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ABSTRACT

HIV/AIDS is a condition in human in which the immune system begins to fail, leading to life
threatening opportunistic infections. This study investigated the effect of first and second line fixed-
dose combination (FDC) antiretroviral drugs on some biochemical parameters in Wistar rats. Thirty-

*Corresponding author: E-mail: ezekielumoh@uniuyo.edu.ng;

Cite as: Umoh, Ezekiel U., Efreti F. Effiong, and Chinasa J. Onyeulor. 2024. “Biochemical Serum Indices of Hepatic and Renal
Functions of Rats in First and Second Line Fixed Doses of Anti-Retroviral Drugs Versus First Line With Switch To Second Line
Combination”. Asian Journal of Biochemistry, Genetics and Molecular Biology 16 (12):150-64.
https://doi.org/10.9734/ajbgmb/2024/v16i12431.


https://doi.org/10.9734/ajbgmb/2024/v16i12431
https://www.sdiarticle5.com/review-history/128888

Umoh et al.; Asian J. Biochem. Gen. Mol. Biol., vol. 16, no. 12, pp. 150-164, 2024; Article no.AJBGMB.128888

five (35) male Wistar rats (Raths Novegicus) were divided into seven (7) experimental groups (A,
Bi1, B2, C1, C2, D1 and D2). Group A received normal rat pellet and clean water. Group Bi received
17.14 mg/kgbwt/24h of fixed-dose EFV/3TC/TDF as first line regimen for 15 days, while Group B2
received same regimen for 30 days. Group Ci received 6.43 mg/kgbwt/12h of fixed-dose
3TC/zZDVt3.57 mg/kgbwt/12h of LPV/r as second line regimen for fifteen (15) days, while Group C:
received same regimen for 30 days. Group D1 received first line regime for 30 days then switched to
second line regimen for 15 days (a total of 45 days), while Group D2 received first line regime for 30
days, then switched to second line regimen for another 30 days (a total of 60 days). First and
second line regimens showed significant change (P<0.05) in serum level of hepatic parameters
observed in 15, 30 and 45 days, while animals treated for 60 days was insignificant (P>0.05) in all
the parameters compared to control. Non-significant change (P>0.05) was observed in renal indices
of rats treated with these regimens, while significant increase (P<0.05) First and second line FDC
antiretroviral drugs exerted toxic effect on hepatic in rats; however repeated dose at long term use

may be tolerated.

Keywords: Anti-retroviral; hepatic function; renal function; fixed-dose.

1. INTRODUCTION

“‘Human immunodeficiency virus (HIV) is
characterized and identified as an etiological
agent of acquired immunodeficiency syndrome
(AIDS), which remains one of the most serious
global health threats of the present time”
(Faria et al., 2014). “HIV/AIDS is a condition in
human in which the immune system begins to
fail, leading to life threatening opportunistic
infections” (Douek et al., 2009). “It is the fourth
leading cause of mortality in the world”
(Guha and Sardar, 2011). “According to World
Health  Organization/United  Nation  AIDS
(WHO/UN AIDS) program and estimated 36.9
million (30.8 million — 42.9 million) people
worldwide are living with HIV with 1.8 million new
infections every day; and about 35 million people
have died of AIDS since the epidemic began”
(WHO/UN AIDS Programme, 2018).

“In sub-sharan Africa, more than 23.5 million
people were living with HIV as at 2017; thus, the
WHO African region remains most severely
affected, with nearly 1 in every 25 adults (4.1%)
living with HIV and accounting for nearly two-
thirds of the people living with HIV worldwide”
(Kharsany and Karim, 2017). Currently, Nigeria
has the second largest HIV epidemic rate in the
world, second to South Africa.

“Anti-retroviral (ARV) drugs are medications used
for the treatment of diseases caused by
retroviruses, primarily HIV. The introduction of
antiretroviral (ARV) drugs for the management of
HIV and AIDS has reduced HIV and significantly
increased the life expectancy among HIV-
infected patients” (World Health Organization,
2015). “As at 2017, more than half of the global

populations living with HIV (PLWH) were
receiving ARV drugs, a record of 19.5 million
people” (World Health Organization, 2018).
“They are of different classes including; the
nucleoside and nucleotide reverse transcriptase
inhibitors (NNRTIs), protease inhibitors (PIs),
chemokine  receptor (CCR5) antagonist,
integrase strand transfer inhibitors (INSTIs) and
post-attachment inhibitors (PAIs). Each of these
classes of drugs inhibits HIV replication at
different stages in the HIV life cycle” (Lundgren
et al., 2015; Pinola et al., 2010).

“The liver and kidney are highly specialized
tissues which consists of cells that regulate a
wide variety of high-volume biochemical
reactions. Drugs or toxic compounds, injury, an
autoimmune process, or a genetic defect can
cause liver and kidney damage”. (Kaspar et al.,
2017). “Hepatotoxicity —occurs with most
antiretroviral regimen, and it has been shown to
be more common with the order classes of
antiretroviral drugs. In particular, studies show
that ARV drugs from PI class such as RTV and
IDV are more likely to cause liver
toxicity compared to other agents” (Bruno et al.,
2006).

Liver function tests (LFTs) are carried out to
detect the presence of liver disease. The most
important biochemical analytes of the liver
significant in diagnosing drug-induced
hepatotoxicity and other disease of the liver

include: Transaminase (Alanine amino
transaminase (ALT) and Aspartate amino
transaminase (AST), Alkaline phosphatase

(ALP), Gamma glutamyl transferase (GGT), Total
Protein (T-Prot), Albumin (ALB), Total and direct
bilirubin (T-Bil and D-Bil).
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“Antiretroviral (ARV) drugs have been associated
with chronic kidney disease, and the major
drugs implicated in this include indinavir,
atazanavir, and tenofovir (Atta et al., 2008; Patil
et al., 2015; Samuels et al., 2017). A number of
observational  studies have  documented
tenofovir-associated nephrotoxicity following its
widespread use in patients with multiple co-
morbid conditions” (61). “Ritonavir-boosted Pls
are reported to have an increased propensity of
causing renal injury, and approximately 70 % of
the published cases of TDF- induced nephrotoxic
effects are observer with concomitant use of low-
dose ritnonavir’ (Kiser et al., 2008). “An
interaction between lopinavir-ritonavir
combination therapy and TDF, which manifests
as a decrease in the renal clearance of TDC, has
been identified” (Kiser et al., 2008). Some
biochemical tests for the assessment and
evaluation of renal function include test for
plasma concentrations of the waste substances
such as urea, creatinine as well as electrolytes.
This study assessed biochemical serum indices
of hepatic and renal functions of rats in first and
second line fixed doses of anti-retroviral drugs
versus first line with switch to second line
combination.

2. MATERIALS AND METHODS
2.1 Materials
2.1.1 Chemicals and reagents

All chemicals and reagents used for this
study were of analytical grade. The assay kit for
the determination of activities of alanine amino
transaminase (ALT), aspartate amino
transaminase (AST) and alkaline phosphate
(ALP); concentration of total protein (TP),
total bilirubin (T-Bil), albumin (ALB), serum urea
(U), creatinine (Cr), electrolytes were obtained
from Fortrees Diagnostic Limited, Unit 2C
Antrim Technology Park, Antrim, BT41 1QS,
United Kingdom.

2.1.2 Experimental animals

Experimental Animals (male albino Wistar rats)
used for this study were purchased from the
Animal House, faculty of Basic Medical Science,
University of Uyo. The animals were kept
in standard plastic cages and housed in a good
atmospheric condition under a 12-hour day/light

cycle. They were allowed free access to rat pellet
and clean water adlibilum. The feeding lasted
for a period of one month to get the desired
weight of 200 g and above. During this period,
the rats got acclimatized to the environment prior
to the commencement of the experiment.
Body weight of the animals was taken at baseline
and weekly throughout the experimental
period.

2.1.3 Drug sample

The following fixed-dose combination (FDC)
antiretroviral ~ drugs  (first and  second
line regimens) manufactured by Mylan
Laboratories Limited, India were obtained from
University of Uyo Teaching Hospital (UUTH) for
the study.

i. First line Regimen: FDC of TDF/3TC3EFV
(Symfi® or Telura®) containing two (2)
NRTIs [Tenofovir Diisoproxil Fumarate
(TDF)/Lamivudine (3TC)] and one (1)
NNRTI [Efavirenz (EFV)] in one table.
Thus, a single dose of TDF/3TC/EFV
contains 300mg of TDF, 300mg of 3TC
and 600mg of EFV.

ii. Second Line Regimen: FDC of 3TC/zZDV
(Combivir®) containing two (2) NRTI
[Lamivudine  (3TC)/Zidovudine  (ZDV]
in one table, co-administered with boosted
Lopinavir (LPV/r) (Kaletra®). A single
dose of 3TC/ZDV contains 150mg of 3TC
and 300mg of ZDV, while a dose of LPV/r
is made up of 200 mg of LPV
co-formulated with 50 mg of ritonavir

().
2.2 Experimental Design

A total of thirty-five (35) male albino rats
(Rattus novegicus) of the Wistar strain weighing
between two hundred (200) and two hundred and
fifty (250) grams were used in the study. The
rats were divided into four groups (A, B, C and
D). Group A which had five (5) rats served as
contro. Groups B, C, and D had
ten (10) rats each; they were sub-divided into B;,
B,, C4, C4,D; and D,. This gave a total of seven
(7) experimental groups of five (5) animals
each. The cages were labeled accordingly
and drug administration carried out as
follows:
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List 1. Experimental Design

SIN Groups Specification

I A Normal animal fed with rat pellets and distilled water, received no treatment.

Il B Received 17.14mg/kg/bwt/24h of fixed-dose 3TC/TDF/EFV as first line
regimen for fifteen (15) days.

11 B2 Received 17.14mg/kg/bwt/24h of fixed-dose 3TC/TDF/EFV as first line
regimen for thirty (30) days.

v Ci Received 6.43mg/kg/bwt/12h of fixed-dose 3TC/ZDV + 3.57mg/kg/bwt/12h of
LPVI/r as second line regimen for fifteen (15) days.

Vv C2 Received 6.43mg/kg/bwt/12h of fixed-dose 3TC/ZDV + 3.57mg/kg/bwt/12h of
LPVIr as second line regimen for thirty (30) days.

VI D1 Received 17.14mg/kg/bwt/24h of fixed-dose 3TC/TDF/EFV as first line
regimen for thirty (30)) days, then switched to 6.43mg/kg/bwt/12h of fixed-
dose 3TC/zZDV + 3.57mg/kg/bwt/12h of LPV/r as second line regimen for
fifteen (15) days (a total of 45 days).

Vil D2 Received 17.14mg/kg/bwt/24h of fixed-dose 3TC/TDF/EFV as first line

regimen for thirty (30) days, then switch to 6.43mg/kg/bwt/12h of fixed-dose
3TC/ZDV + 3.57mg/kg/bwt/12h of LPV/r as second line regimen for another

thirty (30) days (a total of 60 days).

Note: Bw= Body weight

2.3 Preparation of Stock Solution

Drugs used in the study were all presented in
tablet form. Therapeutic dosage of the drugs for
human adult weighing seventy (70) kg were 1200
mg of fixed-dose EFV/3TC/TDF; 450 mg of fixed-
dose 3TC/zDV and 250 mg of LPVIr
respectively. To obtain the corresponding
therapeutic dosage for the rat models one tablet
each of 3TC/TDF/EFV (1200 mg) and 3TC/zZDV
(450 mg) were crushed with pestle and mortar,
dissolved in 100ml of distilled water to get stock
solution of concentration of 12 mg/ml and 4.5
mg/ml respectively. Equally, two tables of LPV/r
(500 mg of 250 mg each) were crushed and
dissolved in 100ml of distilled water to give a
concentration of 5.0 mg/ml. required dosage for
each of the rats were calculated based on the
body weight then measured as aliquot and
administered to the animals through oral
intubation.

2.4 Collection of
Preparation of
Sample

Blood Sample,
sera and Tissue

At the end of administration period (15, 30, 45
and 60 days), the experimental animals were
fasted overnight and anaesthetized by dropping
each in a transparent glass jar saturated with
chloroform fumes. Blood sample was collected
from each animal by cardiac puncture after
dissection using sterile needles and syringes into
a labeled sample bottle. Sample from each

animal were emptied into plain sample bottles
and centrifuged at 3000 rpm for 10 minutes using
a bench top centrifuge. The serum collected was
preserved in the refrigerator for biochemical
analysis which was carried out promptly.

2.5 Biochemical Analysis

Sera obtained after centrifugation were used in
the assessment of the following biochemical
parameters viz: activities of hepatic enzymes
(ALT, AST, and ALP); renal indices (urea and
creatinine);  serum  electrolytes  (sodium,
potassium, chloride and bicarbonate).

ALT and AST activities were determined using
the method modified and recommended by
International Federation of Clinical Chemistry,
IFCC (1986). In the reaction, ALT catalyzes the
reversible transamination of L-alanine and a-
ketoglutarate to pyruvate and L-glutamate.
The pyruvate is then reduced to lactate in the
presence of lactate dehydrogenase (LDH)
with the concurrent oxidation of NADH to NAD.

L-alanine + a-ketoglutarate —aLr_ Pyruvate +
L-glutamate

Pyruvate + NADH + H* —=2 | -|actate + NAD*

Activity of ALP was determined using the method
described by Bowers and McComb (1966), which
involved measuring the rate of hydrolysis of
various phosphate esters in a buffered system. In
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the reaction, ALP catalyzes the hydrolysis of the
colorless organic phosphate ester substrate p-
Nitrophenyl phosphate (p-NPP) to the yellow
colored product p-Nitophenol and inorganic
phosphate. This reaction occurs at an alkaline
pH of 10.3

p-NNP + H,0 AP 5 p-Nitrophenol + H;PO,

Serum total protein was analyzed using a
method known since 1878 as Biuret color
reaction in which the protein molecules react with
cupric ions.

Alkali Protein + Cut* ——» Copper-protein
chelate (colored complex)

Bilirubin level in the serum was determined using
the Jendrassik-Grof principle (Jendrassik and
Grof, 1938). Total bilirubin (unconjugated +
conjugated) concentration was determined in the
presence of a catalyst, where bilirubin reacts with
diazotized sulfanilic acid in acidic medium to form
azobilirubin.

Determination of serum albumin was based on
bromocresol green colorimetric method modified
by Doumas, Watson and Biggs, (1971). In the
assay, albumin binds to the indicator dye
bromocresol green (BCG) at a pHof 4.1 to form a
blue-green colored complex

Albumin + BCG —2%L y Albumin-BCG complex

Indices of renal function were also assessed.
Serum urea was assessed based on enzymatic
procedure for the determination of urea using the
coupled urease/glutamate dehydrogenase
(GLDH) enzyme system published by Talke and
Schubert in 1995. Urea is hydrolyzed in presence
of urease to produce ammonia and CO2. The
ammonia produced reacts with 2-oxoglutarate
and NADH in presence of GLDH to vyield
glutamate and NAD.

Urea

Urea +H,0 + 2H?2t —— 2NH} + CO,

GLDH

NH} +2-Oxoglutarate and NADH
+2NAD* + Glutamate

H,0

Serum creatinine was determined based on Jaffe
(1886) method (kinetic alkaline picrate) modified
by Fabiny (1971). It is a kinetic procedure which
does not require deproteinization of the sample
and is formulated to reduce the interference of
serum proteins. A precise volume of sample is
introduced into a reaction flask containing an

alkaline picrate solution. At an alkaline pH,
creatinine in the sample reacts with picrate.

Creatinine + Alkaline picrate — deep yellow
colored complex

The rate of increase in absorbance taken at 500
nm due to the formation of this complex is
directly proportional to the concentration of
creatinine in the sample.

Serum electrolytes such as Sodium, Potassium,
Chloride and Bicarbonate were assayed.

Serum Sodium (Na*): Concentration of sodium in
serum was assayed using the method described
by trinder (1951) and Maruna (1958). The
reaction is based on the ability of sodium to react
with specific chromogens to produce an increase
absorbance with the increase in concentration of
sodium ions in the sample material. In this
method, sodium is precipitated as the triple salt,
sodium magnesium uranyl acetate, with the
excess uranium then being reacted with
ferrocynaide, producing a chromophore whose
absorbance varies inversely as the concentration
of sodium in the test specimen.

Serum Potassium (K*): Serum potassium was
determined suing photometric measurement of
potassium ions in a protein-free filtrate which was
combined with sodium tetraphenylboron as
described by Sunderman (1958). In this method,
the amount of potassium is determined using
sodium tetraphenylboronin a specially prepared
mixture to produce a colloidal suspension. The
turbidity of which is proportional to potassium
concentration in the range 2-7 mEg/L.

Serum chloride (Cl): Concentration of chloride in
serum was determined using colorimetric method
described by Zall et al. (1956). The chloride ion
displaces thiocyanate from non-ionized mercuric
thiocyanate to form mercuric chloride and
thiocyanate ions. The released thiocyanate ions
react with ferric ions to form a red colored
complex.

Hg(SCN), + 2CI — HgCl, + 25CN~
3SCN™ + 2Fe3* »  Fe(SCN); (red complex)

The colored complex formed absorbs light at 480
nm. The intensity of the color produced is directly
proportional to the chloride concentration.

Serum bicarbonate (HCO)5: This assay utilizes
the enzymatic method developed by Forrester et
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al. (1976). In this method, bicarbonate (HCOs3)
and phosphoenolpyruvate (PEP) are converted
to oxaloacetate and phosphate in the reaction
catalyzed by phosphoenolpyruvate carboxylase
(PEPC). Malate dehydrogenase (MDH) catalyzed
the reduction of oxaloacetate to malate with
the  concomitant oxidation of reduced
nicotinamide adenine dinucleotide (NADH)
(Equation 18).

PEP +hcos —=°—p Oxaloacetate + H2PO4
Magnesium

Oxaloacetate + NADHtH™* ﬂ» Malate + NAD™

This oxidation of NADH results in a decrease in
absorbance of the reaction mixture measured at
405 or 415 nm, which is proportional to the
concentration of bicarbonate in the sample being
assayed.

2.6 Statistical Analysis

Data were analyzed using SPSS statistical
software package version 20.0 and results
expressed as meant standard error of mean
(SEM). Analysis of Variance (ANOVA) and Least
Significant Difference (LSD) multiple post
hoc comparison tests were carried out on
the data and Mean difference between groups
were considered statistically significant at
p<0.05.

2.7 Ethical Consideration

Prior to the commencement of this study
approval was sought and granted by Faculty of

Basic Medical Sciences Ethical Committee,
University of Uyo, Nigeria.

3. RESULTS AND DISCUSSION

3.1 Results

3.1.1 Assay of Hepatic Enzymes and

Concentration of Serum Activities

Table 1 shows the Mean + SD of activities of
Alanine amino transferase (ALT), aspartate
amino transferase (AST), alkaline phosphatase
(ALP) and concentration of albumin (ALB), total
protein (TP) and total bilirubin (T-Bil) of male
albino Wistar rats treated with first and second
line FDC antiretroviral drugs. From the result, it
was observed that rats administered with first line
regimen differed significantly (p<0.05) with high

activity of serum ALT observed at 15
days (Group Bi) and 30 days (Groups B2)
respectively.

Then switched to second fixed dose,
when compared with control (Group A). Animals
in Group A showed time-dependent increase in
ALT activity when compared with Group Ba.
Serum ALT activity of rats treated with second
line regimen for 15 days (Group Ci) and 30
days (Group C2) did not differ significantly
(p<0.05) in serum ALT in Groups Diand D2
(rats treated with first line for 30 days then
switched to second line for 15 and 30 days
respectively) when compared with rats in control

group.

No significant difference (p>0.05) in AST activity
was observed in rats treated with first
line regimen for 15 days (Group Bi), but high
activity of Serum AST was observed
with  significant increase (P<0.05) in rats
treated with first line regimen for 30 days (Group
B2).

Then switched to second fixed dose line regimen
for 45 days (Group D1 - 45 days) when compared
with control. There was also a significant
(P<0.05) increase in serum AST in Groups B2,
Ci, C2, and D1 when compared with Group Ba.
However, significant reduction (P<0.05) in
serum AST was observed in rats treated with first
line

3.1.2 Assay of Renal Enzymes Concentration
and Serum Activities

Table 2 shows the mean +SD of concentration of
urea (U), creatinine (Cr), Sodium (Na%),
Potassium (K*) Chlorine (CI) and Bicarbonate
(HCO3) of male albino wistar rats treated
with first and second line FDC antiretroviral
drugs. The result showed significant increase
(p<0.05) in serum urea in rats treated with
first line regimen for 15 days (Group Bai)
compared with control, but no significant change
was observed in rats treated with same regimen
for 30 days (Group B2) when compared with
the control. Equally, significant increase (P<0.05)
in serum urea was also observed in rats treated
with second line regimen for 15 days (Group Ci)
compared with the control Groups Cz, Di
and Dzshowed significant difference (p<0.05)
in serum Sodium (Na*) in Group Bi compared
with Group Ba.
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Table 1. Effect of treatment with first and second line FDC antiretroviral drugs (17.14/kgbwt/24hof EFV/3TC/TDF and 6.43 mg/kgbwt/12h of 3TC/ZDV
+ 3.57mg/kgbwt/12h of LPV/r) on hepatic function parameter in male albino Wistar rats

GROUPS ALT AST ALT/AST ALP ALB TP T-BIL

(n=5) (UL) (UL) (UL) (g/L) (g/dl) (umol/L)

A (Control) 4883+188 127.80 +10.07 2.84+039 2200+1.15 28.05+1.40  7.99 % 0.28 3.63 % 0.31
B: (1st line) 15days  59.05 + 3.662  95.37 + 3.74 2.37+050  72.50+7.79 28.13+0.83  8.63+0.11 12.05 + 0.99
Bz(2nd line) 30 days ~ 63.90+6.98%  139.37 + 8.92° 3.05+053 15850+8.66  27.90+2.12  8.09+0.37 12.87+ 1.62%
Ci(2nd line) 15days ~ 45.08 + 3.55¢  148.50 + 5.53 P 3.50+0.80 17850+ 6.45  27.55+0.99  7.84+0.21 8.67 + 0.972
C2(2nd line)30 days 51.87 +2.90¢ 154.85 + 18.05° 415+ 0.44 166.75 + 7.49 25.25 + 0.06 7.06 + 0.45axd 11.30 +£1.232
Di (B2toci) 45days 53.83+2.80 192.75+11.90%cde 379+0.85  153.67+11.05 23.78+0.843d 824 + 0.39¢ 7.23 4 (), 75abede
Da(B2 to C5) 60 days  51.90 +1.98  137.73 + 6.60" 355+117 127.25+556  26.15:+0.84  7.65+0.23 4.88+0.98bcde

Source: Computed by the researcher from raw data of biochemical analysis (2019).

Values are presented as Mean + Standard Error of Mean (SEM).

Legends: ATL — Alanine amino transaminase; AST — Aspartate amino transaminase; ALP — Alkaline Phosphates; TP-Total Protein; ALB- Albumin; T-BILL — Total Bilirubin.2 =
significantly different when compared to Group A (p<0.05); = significantly different when compared to GroupB1 (p<0.05); ¢ = significantly different when compared to B2
(p<0.05); 9 = significantly different when compared to Group C?* (p<0.05); € = significantly different when compared to Group C2 (p<0.05) f = significantly different when
compared to Group D1 (p<0.05); n = number of animals per group.

Table 2. Effect of treatment with first and second line FDC antiretroviral drugs (17.14/kgbwt/24h of EFV/3TC/TDF and 6.43mg/kgbwt/12h of 3TC/ZDV
+ 3.57mg/kgbwt/12h of LPV/r) on renal function indices in male albino Wistar rats

GROUPS UREA (U) CREATININE HCOgz Na* K* Cr

(n=5) (mmol/l) (Cr) (umolh) (mmol/l (mmol/l) (mmol/l) (mmol/l

A (Control) 0.86 £ 0.29 82.88 £4.21 27.97 £ 0.69 11191+ 2.04 9.42+0.24 73.66 £ 1.40
B (1st line) 15days 2.31 £ 0.502 101.14 + 5.62 29.10+0.35 110.98 + 4.06 10.37 £ 0.99 76.56 + 3.57
B2 (2nd line) 30 says 1.81 + 0.58 95.52 +2.29 30.03 £ 0.392 132.69 + 3.423 10.48 +1.38 78.46 £ 3.22
C1 (2nd line) 15days 2.00 £ 0.232 98.33 £ 6.69 28.78 £ 0.77 132.55 + 6.42 7.41 £ 0.69¢ 80.68 + 4.82
C2 (2nd line) 30 days 1.14 +0.17° 82.88 £ 9.56 28.94+1.01 135.00 + 3.022° 8.03 £ 0.414 77.70 £5.59
D1 (B2 to c1) 45 days 0.56 + 0.13bcd 101.15+9.73 29.60 £ 0.10 132.58 + 3.98% 7.43 £1.01bd 90.45 + 5.874abe
D2(B2 to c2) 60 days 0.44 + 02]bcd 98.33+11.81 30.86+0.333bce 122.45 + 3.37¢ 7.81 +0.12bd 88.76 + 2.672

Source: Computed by the researcher from raw data of biochemical analysis (2019).
Legends: CREAT — Creatinine; Na* - Sodium; K*- Potassium; CL- - Chloride; HCOs - Bicarbonate. 2 =significantly different when compared to Group A (p<0.05);? = significantly
different when compared to Group B (p<0.05); ¢ = significantly different when compared to Group B2 (P<0.05); ¢ = significantly different when compared to Group C: (p<0.05);

Values are presented as Mean + Standard Error of Mean (SEM).

e = significantly different when compared to Group C2 (p<0.05);n = number of animals per group.
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There was no significant difference (p<0.05) in
serum creatinine in all the treated groups
compared with the control. Also, there was no
significant different (p<0.05) is serum Sodium
(Na*) in Group B1 compared with the control, but
significant increase (p<0.05) was observed in
when compared with rats in control group and
Group Bi. However, Na* level in Group D2
differed significantly (P<0.05) compared with
Group Di. No significant change (p>0.05) was
observed in serum potassium (K°) level in Groups
B:1 and Bz compared with control, but significant
decrease in this electrolyte was observed in
Groups, D1 and Dz when compared with Group
B1 and B2 respectively. Serum Chlorine (CI") level
was not significant (p>0.05) in Group Bi, B2, Ci1
and Cz2 compared with Group A(control), but a
significant increase (p<0.05) was recorded in
Groups D1 and D2 when compared with Group A.
significant  increase  (p<0.05) in  serum
bicarbonate (HCOz) level was observed in
Groups B2 and Dz compared with Group A,
27.97% 0.60, but HCOs levels in other treated
groups were not significant (p>0.05) when
compared with the control group.

3.2 Discussion

“The liver is a critical organ and remains the main
metabolic hub of the human body. It performs an
array of functions that help support metabolism,
immunity, digestion, vitamin, storage,
detoxification, biotransformation of drugs among
other functions” (Almazroo et al.,, 2017). “The
liver is intertwined with nearly every system in
the body; hence, it is prone to a variety of
pathologies” (Si-Tayeb et al.,, 2010). “Several
enzymes that trigger important chemical
reactions in the body are produced and found
within the cells of the liver, however, damage or
injury to the liver, can cause elevations in the
liver enzyme activities” (Ozer et al.,, 2008).
Studies have shown that in patients commencing
fixed-dose combination (FDC) antiretroviral
drugs, fourteen to twenty percent (14-20%) will
experience elevations in hepatic enzymes (Chu
et al.,, 2010; Lucien et al., 2010; Teklay et al.,
2013) indicating hepatic injury.

“Several studies have associated increase serum
activities of transaminases with ARV drug-
induced liver injury. Efavirenz (EFV), in isolation
has been linked independently  with
hepatotoxicity in both human and animal studies”
(Elias et al., 2015; Kayode et al., 2011; Mugusi et
al.,, 2012; Peter and Edagha, 2016). Increased
serum ALT and AST levels in animals treated

with EFV are reported in many cases (Edelman
et al.,, 2012). Other cases have reported
hepatotoxicity associated with FDC antiretroviral
drugs with hepatotoxicity attributed to EFV
component of the agent (Dufor et al., 2000a;
Echenigu and Rich, 2013). Although the
mechanisms involved are not clearly stated, EFV
associated hepatotoxicity has been attributed to
the actions of EFV and its synthetic 8-hydroxy
efavirenz  (8-OHEFV) metabolite (Bumpus,
2011); also recent evidence has pointed to a
specific mitochondrial action of EFV
accompanied by the induction of n endoplasmic
reticulum (ER) stress/unfolded protein response
in human hepatocytes (Polo et al., 2015). In a
case report documented by Patil et al. (2015),
EFV component of fixed-dose FTC/TDF/EFV
was implicated in hepatotoxicity, with remarkably
elevated transaminases.

“In line with these documented evidence, the
elevated activity of serum ALT observed in the
present study is likely due to the effect of EFV
component of TDF/3TC/EFV (first line anti-HIV
regimen) on the liver cells. Serum ALT activity is
the most accurate biomarker of hepatotoxicity
since by virtue of its location in the liver plays a
vital role in amino acid metabolism and
gluconeogenesis” (Dufor et al., 2000a). “ALT
being hepato-specific (principally found in the
cytosol of hepatocytes), its estimation is more
specific for liver abnormalities” (Nathwani et al.,
2005).

Equally, zidovudine (ZDV), a component of
second line regimen used in this study is
implicated in cases of hepatic injury in advanced
AIDS patients. In an earlier study by Freidman et
al., (1993), it was reported that patients treated
with ZDV developed massive hepatomegaly and
micro vesicular steatosis which progressed to
fulminant hepatic failure. ZDV-induced hepatic
damaged was also observed among HIV positive
patients on ARV drugs administered as a
monotherapy (Pandit et al., 2012). “ZDV caused
acute hepatitis due to hypersensitivity, which
resolved approximately few days after the
therapy was replaced with didanosine and
zalctitabine  without recurrence of toxicity”
(Wassef and Kelser, 1992). Recently, a similar
case was reported by Subodh et al. (2018) in
which adverse effect was reversed on
replacement of FDC antiretroviral drug containing
ZVD/3TC/NPV with TDF/3TC/EFV. According to
the report, the adverse effect was attributed to
the ZDV component of the drug. High activity of
serum AST was observed in Group D: (rats
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treated with first line regimen for 30 days then
switched to second line regimen for 15 days).
This could be (by inference) due to combine
actions of EFV and ZDV from both lines of
antiretroviral regimens administered to animal in
this group.

“AST is found in the liver and other organs
including heart, muscle, brain and kidney. Thus,
injury to any of these tissues can cause an
elevated activity of this enzyme” (Dufor et al.,
2000a). “When damage to heart or liver cells
occurs, AST being intracellular enzyme is
released into the peripheral blood. Though it is
considered a less specific biomarker enzyme for
hepatocellular injury, its significant activity in the
serum could be a sign for hepatocellular
necrosis” (Ozer et al., 2008). “However, the ratio
of serum AST to ALT can be used to differentiate
liver damage from other organs damage”
(Nathwani et al., 2005). “Thus, the significant
increase in activities of transaminases observed
in this study may be an evidence of
hepatotoxicity which may be as a result of
leakage from the cells through peroxidative
damage of membranes and loss of functional
integrity of cellular membrane in liver” (Iniaghe et
al., 2008)

Conversely, activity of serum ALP observed in
this study was statistically insignificant (p<0.05)
with low activity in all the treated groups
compared to the control. Though some studies
have implicated high activity of serum ALP along
with ALT and AST in cases of hepatic
dysfunction associated with antiretroviral (ARV)
drugs, the present findings is in consonant with
the report documented by Oladipo et al. (2016),
where serum ALP activity was significantly
reduced in male albino Wistar rats treated with
ARV drug. While the activities of transaminases
were high.

Also, Abubakar et al. (2014), reported that “AST
and ALT activities of HIV positive patients treated
with antiretroviral drugs were significantly higher
(p<0.05) compared with non-treated group, while
ALP activity was significantly lower (p<0.05) in
the same group compared with non-treated
group”. Similarly, Goni et al. (2013) observed that
“there was no statistically significant difference
between the mean serum activity of ALP enzyme
among the study group of HIV/HBV co-infected
and HIV mono-infected patients on ARV drugs
compared with ALT and AST activities which
were  significantly high and  moderate
respectively”. Furthermore Patil et al. (2015)

observed that the activities of transaminases
(ALT and AST) were remarkably high while ALP
activity was significant, and the patient did not
develop signs of hepatic encephalopathy. In
earlier study carried out by Cello (1989),
unexplained high activity of ALP was observed
while the transaminases activities remained
insignificant in an ARV drug naive HIV-positive
patient. This raised the suspicion of a co-existing
HIV infection, cholecystitis, which was hitherto
undetected in the subjects with AIDS. By these
findings, ALP was noted as a fruitful maker for
identifying more underlying  opportunistic
infections in HIV-positive patients. According to
Burke (2002), high activities of ALT and AST with
lower or normal ALP favors cell necrosis
whereas the reverse points to cholestasis. Also,
Travlos et al. (1996) in a research on ALP
enzymes in a rat model stated that the major
circulating form of ALP in rats is the intestinal
rather than the liver isoenzyme, and though total
serum ALP activity is commonly measured, it is
generally minimally increased in association with
intrahepatic cholestasis in rat models.

Serum albumin observed in this study differed
insignificantly (p<0.05) in all the treated groups
compared to the control. However, serum total
protein was statistically significant (p<0.05) with
low concentration observed in Group C: (rats
treated with second line regimen for 30 days)
when compared with control. In line with this,
many studies including Umar et al. (2008) had
reported lowered level of albumin and total
protein in rats treated with ARV drugs. Albumin is
a protein primarily synthesized by the hepatic
parenchymal cells. Its primary function is to
maintain colloidal osmotic pressure in the
vascular and extravascular areas of the body and
prevent oedema. Hypoalbuminemia occurs in
gastrointestinal (GI) malabsorption,
glomerulonephritis, nephritic syndrome, cirrhosis,
severe burns, neoplasms, and autoimmune
diseases. Additionally, albumin is a carrier
transport protein. Serum albumin depends on an
adequate supply of amino for its synthesis. Thus,
low level of serum protein slows mMRNA synthesis
of albumin and results in lower or insignificant
serum levels of albumin (Friedman and Fedem,
2010). Protein is primarily synthesized in the liver
and consists mainly of albumin and few
globulins. Changes in total protein levels are due
mostly to changes in albumin concentration
(O’Connell et al.,, 2005). Albumin and total
protein concentration are the markers of
biosynthetic capacity of the liver (Dey et al.,
2013). Thus, defect in synthesis of albumin and
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total protein generally reflects defective
metabolic capacity of the liver. Therefore, the
observed reduction in albumin and total protein
levels in this study may suggest hepatic
dysfunction and suppression of the synthesis
function of the liver (Ogunro et al., 2005) with
regards to these parameters.

“On the contrary, there was a significant increase
(p<0.05) in serum total bilirubin in all the treated
groups when compared with the control. This is
agreement with other studies which have
associated drugs from NNRTLs class (EFV and
NPV) with elevated levels of total bilirubin” (Umar
et al., 2008;Umoren et al., 2014; Fevery, 2008).
“Bilirubin is a tetrapyrole produced during the
normal breakdown of haemoglobin” (Doumas
and Wu, 1991). “In the liver, uridine diphosphate
(UDP)-glucuronyl transferase converts bilirubin,
to a mixture of monoglucuronides and
diglucuronides referred to as conjugated bilirubin,
which is then secreted into the bile by an ATP-
dependent transporter” ( Dey et al, 2013;
Muchowski, 2014). “The bile in turn serves as a
means for excretion of bilirubin from the body;
thus, bilirubin level serves as a measure of liver
and bile tract function. Total bilirubin includes
both the conjugated and unconjugated (free)
forms of bilirubin and, if elevated, is usually
indicative of liver damage or hemolysis” (Fevery,
2008). “Accumulation of bilirubin or its conjugates
in body tissues results in a disease condition
called jaundice, which is characterized by high
plasma bilirubin levels and deposition of yellow
bilirubin  pigments in skin, sclera mucous
membranes, and other less visible tissues”
(Wolkoff and Berk, 2012). Therefore, impaired
metabolism of bilirubin indicates compromised
excretory capacity of the liver (Muchowski,
2014); hence, the significant increase in levels of
total bilirubin seen in this study.

“The kidneys play a vital role in the excretion of
waste products and toxic such as urea,
creatinine and uric acid, regulation of
extracellular fluid volume, serum osmolality ad
electrolyte balance” (Damiatati, 2019). “It controls
the composition and volume of the body fluids.
The regulatory function of the kidneys maintains
the stable environment of the cells necessary for
them to perform the various activities. The
kidneys also function by filtering the plasma and
removing substances from the filtrate at variable
rates according to the needs of the body” (Roling
et al., 2006). Earlier findings had reported that
electrolytes deficiencies are prevalent in both
treated and HIV-naive infected populations

(Cheesbrough, 2005) and have been associated
with accelerated replication of the virus, depletion
of CD4* T-Cell, impaired immune responses,
(Damiatati, 2019) frequent  opportunistic
infections, renal impairment/dysfunction and a
greater incidence of HIV- related mortality
(Onodugo et al., 2014).

“Use of ARV drugs, especially from NRTIs and
PIS have been associated with various kidney
syndromes including various electrolyte and acid-
base disorders, acute kidney injury (AKI), lactic
acidosis, and chronic kidney disease (CKD).
These injuries occur via multiple mechanisms,
including direct tubular toxicity, allergic reactions,
and precipitation of insoluble drug crystals within
renal tubular lumens” (Perazalla, 2010).

“Treatment with TDF containing regimen has
been implicated in kidney dysfunction and serum
electrolytes imbalance in both human and animal
studies. Reports from animal studies show that
TDF causes mitochondrial DNA (mtDNA)
depletion and mitochondrial toxicity” (Adikwu et
al., 2014). “Renal proximal tubules from HIV
positive transgenic mice exposed to TDF showed
ultrastructural mitochondrial abnormalities
(irregular shapes with sparse, fragmented
cristae) and decreased mMtDNA levels, which
paralled the ultrastructural  mitochondrial
abnormalities” (Herlitz et al., 2010).

“An interaction between lopinavir-ritonavir (LPV/r)
combinations therapy and TDF, which manifests
as a decrease in the renal clearance of TDF, has
been identified” (Kiser et al., 2008). “TDF is
actively taken up into the proximal tubules and
secreted into the lumen via multidrug resistance-
associated protein-4, MRP4. Inhibition of MRP4
by LPV/r leads to increased intracellular TDF
levels that may increase its nephrotoxicity
effects” (Imoka et al., 2007). Roling, (2006) has
also reported involvement of 3TC and didanosine
as monotherapies with tubular dysfunction.

In this study, significant increase in serum urea
were observed in animals treated for 15 days
with first line and second line regimens (Groups
B1 and C1) respectively, whereas creatinine
level differed insignificantly in all the treated
groups. This is in line with studies conducted by
Kateregga et al. (2018) and other documented
cases earlier stated. Serum levels of urea and
creatinine are essential clininal endpoints for the
assessment of renal function (Kumar et al.,
2005). “Urea is the major nitrogen-containing
metabolic product of protein metabolism. It is the
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primary vehicle for removing toxic ammonia from
the body. Urea is synthesized in the liver from
the ammonia produced from the catabolism of
amino acids via the hepatic urea cycle. The
conversion from ammonia to urea is regulated by
N-acetylglutamate (NAG), which activates
carbanoyl phosphate synthetase in the urea
cycle. Urea is transported in the blood to the
kidneys where it is excreted in the urine. In
addition to its role as a carrier of waste nitrogen,
urea also has a role in the countercurrent
exchange system of the nephrons in which water
and ions are reabsorbed from excreted urine”
(Cheesbrough, 2005). “It is freely filtered by the
glomeruli and partially passively resorbed as
filtrate transverses the renal tubules. Urea
reabsorption is inversely proportional to urine
flow rate. Consequently, urea concentration
depends on protein intake, protein catabolism,
and kidney function” (Kohler et al.,, 2011).
Therefore, elevated serum levels of urea could
be correlated with impairment in renal function
(Ganong, 2009) due to mitochondrial toxicity
associated with TDF since the rate determining
step in urea cycle takes place in the
mitochondria.

Creatinine is synthesized primarily in the liver
from the methylation of glycoyamine and is
removed from the blood, chiefly by the kidneys,
through glomerular filtration. According to
Cheesbrough (2005) “creatinine is a better
indicator of over-all renal function (Glomerular
filtration rate, GFR) since its levels are less
affected than urea levels by age, diet and
dehydration. Thus, insignificant level of serum
creatinine observed in the current study implies
less impaired renal function”.

Serum sodium, chlorine and bicarbonate though
significant increased, were observed in the
present study not to exceed the normal reference
range. Ramamoorthy et al. (2012) had treated
rats with monotherapy of TDF for 35 days and
reported that TDF was associated with metabolic
acidosis that occurs due to defective bicarbonate
reabsorption in the proximal tubule. Other
reported cases of TDF-induced renal toxicity
have been characterized by serum electrolytes
imbalance (Patel et al., 2010; Tourret et al.,
2013).

4. CONCLUSION
FDC antiretroviral drugs containing

TDF/EFV/3TC and 3TC/ZDV + LPV/r were used
in this study. These combinations are standard

antiretroviral drugs recommended by WHO as
preferred first and second line regimens
respectively for management and treatment of
HIV/AIDS. Findings from this study have
revealed that the regimens exhibit toxic tendency
on hepatic tissues of the tested animals.
However, the regimens showed no deleterious
effect on renal function of these animals. This
study has also demonstrated that switching from
first to second line regimen did not expose the
animals to untoward consequences of severe
drug effect, but rather there was a weight gain
which may rule out toxic effects of the regimens
on long term repeated dosage. Thus, the use of
these regimens in the management and
treatment of HIV/AIDS should be encouraged
while hepatic functions of the recipients should
be monitored.
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