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INTRODUCTION

Carissa opaca Stapf ex Haines (family apocynaceae) is a
shrub found in many hilly areas of Indo-Pakistan subcon-
tinent'®. The plant has found a number of folkloric appli-
cations. In ethnomedicine, Carissa opaca is used against a
number of diseases and conditions. Its fruit is considered to
be aphrodisiac’®. The leaves are used for the treatment of liver
disorders such as jaundice and hepatitis. A decoction prepared
by boiling its leaves with roots of Segeretia brandrethiana is
taken two times a day’. They are also used to cure asthma,
known as stimulant and cardio-tonic and is used in tanning'*"2,
The paste made of the roots of Carissa opaca is applied on
wounds and injuries for fast healing. The roots are also consi-
dered to be purgative. The extracts of other species of the
genus, C. carandas and C. edulis, have been found to possess
good anti-diabetic activities'*">. Fruits and leaves of C. opaca
have been shown by different workers to possess considerable
antioxidant activities'®"”. The ethanolic extracts of the leaves
and fruits of the plant were found to have notable antimicrobial
activities against a number of Gram-positive and Gram-
negative bacteria'®. The plant has also been shown to possess
flavonoids, tannins, alkaloids, phlobatannins, terpenoids,
coumarins, anthraquinones, cardiac glycosides, isoquercetin,
hyperoside, vitexin, myricetin and kaempherol'®. A sesquiterpenoid
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called carrisone (C;sH»,0,) has been isolated from Carissa
opaca the structure of which has been confirmed by X-ray
diffraction and NMR spectroscopy”. The GC-MS analysis of
the oil from flowers of C. opaca has shown the presence of
benzyl salicylate (6.0 %), benzyl benzoate (4.6 %) and (E,E)-
o-farnesene (3.5 %) in it*'. Hydro-distillation of the roots
yielded 2-hydroxyacetophenone as a major component
(89.5 %)™

In continuation of our work on Carissa opaca", the
present research aimed to investigate antioxidant, antimicro-
bial and o-amylase inhibitory activities of the leaves, fruits
and seeds of the plant.

EXPERIMENTAL

The leaves and fruits of the wild shrub Carissa opaca were
collected from a village of Abbottabad (Hazara), Pakistan, in
May 2009 and identified by Dr. Syed Muqarrab Shah, the
taxonomist of Hazara University, Mansehra. The leaves and
fruits were dried in shade at room temperature for 15 days. Seeds
were obtained by carefully removing the fruit pulp. The dried
leaves, fruit pulp and seeds were ground to get finely divided
powders which were extracted in methanol for two weeks at
room temperature. The extracts were filtered and the solvent
was evaporated on rotary evaporator (Buchi A-210) to obtain
dried methanolic extracts.
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1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical and ascor-
bic acid were purchased from MP biomedicals, (France) and
a-amylase (Aspergillus oryzae) from Unichem and acarbose
from Baeyer, Pakistan. All other substances were of analytical
grades. UV-Visible Spectrophotometer UVD-3200 Labomed,
Inc. was used to determine absorbance.

o-Amylase inhibitory assay: The a-amylase inhibitory
activities of the methanolic extracts of the leaves, fruits and
seeds of C. opaca were determined as per a reported method®.
In the assay, 0.5 % aqueous potato starch solution was used as
a substrate. The samples of leaves, fruits and seeds were
prepared in dimethyl sulfoxide in a range of concentrations
(1.0 to 150 mg/mL). The a-amylase solution was prepared by
dissolving 1 mg of the enzyme in 100 mL of 20 mM phosphate
buffer (pH 6.9). The 3,5-dinitrosalicylic acid (DNS) solution
was used as the colouring reagent of reaction. In a test tube,
0.5 mL of a sample was mixed with 0.5 mL of the enzyme
solution and after incubating the mixture for 30 min at 25 °C,
1 mL of starch solution was mixed and the mixture was allowed
to incubate for 3 min at 25 °C. Then, after adding 1 mL of the
DNS (3,5-dinitrosalicylic acid) solution (20 mL of 96 mM
3,5-dinitrosalicylic acid, 12 g of sodium potassium tartrate in
8 mL of 2 M NaOH and 12 mL of water) solution, the tube
was covered and heated in a water bath for 15 min at 85 °C.
The mixture was then diluted with 9 mL water. The absorbance
was measured at 540 nm on a UV-Visible spectrophotometer.
For control, plant sample was replaced by equal volume of
DMSO and for blank, the starch solution was added after the
addition of DNS solution. Remaining procedures were same.
To compare the alpha-amylase inhibitory activities of the
sample, acarbose was employed as a positive control. The
percentage inhibition was calculated by the formula:

% Inhibition = [(A-A)/A.] x 100

where, A. and A, are the absorbances of the control and sample
respectively.

Microorganisms: In the present study, Salmonella typhi,
Escherichia coli, Bacillus subtilis, Shigella sonnei, Staphylo-
coccus aureus, Pseudomonas aeruginosa were used to
compare antimicrobial activities of the leaves, fruits and seeds
extracts of C. opaca with standard antibiotic drugs, cefixime,
levofloxacin and clarithromycin.

Agar well diffusion assay: The antimicrobial activities
of the methanolic extracts of leaves, fruits and seeds were
determined by agar well diffusion method as recommended
by clinical and laboratory standards institute (CLSI)** and
described as earlier”. The bacterial suspensions were prepared
by adding 4-5 colonies of bacteria into 5 mL autoclaved normal
saline (NS) solution and comparing its turbidity with 0.5 %
McFarland solution. The microorganisms were inoculated on
the Petri plates (90 mm diameter) containing Mueller-Hinton
Agar (MHA) with the help of sterile cotton swab following
the recommended usual procedure®?. Wells were then made
in the inoculated MHA plates with the help of cork borer (9
mm) and labeled. Then, 100 pL of leaves, fruits and seeds
extracts (0.1 g/100 mL each), 6 % phenol and 0.1 g/mL of
each of cefixime, clarithromycin and levofloxacin (positive
controls) and 95 % methanol (negative control) were trans-
ferred into their respective wells. The plates were incubated

for 24 h at 37 °C; subsequently zones of inhibition were
measured using Vernier calipers'®?. All experiments were
repeated thrice and mean were calculated.

Free radical scavenging activities by DPPH assay: Free
radical scavenging activities of the methanolic extracts of
leaves, fruits and seeds were determined as per the reported
method”**. The stock solution of DPPH radical was prepared
by dissolving its 24 mg in 100 mL of methanol and stored at
20 °C for furthermore use. The working solution was prepared
by diluting DPPH solution with methanol to obtain an absor-
bance of 0.980 + 0.02 at 517 nm. The sample solutions
(2 mg/mL) were prepared by dissolving 20 mg of each of the
leaves, fruits and seeds extracts in 10 of methanol. The positive
control was prepared by dissolving 20 mg of ascorbic acid in
the 10 mL of methanol. The negative control consisted of 3 mL
of DPPH working solution and 100 pL of methanol. The DPPH
working solution (3 mL) was mixed with 100 pL of the samples
with varying concentrations (25-250 pg/mL) in glass vials.
After incubating the vials for 30 min in the dark, absorbance
was measured at 517 nm on a UV-Visible spectrophotometer.
The free radical scavenging activity of each sample was calcu-
lated by using the formula:

% Scavenging activity = [(Ao-As)/Ag] x 100

where A, and A, are absorbances of negative control and
sample respectively.

Total antioxidant activities by phosphomolybdate
assay: Total antioxidant activities of the methanolic extracts
of leaves, fruits and seeds of C. opaca were determined as per
the reported method**?. For this assay, 0.1 mL of each sample
solution was mixed with 1 mL of the phosphomolybdate
reagent (0.6 M sulfuric acid, 28 mM sodium phosphate and
4 mM ammonium molybdate) and the test tubes were capped
with silver foil and incubated in water bath at 95 °C for 90
min. Then, after cooling the mixture to room temperature, its
absorbance was measured at 765 nm against a blank. Ascorbic
acid was used as a standard and the results were expressed as
pg of ascorbic acid equivalent per mg of the methanolic extract.

Statistical analysis: To ensure reproducibility, all the
experiments were performed at least thrice and statistical
mean was calculated. One way ANOVA was also applied
and ICso and ECs, values were calculated using the standard
methods.

RESULTS AND DISCUSSION

a-Amylase inhibitory activities: The a-amylase inhi-
bitory activities of the methanolic extracts of leaves, fruits and
seeds of Carissa opaca were determined as per the method
proposed by Bernfeld™. The results are shown in Table-1 and
Fig. 1. Acarbose was used as a standard to have an estimation
of the efficacy of the plant extracts. In the assay the substrate
(starch) is attacked by the enzyme to produce maltose which
reacts with DNS to form a coloured product which allows
monitoring of the reaction spectrophotometrically. The metha-
nolic extracts of leaves, fruits and seeds of the plant exhibited
pretty good o-amylase inhibitory activities. However, the leaves
proved to be most effective (ICsy 5.03 mg/mL). Their efficacy
was close to that of acarbose (1.2 mg/mL). The extracts exhibited
anti-enzymatic activity in a dose dependent manner (Fig. 1).
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TABLE-1
o-AMYLASE INHIBITORY ACTIVITIES AND ICs, (mg/mL) VALUES OF THE METHANOLIC
EXTRACTS OF LEAVES, SEEDS AND FRUITS OF Carissa opaca.

S No Leaves Seeds Fruits Acarbose
mg/mL Inhibition (%) mg/mL Inhibition (%) mg/mL Inhibition (%) mg/mL Inhibition (%)
1. 1 07.45+1.29 2 02.23 £ 0.83 10 03.19 + 1.45 0.10 03.53 £1.65
2. 2 21.36 +1.98 4 06.46 +£2.76 20 09.76 + 3.68 0.20 14.11 £0.48
3. 3 33.90 £ 1.67 6 11.88 £2.90 30 17.45 £2.99 0.40 20.63 £0.74
4. 4 40.54 +2.88 8 14.12 £3.96 40 25.50 £2.75 0.60 29.72 £1.23
5. 5 51.33 £3.10 10 17.34 £4.01 50 30.98 £2.15 0.80 37.44 £2.22
6. 6 59.96 +0.17 20 25.56 £3.37 60 35.04 £2.69 1.18 45.51 £0.49
7. 7 67.70 £ 1.43 40 33.54 £3.15 70 41.11 £0.56 1.47 54.89 +0.28
8. 8 75.21 £ 1.65 60 42.07 £2.79 80 47.22 +1.88 1.84 66.77 £ 0.45
9. 9 82.78 £2.21 80 51.31 £4.27 90 52.66 £ 1.49 2.30 78.00 £ 0.36
10. 10 98.01 £1.32 100 64.98 £0.71 100 60.89 £2.79 2.80 86.95 £0.92
11. - - 110 73.46 £ 1.98 110 69.33 £3.12 3.60 93.18 £ 0.86
12. - - 120 81.23 £ 1.47 120 77.98 +0.63 - -
13. - - 130 93.19 £2.48 130 83.85£0.77 - -
14. - - - - 140 89.12 £4.50 - -
15. - - - - 150 95.54 £3.23 - -
| (O 5.03 79.92 80.07 1.20
TABLE-2
COMPARISON OF ANTIMICROBIAL ACTIVITIES OF THE METHANOLIC EXTRACT OF LEAVES, FRUITS AND SEEDS
OF Carissa opaca AND KNOWN ANTIBIOTICS AGAINST MICROORGANISMS (MEAN ZONES OF INHIBITION in mm)**
Leaves Fruits Seeds Phenol 6 % Cefixime Levofloxacin  Clarithromycin
Salmonella typhi 17.3 20.6 10.2 29.00 21.5 34.00 22.10
Escherichia coli 11.5 11.1 12.0 18.30 - - -
Bacillus subtilis 16.5 14.4 9.5 25.20 32.0 35.25 23.15
Shigella sonnei 14.0 10.1 6.3 21.00 - - -
Staphylococcus aureus 14.2 11.1 12.00 - 35.0 39.10 21.50
Pseudomonas aeruginosa 14.0 10.0 6.30 - 29.0 37.75 26.00

*Concentrations of the methanolic extracts were “Mean zones of Inhibition values are mean of three experiments
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Fig. 1. Change in o-amylase inhibitory effect of leaves, fruits and seeds of

Carissa opaca with time

Antimicrobial activities: The antimicrobial activities of
the methanolic extracts of the leaves, fruits and seeds of Carissa
opaca against a number of microorganisms were determined
along with three antibiotics cefixime, levofloxacin and
clarithromycin, using agar well diffusion assay and the results
are displayed in Table-2. The microorganisms used included
Salmonella typhi, Escherichia coli, Bacillus subtilis, Shigella
sonnei, Staphylococcus aureus and Pseudomonas aeruginosa.
Table-2 exhibits that the leaves, in general, showed better
potency than fruits and seeds. The fruits, however, showed
highest activity (20.6 mm) against Salmonella typhi as
compared to leaves and seeds. Notably, this is the highest
activity that a sample showed against any of the tested
microbes. The activity of the fruits against S. ryphi is almost

equal to that of cefixime (21.5 mm) and clarithromycin (22.1
mm). Cefixime is a third generation cephalosporin and is
effective in typhoid®'. Consumption of the fruits of C. opaca,
therefore, can be beneficial for typhoid patients. The leaves
also showed notable efficacy against S. typhi. In addition, both
leaves and fruits extracts showed good activity against
B. subtilis. The seed extract, in general, was least effective,
while leaves have also exhibited considerable toxicity against
S. sonnei, S. aureus and P. aeruginosa. A decoction of leaves
should, therefore, be useful in the treatment of conditions
caused by these pathogens.

Free radical scavenging activities by DPPH assay: The
free radical scavenging activities of methanolic extracts of
leaves, fruits and seeds of C. opaca were studied by DPPH
assay and the results are shown in the Table-3. The DPPH
(1,1-diphenyl-2-picrylhydrazyl) is a stable free radical (DPPH")
which shows maximum absorbance at 517 nm. It accepts a
hydrogen radical or an electron to form a diamagnetic mole-
cule and the purple colour of the radical changes into pale
yellow *’*2, Table-3 shows that the leaves exhibited very high
free radical scavenging activity (89.84 %) than both fruits
(9.44 %) and seeds (3.85 %) which was comparable to that of
ascorbic acid (95.22 %). The ECs, value of the leaves was
499.95 pg/mL which was however much less than that of
ascorbic acid (99.91 pg/mL). There was good correlation
between the free radical scavenging activity determined by
DPPH assay and total antioxidant activity determined by
phosphomolybdate assay.
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TABLE-3
% FREE RADICAL SCAVENGING POTENTIAL OF LEAVES,
FRUITS AND SEEDS OF Carissa opaca ALONG WITH
ASCORBIC ACID STANDARD DETERMINED

BY DPPH METHOD
Sample Scavenging activity (%) EC,, (ug/mL)
Leaves 89.84 499.95
Fruits 09.44 -
Seeds 03.85 -
Ascorbic acid 95.22 99.91

Total antioxidant activities by phosphomolybdate
assay: The phosphomolybdate assay is based on reduction of
molybdenum(VI) to molybdenum(V) by the action an anti-
oxidant. The formation of the green phosphomolybdate(V)
complex is followed spectrophotometrically®. The results of
the present study are shown in Fig. 2. The methanolic extract
of the leaves exhibited remarkable antioxidant activity which
is much higher than those of fruits and seeds which indicate
the presence of good antioxidant substance in leaves of this
plant and should explain in part the ethnomedicinal uses of
the leaves.
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Fig. 2. Antioxidant potential of methanolic extract of leaves, fruits and
seeds of Carissa opaca determined by phosphomolybdate assay in
teerms of ascorbic acid equivalents

Conclusion

The methanolic extracts of leaves, fruits and seeds of
Carissa opaca have pretty good a-amylase inhibitory activities
which show presence of antienzymatic natural products in
them. Remarkable high efficacy of the fruits against S. ryphi
may indicate the presence of such compounds in fruits which
are effective against this pathogen. The present study high-
lights the need of bioassay guided isolation of bioactive
natural products from this medicinal plant which may prove
to be good candidates for the future drug discovery.
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