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In vitro antioxidant and in vivo prophylactic effects of
heptyl 3-(2-formylphenyl) propanoate isolated from
Delonix elata L. against hepatoxicity in CCl, intoxicated rats
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Delonix elata L. (Family Caesalpiniaceae) has been used in the folklore medicines in Karnataka, India to cure liver and
rheumatic problems. Bioassay guided fractionation of the chloroform leaf extract of D. elata has resulted in the isolation of
heptyl 3-(2-formylphenyl) propanoate (HFP). The prophylactic activity of leaf chloroform extract (DLC) and the isolated
constituent were evaluated against CCl,-induced hepatotoxicity in rats. The treatment with DLC and HFP with concomitant
CCl, intraperitoneal injection significantly reduced the elevated plasma levels of AST, ALT, ALP, triglycerides, and
cholesterol compared with the CCl, injected group. DLC and HFP showed significant prophylactic effect on activities of
SOD, CAT, GPx, GST, and also significantly inhibited the elevated levels of MDA in liver homogenates. Results obtained
in biochemical assays were well supported by histological observations. The results revealed that the hepatoprotective
activity of DLC and HFP is significant and on par with the standard drug silymarin. To clarify the influence of the DLC and
HFP on the protection of oxidative-hepatic damage, in vitro antioxidant properties were examined. Free radical scavenging
activity was exhibited by both, the extract and the constituent. The results suggest that the DLC and HFP could protect the
hepatocytes from CCl,-induced liver damage perhaps, by their anti-oxidative effect on hepatocytes.
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I ntroduction

Liver is the largest and an essential organ of human
body, which regulates several important metabolic
functions. It detoxifies the exogenous xenobiotics and
drugs. While performing several detoxifications, liver
undergoes stress, leading to liver diseases ending in
liver damage and serious health problems and death.
In liver diseases, excessive oxidative stress
contributes to the progression and pathological
findings of disease and serves as a prognostic
indicator. Hepatocellular carcinoma (HCC) is one of
the most frequent tumor types worldwide. It is the
fifth most common cancer and the third leading cause
of cancer death'. Long term hepatitis B virus (HBV)
infection is a major risk factor in pathogenesis of
chronic liver diseases, including hepatocellular
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carcinoma (HCC). HBV and HCC are associated with
oxidative stress, which can damage cellular molecules
like lipids, proteins, and DNA during chronic
infection. As oxidative stress plays a central role in
liver pathologies and their progression, the use of
antioxidants has been proposed as therapeutic agents,
as well as drug co-adjuvants, to counteract liver
damage. In spite of tremendous advancement in the
modern medicine, hepatoprotective drugs are limited
and are associated with severe side-effects’. The use
of natural remedies for the treatment of liver diseases
has a long history, starting with the Ayurvedic
treatment, and extending to the Chinese, European
and other systems of traditional medicines®. There has
been widespread recognition that indigenous drugs
used traditionally by ethnic tribes or societies
across the globe can provide respite to patients with
hepatic disorders.

Delonix elata L. is a deciduous tree belonging to
the family Caesalpiniaceae and is sparsely distributed
in the dry forests of India and also found in African


http://www.niscair.res.in/jinfo/ijnpr/IJNPR_8(1)47-53_SupplData.pdf

48 INDIAN J NAT PROD RESOUR, MARCH 2017

countries. Traditional medical practitioners residing in
the villages of Chitradurga District, Karnataka, India
have been using the leaf extract to cure jaundice,
bronchial, and rheumatic problems. In our previous
study, stem bark extract of D. elata has shown potential
antioxidant and hepatoprotective activity against
carbon tetrachloride (CCly)-induced liver toxicity in
rats’. In vitro antioxidant activity of the leaves extract
of D. elata has been reported earlier’. However,
detailed investigation on phytochemical analysis to
isolate bioactive constituent and hepatoprotective
activity of D. elata leaves extract is not yet reported.
Thus, the present investigation was undertaken to
isolate bioactive phytoconstituent from D. elata leaf
extract and evaluation of hepatoprotective activity
against CCly-induced liver damage in rats.

Materialsand M ethods

Chemicals
Silymarin was purchased from Micro labs
Bangalore, India; carbon tetrachloride, petroleum

ether, chloroform, ethanol, butylated hydroxyl anisole
(BHA), acrylamide, N,N-methylene bisacrylamide,
sulfanilamide,  sodium  nitroprusside  (SNP),
trichloroacetic acid (TCA), folin—ciocalteu reagent
were purchased from Merck Ltd, Mumbai, India;
quercetin, thiobarbituric acid (TBA), 2,2-diphenyl-1-
picrylhydrazyl  (DPPH), nicotinamide adenine
dinucleotide (NADH), ferrozine, nitroblue tetrazolium
disodium salt (NBT), phenazine methosulfate (PMS)
and O-dianisidine were obtained from Sigma-
Aldrich, St. Louis, USA; gallic acid, ascorbic acid,
ferrous chloride and potassium persulfate were
procured from Himedia, India. All the chemicals used
were of analytical grade. Water was purified using
Milli-Q system from Millipore, Bedford, USA.
Diagnostic test kits for the assay of liver function
markers were purchased from Robonik India Pvt Ltd,
Mumbai, India.

Preparation of plant extracts

The leaves of D. elata were collected from
Chitradurga, Karnataka, India in October 2012. The
plant material was identified and authenticated by
Dr Manjunatha BK, by matching with the voucher
specimen deposited at the Kuvempu University
Herbarium specimen®. The powdered material (500 g)
was defatted in petroleum ether using soxhlet
extraction. Further, hot extraction was carried
out with defatted material with chloroform (1.5 L,
50-70 °C, Merck, Mumbai, India) to obtain crude

extract and named it as D. elata chloroform extract
(DLC) (Yield: 3.4 %).

Isolation of bioactive compound

DLC was subjected for TLC studies using the solvent
system hexane: chloroform (9:1), which showed
separation of distinct spot, with Ry value, 0.67. About 20
g of crude extract was subjected to silica gel column
chromatography (60x4 cm, 60-120 mesh, 200 g), eluted
by gradient elution method using hexane/chloroform in
combination. Initially, column was run with pure
hexane (100 mL) followed by hexane/chloroform in
9:1 combination (130 mL). A total of 23 fractions (10
mL each) were eluted and fractions 12 to 17 yielded
347 mg pure compound. The purity of the isolated
compound was monitored by TLC examination.
Melting point of the isolated compound was
determined using scientific melting point apparatus.
Characterization of the isolated compound was carried
out by IR, 'H-NMR, *C-NMR, and MS studies.

Acutetoxicity study

An acute toxicity study was conducted for DLC
and its constituent by the Up-and-Down procedure’.
DMSO (1 % v/v) was used as a vehicle to suspend the
drugs and administered orally. Animals were
observed individually for first 30 min after dosing,
periodically during the first 24 h (with special
attention given during the first 4 h), and daily
thereafter, for a total of 14 days for changes in their
behavioural pattern and mortality.

CClinduced hepatotoxicity

Wistar albino rats of either sex, weighing 180-200
g were used for the study. Animals were housed at
25+1 °C, humidity 55-60 % in the Department of
Biotechnology, Kuvempu University, Karnataka,
India. They were fed with standard commercial pellet
diet (Sai Durga feeds and foods, Bangalore) and water
ad libitum during the experiment. The study was
approved by the Institutional Ethical Committee
(NCP/IAEC/CL/13/12/2010-11).

Rats were divided into five groups consisting of six
animals in each group. Group 1 served as vehicle
control and received 1% (v/v) DMSO (1 mL/kg body
weight (b.w.), p.o); group 2 (Toxic control) received
50 % CCl, in olive oil (1 mL/kg b.w., i.p); group 3
received DLC (300 mg/kg b.w., p.0); group-4
received isolated constituent (60 mg/kg b.w., p.o);
group-5 received standard drug silymarin (25 mg/kg
b.w., p.0) once in a day. Treatment duration was
15 days and all the groups received intraperitoneal
dose of 50 % CCl, after every 72 h®. At the end of the
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experimental period, animals were sacrificed and
blood was collected. The liver tissue was excised and
used for biochemical assays.

M easurement of serum biochemical parameters

AST, ALT, ALP, serum total cholesterol, total
bilirubin, total protein and triglyceride levels in serum
from each animal were determined using biochemical
analyzer in conjugation with commercial assay Kits
(both of Robonik India Pvt Ltd, New Mumbai).

Assessment of antioxidant enzyme activities

Liver tissue (10 %) was homogenized in ice cold
normal saline and centrifuged at 4000 rpm for 5 min.
The supernatant was used for the following assays.
The activities of superoxide dismutase®, catalase™,
glutathione  peroxidase™, and  glutathione-S-
transferase'® were determined.

Deter mination of lipid peroxidation

MDA, which is one of lipid peroxidation product,
was determined®® by the method of Ohkawa et al. In
brief, 0.5 mL of the 10 % homogenate was mixed
with 100 pL of 0.2 mM FeCls, 2 mL reaction mixture
(0.25 N HCI containing 15 % TCA, 0.30 % TBA and
0.05 % BHA). Heated at 80 °C for 1 h, cooled, and
then centrifuged at 1,500 rpm. The supernatant was
collected. Lipid peroxidation products were estimated
by measuring the concentration of thiobarbituric
acid reaction substances (TBARS) in fluorescence
at 530 nm.

Histopathology of liver

Liver tissues were fixed in 10 % formalin—saline
for 18 h, embedded in paraffin. Sections were
prepared by using a rotary microtome, and stained
with haematoxylin—eosin dye, mounted in DPX with a
cover slip and histological changes were observed
under microscope™.

Determination of in vitro antioxidant activity

The free radical-scavenging activity was measured
using DPPH"™ according to the procedure described
by Braca et al. The ability of leaves extracts to
scavenge hydroxyl radical was determined™ by the
method of Klein et al. Superoxide anion radical
scavenging activity was measured"’ according to the
method of Nishimiki et al. Nitric oxide radical
scavenging assay was determined'® using the method
of Marcocci et al. Metal chelating activity of leaves
extracts was measured™ by adapting the method of
Dinis et al. The method of Halliwell and Guttridge,
was used to determine the lipid peroxidation

inhibition assay”®. The antioxidant activity of BHT,
ascorbic acid, EDTA, and curcumin was determined
for comparison. The ICs, (the concentration required
to scavenge 50 % of radical) value was calculated
using the formula:

ICs = [(EC/ZI) x 50]

where XC is the sum of extracts concentrations used
to test and X1 is the sum of percentage of inhibition at
different concentrations.

Statistical analysis

Results are presented as meanzstandard errors
(SE). Duncan’s test was used to evaluate the
significance of difference between groups. The
differences in values at p <0.05 or p <0.01 were
regarded as statistically significant. GraphPad Prism 5
software was used for statistical analysis.

Results and Discussion

Isolation of bioactive compound

Melting point of the compound was 72 °C. The IR
spectrum exhibits characteristic absorption bands at
3432 cm™ for OH group and 1736 and 1716 for two
carbonyl groups, and at 1173 cm™ for C-O group
(Supplementary Fig. S1). The *C NMR spectrum
(Supplementary Fig. S2) indicates the presence of a
keto or aldehyde carbonyl group by exhibiting a
signal at 6 203.06. The presence of an aromatic ring
system by exhibiting signals at 6 144.78, 129.01,
128.20, 127.47, and 113.70. The signals at 6 14.09,
22.07, 22.67, 25.01, 25.92, 26.38, 28.68, 31.91, and
34.41 suggest the presence of a long chain
hydrocarbon. The signals at 6 64.41, 50.84, and 43.90
suggest the presence of a hetero atom (O or N) in the
molecule. The 'H NMR spectrum (Supplementary
Fig. S3) suggests that the signal at 6 9.76 may be due
to an aldehyde proton. The doublet signal at & 7.54
and a triplet at 6.98 suggest the presence of aromatic
protons. The signals at & 4.75 and 4.38 suggest the
presence of protons of oxygen function. The signals
at & 0.89 and between 1.20 and 2.47 suggest the
presence of a long chain hydrocarbon. ESI MS: m/z =
276 [M+H] * (Supplementary Fig. S4). Based on the
spectral details, the isolated compound is characterized
as Heptyl 3-(2-formylphenyl) propanoate (Fig. 1) and it
is abbreviated as HFP.

Acutetoxic studies
The LDsy of the DLC and HFP was found to be
3000 and 600 mg/kg b.w., respectively. One tenth of
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the dose i.e., 300 and 60 mg/kg b.w. was considered
as safer dose for oral administration.

Prophylactic effect of the extract against CCl,-induced liver
damage

CCl4-induced hepatotoxicity model is being widely
used in studies on therapies against various hepatic
diseases, because CClg-induced liver damage
shares similar mechanism with viral hepatitis™,
drug/chemicals-induced hepatopathy, and oxidative
stress?*?, CCl, is metabolized to the trichloromethyl
radical (sCCI3) and proxy trichloromethyl radical
(+*OOCCI3) by cytochrome P450 2E1 enzyme®.
These radicals bind covalently to the macromolecules
and cause peroxidative degradation of cellular lipid
membrane that causes the loss of integrity of cell
membranes, and the necrosis of hepatocytes®. Liver
damage can be assessed by biochemical studies. AST,
ALP, and ALT levels are most frequently used in the
diagnosis and management of liver diseases. AST,
ALP, and ALT were present in high concentration in
hepatocytes, while they leaked into the circulation
when hepatocytes or their membranes were
damaged®. In the present study, this process is
evidenced by an elevation in the serum markers viz,
AST (561.9749.64 U/L), ALT (161.90+2.37 U/L),
ALP (400.10+4.91 U/L), total bilirubin (14.07+1.04
mg/dL), triglyceride (215.9745.48 mg/dL), total
cholesterol  (274.00£3.51 mg/dL) after CCl,
administration in rats. CCl, also induces cellular
hypomethylation, leading to inhibition of protein
synthesis  (possibly  through ribosomal RNA

H
o]

Fig. 1—Structure of Heptyl 3-(2-formylphenyl) propanoate

hypomethylation) and defects in lipid and protein
metabolism®. In the present study, significant
decrease in total proteins level (5.84+0.09 g/dL) was
observed as compared to the control group (1 %
DMSO). On the contrary, the increased levels of these
liver function markers were brought down nearer to
normalcy due to the amelioration effect of the DLC
and HFP (Table 1), particularly the group treated with
HFP showed a significant decrease in total bilirubin,
AST, ALT, total cholesterol, and triglyceride
(p <0.01) along with a significant recovery in total
proteins level (p <0.01).

MDA level in liver tissue is used to reflect the
extent of lipid peroxidation in hepatocytes, as MDA is
one of the end-products of polyunsaturated fatty
acid peroxidation®’. In the present study, a 2 fold
increase in levels of MDA was noticed in CCl,
intoxicated rat liver (1.11+0.01 nmol/mg of protein)
as compared with the liver homogenates of control
group animals with MDA level of 0.64+0.01 nmol/mg
of protein. These by-products can form protein as well
as DNA adducts and may contribute to
hepatotoxicity”. Whereas the HFP administered
animals significantly reduced the levels of MDA
towards normalcy (0.74+0.01nmol/mg of protein,
p <0.01) (Table 2).

SOD, CAT, GPx, and GST are the major
antioxidant enzymes responsible for the defense
against potentially free radicals that cause oxidative
stress. CCl, not only initiates lipid peroxidation but
also reduces tissue SOD, CAT, GPx, and GST
activities and this depletion may result from oxidative
modification of these proteins®. Antioxidant enzymes
estimation in the liver homogenates of CCl,
intoxicated rats revealed significant decrease in the
activity of SOD, CAT, GPx, and GST compared to
the control group (Table 2). DLC and HFP
administration effectively protected against the loss of
these antioxidant activities after CCl, administration.

Table 1—Prophylactic effect of DLC and HFP on CCl,-induced liver damage

Groups ALP AST ALT Total bilirubin Total Triglyceride  Total protien
(U/L) (U/L) (U/L) (mg/dL) cholesterol (mg/dL) (g/dL)
(mg/dL)
Control (1% DMSO)  223.774#5.85  201.20+3.84  61.75+3.34 0.04+0.01 150.00+2.00 173.50+2.75  8.28+0.15
CCl, (50 %) (1 mL/kg) 400.10+4.91  561.97+9.64  161.90+2.37 14.07£1.04 274.00£3.51  215.97+5.48 5.84+0.09

DLC (300 mg/kg) ~ 294.87+8.12%* 330.53+4.62** 101.2043.38**
HFP (60 mg/kg) 311.37+1.47** 306.5642.0%*  87.81+3.5%*
Silymarin (25 mg/kg) 241.87+1.88** 316.13+5.98%* 84.63+2.26%*

0.38+0.01 **
0.21+0.01**
0.10+0.01**

201.1+2.00** 186.10+1.38** 7.12+0.06**
221+1.03** 181, 21+2.31** 7.02+0.05*
186.00+£3.06** 162.23+1.12** 7.86+0.16**

Each value represents mean£S.E. of 6 animals. Symbols represent statistical significance. *p <0.05, ** p <0.01, as compared to CCl,
intoxicated group.
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Table 2—Effects of chloroform extract of D. elata leaves extract and its constituent on hepatic antioxidant enzymes activities
GPx GST CAT SOD MDA
Groups (nmol NADPH/min/mg (nmol/mir_llmg of (nmol/miq/mg of (U/mg of protein) (nmol/ mg of
of protein) protein) protein) protein)
Control (1 % DMSO) 163.72+0.19 422.7+1.9 484.82+£3.17 12.47+0.38 0.64+0.01
CCl, (50 %) (1 mL/kg) 87.14+0.35 209.58+1.0 214.6+0.7 5.16+0.07 1.11+0.01
DLC (300 mg/kg) 127.82+0.14** 335.4+0.4** 348.5+1.19** 7.25+0.05** 0.89+0.01**
HFP (60 mg/kg) 104.47+0.22** 340.58+0.37** 308.80+2.12** 8.63+0.1** 0.74+0.01**
Silymarin (25 mg/kg) 140.14+1.11** 362.2+1.0** 362.85+0.05** 8.73+0.14** 0.64+0.01**

Each value represents meanS.E. of 6 animals. Symbols represent statistical significance. *p <0.05, **p <0.01, as compared to CCl,

intoxicated group.

Plate 1—Histopathology of liver tissue: a) Normal control, b) CCl, treated, c) DLC pretreated + CCl, d) HFP pretreated + CCl,, and

e) silymarin pretreated + CCl,

HFP showed significant prophylactic effect on
activities of SOD (8.63+0.1 U/mg of protein,
p <0.01), CAT (308.80+2.12 nmol/min/mg of protein,
p <0.01), GPx (104.47+0.22 nmol NADPH/min/mg
of protein, p <0.01), and GST (340.58+0.37
nmol/min/mg of protein, p <0.01).

Histopathological examination of liver tissue
Histopathological observations of liver sections

from the control group have shown normal cellular

architecture with distinct hepatic cells, sinusoidal

spaces, a central vein, and compact arrangement of
hepatocytes without fatty lobulation (Plate 1a). In
contrast, the CCl, intoxicated group revealed the most
severe damage in the liver showed massive fatty
changes, necrosis, ballooning degeneration, broad
infiltration of lymphocytes, and the loss of cellular
boundaries® (Plate 1b). Animals administered with
DLC exhibited liver protection against CCl,-induced
liver damage, as evident by the presence of hepatic
cords with moderate fatty change, necrosis and few
inflammatory cells (Plate 1c). The liver sections of the
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Table 3—In vitro antioxidant activity of chloroform extract of D. elata leaves and its constituent

S. No. Activity DLC concentration

(ng)
50
1 DPPH radical scavenging activity 100
150
. . - 100

Superoxide radical scavenging
2 activity 200
300
Hydroxyl radical scavenging 100
3 assay 250
500
i . . . 100

Nitric oxide radical scavenging
4 activity 250
500
1000
5 Metal chelating 2000
3000
500
6 Lipid peroxidation inhibition 1000
1500

% of inhibition HFP concentration % of inhibition

DLC (na) HFP
20.75+0.27 25 11.40+0.57
43.95+0.17 50 19.19+0.04
59.05+0.28 100 34.8+0.66
28.65+0.25 25 18.12+0.35
54.16+0.07 50 31.11+0.11
71.57+0.20 100 51.12+0.28
21.38+0.31 25 5.92+0.28
36.55+0.18 50 9.64+0.11
45.2510.25 100 14.13+0.33
13.48+0.02 25 13.48+0.02
25.42+0.15 50 27.47+0.22
47.04+0.19 100 47.01+0.09
13.48+0.02 25 7.68+0.42
25.42+0.15 50 13.61+0.21
47.04+0.19 100 20.42+0.56
15.16+0.18 25 3.58+0.13
25.52+0.47 50 5.32+0.42
43.50+0.02 100 9.63+0.08

The results shown are averages of three independent experiments, values are mean+SE.

Table 4—ICx, values of DLC and HFP for invitro
antioxidant activity

S. No. Activity DLC (ug) HFP Standard
(n9) (n9)

1 DPPH radical 121.240.17 133.81+2.1 85.26+0.41
scavenging (BHT)

2 Superoxide 194.32+0.47 87.1940.8 101.13+1.0
radical (Ascorbic
scavenging acid)

3 Hydroxyl 969.13+1.17 294.71+1.2 125.66+1.2
radical (BHT)
scavenging

4 Nitric oxide 49456+1.81 99.4745.2 98.34+0.74
radical (Curcumin)
scavenging

5 Metal chelating 581.75+4.78 209.78+7.5 31.52+0.0
assay (EDTA)

6 Lipid 3564.03+11.22 472.20+14.2 -
peroxidation
inhibition

The results shown are averages of three independent experiments,
values are mean+SE

rats pretreated with HFP (Plate 1d) showed more or
less normal lobular pattern with a mild degree of fatty
change, necrosis, and lymphocyte infiltration almost
comparable to the silymarin treated group (Plate 1e).

Determination of in vitro antioxidant activity

In order to clarify the mode of action of extract and
its constituent, in vitro antioxidant study was carried
out. The radical scavenging potentialities of the DLC
and HFP tested at three different concentrations are
given in the Table 3-4.

In vivo mechanism of action against oxidative
stress is very complex process and a single in vitro
chemical method is not sufficient to validate the
antioxidant properties. Therefore, different assays like
reducing power assay, radicals scavenging assays,
metal chelating and lipid peroxidation inhibition
activities have been carried out to evaluate various
mechanisms such as, prevention of chain initiation,
binding with transition metal ion catalysts,
decomposition of peroxides, prevention of continued
hydrogen abstraction, reducing capacity, and radical
scavenging ability of the extracts towards ROS/RNS.

In the present investigation, HFP exhibited a
significant dose-dependent scavenging effects on
superoxide anion radical, nitric oxide radical,
hydroxyl radical, and DPPH radical. The effect of
DLC and HFP on metal chelating, lipid peroxidation
inhibition, and reducing power are also given in Table
3-4. According to the results obtained, chloroform
extract and its constituents inhibited lipid
peroxidation in liver homogenate.

Conclusion

Results revealed that the chloroform leaf extract
and the isolated constituent, HFP showed consistent
and concentration dependent antioxidant and
hepatoprotective activities against CClg-induced liver
injury. These results support a beneficial relationship
between the antioxidant activity and hepatoprotective
effect of leaf extract of D. elata.
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