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SUMMARY: Food additives and flavour enhancers used in the food industry are potential health risks. We tested the hypothesis
that the food additive and flavour enhancer, monosodium glutamate (MSG), which is the sodium salt of glutamic acid can induce
ultrastructural alterations to the kidney, and the antioxidant vitamin E can protect against acute kidney injuries indoxeddoga of
MSG in a rat model of the disease. The model group of rats received a daily dose of MSG (4 gm/kg) for 7 days, whereecisvihe prote
groups were either received a 100 mg/kg vitamin E plus MSG or 300 mg/kg vitamin E plus MSG for 7 days. Rats were thdrosacrifice
day 8. Transmission and light microscopy images revealed substantial kidney damage induced by MSG in the model groupséisdiemonst
by degenerated epithelial cells with Pyknotic nuclei, swollen mitochondria, damaged brush margins, dilated tubules, agafvidenin
Bowman'’s space with shrinkage and deformity of some glomeruli. Treatment of the model group with vitamin E showed a substantial
protection of kidney tissue and renal ultrastructure by 300 mg/kg vitamin E compared to a partial protection by 100 muy/l&y Writam
addition, MSG significantly (p<0.05) increased serum levels of urea and creatinine, which were significantly (p<0.05) détneased
vitamin E. However, for serum creatinine, high doses of vitamin E (300 mg/kg) were more effective than lower doses (100 mg/kg)
vitamin E. These results indicate that vitamin E at 300 mg/kg effectively protects against MSG-induced acute kidneyatgury in r
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INTRODUCTION

MSG and other certain food additives like sodiunin antioxidants (SOD, GSH, and GPx) in cardiac tissues
benzoate, nitrites, and nitrates are potential health risks ligg@ingh & Ahluwalia, 2012).
cardiovascular disease, toxic to the nervous system and liver,
diarrhoea and digestive disturbance, depression and mood  The liver and kidney are affected by toxic doses of
swing, headaches and dizziness, allergic reactions, amM&G that cause inflammation, oxidative stress, oxidative
carcinogens (Eweket al, 2011; Shimadat al, 2013). The kidney damage, and hepatocellular damage (Ongaiala
estimate average daily MSG intake per person in the United06; Wanget al, 2015). It was reported that MSG-induced
States is 0.2-0.5 g and 1.6 g in Korea (Gethal, 2000). obesity-related inflammation in livers of rats, as
Administration of two different doses of MSG (4 and 8 mgdemonstrated by a significant increase in the gene expression
g body weight) to mice for seven days caused a significasf TNF-a and IL-6, and increase in biomarkers of liver injury
increase in levels of oxidative stress (MDA) and decreasedch as ALT and AST (Wargg al). Also, administration of
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low dose of MSG (0.6 mg/g body weight) to rats for teffior 7 consecutive days; and (4) MSG+Vit E300 group: rats
days induced levels of lipid peroxidation and ALT and ASTieceived MSG as above plus 300 mg/kg vitamin E for 7
and decreased the levels of the antioxidant GSH (Onyemansecutive days. All animals were sacrificed on day 8.
et al). Furthermore, intraperitoneal injection of MSG into
rats markedly increased kidney biomarkers of oxidativBlood samplesAt the end of the experimental period, blood
stress and decreased antioxidants (Farombi & Onyensgmples were collected by cardiac puncture under
2006). anaesthesia (sodium thiopentone at 40 mg/kg body weight)
after an overnight fast of 12 hours. These blood samples
The antioxidant and anti-inflammatory effects ofwere collected without anticoagulant, left for 10 min, then
vitamin E have been documented (Ramanaghanh, 2018; centrifuged for 10 min at 4000 r/min to obtain serum, which
Rizvi et al, 2014). Vitamin E is reported to slow kidneywas stored at minus 2Q until further biochemical analysis.
failure owing to oxidative stress (Fryer, 1997), reduces high
blood pressure in cases of kidney failure (Teéaal, 2005), Determination of serum levels of urea and creatininéit
and prevents contrast medium-induced acute kidney injutiay 8, animals were sacrificed, and kidney function was
(Choet al, 2017). Also, vitamin E is reported to amelioratevaluated by assessing serum levels of urea and creatinine
several types of liver diseases in patients with non-alcoholising colourimetric methods according to manufacturer’s
fatty liver disease (NAFLD), non-alcoholic steatohepatitimstruction (BioAssay System, USA).
(NASH), hepatic fibrosis, inflammation and hepatocellular
ballooning (Sanyakt al.,, 2010; Satcet al., 2015). Histological examination.As we previously reported (Al-
Additionally, vitamin E has been used in animal models diashemet al, 2019), kidney specimens were immediately
many liver diseases to significantly attenuate NAFLDixed in 10 % formal saline for 24 hours. Paraffin blocks
(Oliveira et al, 2003), NASH (Zamiret al, 2010), CCl4 were prepared, and 5 mm thick sections were subjected to
induced hepatic fibrosis (Tiaet al, 2019), and MSG- hematoxylin and eosin (H&E) stain to elucidate the status
induced oxidative stress and liver injury enzymes (Onyentd kidney architecture and the structural changes.
et al). However, vitamin E has not been used before to
protect the kidney ultrastructure upon MSG intoxication ifransmission Electron Microscopy (TEM). As we
an animal model. Therefore, we speculated that vitamineviously reported (Al-Hashewt al), Small pieces of
at high dosage might protect against MSG-induced kidnéydney tissues were removed and immediately fixed in 2.5
injury and kidney ultrastructural alterations in rats. % glutaraldehyde for 24 hours and washed with phosphate
buffer (0.1 M, PH 7.4). Post-fixation was made in 1 %
osmium tetroxide buffered to PH 7.4 with 0.1 M phosphate
MATERIAL AND METHOD buffer at 4°C for 1-2 hours. The samples washed in
phosphate buffer to remove excess fixative, dehydrated
through ascending grades of ethanol followed by clearing
Animals. The medical research ethical committee approved propylene oxide. The specimens were embedded in
all experimental procedures at King Khalid University andraldite 502, to form gelatin capsules. Polymerization was
according to the Guide for the Care and Use of Laboratooptained by placing the capsules at €Q Semi-thin
Animals published by the US National Institutes ofections (~1 mm thick) were stained with toluidine blue
Health. (NIH publication No. 85-23, revised 1996). Spragu®r orientation and observation. Ultra-thin sections (100
Dawley rats (n=18) weighing 170-200 g were used in thism) were prepared using ultra-microtome and picked up
study. All rats were bred and housed in the research centre uncoated copper grids. Following double staining
of King Khalid University, college of medicine (Abha, Saudiwith uranyl acetate and lead citrate, three to five random
Arabia), at a temperature of 23L°C and a 12 h light: 12 h micrographs for each section were examined and
dark cycle. Rats had free access to tap water and fed stahetographed using a JEM-1011-JEOL transmission
dard laboratory chow during the acclimatization period. electron microscope, Japan, at 80 Kv.
Experimental design. After a one week adaptation, the rats
were randomly divided into 4 groups (n = 6; each) and weSBtatistical analysis.The data were expressed as niestan-
distributed in their corresponding cages and classified dard deviation (SD). Data were processed and analyzed
follows: (1) Control group: rats received normal saline dailysing the SPSS version 10.0 (SPSS, Inc., Chicago, lll., USA).
for 7 days; (2) MSG intoxicated group (Model group): rat®ne-way ANOVA was done followed by Tukey’s post hoc
received a daily dose of MSG (4g /kg, orally) for 7 daytest. Pearson correlation statistical analysis was done for the
(Singh & Ahluwalia); (3) MSG+Vit E100 group: rats detection of a probable significance between two different
received MSG as above plus 100 mg/kg vitamin E (orallygarameters. Results were considered significantiDj©5.
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RESULTS biomarker of kidney injury and profound damage to kidney
cells (Fig. 1). MSG-induced nephrotoxicity which caused
about a seven-fold increase in serum creatinine (Fig. 1A)

Induction of acute kidney injury in rats by MSG.and TEM images of kidney sections of the proximal
Acute kidney injury was induced in the model group of ratsonvoluted tubules (Figs. 1B and 1C) and renal corpuscles
by a toxic dose of MSG (4 g/kg body weight), which wagdata not shown) confirmed kidney injury and abnormal
confirmed after 8 days as shown by high blood levels indnanges to renal ultrastructure. Kidney sections from the
A control group (Fig. 1B) revealed normal
epithelial cells surrounded by a basement
2.0- membrane. Each epithelial cell consists of a nor-
mal nucleus, mitochondria, and brush margins.

Whereas, images at similar magnification

prepared from kidney sections of the MSG rats

of (Fig. 1C) show degenerate epithelial cells with

Pyknotic nuclei, swollen mitochondria, and

damaged brush margins.

-
(2]
:

Creatinine (mg/dL)
8 B

Vitamin E reduces MSG-induced
biomarkers of kidney injury. At day 8, animals
were sacrificed, and kidney function was
evaluated by assessing serum levels of urea and
creatinine. High blood urea and creatinine are
well known to be involved in the pathology of
acute kidney injury in animal models and humans
(Kohansalet al., 2019; Zhanget al, 2019). We
investigated the level of inhibition of urea and
creatinine in blood samples upon treating rats
with two doses of vitamin E; 100 and 300 mg/
kg for 7 days using our protective approach.

2 o < N : Compared to the model group, a significant
Flg 1. Induction of acute kldney injury in rats by MSG. Blood levels of creatinite<0.05) inhibition of urea and creatinine (Figs.
(A) were measured at the end of the experiment, after 8 days in the model Réuand 2B) by vitamin E were observed.
(MSG) compared to the control group of rats (n=6 for each group). ResHitpwever, blood levels urea were not
represent the meas§D), and experiments were performed in triplicate. *p<0. Q;":ignrﬂcan“y different (p>0.05) between
versus control. TEM images (B and C, x2500) of harvested tissues obtajp&t +vit E100 and MSG+VIE300 rat groups.
from the kidney of the model group (C) compared to the control group (B) Whereas, only vitamin E at 300 mg/kg was able
visualized using transmission electron microscopy. Abbreviations: N, nucleu

m, mitochondria; Bm, cell basement membrane; Bb, brush margins, Lu, tub %?rlng down serum creatinine to levels compa-
lumen. able to the control group (Fig. 2).

A B

150

Fig. 2. Vitamin E protects against
MSG-induced biomarkers of kidney
injury. Serum levels of urea (A) and
creatinine (B) were measured at the
end of the experiment, after 8 days in
4 groups of rats; Control group, MSG
- group, MSG+100 mg/kg vitamin E
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0.5- (MSG+Vit E100) group, and

MSG+300 mg/kg vitamin E

0- N N 0.0- (MSG+Vit E300) group. Results
&@\ \@" ‘&& .\Q;P & éq,o @,@“ &QQ represent the measn§D); n=6 for each
0 & & up. Experi w i

® Ry X 0*‘ X R group. Experiments were performed in
& & & & triplicate. *p<0.05 versus control,

sf’ S’ **p<0.05 versus MSG.
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Vitamin E protects kidney tissue against MSG300 mg/kg given at the same time with MSG for 7 days in
induced acute injury. Harvested kidney tissues from all ratder to determine whether vitamin E can protect the
groups were examined by light microscopy after stainingjtrastructure of kidney against damage induced by MSG.
with H&E. Compared to normal histological structure oRepresentative TEM images of kidney sections at
renal tubules and renal corpuscles in the control group (Figagnification (x6000) display the ultrastructure of the
3A), MSG caused dilated tubules (arrowheads), widenimgoximal convoluted tubules prepared from the control ani-
of (Glomerular space) (curved arrows) and deformemial group (Fig. 4A) that show normal renal ultrastructure
glomeruli (arrows) (Fig. 3B). Administration of low dosesand normal infolding cell membranes, the model group (Fig.
of vitamin E (100 mg/kg) ameliorated the nephrotoxic effeetB), which displays alterations to the ultrastructure similar
of MSG. However, some dilated tubule (arrowhead) wette (Fig. 1C) plus damaged infolding membranes (arrow).
still seen (Fig. 3C). On the other hand, giving high doses ©he low doses vitamin E treated group (Fig. 4C) showing
vitamin E (300 mg/kg) preserved the normal structure eformal convoluted tubule with partial changes in their
the renal tubules and renal corpuscles comparable to #m@thelial cells. They surrounded by normal basement
control group (Fig. 3D). membranes (Bm). Each epithelial cell consists of a normal

nucleus (N), mitochondria (m) and brush margins (Bb).

Vitamin E protects kidney ultrastructural damagénfolding membranes (arrow) are also seen. Whereas, the
induced by MSG. We assessed the effect of daily ingestibigh doses vitamin E treated group (Fig. 4D) revealed nor-
of two doses of vitamin E into two groups of rats; 100 anchal renal ultrastructure comparable to the control group.

en Y S

Fig. 3. Vitamin E protects kidney architecture against acute injury induced by MSG. H&E stained images (x200) of harvested
tissues obtained after 8 days from the kidney of the control group (A), MSG group (B), MSG+100 mg/kg vitamin E (MSG+Vit
E100) group (C), and MSG+300 mg/kg vitamin E (MSG+ Vit E300) group (D). Note that arrowheads point to dilated tubules,
arrows point to deformed glomeruli, and curved arrow points to the widening of the (Glomerular space).
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e

Fig. 4. Vitamin E protects against MSG-induced renal tubular ultrastructural damage in rats. TEM images (x6000) of tHe&ickeey o

at the end of the experiment, after 8 days. (A), Control group. (B), MSG group. (C), MSG+100 mg/kg vitamin E (MSG+Vit BEPO0) gro
and (D), MSG+300 mg/kg vitamin E (MSG+Vit E300) group. Note that arrows point to infolding cell membranes. Abbreviations: N,
nucleus; m, mitochondria; Bm, cell basement membrane; Bb, brush margins, Lu, tubular lumen.

DISCUSSION

The main objective of our study was to investigateypothesis that MSG can induce kidney ultrastructural
the potential alterations to the kidney ultrastructure inducedterations, and vitamin E can protect against acute kidney
by toxic doses of MSG and whether vitamin E can inhibinjury induced by MSG in a rat model of the disease.
both kidney tissue and cells against damage induced by MSG
in a rat model of acute kidney injury. Therefore, rats were Previously published work showed that MSG-
treated for 7 days with either a100 or 300 mg/kg of vitamiimduced toxicity in renal culture cells (Leurgal, 2008),

E plus MSG, and the histological and biochemical parametedisiney damage (Sharma, 2015), alteration in glomerular and
were examined and confirmed the beneficial effects ddibular histology, increase in urea and creatinine, and kidney
vitamin E at 300 mg/kg (Figs. 2-4). Our data support thiafiltration of inflammatory cells (Continét al, 2017).
conclusions that MSG caused intense damage to the kidriéerefore, our data that point to MSG caused high blood
ultrastructure (Figs. 1C and 4B), tissue injury (Fig. 3B), andrea and creatinine and kidney tissue damage, and
induced biomarkers of kidney injury, urea and creatinin@flammatory cell infiltration are in agreement with the above
(Fig. 2), which were substantially protected by vitamin Endings. However, our TEM data are the first report on
(Figs. 2-4). However, cell and tissue injuries were momSG-induced kidney ultrastructural alterations.

effectively protected with a 300 mg/kg vitamin E compared

to partial protection with the lower dose, 100 mg/kg vitamin Our data that point to the adequate protection of
E. Therefore, our results were consistent with our workingtamin E against (4 g/kg) MSG-induced acute kidney injury
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