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ABSTRACT

The search for antidotes for Al toxicity is on-going. Thus, this study investigated the curative
influence of natural honey bee on liver function parameters in aluminium nitrate-induced
Wistar rats. Thirty (30) Wistar rats (150+6g) were divided into six groups: Group one served as
control and received only feed and water. Groups 2-6 served as the test groups and received
single dose of AI(NO3)3 (6.5 mg/kg body weight). Groups 3-6 received varying doses of NBH
(10 %, 25 %, 50 % diluted with distilled water and 100 % natural BH orally at a dose of 2.5
g/kg respectively) 24 h after AI(NO3)3 intoxication for 14 consecutive days. The activities of
alanine aminotransferase, aspartate aminotransferase and alkaline phosphatase in the plasma
and liver and the levels of total protein, albumin and globulin were evaluated. Exposure to
aluminium significantly (p< 0.05) increased the activities of ALT, AST and ALP relative to
rats in the control group. However, the treatment of Al-exposed rats with varying doses of
NBH significantly reduced the activities of the enzymes, compared to rats maintained on Al
alone, with the exception of Al-exposed rats given 100 % NBH. Albumin concentrations were
significantly higher in control rats than in rats exposed to Al. However, the administration of
50% NBH to Al-exposed rats significantly (p< 0.05) increased albumin concentration relative
to rats exposed to Al alone. This study showed that NBH has significant positive effects on
aluminum toxicity in rats with the 50 % NBH treatment having the greatest effect.
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The environment in which animals and humans live is
contaminated with many chemicals and heavy metals of
which Aluminum (Al) is of great concern (Al Dera, 2016).
Al makes up about 8% of the earth’s mineral component
being the third most abundant element on the planet (WHO,
2010; Al-Olayan et al., 2015). In addition, due to its wide
application in several industrial processes and products
ranging from antiperspirants, food additives, antacids,
shampoos, packaging materials, toothpaste, vitamins,
treatment of water, cosmetics, wood preservation and plastic
fillers, humans and animals are inevitably exposed to Al

(AbdelMoneim et al., 2013; Lentini et al., 2017; Bulan et
al., 2019).

Till date, aluminum has not been shown to play known
physiological role in the body, but has been shown to trigger
several adverse effects effects (Turgut et al., 2004; Yousef et
al.,, 2019). Al bio-accumulates in several organs such as
liver, kidney and brain, where it results in toxic effects,
which have been shown to occur via increase in oxidative
stress (Yousef et al., 2019; Al-Kahtani et al., 2020; Ekakitie
et al., 2021). Though Al is not a redox metal, it interacts
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with membranes. It aids the formation of reactive oxygen
species and disturbs the normal body function of essential
trace metals (such as iron and zinc) and antioxidant enzymes
(Zhu et al., 2012). In addition, Al has the ability to attach
itself to nucleic acid molecules and can inhibit the activity of
alkaline phosphatases, phosphodiestrases and hexokinase
(Akpanyung et al., 2018; Wang et al., 2018).

The liver is a major organ where Al toxicity is manifested
because it plays central role in the metabolism of
xenobiotics (Sivakumar et al., 2012; Bhasin et al., 2014) and
as such, several studies have screened some natural
products, with proven antioxidant prowess, and
demonstrated their protective effects against Al-induced
hepatic injury. Such natural products include saffron,
melatonin, propolis, gingerol, quercetin, royal jelly and
Nigella sativa (Shati and Alamri 2010; Shrivastava, 2013;
Al-Qayim et al., 2014; Algayim,2015; Oda 2016; Sharma et
al. 2016; Yakubu et al., 2016; Dass and Ramoji, 2017).

The antioxidant capacity of natural bee honey (NBH) against
Al-induced oxidative stress in the tissues of rats has also
been demonstrated (Erejuwa, 2012; Ekakitie et al., 2021),
but studies reporting the effects of varied concentrations of
NBH on liver function parameters of Al-exposed rats are
rare. Honey is made by honeybees using nectar gotten from
different flowers, digested and enriched with salivary and

enzymatic secretions. Thus honey contains several
compounds such as proteins, phenolic acids, volatile
chemicals, lipids, carbohydrates, flavonoids (quercetin,
kaempferol, luteolin), enzymes (phosphatases, catalase,

glucose oxidase, invertase), amino acids, organic acids
(acetic acid, gluconic acid) and vitamins (pyridoxine, niacin,
ascorbic acid etc.) with powerful free radical scavenging and
antioxidant effects (Blasa et al., 2006; Fiorani et al., 2006).
This study therefore investigated the influence of natural
honey bee on liver function parameters in aluminum nitrate-
induced Wistar rats.

MATERIALS AND METHODS

Chemicals and Reagents

Analytical grade chemicals and assay kits used for this study
were products of BDH chemical laboratory England and
Randox laboratories limited, Antrim, England.

Experimental Animals and Bee Honey

Thirty (30) Wistar rats (150+6g) procured from the Animal
House, Faculty of Basic Medical Sciences, Delta State
University, Abraka were used for this study. Standard
animal house with plastic cage and exposed to 12 hours light
was used. The animals were divided into 6 groups with five
rats in each group and acclimatized for one week before the

commencement of the experiment. The animals were
handled in accordance to standard protocols for animal care
and were given free access to feed (grower’s mash) and
drinking water. Natural bee honey was obtained from trusted
dealers in Abraka, Ethiope East Local Government Area of
Delta State, Nigeria.

Experimental Design

Group one served as control and received only feed and
water. Groups 2-6 served as the test groups and received
single dose of AI(NO3); (6.5 mg/kg body weight),
intraperitoneally. In addition, rats in groups 3-6 received
varying doses of NBH (10 %, 25 %, 50 % diluted with
distilled water and 100 % natural BH orally at a dose of 2.5
o/kg respectively) 24 h after AI(NOs); intoxication for 14
consecutive days. Table 1 below shows the experimental
design:

Table 1. Experimental Design

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Control ~ AI(NOz);  AI(NOsz); + AI(NOsz);  AI(NOsz);+  AI(NOs)
control: 10 % natural + 25 % 50 % 3 + 100
bee honey: natural natural bee %
bee honey: natural
Single dose honey: bee
Single of AI(NOs)s Single honey:
(Feed dose of (6.5 mg/kg Single dose of
and Al(NO3)3 body weight) dose of AI(NO;); Single
Water (6.5 and 10% of AI(NO;); (6.5mg/kg dose of
only) mg/kg NBH for 14 (6.5 body Al(NO;)
body consecutive mg/kg weight) 3 (65
weight) days body and 50% mg/kg
only weight) of NBH body
and 25 % for 14 weight)
of NBH consecutiv and
for 14  edays 100% of
consecuti NBH for
ve days 14
consecut
ive days

At the end of the last treatment, blood and liver samples
were obtained from the rats after sacrificing them by
cervical dislocation and processed for biochemical
examinations.

Biochemical Assays

The biochemical assays conducted include: the activities of
alanine aminotransferase (ALT), aspartate aminotransferase
(AST) and alkaline phosphatase (ALP) in the plasma and
liver as well as the levels of total protein, albumin and
globulin. The activities of ALT and AST in the plasma and
tissues were assayed by the method of Reitman and Frankel
(1957), with the activity of the aminotransferases expressed
in units/ml.

The method of Annino and Giese (1976) was employed in
the determination of the activity of alkaline phosphate (ALP)
with the activity of the enzyme expressed in units/g tissue
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based on the principle that a unit of the enzyme represents
the quantity of the enzyme that produced a micromole of p-
nitrophenol per minute. The concentration of albumin in the
serum and liver was determined according to the method of
Doumas et al. (1971), while total protein levels were
determined through the method of Tietz (1999). Thereafter,
the concentration of globulin in serum was calculated as the
difference between total protein and albumin concentrations.

Statistical analysis

Descriptive statistics and the one-way analysis of variance
(ANOVA) were performed followed by the Least
Significant Difference (LSD) test to locate significant
difference between the groups. Statistical analysis was done
using the Statistical Package for Social Sciences SPSS-
(version 22.0). Results are presented as Mean £ SD and

The curative influence of natural honey bee on the activities
of ALT, AST and ALP in the serum of aluminum nitrate-
induced Wistar rats is shown in Table 3. As observed in the
liver, the activities of ALT, AST and ALP in the serum was
significantly elevated (p< 0.05) in rats exposed to Al (groups
2-6) compared with the control (group 1). Significant
reduction (p< 0.05) in the activities of the enzymes was
observed when rats maintained on Al alone (group 2) were
given varying concentrations of NBH. Again, the 50 %
treatment showed the greatest positive effect; it restored the
activity of ALP to levels comparable with that of control
rats.

Table 3. The Curative Influence of Natural Honey Bee on the
Activities of ALT, AST and ALP in the Serum of Aluminum
Nitrate-Induced Wistar Rats.

ot i Expt Serum ALT Serum AST Serum ALP
<

statistical significance was set at p< 0.05. G (UIL) (UIL) (UIL)

Groupl  50.20 +11.50° 33.00414.33%  297.22+18.18°
RESULTS AND DISCUSSION Group 2 111.30 + 26.51° 100.20 +7.82° 348.22 + 81.30
The curative influence of natural honey bee on the activities g:gﬂgi 22'}18 f 13252 gg-ig f gzégczc gig-gg f %8-83;
.Of ALT, A.ST and A.LP in the Iiv.er of aluminium nitrate- Group 5 80:32;22:019 42:40;7:0@ 291:20;10:833
induced Wistar rats is presented in Table 2. Exposure t0  Group 6 108.20 + 10.11° 96.40 + 3.32° 347.15 + 15.50°

aluminium (groups 2-6) significantly (p< 0.05) increased the
activities of the enzymes relative to rats in the control group.
However, the treatment of Al-exposed rats with varying
doses of NBH significantly reduced the activities of the
enzymes, compared to rats maintained on Al alone, with the
exception of Al-exposed rats given 100% NBH (Group 6).

Values are represented in mean + SD. n=5. Mean values with different
superscript alphabet in the same column differ significantly at p<0.05. Key:
Group 1; Control; Group 2: Aluminum nitrate control; Group 3: Aluminum
nitrate + 10 % honey; Group 4: Aluminum nitrate + 25 % honey; Group 5:
Aluminum nitrate + 50 % honey; Group 6: Aluminum nitrate + 100 %
honey.

The activity of AST in Al-exposed rats was restored to
normal (as in the control; group 1) by the administration of
50% NBH (group 5).

Table 4 shows the influence of natural honey bee on the
concentrations of total protein and albumin in the liver of
aluminum nitrate-induced Wistar rats. Total protein
concentrations were significantly higher in control rats than
in rats exposed to Al. This was also observed for albumin
concentration. The albumin concentration in Al-exposed rats

Table 2: The Curative Influence of Natural Honey Bee on the
Activities of ALT, AST and ALP in the Liver of Aluminum
Nitrate-Induced Wistar Rats.

Expt Liver ALT (U/L)  Liver AST  Liver ALP (U/L) was not significantly increased with administration of 10 %,
%ﬁt‘; . (géi)o o S 25 % and 100% NBH, however, the administration of 50%

1 NBH to Al-exposed rats significantly (p< 0.05) increased
Group  150.20 + 3.58° 110.20 +17.49  570.14 +20.09° albumin concentration relative to rats exposed to Al alone

2 ° (group 2) and to a level comparable to that in the control
GrgUp 138.10 +5.98° 90.00 £ 12.71° 415.25 + 48.81° group. This also shows that the 50 % NBH treated had the
Group  112.26 + 4.60¢ 72.10 + 9.28¢ 345.27 + 17.00¢ greatest curative effect against Al-induced toxicity. Levels

4 of total protein were significantly increased in Al-exposed

Grgup 100.15£3.33°  59.35£8.30° 32532+ 4.81° rats by the administration of 25 % and 50 % NBH, but no
Group  152.20 +  112.15 + 3.70P 573.54 + §.220 changes were observed in Al-exposed rats given 10 % and
6 26.79° 100 % NBH compared to rats exposed to Al alone (group 2)

Values are represented in mean + SD. n=5. Mean values with different
superscript alphabet in the same column differ significantly at p<0.05. Key:
Group 1; Control; Group 2: Aluminum nitrate control; Group 3: Aluminum
nitrate + 10% honey; Group 4: Aluminum nitrate + 25% honey; Group 5:
Aluminum nitrate + 50 % honey; Group 6: Aluminum nitrate + 100%
honey.
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Table 4. The Curative Influence of Natural Honey Bee on the
Concentrations of Total Protein and Albumin in the Liver of
Aluminum Nitrate-Induced Wistar Rats.

Experimental Liver Albumin Liver total protein
Group (g/dn) (g/dl)
Group 1 50.40 + 04.832 58.36 + 02.092
Group 2 36.20 + 12.15P 30.26 + 02.52°
Group 3 32.60 + 09.40P 35.40 + 05.23°
Group 4 38.45 +09.20° 37.36 + 3.39¢
Group 5 42.25+10.87° 43.30 + 12.47¢
Group 6 34.15 + 06.70° 31.28 +09.82°

Values are represented in mean + SD. n=5. Mean values with different
superscript alphabet in the same column differ significantly at p<0.05. Key:
Group 1; Control; Group 2: Aluminum nitrate control; Group 3: Aluminum
nitrate + 10 % honey; Group 4: Aluminum nitrate + 25 % honey; Group 5:
Aluminum nitrate + 50 % honey; Group 6: Aluminum nitrate + 100 %
honey

The influence of natural honey bee on the concentration of
total protein, albumin and globulin in the serum of
aluminum nitrate-induced Wistar rats is presented in Table
5. Exposure to Al significantly (p< 0.05) decreased the
concentration of total protein, albumin and globulin
compared to the control. Treatment of Al-exposed rats with
25% and 50% NBH significantly increased total protein,
albumin and globulin concentrations relative to untreated
rats (group 2), but no significant changes in the levels of
total protein, albumin and globulin when Al-exposed rats
were treated with 10% and 100% NBH. Again, the 50%
NBH treatment was observed to be more effective incurring
Al-induced toxic effects.

Table 5. The Curative Influence of Natural Honey Bee on the
Concentration of Total Protein, Albumin and Globulin in the Serum
of Aluminum Nitrate-Induced Wistar Rats.

Expt. Serum Serum total protein  Serum globulin
groups Albumin (g/dl)  (g/dl) (g/dl)

Groupl  38.26 £13.542 52.38 £ 05.06° 14.12 + 03.092
Group2  20.28 £8.40° 27.36 £ 03.00° 07.22 £09.52°
Group 3  22.36 +3.00° 30.46 + 01.00° 08.10 + 05.23°
Group4  28.96 £9.00° 39.32+03.02¢ 10.36 + 05.392
Group5  37.28+4.35% 49.22 + 02.782 11.94 £ 12.47°
Group 6  24.00 +7.01° 29.42 +01.22° 05.45 + 09.82°

Values are represented in mean + SD. n=5. Mean values with different
superscript alphabet in the same column differ significantly at p<0.05. Key:
Group 1; Control; Group 2: Aluminum nitrate control; Group 3: Aluminum
nitrate + 10 % honey; Group 4: Aluminum nitrate + 25 % honey; Group 5:
Aluminum nitrate + 50 % honey; Group 6: Aluminum nitrate + 100 %
honey

Discussion

In this study, the curative influence of natural honey bee on
liver function parameters in aluminum nitrate-induced
Wistar rats was assessed. Exposure to aluminum lead to a

significant (p< 0.05) increase in the activities of the ALT,
AST and ALT. This result is in consonance with the
reported toxic effect of Al on these enzymes (Othman et al.,
2020; Bakour et al.,, 2017; Shati and Alamri 2010; Al-
Kahtani and Morsy, 2019). It is well known that these liver
enzymes are biomarkers of liver injury (Yousef et al., 2019;
Abdel Moneim et al., 2013). Thus exposure to Al may have
caused injury to the liver with the resultant leakage of these
enzymes into the blood (Cheraghi and Roshanaei, 2019;
Abdel-Wahab, 2012). The increase in their activity in the
liver may be as a result of increased synthesis to compensate
for the lost activity (Okail et al., 2020).

The results of this study also showed that the treatment of
Al-exposed rats with varying doses of NBH significantly
reduced the activities of the enzymes, compared to rats
maintained on Al alone, with the 50 % NBH treatment
producing the greatest curative effect. This can be attributed
to the reported antioxidant properties of NBH (Ekakitie et
al., 2021; Bakour et al., 2017; Erejuwa, 2012; Fiorani et al.,
2006). In a similar study by Al-Waili et al., (2006) honey
had a preventive effect on the elevation in AST and ALT
activities due to the toxic effects of CCls. The several
antioxidant compounds present in NBH may have helped in
mopping up free radicals released due to Al administration
thereby aiding in the stabilization of cellular redox state. In
addition, the works of Achuba and Nwokogba (2015) and El
Rabey et al. (2013) showed the protective ability of natural
honey against toxicity induced by hydrocarbon and
melamine respectively.

As shown in Tables 4 and 5, exposure to Al significantly
reduced the concentration of total protein and albumin in the
liver and serum. Similar result was seen in globulin levels in
the serum indicating that Al had negative effects on protein
metabolism. Similar results were reported by Yousef (2004)
and Okail et al., (2020). In their study, Al induced
significant increase in levels of albumin relative to control.
This was attributed to Al-induced alterations in the liver
(confirmed by increase in the activities of ALT, AST and
ALT) which may have affected the synthesis/metabolism of
proteins. However, the administration of 50% NBH to Al-
exposed rats significantly (p< 0.05) increased albumin
concentration relative to rats exposed to Al alone (group 2)
and to a level comparable to that in the control group. This
appreciable raise in levels total protein and albumin in both
the liver and serum following treatment with NBH is
probably due to the health-promoting components of NBH
and it agrees with other studies (El-Khayat and Ahmed,
2000; El Rabey et al., 2013).
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CONCLUSION

This study showed that NBH has positive influence on
toxicity due to aluminum in rats. The administration of NBH
to Al-exposed rats ameliorated the increase in liver marker
enzymes and normalized protein levels. These effects are
largely connected to the many health-promoting components
of NBH. The 50 % NBH treatment had the greatest curative
effect against Al-induced toxicity.
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