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ABSTRACT: SynriamTM antimalarial drug (SAD), a combination of arterolane malate (150 mg) (a short-acting drug 

that is effective against all parasite blood stages) and piperaquine phosphate (750 mg) (a slow, long-acting drug that 

kills residual parasites), has been proven to be safe and effective for malaria treatment in human. However, dearth 

data is available on its safety in animals. This study investigated the toxicity of SAD on selected liver indices in rats. 

Thirty-five adult Wistar rats were randomized into five groups (n=7). Group A-Control, Group B-E SAD-treated 

with 4.0, 8.0, 16.0 and 32.0 mg/kg body weight (bwt.) SAD, respectively, for 28 days. The rats were sacrificed 24 h 

after the last administration.  Liver and blood (for serum extraction) were collected using standard methods. SAD-

treated groups compared favorably (p>0.05) with control for organ-body weight ratio, liver and serum activities of 

aminotransferases, gamma-glutamate transferase, glutamate dehydrogenase, lactate dehydrogenase, sodium-

potassium-adenosine triphosphatase, calcium-magnesium-adenosine triphosphatase, and serum globulin levels of 

subjects. However, SAD treatment showed significant effects (p<0.05) on liver and serum activities of alkaline 

phosphatase, serum protein, albumin and bilirubin levels. SAD treatment also showed mild effects on the 

hepatocytes but with no fatty degeneration. This study therefore provides evidence that long term therapeutic dose 

administration of SAD does not predispose to liver dysfunction in rats. 
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Introduction 

Malaria, being an ancient disease, is an endemic protozoal blood infection caused by a mosquito-

borne Apicomplexan parasite transmitted to humans during the bite of an infected female Anopheles 

mosquito (34). It remains a major public health issue in sub-Saharan Africa and considerably contributes 

to child morbidity and mortality. Children under five accounted for 67% out of the 94% cases of malaria 

deaths recorded in sub-Saharan Africa in 2018 (59). This disease respectively contributed 5% and 18% of 

under-five deaths worldwide and in sub-Saharan Africa. Although this figure was approximately halved 

from 2010 to 2018 for children under-five in the world as result of the intensified control measures 

including vector control and drug-based interventions (35, 41). This progress marked in most sub-Saharan 

Africa countries is nonetheless hindered by the challenge of achieving an early diagnostic and appropriate 

treatment of malaria cases to prevent the occurrence of complications and death (35, 55). 
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For the parasite to complete its life cycle, it requires both female Anopheles mosquito (the definitive 

host or vector) and human (an intermediate host) involving ten morphological changes in five different 

tissues of hosts (28). Some of the clinical symptoms of malaria ranges from acute febrile illness with 

fever associated with chills, headache, and vomiting to deadly complications like severe anaemia, 

respiratory distress in relation to metabolic acidosis, or cerebral malaria which can eventually lead to 

death (1). 

However, falciparum malaria therapy is dependent on the severity of infection, status of the host and 

drug sensitivity pattern in the locality. Moreover, selection of the appropriate treatment agent depends on 

the local antimalarial drug resistance patterns, government treatment guidelines, tolerability, availability 

and gametocidal activity (3). Poor drug quality, incorrect dosing, non-compliance with duration of dosing 

regimen, drug interactions, unpredictable or poor absorption and misdiagnosis are some of the leading 

conditions to malaria treatment failure which contribute to the development of resistance by parasites. 

Furthermore, factors responsible for decrease in the effectiveness of immune system in clearing parasite 

residuum after treatment likewise increase survivorship and intensification of resistance (3). The rate at 

which resistance develops in a given area is dependent on some factors such as the intensity of 

transmission, initial prevalence of mutations, intensity of drug pressure, population movement between 

areas or its strains, etc. Use of an alternative drug reduces drug pressure, which is thought to be the single 

most important factor in the development of resistance (3). 

World Health Organization (WHO), however, recommended artemisinin-based combination 

therapies (ACTs) as the first-line therapy for uncomplicated P. falciparum in malaria-endemic regions as 

result of its quick reduction of parasitaemia (50, 57). The success of ACT has been revealed in reduced 

acute parasite index over the recent years. The major threat today is the possibility for resistance to arise 

in falciparum against artesunate or its partner drug. Some of the measures intended at preventing drug 

resistance mostly focus on reducing overall drug pressure through more selective and restrictive use of 

drug, improved prescribing and follow up practices, improved patient compliance and use of drug 

combinations (3). Artemisinin derivatives in ACT are used in combination with a long acting, more 

slowly eliminated partner drug that prevents infection recrudescence (49). Artemisinins, however, are 

subject to demand and supply problems since it is derived from plant source (33, 50, 57). These facts 

therefore point towards a need to identify a new alternative, effective and affordable antimalarial remedy 

(3). 

Arterolane maleate (AM) is a rapid, short-acting antimalarial drug that is effective against all blood 

stages of the parasites. Conversely, piperaquine phosphate (PQP) is a proven effective and well-tolerated 

slow, long-acting antimalarial drug that kills residual parasites (49, 51). The efficacy, pharmacokinetic 

profile, tolerability and low cost of PQP make it a promising partner drug for use in ACT (49). AM has 

been combined with PQP in a fixed-dose combination commercially referred to as SynriamTM drug. The 

combination (150 mg AM and 750 mg PQP) has been proven to be effective and safe for the treatment of 

acute uncomplicated falciparum malaria. This combination provides antimalarial activity at different time 

windows that will prevent the emergence of resistance to either drug. Its mechanism of action is different 

from those of artemisinins (51). Both the mechanisms of action and of resistance of PQP have not been 

well characterized, but are likely to be similar to those of the 4-aminoquinolines. It has however been 

shown to be active against highly chloroquine-resistant P. falciparum, and also highly lipid-soluble with 

its oral bioavailability lower when given without any food (14). Valecha et al. (51) and Toure et al. (49) 

have reported the efficacy and safety of the clinical trial of the drug in patients with acute uncomplicated 

P. falciparum malaria.

This study thereofore aimed at investigating the safety of prolonged administration of SynriamTM

drug in the liver of rats. 
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Materials and Methods 

 

Chemicals and reagents 

 

Assay kits for total protein, albumin, bilirubin, alanine aminotransaminase (ALT), aspartate 

aminotransaminase (AST), glutamate dehydrogenase (GDH), lactate dehydrogenase (LDH), alkaline 

phosphatase (ALP), γ-gamma-glutamate transferase (GGT), sodium-potassium-adenosine triphosphatase 

(Na+-K+-ATPase), and calcium-magnesium-adenosine triphosphatase (Ca2+-Mg2+-ATPase) were obtained 

from Sigma-Aldrich, USA, and Randox Laboratories Ltd., Co-Antrim, UK. All other reagents used were 

of analytical grade. 

 

Animals and animal grouping 

Thirty-five adult Wistar rats with an average weight of 150 ± 5 g were obtained from the Animal 

Holding Unit of the Department of Biochemistry, Faculty of Life Sciences, University of Ilorin, Ilorin, 

Nigeria. They were housed in plastic cages and acclimatized for 2 weeks before the commencement of the 

experiment (temperature 25-30oC, relative humidity 40-45%, and 12 h) with free access to pellets (Top 

Feeds, Ilorin, Nigeria) and tap water ad libitum. The research adhered strictly to the Principles of 

Laboratory Animal Care (NIH publication #85-23, revised in 1985). The rats were randomly divided into 

five groups (A-E), consisting of seven rats each. Group A-Control received 0.5 mL distilled water (the 

vehicle). Groups B to E received the same volume of drug corresponding to 4.0, 8.0, 16.0, and 32.0 

mg/kg body weight, respectively. Both the distilled water and drug were administered orally once daily 

using oropharyngeal cannula for a period of 28 days. 

 

Drug and drug preparation 

SynriamTM drug was obtained from Mosaaj Pharmacy, Ilorin, Nigeria, manufactured by Ranbaxy 

Laboratories Limited, Plot No. B-2, Madkai Industrial Estate, Ponda, Goa, India. The drug was 

pulverized. The tablets were ground into fine powder using mortar and pestle, and then transferred into an 

air-tight bottle for storage. 

 

Sample collection and preparation 

All the rats in the various experimental groups were sacrificed 24 h after the completion of their 

daily doses (28 days). Under ether anesthesia, the neck of rats was quickly cleared of fur and skin to 

expose the jugular vein. These animals were made to bleed through their cut jugular vein. Blood was 

collected into clean, dry centrifuge (plain) tubes and was mixed thoroughly before been centrifuged at 

3000 g for 15 min using a Uniscope Laboratory centrifuge (Model SM800B, Surgifriend Medicals, Essex, 

England). The serum was thereafter aspirated into clean, dry, sample bottles using Pasteur pipettes and 

kept frozen before it was used for assay. The rats were thereafter quickly dissected, and the liver removed 

and cleaned of blood. The tissue was homogenized in 0.25 M sucrose solution (1:5 w/v) as described by 

Ngaha et al. (32). The homogenate was transferred into specimen bottles and kept frozen for 24 h before 

analyses. 

 

Determination of liver biochemical indices 

The biochemical parameters were determined using standard methods described for serum protein 

(22), serum albumin (17), serum globulin (47), serum bilirubin (63), ALP (60), GGT (45), 

aminotransferases (38), LDH (61), GDH (43), Na+-K+-ATPase (7, 39), and Ca2+-Mg2+-ATPase (19, 39). 

The liver was prepared for histopathological analysis according to the procedure described by Krause (27) 

and stained with hematoxylin and eosin (H & E). The photomicrographs were captured at ×400 with 

software. 
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Statistical analysis 

Data were presented as mean of seven determinations ± SEM. Statistical analysis were carried out 

using one-way analysis of variance (ANOVA) followed by Duncan’s Post-hoc multiple comparisons, 

using IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk, N.Y., USA). Differences 

were considered statistically significant at p<0.05. Graphs were created using GraphPad Prism 6 software 

for Windows (GraphPad Software, California, USA). 

Results 

The mathematically expressed organ to body weight ratio of the rats orally administered 4.0, 8.0, 

16.0 and 32.0 mg/kg body weight drug showed no significant difference (p>0.05) compared to control 

(Figure 1). 

The serum protein and albumin levels in the treated rats increased significantly (p<0.05) compared to 

control. Meanwhile, the serum globulin levels in the treated rats showed no significant difference 

(p>0.05) compared to control. Whilst a significant decrease (p<0.05) was observed in the total bilirubin 

levels of the treated rats compared to control, a significant decrease (p<0.05) was also observed at 4.0, 8.0 

and 16.0 mg/kg body weight of the direct bilirubin levels. However, at 32.0 mg/kg in the direct bilirubin 

levels, there was no significant difference (p>0.05) compared to control (Table 1). 

None of the doses of the drug administered showed any significant (p>0.05) alteration in the liver 

activities of ALT, AST, GGT, GDH, LDH, Na+-K+-ATPase and Ca2+-Mg2+-ATPase compared to control, 

except the AST activity at 32.0 mg/kg which increased significantly (p<0.05) compared to control. 

However, the liver ALP activity showed a significant decrease (p<0.05) compared to control. However, 

while the serum ALP activity increased significantly (p<0.05), the AST activity significantly decrease 

(p<0.05) compared to control. The serum ALT activity, at 4.0 and 8.0 mg/kg, showed no significant 

difference (p>0.05) compared to control, while a significant decrease (p<0.05) was observed at 16.0 and 

32.0 mg/kg. Also, none of the doses of the serum GGT, GDH and LDH activities showed any significant 

(p>0.05) alteration compared to control (Figures 2-9). 

Finally, oral administration of the drug for 28 days produced no histopathological changes at 4.0 

mg/kg body weight dose, but showed mild deterioration without fatty degeneration at 8.0 and 16.0 and 

32.0 mg/kg body weight (Plate 1a-e). 
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Figure 1: The organ-body weight ratio (%) of rats following prolonged oral administration of drug 

combination. Values are mean of seven determinations ± SEM. Test values carrying lowercase letters 

similar to the control are not significantly different (p>0.05). 
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Table 1: Effects of prolonged oral administration of drug on selected liver function indices of rats 

 

 

Parameters 

 

Control 

Drug (mg/kg body weight) 

4.0 8.0 16.0 32.0 

Total protein (g/L) 15.56 ± 1.32a 22.04 ± 1.21b 22.48 ± 2.02b 23.57 ± 1.86b 21.14 ± 1.92b 

Albumin (g/L) 8.83 ± 0.81a 15.98 ± 0.72b 16.55 ± 0.58b 18.08 ± 0.66b 16.03 ± 0.80b 

Globulin (g/L) 6.73 ± 0.25a 6.06 ± 0.17a 5.93 ± 0.20a 5.49 ± 0.18a 5.11 ± 0.14a 

Total bilirubin (µmol/L) 11.03 ± 0.24a 3.97 ± 0.30b 4.72 ± 0.28b 5.13 ± 0.19b 4.86 ± 0.21b 

Direct bilirubin (µmol/L) 6.35 ± 0.85a 1.16 ± 0.13b 2.02 ± 0.18b 1.95 ± 0.15b 5.88 ± 0.16a 

Values are mean of seven determinations ± SEM. Test values carrying lowercase letters different from that of the 

control are significantly different (p<0.05). 
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Figure 2: Alanine transaminase (ALT) activities in liver and serum of rats following prolonged oral 

administration of drug. Values are mean of seven determinations ± SEM. Test values carrying lowercase 

letters different from that of the control are significantly different (p<0.05). 
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Figure 3: Aspartate transaminase (AST) activities in liver and serum of rats following prolonged oral 

administration of drug. Values are mean of seven determinations ± SEM. Test values carrying lower case 

letters different from that of the control are significantly different (p<0.05). 
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Figure 4: Alkaline phosphatase (ALP) activities in liver and serum of rats following prolonged oral 

administration of drug. Values are mean of seven determinations ± SEM. Test values carrying lowercase 

letters different from that of the control are significantly different (p<0.05). 
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Figure 5: Gamma-glutamate transferase (GGT) activities in liver and serum of rats following prolonged 

oral administration of drug. Values are mean of seven determinations ± SEM. Test values carrying 

lowercase letters different from that of the control are significantly different (p<0.05). 
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Figure 6: Glutamate dehydrogenase (GDH) activities in liver and serum of rats following prolonged oral 

administration of drug. Values are mean of seven determinations ± SEM. Test values carrying lowercase 

letters different from that of the control are significantly different (p<0.05). 
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Figure 7: Lactate dehydrogenase (LDH) activities in kidneys and serum of rats following prolonged oral 

administration of drug. Values are mean of seven determinations ± SEM. Test values carrying lowercase 

letters different from that of the control are significantly different (p<0.05). 
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Figure 8: Na+-K+-ATPase activities in liver of rats following prolonged oral administration of drug. 

Values are mean of seven determinations ± SEM. Test values carrying lowercase letters similar to that of 

the control are not significantly different (p>0.05). 
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Figure 9: Ca2+-Mg2+-ATPase activities in liver of rats following prolonged oral administration of drug 

combination. Values are mean of seven determinations ± SEM. Test values carrying lowercase letters 

similar to that of the control are not significantly different (p<0.05). 
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Plate 1: (a) Photomicrograph of the liver of rat administered distilled water for 28 days. The liver is 

normal with no pathological changes. (b) Photomicrograph of the liver of rat administered 4.0 mg/kg 

body weight of drug for 28 days. The hepatocyte is normal with no pathological damage. (c) 

Photomicrograph of the liver of rat administered 8.0 mg/kg body weight of drug for 28 days. The 

hepatocyte showed mild deterioration with no fatty degeneration. (d) Photomicrograph of the liver of rat 

administered 16.0 mg/kg body weight of drug for 28 days. The hepatocyte showed pathological changes 

with no fatty degeneration similar to rat administered 8.0 mg/kg. (e) Photomicrograph of the liver of rat 

administered 32.0 mg/kg body weight of drug combination for 28 days. The hepatocyte showed 

pathological changes with no fatty degeneration similar to rats administered 8.0 and 16.0 mg/kg. 

 

 

Discussion 

 

WHO (58) reported that Nigeria suffers the world’s greatest malaria burden, with approximately 51 

million cases and 207,000 deaths reported annually (approximately 30% of the total malaria burden in 

Africa), while 97% of the total population (approximately 173 million) is at risk of infection. WHO 

recommends artemisinin-based combination therapies (ACTs) as first-line action for the treatment of 

uncomplicated malaria caused by falciparum parasite or by chloroquine (CQ)-resistant vivax, ovale, 

malariae, and knowlesi (64). SynriamTM drug containing fixed dose combination of arterolane maleate 

(150 mg) and piperaquine phosphate (750 mg) exhibits a rapid onset of action, potent activity against all 

erythrocytic stages of P. falciparumn. It was synthesized as an alternative to artemisinin, and has 

advantages of once-daily dosing and low pill burden as well as a long duration of post-treatment 

prophylaxis (50). Valecha and co-workers (52) reported its efficacy in phase III trial in patients with 

acute, uncomplicated vivax compared to CQ. Vennerstrom et al. (53) and Dong et al. (16) reported the in 

vitro and in vivo antimalarial potency of the drug in falciparum. Therefore, this study aimed at 
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establishing the hepatocellular toxicity of the prolonged administration of this drug commonly sold in 

Nigeria as an alternative antimalarial on various liver indices in rats. 

Change in organ-body weight ratio is a sensitive indication of chemically or pathologically induced 

alterations in organs and determination of this ratio enables the assessment of alteration in size of an 

organ relative to the body weight of the biological subject (65, 66). Increase in organ body weight ratios 

of the liver may suggest hepatocellular hypertrophy (67, 68, 69). SynriamTM caused no significant 

alteration in organ-body weight ratios of the liver probably indicating that the drug neither caused 

inflammation nor constriction of the hepatocyte. 

Total protein content of serum basically consists of albumin and globulin. An alteration in the level 

of total protein of a tissue gives insight into functional changes that possibly occurred in such tissue. 

Reduction in the level of total protein in organs with corresponding elevation in serum could imply 

cellular damage or toxicity to those organs (26). Total protein, albumin and bilirubin concentrations in the 

serum can indicate the state of the liver (20). Serum total protein constitutes 60% albumin and 40% 

globulin. Serum albumin binds and transport many sparingly soluble metabolic products such as fatty 

acids, unconjugated bilirubin and foreign bodies in blood and helps in maintaining the osmotic pressure 

of cells (30, 44). Reduction in serum level of albumin is an indication of impaired synthesis of albumin 

arising from weakened liver function (62), and such reduction causes accumulation of fluids in interstitial 

spaces, resulting in oedema (5). Globulins act as transport molecules and perform immune functions. The 

serum level of globulin (especially the immunoglobulin fraction) is raised after a biological system is 

exposed to antigen, thereby acting as an indicator of immune response (48).  

The significant increase in serum protein and albumin levels of the treated group compared to 

untreated group might have resulted from the in situ production of enzymes or a leakage of some of the 

enzymes from the liver to the serum (2). Therefore, this may imply that the synthetic capability of the 

liver was altered, thereby altering the availability of these biomolecules to perform their cellular roles of 

immunity, transport and osmotic pressure normal control (70).  

The non-significant difference observed in the globulin level of SAD-treated rats compared to 

untreated group could imply that the drug did not hinder the hepatocyte from performing its normal 

functions such as transport of molecules and response to immune functions. Bilirubin is the main bile 

pigment that is formed from the breakdown of heme in the red blood cell (RBC). It is a lipid-soluble 

pigment that binds non-covalently to albumin to increase its solubility in the plasma and serves as a 

biomarker of hepatic function (6).  

Bilirubin remains in cells until rendered water-soluble through conjugation by a specific transferase 

enzyme which is primarily located in the endoplasmic reticulum and the conjugated bilirubin is readily 

excreted in the bile (54). Elevated serum levels of bilirubin could be due to overproduction resulting from 

excessive degradation of haem (pre-hepatic hyperbilirubinemia) or decreased conjugation, culminating in 

failure of its excretion due to liver damage caused by diseases or xenobiotics (hepatic 

hyperbilirubinemia). Likewise, obstruction of the excretory ducts of the liver (extra-hepatic cholestasis) 

can also result in hyperbilirubinemia (post-hepatic hyperbilirubinemia) (18).  

The significant decrease in both total and conjugated bilirubin concentrations for the treated group 

compared to untreated could be as a result of the cumulative effect of the drug on the liver leading to 

impairment in the conjugation of bilirubin. In the circulation of blood, bilirubin is bound to serum 

albumin, which prevents its potential toxicity thought to be caused by free bilirubin (10). It is rapidly and 

selectively taken up by the liver, biotransformed upon conjugation with glucuronate (15), and secreted 

into bile. Thus, bilirubin is converted into bilirubin glucuronic acid in the liver and excreted along with 

bile. In liver disease, however, or in instances of obstruction in the biliary duct system, bilirubin excretion 

usually becomes impaired, causing a rise in the serum bilirubin concentration. The non-significant 

difference observed in the conjugated bilirubin at 32.0 mg/kg could infer inability of the drug to cause 

haem degradation at this particular dose and that the conjugation functions of the hepatocytes were not 

altered. 

Tissue damage results in the release of some enzymes into the blood. A mild and reversible cellular 

alteration such as inflammation results in increased permeability of cell membrane, hence, cytoplasmic 
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enzymes could be released into extracellular fluid whereas a much higher alteration or cellular death 

could result in release of organelle-based enzymes such as mitochondrial enzymes into extracellular fluid 

(9). Alkaline phosphatase (ALP) is a membrane-bound enzyme found in hepatobiliary tissues and 

cytoplasmic membranes of cells. It generates inorganic phosphate ions from organic phosphate esters and 

can serve as biomarker in assessing the integrity of membrane (25, 36). Gamma-glutamyltransferase 

(GGT) catalyzes the transfer of gamma-glutamyl functional group from glutathione to an acceptor, such 

as amino acid. They are concentrated in hepatobiliary ducts cells and endoplasmic reticulum of 

hepatocytes and their activities are elevated in the blood in various hepatobiliary diseases (31). The 

decrease in liver ALP and the restored normalcy in GGT activities may imply that the drug did not alter 

the integrity of the hepatocyte membranes. 

Aminotransferases are intracellular enzymes with alanine aminotransferase (ALT) being more 

hepatocyte-specific than aspartate aminotransferase (AST). They are pyridoxal phosphate-requiring 

enzymes that function in amino acid biosynthesis, catalyzing the transfer of amino group from an amino 

acid to α-keto acid, thereby forming another amino acid (30). They are normally localized within the cells 

of the liver, heart, kidney, muscles and spleen. They are considered to be sensitive indicators of 

hepatocellular damage and within limit can provide a quantitative evaluation of the degree of damage to 

the liver (4). Alterations in activities of these enzymes in liver with concomitant rise in blood suggest 

damage of hepatic cells (24, 40). In this study, the liver ALT and AST (except at 32.0 mg/kg) activities 

produced no alterations in the hepatic cells throughout the period of the experiment, while serum AST 

and ALT (at 16.0 and 32.0 mg/kg) activities decreased. This may imply that the drug may not have 

caused leakage from the hepatocytes to the circulation, hence may not be responsible for the fluctuation in 

the concentrations of these enzymes in the blood. 

The amino group of glutamate is removed as NH4
+ during oxidative deamination reaction catalyzed 

by glutamate dehydrogenase (GDH), a mitochondrial enzyme. The enzyme also catalyses the reductive 

amination of α-ketoglutarate to form glutamate (40) which is favoured by high cellular energy level while 

low cellular energy level favours the oxidative deamination reaction to form α-ketoglutarate (12). The 

activity of the enzyme could serve to supply the tricarboxylic acid (TCA) cycle with α-keto acids, and to 

remove ammonia from circulation for synthesis of urea. Mitochondrial enzyme such as GDH has elevated 

activity in serum in cases of mitochondrial damage and dysfunction (29, 56). The activity of GDH in 

serum is also elevated during necrosis (36). High levels of this enzyme could be found in mammalian 

liver, kidney, brain, and pancreas. Throughout the period of the experiment, the drug caused no 

observable alterations in the activities of this enzyme in the liver and blood indicating that it caused no 

mitochondrial damage in the hepatic cells. 

Lactate dehydrogenase (LDH), on the other hand, plays essential role in anaerobic glycolysis, during 

which pyruvate generated from glucose is reduced to lactate by LDH, utilizing NADH as cofactor and 

generating NAD+. It is predominantly found in heart, kidney, liver, skeletal muscle, and erythrocyte but in 

smaller amount in brain (13). The serum activity of LDH is elevated in cardiac, hepatic, renal and skeletal 

muscle injuries or diseases, but highest level of its elevation is seen in pernicious anaemia, haemolytic 

disorders (25) and myocardial infarction (13). Elevated serum activity could also imply that the cell 

membrane has been ruptured leaking some of the enzyme into the blood. This could indicate acute or 

chronic cell damage, although low level are not always harmful but are rarely found (42). The LDH 

activities not altered throughout the period of this study may imply that the drug did not cause any harm 

to the tissue and probably did not cause excessive production of lactate in the body of the rats. 

Na+-K+-ATPase, also known as sodium pump, is primarily responsible for maintaining high 

extracellular sodium concentration relative to intracellular concentration, and high intracellular potassium 

ion concentration relative to extracellular concentration. The action of this enzyme ensures generation and 

maintenance of transmembrane gradients of sodium and potassium which is vital for the normal resting 

membrane potential (11). The electrochemical gradient created by this enzyme provides energy for 

transport of metabolites, nutrients, and ions across membrane (46). Compounds such as β-blockers (e.g. 

propranolol) that prevent phosphorylation of the pump can inhibit its activity. Inhibition of sodium pump 

by compounds such as ouabain, cause Mg2+-ATPase to swap their action by utilizing magnesium ion to 
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sustain energy metabolism and maintain membrane potential (37). Similarly, Ca2+-Mg2+ATPase is a 

membrane-bound enzyme responsible for maintaining intracellular calcium ion homeostasis through 

active transport (23), and inhibition of the enzyme activities could result in tissue abnormalities and cell 

death (21, 37). Since no significance difference was observed in the treated groups orally administered the 

drug compared to the untreated group, this could indicate that the membrane of the tissue in production of 

energy for action potential through active transport was not altered thereby permitting transport of 

nutrients, metabolites, and ions across membrane. 

The photomicrograph of the liver obtained revealed that the integrity of the hepatocyte membranes 

was not compromised, except at 16.0 and 32.0 mg/kg where mild histopathological changes with fatty 

degeneration were observed. Since the drug has been proven to be safe, the mild effects observed in some 

of the parameters may probably not wholly have resulted from the drug but from other factors such as the 

animals’ health status, diet, environment, etc. 

Therefore, from the liver data reported in this study, SynriamTM drug, having significantly different 

mechanism of action from artemisinins, has been proven to be safe in rats. The safety of this drug at the 

administered doses in this study corroborates the study of Toure et al. (49) who reported its safety and 

efficacy in paediatric patients (children 6 months to 12 years) with uncomplicated malaria in a fixed dose 

combination for 28 days.  

 

Conclusion  

SynriamTM drug, when administered once daily at doses of 4.0, 8.0, 16.0 and 32.0 mg/kg body 

weight for rats (25-200 mg; doses approved for a 70 kg man) is safe with minimal side effect. 
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