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ABSTRACT

Aloe Vera is an evergreen perennial plant species of the genus Aloe, it is cultivated in the Arabian Peninsula but germinates wild in equatorial
climates around the world and is implanted for agricultural and medicinal uses. This study aimed to demonstrate the hepatoprotective impact of
Aloe vera extract against paracetamol [PCT] in albino rats. Hepatotoxicity was induced in rats by gastric intubation of 500 mg/kg b.wt /day for 4
weeks. These rats were orally administered with Aloe vera extract at dosage of 500 mg/kg b.wt /day for 6 weeks. The treatment with Aloe vera
remarkably improved the deleterious effect of PCT on oxidative stress and antioxidant defense system. That was reflected by increase of glutathione
and deficiency in lipid peroxidation and catalase. The pro-inflammatory cytokine, TNF-a, and tumor marker, AFP, levels exhibited a marked
increase in serum of PCT-administered rats comparable to the normal ones. The treatment of PCT-administration rats with Aloe vera caused
marked amelioration of these estimated variablesin conclusion, Aloe vera extracts attenuate hepatotoxicity of Paracetamol by decreasing oxidative
stress and reducing liver injury.
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INTRODUCTION

Liver is a major organ system involved in the digestion of various drugs, xenobiotics & toxins. During the metabolism, many free radicals are
produced & may cause liver damage [1]. The liver is responsible for the metabolic homeostasis of the body including biotransformation,
detoxification and excretion of many endogenous and exogenous compounds [2]. Also [3] stated that therapeutic dose of acetaminophen or
paracetamol [PCT] or N-acetyl-p-aminophenol [APAP] is deemed to be safe but an overdose can cause poisoning and a potentially lethal
hepatotoxicity. Normally, 85-90% of APAP is eliminated through conjugation with glucuronide or sulfate in human body; about 2% is directly
aberuncated into urine unchanged; and only <10% of APAP is digested by cytochrome P450 into toxic metabolite NAPQI. The toxicity of PCT
depends on the metabolic activation via cytochrome P- 450, which lead to production of an electrophilic reactive metabolite, N-acetyl-p-
benzoquinone imine [NAPQI] in hepatocytes and sinusoidal endothelial cells. NAPQI is quickly turned by hepatic glutathione into a nontoxic
paracetamol-mercaptate compound that is renally excreted. Paracetamol overdose causes glutathione depletion and covalent protein modifications
leading to mitochondrial dysfunction with generation of reactive oxygen species [ROS] and peroxynitrite. In addition, oxidative stress, comprised
lipid peroxidation can cause irreversible membrane injury and cell death. The oxidant stress ultimately performs to the opening of the mitochondrial
membrane permeability transition [MPT] pore and necrotic cell death [4]. Herbal medicines made of plant extracts are being used overmuch to treat
a wide assortment of clinical disease. More alertness has been paid to the protective impacts of natural antioxidants versus chemically induced
toxicities. Many scientists suggested that plant-based remedies are safer and more effectual in the medication of numerous liver lesions. Aloe vera is
considered the most popular plants used in alternative medicine and chemically consists of polysaccharide, anthraquinone and carbohydrate. It is
utilized for the treatment of hepatitis, neoplasms, ulcer and wound. The plant has anti- inflammatory properties and antigenotoxic, chemo
preventive, antioxidative and antiviral effects. Aloe vera acts as treatment for liver problems and as a hepatic stimulant [5], also it is one of the
herbal remedies known for its remedial and therapeutic properties for various diseases. It possesses remarkable protective and therapeutic potential
versus diverse cancers. The bioactive components of Aloe vera with chemo preventive potential such as aloin, lectin, aloe-emodin, barbaloin, and
aloesin have shown to possess immune- potentiating, anti-mutagenic, anti-proliferative, apoptosis-inducing, antioxidant, and anti- metastatic
potential [6].
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MATERIALS AND METHODS
Experimental Animals

Male albino rats weighing between 100-120 g were utilized as experimental animals in the present research. Rats were procured from the Animal
House of Abou Rawash, El-Giza, Egypt. They were conserved under remarking for about 15 days before the beginning of the experiment to
preclude any intercurrent infection. The collected animals were kept in metal [stainless steel] separate bottom cages at normal atmospheric
temperature [25 £ 5°C] also under good ventilation and taken water and standard balanced diet. All the procedures were performed according to the
Institutional Animal Ethics Committee in Beni-Suef University recommendations.

Collection and Preparation of Plant Materials
Method of preparation of aqueous extract of aloe vera

Aloe vera leaves were rinsed in ordinary water and the juice was obtained by gently pressing the leaves. The yield was computed based on the
weight of the extract compared to the weight of the leaves. The yield was 90 g per 100 g of the leaves. The sample of the extract was standardized
by the method of Patil RM [7].

Experimental Design and doses
The number of rats utilized in the present study is 18 rats. They were divided into 3 groups, six for each group, designed as follow:

Group 1: This group was regarded as normal control group and was given the equivalent volume of dist. Water as a single dose daily by gastric
intubation [stomach tube].

Group 2: It was given dose of PCT 500 mg/kg b.w. [8] liquefied in distilled water daily by gastric intubation for 4 weeks.

Group 3: The rats of this group were administered dose of PCT [500 mg/kg b.w.] daily for 4 weeks and were also treated with Aloe vera [500 mg
/kg b. w. /day] [9], dissolved in dist. Water daily by gastric intubation for 6 weeks.

Sampling and tissue preparation

At the fine of this experiment, six animals of normal, PCT-administered control rats and PCT-administered rats treated with Aloe vera were
sacrificed under mild diethyl ether anesthesia and then blood from these rats was collected in a centrifuge tube from jugular vein and kept to clot for
45 minutes at room temperature. Sera were separated in centrifuge at 3000 r.p.m. for 15 minutes at 30°C and preserved frozen at -30°C waiting for
biochemical analyses. Liver from these animals was quickly eviscerated after dissection.

Homogenate preparation

0.5g from liver was homogenized utilizing Teflon homogenizer [Glas-Col, Terre Haute, USA] in 5 ml 0.9% sterilized sodium chloride [NaCl] [10%
wi/v] for biochemical analyses.

Assessment of Biochemical assays

Liver tissues were rapidly separated after dissection of rats. Part of these tissues was homogenized for determination of Liver lipid peroxidation by
measuring thiobarbituric acid reactive substances [TBARS] [10-12]. Catalase activity determined [13] which follows the first-order kinetics as
given by the equation: K = log [SO / S3] X 2.3 / t. Liver glutathione [GSH] was measured according to the procedure of [14]. Sera were quickly
isolated for subsequent biochemical analyses; pro-inflammatory cytokine [TNF-a] was determined in accordance with the method [15-17]. And alfa
feto protein [AFP] [18-21]. by using specific ELISA kits Quantikine Rat Total Adeponectin Immunoassay [USA], liver functions that include [ALT,
AST] were measured in accordance with the procedure of Burtis 2005 [22], ALP was determined according to the procedure [23], GGT was
measured in accordance with the process of Szasz [24], [total protein and albumin], [total, direct and indirect] Bilirubin] were determined in
accordance with the method of Doumas [25], kidney functions that include [urea was determined by the procedure of Patton and Crouch [26],
creatinine was measured by the procedure of Henry [27] and uric acid was determined by the method of Fossati [28], heart function parameters in
serum that include LDH was measured by the method of Witt and Trendelenburg [29] and CK-MB was determined according to the process[30].

Statistical analysis

The Statistical Package of the Social Sciences [IBM SPSS for WINDOWS?7, version 20; SPSS Inc, Chicago] was used for the statistical analysis of
the results. Comparative analysis was conducted by using the general linear models’ procedure [IBM SPSS]. p>0.05 were considered statistically
non-significant, while p<0.05 considered statistically significant.

RESULTS

Data summarized in Table 1 and (Figure 1) showed the impact of Aloe vera extract on the liver oxidative stress markers and antioxidant defense
system of paracetamol-administered rats. Hepatic glutathione content [GSH] was significantly decreased because of PCT overdosing But after the
treatment of PCT-administered rats with Aloe Vera for 6 weeks produced a significant increase of these oxidative stress values comparably to the
corresponding PCT administered group pointing to a marked normalization in comparison of normal group. Over, rats mainlined with PCT
exhibited a noticeable increase in Hepatic lipid peroxidase [LPO] and catalase [CAT] activity (Figures 2 & 3) were significantly increased because
of PCT overdosing however the treatment of PCT-administered rats with Aloe Vera for 6 weeks significantly decreased these raised values and
becomes adjacent to the normal values.
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Table 2 and (Figure 4 & 5) showed the impact of Aloe vera extract on serum tumor necrosis factor-a [TNF-a] concentration [pg/ml] and alpha feto
protein [AFP] concentration [ng/ml] of paracetamol- administered rats. Table 3 (Figure 6 & 7) showed the impact of Aloe vera extract on
Interleukins [IL 1P and IL 6] of paracetamol-administered rats. Our results revealed that the administration of PCT produced marked impairment
demonstrated by significant increase in these hepatic inflammatory factors comparable to normal rats, while Oral administration of Aloe Vera
significantly minimized these elevated levels of Hepatic TNF-a, AFP, IL-6 and IL-1p when compared with the PCT administered rats recording
noticeable amelioration comparably to normal ones.

Table 4 showed the impact of Aloe vera extract on serum liver function parameters of paracetamol-administered rats, indicated marked elevation in
the serum enzymes' activities of liver function [AST, ALT, ALP and GGT] (Figure 8 & 9) together with an allowance (Figure 10 & 11) in total
protein and albumin concentration. (Figure 12-16) Also, Table 5 showed the impact of Aloe vera extract on serum kidney function parameters of
paracetamol administered rats.

PCT caused a marked decrease in urea and creatinine and increase of uric acid for kidney function parameters (Figure 17-19) Table 6 showed the
impact of Aloe vera extract on heart function parameters in serum of paracetamol-administered rats. PCT caused elevation of heart function
parameters [LDH and CK_MB]. (Figure 20 & 21).

Table 1: The impact of Aloe vera extract on hepatic antioxidants of paracetamol-administered rats.

parameter

T.Glutathione MDA CATALASE
Group [n.mol/100mg] [n.mol/100ml] [k*100]
Normal 458 +0.09° 0.31+0.022 1.14 +0.03%
Paracetamol 3.51+0.07° 0.63+0.01° 1.37 £ 0.04°
Paracetamol + b b
4.34 +0.08 0.52+£0.03 1.13+£0.042
Aloe vera
LSD
0.23 0.03 0.05

*Values significantly different to control at [p<0.05]. *Data are written as mean + SE.

*Values that have the same superscript symbol are not significantly different. *F-Probability: P < 0.05

Table 2: The impact of Aloe vera extract on serum tumor necrosis factor-o [TNF-o] concentration [pg/ml] and alpha feto protein [AFP]

concentration [ng/ml] of paracetamol-administered rats

Parameter TNF AFP
[pg/mi] [ng/mi]
Group
Normal 15.88 + 1.38* 0.41 +0.008%
Paracetamol 47.13+1.92° 1.28 +0.009°
Paracetamol + Aloe vera 30.66 £ 1.14°¢ 0.81+0.01°
LSD 2.02 0.02

*Values significantly different to control at [p<0.05]. *Data are written as mean + SE.

*Values that have the same superscript symbol are not significantly different. *F-Probability: P < 0.05
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Table 3: The impact of Aloe vera extract on Interleukins [IL 1f and IL 6] of paracetamol-administered rats.

parameter
IL1p IL6
Group [ng/mi]]L [ng/ml]
Normal 3.16 +£0.10% 1.91+0.15°
Paracetamol 12.36 £ 0.27° 52.41+1.08°
Paracetamol +
Aloe vera 5.59+0.23° 11+£0.79°
LSD 0.31 0.05

*Values significantly different to control at [p<0.05]. *Data are written as mean + SE.

*Values that have the same superscript symbol are not significantly different. *F-Probability: P < 0.05

Table 4: The impact of Aloe vera extract on serum liver function parameters of paracetamol-administered rats.

Total Direct Indirect Total .
w ALT | AST Alp 1 66T | Bilirubin | Bilirubin | Bilirubin | Protein | AlPUMIN
\ [U/L] [U/L] [U/L] [U/L] [mg/di] [mg/dl] | [mg/dl] | [mg/di] | [mg/di]
Gro
Normal 325+ | 6567+ | 42267+ | 400z 0.24 + 011+ 0.13 + 5.05 + 353+
1.092 1.282 10.52° 0.372 0.0042 0.012 0.0032 0.23° 0.05°¢
Paracetamol | 855% | 14333% | 76250+ | 9.88+ 0.48 + 0.29 + 0.19 + 387+ 275+
3.69° 1.54°¢ 19.12°¢ 0.32° 0.01¢ 0.01° 0.01°¢ 0.152 0.082
Paracetamol | 69+ 7850+ | 36150+ | 333+ 0.36 + 016 + 0.19 + 5.28 + 327+
+ Aloe vera | 1.95° 1.65° 15.20° 0.422 0.004°¢ 0.01° 0.003°¢ 0.07° 0.07°
LSD 3.12 2.07 20.11 0.52 0.01 0.01 0.01 0.27 0.11

*Values significantly different to control at [p<0.05]. *Data are written as mean + SE.

*Values that have the same superscript symbol are not significantly different. *F-Probability: P < 0.05

Table 5: The impact of Aloe vera extracts on serum kidney function parameters of paracetamol-administered rats.

eter Urea [mg/dl] Creatinine Uric acid
Group g [mg/dI] [mg/dI]
Normal 69.33+1.2° 0.98 % 0.03 2.73+0.11%
Paracetamol | 36.00 +1.15? 0.68 f 0.03 575+0.20°
Paracetamol 6050 + 1.17° 0.97 % 0.02 395+021°
+ Aloe vera
LSD 1.85 0.046 0.22

*Values significantly different to control at [p < 0.05]. *Data are written as mean + SE.

*Values that have the same superscript symbol are not significantly different. *F-Probability: P<0.05
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Table 6: The impact of Aloe vera extract on heart function parameters in serum of paracetamol-administered rats.

Parameter
LDH CK_MB
[U/L] [u/L]
Group
Normal 198.46 + 4.88° 208.49 + 3.99°
Paracetamol 24721 +7.26°¢ 562.15 + 16.31¢

Paracetamol + b
193.72 + 6.43 399.51 +20.12°
Aloe vera

LSD 8.93 18.93

*Values significantly different to control at [p < 0.05]. *Data are written as mean + SE.

*Values that have the same superscript symbol are not significantly different. *F-Probability: P < 0.05

Total Glutathione

Total Ghatathione (mmole/100mg)

Normal Parasc etom ol Paacetamol + Aloe vera

Figure 1: The effect of Aloe vera extract on hepatic GSH content of Paracetamol administered rats.
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Figure 2: The effect of Aloe vera extract on hepatic MDA content of Paracetamol administered rats.
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Figure 3: The effect of Aloe vera extract on hepatic catalase content of Paracetamol administered rats
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Figure 4: The effect of Aloe vera extract on serum tumor necrosis factor-a [TNF-a] concentration [pg/ml] of paracetamol-administered rats.
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Figure 5: The effect of Aloe vera extracts on serum Alpha feto protein [AFP] concentration [ng/ml] of paracetamol-administered rats.
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Figure 6: The effect of Aloe vera extracts on Interleukin 1p [ng/ml] of paracetamol-administered rats.
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Figure 7: The effect of Aloe vera extracts on Interleukin 6 [pg/ml] of paracetamol-administered rats.

ALT

80
0

60

Alanine AminoTransferase (U/L)
=

Normal Paracetamol Paracetamol + Aloe vera

Figure 8: Effect of Aloe vera on serum ALT activity [U/L] of PCT-administered rats.
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Figure 9: Effect of Aloe vera on serum AST activity [U/L] of PCT-administered rats.
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Figure 10: Effect of Aloe vera on serum ALP activity [U/L] of PCT-administered rats.
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Figure 11: Effect of Aloe vera on serum GGT activity [U/L] of PCT-administered rats.
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Figure 12: Effect of Aloe vera on serum Total Bilirubin concentration [mg/dl] of PCT-administered rats.
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Figure 13: Effect of Aloe vera on serum Direct Bilirubin concentration [mg/dl] of PCT-administered rats.
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Figure 14: Effect of Aloe vera on serum Indirect Bilirubin concentration [mg/dl] of PCT-administered rats.
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Figure 15: Effect of Aloe vera on serum Total Protein concentration [mg/dl] of PCT-administered rats.
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Figure 16: Effect of Aloe vera on serum Albumin concentration [mg/dl] of PCT-administered rats.
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Figure 17: Effect of Aloe vera on serum Urea concentration [mg/dl] of PCT-administered rats.
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Figure 18: Effect of Aloe vera on serum creatinine concentration [mg/dl] of PCT-administered rats.
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Figure 19: Effect of Aloe vera on serum Uric Acid concentration [mg/dl] of PCT-administered rats.
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Figure 20: The effect of Aloe vera extracts on serum LDH activity [U/L] of paracetamol-administered rats.
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Figure 21: The effect of Aloe vera extracts on serum CK-MB activity [U/L] of paracetamol-administered rats.
DISCUSSION

The treatment with Aloe vera remarkably improved the deleterious effect of PCT on oxidative stress and antioxidant defense system which was
reflected by increase of glutathione and deficiency in lipid peroxidase and catalase. Assessment of liver injury was clarified by serum concentrations
of ALT and AST; which is the most commonly indicated markers for liver toxicity. While the plasma membrane of liver cell is damaged, many
enzymes normally found in the cytosol are released into the bloodstream. Their amount in the serum is a good quantitative evidence of the extent
and type of hepatocellular damage. Increased activities of serum enzymes were observed after APAP intoxication comparable to normal rats
indicating considerable hepatocellular damage. Serum alpha-fetoprotein [AFP] has been utilized originally as a marker of hepatocellular carcinoma,
but it is now known that elevation of AFP evenly found in a range of nonneoplastic liver diseases. AFP increased in chronic inflammation of the
liver reason for chemical and dietary hepatotoxins, explicating that it can act as chronic phase reactant [31]. Its decrease in PCT-administered rats
treated with Aloe vera may provide evidence for decreased probability for hepatocellular carcinoma as compared with PCT-administered control
rats which showed profound elevation of serum AFP. The present study agrees with other studies showing significant elevation of ALT and AST
values after overdosing of some drugs [hepatotoxicants] such as APAP [32,33]. The normalization of the above enzymes activities seen in rats took
the Aloe vera extract indicates inhibition of liver cell injury and reduction of leakage of these enzymes into the blood. These results proposed that
Aloe vera extract reduced the toxicity due to elimination of the toxic products of APAP in rats. This toxicity is evidenced by an elevation in the
serum marker enzymes: Alanine aminotransferase [ALT], Aspartate aminotransferase [AST], Alkaline phosphatase [ALP]. In the assessment of
liver damage by PCT the determination of these enzyme levels is mostly used. This is because, at any disruption of membranes or necrosis, there is
a leakage of these enzymes into circulation and hence can be determined in the serum. Total bilirubin level also increases while there is a decrease
in protein level. The presence of flavonoid is considered the major reason for The Hepatoprotective action of most plant materials [34]. Antioxidant
characteristics of Aloe extracts have been ascribed to polysaccharides [35,36] as well as aloesin derivatives [37] or anthraquinones. In other studies,
modulation of antioxidant enzymes has been associated with antitumor properties of A. vera leaf extract [38] Studies have also proposed that
glycoproteins found in Aloe vera proved anti-tumor efficacies [39]. The aqueous extract from A. vera leaves prepared in our laboratory, was shown
to contain naturally occurring antioxidant components, including total phenols, flavonoids, ascorbic acid, B-carotene and a-tocopherol. A. vera
leaves possess a various array of 75 compounds, comprising anthrones, anthraquinones [e.g. aloe-emodin] and their glycosides [Aloin A and B],
proteins, glycoproteins, chromones, carbohydrates, organic acids, lipids, amino acids, saponins and minerals [40-45]. In our opinion, the
improvements in heart function and structural integrity in PCT-administered rats treated with Aloe vera may be attributed to the suppression of
oxidative stress and improvement of the antioxidant defense system in the heart. This suggestion is supported by the present results which revealed
that Aloe vera owns detectable improvement effect on liver LPO, glutathione content and catalase activity. Oxidative stress produces from an
imbalance between the cellular generations of reactive oxygen species [ROS] and the antioxidant mechanisms that remove them. Catalase converts
harmful hydrogen peroxide into oxygen and water and protects the tissues from highly reactive hydroxyl radicals. The deficiency in the activity of
this enzyme may results in many deleterious effects due to accumulation of highly toxic metabolites and hydrogen peroxide on paracetamol
administration, which can induce oxidative stress in the cells. In our study, the pro-inflammatory cytokine, TNF-a, and tumor marker, AFP, levels
exhibited a marked increase in serum of PCT-administered rats comparable to the normal ones. The treatment of PCT-administration rats with Aloe
vera caused marked amelioration of these estimated variables. These results agree well with [46]. Many studies have indicated that inflammatory
mediators including TNF-a and IL-6 are decisively involved in the development of acute liver injury by APAP. In addition to hepatocellular
necrosis by oxidative stress, APAP hepatotoxicity can also activate Kupffer cells, the phagocytic macrophages of the liver and cause liver
inflammation. Cytokines such as IL-6, IL-1pB, and IL-10 significantly are elevated in APAP-induced hepatotoxic mice via the production of ROS.
Urea is the major excretory consequent of protein metabolism. Urea is transferred by plasma to the kidney, in which it is filtered by the glomerulus
from the plasma. Creatinine is a nitrogenous product which is produced from the metabolism of creatinine in the skeleton muscles. Creatinine
concentration not only evaluates impairment of kidney function but also acts as a clinical chemistry endpoint to indicate treatment related toxic
effects of extracts/compounds on the kidney in empirical models. Although hepatotoxicity is a most common than nephrotoxicity in APAP
overdose, acute kidney failure and kidney tubular damage can occur in the obscurity of liver injury [47]. Antioxidant defense mechanisms of liver
can neutralize free radicals, Antioxidant defense mechanisms of liver classified into enzymatic antioxidants [SOD, GR, GPx, GST and CAT] and
non-enzymatic antioxidants [GSH] [48]. The non-enzymatic antioxidant; GSH is considered the most abounding tripeptide, non-enzymatic
biological antioxidants found in the hepatocytes, which is a key constituent of the mostly antioxidant defense system that forfends the membrane
protein thiols of hepatocytes from deleterious actions of reactive oxygen metabolites like hydrogen peroxide and superoxide radicals. The drop of
GSH level in the PCT treated group might be because of its usage by the extremely generated amount of free radicals in the hepatocytes conducing
to hepatic injury [49]. LPO, which is a degenerative process that effectuates cell membranes and other lipid-containing structures under conditions
of oxidative stress, increased significantly in hepatic tissue of PCT control rats in the sitting study as compared with the normal group. The major
reason of hepatocellular injury and death by over dosage with paracetamol accrues to its transformation to the toxic NAPQI metabolite. This toxic

23



Basant, et al. Der Pharma Chemica, 2020, 12[7]: 12-25

metabolite accumulates because of saturation of the sulfate and glucuronide conjugation pathways. In case of paracetamol overdose, hepatocellular
levels of GSH decreased. The cell macromolecules bind covalently to highly reactive NAPQI metabolite, performing to dysfunction of structural
and metabolic disarray and enzymatic systems. Over, deficiency of intracellular GSH makes the hepatocytes highly sensitive to apoptosis and
oxidative stress [50]. TNF-a is a major endogenous inflammatory mediator of hepatotoxicity in several experimental liver injuries through its direct
cytotoxicity, nitric oxide production and the triggering of an inflammatory cascade. The production of TNF-a is known to be one of the earliest
events in the hepatic inflammatory response, which stimulates hepatocyte apoptosis, cytotoxicity and necrosis; therefore, TNF-a is considered to be
an important target in research to discover hepatoprotective agents. In accordance with this report, our results demonstrate that paracetamol
increases serum TNF-a, indicating the role of this cytokine in paracetamol-induced hepatotoxicity. However, our findings reveal that Aloe vera
treatment alleviates the progression of the inflammatory mediator TNF-a in paracetamol-exposed mice [51]. Thus, this study assesses the preventive
activity of Aloe vera against PCT-induced hepatotoxicity. It extends to evaluate the possible role of oxidative stress and antioxidant defense system
in deteriorating the liver, kidney and heart functions by PCT and in prophylactic effects of Aloe vera.

CONCLUSION

Aloe Vera administration exhibited a beneficial therapeutic effect on rats with hepatotoxicity due to the existence of anthraquinones, anthrones and
their glycosides, proteins, chromones, glycoproteins, carbohydrates, organic acids, lipids, amino acids, saponins and minerals. That showed
hepatoprotective anti-inflammatory, immunomodulatory, anticancer and gastro protective effects.
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