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Original Research Article

Comparative Effects of Aloe vera Gel and
Aqueous Leaf Extract of Viscum album on
Bilirubin Excretion in Streptozotocin - Induced
Diabetic Rats

ABSTRACT

Aims: This study was carried out to determine the effect of type 1 Diabetes Mellitus on
bilirubin excretion, and to compare the effects of separate administration of Aloe vera gel
and aqueous leaf extract of viscum album on serum bilirubin, bile secretory rate and biliary
bilirubin concentration.

Methodology: Thirty six male albino wistar rats weighing 180 - 220 g were used for this
study. After 14 days of habituation, the rats were randomly divided into 6 groups of 6 rats
each. Type 1 Diabetes Mellitus was induced in the test groups by a single i.p dose (65
mg/kg) of streptozotocin. Group 1 served as control; group 2 - diabetic untreated group
(DM); group 3 - diabetic group, treated with 0.4ml/100g Aloe vera gel orally (DM+Aloe);
group 4 - diabetic group, treated with 150 mg/kg Viscum album leaf extract orally (DM+VA);
group 5 - control group, treated with 0.4ml/100g Aloe vera gel orally (C+Aloe); group 6 -
control group, treated with 150 mg/kg Viscum album leaf extract orally (C+VA). All animals
had unrestricted access to food and water. The regimen lasted for 21 days, after which bile
secretion was determined and same was collected together with serum for biliary and serum
bilirubin estimation.

Results: The results showed that serum and biliary total, conjugated and unconjugated
bilirubin concentrations were significantly (p<0.001) higher in the DM group compared to
control, DM+Aloe and DM+VA, with DM+Aloe group having significantly lower serum and
biliary total and conjugated bilirubin (p<0.001), and serum unconjugated bilirubin (p<0.05)
compared to DM+VA group. Serum conjugated bilirubin concentration in C+Aloe and C+VA
group was significantly (p<0.05 and p<0.001 respectively) higher compared to control, while
serum unconjugated bilirubin concentration was significantly (p<0.001 and p<0.01
respectively) lower compared to control. C+VA group had a significant (p<0.001) increase in
biliary total and conjugated bilirubin concentrations compared to C+Aloe group.

Conclusion: On the basis of the results obtained, we therefore conclude that Aloe vera gel
and aqueous leaf extract of Viscum album enhances bilirubin excretion in diabetic and
normal animals and are both hepatoprotective.

Keywords: Aloe vera, bile secretion, biliary bilirubin, serum bilirubin, Viscum album

1. INTRODUCTION

Bilirubin is a product of haemoglobin metabolism and serves as a marker for liver and blood
disorders. After about 120 days, the membranes of erythrocytes become increasingly fragile
and susceptible to damage [1]. As these cells attempt to squeeze through the capillaries of
the reticuloendothelial system, their membranes become ruptured, and hemoglobin is
released in the process [2]. The haemoglobin released in the process enters a series of
reaction that leads to the formation of bilirubin. About 80 % of the daily bilirubin production is
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derived from haemoglobin, while the other 20 % is derived from the breakdown of
myoglobin, catalase, peroxidase, cytochromes and tryptophan pyrrolase [2,3,4,5]. Conditions
associated with liver damage, increased levels of immature red blood cells in circulation or
polycythemia may result in increased formation of bilirubin [3,4].

After synthesis, bilirubin reversibly binds to albumin and is transported to the liver, where it is
conjugated and excreted as bile pigment. However, not all the bilirubin molecules are
conjugated by the liver. The unconjugated fraction forms unconjugated bilirubin. Intestinal
bacteria degrades bilirubin into urobilinogen, most of which is absorbed from the intestine
and undergoes enterohepatic recirculation [6].

Although bilirubin is toxic to the body, some studies have claimed that mild increase in
serum bilirubin concentration may be beneficial in treatment of some form of cancer and
gastric ulcer by virtue of its antioxidant effect [5,7]. Amidst these acclaimed benefits of mild
hyperbilirubinemia, several detrimental effects exist. Bilirubin is toxic to the central nervous
system and may cause a sequence of neurological symptoms as observed in acute bilirubin
encephalopathy [8]. Although hyperbilirubinemia is most frequently observed in infants, as
seen in jaundice and kernicterus, it is becoming increasingly evident in adults, with the likely
causes being, but not limited to hemolysis, liver damage and Gilbert syndrome [8,9].

Aloe is a cactus-like perennial plant belonging to family Liliaceae with over 360 species [10].
Of the about 360 species of Aloe vera, Aloe vera barbadensis has been named the species
that is most effective therapeutically [11]. The Aloe vera plant can be utilized in three (3)
basic forms; Aloe gel which is derived from the inner part of the leaves by cutting open the
leaves, Aloe latex which is yellowish and derived from the leaves and the whole leaf extract
which is obtained by blending the entire leaf. The latex of Aloe vera contains the
anthraquinone glycosides aloin A and B, which are potent laxatives [12,13].

Viscum album, belonging to family Loranthaceae, is an evergreen semi-parasitic plant that
grows primarily on the branches of deciduous trees. The plant is widely distributed in
Australia, Europe, Asia, North Africa and also in Nigeria. Leaf extract of Viscum album has
been reported as being useful in the treatment of diabetes mellitus, cholera, cancer,
epilepsy, wounds, tumor, asthma, anxiety, amenorrhea, atherosclerosis and headache
associated with hypertension [14,15,16].

Since diabetes is a metabolic disorder, the possibility of altered or impaired liver functions in
diabetics cannot be overemphasized. Both Aloe vera gel and Viscum album have been
reported to be beneficial in the treatment of diabetes mellitus (DM) [10,17,18]. Our study was
aimed at determining the effect of type one diabetes mellitus on bilirubin excretion, by
measuring serum and biliary bilirubin concentrations as well as bile secretory rate, and to
compare the impact of treatment with either Aloe vera gel or Viscum album on same.

2. MATERIAL AND METHODS

2.1 Plant Material and Preparation of Leaf Extracts

Mature, fresh Aloe vera plant with leaves within 40 — 70 cm long were obtained from
University of Calabar Botanical Garden. The leaves were rinsed with clean water to remove
debris and sand, and thereafter mopped with a dry cloth. They were then sliced
longitudinally to expose the Aloe vera gel. The gel was gently scraped into an electric
blender to shatter the block. This preparation was done daily and administered to the
animals without storage.
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Fresh leaves of Viscum album (mistletoe) were collected from a host plant (citrus) in Calabar
South local government area of Cross River state, Nigeria. The leaves were rinsed with
clean water to remove debris and sand. They were first air dried, and subsequently
transferred into the AstellHearson oven where they were dried at 40 - 45°C. The dried
leaves were ground to powder using an electric blender to obtain 1500 g. The dry sample
was peculated in 7.5 L distil water for 24 hours. The mlxture was then filtered with size 1
Whatman’s filter paper. The filtrate was oven dried at 45°C. The pasty filtrate obtained after
drying was weighed using a mettler P163 electronic weighing balance. 1500 mg/ml
concentration of the stock solution of the extract was obtained by dissolving 15 g of extract in
10ml of distil water. The stock solution was labeled appropriately and refrigerated at 4°C
until required for use.

Both plant materials were identified by the chief Herbarium officer of Botany department of
the University of Calabar, Cross River State, Nigeria. The median lethal dose (LDsg) of the
plant extracts were determined by method of Lorke (1983) [19].

2.2 Animal Preparation and Protocol

Thirty six male albino wistar rats weighing 180 - 220 g were used for this study. The animal
cages were well ventilated, exposed to normal temperature and 12/12 hours light/dark cycle.
After fourteen days of habituation, the animals were randomly assigned one of six groups
such that each group contained 6 animals. The groups were labeled as follows; group 1 -
control; group 2 - streptozotocin — induced diabetic untreated group (DM); group 3 -
streptozotocin — induced diabetic group, treated with Aloe vera gel (DM+Aloe); group 4 -
streptozotocin - induced diabetic group, treated with leaf extract of Viscum album (DM+VA);
group 5 - control group, treated with Aloe vera gel (C+Aloe) and group 6 - control group,
treated with leaf extract of Viscum album(C+VA). All animals had unrestricted access to food
and water.

2.2.1 Induction of diabetes

Diabetes was induced by intraperitoneal injection of streptozotocin (STZ) at a one time dose
of 65 mg/kg. Fasting blood glucose level of each animal was taken before STZ
administration. 48 hours after STZ administration, diabetes was confirmed in the groups
administered by using the Finetest glucose meter (IMFOMED IMPEX, INDIA) to measure the
blood glucose levels. Animals with blood glucose level >200 mg/dl after 24 hours fast were
selected for this study.

2.2.2 Extract administration

Aloe vera gel was administered to the DM+Aloe and C+Aloe groups at a dose of 0.4ml/100g
body weight, while aqueous leaf extract of Viscum album was administered to the DM+VA
and C+VA groups at a dose of 150 mg/kg body weight. The extracts were administered
orally, once daily for 3 weeks. Administration was facilitated by the use of a syringe and
orogastric tube. All experiments involving the animals and their care were in accordance with
the ethical standards laid down in the 1964 Declaration of Helsinki.

2.3 Determination of Blood Glucose Levels
Fasting blood glucose level of the animals was measured using the Finetest glucose meter

(INFOMED IMPEX, INDIA). Blood used for the test was obtained by pricking the distal end of
the tail and placing the drop of blood on the test strip. Fasting blood glucose level before and
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after STZ administration were determined and recorded in all the groups. Fasting blood
glucose level was also measured before sacrifice.

2.4 Determination of Serum and Biliary Bilirubin Concentration

Serum bilirubin concentration was measured by the method described by Sherlock [20],
while biliary bilirubin concentration was measured by colorimetric method as described by
Jendrassik and Grof, [21].

2.5 Determination of Rate of Biliary Secretion

Biliary secretion was collected by the method of Vickers et al [22]. After 12 hours fast, the
animals were weighed and anaesthesized by intraperitoneal administration of sodium
thiopentone (6mg/100g body weight), and were quickly pinned to a dissecting board for a
tracheostomy performed to ease breathing. The stomach was then opened along the linea
alba to minimize bleeding. A laparotomy was performed and the liver lobes deflected
anterolaterally to expose the common bile duct. Using a portex Cannula (0.5mm in
diameter), the common bile duct was cannulated after a small incision was made. A thread
was used to tie round the common bile duct to hold the cannula in place. The bile content
was collected at 3 hours interval.

2.6 Determination of Percentage Serum and Biliary Conjugated Bilirubin
Concentration

Percentage serum conjugated bilirubin (SCB) concentration was determined mathematically,
using the formula:

Percentage SCB = Serum conjugated bilirubin concentration X 100
Serum total bilirubin concentration

Percentage biliary conjugated bilirubin (BCB) concentration was determined mathematically,
using the formula:

Percentage BCB = Biliary conjugated bilirubin concentration X 100
Biliary total bilirubin concentration

The results were recorded and differences analyzed statistically.

2.7 Statistical Analysis

Results are presented as mean + standard error of mean. The One — way Analysis of
Variance (ANOVA) was used to determine the differences between means, followed by post
hoc multiple comparisons. P=.05 was considered significant. Computer software SPSS
version 17.0 and Microsoft Excel (2007 version) Analyzer were used for the analysis.

3. RESULTS AND DISCUSSION

3.1 Fasting Blood Glucose Concentration in the Different Experimental
Groups
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There was no significant difference in the fasting blood glucose concentration of animals in
the different experimental groups before STZ administration (Fig. 1). Forty eight hours after
STZ administration, the mean fasting blood glucose concentration in the different
experimental groups was 67 + 2.5, 226 + 5.2, 228 + 3.0, 227 + 3.7, 68 + 2.9 and 67 + 2.0
mg/dl for control, DM, DM+Aloe, DM+VA, C+Aloe and C+VA group respectively. Mean
fasting blood glucose level was significantly (p<0.001) higher in DM, DM+Aloe and DM+VA
groups compared to control (Fig. 1). Before sacrifice, mean fasting blood glucose in the
different experimental groups were 70 + 1.9, 226 + 2.7, 70+ 1.8,87 +1.7,72+1.3and 74 +
1.7 mg/dl for control, DM, DM+Aloe, DM+VA, C+Aloe and C+VA group respectively. Mean
fasting blood glucose concentration before sacrifice was significantly (p<0.001) reduced in
DM+Aloe and DM+VA groups, compared to DM group, with DM+Aloe being significantly
(p<0.001) lower, compared to DM+VA group, (Fig. 1).
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Fig. 1. Comparison of fasting blood glucose level in the different experimental groups.
Values are mean + SEM, n = 6.
***n<0.001 vs control, C+Aloe, C+VA,; c = p<0.001 vs control, DM+Aloe, DM+VA;
y = p<0.001 vs DM+Aloe.

3.2 Serum Total, Conjugated and Unconjugated Bilirubin Concentrations

3.2.1 Serum total bilirubin concentration

Serum total bilirubin (STB) concentration in the different experimental groups was 4.3 +
0.14, 9.0 + 0.25, 3.7 + 0.15, 5.4 + 0.12, 3.6 + 0.12 and 3.9 + 0.08 mmol/L for control, DM,
DM+Aloe, DM+VA, C+Aloe and C+VA group respectively. STB concentration was
significantly (p<0.001) increased in DM group, compared to control. DM+Aloe and DM+VA
group had a significantly (p<0.001) lower STB concentration compared to DM group, with
DM+Aloe group having a significantly (p<0.001) lower STB concentration, compared to
DM+VA.
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C+Aloe group had a significantly (p<0.05) lower STB concentration, compared to control
while that of C+VA group was not significantly different from control, (Fig. 2).
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Fig. 2. Comparison of serum total bilirubin concentration in the different experimental
groups. Values are mean + SEM, n = 6.
***p<0.001, *p<0.05 vs control; b = p<0.001 vs DM, DM+VA; ¢ = p<0.001 vs DM.

3.2.2 Serum conjugated bilirubin concentration

Serum conjugated bilirubin (SCB) concentration in the different experimental groups was 2.5
+0.08, 3.5+ 0.13, 2.4 + 0.07, 3.5 + 0.10, 2.9 + 0.12 and 3.0 + 0.07 mmol/L for control, DM,
DM+Aloe, DM+VA, C+Aloe and C+VA group respectively. SCB concentration was
significantly (p<0.001) increased in DM and DM+VA groups, compared to control. DM+Aloe
group had a significantly (p<0.001) lower SCB concentration compared to DM and DM+VA
groups. SCB concentration was significantly increased in C+Aloe group (p<0.05) and C+VA
group (p<0.01), compared to control. SCB concentration in the C+Aloe group was not
significantly different compared to that of C+VA group, (Fig. 3).
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Fig. 3. Comparison of serum conjugated bilirubin concentration in the different
experimental groups. Values are mean + SEM, n = 6.
*p<0.05, **p<0.01, ***P<0.001 vs control; b = p<0.001 vs DM, DM+VA.
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3.2.3 Serum unconjugated bilirubin concentration

Serum unconjugated bilirubin (SUB) concentration in the different experimental groups was
1.8+0.14, 55+0.28,1.3 +0.19, 1.8 + 0.10, 0.7 + 0.14 and 1.0 + 0.03 mmol/L for control,
DM, DM+Aloe, DM+VA, C+Aloe and C+VA group respectively. SUB concentration was
significantly (p<0.001) increased in DM group, compared to control. SUB concentration was
significantly (p<0.001) reduced in DM+Aloe and DM+VA groups, compared to DM group,
with DM+Aloe group being significantly (p<0.05) lower compared to DM+VA group. SUB
concentration was significantly reduced in C+Aloe group (p<0.001) and C+VA group
(p<0.01), compared to control. SUB concentration in the C+Aloe group was not significantly
different compared to C+VA group, (Fig. 4).
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Fig. 4. Comparison of serum unconjugated bilirubin concentration in the different
experimental groups. Values are mean + SEM, n = 6.
**p<0.01, ***p<0.001 vs control, ¢ = p<0.001 vs DM; *p<0.05 vs DM+VA.

Serum Unconjugated Bilirubin (mmol/L)

3.3 Biliary Total, Conjugated and Unconjugated Bilirubin Concentrations

3.3.1 Biliary total bilirubin concentration

The mean biliary total bilirubin (BTB) concentration in the different experimental groups was
6.4+0.14,16.8 +0.42,4.4 +0.11,7.3 + 0.32,4.4 + 0.22 and 6.9 + 0.15 mmol/L for control,
DM, DM+Aloe, DM+VA, C+Aloe and C+VA group respectively. BTB concentration was
significantly (p<0.001) increased in DM group, compared to control. DM+Aloe and DM+VA
groups had a significantly (p<0.001) lower BTB concentration compared to DM group, with
DM+Aloe group having a significantly (p<0.001) lower BTB concentration, compared to
DM+VA.

C+Aloe group had a significantly (p<0.05) lower BTB concentration, compared to control
while that of C+VA group was not significantly different from control, (Fig. 5).
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Fig. 5. Comparison of biliary total bilirubin concentration in the different experimental
groups. Values are mean + SEM, n = 6.
*p<0.05, ***p<0.001 vs control; b = p<0.001 vs DM, DM+VA; ¢ = p<0.001 vs DM;
y = p<0.001 vs C+Aloe.

3.3.2 Biliary conjugated bilirubin concentration

The mean biliary conjugated bilirubin (BCB) concentration in the different experimental
groups was 4.8 + 0.31, 10.1 + 0.27, 3.4 + 0.15,5.5 + 0.29, 3.4 + 0.21 and 5.6 + 0.15 mmol/L
for control, DM, DM+Aloe, DM+VA, C+Aloe and C+VA group respectively. BCB
concentration was significantly (p<0.001) increased in DM group, compared to control.
DM+Aloe and DM+VA groups had a significantly (p<0.001) lower BCB concentration
compared to DM group, with DM+Aloe group having a significantly (p<0.001) lower BCB
concentration, compared to DM+VA.

C+Aloe group had a significantly (p<0.001) lower BCB concentration, compared to control
while C+VA group had a significantly (p<0.05) higher BCB concentration compared to
control. BCB concentration was significantly (p<0.001) reduced in C+Aloe group compared
to C+VA group, (Fig. 6).
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Fig. 6. Comparison to biliary conjugated bilirubin concentration in the different
experimental groups. Values are mean + SEM, n = 6.
***p<0.001, *p<0.05 vs control; b = p<0.001 vs DM; ¢ = p<0.001 vs DM+VA,;
y =p <0.001 vs C+VA.

3.3.3 Biliary unconjugated bilirubin concentration

The mean biliary unconjugated bilirubin (BUB) concentration in the different experimental
groups was 1.5 + 0.39, 6.8 + 0.52, 1.0 + 0.12, 1.8 + 0.14, 1.0 + 0.10 and 1.4 + 0.15 mmol/L
for control, DM, DM+Aloe, DM+VA, C+Aloe and C+VA group respectively. BUB
concentration was significantly (p<0.001) increased in DM group, compared to control.
DM+Aloe and DM+VA groups had a significantly (p<0.001) lower BUB concentration
compared to DM group. BUB concentration in DM+Aloe group was not significantly different
compared to DM+VA.

C+Aloe and C+VA groups had a significantly (p<0.001) lower BUB concentration, compared
to DM group. BUB concentration in C+Aloe and C+VA groups was not significantly different
compared to control, (Fig. 7).
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301 ***p<0.001 vs control; b = p<0.001 vs DM; ¢ = p<0.001 vs DM.

302

303 3.4 Rate of Bile Secretion

304

305 The mean bile secretory rate in the different experimental groups was 0.33 + 0.05, 0.38 +
306  0.04, 0.37 + 0.05, 0.38 + 0.08, 0.35 + 0.05 and 0.40 + 0.09 ml/hr for control, DM, DM+Aloe,
307 DM+VA, C+Aloe and C+VA group respectively. There was no significant difference in the
308  mean rate of bile secretion in the groups study, (Fig. 8).
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Fig. 8. Comparison of mean bile secretory rate in the different experimental groups.
Values are mean + SEM, n = 6.

3.5 Percentage Serum Conjugated Bilirubin Concentration

The percentage serum conjugated bilirubin (SCB) concentration in the different experimental
groups was 58.9 +2.2,38.9+1.7,64.85+4.3,65.76 +1.5,79.9 + 3.7 and 75.41 + 0.8 % for
control, DM, DM+Aloe, DM+VA, C+Aloe and C+VA group respectively. Percentage SCB
concentration was significantly (p<0.001) reduced in DM group, compared to control.
DM+Aloe and DM+VA groups had a significantly (p<0.001) higher percentage SCB
concentration compared to DM group. C+Aloe group had a significantly (p<0.001) higher
percentage SCB concentration, compared to control, (Fig. 9).
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Fig. 9. Comparison of the percentage serum conjugated bilirubin concentration in the
different experimental groups. Values are mean + SEM, n = 6.
***p<0.001, y = p<0.001 vs control; ¢ = p<0.001 vs DM

3.6 Percentage Biliary Conjugated Bilirubin Concentration

The percentage biliary conjugated bilirubin (BCB) concentration in the different experimental
groups was 76.5 + 5.6, 60.0 + 2.3, 77.5 + 2.9, 75.7 + 1.8, 78.2 + 1.9 and 80.5 + 1.9 % for
control, DM, DM+Aloe, DM+VA, C+Aloe and C+VA group respectively. Percentage BCB
concentration was significantly (p<0.001) reduced in DM group, compared to control.
Percentage BCB concentration was significantly increased in DM+Aloe (p<0.001) and
DM+VA (p<0.01) groups, compared to DM group. C+Aloe and C+VA groups had a

significantly (p<0.001) higher percentage BCB concentration, compared to DM group, (Fig.
10).
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Fig. 10. Comparison of percentage biliary conjugated bilirubin concentration in the
different experimental groups. Values are mean + SEM, n = 6.
***p<0.001 vs control; **p<0.01, ¢ = p<0.001 vs DM.

4. DISCUSSION

Diabetes mellitus is known to be associated with chronic hyperglycemia. Determination of
fasting blood glucose levels 48 hours after STZ administration, confirmed type 1 diabetes
mellitus (T1DM) in the groups administered, suggesting that the insulin producing pancreatic
beta cells were destroyed by streptozotocin (Fig. 1). Nna et al [10] and Obatomi et al [17]
had earlier reported the hypoglycemic property of Aloe vera gel and Viscum album
respectively. This present study is consistent with previous reports [10,17] that Aloe vera gel
and Viscum album leaf extract ameliorate derangements in blood glucose levels in T1DM.

Estimation of serum bilirubin is often instrumental in determining the state of health of the
liver, since it plays a central role in bilirubin excretion. Increased serum bilirubin
concentration may result from liver damage, presence of immature red blood cells in
circulation or Gilbert syndrome.

Serum and biliary total, conjugated and unconjugated bilirubin concentrations were raised in
diabetic animals in our study, (Fig. 2 - 7). Aloe vera gel significantly reduced serum total,
conjugated and unconjugated bilirubin concentrations in the diabetic group in a pattern which
was significantly different from that of Viscum album leaf extract. The decrease in serum
bilirubin concentration was more in the Aloe vera treated group, compared to the Viscum
album treated group. Although serum bilirubin concentrations were reduced in Aloe vera
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treated control animals, the decrease was not significant compared to Viscum album treated
control animals. The decrease in serum and biliary bilirubin concentrations observed in the
groups administered Aloe vera gel or Viscum album was not directly linked to the rate of bile
secretion. This is evident in figure 8, which showed no significant differences in bile
secretory rate in the groups studied. The decrease in serum and biliary bilirubin observed in
extract treated groups in this study points to efficient conjugation and excretion by the liver
through the small intestine, rather than rate of bile secretion.

El-Serag and Everhart [23], and Liane et al [24] both reported liver damage in diabetes
mellitus. This may be responsible for the observed significant reduction in percentage serum
and biliary conjugated bilirubin concentration in DM group, (Fig. 9 and 10). Aloe vera gel and
Viscum album reversed the reduction in percentage serum and biliary conjugated bilirubin
concentrations observed in the DM group. This feature may be attributed to their
phytoconstituents, which have been proven to be hepotoprotective [25,26]. Phytochemical
analysis of extracts from leaf of viscum album have shown that it contains phenylpropan,
flavonoid derivatives, phenolic compounds, n-butanolic fractions, tanins, saponins, lectin,
viscotoxins, arabinogalactans and choline - a derivative of acetylcholine; while Aloe vera
contains some enzymes like alkaline phosphatase, amylase, carboxypeptidase, catalase,
cellulase, lipase and peroxidase [27,28].

Reports on antioxidant effects of hyperbilirubinemia are yet unclear. Some studies have
reported beneficial effects of hyperbilirubinemia in reducing the risk of cardiovascular
diseases owing to its antioxidant effect [29,30], yet some have reported that there are no
correlations between hyperbilirubinemia and reduced risk of cardiovascular diseases [31].
Contrary to published findings in the cardiovascular literature which suggest that bilirubin
Improves vascular reactivity and cardiovascular risk in people without diabetes [32,33,34],
Susie et al [31] reported that total bilirubin did not seem to have any beneficial effect on
vascular reactivity in individuals with diabetes despite the fact that bilirubin levels were
higher in diabetic group.

It is on the basis of the above inconsistencies that we suggest that relying on the antioxidant
effects of Aloe vera gel and Viscum album [35,36,37,38] in the course of treating
hyperbilirubinemia in diabetics remain safer, as hyperbilirubinemia may be detrimental to
health.

5. CONCLUSION

On the basis of the results obtained from this study, we therefore conclude that Aloe vera gel
and aqueous leaf extract of Viscum album are effective in ameliorating altered bilirubin
indices triggered by T1DM. Both plant materials also reduce serum bilirubin concentrations
in normal animals by increasing the rate of bilirubin conjugation in the liver, and hence
influence the rate of excretion.
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