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Abstract

Purpose: To investigate the antioxidant potential and cytotoxicity of the leaf and bark extracts of
Tarchonanathus campharatus..

Methods: The antioxidant activity of the aqueous leaf extract (Aq LF), methanol leaf extract (MET LF),
dichloromethane leaf extract (DCM LF), methanol bark extract (MET BK), dichloromethane bark extract
(DCM BK), and ethyl acetate bark extract (Et Ac BK) were examined by 1,1-Diphenyl-2-picryl-hydrazil
(DPPH), 2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS™), nitric oxide radical scavenging,
reducing power and iron chelating activity methods. Brine shrimp lethality and MTT cytotoxicity tests
were used to investigate the cytotoxicity of the extracts.

Results: The Aq LF, DCM LF, MET LF and MET BK showed good DPPH, ABTS radical scavenging
and total reducing power activities. Total reducing power was high and in the rank order of DCM LF >
Aq LF > MET LF > MET BK. All the extracts, however, showed weak nitric oxide scavenging activity as
well as weak iron chelating ability. Flavonoids, phenols, tannins and saponins were present in some of
the extracts, but alkaloids, terpenoids, cardenolides and cardiac glycosides were absent in all the
extracts. All the extracts did not show significant cytotoxic properties (p 2 0.05) with 50% inhibitory
concentration 1Csp values > 30 pg/ml in both cytotoxicity assays.

Conclusion: The antioxidant activity and low cytotoxicity of Tarchonanthus camphoratus probably
justify its use in folk medicine.
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INTRODUCTION possess potent bioactive compounds capable of
preventing and treating most oxidative-related

diseases and these compounds might act as

In the living system, free radicals are constantly leads in drug development [2]

generated and can cause extensive damage to
tissues and biomolecules, creating various
degenerative diseases [1]. Due to the adverse
side effects of synthetic drugs, natural
antioxidants from plant origin have drawn much
attention in recent years. Plants are known to

Tarchonanathus campharatus L,.(family
Asteraceae) has many medicinal applications in
traditional healing where infusions and tinctures
of the leaves are used for stomach trouble,
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abdominal pain, headache, toothache, asthma,
bronchitis and inflammation; furthermore, smoke
generated by burning the fresh or dried plant is
inhaled for rheumatism [3]. The plant is also used
in the treatment of venereal diseases,
indigestion, heartburn, coughs while a strong
infusion is used in a hot bath for the
management of paralysis and cerebral
haemorrhage [4]. The medicinal activity of plants
may be attributed to the presence of antioxidants

[5].

The potential toxicity of plants is an important
consideration when studying the traditional use
of plants and also when identifying their potential
for other biological properties. No specific report
regarding the antioxidant potential and
cytotoxicity of the extracts of the leaf and bark of
Tarchonanathus  campharatus has  been
published. We therefore decided to investigate
the antioxidant potential and cytotoxicity of the
various extracts of the leaf and bark of
Tarchonanathus campharatus.

EXPERIMENTAL

Plant materials

Fresh leaves and bark of Tarchonanthus
camphoratus were collected from Sangoyana in
the northern part of Kwa-Zulu Natal province,
South Africa, during the month of April 2011. The
plant was identified by the local people during the
time of collection and later authenticated by Mrs
N.R. Ntuli, Department of Botany, University of
Zululand. in Kwa-Zulu Natal, South Africa. A
voucher specimen, (NSKN 1), was deposited at
the University of Zululand herbarium. The plant
material was dried at room temperature; the bark
was ground to a fine powder and stored in an air
tight container until further use. The fresh leaves
were air-dried.

Preparation of the extracts

A portion (300 g) of the bark powder was
sequentially soaked in hexane, followed by
dichloromethane, ethyl acetate, and methanol
each for 48 h. The dry ungrounded leaves (400
g) were soaked separately in dichloromethane,
methanol for 48 h and in water for 24 h. The
extract solution, each case, was filtered through
Whatman filter paper no. 1. The hexane,
dichloromethane, ethylacetate and methanol
extracts were concentrated under reduced
pressure at 50 °C using a rotary evaporator and
preserved in a refrigerator pending further use.
The aqueous extract was also concentrated to a
brown powder in a freeze dryer. FD—Bench top
K, VirTis model.

Phytochemical screening of the plant extracts

The extracts were screened for phytochemicals
using standard procedures [6].

Antioxidant screening of the plant extracts

1,1-Diphenyl-2-picryl-hydrazil (DPPH) radical
scavenging assay

The radical scavenging activity of the extracts
was performed using DPPH spectrophotometric
method [7]. One millilitre of 0.3mM DPPH
methanol solution was added to 2.5 ml solution
of the extract or standard (25 - 250 pg/ml) and
allowed to react at room temperature in the dark
for 30 min. The absorbance was measured
against a corresponding blank at 517 nm.
Methanol (1.0 ml) plus extract solution (2.5 ml)
was used as the blank. BHT was used as a
positive control and all measurements were done
in triplicate. Inhibition (%) of free radical DPPH
was calculated as in Eq 1.

Inhibition (%) = {(As — Ac)/As}100 ............. (1)

where As is the absorbance of blank solution
and Ac the absorbance of the extract solution.

ABTS radical cation scavenging assay

The pre-formed radical monocation of 2,2'-
azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS™) was generated according to the
modified method of Re et al [8] by oxidation of
ABTS solution (7vmM) with 2.45 mM potassium
persulfate (K,S,0g). The mixture was allowed to
stand for 16 h in the dark at room temperature.
One millilitre of ABTS was added to 1 millilitre of
various extract concentrations (25 - 250, pg/ml)
and the absorbance of the mixture measured
against a corresponding blank at 734 nm after 6
min. BHT was used as the positive control and all
measurements were in triplicate. Inhibition (%)
was determined as in Eq 1.

Nitric oxide (NO) radical inhibition assay

Nitric oxide scavenging activity of the test
compounds was determined using sodium

nitroprusside (SNP) generating NO system. NO
generated from SNP in aqueous solution at
physiological pH reacts with oxygen to produce
nitrite ions which react with Greiss reagent [9].
The reaction mixture containing 2 ml sodium
nitroprusside (10mM), 0.5 ml phosphate buffered
saline (pH 7.4) and 05 ml of various
concentrations of the extracts (25 - 250 pg/ml) or
standard solution (ascorbic acid, 0.5 ml) was
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incubated at 25 °C for 150 min. After incubation,
a 1 ml aliquot of the reaction mixture was
removed and diluted with 1 ml Greiss reagent.
The absorbance of the solution was measured at
540 nm against the corresponding blank solution
at 540 nm. The same reaction mixture without
the extract but with an equivalent amount of
water served as the control. Percent nitric oxide
inhibition was computed as in Eq 1.

Chelating effect of ferrous ions

The chelating effect was determined according to
the method of Dinis et al [10]. Briefly, 2 ml of
various concentrations (25 - 250 pg/ml) of the
extract in methanol was added to a solution of
2mM FeCl, (0.05 ml). The reaction was initiated
by addition of 5Mm ferrozine (0.2 ml). The
mixture was then shaken vigorously and left at
room temperature for 10 min. The absorbance of
the solution was measured spectropho-
tometrically at 562 nm. The control consisted of
FeCl, and ferrozine, complex molecules.
Na,EDTA was used as positive control.The
chelating effect of ferrous ions was evaluated as
in Eq 2.

Fe®* chelating effect (%) = {(As — Ac)/Ac}100 ..... 4)

where As is the absorbance of blank solution
and Ac the absorbance of the extract solution.

Determination of total reducing power

Reducing power was determined according to
the method of Oyaizu [11]. Each extract (25 - 250
pg/ml) in methanol or water (2.5 ml) was mixed
with 2.5 ml of 0.2M sodium phosphate buffer (pH
6.6) and 2.5 ml of 1 % potassium ferricyanide,
and the mixture was incubated at 50 °C for 20
min. Thereafter, 2.5 ml of 10 % trichloroacetic
acid was added and the mixture was centrifuged
at 1000 rpm for 10 min. The upper layer (2.5 ml)
was mixed with 2.5 ml of deionised water and 0.5
ml of 0.1 % ferric chloride, and its absorbance
measured spectrophotometrically at 700 nm
against blank. Ascorbic acid was used as the
reference standard.

Determination of cytotoxicity of the extracts
Brine shrimp lethality test

Brine shrimp lethality test was performed on
brine shrimp nauplii using Meyer method [12].
The eggs of the brine shrimp were collected from
a local fish farm and hatched and kept in artificial
seawater (3.8 % NaCl solution) for 48 h to give
mature shrimp called nauplii. For each extract, 2
mg was dissolved in 1 ml of 1 % DMSO. From

this solution, 2.5, 1.25, 0.25 and 0.025 ml were
transferred into separate test tubes and made up
to 5 ml using sea water to give corresponding
concentrations of 1000, 500, 100 and 10 pg/ml.
Ten (10) brine shrimps (nauplii) were transferred
into each of the test tubes using a Pasteur
pipette. After 24 h, the vials were inspected using
a magnifying glass and the number of surviving
nauplii in each vial was counted, and lethality (%)
of the brine shrimp nauplii calculated at each
extract concentration. Potassium dichromate was
used as a positive control and each test was in
triplicate.

MTT assay

MTT assay is based on the reduction of the
yellow coloured 3-(4,5-dimethylthiazolyl-2)-2,5-
diphenyltetrazolium bromide (MTT), by
mitochondrial dehydrogenases of metabolically
active cells to purple formazan. The intensity of
the purple colour of formazan is quantified
spectrophotometrically at 570nm and s
proportional to the number of live cells present.

Human embryonic kidney (HEK293) and human
hepatocellular carcinoma (HepG2) cells were all
grown to confluency in 25 cm? flasks. This was
then trypsinized and plated in 48 well plates at
specific seeding densities. The cells were
incubated overnight at 37 °C. The medium
removed, and fresh medium Minimal Essential
Medium (MEM + Glutmax + (100 pg/ml penicillin
G and 100pg/ml streptomycin sulphate) was
added. 200 pl of the extract (50 - 350 pg/ml) was
then added and incubated for 4 h. Thereafter, the
medium was removed and replaced with
complete medium (MEM + Glutmax + antibiotics
+10 % fetal bovine serum). After 48 h, the cells
were evaluated by the 3-(4,5-Dimethylthiazol-2-
yD)-2,5-diphenyltetrazolium bromide (MTT) assay
[13]. Briefly, the medium was removed from the
cells and 200 pl of 5 mg/ml MTT in phosphate
buffered saline (PBS pH 7.4) as well as 200 pl of
medium were added to each well containing
cells. The multiwell plate was incubated for 4 h
and thereafter the medium and MTT were
removed and 200 pl of DMSO added to each
well, and incubated at 37 °C for 10 min. The
control consisted of 200 pl of the medium only.
All  determinations were in triplicate. The
absorbance of the dissolved solutions were read
using a Mindray Plate Reader at 570 nm.
Percent cell survival was evaluated as in Eq 3.

Percent cell survival = (Ab/A0)100 ---------- 3)

where Ab is the absorbance of the sample and
Ao is the absorbance of the control.
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Determination of total flavonoid content

Colorimetric aluminium chloride method was
used for flavonoid determination [14]. Quercetin
was used to construct the calibration curve. Ten
milligrams of quercetin was dissolved in 80 %
ethanol and then diluted to 25, 50 and 100 pg/ml.
The diluted standard solution (0.5 ml) was mixed
with 1.5 mL of methanol, 0.1 ml of 10 %
aluminum chloride, 0.1 ml of 1M potassium
acetate and 2.8 mL of distilled water. After
incubation at room temperature for 30 min, the
absorbance of the reaction mixture was
measured spectrophotometrically (Perkin Elmer
UV/Visible spectrophotometer USA) at 415 nm.
The amount of 10 % aluminium chloride was
substituted by the same amount of distilled water
in blank. Similarly, 0.5 ml of the extract (100
pg/ml) was reacted with aluminium chloride for
the determination of flavonoid content as
described above. The total flavonoid content was
calculated as mg quercetin equivalents/g of
extract powder, by reference to the calibration
curve (y = 0.005x + 0.062, R* = 0.998).

Determination of total phenolic content

Total phenolic content was assessed as
described by Gulcin et al [15]. One millilitre

(12 ml) of the extract or standard solution of gallic
acid (10, 20, 30, 40, 50 and 100 mg/L) was
added to 9 ml of water. One millilitre of Folin
Ciocalteu’s reagent was added to the mixture
and vortexed. After 5 min, 10 ml of 7 % sodium
carbonate was added to the mixture and
incubated for 90 min at 25 °C. The absorbance
against a reagent blank was determined
spectrophotometrically at 750 nm. A reagent
blank was prepared and the amount of phenolic
compound in the extract was determined as
gallic acid equivalent. Total phenol content was
obtained from the regression equation (R) for the
calibration curve of standard gallic acid (y =
0.005x + 0.015, R® = 0.991) and reported as
gallic acid equivalent (GAE)/g of extract powder.

Statistical analysis

The results obtained were expressed as mean +
standard error of mean (SEM) of three
determinations. The results of antioxidant activity
and cytotoxicity are presented as mean + SD (n
= 3). The data were evaluated through
regression analysis using QED statistics program
PISCES software (PISCES conservation Ltd,
2007, England). The ICsy values, where
applicable, were determined by linear regression.
Means between treatments were compared by
Tukey's Studentized Range Test using one-way
analysis of variance (ANOVA).

RESULTS
Antioxidant activity

DPPH radical and ABTS™ radical cation are
reactive towards most antioxidants and their
decolourization reflects the capacity of an
antioxidant species to donate electrons or
hydrogen atoms to inactivate the radical species
[8,16].

The ICg, values of the extracts, for both DPPH
radical scavenging and ABTS™ radical cation
scavenging are shown in Table 1. The trend in
activity of the extracts in both assays was similar.
DCM LF extract had the lowest ICs, value in both
DPPH and ABTS™ radical scavenging assays
and hence the highest radical scavenging activity
while DCM BK and Et Ac BK extracts showed
very poor radical scavenging activities with 1Csq
values > 1000 pg/ml. There was significant
difference (p < 0.05) in ABTS and DPPH
scavenging activity among the extracts. There
was no significant difference (p = 0.05) in the
scavenging activity of DPPH and ABTS.

Table 1: The ICsp values for the DPPH and ABTS™
radical scavenging activities of the leaf and bark
extracts of Tarchonanthus camphoratus.

Sample DPPH radical ABTS radical
extract scavenging scavenging
ICs (ug/ml)®  ICso (ug/ml) "
Aq LF 49.03 £6.87 48.26 +£13.26
MET LF 41.70 £3.93 60.51 +6.42
DCM LF 17.72 +5.96 22.27 £3.09
MET BK 65.44 +7.87 69.45+1.74
DCM BK >1000 >1000
Et Ac BK >1000 >1000
3Cs for BHT was 10.88 pg/ml. °ICs, for BHT was 14.54
pg/ml.

In the reducing power assay, the presence of
antioxidants in the extracts led to the reduction of
Fe*" to Fe* by donating an electron. Figure 1
shows dose-response plot for the reducing power
of the extracts. DCM LF extract exhibited the
strongest reducing ability which was even higher
than that of the reference standard, ascorbic
acid. There were significant differences between
the treatments at p < 0.05.

Absorbance at 700nm

-
/200 pgfml
S /" 100 pg/ml
B s

'/ 25ug/ml

Figure 1: Effects of reducing power on extracts of
Tarchonanthus camphoratus
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Phytochemical analysis

The preliminary phytochemical analysis of the
extracts revealed the presence of flavonoids in
all the extracts;;saponins were absent only in Aq
LF, while phenols were present in all extracts
except DCM BK. No tannins were found in the
DCM LF and DCM BK; furthermore, alkaloids,
terpenoids, cardenolides and cardiac glycosides
were absent from all the extracts (Table 2).

All the extracts showed very poor nitric oxide
scavenging activity (Table 3) and iron chelating
ability (Table 4).

Total phenol and flavonoid contents of the
extracts

The extracts had varying amounts of total
flavonoids and phenols contents (Table 5). MET

LF and DCM LF extracts had the highest
flavonoid and phenolic content with the former
higher than the latter. The rank order of total
flavonoid content was MET LF > DCM LF > Et Ac
BK > Aq LF > MET BK > DCM BK while that of
total phenol content was MET LF > Aq LF > DCM
LF > MET BK > Et Ac BK > DCM BK.

Lethality and cytotoxicity of the extracts

The ICsq lethality values of the extracts, i.e., the
concentration causing 50% mortality among
brine shrimps, are shown in Table 6. DCM BK,
MET BK and standard potassium dichromate had
ICsq values < 100 pg/ml whereas DCM LF, Aq LF
and Et Ac BK had ICs values in the range of 100
- 1000 pg/ml; only MET LF extract had an ICsg
value > 1000 pg/ml.

Table 2: Phytochemical constituents of the studied extracts of Tarchonanthus camphorates

Phytochemical Ag LF MET LF DCM LF MET BK DCM BK Et AcBK
Alkaloids - - - - - -
Flavonoids + + + + + +
Saponins - + + + + +
Phenols + + + + _ +
Tannins + + _ + _ +
Terpenoids - - - - - -

Cardenolides - -
Cardiac glycosides - -

Note: + = presence; - = absence; Aq LF = Aqueous leaf extract: MET LF = methanol leaf extract: DCM LF = dichloromethane
leaf extract: MET BK = methanol bark extract: DCM BK : dichloromethane bark extract: Et Ac BK = ethyl acetate bark extract

Table 3: Nitric oxide inhibition of the leaf and bark extracts of Tarchonanthus camphorates

Conc Nitric oxide inhibit ion (%)

°Aq LF °METLF °DCMLF °“METBK °DCMBK  'Et Ac BK vit C
25 0.53+0.6 0.2+04 1.23+0.7 0 0.26 +0.3 0.2+0.2 29.8+1.3
50 093+08 065+07 267+20 0.17+03 047104 0.27+0.3 41.2+3.0
100 203+05 267+03 377+13 183+03 153+05 0.7+0.5 487122
150 423+10 347105 7.43+28 217+01 197+0.2 1.13+0.2 61.3+2.3
200 6.13+0.5 5.7+0.3 8.6+2.6 3.6+0.7 3.03+ 0.9 1.23+0.1 68.4 + 3.3
250 6.63+05 6.26+0.2 9.7+0.9 42+04 44+ 0.7 15+0.2 77.1+1.7
Conc = concentration (ug/ml); Vit C = ascorbic acid Data are mean + SD values of triplicate determinations.
Table 4: Iron chelating activity of the leaf and bark extracts of Tarchonanthus camphoratus.
Conc Iron chelating activity (%)

°Aq LF °METLF °DCMLF °METBK °DCMBK 'EtAcBK  9Na,EDTA
25 6.6+2.4 55+1.42 6.4+3.7 3.8+0.8 1.22+ 0.2 8.3+0.7 146+3.4
50 9.2+0.3 58+1.2 9.3+24 9.5+0.5 3.6+0.4 10.7+1.8 21.1+1.9
100 11.1+29 8.2+0.1 94+24 12.3+0.9 3.8+ 0.1 146 £3.5 35.0+0.6
150 10.8+0.3 8.7+0.8 114+21 12905 43 +0.4 16.2+1.3 390+29
200 136+0.8 93 +04 148+14 138+1.0 4.6 0.5 17.2+0.8 60.2+1.1
250 147+0.2 11.8+1.7 179+39 141+13 5.1 £0.2 17.6 £0.8 72.0+0.9

Conc = concentration (ug/ml): Data are mean + SD values of triplicate determinations.
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Table 5: Total phenol and flavonoid contents of
the extracts of Tarchonanthus camphorates

Extract Flavonoid Phenol
content (mg/g) content (mg/g)

Ag LF 7.8 £2.9 22.7+1.6
MET LF 57447 269=+21
DCM LF 426+1.1 21.7+13
MET BK 6.1 3.3 16.7+0.5
DCM BK 49 *29 55%0.1
Et Ac BK 9.0 +54 125+1.38

Et Ac BK 9.0 +54 125+1.38

Data are mean + SD values of triplicate determinations.

The MTT cytotoxicity results for the extracts are
summarised in Table 6. All the extracts showed
low toxicity against human embryonic kidney
cells and human hepatocellular carcinoma cells
with high ICso values (> 30 pg/ml). There was no
significant difference between the ICs, values of
various the treatments in both cytotoxicity assays
(p 2 0.05).

DISCUSSION

Phenols and polyphenolic compounds, such as
flavonoids, are widely distributed in plant, and
they have been shown to possess significant
antioxidant activities [17]. The MET LF, DCM LF,
Aq LF and MET BK showed high DPPH and
ABTS™ radical scavenging activities and high
total reducing power which suggests presence of
electron donating phytochemicals in the extracts.
The antioxidant activity of phenols is mainly due
to their redox properties, hydrogen donors and
singlet oxygen quenchers [18]. Flavonoids, on
the other hand, exhibit their antioxidative action
through scavenging or chelating processes [19].
The high phenolic and flavonoid contents of MET
LF, DCM LF, Agq LF and MET BK extracts may
be responsible for their high total reducing
power, DPPH and ABTS™ radical scavenging
activities. A linear correlation between the total
content of phenolics and antioxidant capacity has
been reported [20]. In this study, however, the
DCM LF extract which showed the highest
antioxidant activity did not have the highest total

phenolic contents (Table 4). Lack of correlation
between phenolics and antioxidant activity in
certain medicinal plants has also been observed
[21, 22]. Beside the total phenol and total
flavonoids, other phytochemicals like phenolic
acid, ascorbic acid and pigments acting
individually or synergetically may contribute to
the high antioxidant activity [21]. The extracts,
however, showed poor nitric oxide inhibition and
poor iron chelating ability. Variations in the
antioxidant activities of the extracts in the
different antioxidant assays may be due to the
diversity in the basic chemical structures of their
phytoconstituents  which  possess different
degrees of antioxidant activity against free
radicals.

The brine shrimp lethality test has been used to
determine the cytotoxicity of plant extracts.
However, some plants which are known to be
toxic to livestock have been found to be non-
toxicity to brine shrimps [23]. Cell-line toxicity
assessment was therefore carried out alongside
brine shrimp assay in the present work for better
assessment of cytotoxicity of the plant extracts..
The results in both cytotoxic assays showed that
all the extracts had ICg, values of > 30 pg/ml and
hence the extracts are considered non-toxic
according to the criteria of the American National
Cancer Institute [21]. On the other hand, Meyer
et al [12] classified crude extracts and pure
substances as toxic if 1Csq values < 1000 pg/ml
and non-toxic if ICsy values >1000 upg/ml for
assays carried out with brine shrimp.

Based on the foregoing, the extracts evaluated
are therefore considered to be potent, non-toxic
bioactive compounds.

CONCLUSION

The potential antioxidant capability and weak
cytotoxicy of T. camphoratus has been
established in this study. It's apparent that T.
camphoratus contains compounds that could
quench free radicals and convert them into stable

Table 6: Brine shrimp lethality and MTT cytotoxicity of the extracts of Tarchonanthus camphorates

Extract/Standard Brine shrimp test MTT assay IC g ( pg/ml)
ICso (Ug/ml) Human embryonic Human
kidney cells hepatocellular
carcinoma cells
DCM BK 94.1 572.2 1039.6
MET BK 73.7 422.6 1033.1
Et Ac BK 161.0 385.7 629.1
DCM LF 205.0 291.0 856.8
Aq LF 565.1 899.1 700.8
MET LF 1165.6 320.1 469.3
Potassium dichromate 3.75x 10"
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compounds. Although, the detailed mechanisms
of their effectiveness in treating cerebral
haemorrhage, inflammation and rheumatism are
not known, it seems that the antioxidant
properties of T. camphoratus and its relatively
weak toxic activity justify its use in traditional
medicine. More detailed chemical and
pharmacological understanding of the leaves and
bark of the plant is necessary.
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