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Abstract
Gentamicin is effectively used for the treatment of gram-negative bacterial infection but it has a hepatotoxic 
effect. Lipid peroxidation and suppression of endogenous antioxidants by gentamicin increases the 
production of reactive oxygen species which leading to necrosis ofhepatocyte. Cassava leaves (Manihot 
esculenta) contain phenolic compounds, flavonoids, vitamin C, carotene, and iron which act as antioxidant 
and enzymatic antioxidant cofactor which can inhibit lipid peroxidation. This research aimed to determine the 
influence of cassava leaves extract to serum albumin level in mice with gentamicin-induced hepatotoxicity. 
Mice were divided into groups N, K (gentamicin 80 mg/kg b.w.); P1, P2, P3 (gentamicin 80 mg/kg b.w. and 
cassava leaves extract 150 mg/kg b.w., 300 mg/kg b.w., 450 mg/kg of b.w. for 14 days). Serum albumin level 
in group K was decreased compared to group N; group P1, P2, P3 were respectively gradually increased. 
One Way Anova analysis showed significant difference among groups (p<0.05). Post Hoc Tukey test showed 
that serum albumin level in group P3 was significantly different from group K (p<0.05). It can be concluded 
that cassava leaves extract prevent the decrease of serum albumin level in mice with gentamicin-induced 
hepatotoxicity.
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Introduction
Liver is the largest organ in the body that plays an 

important role in the metabolism and detoxification of 
various types of chemicals 1–4. Related to this function, 
liver cells are very susceptible to damage. The level of 
liver cell damage depends on the type, dose, and duration 
of exposure to chemicals5. Chemicals such as drugs can 
induce liver damage6. The pathogenesis of liver damage 
involves inhibition of the mitochondrial respiration 
chain which will increase the number of reactive oxygen 

species (ROS) and decrease the amount of adenosine 
triphosphate (ATP). Generation of ROS and ATP 
depletion triggers intracellular damage, inflammation, 
and death of liver cells through the necrosis pathway6–8. 
Laboratory tests to support the diagnosis of liver 
damage include liver enzymes, namely increased 
alanine transaminase (ALT) and aspartate transaminase 
(AST), increased bilirubin, and decreased albumin; 
examinations of liver imaging include ultrasound, CT-
scan, MRI; and liver biopsy 6,9. Albumin level can be 
used as a predictor of prognosis for liver damage10.

A six-year study in Denmark reported that six 
patients underwent liver transplants and nine patients 
died of liver damage with the etiology of antibiotic use10. 
A 16-year Cohort study in Italy stated that 23.4% of liver 
damage was caused by antibiotics 9. In the United States 
(US), 50% of 1600-2000 cases of acute liver failure 
per year are caused by drugs and 30% of patients who 
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undergo liver transplantation die6. Another study in 
the US stated the incidence of acute drug-induced liver 
failure 0.59 per 1,000,000 population with antibiotics as 
the second highest etiology10.

Gentamicin which is used in the treatment of severe 
infections by gram-negative bacteria in the US is the 
cause of hepatotoxicity11. The nephrotoxic and ototoxic 
effects of gentamicin have been extensively studied, 
while the hepatotoxic effects have not been extensively 
studied. Structural damage and similar declines in liver 
function were reported due to gentamicin 80 mg/kg 
b.w. for 7 days 12. Lipid peroxidation by gentamicin 
will cause cell membrane damage which will result in 
cell necrosis. The effect of gentamicin suppression on 
endogenous enzymatic and nonenzymatic antioxidants 
will increase the production of reactive oxygen species 
(ROS) which not only damage lipid membranes but also 
proteins and nucleic acids.2,3,11.

Plants are widely used as a source of natural 
antioxidants that are safe and effective2,3.One example 
of food plants widely processed and consumed in 
Indonesia and contain high antioxidants is cassava 
(Manihot esculenta). The part that is used as a source 
of antioxidants is the leaves. Cassava leaves contain 
phenolic phytochemical components, flavonoids, 
vitamin C, carotene, and iron as enzymatic antioxidant 
cofactors13–16. In addition, chlorophyll in cassava leaves 
also acts as an antioxidant which is a major barrier 
to oxidation reactions 17. The content of vitamin C in 
cassava leaves almost reaches four times the content of 
vitamin C in cassava tubers, while the carotene content 
is only found in cassava leaves 16,18.

Antioxidant compounds in cassava leaves can 
provide electrons to free radicals which can inhibit chain 
reactions and stabilize free radical components 13,14,16. 
Therefore, administration of cassava leaves extract is 
expected to prevent liver damage caused by oxidative 
stress by gentamicin. If the liver damage can be prevented, 
the function of the liver in synthesizing albumin will 
not be disrupted. The effect of cassava leaves extract 
on serum albumin level in cases of hepatotoxicity has 
not been studied. Therefore, the authors will examine 
whether cassava leaves extract can prevent the decrease 
of serum albumin level in mice with gentamicin-induced 
hepatotoxicity.

Materials and Method
Cassava leaves used in this study were from Jember, 

Indonesia. Cassava leaves were washed and dried in 
the sun. Simplisia dried leaves were mashed using a 
blender and then sieved until a fine powder is obtained 
which was then macerated using 70% ethanol solvent. 
Maceration results were processed into extracts using a 
rotary evaporator.

This study used a post test only control group design. 
As research subjects, 25 male mice (Mus musculus) aged 
2-3 months and body weight ±20 grams were divided 
into five random groups consisting of normal (N), control 
(K) with 80 mg gentamicin/kg b.w., treatment group 1 
(P1) with gentamicin 80 mg/kg b.w. and cassava leaves 
extract 150 mg/kg b.w., treatment group 2 (P2) with 
gentamicin 80 mg/kg b.w. and cassava leavesextract 300 
mg/kg b.w., and treatment group 3 (P3) with gentamicin 
80 mg/kg b.w. and cassava leaves extract 450 mg/kg 
b.w. Gentamicin wasperitoneally injectedand cassava 
leaves were orally (p.o.) administered to the mice every 
day for 14 days.

The serum albumin level of mice was measured 
using the photometric method with a wavelength of 
546 nm (DiaSys Diagnostic Systems). Data on serum 
albumin level of mice were analyzed using One Way 
Anova statistical test with a confidence level of 95%. 
Differences between groups were analyzed using 
the Post Hoc Tukey HSD test and the strength of the 
correlation between the dose of cassava leavesextract 
and serum albumin level of mice was analyzed using the 
Pearson correlation test.

Results
The serum albumin level of mice in the K group 

decreased compared to group N and the serum albumin 
levels of mice in the P1, P2, and P3 groups increased 
respectively (Figure 1). Analysis using the One Way 
Anova statistical test showed a significance value of 
0,000 which meant that there were significant differences 
among groups. In the Post Hoc Tukey HSD statistical 
test, it can be seen differences between groups. Serum 
albumin level of mice between group N and group K 
showed sig. 0,000 which meant that administration of 
gentamicin 80 mg/kg b.w. for 14 days significantly 
decreases serum albumin level in mice. Serum albumin 
level of mice between groups K and P1 and groups K and 
P2 did not show significant differences (sig. 0.222 and 
0.076). Cassava leaves extract 150 mg/kg b.w. and 300 
mg/kg b.w. for 14 days prevent the decrease of serum 
albumin level in mice but not significant. Significant 
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differences were found between groups K and P3 (sig. 
0.016) which meant that the administration of cassava 
leaves extract 450 mg/kg b.w. for 14 days could prevent 
significant the decrease of serum albumin level in mice.

However, serum albumin level of mice between groups 
P2 and N and groups P3 and N did not show significant 
differences (sig. 0.051 and 0.208). Pearson correlation 
test resulted an R value of 0.627.

Figure 1. Mice serum albumin levels

N: normal group, K: control group (gentamicin 
80 mg/kg b.w. i.p. for 14 days), P1: treatment group 
1 (gentamicin 80 mg/kg b.w. i.p. and cassava leaves 
extract 150 mg/kg b.w. p.o. for 14 days), P2: treatment 
group 2 (gentamicin 80 mg/kg b.w. i.p. and cassava 
leaves extract 300 mg/kg b.w. p.o. 14 days), P3: 
treatment group 3 (gentamicin 80 mg/kg b.w. i.p. and 
cassava leaves extract 450 mg/kg b.w. p.o. for 14 days).

Discussion
Administration of gentamicin at dose of 80 mg/

kg b.w. i.p. for 14 days reduced serum albumin level 
in mice (p <0.05). In another study, administration of 
gentamicin 100 mg/kg b.w. every other days for 21 
days also significantly reduced rat albumin level3.
Albumin is a protein found in the highest amount in 
plasma. Albumin plays an important role in maintaining 
plasma osmotic pressure and acts as an endogenous and 
exogenous transporter19. Albumin is synthesized by the 
liver and excreted rapidly into the circulatory system so 
that if there is a liver injury, its level in the blood will 
decrease4,19.Increased intracellular enzymes of ALT 
and AST liver and albumin depletion reflect liver or 
hepatocyte damage 3.

In this study, decreased albumin levelwas caused by 

gentamicin-induced hepatotoxicity. In previous studies, 
the average score of hepatocyte damage in the gentamicin-
induced mice group showed significant differences with 
the normal mice group (p<0.05). The results of liver 
microscopic observations due to gentamicin induction 
are parenchymal degeneration, hydrophic degeneration, 
and necrosis20. The characteristics of hepatocytes 
undergoing parenchymous degeneration are swollen 
cells, cloudy cytoplasm and granular; characteristics 
of hepatocytes undergoing hydrophic degeneration are 
visible vacuoles in the cytoplasm and pale cytoplasm; the 
characteristics of hepatocytes undergoing necrosis are 
shrinking cell nuclei (picnosis), cell nuclei breaking into 
fragments (karyokinesis), lysis cell nuclei (karyolysis), 
and lysis cell membranes5,8,21. Hepatocyte necrosis is 
classified as zonal necrosis which is generally found in 
zone 3 and can also be found in zone 122,23. In another 
study, administration of gentamicin 80 mg/kg b.w. 
for seven days showed hepatocyte necrosis, widening 
of sinusoids, vacuole formation in hepatocytes, and 
leukocyte infiltration12.

Gentamicin use slightly above the therapeutic dose 
has the potential to cause hepatotoxicity. About 5-10% 
of patients treated with gentamicin have liver damage12. 
Many studies have examined the effect of gentamicin on 
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changes in levels of intracellular antioxidant enzymes 
such as superoxide dismutase (SOD), glutathione 
(GSH), and catalase and changes in level of lipid 
peroxidation products such as malondialdehyde (MDA). 
Administration of gentamicin 100 mg/kg b.w. i.p. every 
other days for 21 days significantly reduced SOD and 
GSH levels and increased MDA level in rat liver 3; 
gentamicin 100 mg/kg b.w. i.p. for seven days decreased 
GSH level and significantly increased MDA level in rat 
liver11;gentamicin 100 mg/kg b.w. i.p. for three days 
significantly reduced levels of GSH, SOD, and liver 
catalase in mice1;gentamicin 40 mg/kg b.w. i.p. for 
seven days can significantly reduce GSH and increase 
MDA in rat liver 2.

Cassava leaves are used as a source of natural 
antioxidants that can provide protection against cells 
from the influence of free radicals. The leaves contain 
carotene which is the most active provitamin A and 
high in vitamin C (7052 µg carotene and 130 mg 
of vitamin C every 100 grams)15,18,25. Carotene and 
vitamin C are classified as exogenous non-enzymatic 
secondary antioxidants that can capture free radicals and 
prevent chain reactions in lipid peroxidation 15,16,26,27.
Antioxidant compounds provide electrons to free radical 
molecules resulting them as stable molecules 13,14.

A study analyzing the phytochemical components 
of methanol extract and water extracts of boiled cassava 
leaves and simplicia showed the presence of flavonoids 
and phenolic compounds in cassava leaves. These 
compounds are also classified as secondary antioxidants. 
Flavonoids are polyphenol compounds with phenolic 
hydroxyl groups that make them have antioxidant 
activity by inhibiting the activity of superoxide anions, 
lipid peroxide radicals, and hydroxyl radicals 16,26,27.As 
the leaves grow older, the flavonoid levels increase17.
Cassava leaves extract used in this study was not 
processed by boiling. Processing cassava leaves by 
boiling reduces levels of phenolic compounds and 
flavonoids by 30%. Phenolic and flavonoid compounds 
are unstable so that they are easily damaged by heating 
during the boiling process13. In addition, the carotene can 
also be damaged by heating 25.Plants with green leaves 
contain iron which can act as a co-factor of intracellular 
antioxidant enzymes, namely catalase which functions 
as a catalyst for the chemical reaction of hydrogen 
peroxide into water 14,26,28.Chlorophyll in cassava leaves 
is also a major barrier to oxidation reactions. Chlorophyll 
level will increase with increasing time until the leaves 
develop fully and then decrease in old leaves17.

The serum albumin level of mice in the group 
administered gentamicin and cassava leaves extract 
450 mg/kg b.w. were significantly different compared 
to the group of mice that were administered gentamicin 
without cassava leaves extract. However, serum albumin 
level of mice in the group that was administered cassava 
leaves extract 300 mg/kg b.w.was not different from 
the normal group. This indicated that cassava leaves 
extract 300 mg/kg b.w.could prevent the decrease of 
serum albumin level so that it wasequal to normal serum 
albumin level.R value of 0.627 (0.6- <0.8) in the Pearson 
correlation test showed a strong correlation between 
the dose of cassava leavesextract and serum albumin 
level in mice. A positive R value means that the dose of 
cassava leavesextract and serum albumin level of mice 
are directly proportional. The higher the dose of cassava 
leaves extract, the higher the serum albumin level of 
mice29.

Conclusion
From the results of this study, it can be concluded 

that cassava leaves extract prevents the decrease of 
serum albumin level in mice with gentamicin-induced 
hepatotoxicity.
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