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Abstract The phenolic content, antioxidant, antitumor,

and enzyme inhibitory activities of commonly used

medicinal herbs from a Unani system of medicine were

investigated using four different extraction methods.

Among the plants studied, the Hyssopus officinalis L,

Origanum vulgare L, and Portulaca oleracea L. extracts

showed the highest amount of total phenolics (64.40, 60.35,

and 58.81 mg GAE/g) and revealed significant antioxidant

activities. The plants also showed a maximum cytotoxic

activity as indicated by H. officinalis (82%), O. vulgare

(75%), and P. oleracea (72%) showed more than 70%

cytotoxicity for breast cancer cells, 82% of the cells were

dead at the concentration of 500 mg/mL. The plants H.

officinalis, P. oleracea, O. vulgare, and Rubia cordifolia L.

revealed more than 80% inhibition towards xanthine oxi-

dase and comprising maximum 70% of inhibition for

superoxide dismutase. From results we conclude that there

is a strong correlation between phenolic content, antioxi-

dant, and enzyme inhibitory activity among these plants,

indicating phenolics are the major compounds for these

biological activities. Furthermore, this study provides the

basis for the therapeutic importance of studied plants as

latent inhibitors of oxidative stress and antitumor cell

proliferation which correlate with the ethnobotanical data

contained in the Unani system of medicine.
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Introduction

Plants have been found of great importance due to their

medicinal and nutritional properties with a primary source

of bioactive compounds. The plants and plant products are

found throughout human history as herbal supplements as

botanicals, nutraceuticals, and drugs (Ekor 2014). About

60–80% of the world’s population still relies on traditional

medicine for the treatment of common illnesses (Ravis-

hankar and Shukla 2007). India is one of the world’s largest

producer of medicinal plants and herb products and with

recognized systems of traditional medicines such as

Naturopathy, Homeopathy, Ayurveda, Siddha, and Unani

(Samal 2016). The Indian medicinal plants have also been

utilized in the number of modern system of medicines for

the development of polyherbal formulations and various

drugs (Ravishankar and Shukla 2007). The ethnobotanical

survey for India showed that about 20,000 medicinal plants

were recorded and only 7500 plants were utilized by the

traditional practitioners for drug development, and about

25,000 herb-based formulations were prepared and pro-

vided in traditional Indian medicines for curing various

disorders (Pandey et al. 2013). The Unani System of

Medicine was first introduced in India by Arab, Greek, and

Persian settlers which were originated in Greece. Unani

Medicine is a synthesis of traditional medicine in Egypt,

Syria, Iraq, Iran, China, India, and other Far East countries

(Ansari 1985). The Arabs first introduced the Unani system

of medicine in India. Nowadays, the Unani system of

medicine is practiced India, Pakistan, and Bangladesh and

in the case of India, the maximum rural and some urban

population are dependent for their health care on Unani

system of medicine (Izhar 1989). In the Unani system of

medicine, mostly the polyherbal plant formulations were

preferred over single drugs or combinations of drugs which
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are considered to have maximum activity without any side

effects for human (Ravishankar and Shukla 2007). Many

aromatic and medicinal plants contain a broad range of

bioactive compounds such as phenolic compounds (phe-

nolic acids, flavonoids, coumarins, tannins, stilbenes, and

lignans), nitrogen compounds (amines, alkaloids, and

betalains), vitamins, carotenoids, and other endogenous

metabolites having different biological activities (Cai et al.

2003, 2004). Concerning these properties of plants and

herbs, their bioactive constituents have been widely used

for the preparation of various formulations and drugs in the

food and pharma industry for their flavoring and biological

activities (Kosar et al. 2008). Plant extracts are complex

mixtures which consist of numerous bioactive compounds

which can be extracted using various solvents and several

extraction techniques. Different in screening models such

as such as plant bioassays, tissue or cell culture, receptor

enzyme and bio-chromatography were used for instigation

biological activities of secondary metabolites from plants (

Wang et al. 2011; Skotti et al. 2014). Aqueous extracts of

herbs and medicinal plants have been attracting wide

attention since they are consumed on a daily basis as

decoctions or infusions, due to their remedial actions des-

ignated by bioactive polyphenolic components including

phenolic acids and flavonoids (Pietta 2000; Surveswaran

et al. 2007). However, it is crucial to check the toxicity of

any crude extract before given orally, and care should be

taken during supplementation in high doses as they have

been not entirely authenticated (Tajkarimi et al. 2010). In

this context, the present work formulated to analyze

antioxidant, anticancer, and enzyme inhibitory activity

together with the characterization of phenolics from plants

used in the Unani system of medicine. Also, the current

study reports a screening program of anticancer activity

against breast cancer MCF-7 human carcinoma.

Materials and methods

Plant samples

The plant species were selected based on pharmacological

and economical use with health benefit claims as per Unani

system of medicine. The fully grown matured plant sam-

ples were collected in the month of September–October,

2015, from Marathwada region, Maharashtra, India, and

identified by Dr. Datta Bandapalle (Man-

jara Ayurved Medical College, Maharashtra, India). A

voucher specimen (Accession# Plant Name/UMP/COC-

SIT/101–110) was deposited in College herbarium. For

every reference, full particulars of the experimental plants

are presented in Table 1. All the plant materials were

washed and rinsed with distilled water repeatedly to

remove any soil or solid particulates and shade dried at

40 �C for 2 days. After drying, the moisture content (below

10%) was checked and ground to a fine powder using a

mechanical blender and stored in desiccators at 30 �C,
before extraction.

Materials

Folin–Ciocalteu’s reagent, DPPH (2,2-diphenyl-1-picry-

hydrazyl), ferric chloride, b-Carotene, linoleic acid, MTT

(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-

mide) and Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-

2-carboxylic acid) were purchased from Aldrich (Mum-

bai, India). Superoxide dismutase (SOD) assay kit (Cay-

man Chemicals, MI, USA). Potassium persulfate

(K2S2O8), sodium carbonate (Na2CO3), absolute ethanol

and petroleum ether were supplied by Merck Chemicals

(Mumbai, India). All the other chemicals were of ana-

lytical grade.

Table 1 Commonly used herbs in Unani system of medicine selected for this study

Botanical name Family Local name Unani name Part used Voucher specimen

Rubia cordifolia Linn. Rubiaceae Manjith Majeeth Roots RC/UMP/COCSIT/101

Rauwolfia serpentina Benth. ex Kurz Apocynaceae Sarpagandha Asrol Roots RS/UMP/COCSIT/102

Origanum vulgare Linn. Lamiaceae Basla-ghas Mirzanjosha Aerial OV/UMP/COCSIT/103

Hyssopus officinalis Linn. Lamiaceae Jufa Zufa Aerial HO/UMP/COCSIT/104

Cichorium intybus Linn. Asteraceae Kasni Hindaba Whole CI/UMP/COCSIT/105

Malva sylvestris Linn. Malvaceae Gulkhair Khubazi Whole MS/UMP/COCSIT/106

Portulaca oleracea Linn. Portulacaceae Kulfa Khurfah Whole PO/UMP/COCSIT/107

Aristolochia indica Linn. Aristolochiaceae Isharmul Zaravand Roots AI/UMP/COCSIT/108

Achyranthes aspera Linn. Amaranthaceae Puthkanda Chirchita Roots AS/UMP/COCSIT/109

Symplocos racemosa Roxb. Symplocaceae Lodhra Lodh Pathani Stems SR/UMP/COCSIT/110
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Types of cancer cell lines

MCF-7 human carcinoma cell lines obtained from the

American Type Culture Collection (ATCC, Rockville,

MD, USA).

Extraction of plant material

The dried plant samples were extracted using four different

extraction methods: microwave assisted extraction (MAE),

ultrasound-assisted extraction (UAE), Soxhlet extraction

(SE), and Maceration (MC). The herbal infusions were then

filtered through a Whatman filter No. 1, before analysis.

The extracts obtained after evaporation of the organic

solvent were weighed for calculation of extraction yield.

Three individual preparations of each extract were pre-

pared and used to determine the total phenolics and various

biological activities.

Extraction yield

The yield for particular extraction method using different

solvents is nothing but the measurement of the potency of

solvent to extract components from the crude plant mate-

rial, and it was defined as the amount of extract recovered

in mass compared with the initial amount of plant material.

Extraction yield presented with % value and was deter-

mined by each one of techniques tested here in this study

(Zhang et al. 2007).

Microwave-assisted extraction (MAE)

About 5 g of each powdered plant material was extracted

with 100 mL of absolute ethanol in a focused microwave

(CEM Discover) for 10–40 min. On a mass yield basis, an

extraction time of 20 min at 150 W microwave powers and

60 �C temperatures was taken as optimum. The extracts

were filtered and concentrated to dryness under vacuum

(temperature, 40–45 �C) and then subjected to lyophiliza-

tion until a constant weight was obtained (Karabegovic

et al. 2014).

Ultrasound-assisted extraction (UAE)

About 5 g each of powdered plant material was extracted

with ethanol (500 mL). Sonication was performed for

20 min in an ultrasonic cleaning bath (Elma Ultrasonic,

Germany). The temperature was controlled and maintained

at 60 �C (±1 �C) by water circulating from a thermostated

bath using a pump. An extraction time of 1 h was con-

sidered as optimum on a mass yield basis. The extracts

were filtered and concentrated to dryness under vacuum

(temperature, 45 �C) and then subjected to lyophilization

until a constant weight was obtained (Karabegovic et al.

2014).

Soxhlet extraction

About 5 g each of powdered plant material was extracted

with 200 mL of absolute ethanol for 5–10 h in a Soxhlet

apparatus. An extraction time of 8 h was taken as optimum

by mass yield. The extracts were filtered and concentrated

to dryness under vacuum (temperature, 45 �C) and then

subjected to lyophilization until a constant weight was

obtained (Aspé and Fernández 2011).

Maceration

About 5 g each of powdered plant material was macerated

overnight in 100 mL of absolute ethanol, C99.8% (GC), at

70 �C. The extract obtained was filtered and concentrated

entirely under vacuum (temperature, 45 �C) and lyophi-

lized until a constant weight was obtained (Aspé and Fer-

nández 2011).

Determination of total phenolic content

Folin–Ciocalteu colorimetric method was used for total

phenolic determination. The results were calculated as mg

gallic acid equivalents (GAE) mg GAE/100 g extract (Nile

and Park 2013).

Determination antioxidant activity

DPPH radical scavenging assay

The DPPH radical scavenging potential of the each plant

extracts was conducted by mixing. The DPPH radical

(DPPH•) solution (60 lM) was prepared in ethanol. The

DPPH• solution had an absorbance of 0.680 ± 0.050 at

515 nm. For this assay, 0.5-mL of the DPPH• solution was

mixed with 100 lL of the tested extracts. The obtained

mixture was properly shaken using vortex mixture for

5 min, and absorbance was recorded (515 nm) against a

blank after 45 min of incubation (UV–vis Shimadzu) when

the reaction reached a steady state. The radical scavenging

activity was calculated (% inhibition) as: % inhibi-

tion = [AS (o) - AE (t)/AS (o)] 9 100, where AS (o) is the

absorbance of standard at t = 0 min and AE(t) is the

absorbance of extract at t = 1 h and the % of DPPH radical

inhibition converted to lmol Trolox/g extract (Nile and

Park 2014). All determinations were carried out three

times.
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Reducing power assay

The Fe3?-reducing power of each plant extracts was

determined by the method of Nile and Park (2015), with a

slight modification. The reaction flask consists of 100 lL
extracts, 0.5% v/v dimethyl sulfoxide, and 5 mL of

potassium ferricyanide (1 mM) solution which was incu-

bated for 30 min in water bath at (50 �C). Finally, the

reaction was terminated using 3 mL of TCA (10%). Fur-

ther, the upper portion of the reaction mixture (5 mL) was

mixed with 5 mL distilled water, and 1 mL FeCl3 solution

(0.01%). The absorbance of the sample was measured at

593 nm spectrophotometrically after cooling for 10 min at

room temperature, using an appropriate blank solution. The

calibration curve was constructed using Trolox

(100–2000 lM) and the results were expressed in lmol

Trolox/g extract. All values were taken in triplicates, and

mean ± SD values were calculated.

b-Carotene–linoleic acid assay

The antioxidant activity of the ethanol extracts, based on

coupled oxidation of b-carotene and linoleic acid emulsion,

was evaluated following a modified method by Husein

et al. (2014). The calibration curve was constructed using

Trolox (100–2000 lM), and the results were expressed in

lmol Trolox/g extracts. All determinations were carried

out three times.

Xanthine oxidase (XO) enzyme inhibition

Bovine milk XO activity was measured based on colored

compounds formation called formazan in the reactionmixture

as end product at 550 nm using a UV–visible spectropho-

tometer at 25 �C. The reaction mixture in the sample tube

consisted of xanthine oxidase (obtained from bovine milk,

grade 1, ammonium sulfate suspension, Sigma-Aldrich,

500 lMfinal concentration) in phosphate buffer (0.01 M, pH

8.75, 30lL),NBT (50lL, 100 lM,final concentration), PMS

(50 lL, 100 lM final concentration), Triton X-100 (20 lL,
0.5%) and plant extracts 5 g each. After 2 h of incubation at

37 �C in a water bath, the absorbance at 550 nmwas read. All

values were expressed as the means of three experiments.

Xanthine was omitted from blank samples. Allopurinol was

used as a positive control. The percent inhibition was calcu-

lated using inhibitor concentration–activity curve (Nile and

Khobragade 2011; Nile and Park 2013).

Superoxide dismutase (SOD) enzyme inhibition

For SOD assay 5 g of powdered plant materials extracted

was taken in Erlenmeyer flask and placed in a thermostatic

water bath for 1 h at 60 ± 1 �C. After incubation, the

extracts were dried after filtration and concentrated to

dryness under vacuum (temperature, 45 �C) and then sub-

jected to lyophilization until a constant weight was

obtained. Final extract was collected and used for SOD

assay. WST (2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-

disulphophenyl)-2H-tetrazolium, monosodium salt) reduc-

tion method is used for superoxide anion scavenging

activity of plant extracts which was determined by SOD

assay kit-WST; vitamin C was used as a standard. In this,

the WST-1 salt is reduced by O2•- with the formation of a

yellow-colored complex called formazan and color absor-

bance was measured spectrophotometrically at 450 nm

(Dudonne et al. 2009). The % inhibition of superoxide

radicals was calculated using the formula: % inhibi-

tion = [(AB-AE)/AB] 9 100, where AB = absorbance of

the blank sample and AE = absorbance of the plant extract.

All measurements were done in triplicate.

Cytotoxicity assay

The MCF-7 human carcinoma cells were cultured in

RPMI 1640 medium and maintained as the per the method

described by Husein et al. (2014) and the cell viability

was determined using Trypan blue exclusion, and it

exceeds 96% as counted in a hemocytometer. Stock cul-

tures were duplicated weekly after inoculation. The cell

line was cultured in 96-well tissue culture plates (9.8 cm2)

and incubated at 35 �C in a humidified atmosphere con-

taining 5% CO2. After 24 h, the cells were treated with

50 lL extracts (50 lg/mL). The MTT assay determined

the anticancer activity of samples on MCF-7 human car-

cinoma cells. Cells (1 9 105/well) were added in plates

using 0.5 mL of medium/well in 96-well plates. After

addition and incubation of sample, the medium was

removed, and the cells were washed with minimum

essential medium (MEM; w/o) fetal calf serum (FCS) for

4–5 times, and 200 lL of MTT (5 mg/mL) was added.

The plates were incubated for 6–7 h after addition of

diluted extract (500 mg/mL) in 5% CO2 incubator for

cytotoxicity. After incubation, 1 mL of DMSO (solubi-

lizing reagent) was added to each well and mixed well by

micropipette and left for 1 min. The presence of viable

cells was visualized by the development of purple color

due to the formation of formazan crystals. The absorbance

was measured spectrophotometrically (595 nm) by using

DMSO as a blank (Senthilraja and Kathiresan, 2015).

Measurements were performed in triplicates, and the

extent of cell death was expressed as the percentage of

cell viability in comparison with control cells using the

following formula: Cell viability (%) = Mean OD/control

OD 9 100%.
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Statistical analysis

Data were expressed as mean ± SD. One-way analysis of

variance (ANOVA) was applied followed by Tukey’s test,

and the values were considered significant at p\ 0.05. The

correlation between the antioxidant activity, toxicity, and

total phenolic content was determined using Pearson’s

correlation method. All statistical analysis was calculated

using SPSS version 14.0 statistical software.

Result and discussion

Extraction and extraction yield

Many methods were employed for the extraction and iso-

lation of plant phytochemicals such as solvent extraction,

homogenization, maceration, soxhlet extraction, grinding,

and ultrasound treatment (Stalikas 2007). Biologically

active compounds usually occur in very low concentration

in plants and extraction yield and the quality of herbal

extracts were mainly affected by extraction methods, nat-

ure of phytochemicals, particle size, composition, nature of

the solvent, and the presence of interfering substances

(Quispe-Candori et al. 2008). Therefore, it is necessary to

select the suitable extraction method as well as solvent

based on sample matrix properties, chemical properties of

the analytes, matrix-analyte interaction, efficiency, and

desired properties (Hayouni et al. 2007). Although

extraction of bioactive compounds from the plants has been

extensively investigated using conventional extraction

methods, in the present study we selected some traditional

and advanced methods such as microwave-assisted

extraction (MAE), ultrasound-assisted extraction (UAE),

Soxhlet extraction (SE), and maceration (MC). In this

study, the extraction yields ranged from 24.9 (P. oleracea)

to 2.6% (R. serpentina) by all extractions methods. The

order for extraction yield for all plants samples with respect

to methods was decreased in the following manner:

microwave-assisted extraction (MAE)[ ultrasound-as-

sisted extraction (UAE)[ Soxhlet extraction

(SE)[maceration (MC). Considering the individual plant

species the extraction yield decreased in the following

order: P. oleracea)[H. officinalis[O. vulgare[M.

sylvestris[C. intybus[ S. racemosa[A. indica[R.

cordifolia[A. aspera[R. serpentine for all studied

extractions methods (Table 2). It is evident from results

that the conventional and advanced methods are more

superior to classical methods of extractions for plant

samples. Possibly, this could be due to the higher polarity

of ethanol and also at elevated extraction temperature as in

the case of MAE and UAE; ethanol has a similar dielectric

constant as organic solvents like methanol and acetonitrile

(Dhanani et al. 2017). That the heat kinetics and pressure

effects on plant cell wall through MAE and UAE resulted

in the faster diffusion or increased partition rate for the

solute from the solid matrix into solvent may be the

probable reason for the highest yield in MAE and UAE

(Terigar et al. 2011). Also improved extract yield in the

case of MAE and UAE may be explained regarding the

hyperinflation effects caused due to the high intensity of

ultrasound (Li et al. 2004). Among the different extraction

methods, the successive MAE and UAE method were

found to have greater recovery over other extraction

methods.

Total phenolics

Plant phenolics are nothing but the secondary metabolites

from plants with various pharmacological and functional

Table 2 Extraction yield and total phenolic content in selected medicinal plants with different extraction methods

Samples Extraction yield (g/100 g of DW) Total phenolic content (mg GAE/g)

MAE UAE SE MC MAE UAE SE MC

R. cordifolia 9.6 ± 0.42c 5.5 ± 0.52a 4.9 ± 0.22c 3.4 ± 0.41b 47.65 ± 1.10c 40.44 ± 1.08b 35.99 ± 0.99c 31.65 ± 1.41b

R. serpentina 6.4 ± 0.24b 4.6 ± 0.28d 3.2 ± 0.16b 2.6 ± 0.36d 35.88 ± 1.64d 27.12 ± 1.15a 23.54 ± 1.26d 18.88 ± 1.62c

O. vulgare 21.5 ± 0.67a 18.1 ± 0.45b 12.8 ± 0.44d 10.2 ± 0.46a 65.40 ± 1.58b 56.22 ± 2.11d 50.88 ± 1.32b 46.89 ± 1.49d

H. officinalis 23.4 ± 0.36b 20.6 ± 0.48a 15.1 ± 0.25d 12.7 ± 0.14c 60.35 ± 1.12a 53.75 ± 1.98b 47.44 ± 2.01a 42.80 ± 1.34a

C. intybus 13.7 ± 0.24c 10.8 ± 0.61c 7.2 ± 0.33a 5.0 ± 0.12b 30.57 ± 1.77c 26.01 ± 1.03c 19.67 ± 1.48b 15.55 ± 1.12a

M. sylvestris 20.2 ± 0.42a 16.6 ± 0.61b 11.6 ± 0.31c 8.5 ± 0.23b 45.26 ± 0.42a 39.98 ± 1.39b 35.92 ± 1.01d 30.12 ± 1.08b

P. oleracea 24.9 ± 0.36c 18.8 ± 0.38a 12.5 ± 0.34b 9.6 ± 0.50d 58.81 ± 1.39d 50.92 ± 2.10d 45.90 ± 1.91a 40.25 ± 1.65c

A. indica 9.8 ± 0.22b 7.8 ± 0.64d 6.5 ± 0.71c 4.9 ± 0.41b 37.33 ± 1.53c 30.56 ± 1.75a 26.90 ± 1.11c 23.33 ± 1.03

A. aspera 8.5 ± 0.44d 6.9 ± 0.22b 5.8 ± 0.26a 4.3 ± 0.65a 27.85 ± 1.42b 20.12 ± 1.11b 15.95 ± 1.05d 12.66 ± 0.99d

S. racemosa 10.5 ± 0.58c 9.8 ± 0.43a 8.2 ± 0.58c 6.5 ± 0.61c 39.65 ± 1.22a 33.22 ± 1.09d 28.15 ± 1.77a 25.43 ± 1.54c

Values are mean ± SD (n = 3). The letters a, b, c, d, e indicate if there is a significant difference between microwave-assisted extraction (MAE),

ultrasound-assisted extraction (UAE), Soxhlet extraction (SE), and maceration (MC) extracts

3 Biotech (2017) 7:76 Page 5 of 10 76

123



properties. These phenolic compounds neutralize reactive

oxygen species or free radicals by donating a hydrogen atom

or an electron chelating metal ion in aqueous solutions (Nile

and Park 2015). In this study, the analysis of phenolic content

in plants from the Unani system of medicine was measured

using the Folin–Ciocalteu (FC) method (Table 2). The total

phenolic content for these plants ranged from 65.40 to

15.55 mg GAE/g, with greater variation coefficient between

the plants of up to 420.5-fold. The extraction methods also

affected the concentrations of phenolics in plants showing

highest percent of phenolics to lowest percent as per the fol-

lowing manner: microwave-assisted extraction (MAE)[ ul-

trasound-assisted extraction (UAE)[Soxhlet extraction

(SE)[maceration (MC). O. vulgare showed the highest

phenolic content (64.40–46.89 mg GAE/g), followed by H.

officinalis (60.35–42.80 mg GAE/g), P. oleracea

(58.81–40.25 mg GAE/g), R. cordifolia (47.65–31.65 mg

GAE/g),M. sylvestris (45.26–30.12 mgGAE/g), S. racemosa

(39.65–25.43 mg GAE/g), A. indica (37.33–23.33 mg GAE/

g), R. serpentina (35.88–18.88 mg GAE/g), and C. intybus

(30.57–15.55 mg GAE/g), whereas A. aspera

(27.85–12.66 mgGAE/g) showed the lowest phenolic content

of these plants. The phenolic compounds extracted from

plants possess multiple biological properties such as antimi-

crobial, antioxidant, anti-inflammatory, anticancer, antidia-

betic, and anti-mutagenic properties, related to functional

groups present on each phenolic compound (Shui and Leong

2002).

Antioxidant activity

The bioactive compounds extracted from plants such as phe-

nolics and flavonoids possess multifunctional properties.

Hence it is important to check its biological activities using

different methods, and herein for this study, we assessed

antioxidant activity of the plant extracts using DPPH, FRAP,

and b-carotene/linoleic acid assay. Trolox calibration curves

had first to be plotted for each of the methods tested. In all the

methods the slopes, intercepts, and R2 values are high for all

the methods studied, showing a significant dose–response

curve. Due to high stability and hydrogen atom/electron

donation capacity, the DPPH radical was widely used to

monitor the antioxidant abilities in the solution for various

samples or extracts (Ferreira et al. 2006). DPPH-free radical

has a red/dark violet color due to its impaired electron which

has been scavenged with the generation of yellow-colored

complex and detected spectrophotometrically by the loss of

absorbance at 517 nm (Nile and Park 2015). The fundamental

principle of FRAP assay is a reduction of ferric ions (Fe3?) to

ferrous ions (Fe2?) at low pH with the formation of the blue

color complex (Fe2?/TPTZ) which may serve as a measure of

the antioxidant ability of the extracts (Samaradivakara et al.

2016). In b-carotene/linoleic acid assay, there is discoloration

of b-carotene in reaction with linoleic acid-free radical which
was generated upon the increased temperature due to the

removal of hydrogen atoms coupled in two double bonds of

linoleic acid (Amarowicz et al. 2004). This reaction leads the

loss of conjugation which automatically affects the decrease

in absorbance at 470 nm for b-carotene, and thus the antiox-

idants present in solution protect reduction of b-carotene
through reacting with other free radicals or linoleate-free

radical in reaction system (Mraihi et al. 2013). In this study,

we found a considerable variation in the antioxidant capacity

measured with DPPH, FRAP, and b-carotene/linoleic acid

antioxidant assays using different extractions methods for

medicinal plants selected from the Unani system of medicine

(Table 3). The values ranged from 296.5 to 45.8, 285.6 to

41.9, 226.8 to 35.6, and 206.8 to 30.1 lmol Trolox (TE)/g

extracts dry weight for microwave-assisted extraction

(MAE)[ ultrasound-assisted extraction (UAE)[Soxhlet

extraction (SE)[maceration (MC) extracts as per the order

showed by DPPH, FRAP, and b-carotene/linoleic acid

antioxidant assays, respectively. Highest levels of antioxidant

activity were revealed by of ethanol extracts of H. officinalis

296.5–206.8 lmol TE/g extract dry weights, P. oleracea

255.6–188.1 lmol TE/g extract dry weight, and O. vulgare

210.5–150.2 lmol TE/g extract dry weights. The lowest

levels of antioxidant activity were obtained from the ethanol

extracts R. serpentina 56.8–40.8 lmol TE/g extract dry

weights; C. intybus 50.1–31.9 lmol TE/g extract dry weight,

andA. aspera 45.8–30.1 lmol TE/g extract dryweight.Many

plant extracts in this study with different antioxidant assays

and extraction methods showed good levels of antioxidant

activity when compared with Trolox, well-known standard

antioxidants. In this study, we observed that the antioxidant

activity of each plant extract was influenced by choice of

extractions and antioxidant methods used for analysis.

Correlation studies for total phenolic content (TPC),

antioxidant activity and toxicity

Regardless of the presence of a wide range of phenolics

and significant antioxidant capacities, we found a positive

linear correlation between the Trolox equivalent antioxi-

dant capacity (TEAC) values for the studied plants. High

correlations were observed between the results obtained for

plants using four different extraction methods such as

MAE, UAE, SE, and MC and measurement of antioxidant

capacity with three assays (DPPH, reducing power and b-
carotene–linoleic acid assay) with total phenolic content

(Table 4). From this study, it was shown that phenolic

compounds largely contribute to the antioxidant activities

and enzyme inhibitory activities from these plants. How-

ever, there were some plants, such as H. officinalis, P.

oleracea, and O. vulgare, which exhibited relatively high

antioxidant capacity with comparable phenolic content.
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This shows the presence of other antioxidant compounds in

some of the medicinal plants, which meets the general

agreement that the extracts of these plants often contain

complex mixtures of different kinds of active compounds,

and the contribution from other compounds besides phe-

nolic should not be neglected.

Xanthine oxidase (XO) enzyme inhibition

The MAE plant extracts were used for xanthine oxidase

inhibition, as the MAE samples showed high phenolic

composition and antioxidant activity of all plant samples

and which forced to utilize this MAE extracts for the

Table 3 Antioxidant activities estimated by DPPH•, reducing ability, and b-carotene–linoleic acid assays for selected plant extracts

Samples Antioxidant assays Antioxidant activities (lmol Trolox/g)

MAE UAE SE MC

R. cordifolia DPPH 198.2 ± 2.33a 185.7 ± 1.22c 162.5 ± 1.10a 120.3 ± 2.10b

Reducing ability 142.3 ± 1.45d 138.6 ± 2.10b 113.8 ± 1.65c 98.9 ± 1.06a

b-Carotene–linoleic acid 70.4 ± 1.64c 63.6 ± 1.98b 56.9 ± 1.24d 50.9 ± 1.36a

R. serpentina DPPH 98.3 ± 1.02a 91.8 ± 1.32a 88.5 ± 1.88b 81.7 ± 1.65c

Reducing ability 84.6 ± 1.84b 79.8 ± 1.63c 71.6 ± 1.02d 65.9 ± 0.98a

b-Carotene–linoleic acid 56.8 ± 1.31d 50.7 ± 1.42b 46.9 ± 0.99c 40.8 ± 1.03a

O. vulgare DPPH 210.8 ± 2.36b 201.6 ± 2.01d 182.4 ± 1.65a 150.2 ± 1.39c

Reducing ability 165.3 ± 1.91a 152.6 ± 2.13b 140.8 ± 1.08c 126.3 ± 1.44b

b-Carotene–linoleic acid 92.2 ± 2.11b 81.9 ± 3.01c 75.4 ± 1.24a 66.8 ± 0.94d

H. officinalis DPPH 296.5 ± 3.12b 285.6 ± 2.14a 226.8 ± 2.56d 206.8 ± 2.64c

Reducing ability 190.5 ± 1.99d 185.6 ± 2.01b 170.8 ± 1.55c 161.3 ± 1.39a

b-Carotene–linoleic acid 105.6 ± 2.10b 90.6 ± 1.34d 84.7 ± 1.12a 76.2 ± 1.04d

C. intybus DPPH 92.6 ± 1.31a 85.1 ± 1.58 74.9 ± 1.76d 62.8 ± 1.33b

Reducing ability 75.4 ± 1.44 70.6 ± 1.79 65.9 ± 1.34c 60.7 ± 1.69

b-Carotene–linoleic acid 50.1 ± 1.77c 42.5 ± 1.09d 37.2 ± 0.88a 31.9 ± 0.97b

M. sylvestris DPPH 150.3 ± 1.67b 145.7 ± 1.31b 136.5 ± 1.01c 125.1 ± 1.07d

Reducing ability 110.6 ± 1.79d 100.2 ± 1.51a 95.8 ± 1.23b 88.7 ± 1.33c

b-Carotene–linoleic acid 75.2 ± 2.01b 70.6 ± 1.65c 67.4 ± 1.02c 60.3 ± 0.95d

P. oleracea DPPH 255.3 ± 2.34a 250.8 ± 2.21b 215.3 ± 3.01a 188.1 ± 1.81d

Reducing ability 175.8 ± 1.14b 168.2 ± 1.33a 150.6 ± 1.41d 138.5 ± 1.31c

b-Carotene–linoleic acid 100.1 ± 1.77a 95.6 ± 1.61c 84.2 ± 1.39d 75.6 ± 1.50b

A. indica DPPH 110.3 ± 1.91b 100.5 ± 1.36d 89.6 ± 0.86b 80.7 ± 0.97a

Reducing ability 87.2 ± 1.34d 81.6 ± 1.16c 74.8 ± 1.19c 65.8 ± 1.30b

b-Carotene–linoleic acid 65.3 ± 1.70a 56.8 ± 1.64d 50.6 ± 0.92b 44.1 ± 0.97c

A. aspera DPPH 87.1 ± 1.31c 84.5 ± 1.20b 73.9 ± 1.60a 65.8 ± 1.71d

Reducing ability 65.5 ± 1.77b 60.9 ± 1.09a 55.7 ± 0.96c 50.2 ± 0.91a

b-Carotene–linoleic acid 45.8 ± 0.89c 40.9 ± 0.94b 35.6 ± 0.87d 30.1 ± 0.99a

S. racemosa DPPH 122.5 ± 1.23b 118.9 ± 1.50c 102.7 ± 1.33a 90.6 ± 1.71d

Reducing ability 99.1 ± 1.11d 90.5 ± 1.01a 84.6 ± 1.84c 71.2 ± 1.03b

b-Carotene–linoleic acid 60.3 ± 1.03a 57.9 ± 0.91b 48.4 ± 0.85d 40.5 ± 0.99c

Values are mean ± SD (n = 3). Microwave-assisted extraction (MAE), ultrasound-assisted extraction (UAE), soxhlet extraction (SE), and

maceration (MC) extracts, Different letter indicates significant differences (p\ 0.05) among treatments for the same herb sample

Table 4 Correlation between total phenolic content (TPC), antioxi-

dant activity and toxicity

Parameters DPPH Reducing

ability

b-Carotene-
linoleic acid

TPC Toxicity

DPPH – 0.990 0.996 0.981 0.008

Reducing

ability

0.990 – 0.990 0.992 0.010

b-Carotene-
linoleic acid

0.996 0.990 – 0.996 0.012

TPC 0.981 0.992 0.996 0.998 0.014

Toxicity 0.008 0.010 0.012 0.014 –
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xanthine oxidase inhibition. In this study, all the plant

extracts obtained through microwave-assisted extraction

(MAE) methods revealed good to excellent inhibition of

xanthine oxidase (Fig. 1). The values ranged from 88 to

50% as compared to (90%) allopurinol (commercial drug).

The plants H. officinalis (88), P. oleracea (85), O. vulgare

(82), and R. cordifolia (80) revealed more than 80% inhi-

bition towards xanthine oxidase compared to other plants

like C. intybus (58%) and A. aspera (50) revealed less than

60% inhibition towards xanthine oxidase. To our knowl-

edge, so far there are no study or report on the activity of

medicinal plants from Unani system of medicine against

xanthine oxidase, but many scientists studied the xanthine

oxidase inhibition using various aromatic and medicinal

plant extracts (Nile and Park 2013). Recent findings

revealed that the incidence of gout and hyperuricemia is

increasing worldwide drastically and the possible reason

may change in unusual habits of food, smoking, and

drinking also, intake of foods which rich in nucleic acids,

including meat, pork, and seafood (Nile and Park 2015).

Hypouricemic agents like allopurinol, including xanthine

oxidase inhibitors and uricosuric agents, are commonly

used for the treatment of chronic gouty arthritis. In general,

allopurinol is the drug of choice; however, it has serious

side effects. Thus, novel alternatives with increased ther-

apeutic activity and fewer side effects are desired (Nile and

Park 2013; 2014). Thus, we attempted to identify these

plants from Unani system of medicine against xanthine

oxidase inhibition.

Superoxide dismutase (SOD) enzyme inhibition

The enzyme superoxide dismutase (SOD) is a most thermo-

stable and well-recognized indicator for oxidative stress

defense mechanism in a human cell. This enzyme is having

a most heat stable property followed by ascorbate peroxi-

dase among the antioxidant enzymes working on reduction

of reactive oxygen species and free radicals (Khanna-

Fig. 1 Xanthine oxidase

inhibition by plant extracts.
aThe data are expressed as the

mean ± SD, n = 3

Fig. 2 Superoxide dismutase

(SOD) enzyme inhibition by

plant extracts. aThe data are

expressed as the mean ± SD,

n = 3
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Chopra and Semwal, 2011). Most of the tested plant

extracts induced SOD inhibition activity, ranging from

38.5 to 70.2% by all plant extracts which was extracted

using microwave assisted extraction (MAE)[ ultrasound-

assisted extraction (UAE)[ Soxhlet extraction

(SE)[maceration (MC) methods as order provided herein

and compared with Vitamin C (75.2), as standard. The

plants H. officinalis (70.2), O. vulgare (65.5), P. oleracea

(63.3), and R. cordifolia (60.1) revealed higher activity

comprising more than 60% inhibition towards SOD com-

pared to other studied plants (Fig. 2).

Cytotoxicity study

To evaluate anti-carcinogenic activity, the plant extract

was completed with cell viability study using MTT assay.

MTT reagent is a yellowish water-soluble tetrazolium salt

which is reduced to a purple-colored complex called for-

mazan through succinate dehydrogenase system of mito-

chondria in a human cell (Shoemaker et al. 2004).

Epithelial cancer cells (MCF-7) were used for cytotoxicity

study which is most accessible normal mammalian cell

types and widely used as a model for cancer initiation and

progression mechanism (Andrade et al. 2009). This study

showed the percent inhibition of the ethanol extracts on

breast cancer cells (MCF-7) by each plant at different

concentrations (Fig. 3). The results obtained vary with the

choice of plant extract and method used for extraction. H.

officinalis (82), O. vulgare (75), and P. oleracea (72)

showed more than 70% cytotoxicity for breast cancer cells;

maximum 82% of the cells were dead at the concentration

of 500 mg/mL. In contrast, C. intybus (48%), A. aspera

(42), and A. indica (40) revealed less than 50% cytotoxicity

towards breast cancer cells (MCF-7). These results may be

attributed to the presence of bioactive compounds like

phenolics and flavonoids since these phenolics and

flavonoids are known to have various biological activities

including inhibition of mutagenesis in human cells when

ingested from different plants, vegetables, and fruits

through diet (Husein et al. 2014). This study shows that the

selected herbs from the Unani system of medicine probably

could be used as the cytotoxic and anti-carcinogenic agent.

Further research is necessary for identification and char-

acterization of active compounds present in these plant

extracts, which are responsible for the above-mentioned

biological activities.

Conclusions

In conclusion, the results obtained suggested that the

selected plants demonstrated a significant amount of phe-

nolics with different biological activities including

antioxidant, antitumor, and enzyme inhibitory activities

which were strongly correlated with each studied parame-

ter. However, further in vivo and clinical studies must be

carried out for identification and characterization of active

phytochemicals which are responsible for these biological

properties. Based on this research study we must say that

these plants from the Unani system of medicine might be

used against various disorders and diseases associated with

free radical or reactive oxygen species generated stress,

inhibition of xanthine oxidase, superoxide dismutase, and

cell cytotoxic studies. Furthermore, we conclude that these

plants may be useful for the treatment of diseases like

urolithiasis, hyperuricemia, gout, and cancer, which are

correlated with the ethnobotanical data on the use of this

plant in Indian folklore and Unani system of medicine.
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