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1. Introduction

Abstract

Aloe vera (Aloe barbadensis Miller) is orally ingested by many, because of its medicinal
benefit in skin treatments, digestive system disorders and improvement of blood sugar
among others. Although, Aloe vera has been reported to have different protective effects,
no study has investigated its toxicity on the Liver and kidneys at varying concentrations.
Therefore, this study aims to evaluate the toxicity potential of Aloe vera on the liver and
kidney. Twenty (20) adult albino rats, weighing (15110 g), were randomly grouped into
four groups; A, B, C and D. Group A rats were used as normal controls and received no
administration. Group B received a high dose (6 mL /kg) of Aloe vera juice (AV]). Group
C received a medium dose of AV] (4.5 mL/kg), and group D received a low dose of AV]
(3.0 mL/kg), daily for 21 days. The liver was assessed by estimating serum total bilirubin
and liver enzymes (AST, ALT, and ALP) levels. Nephrotoxicity was assessed by
measuring Serum creatinine, urea, Na*and K*. Administration of a high dose AV] resulted
in significantly elevated levels of the liver biochemical parameters and a significant
increase in the concentration of BUN, Creatinine, K* and reduction in Na* levels. At a
medium dose, there were non-significant alterations in the biochemical parameters of the
liver and the kidney. At a low dose, there were only slight changes in these biochemical
markers. Histopathological studies were in tandem with the biochemical observations.
This study reveals that Aloe vera gel possesses a dose-dependent hepatorenal toxicity.

Aloe vera is a desert plant with the botanical name Aloe barbadensis Miller [1]. It is also known as the
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‘healing plant’ and the ‘wonder plant’ [2]; it is
believed to be very effective in treating burns and
wounds, and has a wide variety of uses (Fig, 1). Aloe
vera has been known to contain several compounds
including vitamins, glycoproteins, minerals, amino
acids, phytonutrients, enzymes and glyconutrients
with a very high water content [2]. In addition, it has
other pharmacological activities including anti-
inflammatory activities, anti-cancer, anti-diabetic and
antimicrobial activities due to its anthraquinone
content [3].

Figure 1. Therapeutic benefits of Aloe vera [4]

Aloe vera helps with intestinal absorption and has
anti-ulcer properties. It is an excellent antioxidant and
provides metabolic help due to its high vitamin
content. When aloe vera nutrients are consumed, they
are digested and absorbed into the bloodstream via
the intestines, eventually reaching the liver and the
kidneys, where they are metabolised and metabolic
byproducts eliminated respectively.

The liver's histoarchitecture is designed in such a way
that any changes would result in liver injury [5],
which could be acute or chronic. Acute liver injury is
defined as a sudden decrease in liver cell function in
patients without any prior liver illness [6]. Chronic
liver illnesses are defined as persistent inflammation,
progressive hepatic cell death and regeneration, liver
progenitor cell proliferation, and fibrosis. The
extracellular matrix is deposited after liver damage to
promote wound repair and regeneration; however,
recurrent injury from xenobiotics and diseases can
lead to progressive fibrotic response characterized by
substantial collagen deposition [7]. Hepatocytes have
organelles in their cytoplasm that synthesise enzymes;
liver injury, whether acute or chronic, alters the
function and levels of these enzymes [8]. The kidney
plays a very important role in the elimination of

wastes from the body. However, when there is
decreased blood flow to the kidney, inflammation or
excessive exposure to toxins. an acute kidney injury
(AKT) develops [9].

Various studies have established the nutritional and
medicinal importance of Aloe Vera. However, the
potential toxicological side effects of this plant at
different concentrations have not been studied in-
depth. Therefore, the aim of this study is to investigate
the potential hepatorenal toxicity of Aloe vera.

2. Materials and methods

2.1 Plant materials

The fresh Aloe vera (Aloe barbadensis miller) used for
the study was procured from Ogbete market, Enugu
state, Nigeria. A consulting taxonomist at the
Department of Plant Science and Biotechnology's
herbarium section, University of Nigeria, Nsukka,

verified the authenticity of the plant material

2.2 Reagents
(Randox, UK) for
aspartate

Laboratory  kits alanine

aminotransferase, aminotransferase,
alkaline phosphatase, and bilirubin were bought from

Alpha Pharmaceuticals in Enugu, Nigeria.

2.3 Aloe vera juice (AV]) extraction

This was prepared according to the preparation by
Embark and Abdalla [10], with slight modifications.
Fresh Aloe vera plants were washed. The bottom
scarred end and thorny sides were cut off to ensure
that the gel is carefully separated from the leaves.
About 20g of the gel was homogenised in a Qasa
blender (Nigeria). It was blended until it was frothy
and liquefied. The resultant Aloe vera juice (AV]) was
stored at 4°C in the refrigerator.

2.4. Animals

A total of twenty (20) adult albino rats, weighing 151
+ 10 g, were obtained from the animal house of the
College of Veterinary Medicine, University of Nigeria.
The animals were housed in metallic cage under
standard conditions of temperature (22 + 3°C) and a 12
h light, 12 h dark cycle. The animals were monitored
for 14 days earlier than the experiment's start in order
to allow them to acclimatize to the environment. The
experimental design and management complied with
institutional regulations detailing the use of rats and
the guidelines for the care and use of vertebrates in the
study published by the American Physiological

Society (APS); and the ethical approval for the study
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was given by the Ethics Committee of Faculty of
Veterinary Medicine, University of Nigeria, Nsukka,
Nigeria. (Approval number: UNN/eTC/14/69258).

2.5 Phytochemical analysis of the aloe vera

Aloe barbadensis Miller was screened for flavonoids,
glycosides, saponins, tannins, steroids, proteins,
carbohydrates, and terpenoids by the Department of
Pharmacognosy, University of Nigeria Nsukka.
Trease and Evans [11] methodology was applied for
the analyses.

2.6 Design

The twenty (20) albino rats were grouped into 4
groups (A-D); five rats in each group. The protocol
used in the present study is the same as described
previously by Embark and Abdalla [10]; who
administered 20 mL/kg aloe vera juice to experimental
rats (200-250 g weight), once daily for 14 consecutive
days. We chose a smaller volume of dosage to ensure
safety and effective experimental finding. Bt trial and
error we administered graded doses 3 mL/kg, 4.5
mL/kg and 6 mL/kg aloe vera juice to separate groups
of rats (150-160 g weight), once daily for 21
consecutive days. These concentrations are far below
the oral LD50 of aloe vera juice reported by Jimmy et
al [12] to be 1870.83 mg/kg. The administrations were
carried out for 21 days as follows:

Group A (Control): No treatment

Group B: received oral administration of a high dose
of AV] (6 mL/kg)

Group C: received oral administration of a medium
dose of AV] (4.5 mL/kg)

Group D: received oral administration of a low dose
of AVJ (3 mL/kg)

2.7 Animal sacrifice and sample collection

Under chloroform anesthesia, blood samples for
biochemical analysis were taken from the left ventricle
of the heart. The liver and kidneys were excised for
histological examination.

2.8 Biochemical analysis

2.8.1 Measurement of liver function biomarkers

Reitman and Frankel's colorimetric approach was
used to determine Alanine transaminase (ALT) and
Aspartate transaminase (AST) [13]. The colorimetric
method for assessing ALP activity was developed by
Kind and King [14]. Total bilirubin was measured
using the colorimetric method published by Malloy
and Evelyn [15].

2.8.2 Measurement of renal function biomarkers

Electrolyte, urea, and creatinine levels in the blood
were measured to assess renal function. Perlong
Medical PL1000A Electrolyte Analyzer was used to
measure serum K* and Na* level. Urea level was
estimated wusing diacetylmonoxime technique
involving protein precipitation [16], while creatinine

level was estimated using Jaffe’s method [17].

2.8.3 Histopathological analysis

The paraffin wax embedding method was used to
prepare the removed liver and kidney tissues.
Sections of each organ were made at a thickness of 5
microns, and Hematoxylin and Eosin staining
technique was used for better general examination of
the tissues [18]. An Olympus™ light microscope was
used to examine the tissue sections.

2.8.4 Statistical analysis

Version 7.0 of Graph Pad Prism (San Diego, CA, USA)
was used to analyze the data. The results of the
biochemical experiments were presented as mean +
SEM (standard error of the mean). The level of
significance was assessed using one-way analysis of
variance (ANOVA). Probability levels below 0.05
(p<0.05) were taken as being significant.

3. Results

Table 1 shows the findings of the phytochemical
examination of Aloe barbadensis Miller.

Table 1. Phytochemical analysis of Aloe barbadensis Miller

Compounds Indication
Saponins Strong
Reducing Sugar Absent
Alkaloids weak
Tannins Strong
Carbohydrates Strong
Glycosides Medium
Resins Weak
Flavonoids Strong
Steroids Absent
Terpenoids Absent
Oils Absent
Acidic Compounds Absent
Proteins Medium

Key: strong= +++; medium=++; weak= +; absent= - according to
Trease and Evans [11]

The results showed that methanol extracts of Aloe
barbadensis Miller are strongly rich in saponins,
tannins, carbohydrates and flavonoids; glycosides

and proteins are present in medium amounts;
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Table 2. Statistical comparison of Liver biochemical markers of the experimental animal groups.

Groups ALT (IU/L) AST (IU/L) ALP (IU/L) Total Bilirubin (mg/dl)
A: control 20.67 + 0.88* 26.00 + 1.15** 236.67 +2.85%** 0.93 £ 0.06**

B: High dose AVJ (6 mL/kg)) 27.00 +2.08 38.00+1.73 382.33 +6.74 1.26 £ 0.04

C: Medium dose AVJ (4.5 mL/kg) 23.67 + 0.88* 32.33+1.45 279.67 £7.97%** 1.10 £ 0.06**

D: Low dose AV] (3 mL/kg) 20.00 +1.15* 27.67 +1.76** 241.00 + 4.58%*** 1.00 £ 0.03**

***p <0.001 or **p <0.01 or *p < 0.05 is significant when Group B (high dose of aloe vera) is compared with other groups.

Table 3. Statistical Comparison of biochemical markers of the kidneys of treated groups with negative controls Groups after

Aloe vera gel administration

GROUP BUN (mg/dl)  Creatinine (mg/dl) K* (mmol/l) Na* (mmol/1)
A: control 19.42+1.21 0.76 +0.32 524 +0.28 138.12 +1.09
B: High dose AV] (6 mL/kg)) 22.25+1.07* 1.01+0.13* 7.83 £0.84* 132.07 £ 0.36*
C: Medium dose AV] (4.5 mL/kg) 21.46 +3.53* 0.91+0.29* 6.05+1.87 137.28 +3.14
D: Low dose AV] (3 mL/kg) 20.12£1.72 0.71+0.08 5.94 +0.05 133.49 £ 0.41

**p<0.01 or *p<0.05 is significant when the control is compared with other groups (Aloe vera gel- administered groups).

alkaloids and resins are present in small amount;
while reducing sugar, acidic compounds, oils,

terpenoids and steroids are absent.

3.1 Biochemical results

Liver function was assessed by determining the serum
level of the liver biomarkers; ALT, AST, ALP and total
bilirubin. A statistically significant (p < 0.05) elevated
levels were seen in group B (AV] 6 mL /kg, high dose)
and group C (45 mL/kg, medium dose) when
compared with groups A (control) and D (3 mL/kg,
low dose) (Table 2).

Renal function was assessed by determining the
biochemical markers; creatinine, blood urea nitrogen
(BUN), potassium (K*), and sodium (Na*) (Table 1).
From the results, a statistically significant (P<0.05)
elevated levels of blood urea nitrogen (BUN),
creatinine and potassium (K*) were seen in group B
(AV] 6 mL/kg, high dose) and group C (AV] 4.5 mL/kg,
medium dose) when compared with group A
(control). Furthermore, we observed that the Aloe vera
gel (3 mL/kg, low dose) did not pose any renotoxic
effects in the animals (Table 3).

3.2 Histopathological results

In Figure 2, the liver of the control, the medium dose
and the low dose groups appeared morphologically
and functionally normal. The hepatocytes showed a
well conserved morphology. The liver of group B
treated with a high dose of Aloe vera showed
moderate sinusoidal dilatation around a central vein
and mild periportal infiltration by inflammatory cells.

In Figure 3 (group A), The glomeruli (G) and tubules

Figure 2. Photomicrograph of liver section. CV — a central

vein, PT — a portal triad, arrows — hepatocytes. Group A:
control rats showing normal histological features. Group B
rats showed moderate sinusoidal dilatation (black arrows)
around a central vein (CV) and mild periportal infiltration
by inflammatory cells (red arrow). Group C rats showed
normal histological features. Group D rats showing normal
histological features. Stain: Haematoxylin and Eosin.
Magnification: X100.
appear normal. The kidney section from rats
administered with 6 mL/kg Aloe vera gel (group B)
showed that the glomeruli (G) appear eroded while
the tubules showed sloughed off epithelia and
eosinophilic casts. In Group C rats (medium dose, 4.5
mL/kg), it was observed that the glomeruli (G) appear
mildly constricted while the tubules (arrows) appear
normal with some tubules having intraluminal
eosinophilic casts. In Group D rats (3 mL/kg, low
dose), it was observed that the glomeruli (G) and
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tubules (arrows) appear normal with some tubules
casts. The
histopathological findings were in tandem with the

having intraluminal eosinophilic

biochemical results as we observed that Aloe vera gel

showed dose-dependent toxicity.

Figure 3. Representative micrograph of kidney. Group A:
The glomeruli (G) and tubules (arrows) appear normal.
Group B: The glomeruli (G) appear eroded while the tubules
(arrows) showed sloughed off epithelia and eosinophilic
casts. Group C: The glomeruli (G) appear mildly constricted
while the tubules (arrows) appear normal with some
tubules having intraluminal eosinophilic casts. Group D:
The glomeruli (G) and tubules (arrows) appear normal with
some tubules having intraluminal eosinophilic casts. Stain:
Haematoxylin and Eosin. Magnification: X40.

4. Discussion

The liver is a large and important organ that performs
a variety of functions, including xenobiotic
detoxification. Although Aloe vera has been shown to
have a variety of medicinal values, particularly in
healing [1, 19], the hepatotoxic potential should not be

ruled out.

Despite the major advances in the field of medicine,
acute kidney failure has remained a major cause of
death in the society [9]. Among the substances which
can cause Acute Kidney Injury are the local herbs in
which Aloe vera is considered one of them.

Various Studies have investigated the potential
positive hepatorenal effect of Aloe vera. Zodape and
Bhise reported that after 30 days of Aloe vera
administration, there was a partial restoration of liver
function after isoniazid-rifampicin-induced
hepatotoxicity [20]. In a research carried out by
Ahmad et al. to determine the functional potential of

Aloe vera on CClsinduced hepatotoxity in Albino rats,
he discovered that there was a decrease in liver
enzymes, renal biomarkers especially urea and
creatinine and overall improvement of the renal and
hepatic tissues after treatment with Aloe vera juice for
30 days [21]. A cohort study by Roger Williams et al.
posited that the consumption of 57 mL of Aloe Vera
juice for 60 days by healthy subjects did not show any
detectable hepatotoxicity [22]. Aloe vera protects
against acetaminophen-induced hepatotoxicity by
lowering AST and ALT levels [23].

However, few studies have been carried out on the
potential hepatic and renal toxicity of Aloe vera. In
our study, Aloe vera caused significant elevation of
the liver biomarkers AST, ALT, ALP, and total
bilirubin when administered at a high dose (6 mL/kg)
for 3 weeks. There was also a significant increase in
these liver biomarkers at a medium dosage AV] (4.5
mL/kg), though not as much as in the high dose group.
The liver photomicrographs of group B also revealed
a significant change in the structure of the liver
components, which is seen as moderate sinusoidal
dilatation around the central vein and mild periportal
infiltration by inflammatory cells. This suggests that
there was evidence of inflammation of the liver cells
which is indicative of liver damage. Some studies
reported the potential hepatotoxicity of Aloe Vera.
Three cases of hepatitis were recorded each year in
2007, 2010, and 2014 as a result of consuming aloe vera
[24-26]. A 57-year-old woman who used aloe vera to
slow aging process was found to have hepatotoxicity,
and a liver biopsy revealed acute hepatitis with the
infiltration of inflammatory cells [27]. Aloe vera-
induced hepatitis' pathophysiology was thought to be
mediated by hypersensitivity [27].

Furthermore, it was observed that Aloe vera juice has
a dose-dependent effect on the kidney. Given that the
rats were same in age, sex, average weight, and
movement restriction, serum creatinine—which is
affected by gender, age, and muscle mass, was
maintained at a consistent level [28]. Therefore, the
increase observed in serum creatinine, potassium and
blood urea nitrogen in our study, was due to renal
toxicity caused by the high intake of Aloe vera juice.
However, these biochemical parameters were seen to
be normal in the low dose group and control group
when compared to the high and moderate dose group.
In histological examination as shown by the
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photomicrograph of all the groups, it was observed
that the kidney of the control group appeared to be
structurally and functionally normal, the glomeruli
and tubules showed a well conserved morphology,
same goes with the low dose group. For the rats in
high dose group and the medium dose group, the
glomeruli (G) appear eroded while the tubules
(arrows) showed sloughed off epithelia and
eosinophilic casts. This result is similar to the study
conducted by Koroye et al. which showed a dose-
dependent renal toxicity in rats treated with Aloe vera
[29]. In aerobic cells, Aloe vera is known to cause
oxidative stress [30]. This may be due to its ability to
lower the activity of glutathione reductase, and
glutathione peroxidase, which in turn lowers the

activity of redox enzymes [30].

5. Conclusions

This study shows that Aloe vera gel possesses a dose-
dependent hepatorenal toxicity. Further studies
should be carried out, especially on pharmacokinetics
of Aloe Vera, in order to ascertain the safest dose to be
ingested within a period of time. In addition, more
research is needed to determine its precise mechanism
of action of toxicity induction.
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