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ARTICLE INFO ABSTRACT

Keywords: In this study, the protective effect of curcumin on sodium nitrite (NaNO,) induced hepatotoxicity was assessed in
Sodium nitrite male Wistar rats. Wistar rats were administered orally daily with 20 mg/kg of curcumin for 28 days and NaNO,
HepatOtf’XiCitY was administered as a single dose of 60 mg/kg on day 28. Lipid profile, liver function biomarkers and C-reactive
Curcumin protein were assessed in the serum; lipid peroxidation, non-enzymatic and enzymatic antioxidants were assessed
Hepatoprotection

in the liver. Alanine amino transferases (94.67 U/L), aspartate amino transferases (194.33 U/L), alkaline
phosphatases, C-reactive proteins (19.56 ng/L) and lipid peroxidation (8.03 x 10~ °umol/mg protein) were
significantly elevated (P < 0.05), while a significant decrease in lipid profiles (total cholesterol, HDL,LDL, and
triglycerides): (0.61,0.37, 0.4 and 0.47 mg/dl respectively), reduced glutathione level (4.16 pmol/mg protein),
and decreased catalase, superoxide dismutase and glutathione peroxidase activities with severe histological
alterations were observed in the livers of rats exposed to NaNO,. Pre-treatment with curcumin significantly
(P < 0.05) prevented these alterations by adjusting the lipid profile, liver function markers, and C-reactive
proteins and abrogating the elevated markers of oxidative stress as supported by the liver histology. This sug-
gests that dietary consumption of curcumin is beneficial against NaNO, induced oxidative stress of the liver via

Oxidative stress
Wistar rats

its antioxidant potential.

1. Introduction

Sodium nitrite (NaNO,) is a widely employed color fixative and
preservative in the food industry and in the processing of fish and meat
products. It is also employed in the industry for other purposes in-
cluding flavour-enhancing, microbial growth inhibition and prevention
of fat oxidation, thereby delaying rancidity. In addition, it also is used
in the manufacturing of dyes, nitrous compounds and chemicals used in
production of rubber [1]. Apart from the benefits offered by NaNO, in
the food and other industries, other associated beneficial activities in-
clude its medicinal use for bronchodilation and vasodilation, its use as
an antidote for poisonous chemicals, and other health roles at low
physiological concentrations [2]. However, there have been reports of
induced toxicities in several organs following acute exposure to high
concentrations or chronic exposure to low doses of NaNO,. A single
acute exposure to NaNO, at doses ranging between 20-75 mg/kg body
weight resulted in organ damage in rats [1]. Several anthropogenic
activities, such as the use of nitrogenous fertilizers to improve yield of
crops and improper treatment of industrial and sewage wastes, have
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contributed greatly to the increased concentration of nitrite in the en-
vironment [3]. Levels of nitrite greater than the acceptable limit also
have been reported in drinking water across the globe [1,4,5]. Exposure
to NaNO,, has been associated with several adverse health effects ran-
ging from respiratory tract impairment, birth defects, neurological da-
mage, and oxidative stress [1], to carcinogenicity and mutagenicity
[6,7]. The various factors mentioned earlier have made exposure of
humans to NaNO,, less avoidable; hence, the resulting health risks as-
sociated with NaNO, may be inevitable. The liver is one of the most
susceptible organs to toxic exogenous substances and consequently,
hepatotoxicity induced by NaNO, has been reported to be associated
with mitochondrial injury and oxidative stress in rat isolated hepato-
cytes [8]. However, any phytochemical with established antioxidant
properties may be an agent in the prevention of the induced hepato-
toxicity [9].

One of such phytochemicals is curcumin, a natural bioactive con-
stituent found in the turmeric (Curcuma longa) rhizome and a member
of the ginger (Zingiberaceae) family. Curcumin has been reported for its
myriad medicinal properties, established for its ability to suppress
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oxidative damage, and possesses anti-inflammatory, anticancer, anti-
angiogenesis, chemopreventive, and chemotherapeutic properties
[10-15]. Curcumin possesses no toxic effects based on animal and
human studies [16,17] and has been reported to alleviate several xe-
nobiotic-induced toxicities, including those induced by cypermethrin,
Lindane, lead acetate and cadmium [18-21]. However, there is a dearth
of information regarding the preventive effect of curcumin in NaNO,-
induced hepatotoxicity. Hence, this study was carried out to assess the
preventive capacity of curcumin against hepatotoxicity induced by
acute dose of NaNO,,

2. Materials and methods
2.1. Chemicals

NaNO, was purchased from Aldrich Chemical Co. Inc. (St. Paul
Avenue Wisconsin USA). Curcumin, Glutathione (GSH), 5’,5’-dithiobis-
2-nitrobenzene (DTNB), 2-thiobarbituric acid (TBA), Biuret and 1
chloro-2, 4-dinitrobenzene (CDNB) and hydrogen peroxide (H,0,) were
purchased from Sigma-Aldrich (St Louis, MO, USA). All other reagents
and chemicals used in this study were of analytical grade and water was
glass distilled.

2.2. Experimental animals

Twenty-four male rats of the Wistar strain, (160-210 g) used in this
study were obtained from the Central Animal House, College of Health
Sciences, Osun State University, Osogbo. They were acclimatized for a
week in plastic cages at an ambient temperature of 25 °C and a relative
humidity of 45-55%, with 12h each of dark and light cycles. The an-
imals were maintained on a normal laboratory chow and water ad li-
bitum. The handling of experimental animals was in accordance with
the guidelines for the use of laboratory animals [22] and as adopted at
the Osun State University, Nigeria. All procedures were approved by the
Ethics Committee of the College of Health Sciences, Osun State Uni-
versity, Osogbo, Nigeria.

2.3. Experimental design and sample collection

Animals were distributed into four experimental groups (?? = 6).
The negative control group received oral administration of 2 mL/kg
olive oil daily. The positive control group received oral administration
of 2 ml/kg b.wt olive oil and a single dose of NaNO,, at 60 mg/kg body
weight equivalent to one of the highest single doses initially reported to
produce organ damage [1,23]. The curcumin group received daily oral
administration of 2 ml/kg b.wt of olive oil containing 20 mg/kg b.wt of
curcumin. This dose is within the acceptable range reported for daily
intake by Clinical development plan: curcumin 1996 [24]. In addition,
this oral dose has been reported earlier by Tajik et al. [25], in rats,
against the acetic acid induced visceral nociception. The duration of the
experiment (28 days) was chosen based on the literature, which is 7
days to 12 weeks for the oral curcumin treatment [26,27]. The com-
bination group received both a daily dose of curcumin and a single oral
administration of NaNO, A single dose of sodium nitrite was ad-
ministered on day 28. After 24 h of NaNO,, exposure, rats were sacri-
ficed by cervical dislocation. Blood samples were collected from the
hepatic portal vein into non-heparinized bottles and processed to obtain
serum. Serum samples were used for biochemical analysis. The liver
tissues were excised and rinsed in ice cold 1.15% KCI and stored at
— 20 °C for biochemical estimations. A portion was fixed in 10% neutral
buffered formalin solution for histological examination.

2.4. Tissue homogenate preparation

The portion of excised liver tissues were homogenized in 50 mmol/1
Tris—-HCI buffer (pH 7.4) and then centrifuged at 10,000 x g for 15 min
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at 4 °C. The resulting pellet was discarded and the supernatants were
immediately kept frozen and later used for biochemical estimations.

2.5. Determination of serum hepatic function biomarkers

The hepatic function biomarkers Alanine amino transferases (ALT)
and Aspartate amino transferases (AST) activities were determined
following the principle reported [28-30]. Alkaline phosphatases (ALP)
activity was determined following the method described by Goodla
et al., [30]. Total protein concentrations of the serum were determined
according to Biuret method as described by Gornall et al., [31]. Al-
bumin concentration was determined following the principle reported
by Grant [32].

2.6. Determination of lipid profile

Triglyceride (TGs) concentrations were determined by following the
principle reported by Bucolo and David [33], HDL (high density lipo-
protein) was determined by following the principle of quantitative
precipitation of low density lipoproteins (LDL and VLDL) and chylo-
micron fractions by addition of phosphotungstic acid in the presence of
magnesium ions. LDL (low density lipoprotein) was determined by
following the principle of quantitative elimination of chylomicron,
VLDL-Cholesterol and HDL-Cholesterol by cholesterol esterase, choles-
terol oxidase and subsequently catalase.

2.7. Estimation of antioxidant status

Lipid peroxidation was determined as the formation of mal-
ondialdehyde (MDA) during an acid-heating reaction according to
Ohkawa et al., [34]. Catalase (CAT) activity was measured using hy-
drogen peroxide as the substrate according to the method previously
described Manubolu et al., [35]. Superoxide dismutase (SOD) activity
was determined by measuring the inhibition of autoxidation of epi-
nephrine at pH 10.2 and 30 °C according to Misra and Fridovich [36].
Glutathione (GSH) was determined according to the method of Jollow
et al., [37]. Activity of Glutathione peroxidase was estimated following
the method reported by Rotruck et al., [38] while Total thiol (TSH)
content in the liver homogenate was determined as described by Ellman
[39].

2.8. Assay of serum C-reactive protein

An enzyme-linked immunosorbent assay (ELISA) (rat C-reactive
protein (CRP) ELISA Kit, e-Biosceince, Inc), was used to measure the
concentration of high sensitive C reactive protein by following the in-
structional manual.

2.9. Histopathological analysis

The liver tissues were excised from the animals after sacrifice and
stored in 10% formalin solution, for tissue sections and subsequent
histopathological examination. The tissues were then embedded in
paraffin. A rotary microtome was used to collect five micrometer-thick
paraffin sections, and tissues were thereafter stained by Hematoxylin
and Eosin (H&E). The specimens were examined and photographed
under a light microscope.

2.10. Statistical analysis

The data were expressed as mean * standard deviation (SD) after
analysis by one-way analysis of variance (ANOVA) with the aid of
Graph Pad Prism version 6.02, for windows (GraphPad software, San
Diego, CA). Differences between mean values of different groups were
considered statistically significant at P < 0.05.
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Table 1

Effect of curcumin on liver function biomarkers in rats exposed to NaNO,.
Parameters Group I Group II Group III Group IV
AST (U/L) 121.13 * 1.52 118.32 + 5.03 194.33 + 6.43* 146.23 + 5.77*%
ALT (U/L) 47.21 = 6.1 43.23 + 8.62 94.67 + 4.93* 61.33 + 6.43 **
ALP (U/L) 21.33 + 43.21 20.67 + 2.54 93.33 + 5.69* 54.00 + 9.52%*
Total protein 91.67 + 5.69 93.33 + 3.79 62.67 + 4.049* 83.00 + 4.36 *
Albumin (mg/dL) 40.33 = 4.51 37.32 £ 4.95 25.00 + 3.0* 28.33 + 2.89*
Globulin (mg/dL) 51.33 + 1.527 56.00 + 3.61 37.67 + 2.08* 54.67 + 6.11%
C-reactive protein (ng/L) 12.04 + 1.42 10.88 = 0.65 19.56 = 2.33* 14.93 + 2.39%

Group I: Control; Group II: 20 mg/kg Curcumin; Group III: 60 mg/kg NaNO,; Group IV: 20 mg/kg Curcumin + 60 mg/kg NaNO,.Values are mean + SD, n = 6.
AST = Aspartate amino transferase; ALT = Alanine amino transferase; ALP = Alkaline phosphatase.

*Significantly different from control group (P < 0.05).
#Significantly different from NaNO, group (P < 0.05).

3. Results

3.1. Effect of curcumin on liver function biomarkers and C-reactive proteins
in rats exposed to NaNO»

NaNO, resulted in significant elevations of hepatic transaminases
(AST and ALT) and ALP activities, and caused significant reductions in
the concentration of total protein, globulin and albumin, with an in-
crease in C-reactive protein in the serum. Pre-treatment with curcumin
significantly lowered these enzyme activities and increased the con-
centrations of the different proteins in the serum (Table 1).

3.2. Effect of curcumin on the lipid profile of rats exposed to NaNO,

NaNO, resulted in significant reductions in the concentration of
serum lipids (cholesterol, TGs, LDL and HDL) rats as compared to the
control (Table 2), while pre-treatment with curcumin produced no
significant change in the serum lipid profile concentrations in the ex-
posed rats as compared to the control (Table 2).

3.3. Effect of curcumin on the lipid peroxidation, GSH and TSH in rat liver
exposed to NaNO,

A single dose of the NaNO, treatment caused a significant elevation
of MDA concentration as well as significant decreases in GSH and TSH
concentrations in the livers of rats (Fig. la—c). Pre-treatment with
curcumin prior to NaNO, exposure significantly reduced MDA con-
centration and increased GSH concentration in the liver of NaNO, -in-
duced rats.

3.4. Effect of curcumin on antioxidant enzyme activities in rat liver exposed
to NaNO,

A single dose of the NaNO, treatment caused a significant reduction

Table 2
Effect of curcumin on the lipid profile of rats exposed to NaNO,.
Parameters Group I Group II Group III Group IV
Total cholesterol ~ 2.33 + 0.25 2.47 + 0.40 0.61 + 0.20* 1.97 * 0.50"
(mg/dL)
HDL (mg/dL) 1.90 + 0.10 2.00 + 0.10 0.37 = 0.58* 1.50 + 0.70*
LDL (mg/dL) 1.80 = 0.10 1.56 = 0.52 0.4 = 0.15* 1.16 + 0.18*%
Triglycerides 1.27 £ 0.57 1.2 £ 0.1 0.47 + 0.05* 0.93 + 0.15*
(mg/dL)

Group I: Control; Group II: 20 mg/kg Curcumin; Group III: 60 mg/kg NaNOo;
Group IV: 20 mg/kg Curcumin +60mg/kg NaNO,. Values are expressed as
mean * (SD), n = 6.

HDL = High density lipoprotein; LDL = Low density lipoprotein.
*Significantly different from control group (P < 0.05).

#Significantly different from NaNO, group (P < 0.05).

in the activities of the antioxidant enzymes in the liver of rats
(Fig. 2a—c), while pre-treatment with curcumin prior to NaNO, ex-
posure significantly abrogated the decrease.

3.5. Histological examination of the liver section

The photomicrographs of the liver sections of rats exposed to NaNO»
after pre-treatment with curcumin are presented in Fig. 3. Control
(Group I) and curcumin (Group II) treated groups showed no visible
lesions, whereas NaNO, treated group shows fatty liver with increased
deposition of fat droplets with reduced cellular density and cellular
distribution. Pretreatment with curcumin significantly protected the
liver injury from NaNO, stress.

4. Discussion

Exposure to compounds of nitrite in the environment or through
consumption of contaminated water or food constantly predisposes
humans to the risk of the induced toxicities [40]. Exposure to a single
acute dose other than those used in food preservation or found in water
accidentally or intentionally has been associated with wide range of
organ toxicities. Sodium nitrite was has been reported to have capacity
in inhibiting growth of disease-causing microorganisms, it gives taste
and colour to the meat and inhibit lipid oxidation that leads to rancidity
[41-43]. Sodium nitrite is well known for its role in inhibiting the
growth of Clostridium botulinum spores in refrigerated meats [43]. It has
been reported that as little as 2 to 14 ppm (ppm) is needed to induce
this desirable effects especially in curing of meat, however, to extend
the shelf life span and maintain cured color of meat, or to increase
control of microorganisms like Clostridium botulinum, significantly
higher levels are needed [44,45] hence, predisposing humans to its
toxic effects. Consumption of such foods preserved with high con-
centration of nitrites by humans is very likely to predispose them to
severe nitrite damage. It is possible to find naturally consumed sub-
stances to suppress or prevent these risks. In this study, curcumin was
used as a pre-treatment against NaNO, induced hepatotoxicity from a
single acute dose. The liver is constantly and adversely affected as a
result of its usual direct or indirect contact to various xenobiotics and
free radicals. Many markers were considered very useful to regularly
assess the proper function of the liver and reports exist on the sig-
nificant alterations caused by NaNO, on these markers, suggesting
adverse toxic effects on this organ [46-48]. Curcumin has been re-
ported in various studies to act as a scavenger for the oxygen-derived
free radicals, [19,49].

In this study, a single acute dose of NaNO, resulted in significant
elevations of the activities of serum aminotransferases (ALT and AST)
and ALP, which suggests damage to the liver cells because these hepatic
biomarkers have typically been reported to be essential for determi-
nation of liver injury [50-53]. Total protein, albumin and globulin
concentrations also were significantly reduced following a single dose
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Fig. 1. Effect of curcumin on MDA, GSH and TSH concentrations in the liver of NaNO, exposed rats. [A] MDA; [B] GSH and [C] TSH. Group I: Control; Group II:

20 mg/kg Curcumin; Group III: 60 mg/kg NaNO,; Group IV: 20 mg/kg Curcumin + 60 mg/kg NaNO,. Values are expressed as mean

+

SD; n = 6. *Significantly

different from the control group (P < 0.05). #Significantly different from NaNO, group (P < 0.05).
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Fig. 2. Effect of curcumin on antioxidant enzyme activities in the liver of NaNO, exposed rats. [A] SOD [B] GPx and [C] CAT. Group I: Control; Group II: 20 mg/kg

Curcumin; Group III: 60 mg/kg NaNO,; Group IV: 20 mg/kg Curcumin + 60 mg/kg NaNO,. Values are expressed as mean

+

SD; n = 6. *Significantly different from

the control group (P < 0.05). #Significantly different from NaNO, group (P < 0.05).

of NaNO,; this may have been due to loss of hepatocytes as a result of
the damage created by NaNO,; as the reduction in these molecules has
been reported earlier in liver damage [54]. This reduction by NaNO, is
in agreement with earlier reports [55]. The protein reduction also could
indicate a switch in the direction of C-reactive protein synthesis (an
inflammatory protein), as this was significantly increased in the serum
following NaNO, exposure. The reduction in albumin synthesis has
earlier been linked to C-reactive protein synthesis (Du Clos, 2000).
Increase in tissue damage has been reported to induce increased
synthesis of C-reactive oxygen species; therefore, its significant increase
in this study might be related to the liver damage induced by NaNO,
exposure.

Lipids are part of the important molecules necessary for the control
of cellular functions and homeostasis. The liver happens to play a

Group I

Liver

critical role in their metabolism, including their synthesis, degradation
and transportation [56]. Thus, it is expected that liver dysfunction will
also affect lipid profile. The result of this study revealed significant
decreases in all of the lipid profiles assessed (cholesterol, triglycerides,
HDL and LDL). To support this standpoint, a significant reduction in
plasma cholesterol, HDL, LDL and triglyceride (TG) levels was earlier
reported in patients with severe hepatitis and hepatic failure, which has
been linked to the reduction of lipoprotein biosynthesis by the liver
[56]. This result also is in accordance with the report of Mehboob et al.,
[57]. In addition, the decrease in the lipid profiles after nitrite or nitrate
consumption has earlier been reported - [55,58]. The decrease observed
in the lipids was suggested to be probably due to lipolysis, through
stimulation of hormone sensitive lipase [55].

It would have been appropriate to conclude that the liver could not

1] Group IV
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Fig. 3. Representative photomicrographs of liver section viewed under light microscope: Group I control: showing no visible lesion; Group II: 20 mg/kg curcumin,
showing no visible lesion and normal morphology of the liver cells; Group III: 60 mg/kg NaNO, showing Fatty liver with increased deposition of fat droplets with
reduced cellular density and cellular distribution; Group IV: curcumin + NaNO, showing nuclei of hepatocytes distinctively stained and properly disposed within

their respective cytoplasm. H&E stain at 100x (embedded) and 400x Magnification.
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synthesize lipids as a result of damage elicited by NaNO,. However, the
histology of the livers of rats exposed to NaNO, revealed Fatty liver
with increased expression of fatty droplets and reduced hepatocyte
density. Thus, this may mean that the reduction in the liver cell density
led to reduction in lipid synthesis and the ones that are synthesized
could not be metabolized from the liver through blood circulation,
hence, the accumulation of the fat seen in the histology. The bio-
chemical analysis reveals that decrease in lipid profiles in serum and on
the other hand the histopathology analysis revealed fatty liver with
increased expression of fatty droplets and reduced hepatocyte density
in NaNO, exposed rats. This reveals that the multiple toxicity me-
chanisms of NaNO, by damaging the liver cells and also affecting the
critical role of liver and their fatty acid metabolism, which includes
their synthesis, degradation and transportation.

In contrast, pre-treatment with curcumin significantly reduced the
serum levels of AST, ALT, and ALP, prevented reduction in total protein
synthesis, and lowered the concentration of C-reactive protein, showing
amelioration of the induced liver damage. It may be suggested that the
reason for lowered C-reactive protein concentration following pre-
treatment with curcumin is a result of lack of damage to the liver, which
could have activated the synthesis of C-reactive protein. To further il-
lustrate this amelioration, the liver histopathological analysis in the
curcumin pre-treated group showed hepatocytes preserved, with
normal morphology with no visible lesions or the presence of fat. The
density also was increased compared to the NaNO, group. It is not
surprising therefore that the concentrations of the parameters in the
lipid profiles were significantly modulated in the group administered
curcumin + NaNO, when compared with the NaNO, group. This may
be explained by the result of histology; the fats that were accumulated
in the NaNO, group were freely metabolized in the curcumin group,
and therefore the effect is seen in the serum with an increase in con-
centration, then a clear and regular morphology of the liver. Previous
studies indicated the efficacy of curcumin in the modulation of the
compromised serum lipid profile [59,60].

This study revealed that a significant oxidative stress was induced
by NaNO, as evidenced by the significant (p < 0.05) increase in MDA
level, hence lipid peroxidation, with an associated decrease in GSH and
TSH levels and CAT, GPx and SOD activities in the liver of rats.
Oxidative damage induced by NaNO, has been widely reported
[1,48,55]. Nitrite is reported as a highly reactive compound which is
capable of oxidizing, reducing or nitrosylating compounds. It also can
be transformed into a myriad of related compounds, such as nitrous
acid, nitric oxide and nitrite in biological matter [61]. The significantly
induced oxidative stress could be related to these properties. However,
there are several reports that have linked the medicinal effects of cur-
cumin to its antioxidative properties and have suggested that anti-
oxidants play an important role in the hepatoprotective mechanisms of
liver function [62-65]. Pre-treatment of animals before exposure to
NaNO, revealed a significant decrease in MDA level indicating that the
lipid peroxidation rate was decreased by the antioxidant property of
curcumin. With regard to the decreased lipid peroxidation level, it may
be suggested that dietary consumption of curcumin may be protective
against NaNO,-induced membrane damage. Furthermore, the ther-
apeutic ability of curcumin in reducing free radical-induced tissue da-
mage has been previously reported [21,66]. Curcumin has earlier been
reported to prevent tissue damage induced by some agents such as
paracetamol, cadmium, lead, and lindane [19,21,67]. This ability to
prevent lipid peroxidation must have resulted from its reported anti-
oxidative ability as evidenced by increased levels of GSH, TSH and
activities of antioxidant enzymes (SOD, GPx and CAT) in the livers of
the treated rats.

5. Conclusions

This study reports the protective capacity of curcumin against he-
patotoxicity induced by acute dose of NaNO,. The modulation of
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NaNO, induced hepatotoxicity (such as increase in C-reactive proteins,
liver fat deposition, and decreased serum lipids, reduced antioxidants
and increased serum- hepatic transaminases and phosphatase) was
ameliorated by pretreatment of curcumin. Curcumin effectively abro-
gated NaNO,- induced hepatotoxicity via modulation of the antioxidant
status and, inhibition of liver lipid peroxidation and accumulation as
evidenced by clear liver cell morphology. Disruption in the ability to
synthesize proteins caused by NaNO, also was prevented. Since cur-
cumin is a well-known anti-inflammatory agent, it is likely that these
protective effects of curcumin are also mediated by the reduction in
liver inflammation; hence, further studies are warranted. Therefore, it
may be suggested that prior dietary consumption of curcumin might be
able to prevent hepatic damage induced by some toxic food additives.
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