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ABSTRACT

Background: Copper (Cu) is an important heavy metal used widely in all industries. However, its toxicity on various organs is
established. Emblica officinalis, commonly known as Amla, is a potential antioxidant and can prevent Cu induced hepatotoxicity.
Obijective: To evaluate the effects of Emblica officinalis extract on liver histology and Alanine Aminotransferase (ALT)
levels after Cu induced toxicity in adult albino rats.

Methods: This was an experimental study of 28 days duration. 36 adult male albino rats were divided into three groups
of twelve animals each. Group A was control group in which rats were given 1.5 ml normal saline while group B rats
were given CuSO, 200mg/kg b.w./day. Rats in Group C were given both CuSO4 (200mg/kg b.w/day) and Emblica
officinalis fruit extract (300mg/kg bw/day). The agents were fed once daily via orogastric tube for four weeks and rats
were sacrificed 24 hours after administration of last dose.

Results: Cu treated rats showed necrosis of hepatocytes and Increased serum ALT levels. Emblica officinalis co-
treatment attenuated Cu-induced hepatic necrosis and variation in ALT levels. The difference among the groups was
statistically significant with p-value less than 0.05.

Conclusion: Emblica officinalis fruit extract improves liver function in Cu induced hepatotoxicity by limiting oxidative damage.
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INTRODUCTION

Copper (Cu) is an essential trace metal required for
normal metabolism of iron, synthesis of collagen and
elastin, melanin production and proper functioning of
nervous system and immune system.! It is one of the
most used metals in electro-mechanical, agriculture,
cosmetic and pharmaceutical industries. Recent advances
in commercial and industrial usage of copper have led to
contamination of dietary sources with copper.?

Copper induced cellular injury is mediated by free
radical formation (ROS) and oxidative stress.® Cu also
decreases the levels of Glutathione (GSH) and increases
Nitrous oxide (NO) levels.* ROS along with decreased
GSH levels cause lipid peroxidation and protein
modification. Consequently, many degenerative diseases
including  malignancies, cardiovascular  disease,
metabolic syndrome, nervous disorders and chronic
inflammatory processes can develop.® The main organs
affected by copper are liver, kidneys and brain.?

Copper is a known hepatotoxic agent and exerts its
effect by oxidative damage to cells. Local and
international studies on human populations have linked
increased amount of serum copper to hepatitis and
chronic liver disease.® Excess copper leads to damage of
membrane lipids by formation of per-oxy radicals and
also causes peroxidation of the hepatic lysosomal
membranes.” It also diminishes the activity of
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cytochrome ¢ oxidase and catalase.? It also impairs liver
mitochondrial respiration.®

Emblica officinalis is found all over South Asia and is locally
known as Amla. Traditional healers have used different parts
of this plant as anti-pyretic, anti-inflammatory and
revitalizing agents as well as in gastro-protective
preparations and as diuretic. It is used to cure a humber of
diseases including anemia, sun stroke, jaundice, diabetes,
leprosy and renal diseases.’® It is also used as a tonic for
healthy reproductive system and to treat female reproductive
diseases. Its beneficial effects on brain, kidney and heart are
now scientifically proven.t

Emblica officinalis is rich in anti-oxidants like
polyphenols, flavonoids, tannins, and ascorbic acid.*
These prevent tissue damage by inhibiting lipid
peroxidation and scavenging free radicals, ROS and NO
in a dose dependent manner. Amla also increases
naturally occurring anti-oxidant enzymes including
superoxide dismutase, GSH, catalase, GSH transferase
and GSH reductase.'® The protective effects of Emblica
officinalis against metals like lead, cadmium and
mercury have been reported in literature.4

Emblica officinalis exerts its hepatoprotective action by
reducing free radical induced damage and by regulation
of the expressions of various proteins including beclin-1,
liver cytochrome P450, inducible nitric oxide synthase
as well as Bcl-2 and Bcl-2 associated X protein. It also
decreases the level of hepatic lipid peroxides.®
Hepatoprotective effects of Emblica officinalis have
been reported against alcohol, iron, arsenic and carbon
tetrachloride (CCls) induced injuries'® It prevents
necrosis, vacuolization of hepatocytes and fatty changes
in liver. It also attenuates derangement in levels of ALT,
AST, total protein and albumin-globulin ratio.*’

As there is a relative deficiency of hepatoprotective drugs,
this study was conducted to assess the role of Emblica
officinalis as a hepatoprotective agent against liver toxicity in
general and in copper mediated liver toxicity specifically.

METHODS

This experimental study was carried out in Anatomy
Department, SZPGMI, Lahore in collaboration with Animal
house, Anatomy Department, Punjab PGMI, Lahore. 36
Healthy, adult male rats of 3-4 months of age with average
weight of 190-220g were procured from University of
Veterinary and Animal Sciences, Lahore. Rats showing
lethargy, decreased appetite and sleep time, sneezing, nasal
or eye discharge, breathing problems and unexplained
bleeding were excluded from the study. After 1 week of
acclimatization, rats were labelled and placed in three
separate cages (A, B, C). They were kept in animal house of
PGMI following ethical considerations.

The agents were fed to the rats by orogastric tube for 28
days. Group A rats were given 1.5ml Normal saline.

Copper Sulphate was administered in a dose of 200 mg/kg once
daily to group B and C and Emblica officinalis extract was
given in dose of 300 mg/kgonce daily to group C.

Blood samples were taken from the tail vein of the rats
for ALT levels of all three groups before the start of experiment
and also 24 hours after the last dose of the agents.

SPSS 22 software was used to analyze the obtained data. The
data for hepatic necrosis is stated by using frequency and
percentages in each group. Comparison among groups was
made by using Chi-square test. p-value of <0.05 was
considered significant. ALT levels is presented as Mean *
S.D. Group wise comparison was performed by using One-
way ANOVA. For post hoc analysis Tukey’s test was used
where required.

RESULTS

Focal necrosis of hepatocytes was observed in 8 (66.7%)
rats from group B (Cu treated). The necrotic area
showed collapsed stroma with cellular lysis, absent or
pyknotic nuclei and lymphocytic infiltrate (Figure 1).
Necrosis of hepatocytes was absent in 10 (83.3%) rats of group
C (Cu+EO treated) and in all rats of control group A (Figure 2).
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Figure 1: Photoﬁiicrograph of liver of adult albino rat of
group B (Cu treated) showing areas of necrosis (black
arrows) around central vein (CV). (H&E stain, 40X).

Fisher’s exact test showed that there was an association
between necrosis of hepatocytes and groups. The p-
value among groups was statistically significant with
value <0.001 (Table 1).
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Figure 2: Bar chart showing distribution of necrosis of
hepatocytes among groups.

Table 1: Necrosis of hepatocytes in control and
experimental groups.

Necrosis of hepatocytes

Present Absent Total
Group A 0 (0.0%) 12 (100.0%) 12 (100.0%)
Group B 8 (66.7%) 4 (33.3%) 12 (100.0%)
Group C 2 (16.7%) 10 (83.3%) 12 (100.0%)
p-value 0.001*

*Statistically significant difference (p-value < 0.05)

The ALT levels at the start of experiment were measured
and recorded. The mean ALT levels in group A
(Control), B (Cu treated) and C (Cu+EO treated) were
31.92 + 1.97 u/l, 31.58+ 1.56 u/l and 30.92+ 2.27 ul/l
respectively. No significant difference was found in
mean ALT levels among groups on one-way ANOVA
test. The mean ALT levels at the end of experiment in
group A (Control) was 31.8+ 2.25 u/l. The mean ALT
levels in group B (Cu treated) and C (Cu+EO treated)
were 48.9+ 5.28 u/l and 32.9 + 2.07 u/l respectively.
One-way ANOVA test was applied to compare the ALT
levels among groups. It was found that there was
statistically significant difference in mean ALT levels at
the end of experiment among the groups with p-value
less than 0.001 (Table 2).

Table 2: Comparison of ALT levels (u/l) at the end of
experiment among groups by using One Way ANOVA.

Sum of Df Mean F p-
Squares Square value
Between <
Groups 2196.056 2 1098.028  88.486 0.001*
Within 409500 33 12.409
Groups
Total 2605.556 35

*  Statistically significant p-value (< 0.05)

For multiple comparisons, post hoc Tukey test was used
which showed that an ALT level in group B was
significantly higher as compared to group A and C (p-
value < 0.001). However, no significant difference was found
in ALT levels between group A and C (p- value = 0.734).

DISCUSSION

The present study was designed to assess the
ameliorative role of Emblica officinalis extract on
copper induced hepatotoxicity in adult albino male rats.
Liver was selected as the organ of study as it is the main
site of metabolization for both Cu and Emblica
officinalis.

The livers of rats in Cu treated group (group B) were
grossly enlarged and congested as compared to Control
(group A) and Cu+EO treated group (group C). Multiple
hemorrhagic spots were noted in the surface of liver
along with irregular contour of liver borders. These
gross changes can be attributed to alteration in normal
liver functioning due to copper toxicity.

Fatty degeneration and vacuolization were also noted in
hepatocytes of rats from group B (Cu treated). Yousif et
al explained that these vacuolizations appeared because
of accumulation of free fatty acids in hepatocytes
coupled with the inability of liver to utilize or excrete
these fatty acids. Also, due to failure of protein
synthesizing machinery, liver cannot couple fatty acids
with proteins to make lipoproteins which are the mean
by which liver excretes fatty acids.!

Minimal alterations were present in hepatocytes of rats
of Cu+EO treated group C. This can be attributed to
anti-oxidant and anti-inflammatory potential of Emblica
officinalis as reported by Yadav.!’ Protective effects of
Emblica officinalis were also reported by Reddy et al
against alcohol induced hepatotoxicity. They suggested
that the near normal appearance of hepatocytes was due
to protection against ROS induced damage.'®

In the current research, the gross and microscopic
observations in various study groups correlated with the
liver function tests biochemically which confirms that
Cu is hepatotoxic while Emblica officinalis acts as a
potent hepatoprotective agent. Copper overload leads to
alterations in liver functions which are manifested
clinically by deranged liver function tests.

The biochemical analysis of the liver was done by
analyzing the ALT levels before the start of experiment
and at the end of experiment. No statistical difference
was found between the levels of ALT at the start of
experiment (p-value 0.454). However, at the end of
experiment the mean ALT level in group B (Cu treated)
was 48.9 u/l which was significantly raised as compared
to that in group A (Control) and group C (Cu+EO
treated). Cu destabilizes the hepatocyte plasma
membranes leading to leakage of liver enzymes in
blood.'® Kumar et al reported increased serum bilirubin,
AST and ALT levels in Cu treated rats.?

Emblica officinalis exerts its hepatoprotective effects by
restoring the hepatocyte membrane and thereby
preventing leakage of liver enzymes.?* Similar
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mitigating effects of Emblica officinalis on ALT levels
have been reported by Deori et al and Chaphalkar et al
against carbon tetrachloride induced and ethanol induced
hepatic damage.?® 22

CONCLUSION

The current research establishes the ameliorative role of
Emblica  officinalis  against  copper  induced
hepatotoxicity in rats. It may be used as a
hepatoprotective agent to prevent hepatic damage from
environmental toxins and infectious agents. Its use may
also be recommended in patients suffering from liver
damage as it is cheap, easily available, and is a safe
dietary supplement.

Ethical Approval: Submitted

Conflict of Interest: Authors declare no conflict of
interest.

Funding Source: None

REFERENCES

1. Yousif EH, Obaid HM, Karim AJ, Hashim MS, Al-
Naimi AR. Toxico pathological study of copper sulfate
modulates by zinc oxide and coriandrum sativum plant
treatment in mice. Plant Archives. 2019:972-5210.

2. Harvey PJ, Handley HK, Taylor MP. Widespread
copper and lead contamination of household drinking
water, New South Wales, Australia. Environ Res. 2016;
151:275-285.

3. Chen P, Bornhorst J, Neely MD, Avila DS. Mechanisms
and Disease Pathogenesis Underlying Metal-Induced
Oxidative Stress. Oxid Med Cell Longev. 2018:1-3.

4. Drochioiu G, lon L, Ciobanu C, Habasescu L,
Mangalagiu I. Letter: Mass spectrometric approach of
high pH- and copper-induced glutathione oxidation. Eur
J Mass Spectrom. 2013; 19:71-75.

5. Raizada M, Singh D, Kumar S. Role of metal and
oxidative stress in mechanisms of Metal-induced cancer-
A review. J Sci Innov Res. 2012;1(3):8-24.

6. Khokhar ZU, Naveed M, llyas M. Estimation of Serum
Copper level in Hepatitis-B patients by using
Spectrophotometer. Sci Int. 2017;29(3):723-728.

7. Gaetke LM, Chow-Johnson HS, Chow CK. Copper:
Toxicological relevance and mechanisms. Arch Toxicol.
2014;88(11):1929-1938.

8. Anreddy RNR. Copper oxide nanoparticles induces
oxidative stress and liver toxicity in rats following oral
exposure. Toxicol Reports. 2018; 5:903-904.

9. Musacco-Sebio R, Saporito-Magrifia C, Acosta JM,
Boveris A, Repetto MG. Iron and Copper toxicity in Rat
liver: A kinetic and holistic overview. Liver Res — Open
J. 2017;2(1):9-13.

10. Jain A, Garg N. Therapeutic and Medicinal uses of
Amalaki: A Review. World J Pharm Res.
2017;6(02):512-524.

11. Dasaroju S, Gottumukkala KM. Current trends in the
research of Emblica officinalis (Amla): A
Pharmacological perspective. Int J Pharm Sci Reveiw
Res. 2014;24(2):150-159.

12. Singh S, Kumar M, Kumar P, Kumar V. Traditional
knowledge to clinical trials: A review on therapeutic
actions of Emblica officinalis. Biomed Pharmacother.
2017; 93:1292-302.

13. Rao P. Antioxidant effect of Triphala - Critical review.
J Ayurveda Integr Med Sci. 2017;2(1):213-219.

14. Kaushik S, Tomar RS. In vitro evaluation of
antioxidant, antiproliferative and cytotoxic properties
of methanol extract of Emblica officinalis leaves. Int J
Pharm Sci Rev Res. 2014;27(1):196-199.

15. Mandal A, Reddy JM. A Review on phytochemical,
pharmacological and potential therapeutic uses of
Phyllanthus  emblica. World J Pharm  Res.
2017;6(7):817-830.

16. Nisar MF, He J, Ahmed A, Yang Y, Li M, Wan C.
Chemical components and biological activities of the
genus Phyllanthus: A review of the recent literature.
Molecules. 2018; 23:1-25.

17. Yadav M. Change in Liver histoarchitecture by Sulphur
dioxide induced toxicity and its vitalization by Emblica
officinalis in Albino Rat. J Adv Lab Res Biol.
2018;9(3):71-76.

18. Reddy VD, Padmavathi P, Gopi S, Paramahamsa M.
Protective effect of Emblica officinalis against
Alcohol-induced hepatic injury by ameliorating
oxidative stress in Rats. Ind J Biochem.
2010;25(4):419-424.

19. Ibrahim MA, Khalaf AA, Galal MK, Ogaly HA,
Hassan HM. Ameliorative influence of Green Tea
extract on copper nanoparticle-induced Hepatotoxicity
in Rats. Nanoscale Res Lett. 2015;10(363):1-9.

20. Kumar V, Kalita J, Misra UK, Bora H. A study of dose
response and organ susceptibility of copper toxicity in
a rat model. J Trace Elem Med Biol. 2015; 29:269-272.

21. Chaphalkar R, Apte KG, Talekar Y, Ojha SK, Nandave
M. Antioxidants of Phyllanthus emblica L. bark extract
provides Hepatoprotection against Ethanol-Induced
Hepatic damage: A comparison with Silymarin. Oxid
Med Cell Longev. 2017; 1:1-10.

22. Deori C, Das S, Bordoloi SK. Role of Emblica
officinalis (amla) in the prophylaxis of hepatic injury
by carbon tetrachloride (CCl4) in albino rats. Int J
Basic Clin Pharmacol. 2017;6(8):1992-1995.

Pak Postgrad Med J

Oct. — Dec. 2023 Vol. 34 No.04 ppmj.org.pk 176



