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Abstract

Investigating heavy metals in medicinal plants like Terminalia ivorensis is crucial for safety, as they can accumulate
harmful metals from the environment. Used in traditional West African medicine for various ailments, T. ivorensis
has shown important pharmacological activities. However, studies on heavy metal content and specific
phytochemicals quantification in its leaves are limited. This investigation aims to address these gaps and further
explore its antioxidant activity. T. ivorensis leaves were collected, extracted with 50% ethanol, and analysed for
phytochemicals, antioxidants, and heavy metals using standard spectrophotometric, gravimetric, and chemical
methods for qualitative and quantitative assessments. Qualitative screening revealed the presence of saponins,
phenolics, tannins, flavonoids, cardiac glycosides, terpenoids, steroids, and alkaloids, with no anthraquinones or
triterpenoids detected. Quantitative results (mg/100g) showed: alkaloids (32.45 % 0.343), saponins (30.07 £0.015),
tannins (36.76 £0.107), cardiac glycosides (22.48 +0.057), steroids (30.70 £ 0.072), terpenoids (48.60 +0.228) and
reducing sugars (25.87 + 0.335 mg GE/100g). High levels of phenolics (220.89 mg GAE/g) and flavonoids (441.63 mg
RE/g) were recorded. Antioxidant activity was significant, with DPPH ICsp at 26.54 pg/mL, phosphomolybdate assay
at 44.68 + 0.98 mg AAE/g, and FRAP ICsp at 44.19 ng/mL. Heavy metal analysis detected cadmium (Cd), lead (Pb),
calcium (Ca), Zinc (Zn), magnesium (Mg), iron (Fe), Copper (Cu), sodium (Na), potassium (K), and manganese (Mn),
all below WHO safety limits.
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INTRODUCTION

Investigating the heavy metal content
of medicinal plants is crucial for ensuring their
safety and efficacy. Medicinal plants possess
the capability to accumulate heavy metals such
as lead (Pb), cadmium (Cd), arsenic (As), and
mercury (Hg) from contaminated

*

environments, including soil, water, and air.
The ingestion of these metals can lead to
significant health risks, including kidney
damage, neurological  disorders, and
carcinogenic effects [1]. Furthermore, the
presence of heavy metals can undermine the
therapeutic value of these plants and
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contravene regulatory standards established by
health organizations, such as the World Health
Organization (WHO). Consequently, regular
monitoring and risk assessment are imperative
to safeguard public health and uphold the
integrity of traditional and herbal medicines [2,
3].

Terminalia ivorensis A. Chev.,
belonging to the Combretaceae family, is an
indigenous plant commonly referred to as
Black Afara in English and designated by
various local names across Nigeria, such as
Afara dudu in Yoruba, Baushe in Hausa, and
Awunshin in Igbo. In traditional medicine, T.
ivorensis is utilized in the West African region
for treating conditions such as diuresis, general
body pains, haemorrhoids, wounds, and yellow
fever [4, 5]. The pulverized leaves of the plant
are employed as a poultice to alleviate burns
and bruises [6]. In the context of Nigerian
ethnomedicine, various parts of this plant are
utilized for the treatment of syphilis, with the
decoction of its bark serving as a lotion for
sores, and the leaves again being used in
poultice form for external injuries [7].

Numerous pharmacological activities
of T. ivorensis have been documented,
including antibacterial [8, 9], antifungal [10,
11], antioxidant [8, 12 — 14], antidiabetic [15,
16], anti-trypanocidal [7], anti-inflammatory
[13, 17], anti-nociceptive, anti-psychotic,
hepatoprotective, and  nephroprotective
properties [18-20] as well as anti-plasmodial
activity [21]. T. ivorensis is recognized as a
valuable  source of  phytochemicals
contributing to ethno-medicinal practices, with
an abundance of compounds such as
polyphenols, flavonoids, saponins, steroids,
and punicalagin, many of which are associated
with diverse biological activities [15, 16, 18].
Our investigation focuses on the crude leaf
extract of T. ivorensis due to the absence of
comprehensive studies in the existing
literature. Previous research regarding the
heavy metal content of T. ivorensis has
primarily concentrated on contexts such as soil

phytoremediation, biomass adsorption of
heavy metals, and metal uptake under
contaminant stress. Reports indicate that T.
ivorensis can accumulate and remediate metals
like Pb, Cu, Cd, and Ni from environmental
sources [22-25]. However, reliable data
quantifying the concentration of various heavy
metals specifically in the leaves of T. ivorensis
remain scarce. Moreover, there is a noticeable
deficiency in the quantification of certain
phytochemicals, including alkaloids, reducing
sugars, cardiac  glycosides,  steroids,
terpenoids, tannins, and saponins. This study
will further investigate the antioxidant activity
of T. ivorensis using established conventional
methodologies.

EXPERIMENTAL METHODS

Plant collection and identification. The
leaves of Terminalia ivorensis were collected
in Akoka, Lagos, Nigeria, on April 5, 2023.
Mr. Nodza George, a botanist, identified the
specimen at the Botany Department of the
University of Lagos, Nigeria, and provided a
voucher specimen number LUH 9909. The
freshly collected leaves were thoroughly
washed with sterile distilled water, dried at
room temperature (25 £ 2°C), and then milled
into uniform dry pieces.

Extraction procedure. In the extraction
process, two solvent systems were employed.
A mixture of ethanol and distilled water in a
50:50 ratio was utilized. A total of 750 g of air-
dried plant material was macerated using a
cold extraction method with approximately
5000 mL of an ethanol-water mixture for 72
hours with constant stirring. The resulting
extract was initially filtered through cotton
wool and subsequently through Whatman filter
paper number 42 (125 mm). The solvent was
then evaporated using a rotary evaporator, and
the remaining water was eliminated by freeze-
drying to yield a dried extract. The final
product, which appeared dark brown in colour,
was weighed and stored in a clean sample
bottle for further analysis.
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Qualitative phytochemical screening. The
leaves of T. ivorensis was tested for saponins,
phenols, tannins, phlobatannins, flavonoids,
anthraquinones, cardiac glycosides,
terpenoids, triterpenoids, steroids, reducing
sugar, and alkaloids using phytochemical
reagents according to a procedure described by
Trease and Evans (1983) [26].

Quantitative  phytochemical  analysis:
Determination of total alkaloid content. The
total alkaloid content of the crude extract of the
plant was determined using the method of
Harborne (1973) [27], where the residue was
dried and weighed, and expressed in mg/100g.

Determination of total saponin content. The
total saponin content was determined using the
method described by Orengo et al. (2022) [28],
and it was expressed in mg per 100g.

Determination of total reducing sugar
content. The quantification of reducing sugar
content was performed using the 3,5-
dinitrosalicylic acid (DNSA) method, as
outlined by Krivorotova and Sereikaite (2014)
[29]. This method utilized a UV-Visible
spectrophotometer, and the results were
expressed as milligrams of D-glucose
equivalent (GE) per 100 grams of dry extract
weight.

Determination of total tannin content. The
method of Nair et al. (2015) was used
[30]. Folin-Denis reagent, a colorimetric
reagent that reacts with the tannins, is used to
measure its concentration using
spectrophotometric analysis.

Determination of cardiac glycoside Content.
The cardiac glycoside content in the sample
was determined by the method described by
Louis et al. (2018) using Buljet's reagents [31].

Determination of total steroid content. The
spectrophotometric method of determining
guantitative steroidal content, as previously
described by [32], was employed for the crude
plant sample.

Determination of terpenoid content. The
terpenoid content was determined by the
method described by Malik et al. (2017) [33].

Determination of total flavonoid content.
The total flavonoid content was determined
using a modified method based on Miliauskas
et al. (2004) [34].

Determination of total phenolic content.
Total phenolic content was assessed using a
modified Folin-Ciocalteu method as outlined
by Ayoola et al. (2018) [35].

DPPH (1,2-diphenyl-2-picric-hydrazyl)
assay. The radical scavenging activity of the
plant extract against DPPH (1,1-diphenyl-2-
picrylhydrazyl) radical was assessed using a
refined method based on Brand-Williams et al.
(1995) [36]. Ascorbic acid served as the
standard for comparison. To prepare the DPPH
solution, 24 mg of DPPH was dissolved in 100
mL of methanol, resulting in a 0.2 mM DPPH
solution. The stock extract solution was
created by dissolving 40 mg of the plant extract
in 40 mL of methanol, yielding a concentration
of 1 mg/mL. We proceeded with various
dilutions of the stock extract to achieve
concentrations of 20, 40, 60, 80, and 100
pug/mL in methanol, each made up to 5 mL
with the DPPH solution. The same dilutions
were prepared for the standard (ascorbic acid)
using the stock solution, also made up to 5 mL
with the DPPH solution. The blank control
consisted of 2 mL of methanol and 3 mL of the
0.2 mM DPPH solution. All preparations,
including the different concentrations of the
standard and the plant extract solution, were
conducted in triplicate. After incubation in a
dark environment for 30 minutes, we measured
the absorbance of the extract solution and the
ascorbic acid standard at a wavelength of 517
nm using a UV/Visible spectrometer. This
approach ensures accurate and reliable results
regarding the radical scavenging activity of the
plant extract.
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The scavenging activity was estimated

based on percentage of DPPH radical
scavenged as seen in the formula:
DPPH scavenging effect (%) =
(Abs of the blank —Abs of sample) .

Abs of the blank X 100 .... Equation 1
Where, Abs= absorbance
Phosphomolybdate assay (Total

Antioxidant Capacity). The total antioxidant
capacity (TAC) was measured using the
phosphomolybdate assay, with a slight
modification of the method described by Preito
et al. (1999) [37]. Ascorbic acid served as the
standard. The TAC reagent was prepared by
combining 0.6 M sulfuric acid, 28 mM sodium
phosphate, and 4 mM ammonium molybdate
(H32M07Ne0O2s) in 20 mL of distilled water,
then diluted to a final volume of 50 mL with
additional distilled water. A concentration of 1
mg/mL was used for the extract. Different
concentrations of the standard ascorbic acid
(10, 20, 50, 100, and 200 pg/mL) were
prepared from a 1 mg/mL stock solution in
methanol. To each of these, 9 mL of the TAC
reagent was added. Additionally, 9 mL of the
TAC reagent was also added to 1 mL of the
extract solution in a test tube. All preparations,
including the various concentrations of the
standard and the plant extract solution, were
conducted in triplicate. The samples were
incubated at 90°C for 90 minutes in a water
bath, then allowed to cool. After cooling, the
absorbance of both the extract solution and the
ascorbic acid standard was measured at a
wavelength of 695 nm using a UV/Visible
spectrometer.

TAC = CXV) i, Equation 2

TC is the total phenolic content in mg/g of the extracts.

C is the concentration of ascorbic acid established from
the calibration curve in mg/mL

V is the volume of the extract solution in mL

M is the weight of the extract in g.

Ferric reducing power assay (FRAP). To
evaluate the ferric reducing power of the
extract, various dilutions were prepared to
achieve final concentrations of 25, 50, 70, and
100 pg/mL. Each concentration was prepared
by mixing 1 mL of the diluted extract with 2.5
mL of 0.1 M sodium phosphate buffer (pH
6.6), followed by the addition of 2.5 mL of 1%
(w/v) potassium ferrocyanate [K3Fe(CN)6] in
a 250 mL conical flask. The mixture was then
incubated at 50°C for 20 minutes.
Subsequently, 25 mL of 10% (w/v)
trichloroacetic acid was added, and the mixture
was centrifuged at 5000 rpm for 10 minutes to
precipitate any proteins. After centrifugation, 5
mL of the upper layer was isolated and
combined with 0.5 mL of fresh FeCI3 (0.1%,
w/Vv). The absorbance of the resulting solution
was then measured at 710 nm against a blank.
Ascorbic acid served as the control for
comparison [38].

The percentage scavenging effect was
thus determined as:

FRAP Scavenging effect (%) = “="2 X 100
............. Equation 3

Where Ao was the absorbance of the control and A; was
the absorbance in the presence of the standard sample or
extract.

Heavy metal analysis: Acid digestion
method. A 2 g portion of the freeze-dried
extract sample was weighed and placed into a
250 mL beaker in duplicate. Then, 10 mL of
Aqua regia (a mixture of 1-part HNOs to 3
parts HCI) was added. The beaker was placed
on a heating mantle set to 105°C and heated for
3 hours until the entire sample was fully
digested. A 1:1 serial dilution was conducted
on the aliquot, and the resulting mixture was
adjusted to a final volume of 100 mL with
distilled water in a standard flask [39]. The
metal concentrations in the resulting solution
were determined using a Buck Scientific
atomic absorption spectrophotometer (AAS),
model 210A.
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Standards for each metal were prepared from
stock solutions, and lower concentrations were
made through serial dilutions. These standards
were used to calibrate the spectrometer. The
blank was aspirated into the machine first to
zero the equipment. After five determinations,
the standards were run to calibrate the
instrument and establish a linearity curve,
followed by the sample. The observed
concentrations were recorded in duplicate, and
the mean observed concentration was used to
calculate the actual concentrations.

Actual concentration (mg/100g) =

Observed concentration X markup volume

...Equation 4
Weight per volume of sample quation

RESULTS AND DISCUSSION

Qualitative phytochemistry. Phytochemical
analysis of the leaves revealed the presence of
saponins, phenolic compounds, tannins,
flavonoids, cardiac glycosides, terpenoids,
steroids, and alkaloids, while anthraquinones
and triterpenoids were absent. This finding is
supported by the studies of Johnny et al. (2014)
and Bongo et al. (2017) [15, 16], which
utilized the plant leaves as detailed in Table 1.

Quantitative phytochemistry. The
quantitative phytochemical content from the
current study is presented in Table 2. Beyond
the phenolic and flavonoid content, the
phytochemical data reported here appears to be
satisfactory, to the best of our knowledge. The
findings indicate that T. ivorensis leaves have
a significantly higher phenolic content (220.89
+ 134 mg (GAE)/g) compared to the
hydroethanolic extract of the barks, which
contains 62.34 =+ 1.41 mg (GAE)/g, as noted by
Konan et al. (2022) [13]. This difference may
be attributed to the higher activity of the
phenylalanine ammonia lyase (PAL) enzyme
in the leaves, which is a crucial catalyst in
phenolic biosynthesis [40]. In contrast, another
study reported that the crude 80% methanol
extract of T. ivorensis leaves yielded a total
phenolic content of 367.19 + 18.40 mg GAE/g

and a total flavonoid content of 531.10 + 4.94
mg quercitrin (QUE)/g [14]. It is important to
note that the present study employed a 50%
ethanol extraction method, which may account
for the slight differences observed, as 50%
ethanol is often effective at extracting phenolic
and flavonoid compounds, although 80%
methanol has been recognized for its strong
broad-spectrum extraction capabilities [41].

DPPH assay. The percentage inhibition of T.
ivorensis demonstrates a concentration-
dependent relationship; specifically, as the
concentration of the extract increases, its
ability to scavenge free radicals improves,
leading to a higher percentage inhibition (see
Figure 1). The ICso value for T. ivorensis was
determined to be 26.54 pg/mL, in contrast to
the standard, ascorbic acid, which had an 1Cso
of 1.18 pg/mL. A comparison to previously
published data reveals that the 80% crude
methanol extract of the plant leaves yielded a
DPPH ICso value of 4.26 + 0.16 pg/mL [14].
This discrepancy suggests that 80% aqueous
methanol typically provides marginally higher
antioxidant potency, while 50-80% aqueous
ethanol also demonstrates significant activity
with fewer toxicity concerns [42].

When examining other studies, the ICso
for the stem bark of T. ivorensis using DPPH
was reported to be 12.6 pg/mL, whereas
ascorbic acid measured 7.75 pg/mL [8].
Moomin et al. (2024) found that the DPPH
ICso for T. ivorensis bark extracts was
significantly lower for ethanol (7.9 = 0.8
pg/mL) and ethyl acetate (9.4 = 0.1 pg/mL)
compared to petroleum ether (1163.3 £ 6.2
pg/mL) and chloroform extracts (1617.0 +
186.3 ug/mL) [12]. Additionally, Konan et al.
(2022) reported ICso values of 9.67 = 1.12
pg/mL for vitamin C and 16.23 + 0.33 pg/mL
for T. ivorensis bark extract [13]. This
variation in results may be attributable to
findings indicating that the bark of many plant
species exhibits enhanced antioxidant activity
compared to leaves due to higher
concentrations of antioxidant compounds,
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such as  tannins, phenolics, and
proanthocyanidins. Moreover, the bark may
possess different compound profiles that are
more effective in oxidative defense [43, 44].

Total antioxidant capacity assay
(phosphomolybdate assay). The assay is
founded on the reduction of Mo (VI) to Mo (V)
by the antioxidants present in the extract,
leading to the formation of a green
phosphate/Mo(V) complex at acidic pH. The
ascorbic acid calibration curve depicted in
Figure 2 was utilized to determine the
concentration of ascorbic acid, based on the
mean absorbance measured at 0.293+0.005 for
the plant sample. Using Equation 2, the total
antioxidant capacity (TAC) was calculated to
be 44.68+0.985 mg ascorbic acid equivalent
(AAE)/g of the plant sample. In comparison to
the study conducted by Ehigie and Aderogba
(2020), which employed 80% methanol for the
extraction of crude plant leaves, their reported
TAC was 38.54 + 1.78 mg AAE/g sample [14].
A 50% ethanol-water mixture offers
intermediate polarity, enabling the extraction
of a broader spectrum of antioxidant
compounds, ranging from polar phenolics to
moderately nonpolar compounds. Conversely,
highly polar solvents like 80% methanol may
be more effective at extracting specific polar
phenolics but might be less efficient for
capturing a diverse array of antioxidants [45].
Moreover, the water content in the 50%
ethanol solution facilitates swelling of the cell
walls, thereby enhancing the penetration and
release of various antioxidants, including those
that are not readily soluble in predominantly
methanolic solvents.

Ferric reducing power assay (FRAP). This
assay enables the evaluation of the reducing
power of antioxidant substances, highlighting
their potential ability to donate electrons and
convert ferric ions to their ferrous form. The
IC50 values for the T. ivorensis extract and
ascorbic acid, indicating 50% inhibition for
FRAP, were determined from the plots above
(Figure 3a, b) to be 44.19 pg/mL and 38.89

pg/mL, respectively. In comparison to another
study, the 80% methanol extract of T. ivorensis
leaves yielded a FRAP value of 111.62 + 11.20
mg AAE/g [14]. Additionally, the ethanol
extract showed 119 + 0.7 Trolox
equivalents/pg of the dry sample, and the ethyl
acetate extract exhibited a FRAP value of
156.3 + 0.9 of T. ivorensis bark, both
significantly surpassing those of the petroleum
ether extract (3.8 £ 0.5) and chloroform extract
(2.1 £0.5) as reported by Moomin et al. (2024)
[12].

Heavy metal content. All analyzed elements,
including potentially toxic heavy metals such
as cadmium, lead, nickel, and arsenic, were
found to be below the permissible limits
established by the World Health Organization
(WHO) for medicinal and edible plants. The
presence of cadmium (Cd), lead (Pb), nickel
(Ni), and arsenic (As) in food or medicinal
plants raises serious concerns, as even trace
amounts can lead to severe health
consequences, particularly for children and
pregnant women. It is crucial that their levels
in consumable products remain significantly
below international safety standards. In
addition, essential minerals such as calcium
(Ca), magnesium (Mg), iron (Fe), sodium
(Na), potassium (K), and manganese (Mn)
were observed to be within acceptable, non-
toxic ranges. These six metals are vital for life,
playing key roles in functions ranging from
bone strength to nerve transmission and energy
production. Maintaining a balanced intake
through diet is essential, as both deficiencies
and excess can lead to serious health issues.

There is paucity of information on the
concentrations of heavy metals in T. ivorensis.
Table 3 showed the details of the heavy metal
content in the plant leaves. However, a study
on a related species, Terminalia avicennioides,
reported estimated intake levels of lead (Pb) at
0.08 mg/kg, nickel (Ni) at 0.23 mg/kg,
cadmium (Cd) at not detected (ND), chromium
(Cr) at 0.52 mg/kg, copper (Cu) at 7.90 mg/kg,
and manganese (Mn) at 56.80 mg/kg [46].
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Conclusion. In conclusion, this study
highlights T. ivorensis leaves as a rich source
of bioactive phytochemicals, including
phenolics, flavonoids, tannins, and alkaloids,
which contribute to its notable antioxidant
properties. The 50% ethanol extract
demonstrated  significant  free  radical
scavenging and reducing power, affirming its

therapeutic potential. Importantly, the heavy
metal content in the leaves was found to be
below WHO safety limits, ensuring the plant’s
safety for medicinal use. These findings
support the continued use of T. ivorensis in
traditional medicine while emphasizing the
need for ongoing monitoring of its chemical
and toxicological profiles.

Table 1: Phytochemical composition of T. ivorensis leaves compared to published data

Phytochemical composition Results Johnny et al., 2014 [15] Bongo et al., 2017 [16]
Saponin +++ + +++
Phenolic compounds ++ ND +++
Tannins +++ ++ +++
Flavonoids +++ ++ +++
Anthraquinones NP ND ND
Cardiac glycoside +++ +++ ND
Terpenoids + + ND
Triterpenoids NP ND ND
Steroids ++ ND ND
Alkaloids + ++ +++

+: slightly present, ++:

moderately present, +++: heavily present, ND: not done, NP: not present

Table 2: Quantitative phytochemistry content of T. ivorensis leaves

Phytochemicals Total Content

Alkaloid 32.45 £ 0.343 mg/100g
Saponin 30.07 £ 0.015 mg/100g
Reducing sugars ~ 25.87 £ 0.335 mg/(GE)100g
Tannins 36.76 + 0.107 mg/100g
Cardiac glycoside 22.48 + 0.057 mg/100g
Steroid 30.70 £ 0.072 mg/100g
Terpenoids 48.60 + 0.228 mg/100g
Flavonoid 441.63 +5.01 mg (RE)/g
Phenolic 220.89 + 1.34 mg (GAE)/g

Data represents mean + SD of triplicate determinations, RE: Rutin equivalent, GAE: Gallic acid equivalent,

GE: Glucose equivalent

Table 3: Heavy metal concentration of T. ivorensis

Metals
Ca Zn Fe Mg Na Cu Cd Mn Pb K Ni  Ar

Mean observed concentration
Actual Concentration (mg/100g)
WHO maximum Permissible
Limit/benchmark in plant (mg/kg)

0.047 0.022 0.2875 0.0386 0.5105 0.014 0.0001 0.0177 0.0002 0.413 ND ND
235 11 14375 193 25525 0.7 0.005 0.885 0.01 20.65 ND ND
NS 50 20 200 NS 3 0.3 2 10 NS 01 14

NS: Not specified, ND: Not detected

The mean observed concentration represents the measured metal content in the digested and diluted sample solution, determined
by atomic absorption spectrometry (AAS) and expressed in (mg/L). The actual concentration, expressed in (mg/100g), denotes
the heavy metal content in T. ivorensis leaves and was calculated using Equation 4.
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