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	 This research sought to verify the effect of natural honey on brain levels of 
malondialdehyde (MDA) and reduced glutathione (GSH) in rats. Forty nine male and female 
Wistar rats were used for the experiment. The rats were allotted into seven groups of seven 
rats in each group. For one month, rats in groups 1-4 were fed with 100% feed, 20%, 30% and 
40% honey respectively. The remaining 3 groups were fed with amounts of refined fructose 
and glucose equivalent to those in 20%, 30% and 40% honey. The brains were then excised, 
homogenized and used for biochemical analysis. Results showed that honey in all concentrations 
caused a significant increase in GSH levels but only 20% honey caused a significant decrease in 
MDA level when compared with control. Also, fructose feeding at 20%, 30% and 40% increased 
both brain GSH and MDA levels. Consequently, the influence of GSH as an antioxidant against 
brain lipid peroxidation needs further studies for better understanding since an increase in 
GSH for fructose- and honey-fed rats did not cause a simultaneous decrease in MDA content.
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	 Honey is a natural alternative to plain 
sugar. It is a sweet gold-coloured viscous substance 
which originates from the nectars of honey bees1. 
The constituents of honey vary and mainly 
depend on the source. Honey contains at least 181 
substances. It is also a super saturated solution 
of compound sugars; fructose (38%) and glucose 
(31%). It also contains proteins, minerals, enzymes 
and vitamins2,3.
	 Honey holds numerous medicinal and 
health benefits as a natural food supplement. These 
benefits of honey have been reported to be related to 
its antioxidant, antibacterial4, antifungal5, antiviral6, 
antitumor7, anti-inflammatory8, antidiabetic9, 

immunomodulatory10, etc. ability. Existing 
literary evidence suggests that honey is capable 
of protecting different body organs such as the 
brain, liver and kidneys from damage by acting as 
an antioxidant or enhancing cellular antioxidant 
defence systems11-13. It has also been demonstrated 
that honey plays a significant role in attenuating 
oxidative stress-induced cell death14. Furthermore, 
previous research has shown that 1.2 g/kg of 
honey caused an elevation in level and activity of 
antioxidant agents in healthy humans15.
	 Oxidative stress has been posited to be a 
direct consequence of an imbalance between free 
radical species and antioxidants which results in 
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debilitating effects in various organs of the body. 
It usually results either when the free radical 
species (e.g. malondialdehyde; MDA) activity 
is enhanced or when antioxidant agents such as 
reduced glutathione (GSH), superoxide dismutase 
(SOD) or catalase (CAT) are depleted1. 
	 Typically, the brain is believed to be 
the organ most vulnerable to oxidative stress. 
Therefore, this study attempts to ascertain the 
significant changes (if any) in GSH and MDA 
levels in the brains of Wistar rats fed with varying 
amounts of natural honey.

Materials and Methods

Experimental animals
	 Forty nine (49) Wistar rats weighing 61-
111 g used in the present research were obtained 
from the Animal House, Faculty of Basic Medical 
Sciences, Delta State University, Abraka, Delta 
State. They had unrestricted access tofood (i.e. 
growers’ mash obtained from Top-Feeds, Sapele, 
Delta State, Nigeria) and water. The animals 
were subsequently housed in metal cages under 
appropriate conditions of 12 h light:12 h dark cycle.
Drugs
	 Honey was purchased from Ewu Catholic 
Monastery, Edo State, Nigeria. Glucose, fructose 
(Food Grade) and sodium chloride (AnalaR Grade) 
were obtained from BDH Chemicals Limited, 
Poole, England. 
Chemicals
	 All reagents and test kits used in this 
research were purchased from TECO Diagnostics, 
Anaheim CA, USA. 
Experimental design
	 The rats were sorted and arranged into 
seven groups labelled 1-7. Each group contained 
seven rats (n=7). During grouping, the seven 
groups were sorted and weighed so that the mean 
weights of all groups were approximately the 
same. The mean weights and standard deviations 
of each rat were then recorded accordingly. At the 
end of every week, the mean weights and standard 
deviations were recorded for each group and this 
was done for four weeks. 
	 The rats were either fed on growers’ mash 
that was honey- or sugar-free (control group) or 
contained 20% (Group 2), 30% (Group 3), 40% 
(Group 4) honey or fructose/glucose equivalent 

to amounts in 20% (Group 5), 30% (Group 6) and 
40% (Group 7) honey for four weeks. The key 
players in the research are linked and illustrated 
in Figure 1.
Preparation of brain tissue homogenate 
	 Upon completion of the feeding periods, 
the overnight-fasted animals were then sacrificed 
by euthanization and their respective brains were 
harvested and collected into well-labelled tubes for 
the biochemical analysis. One gram (1 g) of wet 
brain tissue was homogenized in 9.0 mL of normal 
saline and the resultant supernatant was kept frozen 
until analysis16.
Biochemical investigation
	 The biochemical parameters measured 
include the levels of malondialdehyde (MDA) and 
reduced glutathione (GSH).
	 Brain reduced glutathione (GSH) was 
measured by the Ellman method16. On the other 
hand, lipid peroxidation in the brain was estimated 
by Thiol-Barbituric Acid Reactive Species 
(TBARS) using malondialdehyde (MDA) as 
standard17.
Statistical analysis
	 The Mean +Standard Deviation (SD) 
of the groups was calculated and values were 
expressed as such. Significant difference between 
means was evaluated by analysis of variance 
(ANOVA). Post-test analysis was done using 
Tukey’s post-hoc test. Values of p<0.05 were 
considered as statistically significant. 

Results and Discussion

	 Honey is a natural viscous sweetener 

Fig. 1. Major factors in the experiment
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Fig. 2. Brain malondialdehyde (MDA) levels induced by honey feeding in Wistar rats

commonly used as food and in medical products 
such as drugs and ointments1.The present study 
suggests that honey possesses neuroprotective 
effect via the enhancement of antioxidant activity. 
The results of the present study revealed that honey 
feeding (20%, 30% and 40%) significantly (p<0.05) 
increased brain GSH in a pattern that depends 
on the amount. However, only the higher doses 
of fructose/glucose feeding induced significant 
(p<0.05) increase in brain GSH levels. On the other 
hand, changes in brain MDA levels for both honey 
and fructose-fed groups did not differ significantly 
(p>0.05) from the values in the control group. 
An exception was observed in the fructose group 
with 40% honey equivalent which resulted in a 
significant (p<0.05) increase in MDA levels (Figure 
1). This suggests that MDA levels progressively 
increased as honey equivalents increased in the 
fructose groups. This observed pattern was similar 
to the trend observed for GSH (Figure 2).
	 The results from the present study reveal 
that 20% honey caused a decrease in brain levels 
of GSH and MDA while 30 and 40% caused an 
increase in MDA and GSH. Honey is a potential 
natural antioxidant that works by enhancing the 
level and activity of endogenous antioxidants 

such as reduced glutathione (GSH) in a pattern 
that seems dose-dependent. This is in line with 
previous studies which suggested that treatment 
of animals with honey improved the brain 
antioxidant status (measured by catalase, GSH and 
superoxide dismutase) but no significant effect was 
observed on MDA level, which means honey acts 
by possibly increasing the antioxidant capacity 
needed to abrogate the effect of oxidative stress 
induced by lead exposure1,18. Also in the present 
study, the enhancing effect of honey on GSH level 
was observed in groups fed with fructose/glucose 
equivalent to honey amounts. Also, the results 
from this study is backed up by a previous study 
which showed that honey acted as an antioxidant 
by drastically reducing the index of hypertension 
and enhancing antioxidant activities (measured 
by GSH, GSSH and GPx) in diabetic spontaneous 
hypertensive rats12. 
	 Furthermore, malondialdehyde (MDA) 
concentration was determined in the present 
study. MDA is considered a potent biomarker 
of lipid peroxidation which is known to be a 
key mechanism of oxidative stress formation3. 
Therefore, any substance capable of depleting 
MDA is considered a free radical scavenger. 
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However, the present study shows that honey did 
not significantly reduce the brain MDA content 
when compared with the control group1 but the 
minimal amounts of fructose did (i.e. 20% and 
30%)19. Although this experiment suggests that 
a high-fructose diet (i.e. 40%) induced oxidative 
stress by significantly increasing MDA levels20, the 
present study agrees with previous reports of the 
oxidative stress-inducing ability of dietary fructose 
via a mechanism linked to increasing MDA level21.

Conclusion

	 From the available evidence in the 
present study, brain of rats fed with honey 

showed significantly increased GSH levels 
and non-significantly increased MDA levels as 
doses increased. This implies that the enhanced 
antioxidant activity of honey is still associated 
with a measure of increased levels of prooxidants. 
The results from this experiment therefore furnish 
industries with valuable information on the suitable 
concentrations of honey assists in determining the 
concentration of honey that can be added to food 
and medical products. Also, from the foregoing 
discussion, the antioxidant enhancement effect 
of honey may be unsubstantial in potentially 
preventing brain lipid peroxidation induced by 
either honey or fructose feeding in rats. Therefore, 
the mechanism by which honey attenuates lipid 

Values are expressed as Mean+SD (n=7 rats/group). Values that bear different letter superscripts on a given column differ 
significantly (p<0.05)
Group 1: Treated as control (100% feed)
Group 2: Treated with 20% honey, 80% feed
Group 3: Treated with 30% honey, 70% feed
Group 4: Treated with 40% honey, 60% feed
Group 5: Treated with fructose/glucose equivalent to amounts in 20% honey
Group 6: Treated with fructose/glucose equivalent to amounts in 30% honey
Group 7: Treated with fructose/glucose equivalent to amounts in 40% honey

Fig. 3. Reduced glutathione (GSH) levels induced by honey feeding in Wistar rats
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peroxidation and possibly reverses oxidative stress 
in brain tissue needs further studies.
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