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ABSTRACT

Highly active antiretroviral therapy (HAART) or combination antiretroviral therapy is a treatment regimen typically
comprising of combination of three or more drugs from two or more classes of antiretroviral drugs. HAART-induced
haemotoxicity is well reported with oxidative stress partly blamed for the insult on tissues. There is paucity of
information on the possible ameliorating effects of common antioxidants (Omega 3 and Selenium) on HAART-induced
haemotoxicity in wistar rats and hence this study. Sixteen male Wistar rats weighing 120 —250g used for the study were
divided into four groups of 4 rats each viz group 1 (control), group 2 (HAART-only), group 3 (HAART + Omega 3) and
group 4 (HAART + Selenium). Duration of daily administration and treatment was six weeks. Results showed a
significantly decreased (p<0.05) red blood cell count in the HAART-only group compared with control but which was
significantly increased in the HAART + Omega 3 and HAART+Selenium groups compared with HAART-only group
(p<0.05 in each case). Haemoglobin concentration was significantly reduced (p<0.05) in the HAART-only group
compared with control but significantly increased in HAART + Omega 3 and HAART + Selenium groups compared
with HAART-only group (p<0.05). Packed cell volume was significantly reduced in the HAART-only group compared
with control but which was significantly higher in HAART + Omega 3 and HAART + Selenium groups compared with
HAART-only group (p<0.05). No significant difference was observed in mean corpuscular volume among the groups.
The mean corpuscular haemoglobin was significantly reduced in the HAART-only group compared with the control
(p<0.05). Mean corpuscular haemoglobin concentration was significantly decreased (P<0.05) in the HAART-only
group compared with control but increased in the HAART + Omega 3 and HAART + Selenium compared with HAART-
only groups (p<0.05 in each case). We therefore conclude that co-administration of Omega 3 or Selenium ameliorates
HAART-induced haemotoxicity in Wistar rats.
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INTRODUCTION

Highly active antiretroviral therapy (HAART) is a
treatment regimen typically comprising of a
combination of three or more drugs from two or more
classes of anti-retroviral drugs.' The National Institute
on Drug Abuse, NIDAdescribes HAART as a
customized combination of different classes of
medications prescribed by a physician based on such
factors as the patient's viral load, strain of the virus,
CD4" cell count, and other considerations like disease
symptoms and which must be taken every day for life’.

The introduction and wide spread use of HAART have
led to marked reduction in AIDS-related morbidities
and mortalities due to diversity of regimen and its
interference at different sites in the life cycle of the
virus. This effect is also attributed to the extended
durability of viral suppression.’Advent of HAART
has also brought dramatic improvement in overall
prognosis with appreciable impact on the
management of HIV infection, reduction in viral
replication as well as survival and quality of
life.*Moreso, introduction of HAART has
demonstrated remarkable success in reducing health
care cost for HIV-positive individuals and incidences
of opportunistic infections,’

Like most drug combination regimens, HAART has
been associated with several drugs-related problems.
This is easily understood because the various classes
of antiretroviral drugs, Nucleoside/tide reverse
transcriptase inhibitors. (NRTI/NERTI), non-
nucleoside/tide reverse transcriptase inhibitors,
(NNRTI/NNtRTI), protease inhibitors (PI), integrase
strand inhibitors (INSTIs), Fusion inhibitors (FIs) and
chemokine receptor antagonists (CCR5- Antagonists)
all have their side effects.”’So, despite the numerous
benefits of HAART regimen, studies have linked a
number of side effects and toxicities to its
administration including hepatotoxicity,"
nephropathy, myopathy etc.” HAART-associated
toxicities including haematological toxicities have
evolved as main reasons to discontinue or modify
antiretroviral therapy since rational alternatives are
notreadily available.™""*

The haemotoxicity of HAART is well documented.
Macrocytosis effect of lamivudine has been reported

on the neutropenic and anaemia effects of HAART"
12 HAART administration has also been
associated with low concentrations of haemoglobin,
packed cell volume and lymphocytes'* as well as red
cell aplasia.”'® The administration of HAART has
been linked to a systemic expression of oxidative
stress biomarkers like GPx SOD, CAT, MDA to
explain the possible mechanisms of tissue
injury.”’lg’lg"zo

It was based on the above that known and readily
available antioxidants (Selenium and Omega 3)
were chosen to test their ability to prevent or reduce
haemotoxicity in male rats treated with HAART.

MATERIALSAND METHODS
Experimental design

Sixteen male Wistar rats were separated into four (4)
groups of four rats each. Group 1 was control, group
2 HAART-only, group 3, HAART + Omega 3 and
group 4, HAART + Selenium. Group 1 received
0.003ml/g body weight of Tween 80/water solution.
Group 2 (HAART-only) was given 25mg/kg 3TC,
25mg/kg — TDF and 3.8mg/kg — DTG ( 0.00167ml
of HAART solution per gramrat). Group 3 (HAART
+ Omega 3) was administered with 600mg/kg of
Omega 3 plus 25mg/kg 3TC, 25mg/kg — TDF and
3.8mg/kg — DTG). Group 4 (HAART + Selenium)
was given 25mg/kg 3TC, 25mg/kg — TDF and
3.8mg/kg — DTG plus 0.3mg/kg of Selenium. All
rats had unrestricted access to water and rat chow for
the six (6) weeks duration of experiment. All
animals were given their respective solutions/drugs
by oral gavaging once daily for the duration of
experimentation. Rats were weighed regularly and
the doses of their drugs adjustedaccordingly.

Experimental animals: Sixteen male adult Wistar
rats weighing 120 — 250g used for the study were
kept in wooden cages and housed in the Animal
House of the Department of Human Physiology,
University of Calabar, Calabar. They were raised
under a 12 hours light — 12 hours darkness cycle at
room temperature and used for the study after one
week of acclimatization.

Drugs: A combined ART drug/lHAART (Mylan
Laboratories, Ltd, India) composed of 300mg
Lamivudine (3TC), 300mg TenovirDisoproxil
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Fumarate (TDF) and 50mg Dolutegravir (DTG) per
tablet was obtained from Antiretroviral Unit of
Infections Disease Hospital (IDH) Calabar, Nigeria.
Emzor Omega 3° fish oil (1000mg/capsule)
containing Eicosapentaenoic acid NLT (18%) and
Docoxahexaenoic acid NLT (12%) made by Gujarat
LiquiPharmacaps Pvt, Ltd, GLPL, India and
Selenium as Sodium Selenite (200ug/capsule) made
by Bactolac Pharmaceutical Inc. USA were obtained
from Bez Pharmacy, Etta Agbor Road, Calabar,
Nigeria.

Drugs preparation and dosage

Extrapolation of HAART dose: The HAART
doses for rats were extrapolated from human doses for
HAART using formula developed by '

= Animal NOAEL (mg/kg) x weight, . [kg]"*”
Weight,,.. [ke]

Animal K |

HumanK

Animal equivalent dose mg/kg = Human dose
(mg/kg)x K, ratio

= Animal dose (mg/kg) x

Where (K ) = correction factor estimated by dividing
the average body weight (kg) of species to its body
surface area (m’)].

Tween-80/water solution: Tween 80" (Laborfine
Chem. PVT Ltd, India) was used as solvent in the
study. Ten (10) drops of Tween-80 were placed in a
graduated sample bottle and then made up to 40mls
using portable water and administered at a dose of
0.003ml/g of rat.

Stock solution of HAART: Each tablet of HAART
(50mg Dolutegravir, 300mg Lamivudine and 300mg
Tenovirdisoproxil Fumarate) was grind to powder,
dissolved in four (4) drops of Tween 80 and then made
up to 20mls with water to give a concentration of
2.5mg, 15mg and 15mg of Dilutegravir, Lamivudine
and Tenovir respectively per ml of solution of
HAART.

Stock solution of Omega 3: Content of six capsules
of Omega 3 (6000mg) was dissolved in 4 drops of
Tween 80® and marked up to 30ml with water giving
a concentration of 200mg/ml solution.

Stock solution of Selenium: This was prepared by

dissolving 2000ug (content of ten capsules) in 4
drops of Tween 80® and marked up to 40mls with
water giving a concentration of 50pg/ml of solution

Collection of samples: At the end of six (6) weeks
of experimentation, animals were anaesthesized
with chloroform and blood samples taken from them
via intracardiac puncture. Samples were then
immediately transferred into pre-labelled EDTA
bottles for determinate of haematological
parameters.

Evaluation of haematological parameters:
Haematological parameters were evaluated using
Auto-Haem Analyzer (Counlter Electronics, Luton,
Bedfordshire, UK) having standard calibrations
according to manufacturer's instruction.”

Statistical analysis: Data were presented as mean +
standard error of mean (SEM). Data were analysed
using analysis of variance (ANOVA), followed with
a post hoc test of least significant differences. A
value of p<0.05 was considered statistically
significant. All analyses were conducted using
Statistical Package for the Social Sciences (SPSS)
version 25.

Ethical approval: Approval for this study was
obtained from the Animal Research and Ethics
Committee of the Faculty of Basic Medical
Sciences, University of Calabar, Calabar — Nigeria
(Approval No. 108PHY3821).

RESULTS

Red blood cell count (x10°/L): Red blood cell count
(RBC) in the HAART-only group (2.94+0.95) was
significantly lower compared with control
(6.05£1.71) with p<0.01. It was however
significantly increased (p<0.05) in the HAART +
Omega 3 (7.08+£1.07) and HAART + Selenium (7.86)
groups compared with HAART-only group
(2.9440.95) as shown in Fig. 1.

Haemoglobin concentration (g/dl):
Haemoglobin concentration was significantly
reduced (p<0.05) in HAART-only (12.1£1.90)
compared with control (18.1£1.16) groups. It was
however significantly higher (p<0.05) in the
HAART + Omega 3 (18.73+1.97) and HAART +
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Selenium (18.85+2.21) compared with HAART-only
(12.1£1.90) groups as presented in Fig. 2.

Packed cell volume (%): Comparison of packed cell
volume (PCV) in different groups shows a significant
decrease (p<0.05) in PCV in HAART-only group
(31.032 + 4.26) compared with control (49.91£3.08).
It was however significantly higher (p<0.05) in
HAART + Omega 3 (48.85+5.00) and HAART +
Selenium (55.89+4.85) compared with HAART-only
(31.3244.26) groups. ThisisshowninFig. 3.

Mean corpuscular volume (L): Mean corpuscular
volumes (MCV) in control (71.25+13.74), HAART-
only (75.25£10.56), HAART + Omega 3
(68.75+6.95) and HAART + Selenium (72.25+12.01)
groups were statistically insignificant when compared
with themselves as shown in Fig. 4.

Mean Corpuscular haemoglobin (pg): Mean
corpuscular haemoglobin (MCH) in HAART-only
(19.83+£2.77) was significantly lower (p<0.05)
compared with control (24.924+4.09) groups as in Fig.
5.

Mean corpuscular haemoglobin concentration
(g/dl): Mean corpuscular haemoglobin
concentration (MCHC) in the HAART-only group
(22.9844.02) was significantly reduced (p<0.05)
compared with control (39.2+4.53). This was
however significantly increased (p<0.05) in HAART
+ Omega 3 (35.75+3.30) and HAART + Selenium

(34.0543.70) groups compared with the control group
asinFig. 6.

Red Cell Count (x10°/L)

Control Haart HaartsOmega 3 Haart+Selenium

Experimental groups
Fig. 1: RBC count in the different experimental groups. Values are
expressed asmean+SD,n=4.
a=p<0.05vs Control
b=p<0.05 vs Haart.

30

Haemoglobin Concentration (gldl)

control Haart Haart+Omega 3 Haart+Selenium

Experimental groups
Fig. 2: Haemoglobin (Hb) concentration in the different
experimental groups. Values are expressed as mean £ SD, n = 4.
a =p <0.05 vs Control
b = p <0.05 vs Haart.

Packed Cell Volume (%)

Control Haart Haart+Omega 3 Haart+Selenium

Experimental groups
Fig. 3: Packed cell volume in the different experimental groups.
Values are expressed as mean + SD, n = 4.
a=7p <0.05 vs Control
b =p <0.05 vs Haart.

Mean Corpuscular Volume (L)

Control Haart Haart+Omega 3 Haart+selenium

Experimental groups
Fig. 4: Mean corpuscular volume in the different experimental
groups. Values are expressed as mean = SD, n=4
No significant difference among groups.
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Mean Corpuscular Haemoglobin (pg)

Control Haart Haart+Omega 3 HaartsSelenium

Experimental groups
Fig. 5: Mean corpuscular hemoglobin in the different experimental

groups. Values are expressed as mean + SD, n = 4.
a=p <0.05 vs Control.
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Mean Corpuscular Haemoglobin Concentration (g/dl)
o
]

contral

Haart Haart+Omega 3 Haart+Selenium

Experimental groups
Fig. 6: Mean corpuscular hemoglobin concentration in the different

experimental groups. Values are expressed as mean + SD, n = 4.
a=p <0.05 vs Control
b =p <0.05 vs Haart.

DISCUSSION

This study shows that administration of HAART
significantly reduced red blood cell count, packed cell
volume, haemoglobin, mean corpuscular hemoglobin
and mean cell haemoglonin concentration. However,
co-administration of Omega 3 or Selenium
ameliorated the changes in Hb, PCV and RBC
account.

Start your discussion with the key findings from this
work before any other comments

Introduction of HAART regimen into the treatment of
HIV/AIDS was seen as a major breakthrough in

management of HIV with improved clinical
conditions and better prognosis. However, this
achievement has been known to have its draw-backs
including haemotoxicity from the cock-tail, a
situation which may compound HIV-related
haematological alterations in infected people.
Oxidative stress is one of the mechanisms of tissue

injury by HAART. """

The significantly reduced RBC count in the
HAART-only group compared with control could
have been due to HAART-induced haemotoxicity
also observed by Kayodeet al " The haemotoxicity
might have been primary as was observed by

" who noted that HAART/Lamivudine causes red
cell aplasia. The decrease in RBC count was
prevented following co-administration of Omega 3
or Selenium with HAART likely due to their

antioxidant effects.”****

The observed decrease in PCV in the HAART-only
group compared with control is similar to the
findings from a previous study in" as packed cell
volume is directly related to red blood cell count. In
pure red cell aplasia, there is interference with
erythropoietic mechanisms.'*” This might have
been due to the RBC aplasia induced by
HAART/Lamivudine.”" The reduction in PCV
was however prevented/reversed by co-
administration of Omega 3 or Selenium, a situation
which may also be attributed to the antioxidant
effects of Omega 3 and Selenium.

The significant decrease in Hb in HAART-only
group compared with control noted in our study is
similar to the observation by."'* This might have
been due to interference with the mechanisms for
haemoglobin synthesis by HAART. This was
prevented following co-administration of HAART
with Omega 3 or Selenium resulting in a rather
increase in Hb concentration in HAART + Omega 3
and HAART + Selenium groups compared with
HAART-only group.

Our results did not show any significant changes in
MCYV among the groups. Mean corpuscular volume
(MCYV) refers to the average volume of single
RBC.”The findings of low RBC count, PCV and Hb
concentration in the presence of a normal MCYV,
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points to the fact that anaemia induced by HAART is
normocytic in nature.”’

Mean corpuscular haemoglobin (MCH) is the
quantity of Hb present in one RBC * and is low in
hypochromic anaemias.” The findings of decreased
MCH in the HAART-only group compared with
control shows that HAART causes a hypochromic
type of anaemia.

Our study revealed a significant decrease in mean
corpuscular haemoglobin concentration (MCHC) in
HAART-only compared with control groups. Mean
corpuscular haemoglobin concentration is the
concentration of Hb in one RBC and is the most
important absolute value in diagnosis of anaemia.
The reduced value of this index compared with
control confirmed that anaemia of HAART origin is
hypochromic in nature .”> From our results, this index
was significantly increased in HAART + Omega 3 and
HAART + Selenium compared with HAART-only
groups showing that the two antioxidants could
prevent HAART-induced hypochromia in red blood
cells.

CONCLUSION

From the foregoing, we conclude that co-
administration of Omega 3 or Selenium with HAART
prevents HAART-induced derangement in RBC
count, PCV, Hb, MCH and MCHC inrats.

RECOMMENDATION:

From findings in this study, we recommend the co-
administration of Omega 3 or Selenium with HAART
as prophylaxis against hemotoxicity induced by
HAART.

REFERENCES

1. Eggleton JS,NagalliS. Highly Active Retroviral
Therapy (HAART). Statpearle Publishing.
Treasure Island (FL): 2021.
www.nchi.nim.nih.govtbooks.

2. National Institute on Drug Abuse NIDA .
HIV/AIDS Research Report. What is HAART?
https://www.drugabuse.gov./publications,2020.

3.  HeathKV,MontanerJIS, G., Bondy G, SingerJ,
O'Shaughnessy MV, Hogg R. S.Emergency
Drug Toxicities of Highly Active Antiretroviral.
Therapy for Human. Immunodeficiency Virus

10.

11.

(HIV) Infection.
2003,4(1): 13-22.

Current Drug Targets.

Wondimnew T, Gnanasekaran N, Genet S..
Effect of Ethiopian Highland green tea
(Cainelliasinensis) leaf extract on highly active
anti-retroviral therapy-induced dyslipidemia in
Albino wistar rats. Journal of Pharmacognosy
and Phytotherapy, 2018, 70(4): 85—90.

Mulata HN, Gnanasekaran NN, Molaku U.
Daniel S.
extract on HAART — induced hemotoxicity in
Albino wistar rats. Journal of

Effect of Calpurnia aurea seed

InternationalBlood Research and Reviews
2015;33(2): 66—-75.

World Health Organization,, WHO Laboratory
Manual for the Examination of Human Semen
and Semen-Cervical Mucus Interaction. 4"
Edition Cambridge University Press,
Cambridge 2.0 00
https//www.aab.org.,images/ WHO%204"%20
manual.pdf.

Kwara A, Flanigan, TP. Carter EJ.. Highly
active antiretroviral therapy (HAART) in adults
with tuberculosis: Current status. The
International Journal of Tuberculosis and Lung
Disease 2005;9(3): 248 —257.

Oyeyipo I.P, Skosana BT., Everson FP.,
Strijdom H. and du Plessis S S. Highly Active
Antiretroviral Therapy Alters Sperm
Parameters and Testicular Antioxidant status in
Diet-induced obese rats. Toxicological
Research.2018;34(1):41-48.

Naiho AO, Nwaokolo KM, OdigieMO.
Zidoudine therapy: effect(s) or histology of the
kidney of wistar rats. International Journal of
Herbs and Pharmacological Research,

2014;3(4): 60—67.

Spenglar U, Lichterfield M. Rockstroh JK.
Antiretroviral Drug Toxicity — a challenge for
the hepatologist? Journal of Hepatology. 2002;
36(2):283-294.

Khawcharoenpom T, Shikuma CM, Williams
A.EChow D. Lamivudine — Associated
Macrocytosis in HIV — infected patients.

West J Med & Biomed Sci | Vol. 4 No. 1-2 | 2023

For Reprint Contact: submit.wimbs@gmail.com.ng



Aribo EO, Sunday VE, Udokang NE

Pg53

12.

13.

14.

15.

16.

17.

18.

19.

20.

International Journal of SDS and AIDS, 2007;18: 21. NairAB ,and Jacob S. A simple practice Guide

39-40.

Montessori V, Press N, Harris M,Akagi L.,
Montaner JSG. Adverse effect of antiretroviral
therapy for HIV infection. CMAT. 2004; /70(2):
229-238.

Viiv Health Care. Highlights of Prescribing
Information (online) 2010://www.combivir.com

Kayode EM,Usiegbod, DO, Ajiboye ME,
OmonyelS,,Febut, MN ,Buru AS. Assessment of
Effects of Antirotroviral Therapy on
Haemotological parameters in HIV positive
individuals in Zaria. J. AIDS and HIV Res.
2020;12(2): 17-23.

15 John MA, Khemtula YA, Merezes
CN,Grobusch MP. Lamivudine-induced Red
Cell Aplasia. J. Med. Microbiol. 2008;57(8):
1032—-1035.

Nakamura K, Tateyama M., Tasota ,D, Haranaga
S, Tamayose M, Yara S,, Higa F. Fujita J. Pure
Red Cell Aplasia induced by Lamivudine without
the influence of Zidovudine in a patient infected
with Human Immunodeficiency Virus. Intern.

Med. 2014;53(15):1705—1708.

Havlickova K, Snopkova S,Pohamka M,
Svacinka RJ, Zlamal F, Fabianova L ,Husa P.
Antioxidants in patients living with HIV on
Antiretrovirals. Military Medical Science Letters

—MMSL.2021;90(2): 45— 60.

Sharma B. Oxidative stress in HIV patients
Receiving Antiretroviral Therapy. Current HIV
Research.2014;12(1): 1-8,

Gil H, Tarinas A, Hernandez D .... Altered
oxidative stress indexes related to disease
progression marker in human immunodeficiency
virus infected patients with antiretroviral
therapy.Biomedicine and Aging Pathology.
2012; 1(1): 8-15.

Ivanov AV, Valuv-Elliston YT, Ivanova ON,
Kochetkov SN, Staroduboxa ES,
Bartosch,B,Isanguliants MG. Oxidative stress
during HIV infection: Mechanism and
consequences. Oxidative Medicine and Cellular
Longevity. 2016; ArtID. 8910396. 1 —18.

22.

23.

24.

25.

for Dose Conversion between Animals and
Humans. Journal of Basic and Clinical
Pharmacy.2016;7(2):27-31.

Aksunga FB,Arslan FD, Avci E, Aykal G,
Coskun C, Qmaroglu I, Colak A, Eker P,Gumus
A, Glicel F, Hakligor A,Inal BB, Orhan B,
Sonmez, C,Semes M, Taneli F and Yilmas C.
(2020). Guideline for complete blood count in
Medical Laboratories: Effects of Preanalytical
Parameters. Turkish Biochemical Society.
Ankara, Turkey.

https://www.eflm.eusturkey.2021-blood-
count.

Gammone MA, Riccioni G, Parrinello G,
D'OrazioN.. Omega-3 Polyunsaturated Fatty
Acids: Benefits and Endpoints in
Sports.Nutrients 2018; 11(1),46:1-26.

Glick, NR.Fischer MH. The role of essential
fatty acids in human health. J. Evidence-Based
Compementary and Alternative Medicine.
2013;18(4): 268 -289.

Yang R Liu Y. Structure, function and nutrition
of selenium — containing proteins from
foodstuffs. Mineral containing Proteins. 1: 89
—116.

West J Med & Biomed Sci | Vol. 4 No. 1-2 | 2023

For Reprint Contact: submit.wimbs@gmail.com.ng



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

