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Background and objectives: Lamivudine and artesunate are life saving drugs in the treatment of HIV/HBV and
malaria respectively, and available data shows artesunate having anti-tumour properties. The concurrent
administration of both drugs presents important safety concerns. This study investigated possible effects of
lamivudine-artesunate co-administration on renal function and histology in wistar rats.

Method: Four groups of rats (n=5) were used in the study with one group as control. Two groups received lamivudine
at 20 mgkg1, with another receiving artesunate at 10 mgkg1. Artesunate was added to one of the lamivudine groups.
While lamivudine treatment was for three weeks, artesunate was introduced only in the last week of the study alone,
or in combination with lamivudine. At termination, animals were humanely Kkilled and kidneys harvested, weighed
and subjected to H and E stain and observation. Serum urea and electrolytes were also determined.

Results: Serum biomarkers and kidney weights did not differ significantly (p>0.05). Various histological changes
were observed in the treated groups although these didn’t directly correlate the biomarkers determined.

Conclusion: The concurrent use of lamivudine and artesunate appears to be safe within the dose levels used.
However caution may be needful when repeated or long term exposure is required.
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1. Introduction

Renal pathology associated with malaria, ranging from
electrolyte imbalance to more serious incidents with
acute renal failure are part of complications that occur
with Plasmodium falciparum infection (Naqvi et al,
2003). The kidney performs several excretory and
regulatory functions including blood pressure control
and maintenance of extracellular environment
(Ferguson and Waikar, 2012). The high extent of
delivery of materials including xenobiotics, via their
passage through the tubular lumen contributes to renal
injury resulting from several clinically used drugs, and
experimental toxins alike (Hagos and Wolff, 2010), with
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the metabolic and excretory roles of the kidney making
it vulnerable to various forms of renal injury (Perazella,
2009). Consequently, alteration in structural
components of the kidney, which may result from
disease or toxicological effects of drugs/xenobiotics
may result in deleterious effects that often affect
optimal function. Alterations in renal function leading to
increase or decrease renal clearance may result in
changes in blood concentrations and pharmacological
responses (Doogue and Polasek, 2011).

Artesunate is an antimalarial drug used for the
treatment of falciparum malaria in regions of malaria
endemicity. It has been used in combination with other
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antimalarial drugs due to evidence of enhancement of
efficacy and delay in development of resistance (Taylor
et al, 2003). However it is still used as monotherapy in
many countries including some regions in Asia for the
treatment of uncomplicated malaria (Saunders et al,
2012). In addition to its anti malarial action, artesunate
is also being considered a candidate anti tumour drug
due to evidence of its effect against several tumour cell
lines including pancreatic (Du et al, 2010), hepatic
carcinoma (Wang et al, 2002), with recent clinical trials
showing its effects against breast and colon cancers (Liu
et al, 2010). This increases its propensity for use with
existing drugs in comorbidities. However its current use
along with lamivudine, an antiretroviral agent used in
the treatment of Hepatitis B infection (HBV) in Africa
due to the rising prevalence of the infection, requires
important safety assessment.

Artesunate has been established to partly owe its
antimalarial action to the formation of free radicals.
Much data in the literature shows that reactive oxygen
species (ROS) and oxidative stress are implicated in
nephropathy (Haugen and Nath, 1999; Manucha, 2007;
Ghosh et al, 2010). Lamivudine is used in HIV therapy
and also included in prophylaxis for both HIV and HBV
infection. It is also safely used in HBV even in early
pregnancy (Yi et al, 2012). With the geographic overlap
of malaria, HIV and HBV, concurrent therapy with these
life saving drugs 1is often expedient. We thus
hypothesize that the concurrent use of lamivudine and
artesunate may result in nephrotoxic consequences that
may lead to structural and functional changes in the
kidney. Hence this study investigated the renal
consequences of lamivudine-artesunate co-
administration in healthy adult wistar rats.

2. Materials and Methods
2.1 Animals and Animal Care

Animals were obtained from the animal house of the
Department of Pharmacology and Therapeutics
Ahmadu Bello University, Zaria, Nigeria. Adult wistar
rats of either sexes (n=5) weighing on the average 220-
228 g were used for this study. Animals were treated
according to the NIH animal care protocol and the
CPCSEA 1986 guidelines; and also in accordance with
approved institutional conventions. The animals were
acclimatized in the experimental room for about two
weeks before commencement of the study. Animals
were placed on standard animal diet (Vital) and water
ad libitum for the duration of the experiment. Wood
shavings were used as beddings and these were
regularly changed.

2.2 Experimental Design

The experimental design for the study was based on
four groups of rats receiving treatment as follows.
Group I served as vehicle control (saline control) while
group II received lamivudine at a dose of 20 mg/kg.
Group III received lamivudine at 20 mg/kg and also
artesunate 10 mg/kg, while group IV received only
artesunate at a dose of 10 mg/kg. The experimental
duration was twenty one days, and all animals on
lamivudine received treatment for the entire
experimental duration. Animals that received
artesunate either alone, or in combination with
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lamivudine were treated similar to the control animals
for the first 14 days, and received artesunate only in the
last seven days of the study. Artesunate was
administered only for seven days because most
artesunate containing antimalaria therapies don’t
exceed seven days. All drugs were administered
intraperitoneally. Lamivudine was obtained from Evans
Nigeria, while artesunate was obtained from Tuyil,
Ilorin Nigeria.

2.3 Biochemical Analysis

At the end of the twenty-one days of drug
administration, animals were fasted overnight, weighed
and euthanized with chloroform as described (Saxena et
al, 2009). Blood was obtained via exsanguination
through the jugular vein. The blood was collected into
non heparinised vacutainers and centrifuged, and
serum obtained was used for the determination of renal
biomarkers. Determination of serum urea was based on
the diacetyl monoxime method using thiosemicarbazide
(Natelson 1951, Marsh et al, 1965). Potassium and
sodium were determined using flame photometric
methods, while chloride levels were determined using
titrimetric methods.

2.4 Determination of Relative Kidney Weight and
Histology

Immediately following blood collection, the kidneys of
the animals were carefully removed and weighed using
a digital denver weighing balance. Relative kidney
weights were thereafter determined. The kidneys were
immediately preserved in 10% formalin solution before
the tissues were later processed for Hematoxylin and
Eosin stained sections. The sections were observed and
photomicrographs made are presented (Figure 3A -
30).

2.5 Statistical Analysis and Presentation of data

The data from the studies were subjected to One Way
Analysis of Variance followed by Dunnett’s post hoc
test, with p values less than 0.05 being considered
statistically significant. Data from the study are
presented in charts as mean * standard error of the
mean. Photomicrographs are also shown to depict the
observed histological changes in the kidney.

3. Results

Data from the study didn’t show any significant
difference in the relative kidney weights in comparison
with the controls (Figure 1). There was also no
statistically significant difference in the renal
biomarkers that were determined when compared with
the saline group (Figure 2A - 2D). Although there were
slight differences observed in some of the groups in
comparison with the control, this was not statistically
significant. Various degrees of histological changes were
observed in the renal architecture as observed from
histological examination (Figure 3A - 3D). Some areas
of necrosis and hypertrophized glomeruli were seen in
sections of rat treated with lamivudine and artesunate.
Rats that received artesunate alone showed regions of
entire necrosis with collapsing glomeruli and some
hypertophized glumeruli.
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The kidney from lamivudine treated rats also showed
some areas of inflammatory cell infiltration and
abnormal glomeruli structures.
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Data shown are mean # SEM of (n=5).

There was no statistically significant difference following
ANOVA and Dunnett’s multiple comparison post-hoc test.
Veh=saline; lam=Ilamivudine; = lam-as=lamivudine
artesunate; as=artesunate.

and

Figure 1: Effect of lamivudine-artesunate treatment on
relative kidney weights in rats

4., Discussion

Organ weights are an essential part of toxicological and
risk assessment of drugs, chemicals and other
biologicals (Michael et al, 2007). These results did not
show any statistically significant differences in relative
kidney weights in the rats. This is further corroborated
by the absence of statistically significant differences in
the values of serum electrolytes and urea in comparison
with the control group. This thus indicates the relative
safety of the drug combination on the renal system at
the doses and route used in the current study. Previous
data at a dose of 12 mg/kg, showed that intravenous
sodium artesunate resulted in diuresis and increased
renal excretion of sodium and chloride in rats (Campos
et al, 2001). Campos and his co-workers also reported a
similar alteration of electrolytes in a man who received
intravenous artesunate which however returned to
normal after therapy. In the current study in which
artesunate was administered intraperitoneally, the
absence of similar effects may suggest that in routine
therapy of uncomplicated malaria where intravenous
administration may not be required, electrolyte
disturbances and physiological dysfunction of the
kidney may not occur. With the combination group on
lamivudine and artesunate showing similar results, the
effect of the combination is unlikely to be deleterious to
the kidney.

Treatment with artesunate resulted in varying degrees
of histological changes which were also observed in the
group that received both lamivudine and artesunate.
The extent of observed changes however differs from
some reports in which both functional and histological
changes were corroborated.
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Panel A, B, C and D are serum chloride, potassium, sodium and
urea levels.

Data shown are mean SEM (n=5). There were no statistically
significant difference following ANOVA and Dunnett’s post-hoc
multiple comparison test.

Veh=saline;  lam=Ilamivudine; = lam-as=lamivudine  and
artesunate; as=artesunate.
Figure 2: Effect of lamivudine-artesunate co-

administration on renal biomarkers
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The study of Li et al, (2007) reported renal tubular
damage following intravenous administration of 240
mg/kg resulting in diuretic effect that was reversed
after therapy both in malaria and non malaria infected
rats (Li et al, 2007). The work of Ejiofor and co-workers
(2009) also reported some glomerular renal tubular
necrosis as well as focal fibrosis at 15 mg/kg
artemether. As dose effect relationship is an important
aspect of efficacy and toxicity, the lower doses may thus
be devoid of some of these reported adverse events. In

both the individual drug treatment groups and the
combination group, renal biomarkers did not suggest
significant physiological dysfunction. However the
presence of changes seen in the architecture of the
kidneys is an indication that some level of damage may
occur and this may be exaggerated at higher doses or
with repeated exposures. With artesunate being
considered a candidate drug in tumors, the nature of its
use may thus require monitoring due to the apparent
propensity of artesunate to cause nephrotoxicity.

Figure 3B:Photomicrograph of H and E stained section of the kidney of a Lamivudine-artesunate treated rat (x400)
showing some areas of necrosis (A), hypertrophied glomeruli (C) and infiltration of inflammatory cells (B)
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Figure 3C: Photomicrograph of H and E stained section of the kidney of an artesunate treated rat (x400) showing
some atropic glomeruli (A)and some entirely necrotized areas (B)

Figure 3D: Photomicrograph of an H and E stained section from the kidney of a lamivudine treated rat (x400),
showing atropic as well as hypertophic glomeruli. Some regions of infiltration with inflammatory cells are also seen

5. Conclusion

The co administration of lamivudine and artesunate did
not result in any significant adverse effects that produce
observable functional changes in the kidney despite
histological changes that were observed. However with
increased dose and with multiple exposures as is the
case very often requiring multiple malaria treatment
courses over short intervals, there may be more evident
nephropathy taking into consideration the observed
histological changes seen.
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