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Abstract

This research work is based on the evaluation of the antioxidant activity and the study of the toxicity of
various Turraea heterophylla leaf extracts. The antioxidant activity, carried out by spectrophotometry
using the DPPH and ABTS methods, shows that the leaves of T. heterophylla have a significant capacity
to reduce free radicals compared with those of the reference molecules (ascorbic acid and Trolox). The
oral toxicity study using OECD method 423 justifies that T. heterophylla leaves can be considered as
almost non-toxic with an LDso greater than 5000 mg/kg BW. Taken together, the results obtained show
that T. heterophylla leaves can be used to treat diseases associated with oxidative stress, while presenting
no major danger to the body.

Keywords: Turraea heterophylla, antioxidant, toxicity, Ivory Coast

1. Introduction

Oxygen is an essential molecule for all living things. It is involved in oxidative stress,
characterised by an imbalance between the production of reactive oxygen species (ROS) and
the body's ability to neutralise them [1. Reactive oxygen species include free radicals such as
superoxide ion, hydroxyl ion and hydrogen peroxide, which are normally produced in cells
during metabolism. These are highly reactive, toxic molecules responsible for a great deal of
damage to the body's cellular components . As this damage is at the root of various
pathologies such as cancer, diabetes, cardiovascular disease, rheumatism and accelerated
ageing 3, studies on antioxidants aimed at compensating for a deficit in the natural anti-free
radical protection system are proving necessary ™ 5 6. In recent years, there has been
considerable interest in studying the natural antioxidants contained in medicinal plants in
relation to their therapeutic properties. Plant resources rich in polyphenolic compounds, such
as those found in the leaves of Turraea heterophylla [/l can be used to prevent a wide range of
diseases. Several scientific studies carried out on T. heterophylla leaves have reported
antimicrobial [, antimalarial 1, antidiarrhoeal % and aphrodisiac ** properties. However,
although T. heterophylla grows abundantly in Cote d'lvoire *4, very few studies have focused
on the phytochemical properties of its leaves. The aim of this study was therefore to evaluate
the antioxidant activity using DPPH and ABTS methods, and to study the toxicity of T.
heterophylla leaf extracts.

2. Materials and Methods

2.1. Materials

2.1.1. Plant Materials

The plant material consisted of Turraea heterophylla leaves. The organ was collected in the
locality of Gadouan (Daloa) in central-western Céte d'lvoire according to GPS coordinates (6°
38' 64.0"N; 6° 09' 19.3"W). Identification was carried out at the CNF (Centre National de
Floristique) at the Université Félix HOUPHOUET-BOIGNY (Abidjan), using the specimen
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kept under number 31235. The leaves were then dried in a
room at room temperature (25 °C) and out of the sun for 3
weeks. Finally, the dry matter obtained was pulverised using
an electric grinder (RETSCHSK, 100) to give a fine powder
to facilitate extraction of the active ingredients.

2.1.2. Chemical products

The solvents methanol, ethyl acetate, dichloromethane,
hexane and distilled water were used for extraction and
fractionation. DPPH, ABTS and controls (ascorbic acid,
trolox) were used to assess antioxidant activity.

2.1.3. Technical and laboratory equipment

The technical equipment consisted of standard laboratory
glassware (test tubes, measuring cylinders, Erlenmeyer flasks,
separating funnel, etc.), an electric grinder (RETSCHSK,
100), a gastric probe, an evaporator (BUCHI-461) and a Jasco
V-530 UV-Visible spectrophotometer.

2.1.3. Animal material

The animals used come from the animal house of the Biology
Department of the Ecole Normale Supérieure (ENS) in
Abidjan. They are white rats of Wistar strain, 8 to 9 weeks
old, weighing between 108 and 112 g. The female animals
were chosen for their sensitivity. The female animals were
chosen for their sensitivity. The rats were acclimatised to the
experimental conditions for 15 days prior to testing. During
treatment, the animals were deprived of food but not water.
Each animal was identified by a number. The products were
administered orally (gavage) using a gastric tube.

2.2. Methods

2.2.1. Extractions

2.2.1.1. Methanol extraction of Turraea heterophylla leaf
powder

200 g of T. heterophylla leaf powder was macerated in 2000
mL of methanol for 24 hours. After filtration on Wattman
paper, the filtrate was recovered and the Marc, after drying,
was weighed to calculate the yield. This operation was
repeated twice and the different filtrates were combined,
concentrated and then evaporated under reduced pressure
using a rotary evaporator at a temperature of 60 °C. The
methanol extract obtained was oven-dried at 50 °C and then
stored in an airtight glass jar in the refrigerator at 4 °C. The
methanol extract was used to prepare selective extracts by
fractionation, to assess antioxidant activity and acute toxicity.

2.2.1.2. Fractionation of the methanolic extract of Turraea
heterophylla leaves

The crude methanolic extract was fractionated successively
using  solvents  of increasing  polarity  (hexane,
dichloromethane, ethyl acetate) according to the method
reported by Attioua et al. [*31. Part of the crude methanolic
extract (Emeon =7.2 g) was dissolved completely in 100 mL of
distilled water and the resulting solution was transferred to a
separatory funnel. The solution was successively stripped
with hexane (3x 100 mL), dichloromethane (3x 100 mL) and
ethyl acetate (3x 100 mL). The various organic fractions and
the aqueous residual phase were oven-dried at 60 °C, then
weighed to calculate the yields. This operation was repeated
twice. The hexane (Fuex), dichloromethane (Fpcwm), ethyl
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acetate (Fae) and aqueous residue (FAq) fractions obtained
were used to assess antioxidant activity by spectrophotometry.

2.2.2. Assessment of antioxidant activity: Antioxidant
activity was assessed by DPPH (2, 2-diphenyl-I-
picrylhydrazyl) and ABTS (2,2-azinobis-3-
ethylbenzothiazoline-6-sulphonic acid) reduction tests.

2.2.2.1. Evaluation of the antioxidant activity of different
T. heterophylla extracts against DPPH

The antiradical activity of the extracts studied was determined
by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) test using the
method of Dieng et al. 4 with a few modifications. DPPH
was solubilised in a binary mixture of methanol and water
(70/30) (v/v) to obtain a solution with a concentration of 0.3
mg/mL. Next, 1 mL of the DPPH solution was added to 2.5
mL of extract and the mixture was incubated in the dark for
30 min after stirring. The absorbance of the mixture was then
measured at 517 nm against a blank consisting of 2.5 mL of
the binary mixture methanol/water (70/30) (v/v) and 1 mL of
DPPH solution. Plant extracts and the reference molecule
(ascorbic acid) were prepared at different concentrations (0.5;
1;1.5; 2; 3.5; 4; 4.5; 5 mg/mL). For all concentrations of each
extract, three absorbance measurements were carried out.
DPPH inhibition percentages were calculated according to the
formula.

1(%) of DPPH = (Ao - Ac) / Ag x 100

I: Percentage of DPPH inhibition.
Ao: Absorbance of the blank.
Ae: Absorbance of the sample or extract.

The concentrations required to trap 50% (ICsq) of the DPPH
are determined on the graphs representing the percentages of
DPPH inhibition as a function of the concentrations of the
extracts or vitamin C.

2.2.2.2. Evaluation of the antioxidant activity of different
T. heterophylla extracts against ABTS

This method is based on the ability of the compounds to
reduce the ABTS+ (2,2'-azinobis-3-ethylbenzothiazoline-6-
sulphonic acid) radical-cation. The test was carried out
according to the technique used by Dieng et al. M. The
ABTS" radical-cation was produced by reaction of 8 mM
ABTS (87.7 mg in 20 mL distilled water) and 3 mM
potassium persulphate (0.0162 g in 20 mL distilled water) in a
1:1 (v/v) ratio. The mixture was then incubated in the dark at
room temperature for 4 hours. This mixture was progressively
diluted with methanol (MeOH) until an absorbance of
0.7+0.02 was obtained at 734 nm. A 3.9 mL sample of this
diluted ABTS* solution was added to 100 pL of extract or
reference (Trolox) at various concentrations (3.5; 5; 6.25; 10;
11.25; 13.75; 15 mg/mL). After shaking, the mixture was
incubated for 6 minutes in the dark (T=30+2 °C). The residual
absorbance of the ABTS* radical was then measured at 734
nm using a UV-visible spectrophotometer and should be
between 20%-80% of the absorbance of the blank. Three trials
were carried out for each concentration of product tested.
ABTS inhibition percentages were calculated using the
formula.
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(%) of ABTS = (Ao - Ac) / Ao x 100

I: Percentage inhibition of ABTS.
Ao: Absorbance of diluted ABTS (blank).
Ae: Absorbance of diluted ABTS + sample or extract.

Calibration lines for the percentage inhibition of ABTS as a
function of the concentrations of the different samples and the
reference were constructed to determine the 1Cso (mg/mL) of
the plant extracts and Trolox (reference).

2.2.3. Assessment of acute toxicity

The acute toxicity of the methanolic crude extract of Turraea
heterophylla leaves was assessed according to OECD
protocol 423 1197,

Several batches of three rats were set up for the tests. For the
initial dose, one of four was chosen: 5, 50, 300 and 2000
mg/kg body weight (BW). The dose chosen was generally the
one at which mortality could be expected to occur in some of
the treated rats. In this study, the initial dose chosen was 5
mg/kg BW. Female rats from each test batch were each
gavaged with 1mL of crude methanolic extract recovered in
distilled water at the doses previously indicated. After gavage,
the rats were observed regularly (every 30 min). When the
treated batch showed no dead animals and no signs of toxicity
(aggressiveness, mobility, vigilance, stool condition,
vomiting, mortality, etc.), the next batch was treated in turn.
A control batch of spleens (blank) was also set up and each
spleen was force-fed with 1 mL of distilled water. At the end
of the experiment, the treated rats were observed continuously
on the first day, and regularly for the next 14 days.

2.2.4. Statistical analysis of experimental results: EXCEL
2019 (Version 16.0) was used to process the experimental
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measurements obtained and plot the various graphs.

3. Results and discussion

3.1. Results

3.1.1. Yields of the different extractions

The yield results for all the different extractions are given in
Table 1. The yield from methanol maceration of Turraea
heterophylla leaves was 6.75+£0.28. As for fractionation
extractions, yields varied from 13.19+0.14 for the hexane
fraction to 37.51+0.32 for the aqueous residual fraction.

Table 1: Yields of methanolic extract of T. heterophylla leaves and
its fractions

Samples Extracted mass (g) Yield (%)
EmeoH 13.5+0.93 6.75+0.28
Fraction Hex 0.95+0.22 13.19+0.14
Fraction DCM 1.18+0.25 18.88+0.21
Fraction AE 1.42+0.17 28.01+0.15
Fraction Aq. 3.43+0.30 37.51+0.32

MeOH: Methanol, Hex: Hexane, DCM: Dichloromethane, AE:
Ethyl acetate, Aq: Aqueous residual

3.1.2. Antioxidant activity

3.1.2.1. Antioxidant activity against DPPH

3.1.2.1.1. Percentage inhibition of DPPH by plant extracts
and ascorbic acid

Table 2 shows the inhibition percentages of the different
extracts and ascorbic acid with respect to the DPPH free
radical. These percentages increase progressively with
concentration. They vary from 20.12% to 62.57% for the
different plant extracts studied, compared with values ranging
from 39.00% to 97.55% for the reference substance (ascorbic
acid).

Table 2: DPPH absorbance values for methanolic extract, fractions and ascorbic acid

C (mg/mL) 05 1 15 2 25 35 4 45 5
I (%) (Emeor 20.62 20.67 28.14 30.57 30.21 49.15 50.74 62.10 62.57
I (%) (Frex) 2158 23.61 32.77 30.05 35.75 36.72 36.59 37.39 55.78
I (%) (Focu) 20.12 21.70 22.75 33.25 32.16 33.75 3358 46.33 50.59
| (%) (Fag) 31.86 32.10 32.90 36.30 40.05 46.77 54.78 55.31 55.72
I (%) (Faq) 30.50 30.69 34.29 3150 36.35 4131 48.17 50.82 56.67
1 (%) (A a) 39.00 46.10 54.15 60.50 68.70 82.62 86.15 96.31 97.55

C: Concentration, | (%): Percentage of DPPH inhibition, Emeon: Methanolic extract, Frex: Hexanic fraction, Fpewm: dichloromethane fraction,
Fae: Ethyl acetate fraction, Faq: Residual aqueous fraction, A. a: Ascorbic acid

3.1.2.1.2. Determination of ICso for plant extracts and
ascorbic acid using the DPPH method

To better assess the antioxidant power of the extracts studied
compared to the reference molecule (ascorbic acid), ICso
values (mg/mL) were determined. The ICso represents the
concentration of a substance that inhibits 50% of the free
radicals represented by the DPPH solution in-vitro. These
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values are determined graphically using calibration lines for
the percentages of inhibition as a function of the different
concentrations of the chemical substances tested. The various
ICso values for the organic extracts, ranging from 3.75%0.10
to 5.61+0.54, compared with 1.25+0.13 for ascorbic acid, are
all shown in Figure 1.
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5.61:054  5.55+0.61

4.43+0.58

3.75+0.10 3.85+0.63

2 1.25+0.13

Radical activity of DPPH (mg/mL)

EMeOH F Hex FDCM F AE FAq Acsorb
Extracts

Emeon: Methanolic extract, Frex: Hexane fraction, Focm: Dichloromethane fraction, Fae: Ethyl acetate fraction, Faq:
Residual aqueous fraction, Acsorb: Ascorbic acid

Fig 1: Diagram of the different 1Cso values for plant extracts and ascorbic acid in relation to the DPPH radical

3.1.2.2. Antioxidant activity towards ABTS the various organic extracts and Trolox by ABTS. Generally
3.1.2.2.1. Percentage inhibition of ABTS by plant extracts speaking, these percentages increase progressively with
and Trolox concentration. They varied from 20.81% to 67.75% for the
The results of the antioxidant activity by the ABTS method different plant extracts studied, compared with values ranging

verify the antioxidant activity by a method other than the from 19.29% to 74.41% for the reference substance (Trolox).
DPPH method. Table 3 shows the percentages of inhibition of

Table 3: Absorbance values for the ABTS test for plant extracts and Trolox

C (mg/mL) 3.75 5 6.25 10 11.25 115 13.75 15
T (%) (Emeor) 2131 | 2158 | 21.66 | 3503 | 3324 | 4513 | 5510 | 67.75
T (%) (Frex) 3161 | 3292 | 3490 | 3403 | 2858 | 2453 | 5681 | 58.87
I (%) (Focw) 21.05 | 2550 | 2915 | 2374 | 3654 | 2958 | 5050 | 65.05
I’ (%) (Fag) 2158 | 2730 | 2550 | 3780 | 4015 | 4515 | 4667 | 57.09
I’ (%) (Fag) 2081 | 3150 | 3407 | 3605 | 3515 | 4512 | 4757 | 5587
I (%) (Trol.) 1929 | 27.69 | 3346 | 5105 | 5543 | 6025 | 68.62 | 7441

C: Concentration, I’ (%): Percentage of ABTS inhibition, Emeon: Methanolic extract, Frex: Hexanic fraction, Fpcwm:
dichloromethane fraction, Fae: Ethyl acetate fraction, Faq: Residual aqueous fraction, Trol: Trolox

3.1.2.2.2. Determination of ICso for plant extracts and inhibition as a function of the concentrations of each product
Trolox using the ABTS method analysed. The various ICso values for organic extracts ranged
The 1Cso values for plant extracts and Trolox were also from 12.93+0.38 to 15.04+0.25, compared with 9.98+0.49 for
determined graphically using calibration lines for percent Trolox. The different 1Cso values are shown in Figure 2.
15.0420.25
14.540.32

H 14

E 9.980.49

g 12

-]

< 10

k-]

E 8

€ 6

=

B 4

=

g 2

0
EMeOH F Hex F DCM F AE F Ag Trolox
Extracts

Emeon: Methanolic extract, Frex: Hexane fraction, Focm: Dichloromethane fraction, Fae: Ethyl acetate fraction, Faq:
Residual aqueous fraction, Acsorb: Ascorbic acid

Fig 2: Diagram of different 1Cso values for plant extracts and Trolox in relation to ABTS

3.1.3. Acute toxicity of Turraea heterophylla methanolic of T. heterophylla was determined by administering a single
extract: The toxicity of the methanolic extract of the leaves dose of this extract and then observing the effects on the
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behaviour and life of the treated animal. After oral
administration of the extract to rats at various doses, a number
of clinical signs were observed (skin and fur, eyes, mucous
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membranes, diarrhoea, salivation, lethargy, heart rate,
aggressiveness, somnolence, feeding, mobility, mortality) and
are listed in Table 4.

Table 4: Clinical signs observed in rats

Observations Control batch Experimental batch
6 hours 12 hours 6 hours 12 hours
Skin and fur Normal Normal Normal Normal
Eyes Normal Normal Normal Normal
Mucous membranes Normal Normal Normal Normal
Diarrhoea Absence Absence Absence Absence
Salivation Absence Absence Absence Absence
Lethargy Absence Absence Absence Absence
Heart rate Normal Normal Normal Normal
Aggression Absence Absence Absence Absence
Drowsiness No No No No
Feeding Yes Yes Yes Yes
Mobility Yes Yes Yes Yes
Mortality No No No No

The data in Table 4 show that the methanolic extract of the
leaves of T. heterophylla administered at different doses to
female rats did not cause any deaths over 24 hours of
observation. To ensure that the extract had no harmful effect,

the observation period was extended to 14 days and the
animals were weighed regularly. The body weights of rats

with daily increases are shown in Table 5.

Table 5: Monitoring animal body weights over a 14-day period

Lots Day 1 Day 3 Day 5 Day 9 Day 12 Day 14

Weight M (T) i 110+2.3 111?2.7 1131;2.7 llfzJ_rS 11Z2i3 11324;3
Weight M (5 mg/kg) i 110£2.7 113-4;2.7 11?:;3.6 1181-!;2.7 12122.7 124:2.7
Weight (50 mg/kg) i 110£3 113-!;2.7 11?_-!_:-%2.7 1194)_-!_:-%3.3 12i§2.7 12?_1;12.7
Weight M (300 mg/kg) 1 112+2.7 1159:;4 llf?:_rS 12f?:;3 12_'-5?:;3 1214_;2.7
Weight M (2000 mg/kg) Z 112+ 3 1111;2.7 11122.7 124-1;;3 12.312.3 123;;3

T: Indicator, M: Medium, A: Increase in body weight

3.2. Discussion

This research was carried out to assess antioxidant activity
using spectrophotometry based on free radical reduction
methods (DPPH and ABTS) and to study the toxicity of
organic extracts from Turraea heterophylla leaves.

The leaves of the plant were extracted by maceration with
methanol and part of the crude extract obtained was recovered
in distilled water and then successively exhausted with
solvents of increasing polarity: hexane, dichloromethane and
ethyl acetate. The methanolic extract of T. heterophylla leaves
gave a yield of 6.75+£0.28%. This yield indicates that these
leaves contain methanol-extractable secondary metabolites,
some of which are phenolic compounds. Methanol is a solvent
commonly used to extract polyphenols 18, With regard to the
yields of the selective fractions, that of ethyl acetate
(28.01+0.15%) was higher than that of dichloromethane
(18.88+0.21%), which in turn was higher than that of hexane
(13.19+0.14%). This difference in selective yields could be
linked to the polarity of the solvents used for fractionation.
Ethyl acetate (1.78) is more polar than dichloromethane
(1.14), which is more polar than hexane (0.1). The vast
majority of compounds remained in the residual aqueous
phase during fractionation, with a proportion of 37.51+0.32%.
In addition, ethyl acetate and water, which have the highest
percentages of compounds in the organic fractions, are

hydrophilic solvents and therefore more likely to extract
water-soluble compounds 171,

Evaluation of the antioxidant activity carried out on
methanolic, hexanolic, dichloromethane, ethyl acetate and
aqueous residual extracts gave significant inhibition
percentages regardless of the analytical method used (DPPH
and ABTS). The percentages of these extracts obtained by the
DPPH method varied between 20.12% and 62.57%, compared
with 39.00% and 97.55% for ascorbic acid (reference). As for
the ABTS method, they ranged from 20.81% to 67.75% for
plant extracts from the plant studied, compared with 19.29%
to 74.41% for Trolox (reference).

For a better estimate of antioxidant activity, it was wise to
calculate 1Csp. The inhibition percentage of a plant extract
only reflects its capacity to trap free radicals. On the other
hand, the 1Csq represents the concentration of an extract that
causes a 50% loss in DPPH activity [*8l. The lower the 1Cso of
an extract, the greater its antioxidant activity. The ICsp of the
extracts using the DPPH method ranged from 3.75+0.10 to
5.61+0.54 mg/mL, compared with 1.25+0.13 mg/mL for
ascorbic acid. Using the ABTS method, the 1Cso of the
extracts ranged from 12.93+0.38 to 15.04+0.38 mg/mL,
compared with 9.98+0.49 mg/mL for Trolox. However, these
two methods give the same order of magnitude for the
antioxidant power of the plant extracts tested. It was noted for
both methods that the 1Csg (EMeOH) < |Csp (FAE) < ICx (FAq) <
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ICs0 (Foem) < 1Cs0 (Frex) SO the antioxidant powers of the plant
extracts from the leaves of T. heterophylla are ranked in
descending order as follows: Emeon > Fae > Faq > Fpoem >
Frex. The antioxidant powers of these extracts are negligible
compared with those of the two reference molecules used
(ascorbic acid and Trolox). The antioxidant activity observed
is thought to be due to the synergistic presence of secondary
metabolites in T. heterophylla leaves. It was noted for both
methods that the ICsp (EMeOH) < ICxg (FAE) < ICsg (FAq) < ICs
(Focwm) < ICso (Frex) SO the antioxidant powers of the plant
extracts from the leaves of T. heterophylla are ranked in
descending order as follows: Emeon > Fae > Faq > Foem >
Frex. The antioxidant powers of these extracts are negligible
compared with those of the two reference molecules used
(ascorbic acid and Trolox). The antioxidant activity observed
is thought to be due to the synergistic presence of secondary
metabolites in T. heterophylla leaves. In fact, the work of
Kouadio et al. showed the presence of polyphenols,
flavonoids, alkaloids, saponins, sterols and polyterpenes in the
leaves of this plant [ These secondary metabolites are
known to have antioxidant properties 1'% 2%, The antioxidant
power of T. heterophylla leaves thus observed would justify
the use of the plant's leaves in the traditional treatment of
conditions such as skin and eye diseases %1, typhoid fever,
diarrhoea, malaria, bronchitis, hypofertility ©! and sexual
impotence M1, some of which are conditions linked to
oxidative stress [ 3211,

The toxicity study carried out on the methanolic extract of the
leaves of T. heterophylla did not result in any deaths in the
rats, whatever the dose administered, up to 2000 mg/kg BW.
Furthermore, no clinical signs were observed and, on the
contrary, the body weights of the rats increased until the end
of the experiment. Since the dose of 2000 mg/kg BW did not
cause any deaths, the extract was classified as almost non-
toxic according to the Hodge and Sterner toxicity scale 22,
with a lethal dose (LDsg) of over 5000 mg/kg BW. T.
heterophylla leaves are therefore harmless to the human
organism, justifying its use in traditional medicine.

4. Conclusion

The aim of this research was to evaluate the antioxidant
activity and study the acute toxicity of Turraea heterophylla
leaves.

The antioxidant activity, carried out against DPPH and ABTS
using gquantitative methods, shows that the leaves of this plant
contain antioxidant activity and could therefore be
recommended as antioxidants to prevent or treat damage
caused by oxidative stress.

Oral toxicity studies have shown that the leaves of this plant
can be considered almost non-toxic with a lethal dose (LDso)
of over 5000 mg/kg BW.

Taken together, these results highlight the antioxidant effects
of Turraea heterophylla leaves, which are not thought to
present any major danger to the body. However, it would be
interesting to continue the work by assessing the biological
activities of these leaves in relation to oxidative diseases and
by elucidating certain active molecular structures that they
contain.
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