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Objective. This study investigated the elemental composition of unsweetened natural cocoa powder (UNCP), its effect on nitric
oxide, and its hepatoprotective potential during simultaneous administration with high-dose artemether/lumefantrine (A/L).
Method. Macro- and microelements in UNCP were analyzed with EDXRF spectroscopy. Thirty (30) male guinea-pigs were
then divided into five groups. For groups 3 (low-dose), 4 (medium-dose), and 5 (high-dose), the animals received oral UNCP
prophylactically for 14 days. Group 1 received distilled water (14 days) and group 2 A/L for the last 3 days (days 12 to 14). After
euthanisation, biochemical and histopathological examinations were carried out in all groups. Results. Phytochemical analysis of
UNCP showed the presence of saponins, flavonoids, tannins, and cardiac glycosides. Thirty-eight (38) macro- and microelements
were found. UNCP produced significant decreases in ALT, ALP, GGT, and AST levels. A significant increase in total protein levels
was observed during A/L+UNCP administration in comparison to 75 mg/kg A/L group. Histopathological examinations buttressed
the protective effects of cocoa administration. UNCP administration increased nitric oxide levels 149.71% (𝑃 < 0.05) compared to
controls. Conclusion. UNCP increases nitric oxide levels and has hepatoprotective potential during A/L administration. A high level
of copper was observed which may be detrimental during high daily consumptions of UNCP.

1. Introduction
Malaria is an infection transmitted by the female anopheles
mosquito. It is a major public health issue in the tropics
and one of the world’s leading infectious killer diseases. The
high death rate resulting from malaria cannot be overemphasised especially in some parts of Africa. In Ghana 3.5
million people contract malaria every year [1, 2]. Resistance

is a major setback in the management of malaria and has
therefore necessitated countries to review and implement
new antimalarial drug policies to ensure effective case
management to reduce both morbidity and mortality [3].
Due to increased therapeutic efficacy, decreased cytotoxicity, and delay or prevention of the development of drug
resistance, combination drug regimens is recommended over
monotherapy [4]. Artemisinin-based combination therapy
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(ACT) has been recommended for use by the WHO [5, 6].
Artemether/lumefantrine (A/L) is one of the combination
therapies currently used.
Artemisinin derivatives have impressive parasiticidal
properties in vivo and in vitro but currently there have been
issues of treatment failures, resistance, and increasing cases
of hepatotoxic effects [7–9]. Some countries have considered
increasing the dose of the A/L in treatment in order to
arrest the issue of resistance [10] but increase in dose implies
that there will be increased side effects, adverse reactions,
and hepatotoxic effects [9]. In fact, there are concerns
about frequent usage of A/L on some organ systems [9].
Considering the fact that so far A/L is one of the most
effective combination therapies, the issue of drug-induced
hepatotoxicity needs to be addressed. Another effect of A/L
is its effect on nitric oxide levels, where it has been found to
reduce nitric oxide levels. However, other studies show that
A-L increase nitric oxide levels as a compensatory mechanism
in cases of reduced nitric oxide levels [9].
Unsweetened natural Cocoa powder (UNCP) is used as a
beverage and nutraceutical amongst Ghanaians. The antioxidant properties of cocoa powder have been well studied [11–
13] and even found to be unchanged after various manufacturing processes [14]. It contains antioxidant polyphenols
called flavonols reported to have hepatoprotective [15, 16]
and antimalarial effects [17, 18]. The chemical composition
of cocoa has been well investigated using various methods.
UNCP contains about 1.9% theobromine and 0.21% caffeine
[19–21]. Polyphenols in various compounds have also been
proven in several studies to exert hepatoprotective activity
[22–25]. For example, polyphenol-rich fractions prepared
from walnut kernel pellicles have been assessed for its
hepatoprotective effect in mice [23]. Studies conducted on
cocoa powder has shown its quantitative components such
as 14 N-phenylpropenoyl-L-amino acids, N-[4 -hydroxy-(E)cinnamoyl]-L-tryptophan, and N-[4 -hydroxy-3 -methoxy(E)-cinnamoyl]-L-tyrosine [26]. Other studies have also
proven the roles of polyphenols such as cynarin, isochlorogenic acid, chlorogenic acid, luteolin-7-glucoside, and two
organic acids, caffeic and quinic, from Cynara scolymus in
the hepatoprotective activity [27]. Besides, cocoa or flavonols
increase nitric oxide levels which have also been found to
have hepatoprotective effects in acute liver injury by virtue of
their antioxidant properties [18, 28, 29]. Further, the tannin,
glycoside, flavonoid, and saponins have also been implicated
in their hepatoprotective effect in several studies. The total
flavonoid content of UNCP has also been determined [30–
34]. This is a strong background to investigate the beneficial
effect UNCP might have in ameliorating the hepatotoxic
effect of this important drug A/L.
It is important in spite of all these component-based
effects of UNCP to note that both micro- and macroelements
present in UNCP are also capable of interfering with the
availability of secondary metabolites in UNCP which may
easily modulate their pharmacological effects [35]. The presence of toxic heavy metals in medicinal plants can on the
other hand pose a threat to the health of consumers [35, 36].
Though UNCP contains some elemental particles, correlation
between the pharmacological activity of UNCP and these
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macro- and microelements has not been established. It
has been established, for example, that zinc has beneficial
hepatoprotective action [37, 38]. Simultaneous ingestion of
UNCP and A/L is a common practice amongst Ghanaians
suffering from uncomplicated malaria undergoing treatment
with A/L. It is important to establish the beneficial effect
and visible adverse effect of the simultaneous consumption of
UNCP and A/L which is a way of life for Ghanaians especially
with the affordable price of UNCP and highly subsidised A/L.
This study seeks to determine the elemental composition
of UNCP and its effect on nitric oxide levels and to assess its
hepatoprotective potential against A/L-induced liver toxicity
during their simultaneous ingestion in male guinea pigs.

2. Materials and Methods
2.1. Energy Dispersive X-Ray (EDXRF) Measurements. Sample of UNCP (Batch number BT620IT; FDA/DK06-070)
was acquired from a supermarket. The sample was sieved
using sieve of 180 microns and three samples prepared
and sieved with a mesh size (aperture) of 180 𝜇m into
fine powder. This was kept in dry well-labelled containers.
Before pelletation, the sample was kept in an oven at 60∘ C
overnight. Triplicate weighed samples, 4000 mg/sample, were
added separately to 900 mg Fluxana H Elektronik BM-00021 (Licowax C micropowder PM-Hoechstwax) as binder (due
to their morphology and the loose nature); the mixture was
homogenized using the RETSCH Mixer Mill (MM301) for
3 min and pressed manually with SPECAC hydraulic press for
2 min with a maximum pressure limit of 15 tons (15000 kg)
into pellets of 32 mm in diameter and 3 mm thickness for
subsequent XRF measurements. Time between pelletation
and measurement was kept short to avoid deformation of the
flat surfaces of the pellets [39]. A factory calibrated Spectro XLab 2000 spectrometer (from the Geological Survey Department, Accra, Ghana) enhanced with three-axial geometry
was used for the simultaneous analysis and measurement of
the elemental content of the samples.
2.2. Preparation of UNCP Solution. Calculated amount
(9.6 g) of UNCP was dissolved in warm distilled water
(40 mL) with stirring (till everything went into solution)
making a concentration of 240 mg/mL (of the UNCP). This
was administered to the guinea pigs in groups 3, 4, and 5 at
their respective doses via oral gavage.
2.3. Preparation of A/L Solution. A concentration of 20 mg/
mL of dispersible A/L (with reference to artemether) was
prepared and administered to the guinea pigs in the UNCP
treated groups at a dose of 75 mg/kg body weight daily for 3
days via oral gavage. Dosage was calculated with reference to
the dose of artemether in the drug combination. To achieve
this, seventy (70) tablets of Novartis Coartem dispersible
tablets (20/120 mg), which are equivalent to 1400 mg of
artemether, were dissolved in 70 mL of distilled water and
stirred until completely homogenous.
In all cases, fresh solutions of UNCP and A/L were
prepared before each dosing.
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2.4. Phytochemical Analysis. Phytochemical analysis was
conducted to determine the various constituents in the
unsweetened natural cocoa [40].

Group 5. Cocoa 1500 mg/kg (14 days) + 75 mg/kg A/L
(last 3 days).

2.4.1. Saponin Test. About 0.5 g of UNCP was added to water
in a test tube. The test tube was shaken to observe foam
formation.

2.7. Biochemical Assays. Blood samples were collected from
the descending aorta and aliquoted into EDTA-2K tubes and
plain tubes, respectively, at the end of the dosing period.
This was done after euthanisation of the animals under ether
anaesthesia. The EDTA blood was immediately analyzed for
haematological parameters using the SYSMEX Haematology
Autoanalyser (Kobe, Japan) while sera prepared from blood
in plain tubes were used for biochemical examinations
including clinical chemistry measurements such as alanine
aminotransferase (ALT) or glutamic pyruvic transaminase
(SGPT) levels, alkaline phosphatase (ALP), Serum Glutamic
Oxaloacetic Transaminase (SGOT) or aspartate transaminase, and Gamma Glutamyl Transpeptidase (GGT). These
were measured as liver function tests (LFT) to give an
indication of the state of the liver.
Nitric oxide levels were also measured using the Griess
Reagent System. The total nitric oxide kit by R&D Systems
was used in this study. In this system, nitrate is converted to
nitrite using nitrate reductase after which the total nitrite is
measured.
The principle of this assay determines nitric oxide concentration based on the enzymatic conversion of nitrate
to nitrite by nitrate reductase. The reaction is followed by
colorimetric detection of nitrite as an azo dye product of
the Griess Reaction. The Griess Reaction is then based on
the two-step diazotization reaction in which acidified NO2 −
produces a nitrosating agent, which reacts with sulfanilic acid
to produce the diazonium ion. This ion is then coupled to N(1-naphthyl) ethylenediamine to form the chromophoric azoderivative which absorbs light at 540–570 nm.

2.4.2. Tannins Test. About 0.5 g of UNCP was dissolved in
80% of aqueous methanol (10 cm3 ). Freshly prepared iron
(III) chloride solution was added and observations were
made on colour changes.
2.4.3. Flavonoids Test. About 0.1 g of UNCP was added to
80% ethanol (15 cm3 ). Magnesium turnings were added to the
filtrate followed by concentrated HCl (0.5 cm3 ) and observed
for colour changes within 10 minutes.
2.4.4. Cardiac Glycoside Test. About 0.5 g of UNCP was
dissolved in chloroform (2 cm3 ) in a test tube after which
concentrated sulphuric acid was carefully added down the
side of the test tube to form a lower layer.
2.5. Animal Husbandry. Thirty (30) male guinea pigs (450 g
and 600 g) were purchased from the Noguchi Memorial
Institute for Medical Research, University of Ghana, for this
experiment. The animals were acclimatized to the laboratory
environment for one week before being used in the study and
were provided with Sankofa pellet feeds and tap water ad
libitum. The room temperature was maintained at 20–23∘ C
with 12 : 12 hour light/dark cycle. Spontaneous behaviours of
all guinea pigs were observed in cages before experimental
procedures were carried out. No animals showed signs of
illness before the experimental phase. The study protocol was
approved by the departmental ethical and protocol review
committee and the Noguchi Memorial Institute for Medical
Research Institutional Animal Care and Use Committee with
protocol approval number 2013-01-3E.
2.6. Drug Administration. The guinea pigs were grouped into
five, with groups 3 to 5 receiving the UNCP at 300, 900,
and 1500 mg/kg, respectively, for 14 days. Doses of A/L were
administered for the last 3 days of cocoa administration.
Group 2 animals were given only A/L for the last 3 days
whereas group 1 received vehicle (water) only. The weights of
the animals were taken weekly and the doses administered
adjusted accordingly. All experiments carried out on animals
conformed to the guidelines on ethical standards for inducing
toxicity in animals (NLC, 1996).
Group 1. Control (distilled water only)
Group 2. 75 mg/kg A/L (last 3 days)
Group 3. Cocoa 300 mg/kg (14 days) + 75 mg/kg A/L
(last 3 days)
Group 4. Cocoa 900 mg/kg (14 days) + 75 mg/kg A/L
(last 3 days)

2.8. Histopathological Studies. Guinea pigs were euthanized
and their livers were swiftly excised and washed with
0.9% saline. The livers were stored in 10% neutral buffered
formaldehyde. The liver tissues were then cut and sectioned. A microtone was used to cut 2 𝜇m thick liver slices
and stained with haematoxylin-eosin for examination. The
stained tissues were observed with an Olympus microscope
(BX-51) and photographed by INFINITY 4 USB Scientific
Camera (Lumenera Corporation, Otawa, Canada).
The study protocol was approved by the departmental
ethical and protocol review committee and the Noguchi
Memorial Institute for Medical Research Institutional Animal
Care and Use Committee with protocol approval number
2013-01-3E.
2.9. Statistics. The results are reported as mean ± SEM.
Statistical analysis was performed using one-way analysis of
variance (ANOVA) followed by student Newman-Keuls post
hoc test. Statistical significance was set at 𝑃 < 0.05; Dunnet
Multiple Comparison Test was used in the analysis of the
nitric oxide levels. All statistical analyses were performed
using Graph Pad prism 5 software.
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Table 1: Mean and standard deviation (SD) of measured elements
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Figure 1: Changes in AST levels during a 14-day administration of
UNCP in male guinea pigs followed by a 3-day A/L administration.
Values are expressed as mean ± SEM, 𝑛 = 6. The differences
among the mean were analyzed using one-way ANOVA followed
by Newman-Keuls post hoc analysis. ∗∗∗ means 𝑃 < 0.0001 when
compared to the control (distilled water) and +++ means 𝑃 < 0.0001
when compared to the A/L group.

3. Results
3.1. Energy Dispersive X-Ray (EDXRF) Measurements. A total
of thirty-eight (38) elements comprising 12 macroelements,
(sodium (Na), magnesium (Mg), aluminium (Al), silicon
(Si), phosphorus (P), sulphur (S), chlorine (Cl), potassium
(K), calcium (Ca), titanium (Ti), manganese (Mn), and iron
(Fe), and 26 microelements, vanadium (V), chromium (Cr),
cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn), gallium (Ga),
arsenic (As), rubidium (Rb), strontium (Sr), yttrium (Y),
zirconium (Zr), niobium (Nb), molybdenum (Mo), antimony
(Sb), iodine (I), cesium (Cs), barium (Ba), lanthanum (La),
cerium (Ce), hafnium (Hf), tantalum (Ta), lead (Pb), bismuth
(Bi), thorium (Th), and uranium (U)) (Table 1), were identified and evaluated.
3.2. Phytochemical Analysis. Phytochemical analysis of
unsweetened natural cocoa powder showed the presence of
saponins, flavonoids, tannins, and cardiac glycosides.
3.3. Biochemical Assays
3.3.1. Liver Function Tests. AST levels increased in animals
that received A/L 75 mg/kg by 81.97% when compared to
the group that received distilled water (control group) while
those in the UNCP administered group decreased with percentage change of 80.91%, 75.33%, and 63.86%, respectively,
when compared with the A/L administered group (𝑃 < 0.05)
(Figure 1).
ALP levels decreased in group 2 by 10.82% when compared to group 1. ALP levels in groups 3, 4, and 5 increased
with percentage change of 14.95%, 9.13%, and 36.94%, respectively, when compared with group 2 (𝑃 < 0.05) (Figure 2).

2.4666 ± 0.00
33.0133 ± 0.02
14.0093 ± 0.01
15.3880 ± 0.02
64.3866 ± 0.00
30.9120 ± 0.00
2.3616 ± 0.00
149.0667 ± 0.03
11.0146 ± 0.00
0.0232 ± 0.00
0.4093 ± 0.00
1.0309 ± 0.00

Na
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Al
Si
P
S
Cl
K
Ca
Ti
Mn
Fe
Microelements
V
Cr
Co
Ni
Cu
Zn
Ga
As
Rb
Sr
Y
Zr
Nb
Mo
Sb
I
Cs
Ba
La
Ce
Hf
Ta
Pb
Bi
Th
U

0.2320 ± 1.73
0.4200 ± 17.44
0.0108 ± 0.10
0.0638 ± 1.16
0.2984 ± 1.71
0.4086 ± 0.74
0.0024 ± 0.00
0.0020 ± 0.00
0.1698 ± 0.49
0.1064 ± 0.20
0.0016 ± 0.00
0.0125 ± 0.42
0.0070 ± 0.29
0.0044 ± 0.00
0.0043 ± 0.06
0.0133 ± 0.15
0.0232 ± 0.10
0.0620 ± 5.81
0.0480 ± 0.00
0.0849 ± 4.97
0.0148 ± 0.17
0.0213 ± 0.06
0.0036 ± 0.00
0.0024 ± 0.00
0.0020 ± 0.00
0.0112 ± 0.10

Levels of GGT increased in animals that received
75 mg/kg A/L by 37.61% and a decrease by 39.5% in the cocoa
treated group when compared to the control group (𝑃 > 0.05)
(Figure 3).
ALT levels increased in the group dosed at 75 mg/kg
A/L by 35.76% when compared to the control group. ALT
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Figure 2: Changes in ALP levels during a 14-day administration of
UNCP in male guinea pigs followed by a 3-day A/L administration.
Values are expressed as mean ± SEM, 𝑛 = 6. The differences
among the mean were analyzed using one-way ANOVA followed by
Newman-Keuls post hoc analysis. + means 𝑃 < 0.05 when compared
with A/L group.
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Figure 4: Changes in ALT levels during a 14-day administration of
UNCP in male guinea pigs followed by a 3-day A/L administration.
Values are expressed as mean ± SEM, 𝑛 = 6. The differences
among the mean were analyzed using one-way ANOVA followed
by Newman-Keuls post hoc analysis. ∗∗ means 𝑃 < 0.001 when
compared to the control (distilled water) and ++ means 𝑃 < 0.001
when compared to the A/L group.
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Figure 3: Changes in GGT levels during a 14-day administration of
UNCP in male guinea pigs followed by a 3-day A/L administration.
Values are expressed as mean ± SEM, 𝑛 = 6. The differences
among the mean were analyzed using one-way ANOVA followed by
Newman-Keuls post hoc analysis.

Figure 5: Changes in ALP levels during a 14-day administration of
UNCP in male guinea pigs followed by a 3-day A/L administration.
Values are expressed as mean ± SEM, 𝑛 = 6. The differences
among the mean were analyzed using one-way ANOVA followed by
Newman-Keuls post hoc analysis.

levels at doses of 300 mg/kg, 900 mg/kg, and 1500 mg/kg
decreased with percentage change of 43.05%, 41.49%, and
35.76%, respectively, when compared to the A/L administered
group (𝑃 < 0.05) (Figure 4).
Serum albumin levels reduced slightly in the A/L administered group while the levels slightly increased in the animals
treated with UNCP compared to the controls (𝑃 > 0.05).
Total protein levels decreased in the A/L group by 7.89%
(Figure 5) while bilirubin levels increased by 80.4% when
compared to the control groups (Figure 7). In the UNCP
administered group, total protein levels increased up to
12.77% in the 1500 mg/kg group while the bilirubin levels
reduced up to 39.35% in the 900 mg/kg group, (𝑃 > 0.05)
(Figure 6).

3.3.2. Nitric Oxide Levels. Group 3 produced the greatest
increase (147.33 ± 117.78, 𝑃 < 0.05, i.e., 149.71%) in nitric
oxide followed by group 4 (79.21 ± 36.24, 𝑃 < 0.05, i.e.,
34.25%) and then group 5 (61.88 ± 3.83, 𝑃 < 0.05, i.e.,
4.88%) when compared to group 1 (Figure 9). At a dosage
of 900 mg/kg (cocoa only), considered to be the optimal in
most studies, there was just a slight increase in nitric oxide
(36.92 ± 3.65, 𝑃 = 00.0024).
3.3.3. Histopathological Analysis. The histological examination of liver samples was based on changes associated with
exposure of liver tissues to toxins. This is mainly inflammatory associated changes ranging from acute to chronic
changes such as dilation of central and microcirculatory

6

Evidence-Based Complementary and Alternative Medicine
Total protein

60

∗

++

20
T bil (𝜇mol/L)

Tot. prot. (g/L)

∗∗
40

20

Total bilirubin

25

15
10
5
0
CTRL

0

10
5

100

CTRL

Coart

∗

80

40

∗∗∗

∗∗∗

20

300
900
1500
(mg/kg) (cocoa) + coartem

Figure 7: Changes in direct bilirubin levels during a 14-day
administration of UNCP in male guinea pigs followed by a 3-day
A/L administration. Values are expressed as mean ± SEM, 𝑛 = 6. The
differences among the mean were analyzed using one-way ANOVA
followed by Newman-Keuls post hoc analysis.

vessels, congestion of the central vein, leucocyte infiltration,
and disturbances in the liver parenchyma (necrosis). Sections of liver from guinea pigs that received only a 3-day
HD A/L administration (75 mg/kg) revealed disturbed liver
parenchyma (necrotised liver cells) with highly congested
and dilated central vein as well as lymphocyte infiltration
(Figure 10(a)). This finding is indicative of a severe liver
damage (LDS of 4-5) [41].
In contrast, examination of liver sections from 14day unsweetened natural cocoa administration (300, 900,
and 1500 mg/kg) followed by a 3-day A/L administration
(75 mg/kg) showed undisturbed liver parenchyma, uncongested but dilated central vein, and slightly dilated sinusoids
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140
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Figure 8: Changes in total bilirubin levels during a 14-day administration of UNCP in male guinea pigs followed by a 3-day A/L
administration. Values are expressed as mean ± SEM, 𝑛 = 6. The
differences among the mean were analyzed using one-way ANOVA
followed by Newman-Keuls post hoc analysis.

300 mg/kg
+ A/L

Direct bilirubin

25

300
900
1500
(mg/kg) (cocoa) + coartem

Cocoa
only

Figure 6: Changes in total protein levels during a 14-day administration of UNCP in male guinea pigs followed by a 3-day A/L
administration. Values are expressed as mean ± SEM, 𝑛 = 6. The
differences among the mean were analyzed using one-way ANOVA
followed by Newman-Keuls post hoc analysis. ∗ means 𝑃 < 0.05, ∗∗
means 𝑃 < 0.001 when compared with control (distilled water), and
++
means 𝑃 < 0.001 when compared with the A/L group.

A/L
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(mg/kg) (cocoa) + coartem

CTRL

Coart

Concentration of nitrite (𝜇M)

CTRL

Coart

Treatments
300 mg/kg + A/L
900 mg/kg + A/L
1500 mg/kg + A/L

Figure 9: Effect of UNCP (LD = 300, MD = 900, and HD =
1500 mg/kg) on nitrite concentrations in plasma of guinea pigs
during A/L administration. Values are mean ± SD (𝑛 = 5) and ∗ 𝑃 <
0.05, ∗∗ 𝑃 < 0.01, and ∗∗∗ 𝑃 < 0.001 compare to the control (oneway ANOVA followed by a Dunnett’s multiple comparison test). The
low dose UNCP (300 mg/kg) + A/L produced the greatest increase
(147.33 ± 117.78, 𝑃 < 0.05, i.e., 149.71%) in nitric oxide followed by
medium dose UNCP + A/L (79.21 ± 36.24, 𝑃 < 0.05, i.e., 34.25%)
and then high dose UNCP + A/L (61.88 ± 3.83, 𝑃 < 0.05, i.e., 4.88%)
when compared to the A/L only group.

(Figures 10(c), 10(d), and 10(e)). This is indicative of a mild
change (LDS of 1-2) with a high degree of reversibility.
Liver sections from the control group that received only
distilled water showed undisturbed liver parenchyma with
uncongested central veins (Figure 10(b)).
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Figure 10: A representation of sections of liver from guinea pigs that received (a) only a 3-day HD A/L administration (75 mg/kg/bwt) showing
disturbed (necrotic) liver parenchyma (NeLP), a highly congested and dilated central vein (CCV), and lymphocytic infiltration (LYM).
(b) Distilled water (control) showing undisturbed liver parenchyma (NoLP) with uncongested central veins (UCV). Note the regularity
of liver cell plates, microcirculatory zones, and sinusoids. (c) A 14-day UNCP administration (300 mg/kg/bwt) followed by a 3-day A/L
administration (75 mg/kg/bwt) showing undisturbed liver parenchyma with an uncongested but dilated central vein (DCV). (d) A 14-day
UNCP administration (900 mg/kg/bwt) followed by a 3-day A/L administration (75 mg/kg/bwt) showing undisturbed liver parenchyma with
an uncongested but dilated central vein (DCV). (e) A 14-day UNCP administration (1500 mg/kg/bwt) followed by a 3-day A/L administration
(75 mg/kg/bwt) showing undisturbed liver parenchyma with an uncongested but dilated central vein (DCV) (H & E stain ×40).

4. Discussion
The above study has shown that UNCP contains 38 elemental particles comprising 12 macro- and 26 microelements
believed to play roles in executing pharmacological effect
of natural products. The phytochemical constituents of the
powder were also identified as flavonoids, tannins, saponins,
terpenoids, and glycosides.
Hepatocyte membrane distortion is associated with
membrane leakage of the hepatocyte cytosolic contents
which manifests by significant elevation of serum or plasma
enzymes. ALT, AST, and ALP have been shown to be reliable
markers of acute hepatocellular damage. Among the marker
enzymes, ALT is the most reliable because AST is known to
be abundant in the cardiac muscles, skeletal muscles, kidneys,

and testes. Thus, any disease state affecting hepatic tissues
significantly elevates the serum level of these enzymes [42,
43].
In our study, A/L increased the levels of ALT, AST, GGT,
and bilirubin, while the levels of albumin and total protein were reduced indicating the presence of hepatotoxicity
(Figures 1–4). The increases in AST and ALT were dose
dependent. Normally, hepatotoxicity is accompanied by a
significant rise in ALT levels more than three times the upper
limit of normal. ALP levels also increase more than twice
the upper limit level or total bilirubin more than twice when
associated with increased ALP or ALT. Further, liver damage
could be either hepatocellular (predominately initial alanine
transferase elevation) or cholestatic (initial alkaline phosphatase rise) types. However, they are no mutually exclusive
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and mixed types of injuries that are often encountered [44].
In order to differentiate liver diseases from elevated ALP
related conditions, serum GGT measurement was conducted.
Elevations in GGT may indicate that the integrity of the
hepatocyte membranes has been compromised [44, 45].
A/L administration was accompanied by a high elevation
of GGT levels. Similar studies have also found A/L and
other artemisinin derivatives to have hepatotoxic effects [9,
45–47]. Besides, other antimalarial drugs such as chloroquine, amodiaquine, quinine, and halofantrine have also been
reported to elevate serum ALT and ALP and may induce
hepatic damage [9, 46, 48–50]. It has also been shown in other
studies that A/L increases the level of oxidants such as superoxides (O2− ) and peroxides (H2 O2 ) which leads to oxidative
stress [48]. Though this was not measured in this study, it is
known that reactive oxygen species (ROS) generated during
the process of drug biotransformation can bind and react with
cellular components in the liver to cause hepatic injury, thus
impairing liver function [49]. Taking these mechanisms into
consideration, it is plausible that drugs that have antioxidant
activity or have the ability to reduce oxidative stress can
be useful in preventing the deleterious effects of A/L on
the liver. It is noteworthy that the elevations in serum liver
enzymes were absent in guinea pigs pretreated with UNCP
for 14 days before A/L administration. UNCP and its derived
products have been shown to contain important antioxidant
polyphenols that inhibit different tumoral processes and
exhibit antioxidant and anti-inflammatory properties [50–
53]. The hepatoprotective effect exhibited by cocoa may likely
be due to the antioxidative effects of their polyphenols [54–
56].
Furthermore, UNCP increased total proteins and albumin levels in the animals unlike the A/L administered group
(Figures 5 and 6). Total protein and albumins are used to
assess the synthetic functions of the liver. The diminution of
total protein and albumin levels further support the hepatotoxic effects of A/L. In contrast, UNCP induced significant
elevation in total proteins, which may be a reflection of
its hepatoprotective effect. UNCP did not cause significant
increase in albumin. Also, studies indicate that cocoa does
not significantly increase albumin levels [57]. This buttresses
the finding from this experiment. Bilirubin levels were not
significantly affected by both A/L and UNCP (Figure 8).
Hepatoprotective effect of UNCP was further corroborated by the fact that there were no histological abnormalities
following the administration of UNCP before A/L administration. Our histopathological studies showed damaged
liver tissues in animals that received A/L alone evidenced
by disturbed (necrotic) liver parenchyma (NeLP), a highly
congested and dilated central vein (CCV) and lymphocytic
infiltration (LYM) in all animals (Figure 10(b)), a situation
that could be described as severe with a LDS between 4 and
5 according to Krastev [41]. UNCP administration reduced
the extent of liver damage evidenced by the undisturbed
liver parenchyma with an uncongested but dilated central
vein (mild liver damage). The total protein levels tend to be
restored (Figure 6).
Animals that received various doses (300 mg/kg, 900 mg/
kg, and 1500 mg/kg) of UNCP showed a normal uncongested
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and dilated central vein. However, in one of the animals
that received 1500 mg/kg UNCP, there was observed, dilated,
and congested central vein. High levels of copper in the
blood have been shown to be responsible for liver and
gastrointestinal disorders [58]. Thus, this observation of the
compromised liver integrity might probably be due to the
high levels of copper (Table 1) at this high dose of UNCP.
This level of copper has also been observed in our study where
energy dispersive X-ray (EDXRF) analyses of UNCP showed
the presence of both macro- and microelements including
copper 0.2984 mg ± 1.71 per 4 g of UNCP (Table 1). The
copper content of 1500 mg/kg UNCP exceeds the normal
recommended daily allowance (RDA) of 900 𝜇g (i.e., more
than 103.6% of RDA). Thus, caution should be taken against
frequent high consumption of UNCP as a beverage.
This study reports for the first time the hepatoprotective
effect of UNCP against A/L-induced hepatic damage in
guinea pigs. Similar effect of UNCP has been demonstrated
in other studies where it was shown that UNCP reduced
liver damage in mice infected with Plasmodium berghei
[59], prevented alcohol-induced hepatic damage in rats [60],
and protected against liver and renal damage by carbon
tetrachloride [61].
The effect of UNCP on nitric oxide was also investigated.
Nitric oxide has been found to have hepatoprotective effects
in acute liver injury. The 900 mg/kg UNCP administered
group showed an increase in nitric oxide levels. This dose level
has been identified by other researchers as the optimum dose
for beneficial effects of cocoa. The observed moderate nitric
oxide increases that are beneficial [30] could be attributed to
the flavonoid content of the unsweetened natural cocoa [29].
Cocoa increases nitric oxide levels in humans as observed for
studies involving consumption for flavonoid rich chocolate
and cocoa drinks [62, 63]. Superoxides and peroxides have
been found to scavenge nitric oxide [61]. The rise in nitric
oxide caused by A/L observed in the present study may
be consistent with others who have suggested that to be
as a result of a compensatory mechanism trying to restore
the nitric oxide level [62]. Nitric oxide increased in the
UNCP and A/L combinations with the greatest increments
in animals receiving 300 mg/kg and 900 mg/kg UNCP. This
may indicate that the hepatoprotective effect is likely to
be more pronounced in the animals in these groups as
confirmed by both the biochemical (Figures 1, 4, and 9) and
histopathological results (Figure 10(c)).
This study suggests that the normal practice of UNCP
consumption during malaria infection and treatment with
A/L may have additional beneficial effects [17, 18, 59] in
view of the fact that cocoa is also reported to have antimalarial properties. It is recommended that more studies be
conducted to evaluate the possible synergistic antimalarial
effect during concomitant administration of UNCP and A/L
in addition to further investigating the mechanism of the
hepatoprotective effect of UNCP. The findings from this
study are consistent with previous studies that have shown
that UNCP had reduced liver damage in mice infected with
Plasmodium berghei [59], prevented alcohol-induced hepatic
damage in rats [60], and shown hepatoprotective activity
against carbon tetrachloride toxicity [61]. Further, it is highly
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possible that the hepatoprotective potential of UNCP could
be due to both pharmacological properties of the macro- and
microelements and its phytochemical composition. Regular
consumption of UNCP has immense health benefits and
its simultaneous administration with A/L during malaria
treatment could be beneficial and should be encouraged. The
daily administration 300 mg/kg, 900 mg/kg, and 1500 mg/kg
bwt UNCP in these animals is equivalent to a daily amount of
4.54 g, 13.42 g, and 22.70 g of UNCP, respectively, in a 70 kg
man according to Reagan-Shaw et al. [64].

UNCP on parasitemia during A/L administration in malaria
infected animals and specific mechanisms under which this
protective effect occurs.

5. Conclusion
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to artemisinin, chloroquine, dihydroartemisinin and pyronaridine,” Tanzania Journal of Health Research, vol. 12, no. 1, pp.
73–79, 2010.
[6] World Health Organization, Antimalarial Drug Combination
Therapy: Report of a Technical Consultation, World Health
Organisation (WHO), Geneva, Switzerland, 2007.
[7] A. M. Dondorp, F. Nosten, P. Yi et al., “Artemisinin resistance
in Plasmodium falciparum malaria,” The New England Journal
of Medicine, vol. 361, no. 5, pp. 455–467, 2009.
[8] A. P. Phyo, S. Nkhoma, K. Stepniewska et al., “Emergence
of artemisinin-resistant malaria on the western border of
Thailand: a longitudinal study,” The Lancet, vol. 379, no. 9830,
pp. 1960–1966, 2012.
[9] S. E. Owumi, M. A. Gbadegesin, O. A. Odunola, A. M. Adegoke,
and A. O. Uwaifo, “Toxicity associated with repeated administration of artemether-lumefantrine in rats,” Environmental
Toxicology, vol. 30, no. 3, pp. 301–307, 2015.
[10] Worldwide Antimalarial Resistance Network (WWARN) AL
Dose Impact Study Group, “The effect of dose on the antimalarial efficacy of artemether-lumefantrine: a systematic review and
pooled analysis of individual patient data,” The Lancet Infectious
Diseases, vol. 15, no. 6, pp. 692–702, 2015.
[11] M. J. A. Maleyki and A. Ismail, “Antioxidant properties of cocoa
powder,” Journal of Food Biochemistry, vol. 34, no. 1, pp. 111–128,
2010.
[12] A. H. Azizah, N. M. Nik Ruslawati, and T. Swee Tee, “Extraction
and characterization of antioxidant from cocoa by-products,”
Food Chemistry, vol. 64, no. 2, pp. 199–202, 1999.
[13] M. Karim, K. McCormick, and C. Tissa Kappagoda, “Effects
of cocoa extracts on endothelium-dependent relaxation,” The
Journal of Nutrition, vol. 130, no. 8, pp. 2105S–2108S, 2000.

10
[14] L. Stahl, K. B. Miller, J. Apgar et al., “Preservation of cocoa
antioxidant activity, total polyphenols, flavan-3-ols, and procyanidin content in foods prepared with cocoa powder,” Journal
of Food Science, vol. 74, no. 6, pp. C456–C461, 2009.
[15] I. Amin, B. Koh, and R. Asmah, “Effect of cacao liquor on tumor
marker enzymes 492 during chemical hepatocarcinogenesis in
rats,” Journal of Medicinal Food, vol. 7, no. 1, pp. 7–12, 2004.
[16] I. Cordero-Herrera, M. A. Martı́n, L. Goya, and S. Ramos,
“Cocoa flavonoids protect hepatic cells against high-glucoseinduced oxidative stress: relevance of MAPKs,” Molecular Nutrition and Food Research, vol. 59, no. 4, pp. 597–609, 2015.
[17] S. K. Amponsah, K. A. Bugyei, D. Osei-Safo et al., “In vitro
activity of extract and fractions of natural cocoa powder on
Plasmodium falciparum,” Journal of Medicinal Food, vol. 15, no.
5, pp. 476–482, 2012.
[18] F. K. Addai, “Natural cocoa as diet-mediated antimalarial
prophylaxis,” Medical Hypotheses, vol. 74, no. 5, pp. 825–830,
2010.
[19] C. Andres-Lacueva, M. Monagas, N. Khan et al., “Flavanol
and flavonol contents of cocoa powder products: influence of
the manufacturing process,” Journal of Agricultural and Food
Chemistry, vol. 56, no. 9, pp. 3111–3117, 2008.
[20] A. Caligiani, D. Acquotti, M. Cirlini, and G. Palla, “1H NMR
study of fermented cocoa (Theobroma cacao L.) beans,” Journal
of Agricultural and Food Chemistry, vol. 58, no. 23, pp. 12105–
12111, 2010.
[21] M. Del Rosario Brunetto, L. Gutiérrez, Y. Delgado et al.,
“Determination of theobromine, theophylline and caffeine in
cocoa samples by a high-performance liquid chromatographic
method with on-line sample cleanup in a switching-column
system,” Food Chemistry, vol. 100, no. 2, pp. 459–467, 2007.
[22] L. Tian, X. Shi, L. Yu, J. Zhu, R. Ma, and X. Yang, “Chemical
composition and hepatoprotective effects of polyphenol-rich
extract from houttuynia cordata tea,” Journal of Agricultural and
Food Chemistry, vol. 60, no. 18, pp. 4641–4648, 2012.
[23] H. Shimoda, J. Tanaka, M. Kikuchi et al., “Walnut polyphenols
prevent liver damage induced by carbon tetrachloride and dgalactosamine: hepatoprotective hydrolyzable tannins in the
kernel pellicles of walnut,” Journal of Agricultural and Food
Chemistry, vol. 56, no. 12, pp. 4444–4449, 2008.
[24] J. Yang, Y. Li, F. Wang, and C. Wu, “Hepatoprotective effects
of apple polyphenols on CCl4-induced acute liver damage in
mice,” Journal of Agricultural and Food Chemistry, vol. 58, no.
10, pp. 6525–6531, 2010.
[25] S. M. Sabir, S. D. Ahmad, A. Hamid et al., “Antioxidant
and hepatoprotective activity of ethanolic extract of leaves
of Solidago microglossa containing polyphenolic compounds,”
Food Chemistry, vol. 131, no. 3, pp. 741–747, 2012.
[26] T. I. Stark, H. Justus, and T. Hofmann, “Quantitative analysis of
N-phenylpropenoyl-l-amino acids in roasted coffee and cocoa
powder by means of a stable isotope dilution assay,” Journal of
Agricultural and Food Chemistry, vol. 54, no. 8, pp. 2859–2867,
2006.
[27] T. Adzet, J. Camarasa, and J. C. Laguna, “Hepatoprotective
activity of polyphenolic compounds from Cynara scolymus
against CCl4 toxicity in isolated rat hepatocytes,” Journal of
Natural Products, vol. 50, no. 4, pp. 612–617, 1987.
[28] T. Rassaf and M. Kelm, “Cocoa flavanols and the nitric oxidepathway: targeting endothelial dysfunction by dietary intervention,” Drug Discovery Today: Disease Mechanisms, vol. 5, no. 3-4,
pp. e273–e278, 2008.

Evidence-Based Complementary and Alternative Medicine
[29] W. M. Hon, K. H. Lee, and H. E. Khoo, “Nitric oxide in liver
diseases: friend, foe, or just passerby?” Annals of the New York
Academy of Sciences, vol. 962, pp. 275–295, 2002.
[30] Y. Li, D.-M. Zhang, J.-B. Li, S.-S. Yu, Y. Li, and Y.-M. Luo,
“Hepatoprotective sesquiterpene glycosides from sarcandra
glabra,” Journal of Natural Products, vol. 69, no. 4, pp. 616–620,
2006.
[31] M. Yoshikawa, T. Morikawa, Y. Kashima, K. Ninomiya, and
H. Matsuda, “Structures of new dammarane-type triterpene
saponins from the flower buds of Panax n otoginseng and hepatoprotective effects of principal ginseng saponins 1,” Journal of
Natural Products, vol. 66, no. 7, pp. 922–927, 2003.
[32] E. A. Adewusi and A. J. Afolayan, “A review of natural products
with hepatoprotective activity,” Journal of Medicinal Plants
Research, vol. 4, no. 13, pp. 1318–1334, 2010.
[33] Y. Wu, F. Wang, Q. Zheng et al., “Hepatoprotective effect of total
flavonoids from Laggera alata against carbon tetrachlorideinduced injury in primary cultured neonatal rat hepatocytes
and in rats with hepatic damage,” Journal of Biomedical Science,
vol. 13, no. 4, pp. 569–578, 2006.
[34] A. J. Mungole, R. Awati, A. Chaturvedi, and P. Zanwar, “Preliminary phytochemical screening of Ipomoea obscura (L)—
a hepatoprotective medicinal plant,” International Journal of
PharmTech Research, vol. 2, no. 4, pp. 2307–2312, 2010.
[35] E. Ronen, “Micro-elements in agriculture,” Practical Hydroponics and Greenhouses, pp. 39–48, 2007.
[36] World Health Organization, Quality Control Methods for Medicinal Plant Materials, WHO Offset, Geneva, Switzerland, 1998.
[37] E. H. Jihen, M. Imed, H. Fatima, and K. Abdelhamid, “Protective effects of selenium (Se) and zinc (Zn) on cadmium (Cd)
toxicity in the liver and kidney of the rat: histology and Cd
accumulation,” Food and Chemical Toxicology, vol. 46, no. 11, pp.
3522–3527, 2008.
[38] I. Messaoudi, J. El Heni, F. Hammouda, K. Saı̈d, and A. Kerkeni,
“Protective effects of selenium, zinc, or their combination on
cadmium-induced oxidative stress in rat kidney,” Biological
Trace Element Research, vol. 130, no. 2, pp. 152–161, 2009.
[39] M. J. Anjos, R. T. Lopes, E. F. O. Jesus, S. M. Simabuco, and R.
Cesareo, “Quantitative determination of metals in radish using
X-ray fluorescence spectrometry,” X-Ray Spectrometry, vol. 31,
no. 2, pp. 120–123, 2002.
[40] J. B. Harborne, Phytochemical Methods: A Guide to Modern
Techniques of Plant Analysis, Chapman & Hall, London, UK,
1998.
[41] Z. Krastev, “Liver Damage Score—a new index for evaluation of
the severity of chronic liver diseases,” Hepato-Gastroenterology,
vol. 45, no. 19, pp. 160–169, 1998.
[42] P. Alavinejad, F. Farsi, A. Rezazadeh et al., “The effects of
dark chocolate consumption on lipid profile, fasting blood
sugar, liver enzymes, inflammation, and antioxidant status in
patients with non-alcoholic fatty liver disease: a randomized,
placebo-controlled, pilot study,” Journal of Gastroenterology and
Hepatology Research, vol. 4, no. 12, pp. 1858–1864, 2015.
[43] E. T. Olayinka and A. Ore, “Alterations in antioxidant
status and biochemical indices following administration of
dihydroartemisinin-piperaquine phosphate (p-ALAXIN),”
IOSR Journal of Pharmacy and Biological Sciences, vol. 5, no. 4,
pp. 43–53, 2013.
[44] N. Mumoli, M. Cei, and A. Cosimi, “Drug-related hepatotoxicity,” The New England Journal of Medicine, vol. 354, no. 20, pp.
2192–2193, 2006.

Evidence-Based Complementary and Alternative Medicine
[45] C. U. Ugokwe, H. C. Asomba, and I. O. Onwuzulike, “Hepatotoxicity potential of coartemether on wistar albino rat using
liver enzyme assay,” Journal of Pharmacy and Biological Sciences,
vol. 10, pp. 66–70, 2015.
[46] A. A. Ngokere, T. C. Ngokere, and A. P. Ikwudinma, “Acute
study of histomorphological and biochemedical changes caused
by artesunate in visceral organs of the rabbit,” Journal of
Experimental and Clinical Anatomy, vol. 3, no. 4, pp. 11–16, 2004.
[47] A. Udobre, E. J. Edoho, O. Esevin, and E. I. Etim, “Effect of
artemisinin with folic acid on the activities of aspartate amino
transferase, alanine amino transferase and alkaline phosphatase
in rat,” Asian Journal of Biochemistry, vol. 4, no. 2, pp. 55–59,
2009.
[48] O. A. Adaramoye, D. O. Osaimoje, A. M. Akinsanya, C. M.
Nneji, M. A. Fafunso, and O. G. Ademowo, “Changes in antioxidant status and biochemical indices after acute administration
of artemether, artemether-lumefantrine and halofantrine in
rats,” Basic and Clinical Pharmacology and Toxicology, vol. 102,
no. 4, pp. 412–418, 2008.
[49] A. S. Adekunle, C. O. Falade, E. O. Agbedana, and A. Egbe,
“Assessment of side-effects of administration of artemether in
humans,” Biology and Medicine, vol. 1, no. 3, pp. 15–19, 2009.
[50] H. U. Nwanjo and G. Oze, “Acute hepatotoxicity following
administration of artesunate in Guinea pigs,” The Internet
Journal of Toxicology, vol. 4, no. 1, pp. 1–2, 2007.
[51] A. Ismail, Z. M. Marjan, and C. W. Foong, “Total antioxidant
activity and phenolic content in selected vegetables,” Food
Chemistry, vol. 87, no. 4, pp. 581–586, 2004.
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