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Abstract: Food additives are substances internationally added to food, this may be natural or synthetic. The
safety of repeated exposure to permitted synthetic food additives (colorants or preservatives) has been
questioned. Sodium nitrite (NaNO2, a food preservative agent) was used at 10 mg/kg/day and orally
administered to the rats for 30 days. Ingestion of NaNO2, was significantlydecrease RBCs%, WBCs%, Ht%,
Hb%, serum albumin, globulin and total protein contents in the treated rats. But, serum gamma glutamyl
transpeptidase(GGT),alaninetransaminase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase
(ALP) were significantly increased after implication of this preservative. Moreover, serum lactate
dehydrogenase (LDH), creatine phosphokinase (CPK) showed highly increases. On the other hand,
triglycerides, total cholesterol and total lipids were elevated in serum and in the investigated tissues.
Hyperglycemia was observed in food additive ingested rats. Fortunately, aqueous garlic extract orally
administered at 50 mg/kg/day showed significant amelioration of the investigated parameters. In conclusion,
the permissible doses of food additives (preservatives) have harmful effects when administered for a long
extent. Garlic not only has hypoglycemic, hypolipidemic and hypocholesterlemic actions, but also it has a
promising role in treatment the toxicity of sodium nitrite in rats.
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INTRODUCTION

In relation to thetoxicological limit, the FAO/WHO,
Joint Expert Committee on Food Additive (JECFA)
established acceptable daily intakes (ADIs) of 0-0.07 mg
kg-1 body weight for sodium nitrite (expressed as nitrite
ion)[45]. It is widely used in food and drug industries as a
preservative[15] and in medicine as antidote for cyanide
poisoning[11]. Approximately 40% of absorbed nitrite is
excreted unchanged in the urine and the fate of the rest
60% is not accurately know[15]. The major metabolites of
NaNO2 are nitric oxide and nitrosamine[31]. The later is
highly carcinogenic and associated with a high risk of
stomach, liver and esophagus carcinomas[18]. A moderate
and significant acceleration of leukemia development
was observed in sodium nitrite treated mice[17]. Also,
NaNO2 inhibts a number of anti-tumor cytotoxic
effectors cell types natural killer’s cells against
pathogens and tumor cells[1]. The mutagenicity of
NaNO2 was assessed by in vivo and in vitro
experiments[23]. Children who ate more than 12 nitrite-
cured hot dogs per month showed an increased risk of
developing childhood leukemia[27]. Anyway, nitrite
when present at high concentration in blood, it can react
with iron (III ) of the hemoglobin, forming
methemoglobin which has no oxygen-carrying ability.
This fatal disease is called methemoglobinaemia[37,46].
The use of permitted colors has raised concern that
they might be used in excess of the saturatory limit

(100 mg kg-1) or in foods in which they were not
permitted[6,29]. However, nitrite-induced intracellular
oxidative processes in RBC were compared with its
membrane effects[47]. As the result showed the elevation
in blood glucose level because NaNO2 in rats has a
hyperglycemic effect[38].

Garlic might exert its activities through modulatory
effects on Reactive Oxygen Species (ROS). ROS are
capable of damaging biological macromolecules such as
DNA, proteins and carbohydrates. Endogenous
antioxidants are not always enough to tackle the ROS
constantly produced by the body. Garlic has been
demonstrated to inhibit ALP and LDH[14]. Several studies
have revealed antioxidant properties of garlic and its
different preparations, which may explain some its
therapeutic effects[3,20].

MATERIALS AND METHODS

Thirty young male albino rats (weighing about 70-
80g) were used in this study. Animals were housed in
stainless steel cages, fed on rat chew and offered water
ad libitum. The animals were divided into three equal
groups (10 rats in each) as follows:

The first group: (control group).

The secondgroup: orally administered 10 mg NaNO2/kg
daily for a month.
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The third group: received the same doses of NaNO2 in
addition to 50 mg/kg/day of aqueous garlic extract orally
administered to each rat, for one month. After 30 days of
treatment,5 animalsof each group were weighed and then
decapitated.

At the end of each experimental period, animals
were decapitated and blood samples were collected and
the non-hemolyzed sera were centrifuged at 5000 r.p.m
for 10 min. stored at -20 later analysis. Tissue specimens
wereremoved, weighedand homogenized in cool distilled
water and then centrifuged at 3000 r.p.m. Sera and
supernatant were stored also at – 20. Also, EDTA was
added to collected blood samples for hematological
parameters.

Hemoglobin concentration was determined
according to Van-Kampen and Zulustra[42]. Red and white
blood cells were counted and hematocrit values (Ht) were
estimated using the technique of Rodak[33]. Total proteins
content were estimated using the Biuret method as
described by Doumas[9]. Total lipids were determined
according to the method of knight et al.,[19]. Albumin was
evaluated according to the method of Webster[44], while
serum total cholesterol was determined as mentioned by
Fossati and Medici[13]. AST and ALT activities were
accomplished using the method of Reitman and
Frankel[32]. Gammaglutamyltranspeptidase wasestimated
by the method of Meister and Groffith[25].While, lactic
dehydrogenase (LDH) activity was determinedaccording
to Raabo[28]. Creatine phosphokinase (CPK) was
performed according to the method of Oliver[48].

Triglycerides were determined by the method of
Rojkin et al.,[34]. Alkaline and acid phosphatases were
determined according to the methods of Belfied and
Goldberg[5] and Tietz[41] respectively. Serum glucose
determination was based on the enzymatic method
described by Siest and Schielf[39].

Statistics: All values were expressed as means±SE
(n=5).Statistical comparison was made using Student’s t-
test. Significant differences between the means of control
and treated groups were considered only at p< 0.05[41].

RESULTS AND DISCUSSIONS

Oral administration of NaNO2 showed highly
significant decrease (p<0.01) in various hematological
indices of rats. Administration of aqueous garlic extract
(AGE) restored these indices nearly to the control values
(Table 1). Serum AST and ALT activities were not
significantly changed for all groups after the treated
period (30 days) in comparison with that of the control
group (Table 2).Implication of both NaNO2 (p, 0.01)
serum activities of GGT, CPK, ALP compared to the
control, but ingestion of aqueous garlic extract
ameliorated these changes (Table2). Moreover, serum

Table 1: The effect of NaNO2 (10mg/kg) and aqueous garlic extract
(50 mg/kg) on some hematological parameters in rats after
experimental.

Blood Treated groups (30 days)
--------- -----------------------------------------------------------------
Groups Blood control Na NO2 Garlic Extract
WBCs% 8.5±0.2 6.9**±0.1 7.96±0.2
RBCs% 5.88±0.05 4.9**±0.05 5.58**±0.16
Hb% 16±0.1 13.78**±0.1 15**±0.3
Ht% 41.4±0.9 36.8**±0.5 39.8±0.4
Means±SE, P<0.05*, p<0.01**, p<0.001***

Table 2: The effect of NaNO2 (10mg/kg) and aqueous garlic extract
(50 mg/kg) on gammaglutamyl transpeptidase(GGT), lactate
dehydrogenase (LDH), creatine phosphokinase(CPK),
alkaline and acid phosphatases (AlP, AP), aspartate
aminotransferase (AST) and alanine transaminase (ALT)
activities in rats.

Serum enzymes (U/L) Treated groups (30 days)
-------------------------- ------------------------------------------------------
GroupsSerum Control Na NO2 Garlic Extract
GGT 16.8±0.7 37.2**±0.9 14.8±0.9
LDH 245±2.2 266**±2.4 246±4.0
CPK 55±2.2 74**±2.4 58±5.8
ALP 96±0.6 106**±1.8 92±3.0
AP 7±0.4 10.6±0.4 9.4±0.4
ALT (U/L) 22.2±1.0 28±1.0 21.8±1.2
AST (U/L) 23.8±0.7 37±1.2 29±0.6
Means±SE, P<0.05*, p<0.01**, p<0.001***

Table 3: The effect of NaNO2 (10mg/kg) and aqueous garlic extract
(50 mg/kg) on serum albumin, globulin, A/G ratios and total
protein contents in rats.

Serum proteins Treated groups (30 days)
------------------ ---------------------------------------------------------------
Groups Serum control Na NO2 Garlic Extract
T. protein (g/dl) 8.34±0.3 6.48**±0.03 7.6**±0.18
Albumin (g/dl) 5.54±0.1 4.22**±0.1 5.34±0.15
Globulin (g/dl) 2.71±0.13 2.41±0.17 2.7±0.1
A/G ratio 2.04±0.1 1.98±0.18 2.14±0.16
Means±SE, P<0.05*, p<0.01**, p<0.001***

LDH activity exhibited a highly significant increase
(p<0.01) in food additives treated group compared to
control group (Table 2). Garlic extract ingestion showed
a high capacity in alleviation of the investigated enzyme
activities. Table 3 demonstrated a significantlydecreased
in serum total protein contents, but garlic administration
causedoptimization of their contents in the treated rats. In
concern, the effect of the mixture on serum albumin,
globulin and A/G ration (Table 3) showed a significant
decrease in serum albumin but not in globulin & A/G
ratio. On the other hand, garlic administered group
revealed a significant decrease in serum globulin. Brain,
heart, muscle, liver and kidney total lipids (Table 4), total
cholesterol (Table 5) and total protein (Table6). Serum
total lipids and triglycerides (Table 7) showed non
significantchanges, but total cholesterol was significantly
increased (p<0.05) in the food additives-treated rats in
serum, brain, heart tissues. Garlic showed high potency
as hypercholesterolemic and hypolipidemic agent.
Also, the hypoglycemic action of garlic was obvious in
Table 7.
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Table 4: The effect of NaNO2 (10mg/kg and aqueous garlic extract
(50mg/kg) on serum total lipids, triglycerides, total
cholesterol and blood glucose level in rats.

Serum Treated groups (30 days)
------------------- ------------------------------------------------------
Groups Serum control Na NO2 Garlic Extract
Total lipids (mg/dl) 388±4.8 390±5.1 362±14
Total cholesterol (g/dl) 131±4.5 150*±4.0 116±8.0
Triglycerides (mg/dl) 98±3.7 118±5.8 96±6.7
Glucose(mg/dl) 93.6±2 134.4**±1.9 94.4±1.6
Means±SE, P<0.05*, p<0.01**, p<0.001***

Table 5: The effect of NaNO2 (10mg/kg) and aqueous garlic extract
(50mg/kg) on total lipids in different tissues in rats.

Total lipids (mg/g) Treated groups (30 days)
---------------------- -----------------------------------------------------------
GroupsOrgans Control Na NO2 Garlic Extract
Brain 49±1.8 58±4.1 56.2±1.8
Liver 92.6±2.8 99±2.4 94±1.8
Muscle 46.4±2.7 56.2±4.1 49±2
Heart 53.6±1.8 55.8±2.3 56±2.9
Kidney 44.4±1.5 53.2±3.8 47.8±2.8
Means±SE, P<0.05*, p<0.01**, p<0.001***

Table 6: The effect of NaNO2 (10mg/kg) and aqueous garlic extract
(50mg/kg) on total cholesterol in different tissues in rats.

Total cholesterol (mg/g) Treated groups (30 days)
---------------------------- ---------------------------------------------------
Groups Organs Control Na NO2 Garlic Extract
Brain 34.4±1.6 46**±2.1 37.2±1.1
Liver 28±0.9 39.2**±1.6 29.8±0.2
Muscle 17.2±0.9 21.8±2.5 18.8±0.6
Heart 18.4±0.8 23.8**±1.02 19.2±0.4
Kidney 14.4±0.7 16.4±0.7 17.8±0.7
Means±SE, P<0.05*, p<0.01**, p<0.001***

Table 7: The effect of NaNO2 (10mg/kg) and aqueous garlic extract
(50mg/kg) on total protein content in different tissues in rats.

Total protein (mg/g) Treated groups (30 days)
--------------------------- -------------------------------------------------------
Groups Organs Control Na NO2 Garlic Extract
Brain 110.4±0.6 110±0.7 114.8±0.9
Liver 56±1.8 55±2.2 51.8±3.0
Muscle 92±1.2 90.8±0.9 95.2±1.3
Heart 88±0.9 85.2±1.5 86.8±0.9
Kidney 68.4±0.9 64.4±2.1 66.6±0.5
Means±SE, P<0.05*, p<0.01**, p<0.001***

It seems that food preservatives (as NaNO2) causes
an inflammation[1] and permitted food colorants (as sunset
yellow) has provoked allergic reactions in several
individuals[22]. These may be induce influx of a large
number of cells, including neutrophils and macrophages,
that subsequently release large quantities of potential
oxidants such as H2O2 that might induce damage to
surroundingtissues and cells[1]. Ilnitsky and Kolpakova[17]

showed a significant acceleration of leukemia in NaNO2

–treated mice and in childhood[27]. These in agree with the
presentdata. Also, the decrease in RBCs% and Ht% in the
treated rats may be due to the ability of NaNO2 to induced
intracellular oxidative processes in RBC compared to its
membrane effects[47].On the other hand, the decrease in
Hb content could be explained as high concentration of
nitrite in the

blood canreact with iron (III) of the hemoglobin forming
methemoglobinand leading to methemoglobinaemia[37,46].
Also, nitrite can react with secondary and tertiary amines
formingN-nitrosocompounds (nitrosamines)[43], whichare
associated with high risk of stomach, liver and esophagus
carcinomas[26,18]. Nitrosamines have strong toxic,
mutagenic, neuro- and nephrotoxic and carcinogenic
effects[35]. These may interpret the distortion in brain,
heart, liver and kidney functions reflected by the changes
in the investigated parameters. As in the present results
heart function markers (serum LDH and CPK) and liver
function markers (serum GGT, ALP, AST and ALT)
showed highly significant increases. So, serum enzymes
including AST and ALT are used in the evaluation of
hepatic disorders. An increase in these enzyme activities
reflects active liver damage. Inflammatoryhepatocellular
disorders result in extremely elevated transaminase
levels[12,16]. The presentdata support these previousworks.
This study showed a significant increase in LDH activity
indicatingcellular damage of liver and heart. This may be
due to the increase in the production of free radicals,
especially reactive oxygen species that attack the cell
membranes and other macromolecules inside the cells
after the repeated exposure to the mixture. Serum
albumin, globulin and total protein contents were
significantly decreased mainly through the liver either
throughinhibiting oxidative phosphorylation process and
hence the availability of the energy source for protein
synthesis[2]. The liver damage may lead to decrease in
serum albumin, globulin and total protein contents. The
increase in glomerular filtration rate increases the
insults of many toxicants as nitrosamines[35]. This may
explain the changes occurred in kidney after rats
ingested NaNO2.

Garlic has beenused as a folk remedyfor a variety of
ancient times. Garlic as an antioxidant scavenges the
ROS[4,14] inducted by the toxic actions of the mixture
administered in rats. Alsogarlic has beendemonstrated to
inhibit ALP and decreased the elevation of LDH
activity[14]. Eidi et al.,[10] showed that oral administrations
of the garlic extract significantly decreased serum
glucose, total cholesterol, triglycerides, AST and ALT
levels, while increased serum insulin in diabetic rats but
not in normal rats (p<0.05).

Food additives induce ROS production in the body.
So, total lipids and total cholesterol were significantly
increased over controls in the group treated with
NaNO2. While no significant changes were observed
in rats treated with garlic extract in addition to the
mixture. This is because S-allylcysteine (garlic
constituent)can inhibit the transcription factor NF kappa-
B, which can activate the generation of reactive oxygen
species[4].
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Sodium nitrite as a food preservative elevated the
blood glucose level in rats. This may be due to the
deficiencyof insulinhormone. The hypoglycemicpotency
of garlic has been attributed to the sulphur compounds
[di(2-propenyl) disulphide and 2-propenyl propyl
disulphide,respectively]. Garlic restores thenormal value
of blood glucose; this is because it has a hypoglycemic
action that yield from its beneficial effect on insulin
secretion and insulin sensitivity[7,21].

Conclusion: Food additives as sodium nitrite
(preservative) and sunsetyellow (colorants) haveharmful
effects on hematological picture. Also biochemical
parameters well changed in serum and in brain, heart,
liver and kidney tissues. The repeated exposure to the
food preservative will duplicate the undesirable actions
especially in young. Garlic not only has antioxidant
properties that can enable it to scavenge the reactive
oxygen species resulted from the ingestion of the food
additives, but also it can normalize the food additives
toxicity. It has hypoglycemic, hypochlesterolemic and
hypolipidemic actions.
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