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ABSTRACT
Artemisinin based combination therapy (ACT) specifically artemisinin-lumefantrine recommended for human malaria treatment may be prescribed for patients
who are on calcium supplements unknowingly. The interaction of the two and end result on body metabolic and physiological process is not known. There is
need to assess the safety and possible adverse effects of separate and combined administration of these agents. Randomized groups of experimental and
control rats were used to evaluate the interaction of the two. Two of the groups of rats were placed on calcium supplement for one month after which ACT
was orally administered to one of the group for 3-6 days. Another group of rats not on calcium supplement was administered with ACT only. The control
group of rats was administered with sterile distilled water and kept at same laboratory conditions as experimental groups. Levels of Na+, Ca2+, K+, creatinine
and urea were analyzed in plasma of all groups of rats. Concomitant use of artemisinin-lumefantrine and calcium supplement induced significant elevation of
plasma Na+, Ca2+ and creatinine concentrations. Extended and possibly repeated use of ACT alone raised the plasma Na+ and creatinine level above the
normal value after the first three days. It was concluded that repeated and or prolonged use of artemisinin-lumefantrine alone and in combination with calcium
lead to renal dysfunction in laboratory animals. Our findings highlight areas that require clarification by long term studies and provide a basis for further
research and recommend that related studies be carried out in human subjects for comparison with these findings.
Keywords: Artemisinin, malaria, calcium, creatinine, urea, renal dysfunction.

INTRODUCTION
Malaria is a parasitic disease caused by protozoans in the
genus Plamodium. The disease is currently a world-wide
serious public health problem more so in tropical and subtropical regions with more than one million lives lost every
year 1. It is the second most serious public health problem in
Kenya after HIV/ADS. The two diseases, human malaria and
HIV/AIDS as co-infections are lethal, infected individuals
deteriorate rapidly and die in the absence of prompt and
appropriate treatment. Antimalarial drug resistance has
created serious problem in the management of malaria cases
by limiting the number of antimalarial drugs available for
chemotherapy and chemoprohylaxis. Presently, artemisinin
extracts and derivatives are recommended first line drugs for
treatment of malaria cases in Kenya and many countries in
Africa. Artemisinin-based combination therapies (ACTs) are
known for rapid cure of all malaria cases including drugresistant falciparum cases2. Kenya has many malaria endemic
regions where it is possible for extended and repeated use of
ACTs in patients who could be on calcium supplements or
other forms of treatments involving calcium compounds for
instance management of osteoporosis. Calcium is also an
ingredient in many antacids and is also used commonly to
control high levels of magnesium, phosphorous and
potassium in blood.
Artemisinin based drugs have short half-life and are mainly
metabolized in the liver and excreted by the kidneys. In
combination with other drugs of longer half life, ACTs can
stay in body tissues and in circulation longer. Therefore there
is need to evaluate and analyze the safety profile of the ACTs
alone, in combination with other drugs and possible outcome
with interaction with other compounds in the body when used
for longer time than necessary.

Among the artemisinin-based combination therapies,
artemether – lumefantrine is regarded as a therapeutic agent
of choice in all case of malarial treatment 3,4. Animal studies
indicate that extended and repeated use of the drug caused
neurotoxic effects such as gait disturbances, loss of spinal
and pain reflexes5,6,7. Artemether-lumefantirne has been
associated with generation of potentially destructive and toxic
free radicals8. An assessment of Artemether alone is reported
to cause anorexia, reduction in the food and water intake,
increased urine output without a corresponding increase in
the water intake in experimental rats 9. The accompanying
dehydration could be possible cause of adverse effect on the
ionic balance of the body fluids in laboratory animals.
Presently, there is inadequate information on the possible
effect of artemisinin- based combination therapy on the
plasma levels of electrolytes in animal body fluids, tissues
and effect on kidney functions.
Faced with many cases of malaria patients who require
prompt treatment, health professionals prescribe artemisininbased combination medication as first choice treatment. In
the aged and elderly with osteoporosis, malaria treatment
with ACTs may require supplementation with calcium in the
range of 1000 to 1500 mg/d10. The use of calcium
supplements has been linked with cardiovascular defects and
changes in plasma components and electrolytes 9,11. As the
world population of elderly people increases due to improved
healthcare services, there is increased need for calcium
supplements to manage cases of osteoporosis. The same
population segment may at some point in time require both
malaria and osteoporosis management. There is inadequate
biomedical data to quantify the safety of repeated use of ACT
and calcium compounds separately and when coadministered hence further studies are warranted. The
purpose of the study was to investigate the safety of
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combined use of ACTs and calcium supplements as the case
may be in the management of both human malaria and
osteoporosis.
MATERIALS AND METHODS
Sourcing of Artemether-Lumefantrine and Calcium
Compound
The artemesinin combined drug was sourced as Leonart®
from Bliss GVS Pharma Ltd. India, composed of 80 mg
Artemether and 480mg lumefantrine. Calcium compound
was sourced from GNLD Int. Spartan, South Africa as
300mg calcium glycinate).
Experimental Animals Handling and Care
Rats were the preferred experimental animals due to their
quick adaption to laboratory conditions, large quantity of
tissue, convenient size and readily available. One hundred
and twenty (120) 4-week old male Wistar rats weighing 100150g obtained from the veterinary research centre, Muguga,
Kenya were used. All experimental and control rats were
kept in individual cages in an environmentally controlled
room with a 12 h light/12 h dark cycle. The rats were fed on
standard rat feed pellets and clean treated drinking water. All
rats used in the study were acclimatised to laboratory
conditions for two weeks before experimentation. The care
of the animals was in accordance with guidelines for care of
laboratory animals 12.
Experimental Design and Drug Administration
The rats were randomized into four (4) groups of 30 rats each
appropriately labeled, categorized and treated as indicated in
Table 1. Calcium supplements were administered orally at a
therapeutic dose of 10 mg/kg body weight twice daily to rats
in category C and D while ACT was administered at a
therapeutic dose of 2.67 mg artemether/16mg lumefantrine
per Kg body weight twice daily to rats in category B and D.
The anti-malarial drug combination, ACT was agitated for
homogeneity and administered as an aqueous suspension by
oral gavage. Calcium supplement was first administered
continuously for thirty days. Artemether-lumefantrine was
introduced beginning from the thirty first day, such that both
the drug and calcium supplements were simultaneously
administered continuously for the next three days to rats in
category B and D.
Blood Collection and Preparation of Plasma Samples
After the last treatment, half (15) rats in each category were
denied food for twelve hours and later sacrificed by exposure
to cotton wool soaked in ether. Blood was immediately
drawn through cardiac puncture and introduced into
heparinised capillary tubes. Plasma was prepared by
centrifugation at 3000 rpm for 10 minutes. Treatment was
continued with the remaining rats for another three days after
which they were also fasted for twelve hours and then
sacrificed. Blood was also drawn and similarly processed to
obtain serum.
Biochemical Tests and Statistical Analysis
The concentrations of Na+ and K+ in plasma were determined
by Flame Photometry using Coming 410C Flame
Photometer. The Ca2+ level was measured using
Cresolphthalein Complexone method as described by Burtis
and Ashwood13. A modified Jaffe method Spencer14 was
used for estimating plasma creatinine while urea was

determined by using urease enzyme to enzymatically catalyse
the hydrolysis of urea, followed by detection of ammonia by
colour reactions as described by Francis 15.
Data analyses were performed using SPSS software (SPSS
10.0 for Windows, SPSS Inc, Chicago, IL). All data are
expressed as mean ± SEM. Analysis of variance was used to
test for differences between the groups. Duncan’s multiple
range test was used to determine the levels of significance of
the differences among the mean values at p˂ 0.05.
RESULTS
There was no appreciable change in sodium ion concentration
in plasma after the initial three days treatment with ACT,
whereas a significant increase from the normal control value
of 132.6±5.9mmol/L to 158.9±2.9mmol/L was observed in
rats on calcium supplement treatment (Table 2). Combined
calcium treatment with ACT significantly (p<0.05) increased
the sodium ion concentration to 175.3±4.1 mmol/L. After
continued treatment for another three days, sodium ion
increased
significantly
with
ACT
concentration
administration. The observed concentration of 145.5±2.1
mmol/L was higher than the value of 129.5±4.9 mmol/L
recorded after the initial three days treatment. A similar
increase was recorded in rats on calcium supplement
treatment; but the sodium ion concentration of 162.3±4.8
mmol/L was not the same as recorded value after the 30th day
of treatment. The results suggest that sodium ion
concentration in rats on calcium supplement and
simultaneously administered with ACT was higher than the
concentration in rat placed on ACT alone. The recorded
figure of 189.1±2.2 mmol/L was significantly higher in the
same group of rats when compared to recorded value after the
initial three days treatment.
The plasma potassium ion concentration was not altered after
the initial three days treatment with ACT (Table 3). Neither
separate treatment calcium supplement alone nor combined
treatment with calcium and ACT significantly altered the
plasma potassium ion concentration. However, when the rats
were further treated for three days with ACT, an increased in
plasma potassium ion concentration was observed in rats
separately placed on ACT and those placed on calcium
supplementation when compared with the normal control
group. The observed plasma potassium ion concentration of
5.5±0.02 mmol/L in rats placed on calcium supplement and
simultaneously treated with ACT was however significantly
higher than that of all other treatment groups. It was also
higher than the value obtained in the same group (category
D) after the initial three days administration of ACT.
Artemisinin combination therapy alone did not significantly
alter plasma calcium ion level (Table 4). The plasma calcium
ion concentration of 2.5±0.03 mmol/L and 2.1±0.1mmol/L
recorded after the 3rd and 6th day of continuous administration
of ACT were not significantly different from that of control
rats. After thirty days of continuous calcium supplement
treatment, plasma calcium ions increased in rats in category
C to 3.8±0.04 mmol/L. This recorded value was significantly
higher than that of control at 2.5±0.04 mmol/L. The plasma
calcium concentration of 3.6±0.1 mmol/L in the group of rat
co-treated with ACT and calcium supplement was not
significantly different from that of the rats on calcium
treatment alone. The recorded value was not significantly
altered after six days of co-administration of calcium and
ACT.
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Table 1: Experimental animal treatment
Category
A (Control normal)
B (Experimental)
C (Experimental)
D (Experimental)
TOTAL

Number of Rats Used (n)
30
30
30
30
120

Treatment(s)
Sterile distilled water.
Artemether-lumefentrine only.
Calcium supplements only
Artemether-lumefantrine and calcium supplements.

Table 2: Effect of treatment on plasma sodium concentration
Category and Treatment
A (Normal control)
B (ACT only)
C (Calcium only)
D (calcium + ACT)

After 3rd day of continuous ACT administration
After 6th day of continuous administration.
132.6±5.9
129.8±2.9
129.5±4.9
145.4±2.1
158.9 ±2.9
162.3±4.9
175.3±4.1
189.3±2.2
Units of measurement are mmol/L
Values are mean ± standard deviation of mean of analyzed samples.
Table 3: Effect of treatment on plasma potassium concentration

Category and Treatment
A (Normal control)
B (ACT only)
C (Calcium only)
D (Calcium + ACT)

After 3rd day of continuous ACT administration
After 6th day of continuous administration
4.6± 0.2
4.5±0.1
4.8± 0.2
5.1±0.3
4.4 ±0.1
4.9±0.1
4.4±0.1
5.5±0.02
Units of measurement are mmol/L
Values are mean ± standard deviation of mean of analyzed samples.
Table 4: Effect of treatment on plasma calcium concentration

Category and treatment
A (Normal control)
B (ACT only)
C (Calcium only)
D (Calcium + ACT)

After 3rd day of continuous ACT administration
After 6th day of continuous administration
2.5± 0.04
2.5±0.04
2.5± 0.03
2.1±0.12
3.75 ±0.04
3.7±0.05
3.6±0.06
3.6±0.10
Units of measurement are mmol/L
Values are mean ± standard deviation of mean of analyzed samples.
Table 5: Effect of treatment on plasma creatinine concentration

Category and treatment
A (Normal control)
B (ACT only)
C (Calcium only)
D (Calcium + ACT)

After 3rd day of continuous ACT administration
After 6th day of continuous administration
66.3± 4.0
67.5±4.04
72.5± 5.9
85.1±6.12
77.7 ±4.98
79.7±5.05
82.5±4.06
82.6±0.10
Units of measurement are mmol/L
Values are mean ± standard deviation of mean of analyzed samples.
Table 6: Effect of treatment on plasma urea concentration

Category and treatment
A (Normal control)
B (ACT only)
C (Calcium only)
E (Calcium + ACT)

After 3rd day of continuous ACT administration
After 6th day of continuous administration
12.5± 0.4
12.5±0.1
12.5± 0.3
12.1±0.1
12.5±0.3
12.7±0.2
12.3±0.1
12.6±0.1
Units of measurement are mmol/L
Values are mean ± standard deviation of mean of analyzed samples.

Separate treatment with ACT did not affect plasma creatinine
levels as determined after three days of continuous treatment
(Table 5). Placement on calcium supplement alone however
increased the plasma creatinine level to 77.7±4.9mmol/L
which was significantly higher than 66.3±4.0mmol/L
obtained in the normal control group. Combined treatment
with calcium and ACT was also observed to have raised the
plasma concentration of calcium to 82.5±4.1mmol/L but the
value obtained was not different from that of rats placed on
calcium supplement alone. After six days of continuous
treatment with ACT, the plasma creatinine value was
increased to 85.1±6.1mmlol/L which was significantly higher
than the normal control value of 67.5±4.0mmol/L and was
also higher than the value observed after the initial three days
treatment. Though higher than the normal control value, the
observed plasma creatinine concentration after six days of

ACT administration to rats on calcium supplement was not
different from the value (in the same group of rat) after the
initial three days treatment with ACT nor was it different
from that of rat on calcium supplement alone.
Neither separate administration of ACT and calcium
supplement nor their combined administration was found to
have changed the plasma urea level significantly after three
days of continuous administration (Table 6). Treatment with
ACT continuously for another three days was also observed
not to have altered the plasma urea level significantly.
DISCUSSION AND CONCLUSION
Previous studies indicate that the plasma levels of
electrolytes, namely sodium (Na+), potassium (K+), and
calcium (Ca2+) are important for the proper functioning of the
neuromuscular and cardiovascular system 9,16,17. Excessive
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loss of these ions from the body lead to serious deleterious
effects on the concerned systems 18,19. The study finding thus
corroborates related reports on the cardiovascular disease risk
induced by increased calcium supplementation11. Another
electrolyte, sodium is an abundant extracellular ion, and plays
an important role in muscle contraction. Similarly, potassium,
an another intracellular ion, plays an important role in muscle
contraction and regulation of the heart beat 18,19. The
electrolyte derangement as evident by increased plasma
concentration of sodium, potassium and calcium reported in
the present study suggest that continuous supplementation
with calcium and prolonged use of ACT alone and in
combination with calcium supplement could present a risk for
arrhythmia, abdominal pain and cramping, and muscle
weakness.
Elevated plasma sodium level (hypermatermia), plasma
potassium level (hyperkalemia), plasma calcium level
(hypercalcemia) and elevated serum urea and enzyme
creatine kinase levels are commonly used as indices of acute
renal failure 20. Potassium, once absorbed by the intestinal
tract, is partially removed from the plasma by glomerular
filtration and nearly completely reabsorbed in the proximal
tubule. Unlike sodium, it is effectively re-excreted by the
distal tubules of the kidneys. Our findings suggest a major
elevation in plasma sodium level with administration of
artemisinin-lumefantrine combination and also with
prolonged use of calcium supplements. This suggests that
continuous use of these medications can alter renal function.
The findings are comparable to previous studies on
artemisinin 8,9. Currently there are no major reported cases of
alteration in plasma potassium with therapeutic use of ACT.
But our findings however, suggest that prolonged use of the
drug may predispose to hyperkalemia due to differences in
the renal handling of the electrolytes.
The kidney is known to function as an organ responsible for
regulation of calcium fluxes, however, it has limited capacity
to handle large changes in the serum calcium levels. Over
seventy percent of the calcium filtered through the glomeruli
is reabsorbed in the proximal tubules by a process linked to
sodium re-absorption. Approximately 20-25% of filtered
calcium is reabsorbed in the ascending limb of the loop of
Henle, whereas the remaining 10% is reabsorbed under the
influence of parathyroid hormone (PTH) and vitamin D in the
distal tubule 18. In the present study, it was noted that there
was no alteration in plasma calcium concentration with
artemisinin-lumefantrine based combination administration.
It was however noted that a significant increase in the plasma
calcium level with calcium supplementation and when
calcium supplement was combined with the ACT. This
suggests that arteminsinin-lumefantrine based combination
may not induce a significant alteration in calcium
homeostasis but that calcium supplement will. The increased
plasma calcium recorded with calcium supplementation could
be attributed to the increased calcium overload such that the
Serum calcium
kidneys fail to efficiently handle.
homeostasis is regulated by a rapid negative feedback
hormonal pathway involving the concentration of ionized
calcium in serum and the secretion of parathyroid hormone
from the parathyroid gland. A decline in serum calcium
inactivates the calcium receptor in the parathyroid gland cells
and increases PTH secretion, which restores serum calcium
by activating the parathyroid receptor in bone, to increase
calcium re-absorption, and in kidney, to increase tubular
calcium re-absorption. In the kidney, the increased PTH
secretion augments its calcium-restorative effect by

increasing secretion of 1,25-dihydroxy vitamin D
(1,25(OH)2D), which, acting on the vitamin D receptor in gut,
increases active calcium absorption and increases calcium reabsorption into the bones. A decline in serum calcium
inactivates the calcium receptors in the parathyroid glands to
increase PTH secretion, which acts on the parathyroid
receptor (PTHR) in kidney to increase tubular calcium reabsorption, and in bone to increase net bone re-absorption.
The increased PTH also stimulates the kidney to increase
secretion of 1,25(OH)2D, which increase calcium absorption,
in the parathyroid glands and decrease PTH secretion, and in
bone to increase re-absorption.
Creatinine
clearance
calculated
from
creatinine
concentrations in urine and plasma samples, as well as urea
clearance, is commonly used to determine the glomerular
filtration rate of the kidneys. Therefore, creatinine clearance
is a useful test for renal function. Thus, plasma
concentrations of creatinine and urea could be used as
indicators of nephrotoxicity 21. Low clearance of creatinine
or/and urea indicate a diminished and impaired ability by the
kidneys to filter these waste products from the blood and
excrete them in urine. As their clearance values decrease,
their blood levels increase. Hence, an abnormally elevated
blood creatinine is diagnostic of impaired renal
function22,23,24. Based on our findings it is possible that
prolonged use of artemisinin-lumefantrine, continuous intake
of calcium supplement and combined use of artemisininlumefantrine and calcium supplement may result in elevated
plasma creatinine level thus suggesting a disposition to renal
failure.
Urea is the main and final catabolite of nitrogen compounds
in humans and animals. It is produced as a breakdown
product of protein. High urea levels could suggest impaired
kidney
function.
This
may
arise
due
to acute or chronic kidney disease25. Our result does not
indicate any alteration in plasma urea neither with
use
nor
with
calcium
artemisinin-lumefantrine
supplementation. This however may not suggest normal
kidney function during treatment and requires elaboration
through long term studies beyond the scope of the present
study. Although most of the urea is completely filtered by
the kidney, unfortunately not all of it is also reabsorbed. This
may lead to gross underestimation of gross glomerular
filtration rate (GFR) 25 hence further research necessary to
arrive at a clear explanation.
We conclude that changes do occur in plasma electrolytes
when ACTs and calcium supplements are co-administered.
These changes in plasma electrolytes as indices of renal
function demonstrate that calcium supplement and prolonged
used of ACT can induce renal damage and consequently renal
dysfunction in laboratory animals. We suggest that related
studies be carried out in human subjects for comparisons with
these findings.
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