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ABSTRACT 

Objective: In the present study, it is intended to investigate the antioxidant profile of Hyptis suaveolens leaves, through numerous in vitro 
biochemical assays and to isolate useful constituents. This plant has been extensively researched for its essential oils till date.  

Methods: Various solvent extracts (n-hexane, ethyl acetate, acetone, methanol) were assessed for total content of phenolic, flavonoid, carbohydrate, 
protein, in vitro antioxidant assays viz. DPPH, superoxide, hydrogen peroxide- radical scavenging assays, Ferric reducing power activity and 
inhibition lipid peroxidation (TBARS) assays. Bioassay-guided fractionation on ethyl acetate crude was performed using column chromatography 
which revealed two known compounds characterized through supportive and evidencing spectral data like 1D & 2D-NMR, DEPT and HR-MS.  

Results: All the performed in vitro  assays have revealed the excellence of ethyl acetate extract in contrast to other fractions. Its SC50/ IC50/ EC50 
values calculated have recorded significant impact with reference to the standard. Significantly, the estimations viz. phenolic, flavonoid, 
carbohydrate and protein seem to be aligned with the in vitro antioxidant assays. Thus from the ethyl acetate crude, two bioactive compounds 
isolated were identified to be menthol and linalool from the spectral evidences. Cytotoxicity (MTT assay) for the two isolates showed moderate cell 
viability with respect to its concentration, using Cisplatin as positive control.  

Conclusion: The significance of Hyptis suaveolens in traditional medicine and the importance of its chemical constituents shall improve its role 
against free radical production. 
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INTRODUCTION 

Phytochemistry reports thousands of newer organic molecules or 
compounds every year. Pharmacological testing, modifying, 
derivatising and research on natural products represent a major 
strategy for discovering and developing new drugs [1,2]. The use of 
medicinal plants for the treatment of human diseases is well- known 
and practiced in Ayurveda since ancient times. The plant is a 
biosynthetic laboratory, not only for chemical compounds, but also a 
multitude of bioactive compounds which exert physiological and 
therapeutic effect. Traditionally, medicinal plants have already 
provided leads for potential antioxidant, antibacterial, antifungal 
compounds including flavonoids, coumarins, tannins, terpenoids, 
alkaloids, steroids etc. Such compounds and their modified 
derivatives may be studied for pharmacological properties and may 
form a basis for novel drugs. Recently, interest has increased 
considerably in finding naturally occurring antioxidants for use in 
foods, cosmetics or medicinal materials to replace synthetic 
antioxidants which are restricted due to their carcinogenicity [3]. 
The interest in analysis and identification of the antioxidant 
compounds and their derivatives present in plant extracts rises not 
only from the need to find new sources, but from the relationships 
between structures of the compounds and the extract uses in 
traditional medicine. 

The present investigation has been focused on one such antioxidant 
propensities of the species, Hyptis suaveolens. It is an annual, 
aromatic, medium sized shrub, belonging to the family Lamiaceae 
and commonly called ȬAmerican mintȭ, ȬVilaiti tulasiȭ, ȬBush mintȭ etc. 
An ethnobotanically important plant, also considered as an 
obnoxious weed found to be distributed throughout the sub-tropics 
of India. Their leaves find applications as a stimulant, carminative, 
wound healing, sudorific, galactogogue etc., [4]. It has been used as a 
traditional medicine against various illnesses like cold, pain, fever, 
skin diseases, cramps etc. The essential oils of Hyptis were 
researched for their anticonvulsant [5], antimicrobial [6-8], 
anticancer [9], tumerogenic properties [10] etc. To kindle the area of 
phytochemistry with well designed, systematic and objective 
research, which would benefit people to cure their ailments who 
lack technological and economic resources with their orthodox 
medicine, is considered.  

This work has been attempted in search of compounds that are 
biologically active with a low profile of side effects. Attention has 
therefore been directed towards the isolation of natural antioxidants 
from botanical sources, especially edible plants. Investigation on the 
fundamental scientific basis regarding the in vitro  antioxidant and 
free radical scavenging properties of various solvent extracts of the 
leaf extracts of Hyptis suaveolens have been performed. 
Furthermore, two known compounds viz. menthol and linalool were 
isolated by normal column chromatography directly from the plant 
crude to study their cytotoxic activity.  

MATERIALS AND METHODS 

Chemicals 

1,1-diphenyl-2-picrylhydrazyl (DPPH), butylated hydroxyanisole 
(BHA), gallic acid, ascorbic acid, (+)-catechin and solvents were 
purchased from Sigma Chemicals Pvt. Ltd.  

Plant selection and authentification 

Identification, extraction and the phytochemical screening were 
based on their antioxidant activity, derived primarily from a random 
selection of commonly occurring native plants. Fresh and healthy 
leaves of Hyptis suaveolens Poit. were collected in and around the 
University campus and at the time of collection [October- 
November], a pressed specimen was prepared and authenticated by 
a Botanist [BSI/SRC/5/23/2010-11/Tech-1482] by Botanical 
Survey of India, Southern Circle, TNAU, Coimbatore. 

Extraction procedure  

The old, insect-damaged, fungus-infected leaves were removed, 
deprived of dusts and the rest were washed well with dechlorinated 
water prior to distilled water. The air-dried, powdered leaf samples 
were subjected to Soxhelation using each of the following solvents in 
increasing polarity: n-hexane, ethyl acetate, acetone and methanol. 
Then the solvent was distilled off, till the extract turns off into a 
syrupy consistency. All the crude solvent extracts were stored at 4ɀ5 
ȍ# ÕÎÔÉÌ ÆÕÒÔÈÅÒ ÕÓÅ ÁÎÄ ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÁÓÓÁÙÓ ×ÅÒÅ ÐÅÒÆÏÒÍÅÄ ÆÒÏÍ ς 
mg/ml stock solution. 
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Phytochemical screening 

The leaf extracts of Hyptis suaveolens were diluted in their respective 
solvents and subjected for qualitative preliminary phytochemical 
screening to identify the presence of the secondary metabolites 
according to the standard methods [11]. From the intensity of the 
color inferred for the tests, they will be rated for their presence.  

Total phenolic content 

Contents of total phenolics in the extracts were estimated by a 
colorimetric assay based on standard procedures [12]. Gallic acid 
was used for constructing the standard curve (0.01ɀ0.4 mM; y= 
2.94848 x -0.09211; R2 = 0.99914) and the results were expressed as 
ʈg of gallic acid equivalents (GAEs). 

Total flavonoid content 

Flavonoid contents in the extracts were determined by a colorimetric 
method [12]. (+)-Catechin was used to calculate the standard curve 
(0.250ɀ2.500 mM; Y = 0.2903; R2 = 1.0000) and the results were 
ÅØÐÒÅÓÓÅÄ ÁÓ ʈg of catechin equivalents (CEs) per mg of extract. 

Estimation of carbohydrate content  

Total carbohydrate contents were estimated by anthrone method 
[13]. Glucose was used to calculate the standard curve (20-120 
µg/ml, Y= 0.0263x +0.0532, R2= 0.9992) and the results were 
expressed has µg of glucose equivalents per mg of extract. 

Estimation of protein content  

Total proteins wÅÒÅ ÅÓÔÉÍÁÔÅÄ ÂÙ ,Ï×ÒÙȭÓ ÍÅÔÈÏÄ [14]. Bovine serum 
albumin was used to calculate the standard curve (20-160 µg/ml, Y = 
0.0159x + 0.0319, R2 = 0.9569) and the results were expressed as µg of 
bovine serum albumin equivalents per mg of extract. 

DPPH radical-scavenging activity 

The radical scavenging capacity of the extracts using DPPH radicals 
is analyzed using the method described by Berreira et al., [12]. RSA 
was calculated as a percentage of DPPH discoloration, using the 
equation: %RSA= [(ADPPH -AS) /ADPPH] x 100, where AS is the 
absorbance of the solution when the sample extract is added at a 
particular level and ADPPH is the absorbance of the DPPH solution. 
Ascorbic acid was used as standard. 

Superoxide anion radical scavenging assay 

The assay for superoxide anion radical scavenging activity was 
based on riboflavin ɀ light ɀNBT system described by Beauchamp 
and Fridovich et al., [15]. Ascorbic acid was used as standard. The 
percent inhibition of superoxide anion generation was calculated 
using the following formula:  

Scavenging activity (%) = 1- absorbance of sample x 100 
absorbance of control 

Hydrogen peroxide scavenging assay  

The ability of the extracts to scavenge hydrogen peroxide was 
determined according to the method of Ruch et al., [16]. Ascorbic 
acid was used as standard. The abilities to scavenge the hydrogen 
peroxide were calculated using the following equation: 

Hydrogen peroxide scavenging activity = 1- absorbance of sample x 100 
absorbance of control 

Reducing power 

This assay was performed as suggested by Berreira et al., [12]. 
Different aliquots of ascorbic acid were treated as standard and 
results were expressed in terms of mg/ ascorbic acid equivalents.  

Inhibition of lipid peroxidation using thiobarbituric acid 
reactive substances 

The procedure of Lam and Ng (2009) using a Fenton reaction-
induced lipid peroxidation has been adapted for this assay [17]. ɻ-
Tocopherol was used as positive control.  

Isolation  

Ethyl acetate extract was subjected to fractionation on column 
chromatography packed with silica gel [60-120 mesh] using hexane 
and ethyl acetate. Initially the column was run with hexane and the 
fractions eluted were grouped after TLC analysis. By increasing the 
polarity of the eluant using ethyl acetate about 6 compounds were 
obtained among which 2 compounds were stable with good yield. 
Compound 1 [90.3 mg at 60:40 of hexane: ethyl acetate] as white 
crystalline solid and Compound 2 [7 ml at 20:80 of hexane: ethyl 
acetate] as colorless liquid were repeatedly chromatographed for 
purification and characterization. IR, 1H, 13C NMR, COSY, HMBC, HSQC 
and HR-MS were used for identifying the structure of the isolates. 

In vitro cytotoxicity assay for isolated compounds 

MTT Assay: Cytotoxicity studies [18] of the compound were carried 
out on human breast cancer cell line (MCF 7) which was obtained 
from National Centre for Cell Science, Pune, India. Cell was grown in 
EMEM containing 10% FBS and maintained at 37 0C, 5% CO2, 95% 
air and 100% relative humidity for 24 h prior to addition of 
compound. The monolayer cells were detached with trypsin-
ethylenediamine tetraacetic acid (EDTA) to make single cell 
suspensions and viable cells were counted using a hemocytometer 
and diluted with medium containing 5% FBS to give final density of 
1x105 cells/ml. one hundred microlitres per well of cell suspension 
were seeded into 96-well plates at plating density of 10,000 
cells/well and incubated to allow for cell attachment at 37 0C, 5% 
CO2, 95% air and 100% relative humidity. After 24 h the cells were 
treated with serial concentrations of the test samples. They were 
initially dissolved in neat DMSO and diluted to twice the desired 
final maximum test concentration with serum free medium. Aliquots 
of 100 µl of these different sample dilutions were added to the 
appropriate wells already containing 100 µl of medium, resulted the 
required final sample concentrations. Following drug addition the 
plates were incubated for an additional 48 h at 37 0C, 5% CO2, 95% 
air and 100% relative humidity. The medium containing without 
samples were served as control and triplicate was maintained for all 
concentrations. After 48 h of incubation, 15 µl of MTT (5 mg/ml) in 
PBS was added to each well and incubated at 37 0C for 4h. The 
medium with MTT was then flicked off and the formed formazan 
crystals were solubilized in 100 µl of DMSO and then measured the 
absorbance at 570 nm using micro plate reader. The % cell viability 
was determined using the following formula. 

% Cell viability = Abs (sample)/Abs (control) x100 

Statistical analysis 

All the experiments were carried out in triplets and the results are 
expressed as mean values and standard error or standard deviation 
(SD). 

RESULTS  

Phytochemical screening 

Table.1 shows the list of constituents present in various solvent 
fractions, tested using standard procedures. Their presence was 
rated from intensely present to moderate to absence. 

Total phenolic and flavonoid content 

Intense phenolic content was recorded by ethyl acetate extract 
whereas flavonoid content by methanol extract, in contrast to other 
extracts (Table 2). These contents were analyzed using gallic acid 
and catechin as equivalents. 

Total carbohydrate and protein content 

Acetone fraction produced significant results for both these 
contents, in terms of glucose and bovine serum albumin equivalents. 
Next to acetone hexane fraction showed richer contents whereas the 
high polar methanol extract produced the least content. 

Radical scavenging activities 

DPPHo: Fig. 1 shows the amount of each extract required for 50% 
inhibition/ scavenging (SC50). The highest synergistic antioxidant activity 
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in DPPH was showed by ethyl acetate with SC50= 0.137 mg which is 
higher than that of acetone and methanol, against the standard ascorbic 

acid (0.127 mg). Other extracts exhibited appreciable scavenging activity 
ranging from 50.93% to 95.83% capable of quenching DPPH radicals. 

 

Table 1: Qualitative screening of various extracts 

Constituents Name of the test Hyptis suaveolens Leaves 
HX EA AC ME 

Alkaloids 7ÁÇÎÅÒȭÓ +-- ++- +-- +-- 
-ÅÙÅÒȭÓ +-- ++- --- --- 
$ÒÁÇÅÎÄÒÏÆÆȭÓ --- ++- +-- +-- 

Flavonoids 3ÈÉÎÏÄÁȭÓ +-- +++ +++ +++ 
Alkaline +-- +++ +++ +++ 
Con.H2SO4 --- +-- +-- +++ 

Phenolics Fecl3 +-- +++ +++ +++ 
Dichromate +-- +++ +++ +++ 
Lead acetate +-- ++- +-- +-- 

Tannins Gelatin --- +-- --- +-- 
KOH --- --- --- --- 

Saponins Foam +-- --- --- --- 
Carbohydrates MolisÃÈȭÓ +-- +-- --- --- 

&ÅÈÌÉÎÇȭÓ ++- +-- +-- --- 
"ÁÒÆÏÅÄȭÓ +-- --- +-- --- 
"ÏÒÎÔÒÁÇÅÒȭÓ +-- --- --- --- 

Proteins Biuret ++- +-- +-- --- 
Ninhydrin +++ +-- +-- +-- 

Steroids ,ÉÂÅÒÍÁÎÎȭÓ +-- --- --- --- 
3ÁÌËÏ×ÓËÉȭÓ +-- --- --- --- 

Terpenoids (ÁÇÅÒȭÓ +-- +++ +-- --- 
Glycosides Keller-killiani --- +-- +-- +-- 
Fats /Oils "ÉÕÒÅÔȭÓ +-- +-- --- --- 

HX- hexane; EA- ethyl acetate; AC- acetone; ME- methanol, -ve- absence, +-- slightly present, ++-moderately present, +++ intensely present. 
 

Table 2: Various contents and in vitro antioxidant assays of Hyptis suaveolens leaves 

Assays HX EA AC ME STD 
4ÏÔÁÌ ÐÈÅÎÏÌÉÃ ÃÏÎÔÅÎÔ ɉʈÇɊ 1.03 6.54 5.23 4.16 - 
4ÏÔÁÌ ÆÌÁÖÏÎÏÉÄ ÃÏÎÔÅÎÔ ɉʈÇɊ 2.84 7.73 6.95 10.85 - 
Carbohydrate 
content (µg) 

9.33 7.39 13.05 7.61 - 

Protein 
content (µg) 

2.79 0.16 0.18 0.25 - 

DPPH- radical scavenging activity (mg) 2.47 0.137 0.139 0.163 0.127 
Superoxide radical scavenging activity (µg) - 22.94 68.94 181.78 21.47 
Hydrogen peroxide scavenging activity (µg) - 36.49 39.09 42.90 36.22 
Reducing power activity (mg) 1.389 0.179 0.181 1.194 0.141 
Inhibition of lipid peroxidation (mg) - 0.163 0.168 0.256 0.151* 

HX- hexane; EA- ethyl acetate; AC- acetone; ME- methanol, *-ɻ-tocopherol was used as standard, whereas ascorbic acid for the rest of the assays. 

 

Fig. 1: DPPH radical scavenging activity. 

OOo: There was found a neat decrease in the absorbance with 
increasing concentration. Fig. 2 shows the %RSA of the extracts 
along the concentrations, in which ethyl acetate extract revealed its 
potency with noteworthy SC50 value of about 22.94 µg compared to 

standard 21.47 µg. Table 2 shows the SC50 values of the other 
fractions. Hexane fraction failed to exhibit its scavenging activity 
more than 50%, but at the highest concentration of 250 µg/ml it 
exhibited a %RSA of about 46.5. 
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Fig.2: Superoxide radical scavenging activity. 

H2O2: In this assay too, ethyl acetate extract recorded its excellence 
against peroxides and its SC50 value was 36.49 µg which is very 
closer to ascorbic acid ie., 36.22 µg. For a comparison, the next 

significance was presented by acetone of about 39.09 µg as SC50 
value. Fig. 3 evidences the neat scavenging effects rendered by all 
the extracts. 

 

Fig. 3: Peroxide radical scavenging activity. 

 

Fig. 4: Reducing power activity. 
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Reducing power  

In this assay there was observed a neat increase in the absorbance along 
the increasing concentration as seen in Fig. 4. In contrary to the above 
assays, hexane fraction exhibited its EC50 value of about 1.389 mg. On the 
other hand, it was ethyl acetate fraction being significant with EC50 value 
of 0.179 mg, against the standard (0.141 mg) which was the striking 
evidence for the antioxidant property of Hyptis suaveolens leaves. 

Inhibition of lipid peroxidation 

In TBARS assay, the extracts lowered the degree of lipid 
peroxidation induced by hydroxyl radical generated by an 
iron/ascorbate system as observed in Fig. 5. Obviously it was ethyl 
acetate extract which recorded highest SC50 value of about 0.163 mg. 
There was a strong competence provided by the acetone fraction 
whose SC50 value was 0.168 mg. 

 

 

Fig. 5: Inhibition of lipid peroxidation using thiobarbituric acid reactive substances. 
 

Bioassay- Guided Fractionation and Characterization of 
Compounds (I) & (II) 

From the above discussed facts, it can be made clear that the ethyl 
acetate extract has afforded its potent antioxidant and antibacterial 
activity. Hence by suspecting this extract to collectively contain 
immense number of constituents, a work on column 
chromatography has let out two compounds.  

Compound I: Colorless needle like crystals (Melting point- 45°C). 
56 ɉ-Å/(Ɋ ʇÍÁØ ɉÌÏÇ Ɋ ÎÍȡ ςππȟ ςςπȟ ςχπȠ )2 ɉÎÅÁÔɊ ̴max cm-1: 3262 
(hydroxyl), 2956, 2926, 2871, 2723, 2647, 1455, 1375, 1312, 1048, 
997, 878, 775, 671, 596, 428. For 1H spectrum (600 MHz, CD3OD), 
ÔÈÅ ÐÅÁË ÁÔ ɿ τȢπφχ ɉρ( Äȟ *Ѐ υ(ÚɊ ÉÎÄÉÃÁÔÅÄ ÔÈÅ ÐÒÅÓÅÎÃÅ ÏÆ ÈÙÄÒÏØÙÌ 
ÇÒÏÕÐȢ 4ÈÅ ÄÏÕÂÌÅÔ ÏÆ ÄÏÕÂÌÅÔ ÐÅÁË ÁÐÐÅÁÒÓ ÁÔ ɿ πȢφψψ ÁÎÄ ρȢπωω 
which denotes the presence of three tertiary methyl groups. The C8 
proton peak which appeared at 1.248 is a multiplet. The cyclohexane 
ring of this compound was assigned from the 1( .-2 ÓÉÇÎÁÌÓ ÁÔ ɿ 
ρȢπφσ ɉρ(ȟ #ρ(ȟ -Ɋȟ ɿ πȢψυπ ɉς(ȟ #ς(ȟ -Ɋȟ ɿ σȢρσπ ɉρ(ȟ #σ(ȟ -Ɋȟ ɿ 
0.901 (1H, C4H, MɊȟ ɿ ρȢυψφ ɉς(ȟ #υ(ȟ -Ɋ ÁÎÄ ɿ ρȢπφσ ɉς(ȟ #φ(ȟ -ɊȢ 
In agreement with the molecular formula, the 13C NMR spectrum 

(150 MHz, CD3OD); with DEPT experiments indicated 10 carbon 

resonances that can be attributed to six carbons at cyclohexane and 
three methyl groups present. ESIMS m/z 281 [M+H]+, 156 [M+Na]+; 
HRESIMS m/z 156.7 (calcd for C18H16O3Na, 156.75). 2D-NMR [COSY, 
HMBC, HSQC] studies have provided a great evidence supporting the 
positions of the substituents (Fig. 6). Hence the compound was 
identified as menthol (C10H20O) which is in agreement with previous 
report [19]. 

Compound II: Colourless oily liquid (Boiling point- 198 °C).UV 
ɉ%Ô/(Ɋ ʇÍÁØ ɉÌÏÇ Ɋ ÎÍȡ ςτπȠ )2 ɉÎÅÁÔɊ ̴max cm-1: 3405, 2969, 2975, 
2359, 1637, 1451, 1411, 1375, 1112, 994, 918, 688, 589; The IR 
spectrum showed that the presence of hydroxyl group due to a 
broad peak was observed at 3405 cmϺ1. The 1H-NMR, 13C-NMR and 
2D NMR spectra (Fig.7) of this compound is in agreement with 
previously published reports [20] and identified as linalool 
(C10H18O). 13C- NMR data (100 MHz) and 1H-NMR (400 MHz) showed 
ÔÈÅ ÐÒÅÓÅÎÃÅ ÏÆ Ô×Ï ÓÅÃÏÎÄÁÒÙ ÍÅÔÈÙÌ ÇÒÏÕÐ ÁÔ ɿ 1.627, 1.548 (6H, 
ÓɊȟ ÏÎÅ ÔÅÒÔÉÁÒÙ ÍÅÔÈÙÌ ÇÒÏÕÐ ɉɿ ρȢτρχȟ σ(ȟ ÓɊȟ ÁÎÄ ÈÙÄÒÏØÙÌ ÇÒÏÕÐ ɉɿ 
1.979, 1H, d). ESIMS m/z 249 [M+H]+, 154 [M+Na]+; HRESIMS m/z 
154.5 (calcd for C13H12O5Na, 154.25). DEPT analysis and 2D-NMR 
has provided a neat support. 

 

 

A 
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Fig. 6: 1H(A) & 13C(B) NMR spectra of Compound I. 

 

 

 

Fig. 7: 1H(A) & 13C(B) NMR spectra of Compound II. 

Hence the structures of the isolated compounds were identified as menthol and linalool as shown in Fig. 8. 

OH

OH

(A) (B)  

Fig. 8: Structure of menthol (A) and linalool (B). 

B 

A 

B 
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Fig. 9: Cytotoxic effect of menthol (A) and linalool (B) on human breast cancer cell line (MCF-7). Cell viability after treatment with 
different concentrations of menthol (A) and linalool (B) (18.5, 37.5, 75, 150 and 300 µg/ml) was assessed by MTT assay. 

 

Cytotoxic study on compounds I and II 

Cytotoxic studies on compounds I and II had rendered potent effects 
on cancer cells (MCF-7) as shown in Fig. 9A and B. The growth of the 
cell lines was inhibited in a concentration-dependent manner for 72 
h exposure to the test samples. This was evidenced by the decrease 
in cell viability with the increasing concentration of the compound, 
with Cisplatin as positive control. 

DISCUSSION 

Despite the great successes already achieved in natural products 
chemistry and drug development, we have barely begun to tap the 
potential of our molecular diversity [21]. The versatile propensities 
of Hyptis suaveolens illustrated using assays like DPPH, hydrogen 
peroxide, superoxide- radical scavenging activities, reducing power 
activities concerned with antioxidant assays and antimicrobial 
activities has been of interest. With the above implications, it is 
worth discussing the straight correlation between the estimated 
contents and in vitro  assays. Though there were variations among 
the contents, there was found a uniformity of the order between the 
solvent extracts at the in vitro  assays.  

Ethyl acetate and acetone extracts had deposited good contents 
except for the flavonoid content. The reason behind the methanol 
fraction witnessed its significant flavonoid content may be due to its 
polariy. On the other hand, the high polar constituents present in the 
leaf extracts which escaped from the ethyl acetate and acetone, 
would have got trapped at methanol. A contrary with phenolic and 
flavonoid contents, carbohydrates and protein contents were found 
abundant in acetone and hexane respectively, adding credit to the 
antioxidant activity. A closer, but less intense value was given by all 
the other extracts equally ranging from 1.057 to 2.098 mg. These 
evidences have opened-up a third vision for the leaves being used as 
a traditional medicine11 and encourage further dietary applications. 
A less significant phenolic and flavonoid contents were presented by 
hexane extract of about 1.03 µg, 2.84 µg respectively. Whatsoever, 
ethyl acetate being rich in phenolics in combinations with other 
antioxidants, has extracted at its polarity range had played a vital 
role in this study, as discussed below. 

All the crude fractions had high-powered scavenging ability, but 
exhibited less activity than ethyl acetate extract. There was found a 
great uniformity between the extracts in all the antioxidant assays. 
In other words, ethyl acetate extract was found to be significant in 
all the assays compared to other extracts, though it procured richer 
phenolics alone. There was a systematic scavenging profile against 
the radicals DPPH°, 2OH°, OO°, with decrease in absorbance along 
the increasing concentration. Among which, hexane extract has not 
recorded SC50 value, because of its least efficiency of constituents got 
extracted, in all these assays. In hydrogen peroxide scavenging 
activity, except hexane extract, others gave their competence, which 
were normally above 70% scavenging activity. For instance, at 250 

µg/ml, %inhibition recorded were: ascorbic acid (93%) > ethyl 
acetate (85.71%) > acetone (77.63%) > methanol (72.51%) > 
hexane (48.29%). Next to ethyl acetate, acetone fractions provide 
better SC50 values, though being less polar than methanol. There was 
a concentration- dependant activity and the results are indicated in 
the inhibition rate as shown in Figs. 1-3.  

Antioxidant activities of phenolic compounds are often associated 
with their redox properties, which allow them to act as reducing 
agents [22,23]. Roughly, for a correlation, there is an ascertained 
reducing activity where an extract possess significant phenolic and 
flavonoid content. Besides carbohydrates and protein contents, 
these both content are identified as a superfluous reason for 
reducing power activity. It is worth mentioning that the reducing 
power activities of ethyl acetate extract were beyond the excellence 
with respect to their absorption values, as it produced a remarkable 
activity ahead the standard. In contrast, its EC50 value (0.179 mg) 
was not much significant than the standard (0.141 mg), but it does 
with the other extracts. A uniform and racing increase in the 
absorption with increase in the concentration was observed (Fig. 4) 
due to the electron donating capacity of plant extract. This activity 
was found in correlation with TP contents. Thus an intense value of 
about 0.654 mg of TPC in 2 mg of the extract reduces/ suppresses a 
free radical with 50% inhibition of about 0.179 mg in ethyl acetate 
extract. It was convincing to note that; hexane fraction (1.389 mg) 
exhibited its 50% inhibition in this assay. 

As far as lipid peroxidation assay is concerned, all crude extracts had 
good antioxidant activity (IC50) as shown in Table 2, among which 
the noteworthy was about 0.163 mg for ethyl acetate followed by 
acetone and methanol, against tÈÅ ɻ-tocopherol (0.151 mg). These 
effects are due to the presence of antioxidant compounds which are 
vital substances that possess the ability to protect body from 
damage by free radical- induced oxidative stress [24]. Alike, the 
above scavenging assays, TBARS have also deposited nil IC50 value 
for hexane extract, but at the same time it was surprising to witness 
its SC50 value at DPPH activity.   

Coming to the isolation part, in this study two known compounds 
menthol and linalool were isolated for the first time from Hyptis 
genus using standard analytical methods. Spectral analyses have 
clearly indicated the structure and substituents of these compounds 
I and II. For instance, the ɀOH groups present at both the compounds 
may also add to the electron donating capacity of the ethyl acetate 
fraction. Moreover, menthol is found to be present in mint plants, 
and so is Hyptis suaveolens. Menthol acts as an analgesic, 
expectorant, antibronchitic etc., and thus evidencing the therapeutic 
applications of Hyptis against cold, fever, bronchitis etc., [25]. 
Linalool commonly used as an antiviral and expectorant has opened 
up the possibility to evaluate the antiviral property of Hyptis 
suaveolens leaves for a scientific approach. Furthermore, 
constituents like linalool, and sometimes menthol [26] were 
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identified tentatively from the essential oils through GC-MS analysis. 
Exceptional reports are only available on the separation of menthol 
and linalool directly from the plant crudes, through ordinary silica 
packed column chromatogram without any pre-treatments like 
distillations.  

It encouraged assessing the cytotoxicity of the isolates influenced 
from the positive results of antioxidant and antibacterial studies. 
With cisplatin as positive control, the cell viability of the human 
breast cancer cells [MCF-7] under the influence of the constituents 
was measured. As shown in Fig. 9, there was measured a steep 
decrease in the %viability as the concentration (18.5, 37.5, 75, 150 
and 300 µg/ml) of menthol and linalool increased. At highest 
concentration of 300 µg/ml, menthol exhibited a viability of 59%, 
whereas linalool exhibited 78% on the cancer cells. Though there 
were moderate %cell viability observed, this study has proved that 
menthol and linalool has cytotoxic effects on human breast cancer 
cell lines. To be specific, menthol was efficient compared to linalool. 
Reports on the antitumor mechanism of the essential oils showed 
that the cytotoxic activity could be due to the liposolubility which 
could affect membrane fluidity, dissolve, or destroy plasma 
membrane [27]. Nowadays attention has focused on to natural 
antioxidants because the use of synthetic antioxidant has been 
failing off due to their suspected action as cancer inducer [28]. 
Further testing is needed to determine the in vivo bioactivity and 
therapeutic applications of these isolated compounds.  

CONCLUSION 

The present study is thus discussed in light of free radical 
scavenging effects and the cytotoxic activity of the two isolated 
compounds is the highlight. The bioassay-guided fractionation on 
the ethyl acetate fraction has produced good outputs, and the 
interest on other solvent crudes for the separation and 
characterization will be of the future work. 
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