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Bioactive compounds, antioxidant, and antineoplastic
activities of Asian herbs

Tahira Yasmin, Muhammad Azam, Ummaimah, Muhammad Asim Raza Basra*

Institute of Chemistry, University of the Punjab, New Campus, Lahore 54590, Pakistan

Background:  Herbages are the most sophisticated medicinal factories on earth which produce phytochemicals
that possess biological activities and are used for the cure of various diseases.
Objectives:  The aim of this study was to explore anti-neoplastic activities and antioxidant potential of selected
herbs along with their total phenolic content and phytochemical screening.
Methods: 2, 2-diphenyl-1-picryl hydrazyl radical (DPPH) and 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic
acid) (ABTS+) methods were used to determine the antioxidant capacity.  In vivo anti-neoplastic activities were
determined by chick chorioallantoic membrane (CAM) and crown gall tumor (potato disc) assay, respectively.
Results:  The highest antioxidant activity in aqueous and methanol extracts was found in Centella asiatica and
Spheranthus indicus, respectively.  Results of anti-neoplastic activities were in accordance to their antioxidant
activity.  Phytochemical analysis showed that all herbs contained tannins, saponins, glycosides, terpenoids,
flavonoids and reducing sugars.
Conclusion: These findings suggest that these herbs are potential natural sources of bioactive compounds
and natural antioxidants hence these herbs might be used in prophylaxis and treatment of neoplasms.

Keywords:  Medicinal plants, antioxidants, anti-neoplastic, anti-angiogenic, anti-tumor, phytochemicals.

Medicinal herbs manifest sophisticated traditional
medicine systems as a promising source of natural
medicines. The natural components of these herbs
are plant secondary metabolites, produced for
their defense mechanisms and classified as
terpenoids, alkaloids, flavonoids, tannins, saponins
and polyphenolic compounds.(1)  The crude extract of
various herbs has been used as traditional medicine
for the treatment of different diseases or to ameliorate
the health.  More than 80.0% of the world’s population
relies on traditional medicine for their primary health
care.(2)  Medicinal plants contain mixtures of different
chemical compounds and nutrients that may act
individually, additively or in synergy to improve health.
Polyphenolic compounds have been found to have
therapeutic applications against various diseases
caused by oxidative stress.(3)  Different phenolic

compounds act as antioxidants; tannins act as natural
antibiotics; diuretic substances enhance the elimination
of toxins and alkaloids enhance mood and give a sense
of well-being.(4)  Various physiological and biochemical
processes occur inside the body and free radicals have
been produced as by products.(5)  They are valuable
in sustaining the healthy life as they take part in the
process of biological evolution and origin of life.(6)

Formation and utilization of the free radicals is
imbalanced, resulting in overproduction of the radicals
in various conditions including diabetes mellitus,
inflammation, neurodegenerative disorders, cancer,
coronary heart disease, aging, AIDS, and gastric
problems.(7) These free radicals interact with
biomolecules such as proteins, DNA and lipids and
affect their biological functions which lead to oxidative
stress and ultimately cause lethal diseases.(6, 8)

Oxidative stress jeopardizes the normal process of
cell division resulting in rapid, uncontrolled and
undifferentiated cells formation and abnormal growth
of tissues leading to formation of neoplasms.(9)

Cancerous cells and developing tumors require
extra supply of blood to fulfill their food and energy
requirements, hence these cells start producing highly
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dividing blood vessels by angiogenesis.  This multistep,
progressive physiological process, which is major
contributor in tumor and cancer development,
could be inhibited by anti-neoplastic agents. Anti-
angiogenesis is a way to treat primary tumors by
reducing their metastases.(10 - 12) Nowadays, medicinal
plants attain central position in the discovery of variety
of medicines because they mostly possess antioxidant,
antibacterial, anti-angiogenic and antifungal properties
and also due to the unavailability of synthetic drugs
for the treatment of certain lethal diseases.  As it has
become very difficult to fulfill the demand of drugs
for the maintenance of human health, therefore most
of the researches have been diverted towards herbal
medicine for health remedies. (13 - 15)

The present study was designed to evaluate and
compare the antioxidant and anti-neoplastic activities
including anti-angiogenic and anti-tumor activities
along with their phytochemical constituents and
phenolic contents of methanol and aqueous extract of
five different Asian herbs to aid the determination of
new potential sources of natural antioxidants.

Materials and methods
Herbs collection and processing

Herbs including Cassia angustifolia,
Sphaernthus indicus, Centella asiatica, Echinop
echainatus, and Fagonia cretica, were purchased
from local herbal pharmacies in Lahore, Pakistan. The
identity of herbs was confirmed by a taxonomist at
the Department of Botany, University of Punjab,
Lahore.  The dried plant materials were cleaned and
crushed into fine powder.  Powdered samples were
stored in the dark to protect them from light until
further use.

Preparation of extracts
Methanol (commercial) and water were used

as solvents for extract preparation of the selected
herbs.(16)   In brief, 3 g of herbs powder was mixed
individually in 120 ml of water or methanol and placed
in an electrical shaking water bath.  As for methanolic
extraction, the contents were placed in shaking water
bath for 3 h at 37C whereas the aqueous extraction
shaking time was one hour at 80C. Then contents
were cooled down to room temperature under running
tap water and centrifuged at 3,500 rpm for 15 min;
the clear supernatants were stored in dark bottles at
4C for further analysis.

Scavenging of DPPH free radicals
Antioxidant activity of herb extracts was

determined through 2, 2-diphenyl-1-picryl hydrazyl
radical (DPPH) free radical scavenging assay. (17)

To the 0.5 ml of herb extracts of concentrations
ranging from (0.01 - 20 mg/ml), 2.5 ml of 5  10-5 M
DPPH solution was added and mixed.  Control was
prepared using methanol instead of herb extract by
the same procedure.  The reaction mixture was allowed
to stand in the dark in the incubator (memmert)
at 37C for 30 min. Absorbance was measured
at 517 nm against blank using a UV-VIS
spectrophotometer (S-200D R and M England).
Percentage scavenging activity was determined by
taking methanol treated group as control. The
percentage scavenging was calculated by using the
following formula:

ABTS+ Free radical scavenging assay
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic

acid) (ABTS+) free radical scavenging method
was used to determine the antioxidant potential
of selected herbs. (18)  To 0.5 ml of herb extracts of
different concentration ranging from (0.01- 20 mg/
ml), 2.5 ml of diluted ABTS+ solution was added and
mixed.  Control was prepared by adding ethanol instead
of sample and ABTS+ solution.  The reaction mixture
was incubated for 5 minutes at 37C and absorbance
was measured immediately at 734 nm using a UV-
VIS spectrophotometer (S-200D R and M England).
The percentage scavenging was calculated by using
the following formula:

Determination of total phenolics
Total phenolic contents (TPC) of herb extracts

were estimated by previously described method by
Singleton VL, and Rossi JA.(19)

Phytochemical screening
Different phytochemical constituents present in

the extract of all herbs were estimated by using
different standard methods. (20, 21)

   Absorbance of sample
Absorbance of control

Percentage scavenging = (1 – )  100

Percentage scavenging = (1 – Absorbance of sample
Absorbance of control

)   100
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Detection of terpenoids (Salkowski test)
To 2 ml chloroform (CHCl

3
), 500 l of herb

extract was added, and then 3 ml of concentrated
H

2
SO

4
 was added carefully along the side of the test

tube wall so that a layer can be formed.  The formation
of a greyish brown coloration or ring at the interface
is a sign of terpenoids presence.

Detection of tannins
To 0.5 ml of herb extract, 5 ml of distilled water

was added.  It was boiled in water bath.  The extract
was cooled to room temperature and then 500 l of
0.1% FeCl

3
 solution was added.  Brownish green or

blue-black precipitates were formed and gave the
indication of tannins presence in the herb extract.

Detection of saponins
Saponins were detected by adding 0.5 ml of the

herb extract to 5 ml of distilled water and the solution
was vigorously shaken to form a stable unrelenting
forth.  A few drops of olive oil were added to the
mixture and again shaken vigorously; the formation
of an emulsion indicated the presence of saponins.

Detection of flavonoids
For the detection of flavonoids, 5 ml of diluted

ammonia was added to 0.5 ml of aqueous and
methanolic herb extracts separately then added 1 ml
of concentrated H

2
SO

4
 to this solution. With the

passage of time yellow color disappears gave the
indication of flavonoids in the herb extracts.

Detection of anthraquinones
To 3 ml of the herb extract 3 ml of benzene was

added and mixed thoroughly, then 5 ml of 10.0%
ammonia solution was added and again mixed the
solution. Production of red, violet or pink color in
the ammonical layer gave the indication of free
anthraquinones presence in extract.

Detection of reducing sugars (Benedict’s test)
2 ml of freshly prepared Benedict’s solution was

taken in a test tube and heated for few minutes, then
added 2 ml of the herb extract to the boiling solution.
The formation of red colored precipitates gave the
indication for the presence of reducing sugar in extract
of herbs.

Determination of carbohydrates (Molisch test)
The carbohydrates were determined by Molisch

test. To 3 ml of herb extracts, 3 - 4 drops of -naphthol

was added and mixed the solution by shaking gently
then added 3 - 4 ml of concentrated H

2
SO

4
 slowly

along the side of test tube. Formation of violet ring at
the junction indicates the presence of carbohydrate.

Detection of steroids
For the detection of steroids, 2 ml of each extract

was added to 2 ml of chloroform and mixed the solution
gently then added 2 ml of concentrated sulphuric acid
and shaken the solution gently. Production of red color
in chloroform layer gave the indication of steroids
presence.

Detection of cardiac glycosides (Salkowaski’s test)
2 ml of chloroform was added to the 2 ml of each

extracts and mixed the solution gently, then added
2 ml of concentrated sulphuric acid slowly along the
side of test tube. A reddish brown ring at junction of
two solvents indicates the presence of deoxy sugars
which is distinguishing feature of cardenolides.

Detection of phlobatannins
Red colored precipitates were produced when

each extract (2 ml) were added to 2 ml of 1.0% HCl
and boiled the solutions. Formation of red precipitates
indicates the presence of phlobatannins.

In vivo chorioallantoic membrane (CAM) assay
Anti-angiogenic activity was performed by using

chick chorioallantoic membrane (CAM) assay.   Eggs
were sterilized and incubated at 37C for three days,
and the small window was made by carefully removing
egg shall along with internal membrane. The window
was sealed with surgical cotton tape and eggs were
again incubated. On the 8th day of incubation, 20 l
of each sample (25 mg/ml) of each herbal extract
was loaded on the disc and placed this disc on the egg
yolk at the point of emergence of new blood vessels.
Phosphate buffer saline of pH 7.30 was used as
control.  On the 12th day of incubation, chorioallantoic
membrane along with developed chick embryo was
removed carefully such that blood vessels are not
damaged. Formalin was used as fixative agent to
stop the development of embryo and recorded the
results.(22) The outcomes were quantified and evaluated
by semi-quantitative scoring system represented in
Table 4.(23)

Potato disc (crown gall tumor) assay
Antitumor activity was measured through

previously established potato disc assay. (24) 20 ml of
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autoclaved agar (1.5%) was added to each Petri dish
under aseptic conditions and allowed to cool. Red
skinned potatoes were washed and soaked in sodium
hypochlorite solution (10.0%) for 15 minutes. Rinsed
thoroughly with water, peeled off skin and cut potato
disc of (8 mm 15 mm) diameter. Three discs were
placed in each petri dish by gently pressing them into
the agar and added one drop of prepared inoculum in
the center of disc.  The inoculum was prepared by
adding 1.5 ml distilled water in 2 ml of 48 hours old
bacterial culture followed by addition of 0.5 ml sample
dissolved as 4 mg/ml in DMSO.  The control was
prepared by adding 0.5 ml of DMSO in place of sample
in the inoculum.  Petri dishes (n = 3) were prepared
for each sample including control and edges were
sealed with parafilm strips to maintain moisture content
inside the dish which was covered with aluminum foil
and placed in the dark at 27C.  After 12 - 18 days,
the results were carefully recorded.  The percentage
inhibition was found by following formula: (25)

Statistical analysis
The data were expressed as mean  standard

deviation (SD) and analyzed using IBM-SPSS version
22.  Pearson’s correlation and linear regression relation
was applied to determine the relationship between
means of antioxidant capacities and TPC with the
CAM antiangiogenic assay of herbs.

Results
Antioxidant activity analysis

The antioxidant activity of methanolic and aqueous
extracts of herbs was investigated by DPPH and
ABTS scavenging methods. Among the herbs,
aqueous extract of S. indicus was found to be
the most potent scavenger of DPPH radicals at a
concentration of 0.455 mg/ml (IC

50
) followed by

C. asiatica, C. angutifolia, E. echinatus Roxb.
and F. cretica (Table 1). Therefore, the order of
antioxidant activity by DPPH method observed in
aqueous extracts was:  S. indicus > C. Asiatica
> C. angutifolia > E. echinatus Roxb. > F. cretica.
IC

50
 values of medicinal herbs obtained from

ABTS are shown in Table 1. The following order of
antioxidant activity was observed, C. angutifolia

> S. indicus > C. asiatica > F. cretica > E.
echinatus Roxb. The respective IC

50
 values of herbs

were calculated from ABTS method were 0.422,
0.436, 0.459, 0.612 and 0.725 mg/ml, respectively.

Similarly, DPPH free radicals assay was
performed for each methanolic extracts of herbs and
found the antioxidant activity in the order such as C.
asiatica > C. angustifolia > S. indicus > E.
echinatus Roxb.> F. cretica.  Their IC

50
 values were

depicted as 1.172, 1.275, 1.779, 2.378 and 18.291 mg/
ml, respectively. Whereas, the ability of methanolic
extracts to sequester the ABTS radicals was observed
in descending order (C. angutifolia > C. asiatica
> E. echinatus Roxb. > S. indicus > F. cretica)
(Table 1).  Aqueous extracts of all herbs showed higher
potential to scavenge the free radicals in comparison
with methanolic extracts.

Total phenolic content
The antioxidant activity of medicinal plants has

been reported to be positively correlated with their
total phenolic contents due to their ability to scavenge
the free radicals. The TPC ranged from 64 to
400 mg GAE/100 g DW.  Aqueous extract of C.
angustifolia contained highest phenolics (400 mg
GAE/100 g DW), followed by F. cretica having
phenolics value 376 mg GAE/100 g DW.  The
following order of TPC was observed in aqueous
extracts of all herbs is C. angutifolia > F. cretica >
C. asiatica > E. echinatus Roxb. > S. indicus.
Almost the same pattern was observed for TPC in
methanolic extracts of herbs. C. angustifolia showed
highest phenolic contents while F. cretica showed
lowest content (360 and 64 mg GAE/100 g DW,
respectively) compared with other herbs (Table 2).

Phytochemical constituents
Phytochemical constituents present in both

aqueous and methanolic extracts of herbs were
determined and results are shown in Table 3.  Aqueous
and methanolic extracts of all herbs contained tannins,
saponins, glycosides, terpenoids, flavonoids and
reducing sugars. However, anthraquinones were
present only in aqueous extract of C. angustifolia
whereas phlobatannins were absent in all extracts of
herbs. Similarly, steroids were absent in the aqueous
extracts of S. indicus, C. asiatica and F. cretica.
Along with phytochemical constituents, carbohydrates
presence was also confirmed.

% Inhibition = (1 –   100           No. of tumors on sample disc
           No. of tumors on control disc

(



Vol. 64  No. 2
April - June 2020

195Biological activities of selected herbs

Anti-angiogenic activity (CAM assay)
The process of formation of new blood vessels

from pre-existing blood vasculature is known as
angiogenesis.(10) Anti-angiogenic effects of these herbs
were studied by using CAM assay.  The result
obtained clearly indicates that aqueous and methanol
extracts of herbs greatly inhibited the development

of new blood vessels on the CAM as compared to 
control (Figures 1 and 2). The scores calculated by 
semi-quantitative scoring system revealed the 
digital values of the CAM outcomes of the herbal 
extracts (Tables 4 and 5).  The results showed that 
aqueous extracts of all herbs were more anti-
angiogenic as compared to methanol extracts.

Table 1. Antioxidant activity of herbs.

Herbs Antioxidant activities (IC
50 

mg/ml)
  DPPH assay   ABTS assay

AE ME AE ME

Cassia angustifolia 1.5  0.9 1.3  1.4 0.4  0.6 0.4  0.5
Spheranthus indicus 0.5  0.7 1.8  1.2 0.4  0.7 0.9  0.6
Centella asiatica 0.8  0.7 1.2 1.1 0.5  0.2 0.8  0.5
Echinops echinatus 2.1  1.4 2.4  1.5 0.7  0.8 0.8  0.7
Fagonia cretica 10.6  2.3 18.3  1.7 0.6  0.3 3.5  0.3

AE = aqueous extract, ME = methanolic extract.
Antioxidant activities of herbal extracts were determined through DPPH and ABTS assays and data was represented as
Mean  SD of three determinations.

Table 2. Total phenolic contents in herbal extracts.
Total phenolic contents of extracts were determined through Folin-Ciocalteu reagent. The standard calibration curve for
total phenolics is made by using Gallic acid standard solution (1 - 10 mg/100 ml) and phenolic contents in extract are
expressed as milligrams of Gallic acid equivalents per grams of the dry herb.

Herbs Total phenolic contents in mg/100 g of dry weight
Aqueous Extract (AE) Methanolic Extract (ME)

Cassia angustifolia 400.0 360.0
Spheranthus indicus 332.0 280.0
Centella asiatica 368.0 248.0
Echinops echinatus 348.0 208.0
Fagonia cretica 376.0 64.00

Table 3.  Screening of phytochemical compounds.

Tests  C. angustifolia      S. indicus  C. asiatica    E. echinatus Roxb.     F. cretica
AE ME AE ME AE ME AE ME AE ME

Reducing sugar          
Anthraquinones          
Carbohydrates          
Flavonoids          
Terpenoids          
Tannins          
Saponins          
Steroids          
Cardiac glycoside          
Phlobatannins          

 Present,Absent, AEaqueous extract, ME  methanolic extract.
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Figure 1. Anti-angiogenic effect of aqueous extract of herbs on chick chorioallantoic membrane (CAM).  Zero days
fertilized chick eggs were incubated at 37C and loaded with 20 l (25 mg/ml of each aqueous extract) sample on
8th day of incubation. Results were recorded on 12th day. (A) control group, (B) Cassia angustifolia, (C) Spheranthus
indicus, (D) Centella asiatica, (E) Echinops echinatus, and (F) Fagonia cretica.  Arrow shows the reduced
blood vessels growth (anti-angiogenic effect) in treated chick CAM compared with control. The experiments
were performed in triplicate (n = 3).

Table 4.  Scale for semi-quantitative scoring system for anti-angiogenic estimation.

Scale Level of anti-angiogenesis in CAM assay Attributed anti-angiogenic effect

0 No damage to blood Vessels No effect
0 - 0.5 Slightly damaged blood Vessels Slight effect
0.5 – 1 Small capillary free area in vicinity of Moderate effect

treatment; a few micro vessels congregate,
growth of blood vessels marginally reduced.

1 - 1.5 Moderate capillary free area; Minute number of Good effect
micro vessels visible

1.5 – 2 Capillary free area below the area of treatment; Strong effect
micro vessels no longer visible and large vessel merging.
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Figure 2. Anti-angiogenic effect of methanolic extract of herbs on chick chorioallantoic membrane (CAM).  Zero days
fertilized chick eggs were incubated at 37C and loaded with 20 l (25 mg/ml of each methanolic extract) sample
on 8th day of incubation. Results were recorded on 12th day.  (A) control group, (B) Cassia angustifolia,
(C) Spheranthus indicus, (D) Centella asiatica, (E) Echinops echinatus, and (F) Fagonia cretica.  Arrow shows
the reduced blood vessels growth (anti-angiogenic effect) in treated chick CAM compared with control.
The experiments were performed in triplicate (n = 3).

Table 5. Quantitative anti-angiogenic effect of herb extracts.

Methanolic Extract C. asiatica 1 Weak
C. angustifolia 1.5 Good
S. indicus 1.5 Good
E. echinatus Roxb. 1.5 Good
F. cretica 0.5 Slight

Aqueous Extract C. asiatica 0.5 Slight
C. angustifolia 1.5 Good
S. indicus 2 Strong
E. echinatus Roxb. 1 Weak

F. cretica 1 Weak

Extracts Score Anti-angiogenic effect
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Anti-tumor activity (Crown Gall assay)
Results showed that methanolic extracts of

selected herbs inhibit the tumor growth more
effectively (Figure 3). The percentage inhibition of

tumor for methanolic extracts of C. asiatica, E.
echinatus Roxb. and F. cretica and that of aqueous
extract of S. indicus was 46.6, 57.1, 69.0 and 70.7%,
respectively (Table 6).

Figure 3. Anti-tumor activity of herb extract on potato discs. Potato disc of (8 mm  15 mm) diameter were placed in agar
containing petri dish and added one drop of prepared bacterial inoculum of 0.5 ml of methanolic and aqueous
extract (4 mg/ml in DMSO) on the center of the disc and the edges were sealed with parafilm strips.  Then it
was covered with aluminum foil and placed in the dark at 27C.  After 12 - 18 days, the results were recorded.
(A) control group (B) methanolic extract of Fagonia cretica, (C) methanolic extract of Centella asiatica,
(D) methanolic extract of  Echinops echinatus, and (E) aqueous extract of Spheranthus indicus.  Arrow shows
the reduced crown gall (tumor) development on potato disc treated with herb extract compared to control.
The experiments were performed triplicate (n = 3).

Table 6. Percentage inhibition of crown gall tumor by herbal extracts.

* No. of tumor outgrowths on control potato disc = 58

C. asiatica 31 46.6
E. echinatus Roxb. 26 55.2
F. cretica 18 69.0

S. indicus 17 70.7

Extracts No. of tumor Percent inhibition
outgrowths of tumors

Methanolic
Extract

Aqueous
Extract
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Correlation between antioxidant capacities, total
phenolic contents and CAM assay

The scores of antiangiogenic CAM assay of
methanolic extracts of herbs (MECAM) depicted
inverse relation with IC

50 
values obtained from DPPH

and ABTS activities of methanolic extracts of herbs
(MEDPPH and MEABTS).  The calculated values
of Pearson correlation coefficient (r) and coefficient
of determination (r2) for MEDPPH and MECAM
were 0.855 and 0.731, for MEABTS and MECAM
the values were 0.873 and 0.763 while for METPC
and MECAM the values were 0.819 and 0.670,
respectively (Figure 4).

Discussion
Medicinal plants are rich sources of

phytochemicals that show biological activities. These
compounds help plants in defense against microbial,
bacterial and pathogenic infections. The comparison
of antioxidant activities determined by DPPH and
ABTS in both aqueous and methanolic extract of herbs
showed the most potent extract to be those of C.
asiatica, S. indicus and C. angutifolia.  Presently,
these exhibited higher antioxidant ability.  Antioxidant
capacity of different herbs estimated previously can
be comparable with the present study. (26, 27)

Previously antioxidant activity was determined and
compared in the different parts of C. asiatica

Figure 4. Correlation between antioxidant activity, total phenolic content (TPC) and CAM assay of methanolic extract
herbs (MECAM). (A) Correlation between IC

50 
values of DPPH activity (MEDPPH) and MECAM. (B) Correlation

between IC
50 

values of ABTS activity (MEABTS) and MECAM. (C) Correlation between METPC and MECAM.
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separately (28) whereas antioxidant activity of whole
plant of C. asiatica studied presently showed that it
exhibits high antioxidant activity.  F. cretica is also an
important herb frequently used in folk medicine in
Pakistan.  Antioxidant ability of F. cretica to scavenge
the free radicals gives the scientific reason for its use
as herbal medicine to cure the illness.  Previous studies
reported that methanol and aqueous extracts of roots
of F. cretica showed high antioxidant activity as
compared to other solvents.(29)  The antioxidant
activity results obtained by DPPH and ABTS assays
for alcoholic extract of S. indicus can be comparable
to those reported in previous studies in Indian
species.(30)    These differences may be due to different
factors such as location, agricultural practices, growing
conditions, climatic factors, storage conditions. (31)   So,
the estimation of antioxidant activity is not identical.
Moreover, the similar observations have reported
during the optimization of antioxidant activity of herbs
using different solvents which suggests that aqueous
extracts showed more antioxidant potential.(32)

Total phenolic contents
Aqueous extract of each herb contains more

phenolic contents as compared to methanolic extracts.
This complies with the TPC observations which
reported in Jordanian plants that showed aqueous
extracts give higher value of TPC as compared to
the extracts in other solvents. (16) The TPC content in
methanol extract of S. amaranthiodes was reported
to be 2.15 mg which is lower than that reported in the
thesis for S. indicus (280 mg). (33)  The difference in
polyphenolic contents may be due to different plant
species. Thus, results of TPC support that high
antioxidant activity of aqueous extracts that compared
methanolic extracts to scavenge of free radicals could
be explained on the basis of their TPC.

Phytochemical analysis
Different phytochemicals are present in herbs

that interact with ROS in human to protect from
damage.  Previous studies indicate the presence
of active phytochemical constituents such as
saponins, triterpene glycosides, madecassoside and
asiaticoside in different medicinal plant extracts (34)

which are comparable to our findings of phenolic
compounds. Likewise, presences of flavonoids,
carbohydrates, alkaloids and essential oils were
confirmed in the flowers and roots of S. indicus and

E. echinatus. (35, 36) These analyses indicate that
the plant extracts have potent antioxidant properties;
thus, providing evidence in support for their uses as
significant source of natural antioxidant which
might be helpful in preventing the progress of various
oxidative stress related diseases.  It has been reported
that the antioxidant, anti-angiogenic and anti-tumor and
anti-fungal activities of edible plants are related to the
free radical scavenging property of phytochemical
components and flavonoids. (37)

Anti-angiogenic CAM assay
The results indicate aqueous extract of all herbs

are more anti-angiogenic as compared to methanol
extracts.  These results are in accordance with the
antioxidant ability of herbs measured by DPPH assay.
However, the methanolic extracts of herbs showed
significantly correlated anti-angiogenic effect with
respect to their DPPH, ABTS as well as TPC values.

Potato gall anti-tumor assay
Crown Gall is a neoplastic disease of plants

induced by specific strains of the gram-negative
bacterium Agrobacterium tumefaciens. Different
phytochemical components present in all herbs might
be involved to resist and inhibit the tumor development.
Anti-tumor activity of herbs was studied by using the
potato disc assay.  The results showed that methanolic
extracts of selected herbs inhibited the tumor growth
more effectively.

The results obtained from statistical analysis
suggested that the greater amounts of total phenolic
contents might be involved in enhancing the antioxidant
activities and lower IC

50
 values of the samples.  Hence

the relation between antioxidant assays and
antiangiogenic CAM assay was inverse while that of
TPC and CAM was direct.
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