering
plant belonging to the family Apocynaceae. It is one of the
diverse plant genera commonly called “milkwood.” The root
has a bitter bad taste. It is aphrodisiac, tonic especially to the
brain, liver, and spleen [1]. The milky juice is very useful in
many eye infections, especially red eye. It kills intestinal
worms, and its root, when chewed, relieves tooth ache [2].

About 66 alkaloids were extracted from T. coronaria by
several methods. In addition to this certain nonalkaloidal
constituents such as terpenoids, steroids, enzymes, and
hydrocarbons have also been isolated from T. coronaria. Free
radical scavenging enzymes, such as superoxide dismutase,
catalase, ascorbate peroxidase, glutathione reductase, and
phenolic peroxidase were isolated from T. coronaria plants
in India [3, 4]. Their discoveries indicated that T. coronaria

was a very good scavenging system to combat the effects of
air pollution. Nonalkaloidal compounds isolated from root
bark of T. coronaria exhibit pharmacological properties such
as anti-inflammatory and antioxidant activity in vitro [5].The
plant has antitumour activity against IgA-N [6], antioxidant
activity [1, 3], and analgesic effect [7].

Iron is an essential nutritional element for all life forms.
But its overload may also lead to various diseases [8]. The
iron complex of the chelating agent nitrilotriacetic acid is
nephrotoxic [9].

Ferric nitrilotriacetate (Fe-NTA) is absorbed into portal
vein throughmesothelium and passes into circulation via the
liver [10]. The low molecular weight Fe-NTA is easily filtered
through the glomeruli into the lumen of the renal proximal
tubules where Fe3+-NTA is reduced to Fe2+-NTA by the
glutathione degradation products cysteine or cysteinylglycine
[11]. In the brush border surface of the renal proximal con-
voluted tubules, 𝛾-glutamyl transpeptidase hydrolyses glu-
tathione to cysteinylglycine that is rapidly degraded to cys-
teine and glycine by dipeptidase [9]. Cysteinylglycine and
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cysteine are the proposed thiol reductants that reduce Fe3+-
NTA to Fe2+-NTA.The autooxidation of Fe2+-NTA generates
superoxide radicals (O

2

−
) which subsequently potentiate the

iron catalysed Haber-Weiss reaction to produce hydroxyl
radical (OH∙), leading to induction of lipid peroxidation
and oxidative DNA damage [7, 8]. Oxidatively modified
molecules were found to be increased in kidney including
DNA point mutations, DNA cross-linking, and DNA strand
breaks and thus alter normal cells [12].

It has also been demonstrated that N-diethylnitrosamine
(DEN) pretreatment increases tumor incidence and reduces
the time of treatment necessary to induce cancer as compared
with Fe NTA-alone-treated animals [13, 14].

Taking in view the previous findings, the efficacy of
the whole plant of Tabernaemontana coronaria against renal
carcinogenesis, oxidative stress in rat kidney has been carried
out in this study.

2. Materials and Methods

2.1. Plant Material. The whole plant of Tabernaemontana
coronaria (Jacq.) Willd. was collected in and around Coim-
batore district of Tamil Nadu, India, and authenticated by
Dr. P. Satyanarayana, Scientist D, Botanical Survey of India,
Southern Regional Centre, Tamil Nadu Agricultural Univer-
sity Campus, Coimbatore, Tamil Nadu, India. The Voucher
number is BSI/SRC/5/23/2011-12/Tech. 1538. The whole plant
was cut into pieces, cleaned, and air dried at 25∘C for 10 days
in the absence of sunlight and powdered well into a coarse
powder using a mixer. Then they were weighed and kept in
an airtight container and stored in refrigerator for future use.

2.1.1. Preparation of Extract. 50 g of the powderedwhole plant
material ofTabernaemontana coronariawas extracted by con-
tinuous extraction using soxhlet apparatus with the solvent
ethanol for 72 hrs. The resultant extract was concentrated
to dryness under reduced pressure below 40∘C in rotary
evaporator and stored at 4∘C in a tightly capped brown bottle
and kept in refrigerator for the study. According to OECD
guidelines the doses were determined and administered.

2.1.2. Preparation of Fe-NTA Solution. Fe NTA solution was
prepared fresh immediately before its use by the method
of Awai et al. [15] as modified by Athar and Iqbal [13]. To
prepare Fe NTA, ferric nitrate (0.16mmol/kg body weight)
solution was mixed with fourfold molar excess of disodium
salt of NTA (0.64 nmol) and the pH was adjusted to 7.4 with
sodium bicarbonate solution. The concentration of the Fe
NTA solution prepared was 10mL/kg body weight and the
dose was 9mg Fe/kg body weight.

2.1.3. Animals. Adult male Albino rats weighing about 120–
140 g were obtained from the animal house of KarpagamArts
and Science College, Coimbatore, India. The animals were
maintained under standard conditions and were housed four
per cage in polypropylene cages with a wire mesh top and a
hygienic bed of husk in a specific pathogen-free animal room
under controlled conditions of 12 h light and 12 h dark cycle,

with temperature of 24 ± 2∘C, relative humidity of 50 ± 10%,
and fed with rodent diet and water ad libitum. The study
was approved by the Committee for the Purpose of Control
and Supervision of Experiments on Animals (CPCSEA),
Government of India.

2.1.4. Induction of Carcinogen. The carcinogenesis was ini-
tiated by a single intraperitoneal injection of DEN (diethyl
nitrosamine) at a dose level of 200mg/kg body weight. After
ten days the carcinogenesis is promoted by Fe-NTA (ferric
nitrilo tetra acetic acid) at a dose level of 9mg Fe/kg body
weight (ip) twice a week for 24 weeks.

2.1.5. Experimental Protocol. Thirty-six albino rats were ran-
domly allocated to six groups of six rats each.

(1) Group I received only normal food and water.
(2) Group II received a single intraperitoneal injection

of DEN at a dose level of 200mg/kg body weight on
the first day and after ten days the carcinogenesis was
promoted by Fe NTA at a dose level of 9mg Fe/kg
body weight (ip) twice a week for twenty four weeks.

(3) Groups III and IV were induced with carcinogen and
simultaneously treated with the plant extract (200
and 400mg/kg body weight), respectively, daily for
twenty-four weeks.

(4) Groups V and VI were treated with only the plant
extract (200 and 400mg/kg body weight), respec-
tively, daily for twenty-four weeks.

All rats were sacrificed 12 h after the experimental period.
Bloodwas collected and the separated serumwas used for the
estimation of urea [16], BUN [17], and creatinine [18].

2.1.6. Preparation of Tissue Homogenate. Kidneys were
removed quickly and washed in ice cold isotonic saline. The
kidneys were homogenized in 0.1MTris-HCl buffer of pH 7.4
at 4∘C in a potter homogenizer, at 600 rpm for 3 minutes.The
filtrate was used for estimations.

2.1.7. Estimation of Tumour Marker Enzymes. The tumour
marker enzymes such as gammaglutamyl transpeptidase [19],
xanthine oxidase [20], and lactate dehydrogenase [21] were
assayed in kidney homogenate.

2.1.8. Estimation of Superoxide Dismutase. Superoxide dis-
mutase activity was measured by the method of Das et al.
[22]. The method involves generation of superoxide radical
of riboflavin and its detection by nitrite formation from
hydroxylamine hydrochloride. The absorbance of the end
product red azo compound was measured at 543 nm.

2.1.9. Estimation of Catalase. Catalase activity was measured
by the method of Sinha [23]. This method is based on the
reduction of dichromate in acetic acid to chromic acetate
when heated in the presence of hydrogen peroxide. The
chromic acetate was measured colorimetrically at 610 nm.



Chinese Journal of Biology 3

Changes in body weight

a

a

a

b

a

c

a

c

a

c

a

c

0
50

100
150
200
250
300
350
400

Initial body weight Final body weight

Control 

T. coronaria alone (400mg/kg)
T. coronaria alone (200mg/kg)

DEN + Fe-NTA

DEN and Fe-NTA + 400mg/kg T. coronaria
DEN and Fe-NTA + 200mg/kg T. coronaria

g

Figure 1: Changes in body weight of control and experimental animals. Values are expressed as mean ± SD (𝑛 = 6). Values not sharing the
common superscript (a–c) differ significantly (DMRT).

2.1.10. Estimation of Glutathione Peroxidase. A known
amount of enzyme preparation was allowed to react with
hydrogen peroxide in the presence of GSH for a specified
time period.The amount of unreacted GSHwas measured by
Ellman’s method [24].

2.1.11. Estimation of Glutathione S Transferase. Glutathione S
transferase activity was assayed by the method of Habig et al.
[25]. The method is based on the rate of conjugate forma-
tion betweenGSH and 1-chloro-2,4-dinitrobenzene (CDNB).
The absorbance change was recorded at 340 nm and the
enzyme activity calculated as nmol CDNB conjugates
formed/min/mg protein.

2.1.12. Estimation of Reduced Glutathione. Reduced GSH in
tissue homogenate was determined by measuring the rate of
formation of chromophoric product in a reaction between
5,5-dithiobis-2-(nitrobenzoic acid) (DTNB) and free sul-
phydryl groups, such as GSH, at 412 nm as described by Ell-
man [26].

2.1.13. Estimation of Vitamin C. The oxidized product of
ascorbic acid was treated with 2,4 dinitrophenylhydrazine
and the absorption maxima of the product was measured at
520 nm as described by Omaye et al. [27].

2.1.14. Estimation of Total Sulphydryl Group. The sulphydryl
groups in tissues were determined using Elman’s reagent. In
this method DTNB reduced by SH group to form 1mole of
2-nitro 5-mercaptobenzoic acid per mole SH [28].

2.1.15. Estimation of Lipid Peroxidation. Malondialdehyde
and other TBARS were estimated by their reactivity with
thiobarbituric acid in acidic condition to generate a pink
coloured chromophore which was read at 535 nm [29].

2.2. Statistical Analysis. The results are expressed as mean ±
SD. Statistical significance was evaluated by one way analysis
of variance (ANOVA) using SPSS version 16.0 and the
individual comparison was obtained by the Duncan multiple
range test (DMRT) [30]. A value of 𝑃 < 0.05 was considered
to indicate a significant difference between groups.

3. Results

3.1. Changes in Body Weight in the Experimental Rats. From
the Figure 1 it is found that a significant increase in body
weight was noticed in all groups of rats at the end of six
months when compared to the initial body weight. Treatment
with DEN and Fe NTA resulted in a drastic depletion of the
weight when compared to the control group. In the case of
final body weight after six months compared to group I the
weight gain in group II was very less. This is attributed to a
heavy weight loss in the case of DEN and Fe NTA treated
rats.T. coronaria treatment (200 and 400mg/kg bodyweight)
recovered the levels almost near to control as compared with
DEN and Fe NTA treated group. The weight gain is slightly
less in groups V and VI rats when compared to group I.

3.2. Changes in the Level of Urea, Creatinine, and BUN in
Serum of Rats. The effect of anticancer treatment with T.
coronaria onDENand FeNTA induced increment in the level
of urea, creatinine, and BUN is shown in Table 1. Treatment
withDENandFeNTAcaused an increase in the levels of renal
markers such as urea, creatinine, and BUN when compared
to that of the control group. On treatment with T. coronaria
at lower (200mg/kg body weight) and higher (400mg/kg
body weight) doses, a pronounced recovery of the above
marker levels was noticed as compared with the DEN and
Fe NTA treated control group. Plant extracts-alone-treated
groups showed almost similar results as that of control.
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Table 1: Effect of Tabernaemontana coronaria on DEN and Fe-NTA induced increment in the level of urea, creatinine, and BUN in serum of
rats.

Particulars Urea (mg/dL) Creatinine (mg/dL) BUN (mg/dL)
Control 22.38 ± 1.17a 0.42 ± 0.03a 10.43 ± 0.54a

DEN + Fe-NTA 44.05 ± 1.48b 1.33 ± 0.01b 20.53 ± 0.69b

DEN and Fe-NTA + 200mg/kg T. coronaria 29.76 ± 0.98c 0.58 ± 0.04c 13.87 ± 0.45c

DEN and Fe-NTA + 400mg/kg T. coronaria 23.21 ± 1.48a 0.45 ± 0.03a 10.82 ± 0.69a

T. coronaria alone (200mg/kg) 20.01 ± 2.35a 0.4 ± 0.02a 9.32 ± 1.09
d

T. coronaria alone (400mg/kg) 20.6 ± 3.04a 0.4 ± 0.01a 9.6 ± 1.42
d

Values are expressed as mean ± SD (𝑛 = 6).
Values not sharing the common superscript (a–d) differ significantly (DMRT).

Table 2: Effect of T. coronaria on DEN and Fe-NTA induced enhancement of 𝛾-glutamyl transpeptidase, xanthine oxidase, and lactate
dehydrogenase in kidney.

Particulars 𝛾-glutamyl transpeptidase Xanthine oxidase LDH
Control 389.97 ± 5.53a 0.35 ± 0.003a 38.77 ± 1.17a

DEN + Fe-NTA 692.68 ± 15.84b 0.68 ± 0.01b 78.70 ± 1.38b

DEN and Fe-NTA + 200mg/kg T. coronaria 523.24 ± 7.48c 0.51 ± 0.007c 69.15 ± 1.42c

DEN and Fe-NTA + 400mg/kg T. coronaria 446.34 ± 5.17d 0.4 ± 0.009d 45.58 ± 1.39d

T. coronaria alone (200mg/kg) 394.82 ± 3.26a 0.34 ± 0.005a 39.63 ± 0.77a

T. coronaria alone (400mg/kg) 383.26 ± 2.86a 0.32 ± 0.004a 37.10 ± 0.72
a

Values are expressed as mean ± SD (𝑛 = 6).
Values not sharing the common superscript (a–d) differ significantly (DMRT).
𝛾-glutamyl transpeptidase, xanthine oxidase—units/mg protein.
LDH, nmoles of pyruvate liberated/min/mg protein.

From Table 2 it is found that the level of gamma glutamyl
transpeptidase, xanthine oxidase, and lactate dehydrogenase
were increased significantly in DEN and Fe NTA induced
group II animals when compared to the control rats.

This increased level was reduced to near normal level
when treated simultaneously with the plant extract. This
might be due to the potent antioxidant activity of the plant
extract and it is an indication of the reversal of the damage
caused by DEN and Fe NTA by the ethanolic extract of
Tabernaemontana coronaria. No significant change is noted
in groupsV andVIwhen compared to that of control animals.
This shows the protective nature of the plant extract and the
plant is nontoxic to humans.

From Table 3 it is found that a significant reduction
(𝑃 < 0.05) in the activities of antioxidant enzymes, namely,
superoxide dismutase, catalase, glutathione peroxidase, and
glutathione S transferase, was noted in rats intoxicated with
DEN and Fe NTA (group II) when compared to control
(group I). Whereas in groups III and IV rats treated with
200mg and 400mg/kg bw of ethanolic extract of Tabernae-
montana coronaria the level of these enzymes were signifi-
cantly increased when compared to group II animals.

3.3. Changes in the Level of GSH, Vitamin C, and Total Sul-
phydryl Group in Kidney. From Table 4 it is found that DEN
and Fe NTA treatment reduces the activity of GSH, vitamin
C, and total sulphydryl group in group II animals. This
decrement in the antioxidant activity is increased gradually
by treating simultaneously with the plant extract T. coronaria
(200 and 400mg/kg body weight). Compared to group III,

group IV animals showed better result in increasing the
antioxidant level. The plant extract-alone-treated groups
showed results similar to that of the control rats.

3.4. Lipid Peroxidation in Kidney. From Figure 2 it is found
that the level of lipid peroxidation is increased (𝑃 <
0.05) significantly in DEN and Fe NTA induced group II
animals when compared to the control (group I) animals.
Administration of the ethanolic extract of Tabernaemontana
coronaria decreased the lipid peroxidation index (𝑃 < 0.05)
significantly.

In the plant extract-alone-treated groups (V and VI) no
significant alteration was seen and the values are also similar
to that of control.

3.5. Histopathology of Kidney in Control and Experimental
Rats. From Figure 3 it is found that the histopathology
of group I untreated normal rats showed no pathological
changes. Whereas in DEN and Fe NTA treated group II
rats, the cortex shows numerous small foci of proliferation
composed of cells with clear cytoplasm and a peripherally
displaced round nucleus (multicentric clear cell carcinoma).
The interstitium shows patchy lymphoid aggregates. In group
III when the plant extract (200mg/kg) is administered along
with the carcinogen, the cortex showed a large cyst lined by
flattened epithelium surrounded by normal renal tissue. Clear
cell aggregates are not seen. Stroma shows patchy lymphoid
aggregates. The increased concentration of plant extract
(400mg/kg) in Group IV showed better results than that of
group III (200mg/kg) where the cortex showed a large cyst
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Table 3: Effect of T. coronaria on DEN and Fe-NTA induced depletion of superoxide dismutase, catalase, glutathione peroxidase, and
glutathione S transferase in kidney.

Particulars Superoxide dismutase Catalase Glutathione peroxidase Glutathione S transferase
Control 6.26 ± 0.33a 3.29 ± 0.40a 33.27 ± 0.97a 205.84 ± 3.6a

DEN + Fe-NTA 3.62 ± 0.41b 2.13 ± 0.11b 15.98 ± 0.64b 132.48 ± 4.9b

DEN and Fe-NTA + 200mg/kg T. coronaria 4.97 ± 0.32c 3.08 ± 0.07a 24.8 ± 0.54c 165.60 ± 5.2c

DEN and Fe-NTA + 400mg/kg T. coronaria 6.18 ± 0.43a 3.65 ± 0.34c 38.66 ± 0.71d 207.37 ± 2.9a

T. coronaria alone (200mg/kg) 6.48 ± 0.59a 3.19 ± 0.03a 38.89 ± 0.54d 206.4 ± 1.66a

T. coronaria alone (400mg/kg) 7.0 ± 0.86a 3.91 ± 0.09d 39.43 ± 0.47d 208.9 ± 1.22a

Values are expressed as mean ± SD (𝑛 = 6).
Values not sharing the common superscript (a–d) differ significantly (DMRT).
SOD—unit/mg protein.
CAT—𝜇moles of H2O2 consumed/min/mg protein.
GPx—𝜇g of glutathione consumed/minute/mg protein.
GST: 𝑛moles of CDNB conjugated/min/mg protein.

Table 4: Changes in the level of GSH, vitamin C, and total sulphydryl group in kidney.

Particulars GSH Vitamin C Total sulphydryl group
Control 8.28 ± 0.24a 1.87 ± 0.14a 4.71 ± 0.07a

DEN + Fe-NTA 4.01 ± 0.21b 0.92 ± 0.05b 3.22 ± 0.23b

DEN and Fe-NTA + 200mg/kg T. coronaria 6.39 ± 0.29c 1.7 ± 0.07c 3.58 ± 0.09c

DEN and Fe-NTA + 400mg/kg T. coronaria 7.56 ± 0.31a 1.76 ± 0.03c 4.46 ± 0.12d

T. coronaria alone (200mg/kg) 7.98 ± 0.25a 1.75 ± 0.08c 4.45 ± 0.09d

T. coronaria alone (400mg/kg) 8.96 ± 0.22e 1.93 ± 0.04a 4.53 ± 0.07d

Values are expressed as mean ± SD (𝑛 = 6).
Values not sharing the common superscript (a–e) differ significantly (DMRT).
The units were expressed in 𝜇g/mg protein.

lined by flattened epithelium surrounded by normal renal
tissue. Clear cell aggregates are not seen. Stroma shows patchy
lymphoid aggregates.

4. Discussion

Various plants of medicinal value are used in chemoprevent-
ive studies, owing to the increase in the incidences and sever-
ity of the cancer disease. These plants work by inhibiting the
development of invasive cancer either by blocking initiation
or by arresting or reversing the progression of premalignant
cells [29]. Traditional medical practitioners utilized plants
for the treatment of several diseases since time immemorial.
Recent studies have shown that plants have several active
agents or compounds due to which they show more syner-
gistic effect than any single active compound [30].

The role of reactive oxygen species in tumor initiation,
promotion, and progression has been reported in various
studies [31]. The phytochemical analysis of the various
extracts of T. coronaria has shown that it contains alkaloid,
saponin, tannins, phenolic compounds, flavonoid, cardiogly-
cosides, terpenoid, amino acids, protein, and carbohydrates
[32]. The antioxidative effects of T. coronaria have been
studied by various investigators [1, 3]. Further, the free radical
scavenging ability of the plant is also demonstrated by various
researchers [3]. Their results demonstrated that the plant has
high level of antioxidative agents such as SOD, CAT, GSH,
ascorbate peroxidase, and phenolic peroxidase. The results

of the experiments in the present study indicate that renal
carcinogenesis initiated by single intraperitoneal injection of
DEN and promoted by Fe-NTA is effectively, dose-depend-
ently inhibited by the subsequent administration of the
ethanolic extract of Tabernaemontana coronaria.

Previous studies have shown that the dietary supple-
mentation of plant based products protects against Fe NTA
induced renal tumour promotion response which was evi-
denced by lipid peroxidation and antioxidant enzymes and
proved by histopathological studies [33–35]. Likewise Taber-
naemontana coronaria may also be envisaged to mediate
protection against DEN and Fe NTA induced oxidative stress
and it was evidenced by the improved activities of antioxidant
enzymes, namely, superoxide dismutase, catalase, glutathione
peroxidase, reduced glutathione, vitamin C, and total sul-
phydryl group andphase-IImetabolizing enzyme glutathione
S transferase. Glutathione S transferase is a prominent phase-
II enzyme involved in detoxification, conjugation, and elim-
ination of carcinogens in the form of glucuronides, sulfates,
and glutathione conjugates. Glutathione S transferase, used as
a marker for evaluating anticarcinogenic potential, catalyzes
electrophilic conjugation with reduced glutathione, thus
counteracting a variety of carcinogens. Glutathione as the
main component of endogenous nonprotein sulphydryl pool
participating as scavenger of free radicals, reducing peroxides
and conjugating with electrophilic compounds, thus protect-
ing the cell with multiple defenses not only against ROS but
also against their toxic products [33, 36].
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Figure 3: Histopathology of kidney.

The enhanced values of xanthine oxidase, 𝛾-glutamyl
transpeptidase, and lactate dehydrogenase content were also
recovered on treatment withTabernaemontana coronaria. An
increase in activity of 𝛾-glutamyl transpeptidase may lead to
the accumulation of glycine and cysteine, thereby reducing
Fe-NTA to its ferrous complex and enhancing peroxidative
damage to the membrane/tissue.

T. coronaria pretreatment caused a marked reduction in
the level of blood urea nitrogen and serum creatinine of
kidney damage showing that prophylaxis of the plant is

effective in improving kidney function in Fe-NTA treated
group.

5. Conclusion

To conclude, the plant has a very good antioxidant and anti-
cancer effect against clear cell renal cell carcinoma induced
by DEN and Fe-NTA inmaleWistar Albino rats and it can be
used for the purpose of anticancer therapy.
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