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ABSTRACT

Introduction: A common problem throughout the history has been food spoilage and most of this spoilage is caused 
by the microorganism’s activity or reactions enzymatically during the food storage. Therefore, using of chemical 
materials that prevent or/ and delay spoilage of foods and may led to great success of these compounds against wide 
ranges of pathogens. Sodium benzoate (SB) is one of the synthetic additives that are widely used in the food industry. 
This research was aimed and designated to detect the negative impact of long inoculation the benzoate of sodium 
(SB) on lung and heart histology in rabbits.  Methods: Twelve animals were randomly divided into two groups, 6 
rabbits/group. G1: (Control group) administrated distilled water only, group 2: inoculated by SB (120 mg / kg BW/ 
day) for thirty days. Results: in the results appeared a significant increase of plasma MDA and liver enzymes values 
combined with sharp decrease (P<0.05) of GPx in rabbits after prolong inoculation of SB. Histologically, noticeable 
cytopathic effects were recorded in tissues of lungs and heart of rabbits in SB group contrast to control. Conclusion: 
It can be concluded that the long-term consuming of SB can cause a serious cellular damage in the vital organs that 
affecting liver and kidneys function which consequently threating health status of human and animals.
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INTRODUCTION

Sodium benzoate (SB) is one of the synthetic additives 
that are widely used in the food industry (1). The 
neutralization of benzoic acid with sodium hydroxide 
was produced the sodium benzoate. Benzoate of 
sodium is mainly used as a preservative in beverages, 
fruit products, chemically leavened, baked goods and 
condiments. The disadvantage of SB is the off-flavor that 
the importance of many foods a reason due to their have 
inhibitory effects on yeast, so it couldn’t used in products 
of yeast-leavened (2). Nevertheless, SB is recommended 
as a preservative for numerous food products at an 
optimum level (0.1-0.5%) in different countries (3,4). 
Sodium benzoate is used preferably as a preservative at 
pH range of (4-5) in many food products (2, 4). Despite 

the wide use of SB in preserved or processed food 
products, a serious adverse effect has been reported that 
threaten human health (5). Therefore, the designated 
this study to highlight the further negative effects of S.B 
as a food additive on the tissues and the liver enzymes 
of as a vital biomarkers of adult rabbits.

MATERIALS AND METHODS

Animals and their housing: 
Twelve adults of male rabbits weighted about (205.00 
± 19.00 g) used in this research, and kept in house of 
animal for the College of Veterinary Medicine, University 
of Basrah, Iraq under constant condition of environment 
for two weeks to acclimatization at the experiment 
before beginning. Ad libitum, the food and drinking 
water were provided throughout the experiment.

Experimental Design: 
Animals (male rabbits) randomly were divided into 2 
groups as following: 
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G 1 (control group): 6 adult male rabbits given distilled 
water (4 ml/animal/day) orally by gavage for thirty days. 
G 2 (S.B group): 6 adult male rabbits given S.B (120 mg/
Kg BW/ daily) (6) dissolved in 4 ml distilled water orally 
by gavage for thirty days (7). 

Blood samples Collection:
In the end of study (at day 31), the rabbits were 
euthanized by diethyl-ether. The collection of blood 
samples directly by cardiac-puncture putting in clean 
dry test tube after centrifugation separated the serum 
and stored at (-20˚C) till biochemical analyses. Lungs 
and heart organs were severed immediately and fixation 
in 10% neutral buffered formalin for histological study 
(8). 

Measurements of biochemical parameters:
Some biochemical parameters were measurements in 
the serum by using especially enzymatic kits as follow:
Measurements of serum Malondialdehyde (MDA): 
Malondialdehyde is the main end product of lipid 
peroxidation will be implemented on the serum as 
described by Yagi (9), this method based on measure 
by the spectrophotometer. Thiobarbituric-Acid (TBA.) 
which reacts with malondialdehyde for form formation 
Thiobarbituric-acid substance reactively.

Measurements of Glutathione Peroxidase activity (GPX): 
This enzyme glutathione peroxidase is determined by 
assay GPx kit (10).

Estimation of Aspartate aminotransferase (U/I) and 
Alanine aminotransferase (U / I): these parameters were 
measured by special kits (11-13).

Estimation of Serum alkaline-phosphatase (U/I): This 
method was doing by use the colorimetric determination 
of alkaline phosphatase (ALP) activity (14,15).

Statistical-Analyses: Statistical analyses were done by 
the AVOVA. All the results were expressed as (mean ± 
standard deviation) (M± SD.). Means of the all groups 
were compared using independent T-test. ‘p’ value of 
≤0.05 was considered statistically significant changes 
(16).

RESULTS

The effects of 30 days oral administrated of SB on adult 
male rabbits are represented in Tables (I and  II). The 
levels of serum peroxidation of lipid constituted by 
(MDA) were increment significantly (p < 0.05) in SB. 
group comparison to control group and also a significant 
(p < 0.05) decrement in GPX activity was recorded 
mainly in SB. group in contrast to control group (Table 
I).

Effect of 30-days oral administration of SB on 

concentrations of ALT, AST and ALP in serum showed 
in (Table II). The data of results have indicated that were 
significantly (p < 0.05) increases in concentrations of 
these parameters in SB-group (G2) compared to G1 (cot- 
group).

Histopathologically, the results in the present-study 
revealed marked cellular changes in heart and lungs 
tissues of rabbits after prolong oral administration of 
SB. Swelling of myocardial cell, inflammatory cells 
infiltration, and interstitial oedema and myocitic 
degeneration with small size nucleoli were dominantly 
observed in the heart tissues of SB group (Fig. 1). 
However, normal myocyte and fibers arrangement have 

Table I: The effects of 30 days oral administrated of SB 
on adult male rabbits (The levels of serum peroxida-
tion of lipid constituted by (MDA)
Parameters

Groups

(no.=6)

MDA.

(U/l)

GPx.

(U/l)

G1 (Cot) 5.65 ± 0.30 b 374.66 ± 20.23 a 

G2 (SB. 120mg) 9.61 ± 0.75 a 285.20 ± 13.88 b

Table II: Effect of 30-days oral administration of SB on 
concentrations of ALT, AST and ALP in serum 
parameters

Groups

(n=6)

A L T

(U / l)

A S T 

(U / l)

A L P

(U / l)

G1 (Cot)
20.40± 
5.00 b 25.02± 4.13b 15.93± 2.32 b

G2 (SB. 120mg)
36.69± 
6.54 a 41.67± 5.43 a 20.77± 1.80 a

Fig 1: The heart tissues of SB group 
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DISCUSSION

Nowadays, SB is used widely as preservative in the 
food and in industries of pharmaceutical and cosmetics 
as a synthetic additive. As a chemical product, SB has 
disadvantages by inducing many cellular damages that 
threat human and animal’s health. Recently, numerous 
studies were that make on the use of ingredients 
naturally with many different-goals in the foods and have 
achieved for many success, but there is still need for 
more study and research on food industry (1, 17). Here 
in the present study revealed the effect of SB on liver 
enzymes and on tissues of heart and lung in laboratory 
rabbits. The advantages used of the rabbit as a model are 
as follows this animal is very docile and non-aggressive, 
and therefore easy to handle and monitor. They are bred 
on a large scale and are very economical compared to 
the cost of large animals.

A significant increase of MDA concentration in group 
administered orally with SB is often due to oxidative stress 
condition. In fact that the lipid peroxidation increased 
under diabetic and other conditions can be resulted from 
this combination leading to increase cellular oxidative 
stress as a result of depletion the antioxidant scavenger 
system. These changes cause the increase of MDA and 
decrease of SOD and CAT (Antioxidants enzymes) (18). 
This finding indicates increased lipid peroxidation that 
is producing from breakdown of poly unsaturated fatty- 
acids and also considered as one of the manifestations 
of freely radicals which induced cytotoxicity. This result 
is compatible with the results of Dibnath & Mandal (19) 
and Ojo et al. (20) who reported increase levels of MDA 
in serum and testis of male rat’s administered by SB.

Based on the results of the current study, serum levels 
of AST and ALT were found to be significantly elevated 
suggesting alteration in the function of liver and kidneys 
after prolonged SB consuming. Similar findings have 
reported by Oyewole et al. (21). Moreover, the elevation 
of serum ALT and AST reflect a liver damage because 
these enzymes assessed for liver function. Metabolism 
of sodium benzoate may be occurs by living organisms 
can ultimately make an active compound which is 
reacts with DNA that leads to  genetically changes of 
cells structure and it has adverse effects on division of 
cells (22- 25).

Exposure in a short-term to SB can lead to skin irritation 
and also in eyes and respiratory tract, while repeated 
contact or/and prolonged may produce high skin 
sensitization (26). Thus, using high doses of SB might 
release prostaglandin and histamine, changes in gastric 
mucus secretion and induce gastric ulcers (27, 28). 
Researches have also reported the reaction between 
benzoic acid and ascorbic acid in the presence of metal 
catalysts in soft drinks and fruit juices that leads to 
the formation of benzene (29). For humans, urticaria, 
rhinitis, asthma or anaphylaxis have been reported 

seen in control group (Fig. 2). Bronchial and alveolar 
dilution were also observed in lung tissues of SB group 
combined with hemorrhage in alveolar wall, profuse 
inflammatory cell infiltration into alveolar lumen and 
bronchiole, in addition to the appearance of exudates in 
the lumen of alveolar wall (Fig. 3). While control group 
has appeared normal in all the histological structure 
(Fig. 4).

Fig 2: The normal myocyte and fibers arrangement 

Fig 3:  The lumen of alveolar wall

Fig 4:  The histological structure
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following inhalation, oral or dermal exposure to benzoic 
acid or sodium benzoate. The symptoms shown shortly 
after exposure and disappeared after and within a few 
hours (30- 32).

Microscopically examination of histological section of 
heart and lung organs revealed marked cellular changes 
in these tissues in female rabbits after prolong oral 
administration of SB. include swelling of myocardial 
cell, inflammatory cells infiltration, and interstitial 
oedema and myocitic degeneration with small size 
nucleoli were dominantly observed in the heart tissues 
of SB group (Fig. 1 and 2). These results may be due to 
the ROS which responsible of to damaging all cellular 
macromolecules including the polyunsaturated fatty 
acids, carbohydrate of membrane proteins and DNA 
potentially producing impairment of cellular functions 
(33). The cellular membrane of lung and heart are 
rich in poly unsaturated fatty acids, therefore they are 
susceptible to oxidative stress and sensitive to ROS (34).
These results also similar to that reported by Bakar and 
Aktac (35) showed when compared to control group, 
vacuolation and nucleus losses, pyknotic nuclei, irregular 
hepatocyte cell columns, hypertrophic hepatocyte, 
degeneration and disorganization of histological section 
mainly liver and also observed membrane injury in 
the apical surface of tubular cells and tubular cells 
lost nuclei, degeneration of glomerular structure, basal 
membrane injury and visceral epithelial injury showed 
in renal section. These results agreed with previous 
studies have shown that administration of SB could alter 
the histological architecture for different organs: like 
Kehinde et al. (36) reported that the histological section 
of testes appeared alter in sperm quality and function, 
the histological section of testes in group treated with SB 
showed distorted spermatogenic cells and seminiferous 
tubules, deleterious basement membrane with lumen 
vacuolation while the group treated with combination 
of SB and Vit.C appeared disrupted of basement 
membrane, hyperplasia of Sertoli cells, deleterious 
lumen, degeneration of interstilium and disruption of 
spermatogenic cells while in group treated with Vit.C 
only showed normal testicular tissues with hyperplasia 
of Sertoli cells.

Several studies criminalize sodium benzoate to be 
responsible for hyperactivity in children (37), genotoxicity 
(38), teratogenicity and high mortality in zebrafish 
fetuses (39). In addition, it can also cause cirrhosis in 
many tissues (40), muscle damage and cancer (41) and 
lead to altered morphological structure of lymphocytes 
and membrane damage in mice (42). These alterations 
in the tissues may be also due to increase the lipid 
peroxidation and produce large amounts of ROS and 
RNS as free radicals lead to increase the activity of 
antioxidative systemic action as a causes described by 
Mazin et al. (43) and Khodaei et al. (45)

CONCLUSION

The long-term consuming of SB has a serious adverse 
effect represented by inducing a cellular damage that 
affecting liver and kidneys function. Therefore, irregular 
consuming of SB’s preserved or processed food should 
be controlled and more deep studies should be urgently 
attempted to find safer and/or natural food additive for 
maintaining human and animal’s health status.
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