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Abstract

Background: Food additives are compounds that are purposely added to food in order to alter its features, maintain and enhance
safety, maintain and increase nutrient value, and improve flavor, texture, and appearance of the food.

Objective: Sodium nitrate, quick green, and glycine, all known carcinogens, were tested on albino male rats in this investigation
to check if vitamin C had any protective benefits against those toxins.

Materials and methods: Thirty male albino rats with an average weight of 120-140 g were used in this investigation. Three
groupings of animals were formed; control, sodium nitrate + fast green + glycine-treated rats, and rats given the same mixture
of food additives plus vitamin C. Samples were taken and the separated sera were used to estimate several biochemical
parameters (kidney functions, liver enzymes, glucose, lipid profile as well as protein profile) and hormonal levels of
triiodothyronine (T3), thyroxin (T4) and testosterone.

Results: body weight, total protein, albumin and testosterone hormone were decreased in mixture group. The glucose, HOMA-
IR ratio, liver enzymes (ASAT, ALAT) and the kidney function (urea and creatinine), TG and TC were increased in mixture
group. While HDL and testosterone were decreased in mixture-treated rats. After ingesting vitamin C, these findings, returned
nearly to normal levels.

Conclusion: It was shown that vitamin C was able to counteract the negative effects of dietary additives on important

physiological indicators in this investigation.
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1. Introduction

Additives to food are substances other than food that
are added to food for a technological purpose in the
manufacturing, preparation, processing, packaging,
treatment, transportation, as well as storage of this
foods. Whether or not they have nutritional value, and
the intentional addition of which to a food for this
purpose results in it or its by-products are becoming
directly or indirectly part of that food [1].

As a substitute for the yellowish light green SF, Fast
Green FCF is recommended since its color is more
dazzling and lower expected to go away. It is difficult
for the digestive system to absorb Fast Green [2]. The
European Union and certain other nations have banned
its use as a food color. It can be employed at a dosage
of up to 100 mg/kg in canned green peas and other

vegetables, jellies, sauces, seafood, desserts, and dry
pastry mixes. At the previously specified daily intake
level of Fast Green FCF, there were no health
problems associated with its use, according to a review
by the World Health Organization (WHO) released in
2017 (Fast Green FCF's nutritional intake is estimated
to be substantially greater than normal) [3].

As a protein-building amino acid, glycine is important.
Interference with its release in the spinal cord (such as
during a Clostridium tetany infection) can produce
spastic paralysis owing to unrestrained muscle
contractions  because it is an inhibitory
neurotransmitter [4]. Schizophrenia and memory
improvement are two possible uses for glycine, as it is
a key component in the transmission of chemical
impulses in the brain. Research suggests that glycine
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may be useful in cancer prevention since it appears to
interfere with the blood flow required by some
cancers. Instead, glycine serves as a flavoring agent in
food chemistry. As a result of its complexation with
metal ions, it also exhibits antimicrobial
characteristics [5].

Sodium nitrate  (NaNOQOg): Nitrates are a white
substance that is easily dissolved in water and utilised
as a preservative in cured meats and poultry products.
Sodium nitrate should not be confused with sodium
nitrite, a popular food ingredient and preservative.
Gastric and esophageal cancers have been related to
nitrosamines, which are generated in cured meats
containing sodium nitrate and nitrite [6]. The use of
sodium nitrate has been linked to an increased risk of
colorectal cancer (CRC). Industrial-scale manufacture
of fertilizers, pyrotechnics, food preservatives
(especially meats), smoke bombs as well as solid
rocket propellants is facilitated by this compound [6].
Ascorbic acid, or vitamin C, is a water-soluble
nutrient. Vitamin C cannot be synthesised by the
human body. Vitamin C is essential for our health, and
we must get it through our food. Vitamin C serves a
wide range of purposes: (i) A significant structural
component of scar tissue, blood vessels and tendons
and ligaments as well as bone synthesis of collagen.
(ii) Norepinephrine, a neurotransmitter, is crucial to
brain function and has been shown to influence mood,
therefore its synthesis is essential. (iii) Protects
proteins, lipids, carbohydrates and nucleic acid (DNA
and RNA) against destruction by free radicals with a
high degree of effectiveness. (iv) Antioxidants like
vitamin E. (v) Fat is transported to the mitochondria,
where it is converted to energy by the enzyme
carnitine synthesized from vitamin C, endothelial
nitric oxide (NO) essential for vascular relaxation can
be protected and stimulated by vitamin C and erectile
and testicular functioning appear to benefit from
vitamin C in both healthy and unwell patients with
reproductive issues [7].

Aim of work: We aimed to investigate how the
combination of several dietary additives (FG, GL, and
SN) affected male albino rats' biochemical parameters.
Besides, to examine effects of vitamin C, as a
medicinal agent, it may enhance these parameters and
reduce the toxicity produced by SN and FG.

2. Materials and methods:

30 albino male rats (weighing 120-140 g) were
employed. All the animals were housed in cages of
steel with free access to water ad libidum. The rats
were divided into three equal groups (ten rats each).
Control untreated group was the first group. Second-
group included rats that received a variety of dietary
additives, including quick green (12.5 mg/kg body
weight daily), glycine (15 mg/kg body weight daily)
and sodium nitrate (10 mg/kg body weight daily). The
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third group included rats that received a daily dosage
of vitamin C (7 mg/kg body weight) along with the
preceding mixture of food additives administered
orally. Every week, body mass indices were recorded.
Anesthetized by inhalation anaesthesia with alcohol,
chloroform, and ether in a 1:2:3 ratio, the animals were
then weighed and killed after 30 days of therapy. After
10 minutes of centrifugation at 5000 rpm, serums was
separated from clotting blood and biochemical
characteristics analyzed without delay or storage.
Biochemical investigations:

Total protein and albumin concentration were
measured in this study, and then the formula was used
to compute serum globulin concentrations (SGC) [8]:
Globulin (g/dl) = total protein (g/dl) —albumin (g/dl)
Total cholesterol (TC), LDL-C and HDL-C levels, as
well as creatinine, urea and fasting blood glucose
concentrations, alanine aminotransferase (ALT),
Aspartate aminotransferase (AST) activities were also
measured. Liaison from Diasorin Italy SA kits, France
was used to estimate all parameters. T3 and T4 levels,
testosterone and thyroid hormones were quickly
measured  utilizing Biovendor Research and
Diagnostic product reff (Czech republic).

Blood albumin/globulin ratio was calculated. Even
though serum LDL-C (low-density lipoprotein
cholesterol) and VLDL-C (very low density
lipoprotein cholesterol) were obtained, ratios of
TC/HDL (risk factor 1) and LDL/HDL (risk factor 2)
were computed (very low-density lipoprotein
cholesterol) utilizing the Friedwald's [9] as well as
Norbert [10] methods, correspondingly as follows:
Friedewald's [9] equation: LDL (mg/dl) = TC-
{HDL + [TG/5]}.

Norbert [10] equation: VLDL = TG/5

Serum insulin levels and the HOMA-IR index were
measured:

An enzyme-linked immunosorbent assay (ELISA) kit
(U.E. Type) was used to quantify rat insulin quickly
and accurately (Biovendor Research and Diagnostic
product reff (Czech republic)[11].

HOMA-IR:

A fasting plasma glucose sample was utilised to
approximate insulin resistance in the early model. A
constant was then used to split the insulin-glucose
product:

HOMA -IR = fasting glucose mg/dl x Insulin pu/L
/405:

Glucose levels in mg/dl of fasting blood.

IR stands for insulin resistance Insulin is measured and
given micrograms per liter (u/L) [12].

The Animal Care and Use Committee of the Faculty
of Science, Al-Azhar University, Cairo, Egypt,
accepted this study's ethical procedures and
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regulations. Al-Azhar University's Ethics Board
authorized the study.

3. Statistical analysis:

The SPSS (Statistical Package for the Social Sciences)
version 22 for Windows® was used to code, process,
and to analyse the data (IBM SPSS Inc, Chicago, IL,
USA). The Shapiro Walk test was used to examine the
distribution of the data. Frequencies and percentages
were used to depict qualitative data. For qualitative
variables, a Chi square test (2) was used to calculate
the difference between two or more groups. Mean SD
was used to represent quantitative data (Standard
deviation). To compare two independent groups of
normally distributed variables, an independent
samples t-test was performed (parametric data). It was
judged significant when the P < 0.05.

4. Results:

Body weight: body weight showed highly significant
decrease in mixture group compared to control group
while body weight showed insignificant change when
rats treated with mixture +VC were compared to
control (Table 1). Glucose level, insulin and HOMA-
IR, when mixture group was compared to control rats,
there was a substantial (p 0.01) rise in glucose levels
and the HOMA-IR ratio, but no change in insulin
levels. In contrast, insulin, glucose levels, and the
HOMA-IR ratio did not alter significantly in the group
of combination + Vitamin C (Table 1).

Protein profile: While albumin/globulin ratio
increased (p0.05) in the mixture-treated rats, total

protein, albumin, and globulin decreased (p0.01) in
comparison to the control group. The addition of
Vitamin C restored these measures as compared to the
control rats. (Table 2)

Liver functions: The ALT and AST activity of the
mixture-treated animals increased significantly (p
0.001), whereas the Vitamin C-treated animals showed
no change (p 0.05) compared to the control group,
meaning that vit.C restored the changes in these
enzymes to its normal level (Table 3).

Lipid profile: However, the HDL-C levels of the
animals that received the mixture of food additives
were significantly lower than the control group’s levels
(p 0.05) when compared to the TG and TC levels. VIT.
C-treated rats, on the other hand, significantly
improved all of these indicators (Table 4).

Kidney functions: Rats fed a variety of dietary
additives had a substantial rise in creatinine and urea
levels (p 0.01), while the addition of vitamin C had no
effect on the previous values (Table 5).

Hormones: There were insignificant change inT3 and
T4 hormones in mixture- and vitamin C- treated
groups. Testosterone hormone showed highly
significant decrease in rats treated with mixture and
significant decrease in rats treated with mixture and
VC (Table 6).

Table (1): Fast green + glycine + sodium nitrate and combination + VC- treated rats were compared for changes

in BWC, glucose, insulin, and HOMA-IR

Group Control FG+GL+SN Mixture+ VC
BWC (g) 35.78+0.59 27.74+0.40™ 37.33+0.51
% of change -22.47 % 4.33 %
Glucose (mg/dl) 75.40+0.70 77.22+0.35* 78.41+2.11
% of change 241 % 4%
Insulin (ng/dl) 4.04+0.06 4.19+0.09 4.6610.24
% of change 3.71 % 15 %
HOMA-IR ng/dl) 0.74+0.01 0.75+0.01* 0.89+.04
% of change 6.75 % 20 %

FG=fast green; GL= glycine; SN=sodium nitrate; Mean Standard Error (SE) (standard error). As compared to the control group, P* 0.05, P**

0.01.

Table (2): Albumin, Total protein, globulin and albumin/ globulin ratio in control, mixture (fast green+ glycine

+sodium nitrate) and mixture+ VC

Group Control FG+GL+SN Mixture +VC
Total protein (g/dl) 6.18+0.08 4.45+0.15™ 6.27+0.10

% of change -27.99 % 1.45%
Albumin (g/dl) 3.44+0.03 2.73+0.14™ 3.52+0.07

% of change -20.63 % 2.32%
Globulin (g/dl) 2.74+0.11 1.67+0.12™ 2.75+0.13

% of change -39.05 % 0.36 %
Albumin/Globulin 1.26+0.06 1.67+0.17" 1.29+0.08

% of change 32.53% 2.38%
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FG=fast green; GL= glycine; SN=sodium nitrate Mean Standard Error (SE) is shown in the values (standard error).
Comparing the experimental group to the control group, the results show a P* of 0.05 and a P** of 0.01.

Table (3): Alanine transaminase, aspartic transaminase, in control, mixture (fast green +glycine +sodium nitrate)
and mixture+ VC animals

Group Control FG+GL+SN Mixture+ VC
ALAT (i.u/l) 22.98+0.47 42.96+0.69™ 24.00£0.70
%of change 86.94 % 4.43 %
ASAT (i.u/l) 51.71+0.31 65.00+0.70™ 52.00£0.70
%of change 25.70 % 0.56 %
FG=fast green; GL= glycine; SN=sodium nitrate Mean Standard Error (SE) is shown in the values (standard error).

Comparing the experimental group to the control group, the results show a P* of 0.05 and a P** of 0.01.

Table (4): Cholesterol (TC), triglycerides, high density lipoprotein (HDL), low density lipoprotein (LDL), very
low density lipoprotein (VLDL), LDL/HDL and TC/HDL in control, mixture (fast green+ glycine +sodium nitrate)
and mixture+ VC

Group Control FG+GL+SN Mixture+ VC
Cholesterol (mg/dl) 80.00+1.14 83.00+0.70" 80.00£0.70
% of change 3.75% 0.00 %
Triglycerides (mg/dl) 75.78+0.36 78.20+0.58" 75.20+0.80
% of change 3.19 % -0.76 %
HDL (mg/dl) 43.75+0.53 40.40+0.50" 43.09+0.36
% of change -7.65 % -1.50 %
LDL (mg/dl) 21.09+0.78 26.96+0.85™ 21.87+0.96
% of change 27.83 % 3.69 %
VLDL (mg/dl) 15.15+0.07 15.64+0.11 15.04+0.16
% of change 3.23% -0.72 %
LDL/HDL 0.48+0.01 0.66+0.02™ 0.50+0.02
% of change 37.50 % 4.16 %
TC/HDL 1.82+0.01 2.06+0.03™ 1.85+0.02
% of change 13.18 % 1.64 %
FG=fast green; GL= glycine; SN=sodium nitrate; Mean Standard Error (SE) is shown in the values (standard error).

Comparing the experimental group to the control group, the results show a P* of 0.05 and a P** of 0.01.

Table (5): Creatinine and urea in control, mixture (fast green +glycine+ sodium nitrate) and mixture + VC

Group Control FG+GL+SN Mixture + VC
Creatinine (mg/dl) 0.91+0.05 1.60+0.11™ 1.15+.10
%of change 75.82 % 26 %
Urea 30.34+0.53 42.06+0.33™ 34.52+1.65
(mg/dl)
%of change 38.62 % 14 %
FG=fast green;  GL= glycine; SN=sodium nitrate; Mean Standard Error (SE) is shown in the values

(standard error). Comparing the experimental group to the control group, the results show a P* of 0.05 and a P**
of 0.01

Table (6): Tri-iodothyronin (Ts), thyroxine (T4), testosterone hormones in control, mixture (fast green +glycine+
sodium nitrate) and mixture+ VVC.

Group Control FG+GL+SN Mixture+ VC
T3 hormone (ng/dl) 108.22+0.83 109.74+0.40 109.50+0.90
% of change 1.40 % 3.03 %
T4 hormone (ng/dl) 4.57+0.15 4.29+0.12 4.79+0.12
% of change -6.12 % 4.81 %
Testosterone hormone (ng/dl) 57.30+0.42 41.50+0.50™ 55.20+0.66"
% of change -27.57 % -3.66 %
FG=fast green;  GL= glycine; SN=sodium nitrate
5. Discussion: It was shown that rats administered with the

combination had a considerable drop in body weight,

Egypt. J. Chem. 65, No. 9 (2022)
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since rapid green has a big impact on body weight.
Synthetic food colourants have been linked to a
decrease in body weight [13]. Nitrate's effect on eating
behavior's neurological system might possibly lead to
weight reduction through nitrate's ability to restrict
food intake [14]. A reduction in growth hormone
receptors in the liver was discovered to induce a
deficiency of plasma somatomedins [14], which
affects the growth of body. We found that rats treated
with the combination had a considerable rise in
glucose and HOMA-IR ratio. When the pancreas loses
its endocrine activities, the liver stimulates
glycogenolysis and gluconeogenesis, resulting in rise
in blood glucose levels. It was shown that the activity
of amylase and phosphorylase was increased, leading
to the release of glucose from glycogen, which
resulted in a rise in blood glucose levels [15]. In
addition, the impaired glucose tolerance found in mice
treated with sodium nitrate might be ascribed to a
lower cellular insulin sensitivity even in the presence
of  hyperinsulinemia. Gluconeogenesis  can
compensate for increased insulin secretion in the
presence of hyperinsulinemia [15]. Other research
showed that nitrate had stimulated gluconeogenesis
and increased glucose transport from tissues to the
circulation, or that it hampered glucose mobilization
[16]. Calcium levels are reduced by nitrate opening
potassium channels, which close voltage-controlled
calcium channels. Hyperglycemia can be triggered by
the release of insulin by calcium, and calcium channel
blockers have been shown to cause insulin resistance
[16].

Blood glucose, insulin and HOMA-IR are all
indications of diabetes mellitus in mixture-treated rats,
and vitamin C improved their condition. These actions
may be attributed to the regeneration of -cells and the
improvement of insulin sensitivity, which lowers the
blood sugar levels by suppressing hepatic glucose
synthesis and by enhancing the adipose tissue's
glucose absorption and metabolism [17]. Our findings
indicated that the total protein level in mixture-treated
rats was significantly reduced. Fast green increases
amino acid deamination as a result of the presence of
some hazardous substances [18]. The decrease is due
to the reduction of serum globulin level which
markedly decline at the same time. The decrease may
be an indication of the delayed depression effect of
colorant used on immunoglobulin production. The
body's defensive mechanism is designed to keep it safe
from harmful substances. Nitric oxide and peroxy
nitrite, which oxidise proteins and lipoproteins, may
be responsible for sodium nitrate's drop in total protein
content. No doubt that nitrate has a direct effect on the
liver, either by necrotic alterations to the plasma
membrane or by inhibiting the oxidative
phosphorylation process at first and then the
availability of energy source for the synthesis of
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protein and other metabolic activities [19]. Vitamin C,
on the other hand, had a substantial effect on blood
total protein levels. Oxidative stress, which damages
the liver, which is the body's primary location for
protein synthesis, can be prevented by vitamins [20].
Our results stated that the observed elevation in serum
ASAT and ALAT activities in response to the
administration of the mixture due to hepatic potency
of the fast green substance resulting in destructive
changes in the hepatic cell. Hepatotoxicity indicators,
such as the activity of liver enzymes, have long been
employed in clinical trials. Liver cell injury and
cellular degeneration or destruction may be a result of
increased permeability of the plasma membrane or
necrosis in the presence of ALAT and ASAT in the
blood of patients treated with these additions.
Bloodstream enzymes that typically reside in the
cytoplasm of a damaged liver cell membrane might
leak out into the bloodstream. When ASAT and ALAT
levels are elevated, it suggests that amino acids are
being used for oxidation or gluconeogenesis. Toxicity-
induced liver damage and necrosis can be detected
using these tests [21]. Amin et al. [22] and Mekkawy
et al. [23] reported that those artificial dyes such as
(fast green) can cause considerable elevations in serum
ALT and AST whether used in low or high dosages. In
addition, elevated ALT and AST activities in rats
provided by food azo dyes (fast green) revealed that
both the hepatic cellular and mitochondrial
membranes were damaged in rats exposed to food azo
dyes.

Due to the production of the free radical ONOO- from
nitric oxide, sodium nitrate treatment resulted in a rise
in ASAT and ALAT levels in rats. There are several
ways in which NO and oxygen radicals might combine
further to form various oxidants and nitro compounds
such as peroxynitrite, which in turn could cause liver
damage and cell death [24]. With VIT C, the animals'
ASAT and ALAT levels were brought back into
normal range. Vitamin C's antioxidant properties may
be to blame. Vitamin C's anti-inflammatory properties
may be attributed to its ability to suppress the
production of free radicals and/or its ability to
scavenge free radicals, according to a prior study [25].
In the present work, treatment of rats with the mixture
resulted in obvious changes in the lipid profile causing
significant increase in total cholesterol, triglycerides,
and highly significant increase LDL-C, TC/HDL and
LDL/HDL, while HDL was decreased. This because
nitrate affected directly the liver which plays an
important active role on cholesterol metabolism and
increased cholesterol levels [26]. Accumulation of
acetyl CoA causes a rise in the production of
cholesterol by mobilisation of adipose-derived free
fatty acids or peroxidation of membrane lipids within
cells [26]. Increasing in LDL increases the risk of
cardiovascular diseases. The possible explanation of
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these observed increments may reside in the direct or
indirect action of these food additives on lipid
metabolism or lipid peroxidation. Cholesterol may be
a sign that membrane structure and function have been
compromised, which might affect fluidity,
permeability and the activity of enzymes that are
connected with it [27]. LDL oxidation can be
prevented by the water-soluble antioxidant vitamin C,
which regulates lipids [28].

Fast green improved protein catabolism and rapid
amino acid deamination for gluconeogenesis may
explain why urea and creatinine levels increased in
mixture-treated rats. Degradation of purines or an
increase in uric acid levels as a result of excessive
production or inability to excrete might explain the
rises in uric acid levels [29]. Renal dysfunction is
indicated by higher urea and creatinine values. The
oxidative stress generated by treatment with SN may
be to blame. Sodium nitrate induces renal tissue
necrosis and the degradation of the epithelium lining
renal tubules as a result of these pathological
alterations. The findings of EI-Ezaby et al. [30] are in
agreement with these findings of renal dysfunction.
Kidney biochemical markers improved significantly
when VC was added to the bloodstream. Vitamin C's
modulator effects induced oxidative damage to rats'
livers and kidneys. As renal failure progresses, the
levels of urea and creatinine in the blood vary [31]. In
the mixed group, there was no significant change in
thyroid hormones T3 and T4 due to the daily ingestion
of sodium nitrate, which reduces T3 and T4 and fast
green, which increases T3 and T4. That's why we've
found that T3 and T4 levels are close to those of the
control rats.

When we tested the combination group, we found that
testosterone levels were significantly reduced. In rats,
fast green has several detrimental consequences on
sperm and steroid production. A lack of testosterone in
the testis is linked to a decrease in Leydig cell activity
or a decrease in testosterone capture in the testis. It is
a known fact that testosterone is a crucial element
governing testicular growth and sperm death [32].
Neurogenic functional alterations in the hypothalamus
of glycine-treated rats reduced the levels of LH, FSH,
and testosterone. Glycine was shown to Kkill
hypothalamic neurons in rats, according to one study.
The hypothalamic-pituitary-testis regulatory axis,
which governs the steroidogenesis of testicular Leydig
cells, can be disrupted by such neuronal losses in the
hypothalamus [33]. Serum testosterone levels will fall
as a result of this. The testosterone hormone value and
level were significantly improved in VIT. C animals
compared to the mixture-treated animals. Testicular
steroid dehydrogenase was induced by ascorbic acid
and testosterone levels were elevated, according to
Biswas et al. [34]. FSH and LH are released from the
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anterior pituitary gland by autocrine action via nitric
oxide when ascorbic acid is taken, according to
Karanth et al. [35]. Testosterone is released by
Leydig cells in response to LH. Sénmez et al. [36]
demonstrated that ascorbic acid-treated rats had a
considerably higher plasma testosterone level than
control animals. It's possible that ascorbic acid, which
is found in citrus fruits, stimulates the release of LH.
6. Conclusion:

Most physiological indices, including testosterone
hormone, kidney, liver enzymes, protein as well as
lipid profiles, are severely harmed by food additives.
It's best to avoid using them in most dishes, especially
for children. Our recommendation is to use VIT C,
which has great therapeutic benefits against the
abnormalities caused by dietary additive ingestion and
restores these abnormalities to their normal values.
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