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Abstract- Diabetic mellitus is an autoimmune
disease afflicting millions of population around the
world. The concern is the increasing rate of the
disease in spite of the advancement in medical
education. Of the factors that predispose to the
disease is the life style such as diet. Monosodium
glutamate is a flavour enhancer widely believed to
predispose to diabetes mellitus that is probably
related to its obesogenic potential. However MSG
direct involvement in the aetiology of diabetes
mellitus remains controversial. The controversy is
hinged on the finding that the portal blood levels of
glutamate is lowly increased even after chronic
ingestion since it is readily metabolized. This project
therefore aimed to investigate the contribution of
MSG to diabetes and possible amelioration by a
sulphur compound specifically NaHS through
attenuation of oxidative stress. Male Sprague
Dawley rats were made diabetic by subcutaneous
administration of alloxan and were fed MSG and or
NaHS at 2 g/kg/day and 2.8 mg/kg/day respectively
for 14 days. Non-diabetic rats were similarly treated
or not treated. Rats renal post mitochondrial
supernatants were analyzed for the specific
activities of superoxide dismutase (SOD) and
xanthine oxidase (X0) as well as reduced
glutathione (GSH) concentration. N acetyl-f-D-
glucosaminidase (NAG) specific activity and
creatinine concentration in the urine and cystatin C
(CysC) and urea in the serum were investigated.
Histologic studies were carried out on the kidney
tissues. Altered biochemical indices including
induction of oxidative stress and pathological
changes in cellular architecture were recorded
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among the diabetics, diabetics fed MSG as well as
the non-diabetics fed MSG. Administration of
NaHS to the rats attenuated the oxidative stress and
ameliorated the pathological changes in the tissues.
This work supports the theory that MSG induces
renal dysfunction which is mediated by oxidative
stress.

Index Terms- Diabetes, monosodium glutamate,
sodium hydrogen sulphide, renal toxicity.

L. INTRODUCTION

Diabetes mellitus is a general term used for the
body’s failure to achieve euglycaemia and leading to
hyperglyceamia. The disease is traditionally
classified into type 1 diabetes in which the body fails
to control blood sugar level following insulin
insufficiency occasioned by the destruction of insulin
secreting pancreatic B cells by the autoimmune
system or the type 2 diabetes following cells’
resistance to insulin. The concern about the disease is
that the number of patients worldwide continues to
rise and this is not unconnected with the nutritional
status and the life style. Obesity is one of the
predisposing factors to diabetes especially the Type 2
(WHO, 2018; Kahn et al., 2006). Monosodium
glutamate (MSG), a food flavour enhancer, may play
a role in the aetiology of diabetes mellitus following
its obesogenic potential (Insawang et al., 2012;
Roman-Ramos et al., 2011) and its compromised
glucose utilization activity (Miskowiak et al., 1999)
in experimental animals. However, demographic
evidence linking diabetes or obesity in human to
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MSG is still controversial. Under ordinary
conditions, MSG is readily metabolized by humans,
and portal blood level is thought to be lowly
increased even after large dose (Walker and Lupien,
2000). Nephropathy is one of the microvascular
complications of diabetes mellitus (Nazar, 2014). The
kidney during diabetic complications undergoes
structural changes such as thickening of glomerular
basement membrane and nodule formation (Fowler,
2008). Oxidative stress has been reported as the
underlying mechanism of MSG toxicities in the rat
tissues (Abd Elkareem et al., 2021; Paul et al., 2012)
as well as diabetes pathogenesis while reactive
oxygen species are a critical factor in insulin
secretion (Kajikawa et al., 2002). It is therefore
thoughtful that an antioxidant molecule should play
an ameliorative role in both MSG toxicity and
diabetes. Hydrogen sulphide (H»S) has been reported
to play a number of biological functions (Sun et al.,
2019) including involvement in diseases such as
diabetes (Wang et al., 2020a; Qian et al., 2018). This
investigation aimed to elucidate the biochemical and
histological changes in the renal tissues of diabetic
rats fed MSG and possible amelioration by
exogenous hydrogen sulphide.

II. MATERIALS AND METHODS

All reagents were of analytical grade supplied from
Sigma Aldrich Company, Louis USA and from
RANDOX Laboratory Limited, UK. A brand of
MSG manufactured by Ajinomoto Co., Inc. Tokyo,
Japan was available commercially at a city grocery
store.

Healthy male Wistar rats, body weight ranging from
185-200 g were obtained from the Institution’s
animal house. The rats were fed with animal feed
pellets with access to drinkable water ad libitum. The
animals were quarantined for 7 days and randomized
by body weight into the test and the control groups
(Table 1). There were 5 rats/group and were handled
according to the Institutional guidelines on animal
welfare. The test animals were exposed daily to MSG
(2 g/kg body weight) and/or Sodium hydrogen
sulphide (NaHS) (2.8mg/kg b w) in a total volume of
4 ml. normal saline solution via oral cannulation, for
14 days (Ronald and John, 2000; Rifat et al., 2018)
Table 1.
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Table 1. Animal grouping

Group Dosing

Negative Non diabetic rats + normal saline

Control (N)

Positive Control | Diabetic rats + normal saline (D)

1 Diabetic rats + MSG (DM)

2 Diabetic rats + NaHS (DS)

3 Diabetic rats + MSG + NaHS
(DMS)
Non diabetic + MSG (NM)

5 Non diabetic + NaHS (NS)

6 Non diabetic + MSG + NaHS
(NMS)

Diabetes was induced in the rats by single
subcutaneous injection of alloxan monohydrate (120
mg/kg b w) in 4 ml. normal saline (Mostafavinia et
al., 2016) under anaesthesia consisting of 50 mg/kg
ketamine hydrochloride administered intravenously
along with 5 mg/kg diazepam. Onset of diabetes was
confirmed after 72 hrs by the elevation of blood
glucose (> 250 mg/dL), increased water consumption
and frequent urination (Mostafavinia et al., 2016)
which were sustained before the commencement of
the dosing. The rats were sacrificed, and the kidneys
harvested quickly and washed off blood and
connective tissues with ice cold 1.15% KCI solution.
The kidney was homogenized in ice-cold 0.25 M
sucrose solution buffered with 40 mM Tris.HCI at pH
74 with a Potter Elvherjem Teflon-lined
homogenizer. The homogenate was centrifuged at
8000g for 10 minutes in 20% (w/v) buffered medium.
The pellet so obtained was taken up in 10ml. of the
medium and re-centrifuged. The supernatants were
centrifuged at 12000g for 10 minutes to remove light
mitochondria. The final supernatants were combined
and used as post-mitochondrial fraction for the
biochemical analyses.

Biochemical Assays

In the urine samples, N-acetyl-B-D-glucosaminidase
(NAG) specific activity was assayed by ELISA
method (Kit No.CSB-E09450h .CUSABIO, China)
following instructions as recommended by the
manufacturer. Serum cystatin C concentration was
determined by ELISA kit (Elabscience). Serum urea
concentration was determined by colorimetric
determination of ammonia using commercially
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available Urease Berthelot’s reagent kit MAK 120
(Sigma-Aldrich). Total protein concentration was
determined using the method of Lowry et al. (1951).
Urine creatinine concentration was determined
spectrophotometrically according to Jaffe’s reaction
(Toora and Rajagopal, 2002). In the post-
mitochondrial supernatants, superoxide dismutase
(SOD) activity was determined
spectrophotometrically by the inhibition of pyrogallol
autoxidation (Marklund and Marklund, 1974). The
sample was added after pyrogallol addition to the
sample . The increased absorbance was measured at
420 nm. The activity was expressed as a function of
protein to give specific activity of SOD. Reduced
glutathione (GSH) concentration in the sample was
determined by the method of Owens and Belcher
(1965). Xanthine oxidase activity was determined
according to the colorimetric method of Roussos
(1967).

III.  STATISTICAL ANALYSIS

Values are means + standard error of mean. The
difference between means was analyzed with
ANOVA calculated by using GraphPad Prism
software version 9. Tukey test was used for the Post
hoc analysis. When the difference between means
was substantial or statistically significant, p < 0.05.
On the figure panes, the letter a represents the non-
diabetic rats group (N), letter b represents the diabetic
group (D), ¢ for the diabetic fed NaHS (DS), d for the
diabetics fed MSG (DM), e for the diabetics fed
MSG and NaHS (DMS), f for the non-diabetics fed
NaHS (NS), g for the non-diabetics fed MSG (NM),
h for the non-diabetics fed MSG and NaHS (NMS).

IV. RESULTS

There was a significant increase in urinary specific
activity of NAG among all forms of the diabetes-
induced rats (D, DS, DM) save those administered
MSG with NaHS (DMS) when compared with the
non-diabetic control (N) (Fig. 1). The specific
activity of NAG among DM group was significantly
higher than the diabetic rats exposed to NaHS (DS).
The DMS group had significantly low NAG activity
when compared with D or DM. It was recorded that
the non-diabetic rats exposed to MSG (NM) had
significantly increased NAG specific activity when
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compared with group N (Fig. 1).

N

= D
£7 @ bs
£2 3 DM
- O DMs
- I Ns
e m M

B3 NMS

Figure 1. Urine N-acetyl-B-D-glucosaminidase specific activity

Cystatin C (CysC) concentration was assayed in the
serum of the rats. Increase in the protein was
recorded in somehow all the treated rats relative to
the N and NMS groups (Fig. 2). The diabetic rats (D)
had significantly high concentration of CysC when
compared with the non-diabetic rats (N). The
concentration was also high among non-diabetic rats
exposed to MSG (NM) compared with the
counterpart group that was additionally fed NaHS
(NMS). But insignificantly low concentration was
recorded in DS group when compared with group D.
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Figure 2. Serum cystatin C concentration.

Although urine creatinine concentration increased
among rats in group D relative to group N, the
difference was not substantial (Fig. 3) contrasting the
results of NAG and cystatin C analyses. However,
the increase in creatinine concentration among
diabetic rats fed MSG (DM) was substantial when
compared with N, D or DS group (Fig. 3). Among
DMS, the creatinine concentration was reduced and
was very substantial when compared with DS or DM.
Very low creatinine concentration was recorded
among rats in group DS. Also, low concentration was
recorded among NS and NMS respectively and was
very significant when compared with DM, DMS and
NM. The increase in creatinine concentration among
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rats in group NM was also substantial when
compared with N, D, DS or DM. The low
concentration recorded in group NMS was significant
relative to DM or NM.
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Figure 3. Urine creatinine
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Figure 4. Serum urea concentration.

Increase in serum urea was recorded in all diabetic
groups (D, DS, DM, DMS) as well as MSG treated
group (NM) Fig. 4. Urea concentration substantially
reduced among diabetic rats treated with NaHS (DS)
compared with group D. Reduced urea was also
observed among rats in group DMS which was
significant when compared with DM. Among non-
diabetics exposed to MSG (NM), increase in urea
concentration  significantly = manifested  when
compared with the counterpart group that received
additional NaHS (NMS).

Xanthine oxidase (XO) specific activity was higher
among D, DS, DM and DMS than among N (Fig. 5).
But the specific activity was significantly lower in
DS than in D. Exposure of group D to MSG appear to
significantly increase XO activity even when
compared with DS. Similarly, exposure of non-
diabetic group (N) to MSG (NM) significantly
increased the activity when compared with N, DS or
DMS. NaHS appear to be responsible for the
significant reduction of the enzyme activity recorded
among NMS, NS and DMS when compared with DM

(Fig. 5).
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Figure 5. Rat xanthine ox

post-mitochondrial fraction.
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The trend of specific activity of superoxide dismutase
(SOD) among the experimental groups is as shown in
Fig. 6. The enzyme activity was significantly
increased in DS and DMS respectively. The increase
may be associated with the NaHS which increased
the enzyme activity in the non-diabetics (NS). The
activity of SOD was reduced in the diabetics exposed
to MSG (DM) Fig. 6.
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Figure 6. Superoxide dismutase specific activity in the rat
renal tissue post-mitochondrial fraction.

A large increase in GSH concentration was recorded
with the non-diabetics exposed to NaHS (NS) when
compared with the non-diabetic control (N) (Fig 7).
GSH concentration increased significantly in DS
when compared with D. The difference of GSH
concentrations between DMS and DS was significant
which could be attributed to MSG exposure. In like
manner, the high GSH concentration observed with
the non-diabetic NMS compared with NM could be
attributed to NaHS (Fig. 7).
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Figure 7, Reduced glutathione levels in the post-mitochondrial fraction
of renal tissues of rats.

The results of the studies on histopathology of the
renal tissues of the male rats are presented as Figures
8 to 15. The observed features and the pathological
lesions are indicated with arrows in the micrographs.
The control group presented kidneys with a normal
cellular architecture (Fig. 8). In the D group (Fig. 9),
rat kidney tissues showed poor cellular architecture.
Sclerotic glomeruli among other lesions as shown in
the micrograph (Fig. 9).

Figure 8. Photomicrograph of kidney sections of non-diabetic healthy rats stained by
Haematoxylin and Eosin (H & E) showing normal architecture; the renal cortex shows normal
glomeruli with normal mesengal cells and capsular spaces (white arrorw), the renal tubules
appear normal (blue arrow) and the interstitial spaces appear normal too (sleader arrow).

Figm9.Phomimgaphsofkidnzysectinnsof1h:diabedcmm;ncd}lmdﬁx#m;homingpomrchimthermal
cortex show glomerult with sclerosts (white arrow),the renal tubules show moderate to severe tubular necrosts (blue arrow)
and the preseace of moderate vascular congestion.
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Fewer of the pathological lesions recorded among the
diabetic rats were seen when the rats were
supplemented with NaHS (Fig. 10) just as the
administration of NaHS to normal rats did not affect
the kidney (Fig. 11).

Figure 10. Photomicrographs of kidney sections of the diabetic rats fed NaHS 2.8 g/kg/day
for 14 days showing poor cellular architecture; the renal cortex show normal glomeruli
with normal mesengial cells and capsular spaces (white arrow), the renal tubules show
degeneration of the epithelial cells (blue arrow), the interstitial show focal area of
inflammatory cells (slender arrow) and mild vascular congestion seen. H & E x 400

moderately nommal achitecture; the renal corex shorws normal plomeruli with sormal mesenotalcells and capsular spaces (white
atrow), few glomerul with atrophy seen (black arrors), mostof the renal tubules appear nomal , some show necrotic degeneration
(black arrow), the tersitial spaces appeas norma (sleader asrow). Mag x 400

MSG showed marked lesions whether applied to the
healthy rats (Fig. 12) or to the diabetic rats (Fig. 13)
which appeared lessened following respective
administration of NaHS (Figs. 14 and 15).

p ',, ,H' ‘." \ \ ( "l; i

Figure 12, Photomicrographs (H & E) of iduney sections of normal healthy ratsfed MSG 2 g/kg day for 14
days showing poor architecture, the renal cortex show normal glomeruli with normal mesengral cels and
capsular spaces (whit arow),th senal tubules appear nommal (blue arow), however,th interstitial spaces

is severely nfiltrated by inflammatory cell (slender amow). Mag x 400
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Figure 13. Photomicrographs (H & E) of kidney sections of diabetic rats fed MSG 2
g/kg/day for 14 days showing poor architecture; the renal cortex show normal glomeruli
(white arrow), but the renal tubules show severe degeneration including tubular necrosis
(blue arrow); the interstitial spaces appear normal (slender arrow). Mag x 400
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Figure 14. Photomicrographs (H & E) of kidney sections of non-diabetic rats fed MSG 2
gkg/day+NaHS 2.8 mg/kg/day for 14 days showing normal architectute; the renal cortex show
normal glomeruli with normal mesengial cells and capsular spaces (white arrow), the renal tubules

appear normal (blue arrow), the interstitial spaces appear normal (slender arrow). Mag x 400

j k) : - ¢ n‘, \v o
Figure 15. Photomicrographs (H & E) of kidney sections of diabetic rats fed MSG
2g/kg/day+NaHS 2 mg/kg/day for 14 days showing moderate architecture; the renal
cortex show normal glomeruli (white arrow), but the renal tubules appear normal (blue

arrow), the interstitial spaces show area of fibrosis (slender arrow). Mag x 400

V. DISCUSSION

Diabetic nephropathy is a chronic kidney disease in
the diabetic patients. The disease is one of the most
frequent microvascular complications of both types
of diabetes mellitus (Nazar, 2014). N-acetyl-B-D-
glucosaminidase (NAG) is a renal tubular lysosomal
enzyme which activity has been shown to increase in
patients with developing diabetic nephropathy (Driza
et al., 2021). It is a marker of tubular cell dysfunction
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and a predictor of outcome in primary
glomerulonephritis.  Cystatin C (CysC ), a low
molecular weight (approximately 13.3 kilodaltons)
protein, is removed from the bloodstream by
glomerular filtration in the kidneys and and has been
used as a biochemical marker for proximal tubular
damage superior to serum creatinine (Sahoo et al.,
2016; Bokenkamp et al., 2001). CysC has many
properties that make it suitable as a marker of
proximal tubular dysfunction (Séronie-Vivien et al.,
2008). Such properties include its constant
production and plasma concentration because it is
encoded by a housekeeping gene (CST3) and no
plasma protein binding. Endogenous creatinine
clearance has been used as a measure of the
glomerular filtration rate (GFR) and increased urine
creatinine concentration suggests early sign of kidney
dysfunction (Boudonck et al., 2009). Urea is the
major end product of nitrogen metabolism in most
animals and is produced in a series of reactions in the
liver called the urea cycle. In the urea cycle,
ammonia is converted to urea, which is carried by
blood to the kidneys for elimination from the
body. High levels of urea in the blood may indicate
renal failure (Bamanikar et al., 2016). The results of
NAG, CysC, creatinine and urea assays individually
showed diabetes- and MSG-induced renal
dysfunction in the rat and that the oral administration
of NaHS which was the exogenous source of HS,
reduced the severity of the renal impairment
(Karmin and Siow, 2018) These outcomes appear to
be supported by the results of the histopathology
(Figures 8 - 15). HaS has been reported as a regulator
of mitochondrial ROS production (Fu et al., 2012).
Oxidative stress, the imbalance between prooxidants
and antioxidants favouring the former is the
mechanism underlying the pathology of a number of
diseases including diabetes (Pandarekandy et al.,
2017). Xanthine oxidase (XO) catalyses  the
conversion of hypoxanthine/xanthine to uric acid and
the reactive oxygen species which accumulation
could lead to tissue damage. The increase in the
specific activity of XO among the diabetic and MSG-
fed rats showed that the the observed effects of these
agents in the rats are mediated by reactive oxygen
species (ROS) (Paul et al., 2012). Among the diabetic
rats, ROS are produced by the persistent
hyperglyceamia or by glycation (Bravi et al., 2006).
SOD and GSH are antioxidants responsible for the
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dismutation and neutralization of ROS. The increase
in SOD activity by the non-diabetic rats NS could be
attributed to NaHS administration. However, the
observed increase among DS, DMS and NMS
compared to DM could be a response to NaHS
adminstration following oxidative challenge by
diabetes and MSG (Paul, et al., 2012; Koya et al,,
2003). The low GSH concentrations recorded among
D, DM and NM, among DMS compared to DS as
well as NM compared to NMS occasioned by
diabetes or by MSG ingestion suggests onset of
oxidative stress by GSH depletion (Maddaiah, 1990).
The applied NaHS in NMS was obviously
responsible for the increased GSH concentration
which is a remedial effect. Both biochemical and
histologic evidence showed that diabetes and or MSG
caused renal dysfunction in the male rats and the
NaHS supplementation reduced the severity of the
renal dysfunction probably by the attenuation of the
oxidative stress. Garlic and onion are good dietary
sources of HoS (Kim et al., 2018). Exogenous H,S
has been reported to ameliorate diabetic
cardiomyopathy (Zhao et al., 2021) by inhibiting
oxidative stress and apoptosis through activation of
Katp channels, suppression of the NF-«kB pathway
and ROS production (Abd Elkareem et al., 2021;
Tocmo and Parkin, 2019; Paul et al., 2012). It is
believed that the kidney ranks after liver and gut as
the leading producer of H>S (Cao and Bian 2016). At
the sub-cellular levels H,S production is catalyzed by
the so-called the three classic enzymes namely, 3-
mercaptopyruvate thioltransferase, cystathionine-f-
synthase and cystathionine-y-lyase (Rose et al.,
2017). Non-enzymatic pathways for endogenous H>S
generation have also been recognized (Yang et al.,
2019). The endogenous sources of H,S probably
underscores the necessity of the molecule in cellular
metabolism. NaHS, Na>S and Sodium thiosulphate
(Na2S;0; ) are presently identified as exogenous
producers of H,S. The first two are used in vitro and
in animal models while thiosulphate is reported to be
in use in medicine (Scammahorn et al., 2021). This
work has provided additional data to the widely
presumed contributory role of MSG to diabetic
nephropathy mediated by ROS (Sharma, 2015;
Pinterova et al., 2001). The overall evidence also
showed that NaHS has promise in regulating renal
insufficiency by attenuating oxidative stress.
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CONCLUSION

MSG was toxic to the male rat kidney at the applied
dosage and the toxicity was mediated by oxidative
stress. NaHS is an antioxidant in the kidney and
could be beneficial for the control of both MSG and
diabetes-induced nephropathy.
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