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Abstract: Chrysophyllum cainito L., a traditional herbal medicine, could have the potential for management of hy-
pertension due to presence of polyphenolic compounds. The extracts and fractions of the pulp of plant were evalu-
ated for in vitro (inhibition of angiotensin | converting enzyme/ACE assay), ex vivo (isolated aorta relaxation assay)
and in vivo (salt induced hypertensive rat assay). The alcoholic and aqueous extract (ALE and AQE respectively) of
fruit of plant C. cainito was having 14.8 and 9.2% yield respectively. The fractionation with ethyl alcohol (EAF) and
butanol (BTF) yielded 2.52 & 2.17% respectively from ALE and 0.46 & 0.31% respectively from AQE with respect
to fruit pulp dry weight. More phenolic content was found in ALE (3.75+0.15 mg gallic acid equivalent or GAE g* of
dry power of fruit pulp) compared to AQE and maximum in ethyl acetate fraction of ALE (ALE-EAF) (2.32+0.21 mg
GAE g* of dry power of fruit pulp) among all fractions. ACE inhibition activity was found to be maximum in ALE-EAF
62.5+7.34%. While ex vivo study using isolated tissue of aorta showed again showed maximum activity (62.82+6.19
and 46.47+8.32% relaxation with 50 ug mL* and 10 yg mL* GAE concentration respectively). ALE-EAF reduced the
elevated arterial pressure of salt induced hypertensive rat significantly to the level of normotensive animal group.
Results of ALE-EAF have shown its potential as a source for novel constituent for the treatment hypertension and
should further be studied for isolation of specific constituent for more effectiveness.

Keywords: ACE inhibition, aorta ring assay, chrysophyllum cainito, extracts, fraction hypertension, salt induced
hypertensive rat model

related to exposure to persistent stress,
excessive alcohol consumption, use of tobacco
unhealthy diet, physical inertness, excess
weight and ageing. The projected % of death in
2030 by cardiovascular diseases is going to be
23.7% in comparison to 17.5% in 2008. The
annual loss of approximately US$ 250 billion is

Introduction

In current time, hypertension is a big issue of
concern in worldwide population. According to
a survey, hypertension is found to affect
approximately one third of the Western popula-
tion which is in turn a risk factor for cardiovas-

cular diseases like stroke, coronary heart dis-
ease, peripheral artery disease etc. [1]. Global
scenario reveals that only cardiovascular dis-
ease accounts one third of deaths of total (17
million deaths a year) and more than half cases
among these complications are due to hyper-
tension. According to WHO, approximately 40%
of adults aged 25 and above had been diag-
nosed with hypertension worldwide in 2008.
Overall, high-income countries have a lower
prevalence of hypertension i.e. 35% (due to
good health system) than lower income coun-
tries groups at 40%. Other reasons for increas-
ing prevalence of hypertension can also be cor-

due to cardiovascular disease including hyper-
tension [1-3]. In such a situation, it becomes
important to find a cost effective and therapeu-
tically effective drug for this disease.

Since long time herbs has been the source of
prototype for their derivative synthesis [4, 5].
Moreover, modern drug therapies are costly
affair, so opting traditional herbal medicine for
the management of hypertension and other dis-
eases is wise decision [6-8].

Chrysophyllum cainito L., belonging to family
Sapotaceae [9], commonly known as star apple.
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It is an ornamental tree and produces large,
edible fruits. Star apple is cultivated through-
out the Caribbean, Central America, and parts
of South America as well as in Southeast Asia,
Jamaica [10].

This plant has been reported to have great
amount of polyphenolic compounds in various
parts of plant e.g. fruit pulp phenolic com-
pounds 387.1+223.2 [149-698] mg/100 g,
seed phenolic compounds 73.5+52.0 [25.7-
156.4] mg/100 g [10]. This plant has also been
reported as a cure to various ailments e.g. anti-
diabetic [9, 11], antioxidant [12, 13], antifun-
gal [14], anti-inflammatory, antihypersenstivity
[15].

Its constituents includes polyphenols [10, 12,
13], like (+)-catechin, (-)-epicatechin, (+)-gallo-
catechin, (-)-epigallocatechin, quercetin, quer-
citrin, isoquercitrin, myricitrin, and gallic acid
[15], ferulic, caffeic, sinapic, gallic, ellagic and
myricetin [16], volatile constitutents like (E)-2-
hexenal, 1-hexanol, limonene, linalool, «-
copaene and hexadecanoic acid [17]. In addi-
tion, potassium (most highly concentration)
boron, calcium, iron, manganese was higher
than most of the herbs and among 20 amino
acids its constitutes aspartic acid, glutamic
acid, proline, and lysine to be 37.6, 9.5, 6.1,
and 5.4% respectively, of the total amino acids
[18]. It is also a source of vitamin E (3050.95-
3322.31 uM Trolox (analogue of Vit E)/100 g
dry weight) [16].

The herbs and their extracts, which are poly-
phenol rich, have been shown to have effect
against hypertension and other diseases [7,
19, 20]. In the view of polyphenolic compound
to be effective in inhibition of angjotensin | con-
verting enzyme whose activity creates hyper-
tension [7], there is more possibility of the
extract of C. cainito to be effective against the
same condition i.e. hypertension.

In the present research work, the different
extracts and fractions of fruit pulp of the plant
C. cainito was evaluated for anti-hypertensive
activity both in vitro and in vivo. To the best of
our knowledge based on vast literature survey,
not such work has been performed earlier with
the mentioned approach.
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Materials and methods
Reagents and chemicals

Rat lung ACE (EC 3.4.15.1) of 2 unit per mg,
hippuryl-histidyl-leucine  or  Bz-Gly-His-Leu
(HHL), Folin’s reagent were purchased from
Sigma-Aldrich Chemical Co. (St. Louis, MO,
USA). Ethyl acetate, butanol, gallic acid and
other chemical used were of analytical grade
and used as supplied.

Plant material

Fruits of Chrysophyllumcainito were collected
from its natural habitat in Hunan province,
China, in May, 2013 provided by Wu Shi
Pharmacy Ltd. Co., Hubei, China and identified/
authenticated by Professor Ding-Xian Han,
College of Life Science & Technology, Huazhong
University of Science & Technology, China. Fruit
pulp was separated from the seeds and cut into
small pieces for drying in shades for 120 hours
and the dehydrated by lyophilization (freeze
drying). Such dried pieces were ground in an
electrical grinder and passed through sieve
number 5 (4 mm diameter).

Preparation of extract and fractions

The extracts and fractions were prepared by fol-
lowing the methods found in literature with little
modifications [21, 22]. The alcoholic extract
(ALE) was prepared using coarse, dried powder
of fruit of the plant C. cainito (250 g) for the hot
extraction process (soxhlet) with ethanol (1000
mL) for 20 hours. The aqueous extract (AQE)
was prepared from coarse, dried powder of fruit
of the plant C. cainito (250 g) by the cold mac-
eration process for seven days using 1000 mL
mixture of chloroform: water (1:99). After the
extraction, marc of both processes were fil-
tered through muslin cloth and concentrated in
vacuo (rotary evaporator) to approx. 100 mL
volume. The concentrated extracts were dried
by lyophilization.

The ALE and AQE (20 g each) were suspended
in water and were fractionated successively
and exhaustively with ethyl acetate and n-buta-
nol using separating funnel. Ethyl acetate,
butanol and aqueous fractions from ALE were
designated as ALE-EAF, ALE-BTF and ALE-AQF
respectively while that of AQE were given the
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designation AQE-EAF, AQE-BTF and AQE-AQF,
respectively (Figure S1).

Phytochemical screening of ethanolic extracts

The freshly prepared extracts ALE and AQE of C.
cainito were screened for phytochemical analy-
sis (qualitative) for the presence of class of con-
stituents flavonoids (Lead acetate & Sodium
hydroxide Tests), glycosides (Keller Killani test,
Borntrager test & Legal test), steroids
(Salkowaski reaction, Liberman’s reaction &
Liberman’s Burchard reaction), alkaloids
(Mayer's test & Murexide test), tannins (5%
FeCI3 & Dilute HNO3 Tests, carbohydrates
(Fehling's test & Benedict's test), proteins
amino acids(Millon’s test, Xanthoprotein test &
Ninhydrin test) using standard procedures
available in literature etc. [23, 24].

Determination of total phenol content

The total phenolic content in the extract and
fraction was estimated by Folin-Ciocalteu
method. 0.5 mL sample was taken after cen-
trifugation at 5000 rpm for 20 minutes.
Supernatant was heated at 90°C for 10 min-
utes. 150 pL of supernatant was mixed with
150 pL distilled water and 1000 yL of complex
forming reagent (50:50:1:1 of 2% Na,CO,, 2%
NaOH, 1.5% CuSO,, 2.5% sodium potassium
tartarate) and incubated at 37°C for 10 min-
utes. Finally 150 pL phenol reagent was added
and incubated at 37°C for 30 minutes.
Absorbance was taken at 750 nm. Gallic acid
was taken as standard (standard, 10-150
ugmL?). Total phenolic content was estimated
as mg Gallic acid equivalents (GAE) g* of extract
[25].

Angiotensin | converting enzyme (ace) inhibi-
tion assay

ACE inhibition assay was performed on the
basis method taken from literature [7, 26] with
little modifications. 50 uL solution of extract or
fraction was mixed with 200 pL of phosphate
buffer (100 mM, pH 8.3) containing 0.2 M NaCl,
and 6.5 mMhippuryl-histidyl-leucine (HHL). 100
WL ACE solutions (0.1 U mL?) was added to start
the reaction and mixture was incubated at
37°C for 30 min. 50 pL of 1 M HCI was added
to stop the reaction. The Gly-His bond of HHL
was then cleaved and the Bz-Gly (hippuric acid)
produced by the reaction was extracted with
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1.5 mL ethyl acetate. Ethyl acetate superna-
tant was taken after centrifugation (1200 x g
for 15 min), and ethyl acetate was removed by
heat evaporation. The extracted product was
dissolved in 3 mL volume of distilled water and
the absorbance was determined at 228 nm
using a spectrophotometer (UNICO UV-2102,
Shanghai, China). The inhibition activity was
calculated using the following equation

Aa'Ab

Inhibition (%) = ( > X 100

a c

where A_ is the absorbance with ACE and HHL
without the sample (positive control, no inhibi-
tion and maximum activity); A  is the absor-
bance with ACE, HHL and the sample or stan-
dard; and A_is the absorbance with HHL without

ACE and the sample (control).
Ex vivo aorta ring assay

The method was followed as per the protocol
from literature [27, 28]. The 4-5 mm width rings
of isolated thoracic aorta were tied to stainless
steel hooks. It is immersed into organ baths
containing 10mL Krebs solution at 37°C and
oxygenated with 0,:CO, at 95:5.2 g weight was
given to all tissues for creation of basal tension
and changes in basal tension was recorded
(Biopac Systems TSD 125c). The contraction of
each prepared aorta was maximized by admin-
istration of KCI (120 mM) and recorded. The tis-
sues were pre-incubated with extracts or frac-
tions (10 and 50 ug GAE mL?). Relaxation was
expressed as a percentage change from KCI
contracted levels i.e. by comparison between
maximum vascular contraction before and
after addition of samples [28, 29].

In vivo study to evaluate Chrysophyllumcainito
extracts/fractions on rats with salt induced
hypertension

Male albinos Wistar rats (150-200 g), approxi-
mately three months old, were used for in vivo
experiments in this study. The experimental
procedures were in compliance with the Guide
for Care and Use of Laboratory Animals (NIH
version, revised 1996). All animals were housed
(6 per cage) and maintained under standard
laboratory conditions (25°C, a normal 12 h:12
h light/dark schedule) with free access to water
and food. The animals were given adaptation
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Table 1. Treatment-wise allocation of animals

Groups | Il 1l

\ VI VI

Designation NT SIH S|

Treatment

kgtday-1 kg'day® + 10 mgkg!day*

Water 10 mL HS 10 mL HS 10 mL kg* day* HS 10 mL kg*day* HS 10 mL kg*day* HS 10 mL kg* day*
+20 mg kg day*

Tl T TN

HS 10 mL kg* day*
+200 mg kgt day* + 500 mg kg*day* + 1000 mg kg day™

NT: normotensive group; SIH: salt induced hypertension group; Sl and SlI: groups for two concentrations of standard (captopril: 10 and 20 mg kg* day*); Tl, Tll and TlII:
groups for three concentrations of test drug (ALE-EFA 200 mg kg* day?, 500 mg kgt day*, 1000 mg kg* day?), HS: hypertensive solution (NaCl solution (18% w/v).

Table 2. Preliminary phytochemical screening of C. cainito

(Sll) by gavage. Three groups received

18% NaCl solution and the selected

Test ALE AQE .
Phytosterols (a) Salkowaski reaction - extract or fraction lplant ft 200, 500
(b) Liberman’sburchard reaction  + and 1000 mg .kg' day‘ b¥ gavage
i ) (Table 1). Systolic and diastolic arterial
(c) Liberman’s reaction oo pressure (SAP and DAP) were mea-
Glycoside (a) Keller killani test + + sured by tail cuff method (Kent
(b) Borntrager test +F Scientific, Torrington, CT) for evalua-
(c) Legal test + o+ tion along with body weight and water
Alkaloids (a) Mayer’s test + + consumption [3, 30, 31].
(b) Wagner’s Test + + L .
Tannins () 5% FeCl, . ) Statistical analysis
(b) Dilute HNO, - The results in this study were expressed
Flavonoids (a) Lead acetate + o+ as mean + SD except that of in vivo
(b) Sodium hydroxide + which were expressed as mean + SEM
Saponins Froth Test + + and were analyzed using analysis of
Proteins (a) Millon’s test - + variance (ANOVA) followed by Tucky’s
(b) Xanthoprotein test B} + test. Asignificant difference was estab-
Amino acid (a) Ninhydrin test 3 i !ished with respect to group in compar-
(b) Million reagent test + ison, when the P<0.05.
Carbohydrate (a) Fehling’s test + Results
(b) Benedict’s test +
Diterpenes Copper-Acetate Test - - Preparation of extracts and fractions
Fats and Fixed Oils Stain Test + - and phytochemical screening
Resins Acetone-water Test - -

‘+’” means the class of constituent is present and - means class of

constituent is absent.

period of at least three weeks to the laboratory
environment before commencement of ex-
periments.

Normotensive rats were randomly divided into
seven groups of six animals each. One group,
neutral control, received tap water using a gas-
tric pipe and served as normotensive (NT)
group. Second group was assigned for salt-
induced hypertension (SIH) group which is gen-
erated by administration of 10 mL 18% NaCl
kg? rat body weight day?. Gavaging was carried
out daily for 30 days with in specified time
(10.00 to 11.00 AM). Two positive control
groups received 18% NaCl solution and either
captopril 10 mg kg* day*(Sl) or 20 mg kg* day*

17915

In this experimental study, qualitative
phytochemical analysis of extracts of
C. cainito showed the presence of phy-
tosterol, glycosides, tannins, alkaloids,
flavonoids, saponins, fats and carbohydrates in
alcoholic extract (ALE) while aqueous extract
(AQE) showed the absentia of phytosterols,
tanins & fats and extra presence of proteins
and amino acids in comparison to ALE (Table
2).

Three fractions of the each extract were pre-
pared according to the affinity of the constitu-
ent towards partitioned phases of organic sol-
vents (ethyl acetate, butanol) represented as
AEF and BTF respectively and constituent left in
aqueous phase was abbreviated as AQF. The
yield of extract with respect to dried powder
and yields of fraction with respect to extract
and dried powder were calculated for each

Int J Clin Exp Med 2015;8(10):17912-17921
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Table 3. % yield of extract and fractions of fruit pulp of C.

mum of the phenolic content from

cainito both ALE and AQE which suggested
w, E Y, W, W, F Y, Y, the affinity of the polyphenohc com-
o s s % % pounds for the organic phases of for

GG %(w/w g % (w/w) % (w/w) extraction or fractionation.

ALE 250 37 14.8

ALE-EAF 250 337.83 20 852 426 252 Kubola and coworkers carried out
ALE-BTF 250 337.83 20 7.34 367 217 the phytochemical analysis of some
ALE-AQF 250 33783 20 3.91 1955 1.15 of wild fruits of Thai including C.
AQE 250 23 9.2 cainito, foqu the phenollc cpntent
AOE-EAF 250 43.47 20 254 197 0.46 of green fruit and ripened fruit of C.
QE- 5 543. S ’ ; cainito reported to be 88+3.70 and
AQE-BTF 250 543.47 20 1.73 8.65 0.31 28.54+0.73 mg GAE g! [32]. The
AQE-AQF 250 54347 20 148 74 2.72 study of antioxidant activity metha-

E: Amount of extract obtained; F: Amount of fractions obtained; GAE: Total
phenol content in form of gallic acid equivalents; W, Initial amount coarse
powder taken; W,: Amount of coarse powder required to obtain 20 g extract;
W,: Extract amount taken for fractions preparation; Y,: Yield of extracts (E)
wrt 250 g coarse powder (W,); Y,: Yield of fractions (F) wrt 20 g extract (W,);
Y,: Yield of fractions (F) wrt amount of coarse powder required to obtain 20

g extract (W,).

Table 4. Total phenolic content of extracts
and their fractions

Extracts/Fractions Phenolic content (GAE mg g-1)

ALE 40.7+4.2
ALE-EAF 62.5+7.34
ALE-BTF 21.4+3.54
ALE-AQF 15.545.3
AQE 27.346.3
AQE-EAF 49.1+3.54
AQE-BTF 51.53+4.2
AQE-AQF 17.2+¢1.4

The value is average of three samples with standard
deviation.

extracts and their respective fractions have
been given in Table 3.

Phenolic contents of extract and fractions

Every extract and fractions thereof were char-
acterized for the phenolic content by the meth-
od mentioned iDetermination of total phenol
contentn “Determination of Total Phenol
Content” and were expressed in terms of stan-
dard gallic acid equivalents (GAE). GAE was
found to 3.75+0.15, 2.32+0.21, 0.31+0.02,
1.59+0.08, 2.42+0.34,0.88+0.14, 0.61+0.05,
1.39+0.13 in ALE, ALE-EAF, ALE-BTF, ALE-AQF,
AQE, AQE-EAF, AQE-BTF and AQE-AQF respec-
tively (Table 4). It was noteworthy that phenolic
content in ALE was higher than AQE, moreover,
ethyl acetate fraction (EAF) of ALE takes maxi-
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nolic and ethylacetate extracts of
fresh fruits of C. cainito were char-
acterized for different polyphenolic
compounds out of which gallocate-
chin was highest in concentration
and had highest antioxidant activity
[12].

Einbond and coworkers suggested that the
presence of sugars and ascorbic acid aqueous
fractions can mask the antioxidant activity of
polyphenols that may be present in the fraction
[43].

ACE-inhibition activity of extracts and fractions
of C. cainito

In antihypertensive studies, ACE inhibition
assay is an important characteristic to be
determined as ACE is involved in two hyperten-
sion cascades i.e. conversion of angiotensin |
to angiotensin Il and bradykinin degradation
[33]. In ACE inhibition assay all extracts and
fractions were evaluated taking constant GAE
(50 pyg mL?) for each. Constant GAE was pre-
pared by taking the amount of extract or frac-
tion in which 50 pg GAE was present (13.33,
21.55, 161.29, 31.44, 20.63, 56.49, 81.79,
35.93 mg of ALE, ALE-EAF, ALE-BTF, ALE-AQF,
AQE, AQE-EAF, AQE-BTF and AQE-AQF, respec-
tively) and mixing in 1 mL of buffer. In many
reports, polyphenols are suggested to be the
main class of constituent to inhibit the ACE [7,
34, 35] by sequestration of the enzyme cofac-
tor (Zn?* ion) as a mechanism of action [34,
36]. So it became logical to compare/evaluate
the extracts and fractions on the same level of
GAE.

The result obtained by ACE inhibition assays

with different extracts and fractions were given
in Figure 1. Results showed that ACE inhibition

Int J Clin Exp Med 2015;8(10):17912-17921
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Extracts/Fractions (50 pg GAE mL™" )

Figure 1. ACE inhibition (%) efficacy of extracts and
their fractions with equal phenolic content (50 pg
GAE mL?). The value is average of three samples with
respective standard deviation.
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Figure 2. Effect of extracts and their fractions with
two concentration of phenolic content (10 and 50 pg
GAE mL?) on % relaxation (from KCI contraction) on
aorta smooth muscle tissue. STD | and Il are the cap-
topril concentrations 0.25 and 0.5 ug mL* and GAE
10 and 50 represents the phenolic amount (10 and
50 ug GAE mL?) of various extracts. The values are
average of three samples with respective standard
deviation as error bars.

activity was maximum in ALE-EAF and compar-
ative in AQE-EAF and AQE-BTF. Here one point is
to note that the inhibition was better in EAF
fraction than their corresponding extracts sug-
gesting the affinity of the ACE inhibitors for the
organic phase EAF during fractionation pro-
cess. The Similar affection was observed in a
study and showed good ACE inhibition with the
ethyl acetate fraction (IC,, 7.5 mg mL") and
aqueous fraction (IC,, 2.5 mg mL") of aqueous
extract of plant Rosa rugosa flowers [37].

A commercial antihypertensive drug, captopril,
was taken as standard and its effect on enzyme
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kinetics was observed (Figure S2). IC,, of
captopril was determined and found to be
11.68+2.59 ng mL?. The value is near to the
value found in literature i.e. 0.05 pug mL* [34],
15.16 ng mL* [37]. As the ACE inhibition was
better in ALE-EAF, AQE-EAF and AQE-BTF so IC,
of these fractions were determined with six
different gallic acid equivalent concentrations
(GAE). IC,, was found to be best in ALE-EAF
(34.26+4.64 pg GAE mL?) while AQE-EAF and
AQE-BTF were having lesser capability to inhi-
bit ACE (IC,, 67.76+5.1, 144.4+3.74 pg GAE
mL?* respectively).

Ex vivo aortic ring assay

Along with ACE inhibition changes in vascular
tone on isolated tissue (Ex vivo) of aortic wall
usually give more closer idea of antihyperten-
sive capability of the compounds so aortic ring
assay was also included in this study. Again the
concentration of the extracts and fractions
were taken according to the gallic acid equiva-
lents (10 and 50 ug mL?) assuming the constit-
uent to be phenolic in nature as found in
literature.

Stimulation of aortic rings with 120 mM KCI
resulted in a sustained contraction equivalent
to 53631541 mg was taken as maximum. The
additions of the extracts or fractions of C. caini-
to caused the relaxant response at various lev-
els. Results of % of relaxation of aortic endothe-
lium (Figure 2) showed that the maximum
activity was in ALE-EAF 62.82+6.19 and
46.47+8.32 % with higher (50 pyg mL?) and
lower (10 ug mL?) GAE concentration respec-
tively which was in comparison with standard
captopril 0.5 and 0.25 pyg mL? (87.64+3.4 and
63.54+5.54% respectively.) ALE-EAF was se-
lected for further in vivo studies as it was show-
ing its effectiveness at each level i.e. phenolic
content, in vitro and ex vivo.

In vivoevaluation of selected fraction from
plant C. cainito using salt induced hyperten-
sive rat model

The salt induced hypertensive (SIH) rat model
was used to study the antihypertensive activity
of the ethyl acetate fraction of alcoholic extract
(ALE-EAF). High salt diet induces a cytochrome
P450 isoform which has been estimated by
metabolic and immunological techniques.
Otherwise these are either absent or present
with negligible concentration in normal group
of animals. Increased salt intake also increase

Int J Clin Exp Med 2015;8(10):17912-17921
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Figure 3. Effect of fraction of plant C. cainito (ALE-EAF) with three concen-
trations (200, 500 and 1000 mg kg* equivalent to 0.464, 1.16 and 2.32
mg GAE kg respectively) on Body weight and Water consumption of SIH
rats. The value is average of six animals with respective standard error of
mean (SEM) as error bars. *, @ and # represents the significant difference
(p<0.05) in comparison to sham group (NT), negative control (SIH group) and
lowest dose of fraction (TI) for body weight. There was significant difference
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Figure 4. Effect of fraction of plant C. cainito (ALE-EAF) with three concentra-
tions (200, 500 and 1000 mg kg equivalent to 0.464, 1.16 and 2.32 mg
GAE kg respectively) on atrial blood pressure (systolic and diastolic) of SIH
rats. The value is average of six animals with respective SEM. *, @ and #
represents the significant difference (p<0.05) in comparison to sham group
(NT), negative control (SIH group) and lowest dose of fraction (TI) for sys-
tolic arterial pressure (SAP). $, & and % represents the significant difference
(p<0.05) in comparison to sham group (NT), negative control (SIH group) and
lowest dose of fraction (Tl) for diastolic arterial pressure (DAP).

rate of renal salt excretion and prevents reten-
tion of salts resulted in volume expansion and
hypertension as a consequence. High salt
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intake and the conspicuous
high renal epoxygenase activ-
ity and urinary excretion of
5,6-epoxyeicosatrienoic acids
(EET) and dihydroxyeicosatri-
enoic acids, together with
inhibition of sodium salt
absorption (at proximal and
distal nephron) of EET sug-
gested that cytochrome P450
(salt-inducible)  arachidonic
acid epoxygenase may be one
of the functionally significant
components of the kidney’s
adaptive response to an
increased salt intake [38]. It
can be hypothesized that
alcoholic fraction (ALE-EAF)
may inhibit one or more cause
of the hypertension biochemi-
cal pathway.

First of all body weight and
water consumption of the nor-
motensive (NT), salt induced
hypertensive (SIH), captopril
(S) and ALE-EAF (T) were
checked. It was found that
body weight and water con-
sumption both are significant-
ly higher than the NT group.
While S and T group showed
reverse of the SIH effect to
extent up to NT (Figure 3).

While Figure 4 showed similar
kind of effect with systolic
and diastolic arterial pressure
(SAP, DAP respectively) i.e.
both SAP and DAP in SIH are
significantly higher than the
NT group. While S and T group
showed reverse of the SIH
effect to extent up to NT.

Conclusion

Hypertension, a causative
factor for cardiovascular dis-
eases, needs a handy cure
as a cost effective herb.
Chrysophyllumcainito L., the
star apple is an ornamental

tree and involved as cure to various ailments
reported mainly due to polyphenolic com-
pounds present in various parts of this plant.
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The aqueous and alcoholic extract of fruit of
plant C. cainitowere found to contain some
main class of constituents i.e. alkaloids, glyco-
sides, tannins, phytosterols, flavanoids with
produced with good yield i.e. 14.8% with alco-
holic extract (ALE) and 9.2% with aqueous
extract (AQE). The extracts were fractionated
with organic solvents i.e. ethyl alcohol (EAF)
and butanol (BTF) with yield 2.52, 2.17%
respectively from ALE and 0.46, 0.31% respec-
tively from AQE with respect to fruit pulp dry
weight. Total phenolic content was maximum in
ALE compared to AQE and its ethyl acetate frac-
tion of ALE (ALE-EAF) among all fractions i.e.
3.75+0.15 and 2.32+0.21 mg gallic acid equiv-
alent (GAE) g* respectively. In vitro study i.e.
ACE inhibition activity was also maximum in
ALE-EAF and comparative in AQE-EAF and AQE-
BTF taking equal phenol content (50 ug mL?) in
each extract. While ex vivo study using isolated
tissue of aorta showed again showed maximum
activity (62.82+6.19 and 46.47+8.32% relax-
ation with 50 yg mL* and 10 pyg mL* GAE con-
centration respectively) which was in equiva-
lent with standard captopril 0.5 and 0.25 ug
mL?* (87.64+3.4 and 63.54+5.54% respective-
ly). In vivo study using salt induced hyperten-
sive rat model also showed significant effec-
tiveness for the fraction (ALE-EAF) and the
standard to bring the pressure same as that of
normotensive animal group.

The effectiveness of the fraction ALE-EAF at
each level of evaluation i.e. in vitro to in vivo via
ex vivo was comparable to existing standard
drug. Here we can conclude that this plant as
such, its extract and more precisely the ethyl
acetate fraction of alcoholic extract could be
good source for the effective and novel constit-
uent to treat this concerned and threatening
cause of cardiovascular diseases.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Pei-Li Bu, Depart-
ment of Cardiology, Qilu Hospital of Shandong
University, 44 Wenhua Xi Road, Jinan 250012,
Shandong Province, P. R. China. Tel: 0086-
635-8272316; Fax: 0086-635-8272316; E-mail:
mnbqwezxc@hotmail.com

References

[1] Hernandez-Ledesma B, del Mar Contreras M
and Recio |. Antihypertensive peptides: pro-

17919

duction, bioavailability and incorporation into
foods. Adv Colloid Interface Sci 2011; 165: 23-
35.

[2] WHO. A global brief on hypertension: Silent
killer, global public health crisis. 2013; Access
date 27/01/2015.

[3] Bopda OS, Longo F, Bella TN, Edzah PM, Taiwe
GS, Bilanda DC, Tom EN, Kamtchouing P and
Dimo T. Antihypertensive activities of the aque-
ous extract of Kalanchoe pinnata (Crassulace-
ae) in high salt-loaded rats. J Ethnopharmacol
2014; 153: 400-407.

[4] Rishton GM. Natural products as a robust
source of new drugs and drug leads: past suc-
cesses and present day issues. Am J Cardiol
2008; 101: S43-S49.

[5] Pan SY, Zhou SF, Gao SH, Yu ZL, Zhang SF,
Tang MK, Sun JN, Ma DL, Han YF, Fong WF and
Ko KM. New Perspectives on How to Discover
Drugs from Herbal Medicines: CAM’s Out-
standing Contribution to Modern Therapeutics.
Evid Based Complement Alternat Med 2013;
2013: 25.

[6] Dhamija I, Kumar N, Pai KSR, Setty MM, Ku-
mar S and Jana AK. Exploration of Antioxidant
and Antimicrobial Potential of Methanolic Ex-
tract of Root Stock of Premna herbacea Roxb.
Bang J Pharmacol 2014; 9: 663-664.

[71 Oboh G, Ademiluyi AO, Akinyemi AJ, Henle T,
Saliu JA and Schwarzenbolz U. Inhibitory effect
of polyphenol-rich extracts of jute leaf (Corcho-
rus olitorius) on key enzyme linked to type 2
diabetes (a-amylase and a-glucosidase) and
hypertension (angiotensin | converting) in vitro.
J Funct Foods 2012; 4: 450-458.

[8] Ng CF, Koon CM, Cheung DW, Lam MY, Leung
PC, Lau CB and Fung KP. The anti-hypertensive
effect of Danshen (Salvia miltiorrhiza) and Ge-
gen (Pueraria lobata) formula in rats and its
underlying mechanisms of vasorelaxation. J
Ethnopharmacol 2011; 137: 1366-1372.

[9] Lawal 10, Uzokwe NE, Igboanugo ABI, Adio AF,
Awosan EA, Nwogwugwu JO, Faloye B, Olatuniji
BP and Adesoga AA. Ethno medicinal informa-
tion on collation and identification of some me-
dicinal plants in Research Institutes of South-
west Nigeria. Afr J Pharm Pharmacol 2010; 4:
1-7.

[10] Parker IM, Lopez |, Petersen JJ, Anaya N, Cubil-
la-Rios L and Potter D. Domestication syn-
drome in Caimito (Chrysophyllum cainito L.):
fruit and seed characteristics. Econ Bot 2010;
64: 161-175.

[11] Nguessan K, Amoikon KE, Tiebre MS, Kadja B
and Zirihi GN. Effect of aqueous extract of
Chrysophyllum cainito leaves on the glycaemia
of diabetic rabbits. Afr J Pharm Pharmacol
2009; 3: 501-506.

[12] Luo XD, Basile MJ and Kennelly EJ. Polypheno-
lic antioxidants from the fruits of Chrysophyl-

Int J Clin Exp Med 2015;8(10):17912-17921


mailto:mnbqwezxc@hotmail.com

[13]

(14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Anti-hypertensive plant extract

lum cainito L. (star apple). J Agric Food Chem
2002; 50: 1379-1382.

Einbond LS, Reynertson KA, Luo X-D, Basile MJ
and Kennelly EJ. Anthocyanin antioxidants
from edible fruits. Food Chem 2004; 84: 23-
28.

Bautista-Banos S, Barrera-Necha LL, Bravo-
Luna L and Bermudez-Torres K. Antifungal ac-
tivity of leaf and stem extracts from various
plant species on the incidence of Colletotri-
chum gloeosporioides of papaya and mango
fruit after storage. Rev Mex Fitopat 2002; 20:
8-12.

Meira NA, Klein LC Jr, Rocha LW, Quintal ZM,
Monache FD, Cechinel Filho V and Quintao NL.
Anti-inflammatory and anti-hypersensitive ef-
fects of the crude extract, fractions and triter-
penes obtained from Chrysophyllum cainito
leaves in mice. J Ethnopharmacol 2014; 151:
975-983.

Moo-Huchin VM, Moo-Huchin MI, Estrada-Leon
RJ, Cuevas-Glory L, Estrada-Mota IA, Ortiz-
Vazquez E, Betancur-Ancona D and Sauri-Duch
E. Antioxidant compounds, antioxidant activity
and phenolic content in peel from three tropi-
cal fruits from Yucatan, Mexico. Food Chem
2015; 4: 17-22.

Pino J, Marbot R and Rosado A. Volatile con-
stituents of star apple (Chrysophyllum cainito
L.) from Cuba. Flavour Fragr J 2002; 17: 401-
403.

Barthakur NN and Arnold NP. A chemical analy-
sis of the Indian star apple (Chrysophyllum rox-
burghii) fruit. J Food Compos Anal 1991; 4:
354-359.

Ademiluyi AO and Oboh G. Soybean phenolic-
rich extracts inhibit key-enzymes linked to type
2 diabetes (a-amylase and a-glucosidase) and
hypertension (angiotensin | converting en-
zyme) in vitro. Exp Toxicol Pathol 2013; 65:
305-309.

Kwon YI, Apostolidis E and Shetty K. In vitro
studies of eggplant (Solanum melongena) phe-
nolics as inhibitors of key enzymes relevant for
type 2 diabetes and hypertension. Bioresour
Technol 2008; 99: 2981-2988.

Antonio MA and Souza Brito AR. Oral anti-in-
flammatory and anti-ulcerogenic activities of a
hydroalcoholic extract and partitioned frac-
tions of Turnera ulmifolia (Turneraceae). J Eth-
nopharmacol 1998; 61: 215-228.

Dhamija |, Kumar N, Manjula SN, Parihar V,
Setty MM and Pai KS. Preliminary evaluation
of in vitro cytotoxicity and in vivo antitumor ac-
tivity of Premna herbacea Roxb. in Ehrlich asci-
tes carcinoma model and Dalton’s lymphoma
ascites model. Exp Toxicol Pathol 2013; 65:
235-242.

17920

(23]

(24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

(32]

(33]

[34]

Evans WC. Pharmacognosy. Trease & Evans
2002; W R sauders, London. Edition: 15th
137-140.

Jeyaseelan EC and Jashothan PTJ. In vitro con-
trol of Staphylococcus aureus (NCTC 6571)
and Escherichia coli (ATCC 25922) by Ricinus
communis L. Asian Pac J Trop Biomed 2012; 2:
717-721.

Saeed N, Khan MR and Shabbir M. Antioxidant
activity, total phenolic and total flavonoid con-
tents of whole plant extracts Torilis leptophylla
L. BMC Complement Altern Med 2012; 12:
221.

Lin L, Lv S and Li B. Angiotensin-l-converting
enzyme (ACE)-inhibitory and antihypertensive
properties of squid skin gelatin hydrolysates.
Food Chem 2012; 131: 225-230.

Horrigan LA, Holohan CA, Lawless GA, Murtagh
MA, Williams CT and Webster CM. Blueberry
juice causes potent relaxation of rat aortic
rings via the activation of potassium channels
and the H 2 S pathway. Food Funct 2013; 4:
392-400.

Lombardo-Earl G, Roman-Ramos R, Zamilpa A,
Herrera-Ruiz M, Rosas-Salgado G, Tortoriello J
and Jimenez-Ferrer E. Extracts and Fractions
from Edible Roots of Sechium edule (Jacq.) Sw.
with Antihypertensive Activity. Evid Based Com-
plement Alternat Med 2014; 2014: 1-9.
Guerrero MF, Puebla P, Carron R, Martin ML,
Arteaga L and Roman LS. Assessment of the
antihypertensive and vasodilator effects of
ethanolic extracts of some Colombian medici-
nal plants. J Ethnopharmacol 2002; 80: 37-
42,

Nyadjeu P, Nguelefack-Mbuyo EP, Atsamo AD,
Nguelefack TB, Dongmo AB and Kamanyi A.
Acute and chronic antihypertensive effects of
Cinnamomum zeylanicum stem bark methanol
extract in LNAME-induced hypertensive rats.
BMC Complement Altern Med 2013; 13: 27.
Bernabucci U, Catalani E, Basirico L, Morera P
and Nardone A. In-vitro ACE-inhibitory activity
and in-vivo antihypertensive effects of water-
soluble extract by Parmigiano Reggiano and
Grana Padano cheeses. Int Dairy J 2014; 37:
16-19.

Kubola J, Siriamornpun S and Meeso N. Phyto-
chemicals, vitamin C and sugar content of Thai
wild fruits. Food Chem 2011; 126: 972-981.
Bhullar KS, Lassalle-Claux G, Touaibia M and
Rupasinghe HP. Antihypertensive effect of caf-
feic acid and its analogs through dual renin-
angiotensin-aldosterone system inhibition. Eur
J Pharmacol 2014; 730: 125-132.

Wijesekara | and Kim SK. Angiotensin-I-con-
verting enzyme (ACE) inhibitors from marine
resources: prospects in the pharmaceutical
industry. Marine Drugs 2010; 8: 1080-1093.

Int J Clin Exp Med 2015;8(10):17912-17921



[35]

[36]

[37]

Anti-hypertensive plant extract

Dong J, Xu X, Liang Y, Head R and Bennett L.
Inhibition of angiotensin converting enzyme
(ACE) activity by polyphenols from tea (Camel-
lia sinensis) and links to processing method.
Food Funct 2011; 2: 310-319.

Thomas NV and Kim SK. Potential pharmaco-
logical applications of polyphenolic derivatives
from marine brown algae. Environ Toxicol Phar-
macol 2011; 32: 325-335.

Xie Y and Zhang W. Antihypertensive activity of
Rosa rugosa Thunb. flowers: angiotensin | con-
verting enzyme inhibitor. J Ethnopharmacol
2012; 144: 562-566.

17921

[38] Makita K, Takahashi K, Karara A, Jacobson

HR, Falck JR and Capdevila JH. Experimental
and/or genetically controlled alterations of the
renal microsomal cytochrome P450 epoxygen-
ase induce hypertension in rats fed a high salt
diet. J Clin Investig 1994; 94: 2414.

Int J Clin Exp Med 2015;8(10):17912-17921



Anti-hypertensive plant extract

ALE/AQE

Resuspended
in DW

Partition with
ethyl acetate,
100mL x 3

Partition with
butanol,
100mL x 3

Aqueous
portion

Aqueous
portion

Organic . Concentrated
ortion Organic with rotary
. portion evaporator
&dried with

Concentrated Concentrated lyophilizer

with rotary with rotary
evaporator evaporator Aqueous

&dried with &dried with fraction
lyophilizer lyophilizer ALE-AQF
AQE-AQF

Ethyl acetate Butanol

fraction fraction
ALE-EAF ALE-BTF
AQE-EAF AQE-BTF

Figure S1. General scheme of fractionation procedures from both extracts
(ALE and AQE) employed for C. Cainito.
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Figure S2. ACE inhibition of captopril.
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