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SUMMARY: This research was designed to investigate the potential protective effect of vitamin C supplementation against
hepatocyte ultrastructural alterations induced by artemether (antimalarial drug) administration. Twenty-four adult medésali@ne
used in this study and were divided into four groups (n=6). Group | served as a control and rats in group |l administretteer #te
mg/kg B.W) orally for three consecutive days. Group lll administered artemether plus a low dose of vitamin C (2.86 mgikg/l wate
while group 1V received artemether plusa high dose of vitamin C (8.56 mg/kg). At the end of the experimental period (hé days),
harvested liver tissues were examined by transmission electron microscopy (TEM), and blood samples were assayed forobiomarkers
liver injury and oxidative stress. Artemether significantly (p<0.05) augmented biomarkers of liver injury such as alanirenafenage
(ALT), aspartate aminotransferase (AST), and oxidative stress such as superoxide dismutase (SOD), Glutathione Peroxidade (GPX),
caused degeneration and damage of the rough endoplasmic reticulum and disrupted mitochondria. The blood sinusoids vegexialso dam
with distortion of their canaliculi. Administration of vitamin C showed improvement of liver biomarkers, and liver parerespenglly
in a high dose of vitamin C.We concludes that vitamin C is a partial protective agent against artemether-induced liver injury.
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INTRODUCTION

Malaria is an endemic public health challenge that is Since malaria infection imposes tremendous
predominantly widespread in tropical and subtropical regiorgidative stress on the host (Shicheti al, 2019), the
of the world (Bhatet al, 2015). Artemisinin-based therapyantimalarials are often prescribed with vitamin C or similar
has significantly reduced mortality, particularly for childremntioxidant supplements. The antioxidant effect in
with severe malaria (>30 %). Artemether is characterizegtythrocytes has been reported to depend upon the presence
by its novel structure which is very effective againsgr absence of glutathione. In the presence of glutathione,
multidrug-resistant Plasmodium falciparum malariascorbic acid has synergistic antioxidant activity against
(Meshnick, 2002). haem-mediated cell toxicity (It al, 2006). In glutathione
deficient red cells, as often happens in parasitized RBCs
Oxidative stress occurs when the generation @fue to oxidative stress, ascorbic acid can react with iron or
reactive oxygen species in the body exceeds the ability ifgdn-containing compounds to generate hydrogen peroxide
the body to neutralize and eliminate themét.al, 2018). or hydroxyl radical and accentuate the haemolytic
The susceptibility of liver tissues to this stress due t@echanisms in malaria (et al, 2006).
exposure to drugs is a function of overall balance between
the degree of oxidative stress and the antioxidant capacity  Therefore, the aim of the present work is to study the
(Khanet al, 2005). artemether induced liver toxicity on the liver and to evaluate
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the possible protective effect of vitamin C against thiBetermination of serum levels of superoxide dismutase

toxicity in rats. (SOD) and Glutathione peroxidase (GPx). After two weeks,
animals were sacrificed, and serum levels of (SOD) and
(GPx) were measured using commercial kits supplied by

MATERIAL AND METHOD SPINREACT, Spain, according to the manufacturer’s
instructions.

Animals: All experimental procedures were approved byight Microscopy (LM): The fixed liver specimens
the medical research ethical committee at King Khalifformalin fixed tissues) were trimmed, washed, dehydrated
University and according to the Guide for the Care and Uge ascending grades of ethyl alcohol, cleared in methyl
of Laboratory Animals published by the US Nationabenzoate and embedded in paraffin after having completed
Institutes of Health. (NIH publication No. 85-23, revisedhe routine follow-up steps. Sections at 3-5 m sections were
1996). Sprague—Dawley rats (n=24) weighing 150ebtained from liver using rotary microtome and stained by
250 g were used in this study. All rats were bred and houskdmatoxylin and eosin (H&E) stain for light microscopically
in the research centre of King Khalid University, college ahvestigation to Bancroft & Gamble (2008).
medicine (Abha, Saudi Arabia), at a temperature of23
°C and a 12 h light: 12 h dark cycle. Rats had free accessltansmission Electron Microscopy (TEM): Small pieces
tap water and fed standard laboratory chow during tha# liver tissues were removed and immediately fixed in 2.5
acclimatization period. % glutaraldehyde for 24 hours and washed with phosphate
buffer (0.1 M, PH 7.4). Post for 1-2 hours. The samples
Experimental design: After one-week adaptation. All rats washed in phosphate buffer to remove excess fixative,
were fed a standard laboratory diet. The rats were randondlghydrated through ascending grades of ethanol followed
divided into four groups (n=6 rats each). Animals in the firdty clearing in propylene oxide. The specimens were
group (Control) were fed with standard laboratory chow fagmbedded in Araldite 502, to form gelatin capsules.
two weeks. Animals in the second group (Artemether), raBolymerization was obtained by placing the capsules at 60
were given artemether supplementation (4 mg/kg B.W /dait¢. Semi-thin sections (~1 mm thick) were stained with
by oral gavage) for three consecutive days and continue tmfuidine blue for orientation and observation. Ultrafiltration
a standard diet for two weeks. The third group, ratwas made in 1 % osmium tetroxide buffered to PH 7.4 with
administered artemether, 4 mg/kg B.W /day by oral gava@el M phosphate buffer a@ -thin sections (100 nm) were
for three consecutive days, plus a low dose of vitamin @repared using ultra-microtome and picked up on uncoated
2.86 mg/kg /l water for two weeks. Animals in the fourth ratsopper grids. Following double staining with uranyl acetate
administered artemether, 4 mg/kg B.W /day by oral gavaged lead citrate, three to five random micrographs for each
for three consecutive days, plus a high dose of vitamin €gction were examined and photographed using a JEM-1011
8.56 mg/kg /I water for two weeks. transmission electron microscope, JEOL Ltd., Musashino,
Akishima, Tokyo, Japan, at 80 Kv (Haidabal, 2018).
Biochemical measurements
Statistical analysis.The data were expressed as mestan-
Blood samplesAt the end of the experimental period, bloodiard deviation (SD). Data were processed and analyzed using
samples were collected by cardiac puncture undéme SPSS version 10.0 (SPSS, Inc., Chicago, Ill., USA). One-
anaesthesia (sodium thiopentone at 40 mg/kg body weightay ANOVA was done followed by Tukey’s post hoc test.
after an overnight fast of 12 hours. These blood samplBgarson correlation statistical analysis was done for the
were collected without anticoagulant, left for 10 min, thedetection of a probable significance between two different
centrifuged for 10 min at 4000 r/min to obtain serum, whicharameters. Results were considered significant i 05.
was stored at —20C until further biochemical analysis for
determination of serum liver enzymes, oxidative stress
biomarkers. RESULTS

Determination of serum levels of ALT, AST: After two

weeks, animals were sacrificed, and liver function was Vitamin C reduces biomarkers of liver injury and

evaluated by assessing serum ALT and AST levels using @xidative stress induced artemether. To determine whether

enzymatic kit (Randox Laboratories, Crumlin, UK)vitamin C can inhibit artemether-induced up-regulation of

according to the manufacturer's instructions. liver injury enzymes (ALT and AST), and biomarkers of
oxidative stress (SOD and GPx) and inflammation in our
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animal model of artemether —induced liver injury, weHistopathological findings (LM): H&E stained sections of
measured the blood levels of ALT, AST, SOD and GPx iliver of the control group revealed normal characteristic of
all rat groups. Artemether caused the augmentation of Altilepatic architecture; the hepatic lobules appeared to be made
(Fig. 1A), AST (Fig. 1B), which were significantly (p<0.05) up of hepatocytes arranged in cords radiating from the central
reduced with vitamin C treatment (Artemether +Vit C). Onlyeins. They were polyhedral in shape with granular acidophilic
a high dose of vitamin C returns liver function to controand slightly vacuolated cytoplasm and rounded vesicular,
levels. Artemether also caused decreased biomarkerscehtrally located nuclei. In between the hepatic cords, the
oxidative stress, GPx (Fig. 1C), and SOD (Fig. 1D), whichepatic sinusoids appeared as narrow spaces lined with
were significantly (p<0.05) increased with vitamin Cflattened endothelial cells and few Kupffer cells (Fig. 2A).
treatment (Artemether +Vit C). Low dose causes partidhe treated group that injected with artemether showed marked
improvement, where high dose returns both GPx and SCiifection of hepatic architecture in rats liver sections as
to control levels. compared to controls. Most of hepatocytes appeared with
necrotic nuclei and cytoplasmic vacuolization. Some cells had
Vitamin C protects hepatocyte histopathological antregular-shaped nuclei. Moreover, the blood sinusoids
ultrastructural damage induced by Artemether: revealed dilatation and congestion and the central vein
appeared congested. Most of the blood
A B sinusoids appeared widened as well as white
blood cell infiltration and proliferation of
% Kupffer cells. The portal area revealed
congestion of its vessels (Fig. 2B). The third
group (artemether +vit C 2.86 mg/kg) revealed
partial preserved hepatic architecture (Fig. 2C)
5 were as the fourth group (artemether +vit C
8.56 mg/kg) showed normal appearance of the
o o hepatic architecture lobules (Fig. 2D).
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- microvilli of two adjacent hepatocytes and
bounded by desmosomes. Blood sinusoids
= with junctional complex between two
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spaces limited by long microvilli (Figs. 3A,
4A and 5A).
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& % ® & & % X Electron microscope investigation
S\ < {@ﬁ“ &o revealed significant structural aberrations in
& & g&é & the liver of artemether-treated rats. Nuclei of
& hepatocytes appeared irregular with electron
dense chromatin as compared to control.
. o . _ Alterations in the cytoplasmic contents of
Fig. 1. Vitamin C reduces Artemether -induced ALT, AST, and increased MDA and

GPx. Serum levels of ALT (A), AST (B), SOD (C), and GPx (D) were measured?neIIS were observed by the pres_ence of
merous vacuoles that vary in size and

4 groups of rats; Control, Artemether, Artemether +vitamin C 2.86 and Artemethigt . ]
+vitamin C 8.56 groups after two weeks. Results represent the e@B); (=6 Shape. Abnormally shaped mitochondria
for each group. Experiments were performed in triplicate. *p<0.05 versus cont§re observed with condensed opaque ma-
**p<0.05 versus Artemether, ***p<0.05 versus Artemether+ vitamin C 2.86.  trices and lacked internal organization. The
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Fig. 2. LMs X400 of harvested tissues obtained from the liver of the control group (A) compared to the Artemether-treaB)l group
Artemether-treated + 2.86 mg/kg Vit-C group (C), and Artemether-treated + 8.56 mg/kg Vit-C group (D) rats are visualifigbtusing
microscopy. Abbreviations: H, hepatocytes; CV, central vein; S, blood sinusoid.

cisternae of rough endoplasmic reticulum appeared dilatBdSCUSSION
and fragmented. The bile canaliculi with junctional complex
were distorted. (Fig. 5B). Moreover, the blood sinusoids were
damaged with abnormal microvilli (Figs. 3B and 4B). The main objective of our study was to investigate
the potential protective effect of vitamin C to the hepatocyte
Electron microscopic examination of the third andiltrastructure against artemether -induced liver injury in a
fourth group revealed minor changes in most liver cells. Thiat model of the disease using TEM. In addition, a
hepatocytes have normally-shaped mitochondria, tlt@mparison was also made between the pathological and
cisternae of the rough endoplasmic reticulum were normalhjochemical changes occurred in response to the disease
distributed, and intact bile canaliculi with junctional compleyand its potential treating drug, vitamin C. The main findings
are seen. Some vacuoles are still present. Normaldy our study were that (i) Artemether induced hepatic
distributed and intact blood sinusoids with normal microvillprofound damage to hepatocyte ultrastructure; (ii) low dose
were seen (Figs. 3C, 4C and 5C). vitamin C substantially but not completely slowed down
the progression of the disease in rats; and (iii) high dose
Examination of the liver sections of the fourth group byitamin C significantly reduced certain biomarkers of liver
electron microscopy, the histological architecture of thmjury. These conclusions are supported by the data
hepatic lobules exhibited a more or less normal appearariedicating that Artemether markedly increased liver injury
(Figs. 3D, 4D and 5D). enzymes (ALT and AST), and reduced anti-oxidative stress
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Fig. 3. TEMs X5000 (fum) of harvested tissues obtained from the liver of the control group (A) compared to the Artemether-treated
group (B), Artemether-treated + 2.86 mg/kg Vit-C group (C), and Artemether-treated + 8.56 mg/kg Vit-C group (D) rats aetlvisual
using transmission electron microscopy. Note that large black arrows point to intercellular spaces between hepatocytammsbbrevi

N, nucleus; m, mitochondria; RER, rough endoplasmic reticulum; Ly, lysosomes.

biomarker (GPxand SOD), which were significantly degenerative cells, which is in accordance with a previous
improved with vitamin C treatment (Fig. 1 ). Also, vitaminstudy (Wood, 1965).
C partially prevented damages occurred to liver cells after
two weeks in rats fed on Artemether (Figs. 2-5). The results of the TEM examination of hepatocytes
support that there was a diversity of cellular damage.
Many xenobiotics, drugs and chemicals causBpaces of Disse were seen around hepatocytes expanded
diverse forms of liver injury (Sturgill & Lambert, 1997), and filled with long fragmented microvilli which cause
and this may result in distortion in liver histology. Earliethe distinct clarification of the cell's borders under the light
reports have also shown that artemether treatment resufti€roscopy examination. It also showed cytoplasmic
in congestion of hepatic sinusoids in healthy rats (Izunyacuoles and sinusoids were filled with hypertrophy of
et al, 2010). Kupffer cells which is in accordance with Bjgrnealal
(2018) who reported that the neutral fat accumulates in
Our results showed that treatment with artemethéhme liver frequently, is due to inhibition of aerobic oxidation.
has a toxic effect on liver cells, associated changes Furthermore, artemether has been shown to induce transient
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Fig. 4. Higher magnification of TEMs X10000 g2n) of the Vit-C protects against endoplasmic reticulum; ne, nuclear envelop; Chr,
chromatin; Ly, lysosomes; Bc, bile canaliculiArtemether-induced hepatocyte ultrastructural damage in rats, at the epeoitartex
after two weeks. (A) Control group. (B), Artemether group. (C), Artemether +2.86 mg/kg Vit-C group, and Artemether +8.58-mg/kg
C group (D). Note that large black arrows point to intercellular spaces between hepatocytes. Abbreviations: N, nucldesius;j lnuc
lipid droplets; V, vacuoles; m, mitochondria; RER, rough.

and moderate elevations in liver transaminases (Nwarijpbody fluids, scavenging reactive oxygen and nitrogen
et al, 2007). species (Elzoghbgt al, 2015).

Pro-oxidant chemicals which stimulate the In conclusion, the overall results showed that
oxidation effort either by synthesis or by inhibitingvitamin C ameliorates the hepatotoxic effect of artemether,
antioxidant may cause damage to cells and tissues (Kuridrich was possibly mediated via free radical scavenging
& Muralidhara, 2007) due to the formation of theand inhibition of free radical generation.
superoxidation, which leads to rupture of the plasma
membrane and organelles.
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Fig. 5. TEMs X5000 (im) (Blood sinusoids) of the Vit-C protects against Artemether-induced blood sinusoid and hepatocyte ultrastructural
damage in rats, at the end of the experiment, after two weeks. (A) Control group. (B), Artemether group. (C), Artemethgrkg2.86
Vit-C group, and Artemether +8.56 mg/kg Vit-C group (D). Note that large black arrows point to intercellular spaces beat@stdsep
Abbreviations: H, hepatocytes; N, nucleus; m, mitochondria; RER, rough endoplasmic reticulum; Ly, lysosomes; MF, myelf®,figures
blood sinusoids; R, erythrocytes; V, vacuole; Mo, monocytes; mv, short microvilli.

EID, R. A.; ZAKI, M. S. A.; ALGHAMDI, M. A.; SIDEEG, A. grupo IV recibié arteméter mas una dosis alta de vitamina C
M.; ALI, K. Z. M.; ANDARAWI, M. & HAIDARA, M.A.  La (8,56 mg/ kg). Al final del periodo experimental (14 dias), los
administracion de vitamina C atenua la lesion hepatica inducitigidos hepaticos recolectados se examinaron por microscopia
por Artemeter en rataint. J. Morphol., 38(1%8-55, 2020. electrénica de transmision (MET), y las muestras de sangre se
analizaron en busca de biomarcadores de dafio hepatico y estrés
RESUMEN: Esta investigacion fue disefiada para inexidativo. El arteméter aumenté significativamente (p <0,05)
vestigar el posible efecto protector de la vitamina C contra less biomarcadores de dafio hepatico como alanina
alteraciones ultraestructurales de los hepatocitos, inducidas porinotransferasa (ALT), aspartato aminotransferasa (AST) y
la administracion de arteméter (medicamento antipaltdico). Estrés oxidativo como superoxido dismutasa (SOD), glutatién
el estudio se utilizaron 24 ratas albinas macho adultas y se dpgéroxidasa (GPX) y caus6 degeneracion y dafio de la reticulo
dieron en cuatro grupos (n = 6). El grupo | fue designado corendoplasmico rugoso y mitocondrias alteradas. Los sinusoides
control y las ratas en el grupo Il se adminstré Arteméter (4 mgdnguineos también fueron dafiados con la distorsién de sus
kg de peso corporal) por via oral durante tres dias consecutiveanaliculos. La administracién de vitamina C mostré una mejo-
En el grupo Il se administré arteméter, ademas de una dosis de los biomarcadores hepaticos y el parénquima hepatico,
baja de vitamina C (2,86 mg / kg / | de agua) mientras queedpecialmente en una dosis alta de vitamina C. Concluimos que
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la vitamina C es un agente protector parcial contra la lesion l@orresponding author:
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