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Increased access to highly active antiretroviral therapy (HAART) has made the management of drug toxic-
ities an increasingly crucial component of HIV. This study investigated the effects of adjuvant use of coco-
nut oil and HAART on testicular morphology and seminal parameters in Sprague- Dawley rats. Twelve
adult male Sprague-Dawley rats, weighing 153~169 g were distributed into four groups (A-D) and treated
as follows: A served as control (distilled water); B (HAART cocktail- Zidovudine, Lamivudine and Nevi-
rapine); C (HAART + Virgin coconut oil 10 mL/kg) and D (Virgin coconut oil 10 mL/kg). After 56 days
of treatment, animals were killed and laparotomy to exercise the epididymis for seminal fluid analyses
done whilst testicular tissues were processed for histo-morphometric studies. Result showed a significant
decline in sperm motility (P <0.05) and count (P <0.0001) in HAART-treated animals while there was
insignificant changes in other parameters in groups C and D except count that was reduced (P <0.0001)
when compared with controls. Histomorphological studies showed HAART caused disorders in seminifer-
ous tubular architecture with significant (P <0.01) decline in epithelial height closely mirrored by exten-
sive reticulin framework and positive PAS cells. Adjuvant Virgin coconut oil + HAART resulted in
significant decrease in seminiferous tubular diameter (P < 0.05), but other morphometric and histological
parameters were similar to control or Virgin coconut oil alone (which showed normal histoarchitecture lev-
els). While derangements in testicular and seminal fluid parameters occurred following HAART, adjuvant

treatment with Virgin coconut oil restored the distortions emanating thereof.
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INTRODUCTION

The introduction of highly active antiretroviral therapy
(HAART) in the management of HIV/AIDS have turned the
tide from a high morbidity and mortality epidemic into a
manageable chronic condition and thus making HAART the
effective standard regimen (1,2). HAART could be a dou-
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ble or triple-drug cocktail with two nucleoside reverse tran-
scriptase inhibitor (NRTT) backbones in combination with a
non-nucleoside reverse transcriptase inhibitor (NNRTI), a
protease inhibitor (PI) or an integrase strand transfer inhibi-
tor (INSTIs) (3). The effective and efficient roll-out of
HAART in South Africa, where the vast majority of HIV-
infected individuals live, has contributed to the dramatic
decline in morbity and mortality due to HIV/AIDS (4).
However, in spite of this success, there are still adverse
effects incurred from HAART (5) including hepatotoxicity
(6), nephrotoxicity (7) and neurotoxicity (8), following
large-scale clinical trials on humans as well as animal
experimental studies. In addition, there are concerns that the
treatment-related drop in morbidity and mortality may actu-
ally be overestimated (4) as most studies relies on health-
related quality of life outcomes considering only mortality
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and ignoring treatment-related morbidities.

Several reports have raised the possibility that long-term
use of antiretroviral drugs may interrupt normal male repro-
ductive function (9,10). Clinical and animal experimental
studies have ascertained the negative influence of HAART
on sperm functional parameters, sexual hormones, testicu-
lar structure, germinal cell development, as well as testicu-
lar carbohydrate and lipid metabolism (9,11). With the high
financial burden of sustaining compliance with antiretrovi-
ral regimens, there is a major challenge of people living
with HIV/AIDS (PLWHAs) (12) most especially among
sub-Saharan Africa necessitating majority of them resort-
ing to the use of traditional medicines and products (13,14)
for improvement of their well-being. Besides, scientific
interest towards the use of medicinal plants has been on the
rise due to their perceived effectiveness during treatment,
relatively low costs and minimal side-effects (15).

Cocos nucifera (Coconut) is an important fruit that is
grown in most tropical and subtropical regions of the world
(16) and has been referred to as the ‘tree of life due to its’
several applications (17). Its part includes the husks, coco-
nut water, coconut meat, coconut milk and coconut oil and
have been linked to numerous medicinal properties (18).
There are reports of its use as alternative medicinal therapy
(19,20) for treatment of diabetes, diarrhea and as anticancer
(20) using in vitro and in vivo techniques.

Virgin coconut oil (VCO) is extracted from fresh coconut
(20) and differs from ordinary coconut oil because it con-
tains more biologically active components of polyphenols,
tocopherols, sterols and squalene (21). It has captured a lot
of interest due to its ability to mitigate oxidative stress-
related processes via inhibition of lipid peroxidation (22).
Reports of its improvement of semen quality (sperm counts
and motility) as well as boosting serum testosterone levels
(23) have been acknowledged. Though VCO has many
therapeutic values, there are no scientific reports on its abil-
ity to mitigate testicular injuries associated with any HAART
either in human and/or experimental animal model. This
present study therefore investigated the possible ameliora-
tive effects of VCO as adjuvant with ART with the view to
mitigating the ravages of HAART on testicular tissues using
an animal (male Sprague-Dawley rats) model.

MATERIALS AND METHODS

Twenty adult male Sprague-Dawley rats, weighing 153~
169 g were used for this study. These animals were bred and
maintained at the Animal House of the Biomedical Resources
Unit, University of Kwazulu-Natal. All procedures involv-
ing the animals was performed in accordance with the Prin-
ciple of Laboratory Animal Care of the National Medical
Research Council and the Guide for the Care and Use of
Laboratory Animals (24). The protocol for the study was
approved by Animal Ethics Committee (protocol reference

number: AREC/087/015D). The rats had unrestricted access
to food (standard rat pellets) and water.

All the rats were housed in plastic cages (3 rats/cage)
having dimensions of 30 long, 20 wide and 13 cm high) and
soft wood shavings employed as bedding in the cages. Rats
were maintained under standardized animal house condi-
tions (temperature: 28~31°C; light: approximately 12 hr
natural light per day; humidity: 50~55%). The drug Zidovu-
dine, Lamivudine, and Nevirapine (Aspen) were procured
from Pharmed, Durban, South Africa.

Plant material. The solid endosperm of mature coco-
nuts were commercially purchased from a local store in
Durban area and were authenticated at the Department of
Life Science, Westville Campus, University of Kwazulu-
Natal, South Africa.

Preparation of VCO. The wet extraction method
described by Nevin and Rajamohan (22) was used for VCO
extraction. Briefly, the solid, matured coconut were crushed
and made into viscous slurry, water of about 500 mL was
added and squeezed through cheese cloth to obtain coconut
milk. The coconut milk produced was left for about 24 hrs
to aid the gravitational separation of the milk, which was in
accordance with (25,26). Three phases resulted; a lower
aqueous phase, a middle emulsion phase, and an upper oily
phase. The upper oily phase was then decanted and heated
for about 10 min to remove moisture. The resultant VCO
was then filtered with a fine sieve, stored in plain bottles at
room temperature and used for the experiment.

Experimental design: The animals were randomly dis-
tributed into four (4) groups (A-D) and treated as follows:

A (control animals received distilled water).

B (HAART cocktail of Zidovudine, Lamivudine and
Nevirapine adjusted to the equivalent animal dose of 1.89,
0.95 and 1.26 mg/kg body weight respectively) (27).

C (HAART + VCO 10 mL/kg).

D (VCO 10 mL/kg).

All treatment was applied daily by oro-gastric gavage and
at the end of 56 days all animals were killed 24 hrs after the
last treatment under halothane® anesthesia.

Body and testicular weight. The body weights of ani-
mals were recorded on the first day before treatment (ini-
tial), thereafter on a weekly basis and finally on the last day
of experiment. The weight of the testes (TW) was mea-
sured by an electronic balance (Mettler Toledo; Microsep
(Pty) Ltd., Greifensee, Switzerland). The testes of each rat
were measured individually and the average value obtained
for each of the two testes were regarded as one observa-
tion. The values are expressed in grams (g) for TW.

Semen analysis. The caudal epididymis of the rats
were excised and minced with an anatomical scissors, a
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drop of epididymal fluid was collected onto a glass slide,
covered with cover slip covered with a 22 x 22 mm cover
slip and examined under a light microscope (28). The micro-
scopic field was scanned systematically and the motility of
each spermatozoa encountered was assessed (29), motility
was graded as progressive, non-progressive and dead (30).
After assessing different microscopic fields, the relative
percentage of motile sperm was estimated and reported to
the nearest 5% using the subjective determination of motil-
ity (31).

The epididymal tissue was cut into small pieces and diluted
with normal saline and sperm count was determined using
an automated sperm analyser with a double slide counting
chamber. The dilution was mixed thoroughly and both sides
of the counting chamber were scored and the average taken.
The number of spermatozoa counted was expressed in mil-
lions/mL (31).

Histomorphometrical and histochemical studies. Each
testis was removed, trimmed of attached tissues and weighed.
The testis was fixed in 10% Neutral buffered formalin and
processed for histological and histochemical evaluations.

For routine histological study, the testis were dehydrated
in an alcohol series of 100%, 90%, 70%, 50%, cleared in
xylene, infiltrated and embedded in paraffin and then sec-
tioned (4 pm thick) using a microtome (microm HM 315
microtome, Walldorf, Germany). They were further depar-
affinised, stained with hematoxylin and eosin (H&E). For
histochemical studies, the tissues were stained with Peri-
odic acid schiff (PAS) technique for the detection of glyco-
gen, neutral polysaccharides and basement membrane;
Gordon and Sweet’s silver staining method to demonstrate
reticular fibers (32). Examination of the stained tissue sec-
tions was done by a histopathologist who was blinded to the
study protocol.

For morphometric analyses, seven vertical sections from
the polar and the equatorial regions were sampled and an
unbiased numerical estimation of the following morphomet-
ric parameters (diameter and cross-sectional area of the
seminiferous tubules, seminiferous epithelial height/thick-
ness) was determined using systematic random scheme
(33). The seven vertical sections were selected by a system-
atic sampling method that ensured fair distribution between
the polar and equatorial regions of each testis. The diame-
ters (D) of approximately 18 randomly selected seminifer-

Table 1. Body weight, testicular weight and TW/BW ratio in groups

ous tubules with profiles that were round or nearly round
was measured for each slide and a mean D was determined
by taking the average of two diameters, D1 and D2. D1 and
D2 were taken only when D1/D2 > 0.85 (1.0 = a perfect cir-
cle). This is to eliminate longitudinal profiles which might
exhibit different degrees of damage along their length and/
or show irregular shrinkage as previously reported (33,34).
The tubular diameter and height of the seminiferous tubule
epithelium was scanned using Leica SCN 400 (Leica
Microsystems GmbH, Wetzlar, Germany) and measured at
X 100 magnification using image analyser Leica (DMLB)
and Leica microsystem software. The diameter of the semi-
niferous tubule was measured across the minor and major
axes, and the mean diameter obtained as stated above.
Cross-sectional area (AC) of the seminiferous tubules was
determined from the formula, A. = tD*/4 (where m is equiva-
lent to 3.142 and D is the mean diameter of the seminifer-
ous tubules).

Statistical analysis. The morphometric data were anal-
ysed using parametric methods. The results are expressed as
mean standard error of mean. These were then subjected to
within and between group differences using one way ANOVA,
followed by Dunnett’s multiple comparison test, which was
performed using GraphPad Prism version 5.00 for Win-
dows, GraphPad Software, San Diego, CA, USA.

RESULTS

Organ-body weight changes. There was a general
insignificant increase in body weight of animals in all groups
but this increase was least in group D compared with the
control group A. Significant decrease (p < 0.05) in percent-
age body weight of group D animals compared with control
was observed (34.64 £3.80 vs. 51.61 £ 5.49). The testicular
weight (TW) of all the treated groups B, C and D were sim-
ilar to that of the control. There was insignificant difference
(P>0.05) in the relative organ weight (TW/BW x 100) in
all the treated groups (B, C and D) when compared with
control group A (Table 1).

Changes in semen parameters. There was a highly
significant decrease (p <0.0001) in mean sperm count
in animals treated with HAART (0.74 + 0.30 x 10°/mL),
HAART + VCO (0.93 +0.34 x 10°’mL) and VCO (1.86 +

Grp Initial Bw (g) Final Bw (g) Weight Diff (g) Difference (%) TW (g) TW/BW x 100
A 216.70 +£5.93 328.70 £ 16.80 112.0 + 13.05 51.61+£5.49 3.30+0.01 1.01£0.05
B 232.70 +13.86 364.00 + 24.64 131.3+11.46 56.34 +£2.44 3.40+0.11 0.93 £0.05
C 240.70 + 8.33 325.70 £ 18.19 85.0+11.68 35.18£4.10 3.36+0.29 1.03 £0.03
D 222.70 + 4.67 300.00 + 13.00 77.3+9.39 34.64 + 3.80* 3.41+0.10 1.14+£0.15

*Statistically significant at p < 0.05.
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0.54 x 10°/mL) respectively when compared with control
(5.67+0.26 x 10°mL). In addition HAART significantly
lowered the progressive sperm motility of group B animals
when compared with the control (p <0.05) (46.67 + 6.67%
vs. 71.33 £4.67%). An insignificant increase in progressive
motility was observed in group D animals (p > 0.05) when
compared with the control group (74.00 + 7.02% vs. 71.33 £
4.67%). On the other hand, a significant increase in non-
progressive motility (p <0.05) was observed in group B
when compared to control group A (31.33 +4.67% vs. 16.67 =
3.33%). Similarly, adjuvant HAART + VCO restired sperm
motility to almost control values with % non-progressive
motility and dead spermatozoa almost similar to VCO-
alone and control groups (Fig. 1).

There were no animal deaths recorded during the experi-
mental period.

Morphological parameters. The diameter of seminif-
erous tubules in HAART + VCO animals showed a signifi-
cant decrease (p <0.05) whereas HAART-alone animals
showed insignificant decrease (P > 0.05) compared with the

Sperm count (x106ml)

Groups

control group A (266.10 £ 6.23 um vs. 294.50 + 8.04 um).
Geminal epithelial thickness (ET) of seminiferous tubules
showed a significant decrease in HAART group compared
to that in control (P < 0.01). However, in adjuvant HAART +
VCO and VCO-alone groups recorded no significant alter-
ations in this parameter. The cross-sectional areas of semi-
niferous tubules of group C treated with a combined dose of
HAART + VCO was significantly lowered (p < 0.05) when
compared with the control group A (55.88 +2.60 vs. 68.59
pum’ £ 3.79 um?) (Fig. 2).

Histological and histochemical results. Results of tes-
ticular section staining using H&E, PAS and Gordon and
Sweet’s silver methods revealed varying effects of treat-
ment on the tissues. Testicular cross section of control and
VCO groups showed essentially well preserved cyto-archi-
tecture and microanatomy of the testes with seminiferous
tubules (ST) populated by spermatogenic cells at various
stages of development. The interstitial spaces were normal
with Leydig cells clearly visible and no infiltrations. In
many of the ST of HAART-alone and HAART + VCO
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Fig. 1. Effect of VCO and HAART treatment on sperm count and motility in Sprague-Dawley rats after 8 week-treatment period. Bars

indicate the mean + SEM; *P < 0.0001; *P < 0.05.
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Fig. 2. Effect of VCO and HAART treatment on diameter, epithelial thickness and area in Sprague-Dawley rats after 8 week-treatment

period. Bars indicate the mean + SEM; *P < 0.05; **P < 0.001.



Coconut Oil Mitigates HAART Toxicity 321

Fig. 3. Micrograph of testicular histological section of groups (A), (B), (C) and (D) (H & E). Control animals (A) and (D) (VCO) shows
seminiferous tubules with normal architecture and spermatogenic cells (SP). The interstitial spaces (I) with Leydig cells are normal. The
lumen (L) is also populated by immotile spermatozoa. Note the hypoplastic changes with vacuolations (arrowed) in some of the semi-
niferous tubules in slide (B). There are also reduced spermatogenic cell series in tubules. In (C) (HAART + VCO), partial restoration in
some seminiferous tubules was evident.

Fig. 4. Micrograph of testicular section of groups (A), (B), (C) and (D) (PAS). The basal membrane of the seminiferous tubule (blue
arrow) has normal thickness, the basement membrane and the upper series of germinal epithelium exhibits a positive PAS reaction.
The intensity of PAS is higher in (B) and (C). Note in slide (B) the few number of Leydig cells and the peritubular interstitial tissue pre-
senting weak reaction with PAS (green star *). In (C) there is also a strong peritubular interstitial tissue reaction with PAS compared
with other slides (black star *). Yellow star (*) in (A) and (C) there is normal peritubular interstitial tissue reaction with PAS. Black arrow
shows acrosome stained with PAS.
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Fig. 5. Micrograph of testicular section of groups (A), (B), (C) and (D) (Gordon and Sweet’s) demonstrating reticular fibres (arrowed).
Note the thickened basement membrane in (B) with fine threads around (A) and (D). Slides (A) and (D) show well preserved reticular

connective tissue (black coloured stain).

groups, there were gross hypoplastic changes in many ST of
the former with additional vacuolar changes more numer-
ous in the later. These observations relates with the reduced
and disorganized spermatogenic cells in many ST of
HAART-treated animals with only basal spermatogonia in
some ST. There were less architectural distortions in adju-
vant VCO + HAART testis (Fig. 3).

In the current study, the cytoplasm of Leydig cell, peritu-
bular interstitial tissues and basement membrane reacts pos-
itively with PAS. PAS-stained sections reveal glycogen
presence in the tissues and is depicted by pink color in the
sections. Sections from control animals showed clear and
positive PAS-reaction with pink-stained thin basement
membranes around ST as well as upper series of the semi-
niferous epithelium and acrosomal caps of matured sperma-
tozoa. There were significant increase in PAS positive
particles in slides B and C compared with control and VCO
groups. While the PAS stain demonstrates glycogen, indica-
tions for distortion in ST cells were evident in the intensity
as well with HAART-group exhibiting most staining inten-
sity (Fig. 4).

Silver impregnation with the Gordon and Sweet’s method
revealed the presence of unique dark-stained reticulin fibres
around ST basement membranes and connective tissues in
the interstitial spaces in slides from groups A and D. In
HAART-treated group, extensive meshwork of thickened,
dark-stained fibres were clearly visible around ST basement

membranes and sections from group C also exhibited similar-
ity with HAART group but to a lesser degree indicating resto-
ration to control and VCO groups. The massive loss of germ
cells (primary and secondary spermatocytes) in HAART
group compared with HAART + VCO is visibly present with
only basal spermatogonia cells present in the former (Fig. 5).

DISCUSSION

In the last decade, the positive impact of combination
antiretroviral therapy on the reduction of HIV-associated
mortality and morbidity cannot be underscored despite
challenging pitfalls with therapy. Besides, the intolerable
side effects of HIV medications can emanate from failure
due to drug-drug interactions, organ specific toxicity and/or
non-adherence (35). In other to mitigate some of the unwanted
side effects of HAART, PLWHASs in sub-Saharan Africa
rely on medicinal plants rich in biologically active compo-
nents for alleviation of some of the toxicities of HAART
(36). Reports by (37) and (38) corroborates the use of com-
plimentary alternative medicine for alleviation of pain in
PLWHASs. Many herbal extracts are known to exert protec-
tive action against noxious effects of toxicants/drugs on
organs by their ability to decrease oxidative damage-medi-
ated pathologies (40). VCO has been reported to have
active and large amounts of polyphenols and tocopherols
which are powerful counter measures against lipid peroxi-
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dation (39,41) in tissues. Therefore, as compelling evi-
dence suggests that HAART amplifies oxidative stress
status in PLWHAs (42,43), the current study therefore
demonstrates the possible protective role of VCO in the
mitigation of HAART’s ravages on testicular parameters.

We report, for the first time, that adjuvant treatment with
VCO mitigates the intensive histopathological changes and
loss of considerable number of germ cells in seminiferous
tubules of rats due to HAART. The decrease in seminifer-
ous epithelial layers may be linked to inhibitive processes
against spermatogonium B that elongates the G-1 phase of
spermatogenic cycle (44). In our experiment, adjuvant treat-
ment of VCO had a protective effect on the seminiferous
epithelium as demonstrated by the lowering of degenera-
tion and restitution of normal epithelial lining. Testicular
sections of HAART-treated animals showed extensive fibro-
sis around basement membranes of ST (seen with silver
impregnation) which are suggestive that disturbances between
the Sertoli cells and basement membrane cells (myoid) may
have been drastically altered with consequent fibrotic reac-
tion and possible hyalinization (45).

Decreased ET and ST diameter are a result of reduced
metabolic activity of the germinal cells as well as cell num-
bers with the consequence that interstitial spaces widen
with oedematous appearance (46). Several studies that have
examined HAART effects on semen parameters and other
morphometric features of the testis (9,47), have supported
our overall result indicating HAART-induced distortions do
occur by changes in morphology and morphometric indices
of the testis. These ravages were ameliorated by VCO pos-
sibly due to its rich antioxidative properties as previously
stated by (48). Putatively, pathways for the generation of
reactive oxygen species leading to oxidative stress and tox-
icity of HAART relies on mitochondria-related perturba-
tions that manifests in many side effects such as hepatic
failure and lactic acidosis (49). The ‘mitochondrial dysfunc-
tion hypothesis’ reviewed in (50) is believed to operate via
energy deprivation, mitochondrial oxidative stress and con-
sequent mitochondrial DNA damage. With depleted energy
reserve (observed by significantly reduced progressive motil-
ity and increased non-progressive motility in HAART-treated
group), mitochondria are unable to execute the needed for-
ward propulsive motion necessary to achieve fertilization
and NRTIs and PIs have been implicated as major culprits
(49,51). Whilst this protocol did not report perturbations in
antioxidant enzymes, previous animal studies on VCO (48)
supports the ability of VCO to increase the activity of anti-
oxidant enzymes (e.g. catalase, superoxide dismutase, etc.)
in tissues with consequent decline in formation of lipid per-
oxidation products. Spermatozoa motility is dependent on a
robust energy supply and a jealously-guarded polyunsatu-
rated fatty acid membrane prone to oxidative stress medi-
ated damage. With adjuvant VCO + HAART, these negative
effects were mitigated in this study.

There was no significant difference in the percentage
weight difference of the animal in the control and treatment
group except animals in the group administered with only
VCO. This might have been due to the fact that VCO con-
tains saturated fatty acids which may likely cause softening
of stools and diarrhea that may have caused weight loss
(52), although we did not measure any parameter in this
regard.

In the current study, VCO at 10 mL/kg dose resulted in an
increase in parameters including ST diameter (though not
significantly different with control). Though progressive
sperm motility was higher and non-progressive motility
lowest compared to other groups, these values were not sig-
nificant. However, the positive indices reflects the ability of
VCO to ameliorate toxicant injuries to the testis. Previous
reports have pointed to the unsaponifiable components of
VCO like vitamin E and polyphenols playing a beneficial
role in reducing cholesterol levels and lipid peroxidation
(53). It is very likely that this postulation may be opera-
tional in our scenario.

The increased PAS positive particles (which are carbohy-
drate components) in cells seen in sections of tissues from
groups C and D alongside the thickened basement mem-
brane and silver stained reticulin network in HAART-
treated groups all points towards a metabolic disorder of
testicular cells. While Sertoli cells provide the bare cyto-
skeletal framework for ST, they also assist in phagocytosis
of dead/or degenerating spermatogenic cells (47). Many of
the ST in sections from HAART group showed Sertoli cells
with dense congregations as inclusions. While we did not
report assay of testosterone in this study, the results from
derangements in seminal and morphological data following
antiretroviral therapy evidently implicates altered testicular
androgen levels hence impairment in spermatogenic pro-
cesses as discussed in (9). Calvin et al. (54) have suggested
that the metabolic pathway of testosterone synthesis
requires protection against lipid peroxidation of which the
polyphenols present in VCO have been recognized as a
powerful counter measure. Taken together, these observa-
tions tallies with morphometric data and thus supports the
positive role of VCO in this experiment.

In summary, HAART regime as used in this protocol can
lead to testicular damage and sperm abnormalities and VCO
extract has potential of ameliorating this deleterious effects
and protecting the testis through its antioxidant properties.
Further studies are needed to understand the precise mecha-
nistic pathway through which this action is dissipated on
testicular tissue.
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