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Antioxidant properties and effects on nitric
oxide release of ethanolic extracts of some
selected Cameroonian medicinal plants

ABSTRACT

In the Southern region of Cameroon, some medicinal plants are used for the treatment of the
male reproductive system disorders; including Palisota ambigua, Rauvolfia macrophylla,
Terminalia superba, Pychanthus angolensis, Pausynistalia yohimbe and Schumanniophyton
magnificum. The aim of our study was to investigate the antioxidant properties of the
ethanolic extracts of these plants, as well as their phytochemical constituents and their
effects on nitric oxide release. Rat peritoneal macrophages were isolated and used to assess
in vitro effects of plant extracts on nitric oxide release. Then, antioxidant properties of
alcoholic extracts of the plants were screened through 2,2-diphenyl-1-picrylhydrazyle test,
total antioxidant capacity test and ferric reducing power test and lipid peroxidation inhibition
test. Phytochemical constituents, total phenol and flavonoid contents were also investigated.
Results showed that only the extracts of T. superba and P. yohimbe were found to be strong
2,2-diphenyl-1-picrylhydrazyle free radical scavengers with low ECs, (8.40 [8.31, 8.53]; 17.73
[17.67, 17.74] ug of plant extract/mol 2,2-diphenyl-1-picrylhydrazyle). The plants extracts
exhibited better inhibitions of the lipid peroxidation in concentration-dependent manner;
especially R. macrophylla with an ICsq of 2.38 (2.13, 4.92) ug/mL. No significance difference
was observed neither among the total phenolic nor flavonoids contents of the plant extracts.
Extract of T. superba exhibited strong antioxidant properties. Though, the extracts of R.
macrophylla and P. angolensis and S. magnificum were also able to protect against lipid
peroxidation and free radicals. The phytochemical screening revealed the presence of
alkaloids, flavonoids, phenols, tannins, coumarins, glycosids in most of the plants extracts.
These properties sustain their use for treatment of male infertility and erectile dysfunction.
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1. INTRODUCTION

Oxidative stress is a common pathology which results from the imbalance between ROS and
antioxidants in the body. This imbalance induces cellular damage, sperm DNA damage,
denaturation of cellular protein and lipid peroxidation in the sperm plasma membrane leading
to male infertility [1,2]. Moreover, some studies have demonstrated the relationship between
total decreased antioxidant capacity and male infertility [3,4]. Nitric oxide plays a significant
role in male reproductive functions, mainly in the regulation of steroidogenesis in Leydig cells
and the control of testicular blood flow. Hence, it can be a marker of erectile function. Male
infertility can be managed by conventional medicine through hormonal therapy, surgical
treatment or assisted reproduction techniques. Meanwhile, these therapies are expensive
and the success rates are very low [5]. Plants and derivatives of plant play a key role in
world health and have long been known to possess biological activities due to their




phytochemical substances which are mostly antioxidants such as phenols, flavonoids or
flavonols. Antioxidants are substances which scavenge, quench and suppress the formation
of reactive oxygen species (ROS) which can lead to oxidative and sperm damages [6,7].
Antioxidants play an important role in protecting the gonad’s physiology by maintaining a
balance between ROS generation and scavenging activities. These substances have been
shown to prevent DNA fragmentation, improve semen quality in smokers, reduce
cryodamage to spermatozoa and stimulate spermatozoa production [8]. The World Health
Organization (WHO) estimates that almost 75 % of the world's population use medicinal
plants for their healthcare [9,10] because herbal remedies may have fewer side effects,
enhance the effects of conventional agents or be an alternative treatment [9]. About 80 % of
Africans rely on traditional practitioners and medicinal plants for their daily healthcare needs
[12,12].

Numerous plants are used to improve male fertility by treating different aspects of male
infertility such as sexual asthenia, libido, sperm abnormalities like azoospermia and
oligospermia, as well as ejaculatory and erectile disorders [13]. Extracts from the leaves of
Palisota ambigua (Pa), as well as from the bark of the trunk of Rauvolfia macrophylla (Rm)
and Terminalia superba (Ts) are used by the 'Baka' Pygmies of Southern region of
Cameroon for the treatment of male and female infertility. Traditional healers also use
extracts from the wood of Pycnanthus angolensis (Pan), the bark of the trunk of
Pausynistalia yohimbe (Py) and the roots of Schumanniophyton magnificum (Sm) to treat
erectile dysfunction

The aim of the present work was designed to study the antioxidant properties of the alcoholic
extracts of those medicinal plants and investigate their effect on nitric oxide release.

2. MATERIAL AND METHODS / EXPERIMENTAL DETAILS / METHODOLOGY

2.1 Experimental animals

Male Wistar albino rats aged of 3 months were provided by the animal house of the
Laboratory of Pharmacology and Toxicology of the University of Yaoundé I. Rats were used
to isolate peritoneal macrophages and to prepare testicular homogenate.

2.2 Preparation of plant extracts

Fresh leaves of P. ambigua, roots of S. magnificum, stem bark of T. superba, R.
macrophylla, and P. yohimbe and the stem wood of P. angolensis were harvested in March
2019 in the Subdivision of Djoum, Division of Dja-et-Lobo in the Southern region of
Cameroon. The medicinal plants were respectively identified at the Cameroon National
Herbarium under voucher numbers: 29555; 52761; 55546; 43413; 31619 and 2359. Then,
the collected parts were washed, dried and ground into powder to prepare a 10 % (M/V)
alcoholic extracts for each plant by maceration during 48 hours under gentle stirring.

2.3 Effect of extracts on nitric oxide production by primary macrophages

Rat primary macrophages were elicited by intraperitoneal injection of 2 mL of saline buffer
0.1 M, pH 7.4 containing 2 % starch. Four days later, animals were killed and peritoneal
macrophages were isolated as described by the modified method of Bansal [14]. Cells
number was determined with a hemocytometer and viability was assessed using Trypan
blue exclusion test. According to the method described by Thakur et al. [15], macrophages
were seeded in 96 well plates at 50000 cells /mL in DMEM culture medium (150 pL) in
presence or absence of 50 pL of each concentration (0.1; 1; 10; and 100 pg/mL) of plant
extract at 37 °C for 4 h. The effects of the extracts on cell viability of macrophages were
determined by the reduction of 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide



(MTT). After incubation, cell media was assayed for the nitric oxide assay using Griess
reagent according to the method described by Grisham et al. [16].

2.4 Antioxidant assays

2.4.1 Scavenging effects on DPPH free radical

The DPPH scavenging effect was carried out to determine the anti-radical power according
to the method described by Zengin et al. [17]. Thus, 50 uL of plant extract at various
concentrations (0.1; 1; 10 and 100 pg/mL) was mixed to 3100 pL of a methanolic solution of
DPPH (40 pg /ml). The mixture was shaken and allow to stand at room temperature in the
dark for 30 minutes. Absorbances were read at 517 nm against a blank. Ascorbic acid was
used as a reference compound. The scavenging percentages as the effective concentrations
fifty (ECso) and the antiradical powers (AP) were respectively calculated by the formulas
below.
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Where % SC is the scavenging percentage; As the absorbance of the sample; A. the
absorbance of the control and C the concentration of the methanolic solution of DPPH.

2.4.2 Reducing ability assay

The reducing power of the plant extracts was determined according to the method described
by Pulido et al. [18]. Two hundred microliters of each various concentrations of plant extracts
were mixed with 500 pL of phosphate buffer (0.2 M; pH 6.75) and 500 yL of a 1 % aqueous
solution of potassium ferricyanide. After 20 minutes of incubation at 50 °C, 500 uL of a 10 %
aqueous trichloroacetic acid (TCA) solution was added to each tube. Then, the mixture was
centrifuged at 45xg and 4 °C for 10 minutes. A volume of 1 mL of supernatant was added to
1 mL of distilled water and 200 pL of 0.1 % aqueous ferric chloride solution. Then, the
absorbances were read at 700 nm against the blank (distilled water).

2.4.3 Determination of Total antioxidant capacity (TAC) assay

The total antioxidant capacity of the different plant extracts was determined by the
phosphomolybdenum method described by Prieto et al. [19]. Three hundred microliters of
each plant extract were mixed with 1000 pL of each of the following reagents were: 0.6 M
HCI; 28 mM NaHPO, 4 mM H3;MO;NgO,s (Ammonium Molybdate). The mixture was
incubated at 90 °C for 90 minutes, and the absorbances were measured at 695 nm against
the blank.

2.4.4 Lipid peroxidation inhibition of rat testes

In order to assess the ability of the plant extracts to inhibit lipid peroxidation, a 10 % (w/v)
testicular homogenate was prepared in a 1.15 % KCL solution [20]. Then lipid peroxidation
was carried out using the method of Su et al. [21]. Thus, 25 pL of each plant extract or
distilled water (control tubes) or 25 L of 1.15 % KCI (blank tubes) were added to 500 uL of
10 % testicular homogenate, 25 pL of 31.5 mM FeCl, and 25 pL of 31.5 mM H,0,. After an
incubation at 37 °C for 1h, 500 pL of 15 % TCA and 500 pL of 0.67 % TBA were added. The
mixture was then allowed to boil in a water bath for 15 minutes and then after cooling,




centrifuged for 15 min at 1620xg, 4 °C. Absorbances were read at 532 nm. The percentages
of lipid peroxidation inhibition were calculated using the formula below. The percentages of
inhibition fifty were determined.

Ac—As
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Where %l is the percentage of inhibition, A. the absorbance of control and As the
absorbance of sample.

2.5 Phytochemical screening

In order to determine the bioactive components of these plant extracts, a phytochemical
screening was performed. The plant extracts were prepared at 1 mg/mL and the following
phytochemical assays were performed: test for phenolic compounds, flavonoids, tannins,
and terpenoids [22]; test for coumarins and anthocyans [23]; test for alcaloids and
glycosides [24] and test for steroids [25].

2.6 Phytochemical contents

2.6.1 Determination of total phenolic content

The total phenolic content was determined using the Folin-Ciocalteau reagent [26]. One
hundred microliters of each plant extract (at 100 pg/mL) were added to 2000 pL of distilled
water and 200 pL of 2N Folin-Ciocalteau reagent. The mixture was incubated at room
temperature for 3 minutes. Then, 1000 puL of 20 % Sodium Carbonate were added for
another incubation at room temperature in the dark for 1 hour and absorbances were
measured at 765 nm using a spectrophotometer against the blank (distilled water). Gallic
acid was used as standard for the calibration curve. The results were expressed as milligram
Equivalent of Gallic Acid per gram of plant extract (mg EGA/Q).

2.6.2 Determination of flavonoids content

Total flavonoids content was assessed according to the method previously described by
Ordonez et al. [27]. The reaction mixture was consisting of 500 uL of each plant extract (at
100 pg/mL) and 500 pL of 2 % aluminium trichloride. After 1 hour incubation at room
temperature, the absorbances were measured at 430 nm against the blank. Total flavonoid
content was expressed as milligram Quercetin Equivalent per gram of plant extract (mg
EQ/qg) using the equation obtained from the calibration curve.

2.7 Data analysis

Data were analyzed using R software (version 4.2.3, Lyon) [28] and expressed as the
median of three replicate (interquartile range). Analysis of data between the groups were
done using the Kruskal-Wallis test followed by a post-hoc Dunn’s test. Correlation analyses
were carried out using R software. Results were considered statistically significant at P
values < 0.05.

3. RESULTS

3.1 Effects of extracts on cell viability of macrophages

The effects of plant extracts were assessed on peritoneal macrophages viability using MTT
method. No significances were observed comparing to the control group but significant
decreases were observed with the highest concentration of the extract of P. yohimbe and T.
superba while compared to the macrophages cultured with the lowest concentration of P.
angolensis extract. Results showed that cell viability of macrophages was not affected by the
different concentrations of the alcoholic extracts (Fig.1.).
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Fig. 1. Cell viability of macrophages cultured with alcoholic extract of the medicinal
plants
Pa= Palisota ambigua; Rm= Rauvolfia macrophylla; Ts= Terminalia superba; Pan= Pycnanthus
angolensis; Py= Pausynistalia yohimbe; Sm= Schumanniophyton magnificum. *P<0.01 versus Pa at
0.1 pg/mL; **p<0.05 versus Pa at 0.1 pg/mL

3.2 Stimulatory effects of extracts on nitric oxide production

Fig. 2. shows the effects of plants extracts on nitric oxide production by peritoneal
macrophages. Incubation of macrophages with plants extracts stimulate the NO production
in a significant concentration-dependent manner compared to the control. The alcoholic
extract of S. magnificum presented the highest stimulation of NO production with a lower
ECso while the highest ECsq was exhibited by the extract of P. ambigua (table 1). The
alcoholic extracts of R. macrophylla and T. superba were found to be less active than the
extract of S. magnificum since their ECso were found to be higher.
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Fig. 2. NO production of macrophages cultured with alcoholic extract of the medicinal
plants
Pa= Palisota ambigua; Rm= Rauvolfia macrophylla; Ts= Terminalia superba; Pan= Pycnanthus
angolensis ; Py= Pausynistalia yohimbe; Sm= Schumanniophyton magnificum. *P<0.05 versus Pa at
0.1 pg/mL.

Table 1. Effective Concentration 50 (ECsg) for NO production

Plant P. ambigua R. T.superba  P. angolensis P. yohimbe S.

extract macrophylla magnificum

ECso 111.5 (87.28, 23.93 24.08 62.66 48.63 (36.44, 4.32 (3.24,

(Hg/mL) 132.50) (23.34, (18.58, (59.64, 59.25) 4.32)
30.64) 27.00) 64.60)

Values are presented in term of median (25e - 75e percentile). P. ambigua= Palisota ambigua; R.
macrophylla= Rauvolfia macrophylla; T. superba= Terminalia superba; P. angolensis= Pycnanthus
angolensis; P. yohimbe = Pausynistalia yohimbe; S. magnificum = Schumanniophyton magnificum.



3.3 Antioxidant assays

3.3.1 Scavenging effects of extracts on DPPH free radical

The capacity of the plant extracts to scavenge free radical was assessed using the DPPH
scavenging assay. Results showed that the extracts of T. superba, P. yohimbe were found to
be strong free radical scavengers displaying low ECsq values, while the other plants extracts
exhibited high values of ECs, (table 2). The ascorbic acid displayed a value of 4.04 (4.03,
4.09) pug/mol. Only the plant extract of T. superba showed an antioxidant power close to the
one of the standard. A significant difference was observed between the ECs, (p<0.05) of
Palisota ambigua and the reference. The antioxidant power of the reference was 24.78
(24.43, 24.80) mol of DPPH/ pg of ascorbic acid. The antioxidant power of Pycnanthus
angolensis was significantly different (p<0.05) from the one of the reference. Among the six
selected plants extracts, T. superba displayed the highest antioxidant power (11.90 [11.73,
12.03] mol of DPPH/ ug of plant extract).
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Fig. 3. The DPPH scavenging activity of the alcoholic plants extracts
Pa= Palisota ambigua; Rm= Rauvolfia macrophylla; Ts= Terminalia superba; Pan= Pycnanthus
angolensis ; Py= Pausynistalia yohimbe; Sm= Schumanniophyton magnificum; AA= Ascorbic acid.

Table 2. Antiradical parameters of plant extracts

Plant extract Pa Rm Ts Pan Py Sm AA
ECso (Mg of plant 225.60  124.70 840 21040 17.73  215.00 4.04
extractmol DPPH  (207.85, (123.25, (8.31, (210.00, (17.67, (199.10,  (4.03,
234.25)* 152.45) 853) 215.05) 17.74) 225.40)  4.09)
AP (mol of DPPH/  0.44 0.80 11.90 0.48 5.64 0.47 24.78
Hg of plant extract (0.43, (0.68, (11.73, (0.47, (5.64, (0.44,  (24.43,
0.48) 0.81) 12.03) 0.48)*  5.66) 0.51)  24.80)

Values are presented in term of median (25e — 75e percentile). Pa= Palisota ambigua; Rm= Rauvolfia
macrophylla; Ts= Terminalia superba; Pan= Pycnanthus angolensis; Py= Pausynistalia yohimbe; Sm=
Schumanniophyton magnificum; AA= Ascorbic acid. *P<0.05 versus ascorbic acid.

3.3.2 Ferric reducing Antioxidant Power (FRAP)
The ferric reducing antioxidant power of the extracts using the FRAP method is illustrated in
figure 4. Among the plant extract, T. superba showed the highest reducing power while S.




magnificum showed the lowest power. The reducing power of T. superba is close to the one
exhibited by the reference ascorbic acid (P > 0.05).
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Fig. 4. Ferric reducing antioxidant power of plants extracts
Pa= Palisota ambigua; Rm= Rauvolfia macrophylla; Ts= Terminalia superba; Pan= Pycnanthus
angolensis ; Py= Pausynistalia yohimbe; Sm= Schumanniophyton magnificum. *P < 0.05 versus
Schumanniophyton magnificum.

3.3.3 Total antioxidant capacity

Fig. 5. depicted the total antioxidant capacity of the plants extracts. Among the six plants
tested, T. superba showed the highest total antioxidant capacity followed by P. yohimbe, R.
macrophylla, P. angolensis, and P. ambigua. The alcoholic extract of S. magnificum showed

the lowest capacity.
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Fig. 5. Total antioxidant capacity of plants extracts
Pa= Palisota ambigua; Rm= Rauvolfia macrophylla; Ts= Terminalia superba; Pan= Pycnanthus
angolensis; Py= Pausynistalia yohimbe; Sm= Schumanniophyton magnificum. *P < 0.05 versus
Palisota ambigua.

3.3.4 Lipid peroxidation inhibition

Figure 6 shows the effects of plant extracts on the in vitro inhibition of the lipid peroxidation
in the rat testicular homogenate. At the same concentrations, the plants extracts exhibited
better inhibitions of the lipid peroxidation in concentration-dependent manner; especially R.
macrophylla with an 1Cs, of 2.38 (2.13, 4.92) pg/mL which was lower than that of the
ascorbic acid. P. yohimbe and S. magnificum presented ICx close to that of the reference.




The ICs, of T. superba and P. angolensis were significantly higher than the one of R.
macrophylla (P > 0.05).
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Fig. 6. Lipid peroxidation inhibition in rat testicular homogenate
Pa= Palisota ambigua; Rm= Rauvolfia macrophylla; Ts= Terminalia superba; Pan= Pycnanthus
angolensis ; Py= Pausynistalia yohimbe; Sm= Schumanniophyton magnificum. *P< 0.05 versus
Palisota ambigua.

Table 3. Inhibitory Concentration 50 (ICsg) for lipid peroxidation inhibition assay

Plant P. R. T. superba P. P. S. AA

extract ambigua  macrophylla angolensis  yohimbe  magnificum

ICs0 36.16 2.38 (2.13, 240.30 96.12 17.22 16.81 13.40

(Hg/mL) (32.17, 4.92) (191.45, (60.32, (15.29, (16.50, (10.07,
37.60) 481.65)* 182.61) * 18.02) 17.78) 14.54)

Values are presented in term of median (25e -75e percentile). P. ambigua= Palisota ambigua; R.
macrophylla= Rauvolfia macrophylla; T. superba= Terminalia superba; P. angolensis= Pycnanthus
angolensis; P. yohimbe = Pausynistalia yohimbe; S. magnificum = Schumanniophyton magnificum. *P
< 0.05 versus Rauvolfia macrophylla.

3.4 Major groups of secondary metabolites of the alcoholic plants extracts

The qualitative phytochemical analysis of the plants extracts revealed the following bioactive
substances in most of the plants extracts: alkaloids, flavonoids, phenols, tannins, coumarins,
glycosids while saponins were absent in all plants extracts. Terpenoids and anthocyans
were only found in the extract of P. yohimbe (table 4). High contents of alkaloids and
steroids were found in R. macrophylla, P. yohimbe and P. ambigua, respectively.



Table 4. Bioactive secondary metabolites identified in the alcoholic extracts of the

plants

P. ambigua R. macrophylla ~ T.superba  P. angolensis P. yohimbe S. magnificum
Alkaloids + + + + + +
Flavonoids + + + + - +
Phenols +
Tannins + + + +
Coumarins + + + +
Anthocyans
Terpenoids
Saponins
Glycosides - + + + - +
Steroids + - - - -

+ = presence, - = absence. P. ambigua= Palisota ambigua; R. macrophylla= Rauvolfia macrophylla; T. superba=
Terminalia superba; P. angolensis= Pycnanthus angolensis; P. yohimbe = Pausynistalia yohimbe; S. magnificum =
Schumanniophyton magnificum

3.4.1 Determination of total phenolic and flavonoids contents

The total phenolic and flavonoid contents of the plant extracts are shown in table 5. The
highest total phenolic content was obtained with the extract of T. superba (253.21 [251.46,
254.95] mg EGA/g of plant extract) while the highest flavonoid content was observed with
the extract of P. ambigua (11.60 mg EGA/g of plant extract). No significance difference was
observed neither among the total phenolic nor flavonoids contents (P < 0.05).

Table 5. Total phenolic and flavonoid contents of plant extracts

Plant extract Pa Rm Ts Pan Py Sm
Total phenolic content (mg 58.08 232.30 253.21 207.91 145.19 26.72
EGA/g of plant extract (56.34, (225.33, (251.46, (200.94, (143.45, (24.98,
58.08) 239.27) 254.95) 207.91) 145.19) 28.47)
Flavonoid content (mg EQ/g of 11.60 6.28 5.89 6.93 251 1.99
plant extract (11.41, (5.95, (5.82, (6.93, (2.51, (1.99,
11.67) 6.28) 5.89) 6.93) 2.51) 1.99)

Values are presented in term of median (25e — 75e percentile). Pa= Palisota ambigua; Rm= Rauvolfia
macrophylla; Ts= Terminalia superba; Pan= Pycnanthus angolensis; Py= Pausynistalia yohimbe; Sm=
Schumanniophyton magnificum.

3.4.2 Relationship between total antioxidant activity and the contents of phenolic
compounds and flavonoids

The relationship was investigated by the method of Kendall which indicated a negative
coefficient for TAC and flavonoids (-0.15) while the coefficient between total antioxidant
activity (TAC) and phenolic compounds was 0.70 (P<0.05).
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Fig. 7. Correlation between total phenolic content (A), flavonoids (B) and TAC

3.4.3 Relationship between DPPH and the contents of phenolic compounds and
flavonoids

A positive correlation was observed between the DPPH scavenging activity and the
flavonoids content with a coefficient of 0.26. Though, a negative correlation was observed
between DPPH scavenging activity and the content of phenolic compounds.
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Fig. 8. Correlation between total phenolic content (A), flavonoids (B) and DPPH
scavenging activity

4. DISCUSSION

The present study was undertaken to investigate the antioxidant properties of the alcoholic
extracts of six Cameroonian selected plants and their in vitro effects on nitric oxide release.
Macrophages were incubated in presence of the alcoholic extracts in order to evaluate their
capacity to stimulate nitric oxide production. Comparing to the control group, no
significances were observed regarding the cell viability of the macrophages stimulated in
presence of the plants extracts. Nitric oxide is a signaling molecule that is involved in
inflammation and immunological processes [29] but it has also a key role in the erection
mechanism [30,31]. It is the main mediator of penile erection because of its involvement in
the relaxation of the penile smooth muscle, thus in the penile erection [32,33]. Results
showed that compared to the control, all extracts stimulated the release of NO in a
concentration-dependent manner. The alcoholic extract of S. magnificum presented the best
stimulation of NO production with the lowest ECs, followed by the extracts of R. macrophylla,



T. superba and P. yohimbe. These results suggest that these extracts could stimulate the
NO production by activating the NO/cGMP signaling pathway which is involved in the penile
erection. Thus, these plant extracts could contain natural substances which can act as
potent stimulators of the penile erection. S. magnificum is a medicinal plant used by the
Baka Pygmies of the Southern region of Cameroon to treat erectile dysfunctions. Therefore,
the alcoholic extract of that plant could enhance the erectile dysfunction by activating the
NO/cGMP signaling pathway.

Testicular oxidative stress due to production of ROS may result in Leydig cells and germ
cells lipid peroxidation, lipoprotein damage, protein aggregation and DNA fragmentation, as
well as inhibition of steroidogenic enzymes [34]. This phenomenon may reduce the
production of testosterone, a key regulator of erectile dysfunction in stimulating nitric oxide
[35,36]. The antioxidant properties of the extracts were investigated by assessing their
scavenging effects of DPPH free radicals, inhibiting effects of lipid peroxidation and their
total antioxidant capacity.

The DPPH assay allows to measure the ability of plant extracts to scavenge free radicals.
Among the six extracts, the ones of T. superba and P. yohimbe exhibited significant
scavenging effects against the DPPH free radicals. Results suggest that those extracts could
be potent radical scavenger displaying very low ECsq values (8.40 [8.31, 8.53]; 17.73 [17.67,
17.74] pg of plant extract/mol DPPH). Compared to the extract of quinoa leaves [37], better
results were obtained with the extracts of T. superba, R. macrophylla and P. yohimbe at the
same concentration. T. superba showed the highest total antioxidant capacity followed by
the extract of P. yohimbe, R. macrophylla and P. angolensis. T. superba also exhibited the
highest content of phenolic compounds while P. ambigua displayed the highest content of
flavonoids (11.60 [11.41, 11.67] mg EQ/g of plant extract). Results showed that T. superba
had the best antioxidant activity. Studies had also proven that T. superba also exhibited in
vivo antioxidant activity properties [38]. The lowest phenolic compounds and flavonoid
contents were observed in the alcoholic extracts of S. magnificum and R. macrophylla,
respectively. In this study, the alcoholic extract of R. macrophylla exhibited better inhibitory
properties of lipid peroxidation than the control, ascorbic acid. Lipid peroxidation is a process
of oxidative degradation of lipids especially polyunsaturated fatty acids which can lead to
various diseases. The ability of plants extracts to inhibit the lipid peroxidation was
investigated using a 10 % (w/v) testicular homogenate. The alcoholic extract of R.
macrophylla had the best peroxidation inhibition with an ICsy of 2.38 (2.13, 4.92) pg/mL,
lower than the ICs, of the positive control. Other extracts with low ICsy values among the
evaluated extracts were those of P. yohimbe and S. magnificum. Results indicate that those
extracts could be considered as potent inhibitors of lipid peroxidation inhibition.

The correlation of Kendall has been used to study the relationship between the antioxidant
capacity and the contents of phenolic compounds and flavonoids. The correlation coefficient
between TAC and phenolic compounds was 0.70 (P<0.05) indicating a strong correlation
between the two parameters. These results illustrate a good matching of the high content of
phenolic compounds in the alcoholic extract of T. superba with its high total antioxidant
power. Thus, results could suggest that the high total antioxidant power of the extracts might
be attributed to the presence of phenolic compounds. The correlation coefficient between
TAC and flavonoids was negative suggesting that the flavonoids present in the plant extracts
may not be responsible of the total antioxidant power of the extracts. The DPPH scavenging
activity had a weak correlation (R=0.26) with the flavonoid contents of the plants extracts
suggesting that their ability to scavenge the free radicals could be attributed to the flavonoids
[39]. A negative correlation was observed between the DPPH scavenging activity and the
phenolic contents.

The phytochemical screening revealed the presence of alkaloids, flavonoids, phenols,
tannins, coumarins, glycosids in most of the plants extracts while saponins were absent in all
plants extracts. Terpenoids and anthocyans were only found in the extract of P. yohimbe. It
has been reported that the stimulation of NO release by plant extracts could be due to the



presence of natural substances such as alkaloids and phenolic compounds [40] which are
present in most of the plant extracts and are capable to stimulate the activity of the nitric
oxide synthase (NOS) in the penile tissue [41,42].

Results suggest that the antioxidant properties of the studied plants extracts could be
attributed to flavonoids and phenolic compounds which are well known to display antioxidant
activities [39]. Antioxidants are very useful in preventing the formation of free radical causing
diseases through oxidation process.

No previous studies on the antioxidant properties of the alcoholic extract of those medicinal
plants has been reported but results confirmed that T. superba is a good source of
antioxidants because even its aqueous extract revealed the same properties [43].

5. CONCLUSION

Results showed that among the six alcoholic extracts tested, the extract of T. superba
contained the highest amount of phenolic compounds and exhibited highest total antioxidant
capacity and the greatest DPPH scavenging activity while R. macrophylla showed the best
inhibition of lipid peroxidation. The present study suggests those extracts as potential
sources of natural antioxidants compounds.
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