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ABSTRACT
In the pot experiment, O. tenuiflorum L reduced their root length, shoot length and dry biomass with

increased concentrations of Cu, Cr and Cd over the control, and reduction trend observed for metal treatment
was Cu>Cr>Cd after 80DAS. SOD-FSRA, H-RSA, DPPH-FRSA and phenoilc content was more in leaf>shoot under Cu treated plant
as compared with Cr and Cd. Maximum accumulation of Cu, Cr and Cd in the plant was 39.8ppm at 30 mg Kg-1 Cu treated pot,
21ppm at 10 mg Kg-1Cr treated pot and 16ppm at mg Kg-1 Cd treated pot respectively, recorded after 80DAS. Hence, the result of
metals in plant indicates that more than the permissible limit (WHO) and should not advisable to use plant as a medicinal treat-

ment without metal analysis.

INTRODUCTION

The Ocimum tenuifolium L. belonging to the Lamiaceae family
and their aromatic leaves are used fresh or dried as a flavoring
agent for foods, employed in folk medicine for its carminative,
stimulant and antispasmodic properties etc. [1,2]. Heavy metal
pollution of soils has dramatically increased in recent decades
due to the discharge of waste and wastewater from anthropo-
genic sources [3]. It is mentioning that Cu, Cr and Cd toxicity
is dependent on species, the concentration of metal supplied
and exposure time [4,5]. In sensitive plant species or ecotypes,
heavy metals were shown to inhibit growth and to interfere
with important cellular processes such as photosynthesis and
respiration [5]. Chromium toxicity exhibit both in plant as well
as animal, in plants showed chlorosis and necrosis [6] and in
animal causes poisoning [7]. Cadmium (Cd) is a very toxic heavy
metal and an important environmental pollutant, which is pre-
sent in the soil, water, air, food and in cigarette, smokes [8].
The toxic effects of cadmium are due to its inhibition of liver
metabolic enzyme systems containing sulphydryl groups and
uncoupling of oxidative phosphorylation in mitochondria [9],
which results in increased lipid peroxidation, hepatic conges-
tion, ischemia and hypoxia [9]. It is well known that transition
metals catalyze the formation of hydroxyl radicals (OH.) from
the non-enzymatic chemical reaction between superoxide (02.-
) and H202 (Haber-Weiss reaction) [10]. Permissible levels of
Cu, Cr are 0.5, 0.05 mg L-1 respectively, and for Cd were not
specify [11]. The medicinal plants are either naturally grown
or cultivated in metal contaminated regions, there is a danger
that the heavy metal accumulation by plants of medicinal value
may cause serious health hazards to patients using metal adul-
terated herbal drugs. Therefore, the objective of this study was
to examine the growth response, phenolic content free radical
scavenging activities and metal accumulation in (O. tenuiflorum
L.) under different heavy metals viz. Cu, Cr and Cd.

MATERIAL AND METHODS

Set-up of Pot experiment

The soil was collected from an agricultural field of district Jaun-
pur (25.73°N 82.68°E), UP-India, chemical analysis of the soil
showed that organic matter, total N and pH, were 3.65%, 0.16%,
7.2 and Cu, Cr and Cd were 1.32, 0.20 and 0.10 mg kg-1, respec-
tively. Surface (0-20 cm) soil samples which were ground to
pass through a 4.0mm mesh were used in the pot-experiment.
The soil samples were air-dried, then mixed with basal fertiliz-
ers, at ratios of 100 mgNkg-1 dry weight (DW) soil as NH4NO3
and 30 mg P kg-1 and 80 mg kg-1 as K2HPO4. Eleven treat-
ments of Cu, Cr and Cd were applied, namely C (the control) and
treatments (concentrations of all three metals: 10, 30, 50, 70,
90,110 and 150 mg kg-1, dry weight of soil). Each treatment

was carried out in six replicates. The tested topsoil samples
were mixed thoroughly with CuCI2, CrCI2 and CdCI2-2.5H20 at
the above-mentioned concentrations, filled into plastic pots (20
cm in diameter, 15 cm in height, 2.5 kg air-dried soil per pot)
and equilibrated for one month. Seeds of O. tenuiflorum L. were
surface sterilized in 2% (w/v) sodium hypocloride for 1 min,
washed several times with sterilized distilled water (SDW), and
soaked in SDW for overnight [18]. Twenty soaked seeds were
sowed directly into the 0.8% agar plate and incubated for three
days in dark room. Three similar sizes of sprouted seed were
placed in the each treatment pots in the greenhouse with natu-
ral light (10-12h; photoperiod) and temperature (20-330C).
The tested soils were watered to reach 60% of the water-hold-
ing capacity and this level was maintained by watering daily
throughout the experiment. The plants were harvested after
80DAS (days after showing) and root length, shoot length and
dry biomass were observed, rest plant samples were kept at
40C for further analysis.

Determination of superoxide, Hydroxyl and DPPH- free
radical scavenging activity

Superoxide radicals were examined by the method [12], 40pL
aliquot of O. tenuiflorum L. extracts was mixed with 3ml of reac-
tion buffer solution (1.3 mm riboflavin, 13 mM methionine, 63
UM nitro blue tetrazolium and 100uM EDTA, pH 7.8). The reac-
tion solution was illuminated for 15 min at 25 2 C. The reaction
mixture, without sample, was used as a control. The scaveng-
ing activity was calculated as follows: scavenging activity (%) =
(1-absorbance of the sample/absorbance)x100. The Hydroxyl
radical scavenging activity (HR-SA) was determined according
to the method [13] in extracts of shoot and leaf of O. tenuiflo-
rum L. spectrophotometrically at 412 nm. 100 pl of extracts was
taken in different test tubes. 1.0 ml of Fe-EDTA solution (0.1%
ferrous ammonium sulfate and 0.26% EDTA), 500 pl of DMSO
(0.85% v/v in 0.1 M Phosphate buffer, pH 7.4) were added to
these tubes, and the reaction was initiated by adding 500 ul of
0.22% ascorbic acid, and incubated at 80-900C for 15 min. The
reaction was terminated by the addition of 1 ml of ice cold TCA
(17.5 %w/v). 3 ml of Nash reagent were mixed and raised to 1
L with distilled water was added to all of the tubes and left at
room temperature for 15 min for the color development. The
percentage of HR-SA was calculated by using the formula: %
of HR-SA =1-absorbance of sample/absorbance of blankx100.
Scavenging activity against DPPH radicals was assessed accord-
ing to the method [14]. 100pM DPPH-methanol solution was
mixed with 1 ml of 100p M DPPH methanol solution. After the
solution was incubated for 30 min at 252 C in dark, the decrease
in the absorbance at 517nm was measured. Control contained
methanol instead of antioxidant solution, while blanks con-
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tained methanol instead of DPPH solution in the experiment.
Ascorbic acid and BHT were used as positive controls. The in-
hibition of DPPH radicals by the samples was calculated accord-
ing to the following equation: DPPH-scavenging activity (%) =
[1-(absorbance of the sample-absorbance of blank)/absorb-
ance of the control] x100.

Total phenolic content

Total phenolic compounds in O. tenuiflorum L. were quantified
by using Folin-ciocalteu’s method. 50 pl of Folinciocalteu’s rea-
gent (50% v/v) were added to 10pl of sample extract. It was in-
cubated for 5 min. After incubation 50ul of 20 % (w/v) sodium
carbonate and water was added to final volume of 400 pl. Blank
was prepared by replacing the reagent by water to correct for
interfering compounds. After 30 min of incubation, the absorb-
ance was measured using spectrophotometer at 760 nm. Total
phenol contents were expressed in terms of gallic acid equiva-
lent (gm/100g of dry mass), which is used as a reference com-
pound.

Plant and soil metal analysis

The plants were immersed in a 0.01M HCI solution to remove
any external Copper, Chromium and Cadmium and rinsed with
deionized (DI) water for 1 min. After that, plants were dried at

Table 1.
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100°C for 10 min, then at 70°C in an oven until completely dry.
The plant and soil samples were digested with a solution of 3:1
HNO3:HCI04 (v/v). The concentrations of Cu, Cr and Cd were
determined using the atomic absorption spectrophotometry by
the method [15].

Statistical analyses

The data obtained were subjected to ANOVA, and means were
compared with Duncan’s multiple range test. All statistical anal-
yses were conducted using SPSS (Version 14; IBM, Armonk, NY,
USA).

RESULTS AND DISCUSSION

In this study, with increased concentrations of Cu, Cr and Cd
showed, root length, shoot length, and dry biomass of O. tenui-
florum L. were reduced over the control, and the trends of reduc-
tion was observed for metal Cu>Cr>Cd after 80DAS. Redaction
was significantly observed at = 50 to 150 mg Kg-1 in Cu, 2 30 to
110 mg Kg-1 in Cr and = 30 to 70 mg Kg-1 in Cd treated plant
(Table 1). Copper acts as structural element in certain metal-
loproteinase, many of which are involved in electron transport
in chloroplasts and mitochondria as well as in oxidative stress
response [16]. Dry biomass reduction was more as compared
with growth of shoot and root for all the metals (table 1).

Table 1: Effects of different concentrations of Cu, Cr and Cd on growth of Ocimum tenuiflorum L. after 80DAS (pot-experiment).

Treatment

Copper

Chromium

Cadmium

RL

SL

Dry BM

RL

SL

Dry BM

RL

SL

Dry BM

Control

12.3£2.6a

43.9+4.8b

11.2+3.2a

11.9+3.1a

42.4+4.5a

11.5£2.2a

12.6+2.5a

44.8+4.5a

12.3+1.2a

10 mg Kg-1

12.2#2.1a

41.624.2a

10.7+2.3ab

11.1+2.4a

42.144.3a

11.1+#2.8a

12.2+1.4a

42.4+4.3b

11.5+1.8a

30 mg Kg-1

11.542.8a

40.1+3.6ab

10.0£3.7ab

9.7+2.8b

22.8+3.5b

8.2+2.4ab

8.7+2.8b

35.5+2.8bc

8.25+1.1b

50 mg Kg-1

10.9+2.1b

37.6+4.5ab

9.4+2.2bc

8.5+2.9bc

18.7+3.2bc

6.3+1.8¢

6.5+1.9¢

22.842.5¢

6.34+1.9cd

70 mg Kg-1

9.1+2.8ab

35.243.9bc

8.612.1c

6.2+2.2¢c

13.5£2.1c

5.2+1.9cd

4.2+1.2d

18.5+2.1d

5.15+1.3cd

90 mg Kg-1

8.2+2.8bc

33.5%5.7bc

6.5+2.2cd

5.6¢2.0cd

13.2+1.8cd

4.0+1.4d

ns

ns

ns

110 m,
Kg-1 &

8.1£2.2c

32.6%4.2cd

6.0+2.6d

4.2+1.2d

10.5+2.5d

3.2£1.0e

ns

ns

ns

130 mg
Kg-1

6.5+1.4cde

22.2+3.8d

5.2¢1.4de

ns

ns

ns

ns

ns

ns

150 mg

4.5+1.2e

21.3+4.5d

5.1+1.2e

ns

ns

ns

ns

ns

ns

Kg-1

RL=Root length (cm), SL= Shoot length (cm), Dry BM=Dry bio-
mass (g) and ns= plant not survive. Data are expressed as mean
+ SD. Figures followed by different letters in a same line are sig-
nificantly different at P < 0.05, n=6.

Reduction in the plants growth and dry biomass by Cr was more
than the Cu and less then Cd (table 1), similar finding was ear-
lier reported [6,7]. Excess amount of Cr in plants, exhibit the ad-
verse effect on biomass and growth by change in concentration
of essential mineral nutrients in citrullus and brassica juncea
L. [17]. The greater impact of heavy metal Cd, was observed
on the root growth as compared to shoot leading to a greater
reduction in its length and fresh weight [3,15]. The reduction
in plant growth during stress is due to low water potential,
hampered nutrient uptake and secondary stress such as oxida-
tive stress[7,13,15]. Several studies suggest that antioxidants
could prevent accumulation of these reactive oxygen species
[13,15,18]. In the present study, SOD-FSRA, H-RSA and DPPH-
FRSA was more in leaf then shoot under all metal treatment, and
the activity trends for the metals was Cu>Cr>Cd (Figure 1 B&C).
Cu, Cr and Cd are efficient catalyst in the formation of reactive
oxygen species [4,7,15].
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Figure 1. (A)= Percent of Superoxide radical activity (SOD-RSA
%), (B) = Percent of Hydroxyl radical scavenging activity (HR-SA
%) and (C)= DPPH-Free radical scavenging activity (DPPH-FRSA
%) in root, shoot and leaf of O. tenuiflorum L. under different
treatments of metals (Cu, Cr and Cd) after 80DAS. Results are
mean of six replicates. Cu-T-S (Copper treated shoot), Cu-T-L
(Copper treated leaf), Cr-T-S (Chromium treated shoot), Cr-T-L
(Chromium treated leaf), Cd-T-S (Cadmium treated shoot) and
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Cd-T-L (Cadmium treated leaf). C*=Control, T1, T2, T3, T4, T5,
T6, T7 and T8= 10, 30,50,70,90,110,130 and 150mg Kg-1 re-
spectively.
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Figure 2. Total phenolic content (g/100gm) of root= (R),
shoot= (S) and leaf =(L) of O. tenuiflorum L. under differ-
ent concentration of Copper (Cu), Chromium (Cr) and Cad-
mium (Cd) after 80DAS. Data are significantly different at P <
0.05, n= 6. C*=Control, T1, T2, T3, T4, T5, T6, T7 and T8= 10,
30,50,70,90,110,130 and 150mg Kg-1 respectively.

Figure 1. and Figure 2.

Hence, the presence of excess metals can cause oxidative stress
in plants and subsequently increase the antioxidant responses
due to increased production of highly toxic oxygen free radicals.
Phenolic content was found to be minimum under Cd treated
plant as compared to Cr and Cu, and it was more in leaf as com-
pared to shoot and root (Figure 2). 86%, 76% and 67% reduc-
tion was observed in root, shoot and leaf respectively at 70 mg
Kg-1 Cd treated plant after 80DAS over the control. Cadmium
as a non-essential element for living organisms has a very high
mobility in soil-plant systems, with propensity to adversely af-
fect both human health and the functioning of ecosystems [15].
73%, 72% and 72% reduction was observed in root, shoot and
leaf respectively at 70 mg Kg-1 over the control. Omer [2] re-
ported that oil and phenolic content altered under stress like
salinity of different basil species. In the case of the Cu treated
plant showed, least reduction of phenolic compound among all
the metals in root, shoot and leaf, 45%, 44% and 56% at 70 mg
Kg-1.The phenols contain hydroxyls that are responsible for the
radical scavenging effect mainly due to redox properties [19].
However, the antioxidant capacity of the plant extracts is mainly
dependent on phenolic compounds. So far, in the Ocimum spe-
cies the O. basilicum and O. sanctum have been reported for

their secondary metabolite content [20]. Maximum accumula-
tion of Cu, Cr and Cd in the plant was 39.8ppm at 30 mg Kg-1
Cu treated pot, 21ppm at 10 mg Kg-1Cr treated pot and 16ppm
at mg Kg-1 Cd treated pot respectively, recorded after 80DAS
(Figure 3).
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Figure 3. Copper, Chromium and Cadmium concentration
in plant of O. tenuiflorum L. under different concentration
metals treatments after B0DAS. Data are significantly differ-
ent at P < 0.05, n= 6. C*=Control, T1, T2, T3, T4, T5, T6, T7
and T8= 10, 30,50,70,90,110,130 and 150mg Kg-1 respec-
tively.

Figure 3.

Copper was more accumulating in plant as compared with Cr
and Cd, because Cu play important role in several enzymatic
activity as well metabolic activity in plant [5,16]. Distribu-
tion of Cr in crops had a stable character which did not de-
pend on soil properties and concentration of this element;
the maximum quantity of element contaminant was always
contained in roots and a minimum in the vegetative and re-
productive organs [6]. A result indicates that the levels of
metals are more than the permissible limit [11] and should
not advisable to use plant as a medicinal treatment without
metal analysis.
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