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ABSTRACT

MSG is a common food additive particularly in West African and Asian dishes, generally accepted as a safe
requiring no specified average daily intake or an upper limit intake. However, inadvertent abuse of this food
additive may occur because of its abundance, mostly without the labelling of many food ingredients. The study
aimed to assess the role of monosodium glutamate (MSG) in modulating testicular and scrotal tissue calcium
levels, antioxidant activity, and histopathological changes in male Wistar rats. The experimental study involved
30 adult 7-week-old male Wistar rats and collected quantitative and qualitative data. The study found that MSG
administration did not affect calcium levels in the scrotum and testis, which had previously been associated with
high levels of calcium in urine. The study also found no significant differences in calcium concentrations from the
no MSG control group, indicating that the role of MSG in propagating cellular calcium dyshomeostasis in the
urogenital system is not justified. Antioxidant (catalase) and malondialdehyde (MDA) were equally not affected
by the MSG concentrations and treatment routes used in both scrotum and testicular tissue. This study failed to
reproduce toxic effects reported in previous studies and concluded that MSG is safe for human consumption
under internationally recommended concentrations, and more studies to show its ability to modulate gene
expression remain to be established.
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INTRODUCTION
Mono sodiurn glutamate, a white crystalline powder, is the sodium salt of a naturally occurring non-essential
amino acid, glutamic acid [17]. MSG is commonly marketed as a flavour enhancer and is used as a food additive,
particularly in West African and Asian dishes [27]. Generally, MSG is accepted as a safe food additive that needs
no specified average daily intake or an upper limit intake. However, inadvertent abuse of this food additive may
occur because of its abundance, mostly without the labelling of many food ingredients [87]. Modern commercial
MSG is produced by the fermentation of starch, sugar, beet sugarcane, or molasses [47]. Some reports have
reported that MSG is toxic to humans and experimental animals. It could produce symptoms such as numbness,
weakness, flushing, sweating, dizziness, and headaches. In addition, ingestion of MSG has been alleged to cause
or exacerbate numerous conditions, including asthma, urticaria, atopic dermatitis, ventricular arrhythmia,
neuropathy, and abdominal discomfort [57]. MSG has a toxic effect on the testis by causing significant oligozo-
ospermia and increasing abnormal sperm morphology in a dose-dependent fashion in male Wistar rats. It has
been implicated in male infertility by causing testicular haemorrhage, degeneration, and alteration of sperm cell
population and morphology [67. Increased expression of the glutamate transporters in the tissue has been
reported, and mitochondrial fractions play an important role in this regard [77]. Moreover, a previous finding has
shown that the metabotropic glutamate (mGlu) receptors that are also in humans have been found to be crucial in
this regard [87. In the testis, glutamate decarboxylase (GAD), which is a synthetic enzyme for gamma-
aminobutyric acid (GABA), has been shown [97, thus demonstrating its relevance to reproductive organs.
Increased expression of glutamate receptors leads to increased carbohydrate metabolism and the build-up of free
oxygen radical species (ROS) [107]. Moreover, it is thought that MSG adversely affects testicular histology and
decreases its antioxidant activity [117]. Moreover, a recent study has shown that MSG leads to improved
antioxidant activity [127]. Oxidative damage primarily occurs via the production of reactive oxygen species such
as superoxide anion and peroxide, and it can damage lipids, proteins, and DNA. Therefore, it may cause a loss of
enzymatic activity and the structural integrity of enzymes and activate inflammatory processes. It is suggested
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that the toxic effects of MSG lead to alterations in the structural integrity of the mitochondrial inner membrane,
resulting in the depletion of mitochondrial GSH levels and increased formation of hydrogen peroxide by the
mitochondrial electron transport chain [117. Oxidative stress plays an important role in the aetiology of
defective sperm formation, function, sperm count profile, and male infertility, thus showing the need to assess its
effect on testicular tissue. In humans. Decreased antioxidant activity has been reported in dermal fibroblasts of
glutamate-depressed patients, thus showing the role of glutamate in the skin [187]. In rabbits, peripheral
glutamate receptors in the skin play a crucial role in heat and mechanical sensation accompanying pain [14].
Furthermore, following skin trauma, antioxidant activity has been associated with poor healing [157. The testis
uses glutamate for the production of energy required for normal function [167], and mitochondrial respiration
plays a crucial role in the production of ATP [7], through the activity of glutamate decarboxylase A lot of
conflicting reports on the role of glutamate have shown that it leads to increased oxidative stress (OS) [117], and
improved OS [127, thus showing the need to assess its effect in testicular tissue. In the skin, glutamate has been
shown to play a crucial role in nociception and wound healing. [18,147]. Increased antioxidant activity has been
associated with regard to wound healing [157, the role of glutamate in altering antioxidant activity still remains
to be established. Since the testis are covered by the scrotal sac, it's important to assess the role of glutamate in
the scrotum to identify any effects on the health status of the testis. The Study was to assess the role of
monosodium glutamate in modulating testicular and scrotal tissue calcium levels, antioxidant activity, and
histopathological changes in male Wistar rats.

METHODOLOGY

Study Design

This was an experimental study in which quantitative and qualitative data were collected from T2DM
Wistar rats. It involved assessing the structural changes, Ca?* levels as well as antioxidants in heart and
lung tissue were studied.

Monosodium Glutamate (MSG)
This was procured from Ajinomoto Co. Inc, Japan through the Institute of Innovation, and Laboratory of
Dr. Sakai-Ryosai (DVM, PhD). The study was an experimental study involving 30 adult 7-week-old male
Wistar rats. Rats were kept for a total of 30 days and sacrificed at the end.
Experimental Animals

Table 1 showing summary on study design.

Experimental Groups on Group No of
_ Av. Wgt (g)
Supplementation description Rats
Regular feed*+ MSG Sub-cut at .
A MSG sic 6 120
6glkglday
MSG alone
B Powdered feed*+ 5% MSG in feed _ 6 120
in feed
Low MSG
C Powdered feed*+ 2% MSG in feed 6 120
in feed
D Regular feed*+ MSG Sub-cut .
60mglkglday MSG Sic 6 120
E Regular feed*+ water
' Control 6 120

feeds were provided adlib.

Organ collection for laboratory analysis
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Rats were euthanized using sodium pentobarbitone injected intraperitoneally. The testis and scrotum were
harvested from each rat and placed in sterile sample bottles. Samples were divided into duplicates for biochemical
and histological analysis. Samples for biochemical analysis weresubsequently homogenized in 50 mL of L-1.
Phosphate bufter (at pH = 7.0) was added at a ratio of 1:100 (v/v) and centrifuged at 3000 rpm for 5 min. The
filtrate was collected into sterile Eppendorf tubes, which were stored in a refrigerator at -20°C for biochemical
analysis. Samples for histological analysis were placed in 10% buffered formalin.
Biochemical Analysis

Calcium Determination
Calcium concentrations in the experimental diets and tissues were determined using atomic absorption
spectroscopy (AAS). The AAS (Perkin-Elmer, model GBC932AA, USA) was set up according to the
manufacturer's recommendations, and an equation from the standard curve (absorbance = 450 nm) was used to
determine calcium concentrations from each sample.

Catalase Determination
Catalase activity was determined according to method by Johansson and Borg [177] for small animal samples.
This was based on the principle that dichromate in acetic acid was reduced to chromic acetate when heated in the
presence of hydrogen peroxide, which formed chromic acid as an unstable intermediate. The chromic acetate
produced was measured calorimetrically at wavelengths of 570-610 nm. Since dichromate had no absorbance in
this region, the presence of the compound in the assay mixture did not interfere at all with the spectrometric

determination of chromic acetate. The 0.2 M hydrogen peroxide was diluted to different concentrations of

standards. Different concentrations of Hz0s, ranging from 10 to 160 pM, were pipetted into Eppendorf tubes (2.5
ml) and 0.5 ml of dichromate/acetic acid (prepared by adding a 5% solution of potassium dichromate (K2Cr,0-)
with glacial acetic acid (I:3) by volume) was added to each. The addition of the reagent to H.0. instantaneously
produced an unstable blue precipitate of perchromic acid. On subsequent heating for 5 minutes in a boiling water
bath, the colour of the solution changed from yellow to stable green due to the formation of chromic acetate.
After cooling to room temperature, the volume of solution was transferred into cuvettes, and the optical density
was then obtained at 580 nm using a spectrometer while using a blank solution. The catalase preparation was
stopped at a particular time (1 minute) by the addition of the dichromate/acetic acid mixture, and the remaining
hydrogen peroxide was determined by measuring chromic acetate calorimetrically after heating the reaction
mixture. A standard curve at an absorbance of 580 nm, absorbance = 0.0013 (concentration) + 0.0521, R’=
0.9719, which was in the form of y = mx.+c was obtained.
Determination of malondialdehyde in animal tissues
The determination of malondialdehyde (MDA) was done by the nonspecific thiobarbituric acid reactive
substances (TBARS) measurement as previously described ([187]. In particular, the concentration was determined
by using the equation: Concentration = absorbance / (molar extinction coefficient x 1L) x 10 nm, where an
extinction coefficient of 156 was used.
Histopathology Analysis
Sections of the testis and scrotum tissue blocks of each rat were analyzed according to a systematic random
embedding, random sectioning, and sampling method. Microscopic changes were assessed using light microscopy
and described descriptively.
Data Analysis
Quantitative data was analyzed using Graph Pad Prism version 6 and expressed as mean + SD. Multiple
comparisons using a Tukey's test were used to determine significance, and for all tests, a P 0.05 was considered
significant, and different superscripts were used to represent the presence of significant differences. Information
was presented in the form of tables, graphs, and photographs. Qualitative data from the histological analysis was
descriptively analyzed and presented in paragraphs.
Ethical Considerations
The animals were kept under consideration of the National Institute of Health's (NIH) guidelines regarding
experimental animals [197]. The rats will be kept in the Animal House of the College of Veterinary Medicine
Animal Resources and Biosecurity (CoVAB) after acquiring institutional ethical clearance. The number of animals
was reduced to the minimum required for the study purpose, and the techniques used to achieve the objectives
were carefully handled. In brief, the provision of sufficient space, adequate fresh air, 12-hour daylight exposure,
and comfortable bedding materials (sawdust) provided and housed in a raised structure will protect them from
predators and secondary sources of infection. Water was provided ad libitum, and the feed ration was provided.
After completion of the study, the carcass was properly disposed of.
RESULTS
Calcium concentrations in the scrotum and testis in rats after MSG administration.

Page59


https://rijournals.com/scientific-and-experimental-sciences/

https://rijournals.com/scientific-and-experimental-sciences/

The calcium level was 1.27 mmol in the scrotum following high dosage treatment through the subcutaneous
route, and it was 1.21 mmol following feed supplementation, and no significant differences were found in the
scrotal tissue. In the testis, calcium levels were 1.16 mmol in the subcutaneous treatment groups, while in feed
supplementation, they were 1.21 mmol in the highest feed supplementation group, as shown below.

Table 2: Scrotal and Testicular Calcium Levels

Experimental N Scrotal Testis

Groups Mean + SD Calcium Concentration (nMol/l)
6g/kg s.c. 5 1.27+0.122 1.16+0.34?
5% MSG in feed 6 1.21+0.10° 1.21+0.18*
2% MSG in feed 6 1.22+0.10* 1.16+0.16°
60 mg/kg/day MSG 6 1.17+0.312 1.06+0.07°
Control 6 0.97+0.19° 1.05+0.15°

KEY: Tukey’s multiple comparison group between groups i.e. (a, a =P > 0.05).
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Figurel: Calcium concentrations in scrotum and testis of Rats after MSG administration.

Antioxidant activity in the scrotum and testis in rats after MSG
The study showed that catalase levels in the scrotum were relatively the same (P > 0.05), and similar
observations were found in testicular tissue. In addition, MDA levels in the testis were not affected, while no
differences were found in the experimental treatment groups, except for the control in scrotal tissue, as shown

below.
Table 3: Antioxidant Variations in Testicular and Scrotal Tissues of Rats on MSG
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Scrotum Testis

Experimental N CAT MDA CAT MDA
Groups (nMal/1) (nMol/2rotein) (nMal/1) (nMal/2rotein)

Concentrations * SD

9/Kg S:C.
5% MSG in feed

6 128.801+4.15° 589.70+89.513  132.40+4.09° 1250.00+525.00°
2% MSG in feed 6 129.8045.96° 568.90+48.08° 132.80+5.80° 1100.00+259.103
6

60 mg/kg MSG 129.308.75° 630.30+48.96° 138.40:8.75° 1298.00+430.60°
Control 6 133.90+¢3.95% 812.00+80.66°  137.30£3.80° 1474.00+198.90°

KEY: CAT = Catalase activity. Tukey's multiple comparison test carried out and different
superscripts (a, b) show that P <0.05.
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Figure 2 Catalase and MDA variations in Rats on MSG.

MSG Histopathology Effects
No significant changes were seen in both the scrotum and testis of rats after MSG exposure.
Histopathological Changes in the Scrotum
The hypodermis and hypodermis layers were consistently laid out in all groups, and there was no evidence of

systemic injury on the scrotal tissue, as shown in the figure below.
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Figure 3: Scrotum in Rats after MSG Exposure
Key: Group A = rats treated with MSG at 6 g/kg/day s.c; B = 5% MSG in feed; C = 2% MSG in feed; D = 60
mg/kg/day MSG s.c;; E = no MSG. In the photomicrographs, 1 = stratum corneum, 2 = stratum granulosum,
and 3 = stratum basale. 4 = reticular dermis, 5 = Hair Follicle, 6= rector pili muscle; 7 = hypodermis.
DISCUSSION

Calcium levels in the scrotum and testis were not affected by MSG administration. Previously, high levels of
calcium in urine had been associated with intraperitoneal administration of MSG at 2 mg/kg [207; however, we
demonstrate that at 60 mg/kg, those observations are not reproducible. This would have been due to the shorter
duration of our study or minor modifications since we used the subcutaneous route. In addition, the
administration of MSG intraperitoneally has no direct correlation to human consumption models. We observed
that rats offered MSG at 5% and 2% showed no significant differences in calcium concentrations from the no
MSG control group, thus showing a lack of evidence to justify the role of MSG in propagating cellular calcium
dyshomeostasis in the urogenital system. In addition, the skin continues to serve as a mechanical barrier, thus
offering crucial protection to the body. Calcium dysregulation has been associated with ageing and the
appearance of several skin diseases [217]. Bearing in mind that the observations in the study showed no
significant alterations in skin calcium, evidence that MSG 1is involved in skin pathology would be unfounded
[22,237. Antioxidant (catalase) (CAT) and malondialdehyde (MDA) were equally not affected by the MSG
concentrations and treatment routes used in the current study in both scrotum and testicular tissue. These
observations are in agreement with findings from Ibegbulem et al. [247] who showed that MSG at low
concentrations is not associated with toxic effects. This subsequently led to an absence of toxicological effects in
both scrotal and testicular tissue. Administration of MSG at a dosage of 60 g/kg (10 times above LD50) has been
associated with toxicological effects [257], although this is of no benefit for human use since the dosage used and
routes are not practical for daily usage in men. The ability to maintain a conducive environment for testicular
function relies on the ability of the testis to be kept in a physiological environment since the tight junctions that
form the testicular blood barrier (TBB) are highly effective under minimal stress conditions [267].
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CONCLUSION

The study showed that administration of MSG at low concentrations did not interfere with basic biochemical and
physiological functions as well as histomorphological nature, thus re-validating the usage of MSG at low
concentrations in humans. The inability of the study to reproduce toxic effects reported in previous studies shows
that a lot remains to be done. MSG is safe for human consumption under internationally recommended
concentrations, and more studies to show its ability to modulate gene expression remain to be established.
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