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ABSTRACT

This paper is aimed at evaluating the activities of cocoa on male rats. Sixty healthy
matured rats weighing 130+20g were divided into four experimental groups of 15 rats
each. The rats were treated with cocoa seed powder at 0 (control), 100, 200 and 300mg/kg
body weight, respectively for 65 days. Blood samples were collected for hormonal,
biochemical and haematological indices while semen was obtained for semen analysis.
Results showed that cocoa powder elevated prolactin, testosterone and luteinizing

Keywords hormone (LH) levels; red blood cell, and white blood cell counts significantly reduced
Cocoa, follicle stimulating hormone (FSH), estradiol; platelets, packed cell volume and
Hormonal, haemoglobin  concentration (Hb); alanine aminotransferase (ALT), aspartate
Haematological, aminotransferase (AST), alkaline phosphatase (ALP) and albumin. There was also a
Biochemical, reducing effect of cocoa powder on total cholesterol, triglycerides, LDL- cholesterol and
Profiling, HDL-cholesterol, especially at the dose of 300mg/kg as well as sperm count, sperm
Albino rats. viability and sperm motility. However, sperm head abnormality increased in a dose-

dependent manner. These results imply implicitly that cocoa powder at higher doses

might be detrimental to animal health, its beneficial effects notwithstanding.

Introduction

The need to broaden raw material base of agro-allied
industries coupled with the paradigm shift from the use of
synthetic drugs in medications have led to the search for
food/cash crops that will be multifaceted in their derivable
benefits (Ikpeme et al., 2012a). This according to Ikpeme et al.
(2012b) will undoubtedly offer great array of opportunities for
the sustainability of cultivation and productivity of the crops.

Cocoa (Theobroma cacao Linn) which belongs to the
family of Sterculiaceae is grown throughout the tropics (Coe,
2000) has been a major cash crop that has immensely
contributed to the foreign earnings of Nigeria economy. West
Africa produces more than two-third of the World's cocoa with
Cote d'lvorie and Ghana alone accounting for 40 and 20% of the
World production, respectively (Anon 2005). According to
Dillinger et al. (2000) medicinal uses of cocoa had been traced
from Mexican sources and approximately 150 uses of cocoa for
medical treatment had been documented. Cocoa contains various
bioactive compounds, which includes polyphenols, peptides,
minerals and methylxanthines (caffeine, theobromine and
theophylline). Cocoa bean and its products are food sources rich
in phenolic compounds. Dreosti (2000) reported that 60% of the
total phenolics in raw cocoa beans are flavonol monomers
(epicatechin and catechin) and procyanidin oligomers (dimer to
decamer). Studies had demonstrated that the consumption of
cocoa or chocolate reduced the risk of cardiovascular disease
(Keen et al. 2001).

Interestingly, there are lots of reports that have x-rayed the
therapeutic relevance of cocoa and its products even using
human subjects (Baba et al., 2000; Rein et al., 2000; Wang et
al., 2000; Ying et al., 2001; Zhu et al., 2002; Muthur et al.,
2002; Murphy et al., 2003; Mursu et al., 2004; Osakabe et al.,
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2004; Heiss et al., 2005; Taubert et al., 2007; Cooper et al.,
2008).

This notwithstanding, there are still fears that cocoa might
elicit negative effects on the physiological and biochemical
processes of an organism’s system (Abrokwah et al., 2009). This
is predicated upon the following: (a) cocoa contains diverse
bioactive compounds whose synergism might be detrimental to
animal health (Greer et al., 2001; Rios et al., 2003); (b) cocoa
processing methods differ and this obviously might influence the
level of bioactive components therein (Wollgast and Anklam,
2000; Kyi et al., 2005; Caligiani et al., 2007; Abbe and Amin,
2008) and (c) cocoa from different origin and varieties contains
different bioactive constituents, which might elicit diverse
pharmacological actions (Caligiani et al., 2007; Azizah et al.,
2007).

Going by this understanding therefore it becomes
imperative to assess the effect of unfermented sun-dried cocoa
on male albino rats as regards sperm quality, blood, hormonal
and biochemical parameters. This will immensely help in
creating awareness, especially to the local cocoa farmers who
consume it, the form notwithstanding.

Materials and Method
Preparation of test material

Matured and ripe cocoa pods (Amelonado) were collected
from an old cocoa plantation belonging to Cocoa Research
Institute of Nigeria, Ibadan (7°14 N, 3°51E), courtesy of Dr.
Peter Aikpokpodion. The pods were broken with wooden stick
and the beans were wrapped with polyethylene nets and inserted
into a heap of cocoa beans to be fermented for six days. This
was done so that enough heat will be provided for the
experimental beans. At the end of the fermentation period, the
tied polyethylenes net with its content were brought out of the



14851

heap of cocoa and sun-dried for seven days under intense
sunlight and pulverized.
Experimental animals

Sixty healthy matured male albino rats weighing between
120- 150 grams were used in the present study. They were
housed in cages under standard laboratory conditions of
temperature range of 25-29°C and 12h light/dark cycle
throughout the experimental periods. The rats were left to
acclimatize for two weeks with water and feed ad libitum. Four
experimental groups of fifteen rats each per treatment were used
for the study using completely randomized design. The rats were
treated with cocoa powder at 0 (control), 100, 200 and 300mg.kg
body weight, respectively for 65 days. The cocoa powder was
mixed with about 10-30% of the daily feed consumption and
given in the morning, to ensure the consumption of the daily
treatment dose before the remaining feed was given later in the
afternoon.
Collection of blood and preparation of serum samples

Blood samples from the rats in the different treatment
groups and controls were collected through cardiac puncture
after chloroform anaesthesia into serum separator tubes. The
blood was allowed to clot by standing at room temperature for 1
hr then refrigerated for another 1 hr. The resulting clear
supernatant was spun at 2500-3000 rpm for 10min using
Wisperfuge model 1384 centrifuge (Tamson, Holland) at 10-
25°C, which yielded the serum. This was stored at -30°C until
used (Gatsing et al., 2005).
Lipid profile analysis

Serum triglycerides were estimated according to the
methods of Stein and Myers (1995) while the determination of
serum cholesterols was done according to methods of Braun
(1984). Serum HDL-cholesterols was estimated according to the
methods of Hiller (1987) while serum LDL-cholesterols was
estimated according to the methods of NCEP (1988).
Hormonal assay

Serum samples were assayed for levels of testosterone,
follicle stimulating hormone (FSH), luteinizing hormone/
interstitial cell stimulating hormone (LH/ICSH), estrogen
(estradiol) and prolactin using the Microwell enzyme linked
immunoassay (ELISA) technique; using analytical grade
reagents (Syntron Bioresearch Inc., USA) (Ekaluo et al., 2010).
Biochemical assays

These assays were adapted from Edet et al. (2011). The
analysis for Alkaline phosphatase activity in the diluted sample
was determined by an optimized and standardized colorimetric
(Randox kit) method according to the recommendation of the
German Society of Clinical Chemists (GSCC). The absorbance
was measured using Optima Spectrophotometer SP-300 (Optima
Inc. Chicago, USA). Alanine and aspartate aminotransferases’
activities were also determined using analytical kits obtained
from Randox.
Estimation of haematological parameters

Blood samples from the different groups were diluted to
1:200 with Hayem’s fluid for preservation of the corpuscles. The
method of Decie and Lewis (2001) was adopted in the
estimation of red blood cell count while white blood cell count
was done according to the methods of Cheesbrough (2000). The
method (using Sahli’s haemoglobinometer) was employed for
estimation of hemoglobin (Hb) content of the blood while
packed cell volume (PCV) was done using the
macrohaematocrit.
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Sperm quality analysis
Estimation of sperm count

This was carried out according to the method of Ekaluo et
al. (2009). The epididymal content was obtained by macerating
with fine scissors known weights of the caput and cauda
epididymes in a glass petridish containing physiological saline
in the ratio of 1:10w/v. After vigorous pipetting, the suspension
was separated from tissue fragments by filtering it through an
80um stainless mesh. The sperm cells were counted by
cytometry. Five different counts were done for each sample, and
the mean were taken as the mean count for each male rat.
Evaluation of sperm motility

The sperm cell suspension was diluted in 2ml of
physiological saline and dropped on glass slides. This was
viewed under light microscope as to determine the motile and
non — motile sperm cells by their movement (WHO, 1992).
Sperm viability determination

This was estimated using the improved one step eosin-
nigrosin staining technique. A fraction of each suspension of the
sperm samples was mixed with equal volume of eosin — nigrosin
stain and air dried smears were prepared on glass slides for each
samples according to Bjorndahl et al. (2003). The slides were
coded randomly and examined under the microscope for
percentage viability. Normal live sperm cells exuded the eosin —
nigrosin while dead sperm cells took up the stain. Percentage
viability was calculated based on the number of viable (live)
sperm cells divided by the number of sperm cells within 30
minutes multiplied by 100.
Sperm head abnormality test

A portion of the sperm suspension was mixed with 1%
eosin Y solution (10:1) for 30 minutes and air-dried smears were
prepared on glass slides for the sperm head abnormality test. The
slides were examined for percentage sperm head abnormalities
in every 200 spermatozoa observed on each slide and five air-
dried smears were prepared on glass slides for each sample. The
percentage of sperm head abnormality was calculated according
to Ekaluo et al. (2009).
Data analysis

Data collected were subjected to analysis of variance
(ANOVA) using Predictive Analytics SoftWare (PASW),
version 18.0.
Results
Effect of cocoa on reproductive Hormones

The effect of administering cocoa powder on male rats
showed that there were significant (P < 0.05) differences
between the rats in the control and the treated rats, which tends
to be dose-dependent. Our result revealed that the levels of
prolactin, testosterone and Luteinizing hormone (LH) increased
steadily with increasing dose while the level of estradiol
increased more when the rats were administered with 200mg/kg
of the cocoa powder (Table 1).
Effect of cocoa on haematological parameters

Except for the red blood cell and white blood cell counts,
administering rats with cocoa powder did not significantly (P >
0.05) affect the platelets, packed cell volume and haemoglobin
concentration. However, though there were significant
differences between the treated rats and those in the control,
among the treated groups, there were no significant differences
(Table 2).
Effect of cocoa on liver enzymes

Cocoa powder showed a reducing effect on the levels of
ALT, AST, ALP and albumin while it did not show any
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significant effect on total protein. Additionally, when 100mg/kg
of the powder was administered to the rats, there was an upsurge
on the levels of AST, ALP and albumin (Table 3).

Effect of cocoa on lipid profile

There were initial increase in the levels of total cholesterol
and high density lipoprotein (HDL) while there was no
difference between triglyceride and low density lipoprotein
levels when rats were treated with 100mg/kg and 200mg/kg,
respectively. Generally, in all the lipid parameters studied, their
levels reduced drastically when the rats were treated with
300mg/kg of cocoa powder.

Effect of cocoa on sperm quality and quantity

There was significant effect (P < 0.05) of cocoa treatment
on sperm quality and quantity. The treatment caused significant
decrease in the sperm counts, sperm viability, sperm motility
while sperm head abnormality increased with increasing
concentration of the powder.

Discussion

The economic and therapeutic benefits derivable from
cocoa and its products notwithstanding, it is important to
appreciate the fact that the pharmacological potency of single
isolated compound differs from the effect when all the bioactive
constituents of any particular plant synergistically interact to
deliver their medicinal effects. It is already established that
cocoa is rich in polyphenols (Arts et al., 2000; Natsume et al.,
2002; Cooper et al., 2007; Aikpokpodion and Dongo, 2010),
Greer et al. (2001), Rios et al. (2003) also reported that cocoa is
rich in methylxanthines, which includes caffeine, theobromine
and theophylline and these might posses both positive and
negative health effects.

Our result on hormonal profile revealed that administering
cocoa powder to male rats has significant boosting effect on
prolactin, testosterone and luteinizing hormones (LH),
respectively with increasing dose while follicle stimulating
hormone (FSH) level was more affected at the dose of
200mg/kg. The implication of the above result is that cocoa
powder might be hormone-specific in its action. Given that
cocoa contains various bioactive compounds including minerals,
it is probable that these different bioactive components might
either singly or synergistically elicit hormone specific action.
Though our present report suggests that cocoa powder boosted
the level of testosterone, it was not significant enough to
enhance the production of sperm cells, leading to the reduction
of sperm counts. It should be understood that testosterone does
not function alone as it needs other hormones such as LH and
FSH to perfectly carry out its function. According to Wang et al.
(1992) theobromine intake caused vacuolation within the Sertoli
cells, altered spermatid shape, and failure in the release of late
spermatids in male rats. Similarly, Soffietti et al. (1989)
observed that high dose of cocoa extract containing theobromine
could alter testis structure. It is therefore very likely that the
effects of cocoa powder on sperm parameters are not
unconnected with the distortion on the cytoarchitecture of the
rat’s gonads (Nwanjo et al., 2007; lkpeme et al., 2012a). It
presupposes that when the integrity of cyto-architecture of the
gonads is compromised, spermatogenic processes and pathways
are also compromised with the concomitant drastic reduction in
the quality and quantity of sperm cells.

Interesting to mention is the fact that cocoa contains the
same xanthine stimulants like caffeine, theobromine and
theophylline (Odebunmi et al., 2009) and has been reported to
mediate some physiological effects that are in tandem with the
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actions of refined caffeine (Corrillo and Bennitez, 2000; Dash
and Gummadi, 2008). Caffeine interacts chemically with rapidly
replicating DNA in growing cells, thus inducing mutations,
though there are controversies regarding the genotoxic and
mutagenic effects of caffeine in biological systems (Utulu and
Bakare, 2010). Undoubtedly, exposure of the seminal fluid to
chemicals (toxic) could result to functional or structural
impairment of sperm cells, which obviously could be linked to
the alterations in testicular DNA, thus disrupting the process of
differentiation of spermatozoa. Since the pituitary-hypothalamic
axis control spermatogenesis, it is possible that the bioactive
constituents inherent in cocoa powder might have produced
debilitating effects on this axis.

Cocoa intake decreased low density lipoprotein (LDL)
[Mathur et al., 2002] while Wang et al. (2001) demonstrated that
cocoa powder and dark chocolate supplementation improved
high density lipoprotein (HDL) level by 4% compared to control
diet. Allen et al. (2008) in a similar experiment reported that
dark chocolate consumption, especially containing 180mg
polyphenols reduced total and LDL cholesterol among elevated
serum cholesterol subjects. Interestingly, our present result of
lipid profile agrees with these earlier submissions. Fermentation
of cocoa seeds reduces the polyphenolic compounds. Caligiani
et al. (2007) submitted that (-) —epicatechin and (+)-catechin )
(forms of polyphenols) are highest in an unfermented cocoa
seeds. Understandably, the percentage of the polyphenolic
compounds in the cocoa seeds is of less import than their
bioavailability in the organism’s system. According to Scalbert
and Williamson (2000), Donovan et al. (2006) the bioavaibility
of polyphenols depends to a large extent on the chemical
structure,  glycosylation,  acylation,  conjugation  and
polymerization. Additionally, it is also influenced by the protein
factor (Serafini et al., 2003; Tabernero et al., 2006), which
might not necessarily be salivary protein but also with dietary
protein and digestive enzymes and this might influence their
transportation and absorption activities (Brunet et al., 2002).
This however, suggests that the polyphenolic compounds in the
cocoa powder were bio-available to the recipient organs leading
to the effect observed in our report.

Any herbal therapy that has the potential to protect against
artherosclerosis and its associated or incidental cardiovascular
complications will be a welcomed venture. Though there are
initial increase in total cholesterol and HDL,; increasing the dose
of cocoa powder to 300mg.kg reduced them drastically.
Unfortunately, the reduction in HDL level could spell doom to
the system, the reduction in total cholesterol notwithstanding.
Mathur et al. (2002), Baba et al. (2007) documented the
protective effect of cocoa polyphenols towards LDL oxidation,
which is an early indicator for the development of
cardiovascular diseases. Earlier reports showed that there was an
elevation of HDL-cholesterol which was not in tandem with our
current report. It is probable that the variants of the polyphenolic
compounds inherent in the cocoa powder orchestrated by the
origin and variety of the cocoa (Clapperton et al., 1994;
Caligiani et al., 2007; Azizah et al., 2007) will partly give an
explanation to the differential.

The integrity of the liver structurally and functionally can
be predicated on the levels of enzymes such as alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphate (ALP), albumin, etc. According to
MacSween and Whaley (1992) elevation of ALT might suggest
the presence of viral hepatitis, congestive heart failure, liver
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damage while Varley et al. (1991) observed that albumin
reduction is usually associated with chronic liver disease,
cirrhosis as well as nephritis. It might be erroneous to submit
that since albumin level decreased at higher doses of cocoa
powder, it could be an early indication of liver damage.
Reduction in ALT level should have disabused minds
concerning a seeming liver problem. These notwithstanding, it
will be wise to mention here that these enzymes are not all it
takes for the liver to function perfectly there are other intrinsic
factors.

The administration of cocoa powder to male rats did not
significantly affected the platelets, packed cell volume (PCV)
and haemoglobin concentration (Hb). Terashima et al. (2002)
reported that flavonoids as antioxidant maintains the haeme iron
in its form and thus enhance erythropoiesis. This was also
observed by Jaja et al. (2002), Ahumibe and Braide (2009)
suggesting that there exist a relationship between antioxidant
activity and haemoglobin quality as ascorbic acid increases
haemoglobin level significantly. It is as well obvious that cocoa
and its products contain very high antioxidant bioactive
components, especially polyphenols and flavonoids. Esomonu et
al. (2005) observed that the formation of complexes between
flavonoids and minerals might affect haemoglobin synthesis and
erythropoiesis. It is probable that the protein factor might have
complexed with polyphenols making the bioavailability of
polyphenols difficult (Brunnet et al., 2002; Serafini et al., 2003;
Tabernero et al., 2006) to the target cells, thus reducing their
anti-oxidative potential. Implicitly, the protein state of the rats
may have contributed to the reducing efficacy of the polyphenol
in cocoa in exerting antioxidant properties. It is still obvious that
though all polyphenols possess antioxidant properties in vitro
but are not likely to exert the same properties in vivo (Baba et
al., 2000).

It might be erroneous at this juncture to attribute the effects
of the cocoa seed powder on the parameters studied to single
bioactive compound rather synergistic interactions among these
bioactive compounds.

Conclusion

Implicitly, however, cocoa seed powder administration to
male rats might not be advisable giving the reducing effects it
has on sperm and haematological parameters, respectively. It
does therefore suggest that its use as an antioxidant should be
done with caution as a safe drug should be safe holistically.
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Table 1: Hormonal parameters of rats administered with cocoa Seed powder

Hormonal Parameters Concentration (mg/kg BW)

0 100 200 300
F S H (Miu/ml) 1.4°+0.16 | 0.9%+0.04 1.5°+0.11 1.35°+0.18
Estradiol (Pg/ml) 0.16°+0.01 | 0.27°+0.08 | 0.32°+0.012 | 0.29°+0.016
Prolactin (ng/ml) 11.1°%+0.48 | 12.9°+0.31 | 15.32°+0.46 | 18.729+0.23
Testosterone (ng/ml) 5.35°+0.25 | 5.28%+0.37 7.23°0.11 9.33°40.12
LH(miu/ml) 8.27°+0.27 | 13.6°+0.45 | 13.95°+0.29 | 15.15°+0.09

*Means followed by the same case letter along horizontal arrays indicate no significant difference (P<0.05).

Table 2: Haematological parameters of rats administered with cocoa seed powder

Haematological Parameters Concentration in (mg/kg BW
0 100 200 300

RBC (10%/L) 7.82%+0.29 9.68°+0.21 9.41°+0.37 9.29°+0.44
Platelets 605.29°+17.14 | 663.25°+35.56 | 608.32°+12.25 | 640.5°+18.18
PCV (%) 45.0°£1.47 48.75°+1.11 49.0°+2.38 46.75°+2.69
Hb conc. (g/dL) 16.32%+0.76 16.03%£0.44 16.2°+0.48 17.03%0.45
WBC (10%/L) 6.08°+0.22 11.1°+0.16 11.75"+0.40 6.13%+0.55

*Means followed by the same case letter along horizontal arrays indicate no significant difference (P<0.05)

Table 3: Effect of cocoa powder on some liver enzymes

Hormonal Parameters Concentration (mg/kg BW)

0 100 200 300
Alanine aminotransferase 31.58%+0.15 25.69°+0.94 54.14°+8.00 35.11%+4.10
Aspartate aminotransferase | 50.57%+6.21 | 125.69°+9.29 | 105.17°+0.012 | 61.44°+9.15
Alkaline phosphatase 303.91%+0.59 | 167.26°+0.38 | 81.47b +0.28 | 45.24* +0.51
Total protein 6.05°+0.03 6.72°+0.06 6.83°+ 0.11 7.58°+0.45
Albumin 31.57°+0.16 | 47.33°+3.86 32.27°£0.53 | 35.53°¢1.40

Table 4: Effect of cocoa powder on some lipid profile

Means followed by the same case letter along horizontal arrays indicate no significant difference (P<0.05)

Hormonal Parameters Concentration (mg/kg BW)

0 100 200 300
Serum triglyceride (mg/dl) | 86.84°+0.18 | 149.69°+2.74 | 134.45°+3.23 | 75.93%+1.81
Total cholesterol (mg/dl) 62.47°+0.19 | 95.35"+9.29 | 62.84°+3.12 | 75.90°+4.21
HDL-cholesterol (mg/dl) 71.06°+0.06 | 79.40°+0.38 | 70.23°+0.34 | 72.45% +0.29
LDL-cholesterol (mg/dl) 17.66°+0.15 | 30.26°+0.06 | 26.58°+3.36 | 15.11°+0.33

Means followed by the same case letter along horizontal arrays indicate no significant difference (P<0.05).

Table 5: Effect of cocoa powder on sperm quality and quantity

Hormonal Parameters Concentration (mg/kg BW)

0 100 200 300
Sperm count (x10%/ml) 6.75°+0.08 | 6.55°+2.74 | 6.05°+0.12 | 5.96%+0.13
Sperm head abnormality (%) | 4.99°+0.58 | 5.77°+1.25 8.479+1.84 8.20°+1.64
Sperm viability (%) 89.7°+1.18 | 84.79°0.38 | 79.6°+0.24 | 76.87° +0.18
Sperm motility (%) 83.30%+0.17 | 52.5%+0.12 | 55.00°+ 1.15 | 57.50°0.21

Means followed by the same case letter along horizontal arrays indicate no significant difference (P<0.05).
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