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Abstract 

Lactation is a challenging metabolic event characterized by increased metabolic rate and other series of 
physiological adjustments. Oxidative stress life theory history has proposed increase in reactive 
oxygen species with increased metabolic rate. Monosodium glutamate (MSG) has been reported to 
precipitate oxidative stress in different systems in experimental animals. Hence this study was aimed 
at assessing oxidative stress biomarkers and serum electrolytes in lactating Wistar rats. Twenty-four 
(24) adult female Wistar rats were used for this study. Three days post parturition, the animals were 
grouped into four, consisting of six animals each (n=6). Animals in group I served as normal control 
and received 1 ml/kg of distilled water, while those in group II was given metoclopramide 5 mg/kg of 
body weight. Animals in groups III and IV received MSG at 1850 mg/kg and 3700 mg/kg 
respectively. All administrations started on the 3rd day post parturition via oral gavage using 
oropharyngeal cannula for a duration of 14 days. At the end of the experiment, animals in all the 
groups were anaesthetized by intraperitoneal injection of ketamine and diazepam at 75 and 5 mg/kg 
respectively. Blood samples were obtained through cardiac puncture using a 5 ml syringe and the sera 
obtained were used for biochemical analysis. Serum calcium was significantly (P< 0.05) increased in 
MSG 3700 mg/kg treated group compared to control, whereas serum sodium was significantly 
decreased (P< 0.05) in METO (5 mg/kg) compared to MSG treated groups. The results of serum urea 
showed statistically significant increase (P< 0.05) in all the MSG treated groups compared to control. 
The results of MDA, SOD, GPx and CAT were significantly higher in all the treated groups 
compared to control (P< 0.05). However, oxidative stress index was only significantly higher in the 
MSG 3700 mg/kg treated group compared to control and the other treated groups. According to the 
findings of this study, oral consumption of MSG precipitates systemic oxidative stress with 
alterations in serum calcium, sodium and urea in lactating Wistar rats. 
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Introduction 
All biological systems under normal conditions are in perpetual redox equilibrium, thus 
maintaining a balance between oxidative and reducing reactions which is sine qua non of a 
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healthy system (Sies, 2017). Needless to say, that the disruption of this equilibrium sets a 
precedent thus affecting the assembly, composition, structural integrity and dynamics of a 
cell, culminating into pathological conditions except a repair system is activated. Redox 
homeostasis and oxidative metabolism are considered as primary players of aerobic life 
(Ursini et al., 2016).Growing body of literatures has associated oxidative stress in the 
pathophysiology of a plethora of diseases and health complications (Forni et al., 2019).Lipid 
peroxidation is referred to generally as a biochemical process under which lipids containing 
a single or more carbon-carbon double bonds are exposed to attacks from free radicals 
(Anyala et al., 2014).Polyunsaturated fatty acids (PUFAs) are the most susceptible to these 
attacks in a biological system (Catala, 2013).Lipid peroxidation occurs in areas where 
polyunsaturated fatty acid side chains are prevalent resulting in chains react with O2 

creating the peroxyl radical, which can obtain H+ from another fatty acid, creating a 
continuous reaction (Al-Gubory et al., 2010).Monosodium glutamate or sodium glutamate 
can be obtained naturally from certain foods and is used primarily in the food industry to 
enhance flavour (Ramesh and Muthuraman, 2018). It is a non-essential amino acid that is 
contained in tomatoes, milk mushrooms, fish or cheese. It is referred to as MSG or E621 
(according to European regulation) in the food industry (Butnariu and Sarac, 2019). 
Although MSG itself has no taste it is however activated in combination with spices or 
flavored foods (Butnariu and Sarac, 2019). It is readily available in open market in Nigeria as 
ajinomotto, white maggi or vidan (Eweka et al., 2011). There is a growing body of phobia 
because of its non-conventional applications as bleaching agents for stain removal from 
clothes is well practised. Lactation is one of the most energetically expensive behaviours and 
trade-offs may exist between the energy devoted to it and somatic maintenance (Vaanholt et 
al., 2016), including protection against oxidative damage. Oxidative damages to maternal 
tissues during lactation pose a significant threat to juvenile growth as well as future health 
status of the offspring as damaged molecules like oxidized fatty acids are transferred 
through breast milk (Blount et al., 2016). Electrolytes found in the blood and other body 
fluids are electrically charged ions with the potential for electrical conduction (Osadolor and 
Emokpae, 2010). These include calcium, chloride, sodium, potassium, bicarbonates, 
phosphates and magnesium. Electrolytes perform plethora of physiological functions 
ranging from normal water balance, biochemical excitation and oxidative processes during 
metabolic activities (Ikekpeazuet al., 2010). Needless to say, that maintaining a balance 
between all these electrolytes is vital in normal body functions, the deviations of which can 
precipitate adverse consequences. Thus, assessment of electrolytes is an important tool in 
clinical diagnosis and prognosis (Sipahiogluet al., 2012; Tanko et al., 2013).This study focused 
on changes in systemic oxidative stress and serum electrolytes in lactating Wistar associated 
with oral consumption of MSG. 

Materials and Methods 
Transparent white plastic cages, water bottles and feeding troughs, syringes (1 and 5 ml), 
cotton wool, oral cannula, antiseptic, hand gloves, plain bottles, pipettes, electronic 
weighing machine, centrifuge (bench top), dissecting kit, ketamine and diazepam, 
monosodium glutamate, metoclopramide hydrochloride (10 mg) (NAFDAC REG NO: 04-
6476, distilled water. Monosodium glutamate (Ajino motto) was sourced from Samaru local 
market of Sabon Gari LGA, Kaduna state Nigeria. 

Study Area 
Animals feeding and treatment for this research was carried out at the animal house of the 
department of human physiology, Ahmadu Bello University, Zaria. 
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Ethical approval 
Laboratory animals during this study were handled in accordance with the guidelines of the 
National Institute of Health on care and use of laboratory animals. Local Institutional ethical 
approval for the use of laboratory animals for research was obtained from the Ahmadu Bello 
University ethical committee on animal use and care with approval number: 
ABUCAUC/2018/092 

Experimental animals 
A total of twenty-four (24) nulliparous adult female Wistar rats and twelve (12) adult male 
Wistar rats were used for the study. Animals with body weight (130 – 200 g) were sourced 
from the Department of Human Physiology, Ahmadu Bello University animal house. These 
animals were housed in plastic transparent white cages with adequate air vents. Soft 
sawdust material obtained were utilized for bedding with free access to food and water 
throughout the period of study. 

Mating protocol 
To achieve pregnancy, mating protocol was carried out in the ratio of 6:3 (female to male). 
Animals were allowed to cohabit until obvious signs of pregnancy were observed in the 
female Wistar. By day thirteen (13) of gestation the abdominal enlargement was visible 
alongside mammary gland development and nipple enlargement according to the method 
of Baker (1979). 

Experimental grouping 
At parturition, the dams were separated into different cages (four groups) consisting of six 
(n=6) animals each; Group 1: distilled water (1 ml/kg BW), Group 2: metoclopramide (5 
mg/kg BW) Group 3: MSG (1850 mg/kg BW), Group 4: MSG (3700 mg/kg BW). Animals 
were treated orally for 14 days using an oral cannula.  
 
Animal sacrifice and sample collection 
Ketamine and diazepam at 75 and 5 (mg/kg) were administered intraperitoneally at the end 
of the experiment as the anaesthetic agents. Blood samples were collected via cardiac 
puncture using 5 ml syringes and emptied into plain tubes and the sera separated 
afterwards by centrifugation at 3,000 × g for 10 minutes.  
 
Determination of serum oxidative stress biomarkers  
Lipid peroxidation in the supernatant was estimated spectrophotometrically as 
thiobarbituric acid reactive substances (TBARS) according to the doubling heating according 
to the method of Placer et al. (1966) and Malgwi et al (2017). Serum SOD was determined 
spectrophotometrically, based on the principle of superoxide inhibition of auto-oxidation of 
hematoxylin as originally described by Martin et al. (1987); Weydert and Cullen (2010). 
Glutathione peroxidase concentration was measured using the method of Lubos et al. (2011). 
Catalase was assayed according to the method of Sinha (1972); Weydert and Cullen 
(2010).Oxidative stress index was calculated as ratio of MDA to SOD according to the 
method of Bhadwat and Borade (2000). 
 
Determination of serum electrolytes 
Sodium was determined based on method of Maruna (1958). Potassium was determined 
based on method of Terri and Sesin (1958). Chloride was estimated using the method of 
Skeggs and Hochestrasser (1964) while urea was measured according to the method of 
Tabacco (1979). The concentration of calcium (Ca2+), bicarbonate (HCO3−), were assayed 
according to manufacturer’s manual using Agappe diagnostics based on the method of  
Tietz (1994). 
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Statistical analyses 
Data obtained from the study were expressed as mean ± SEM and the statistical analysis was 
carried out using version 20 of SPSS with the aid of one-way analysis of variance (ANOVA) 
followed by Tukey post hoc test. Values with P< 0.05 were considered statistically significant.  
 
Results 
 
Effect of MSG on serum electrolytes of lactating Wistar rats 
Table 1 below shows the result of serum electrolytes. Serum sodium was significantly 
higher: [F (3, 16) = 4.962; p = 0.02] in the MSG treated groups compared to metoclopramide 
treated group. There was however no statistically significant difference: [F (3, 16) = 2.513; p = 
0.108] in serum potassium level of all the treated groups compared to control. Serum 
calcium was significantly higher: [F (3, 16) = 9.864; p = 0.001] in the MSG (3700 mg/kg) 
treated groups compared to control. However, changes in serum bicarbonate were not 
statistically significant: [F (3, 16) = 0.166; p = 0.917]. Although there was no statistically 
significant difference: [F (3, 16) = 0.628; p = 0.610] in serum chloride level in all the groups 
compared to control, serum urea was statistically significant: [F (3, 16) = 8.825; p = 0.002] in 
all the treated groups compared to control as shown in Table 1. 
 
Table 1: Result of MSG on serum electrolytes in lactating Wistar rats 
Groups Calcium 

(mg/dl) 
Bicarbonate 
(mg/dl) 

Sodium 
(mmol/L) 

Potassium 
(mmol/L) 

Chloride 
(mg/dl) 

Urea(mg/dl) 

Control  8.50±1.06 93.5±6.31 147.28±4.63 30.25±3.30 23.25±1.06 65.25±6.31 

Meto (5 
mg/kg) 7.71±0.24 90.5±0.29 139.83±4.24 23.98±2.89 25.25±0.24 100.00±0.29a 

MSG (1850 
mg/kg) 8.28±0.42 91.75±2.14 160.05±5.88b 28.65±1.04 26.50±0.42 110.90±2.14a 

MSG (3700 
mg/kg) 12.93±0.99a 90.5±1.02 161.9±3.95b 33.4±2.05 23.00±0.99 113.78±1.02a 

One-way analysis of variance (ANOVA) was carried out followed by Tukey post hoc test. Superscripts a,b and c 
indicate statistically significant difference (P< 0.05) compared to control, MSG (1850 mg/kg) and MSG (3700 
mg/kg) treated groups. 

 
Effect of MSG on serum lipid peroxidation and antioxidant enzymes of lactating Wistar 
rats 
In Table 2, serum MDA (Umol/L) was significantly higher in all the MSG treated groups 
compared to control [F = (3, 19) = 14.353; P = 0.001]. Although it was increased in the 
metoclopramide treated group compared to control, this change was however not 
statistically significant. Serum SOD was significantly decreased in MSG 3700 mg/kg 
compared to control, metoclopramide and MSG 1850 mg/kg treated groups [F = (3, 19) = 
28.367; P = 0.001]. Serum GPx was also significantly decreased in all the treated groups 
compared to the control [F = (3, 19) = 16.352; P = 0.001]. Serum CAT in table 2 below was 
significantly decreased in all the MSG treated groups compared to the control [F = (3, 19) = 
6.352; P = 0.005]. 
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Table 2: Results ofserum oxidative stress biomarker 
Groups MDA 

(Umol/L) 
SOD (U/ml) GPx (U/L) CAT (U/L) 

Control  31.02±2.56 18.28±0.21 50.82±3.29 27.40±0.63 
METO (5 mg/kg) 34.62±2.14 18.18±0.67d 38.62±0.59a 26.34±1.78 
MSG (1850 mg/kg) 43.06±1.86a 16.94±0.82d 34.24±2.10a 20.94±1.61a 

MSG (3700 mg/kg) 49.78±2.30ab 11.56±0.49ac 29.86±2.07ab 20.30±1.50ab 

Superscripts a,b,c and d indicate statistically significant difference (p< 0.05) compared to control, METO, MSG 
1850 mg/kg and MSG 3700 mg/kg respectively. 

 
Effect of MSG on oxidative stress index (MDA/SOD) in lactating Wistar rats 
The result of oxidative stress index in Figure 1 shows a statistically significant increase [F = 
(3, 19) = 26.592; P = 0.0001] in the MSG 3700 mg/kg treated group compared to control and 
other treated groups. 
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Figure 1: serum oxidative stress index of lactating Wistar rats following 14 days oral administration of MSG and 
metoclopramide. One-way analysis of variance (ANOVA) was carried out. 
 
 
Discussion 
Electrolytes constitute some of the basic essentials for optimal body functions like 
maintenance of cellular polarities as well as generation and spread of action potentials on 
nerves and muscles (Shrimanker and Bhattarai, 2020).Sodium, potassium, and chloride are 
the significant electrolytes along with magnesium, calcium, phosphate, and bicarbonates. 
The increase in serum sodium from MSG treatment could have been from the effect of MSG 
on aldosterone hormone which is known to regulate sodium at the proximal tubule through 
sodium-chloride symporters (Palmer and Schnermann, 2015). Calcium has been reported to 
be involved in skeletal mineralization, contraction of muscles, nerve impulse transmission as 
well as blood clotting and secretion of hormones. In this study the increased serum calcium 
in the MSG treated group could have been from a direct stimulation of parathyroid hormone 
thus resulting increased blood calcium level (Veldurthy et al., 2016). Changes in the serum 
calcium from MSG treatment could also have been feed intake related. Yeomans et al. (2008) 
and Kazmi et al. (2017) reported MSG consumption to be associated with increased hunger 
and intake of food. Increased urea in this study may indicate renal toxicity from MSG 
administration. We have observed hepatic toxicity with MSG administration at these 
experimental doses as reported in (Emmanuel et al., 2020). The resultant increase of MSG on 
serum MDA in this study indicates the presence of increased lipid peroxidation within the 
system of the treated lactating rats which could have been augmented by lactogenic 
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activities thus resulting in increased cell membrane peroxidation and consequent rise in 
serum MDA concentration (Metcalfe and Alonso-Alvarez, 2010). The decreased serum 
antioxidant enzymes in the MSG treated groups are consistent with the prevailing lipid 
peroxidation observed in this groups. SOD has been reported to have extremely high 
activity and catalyzes the removal of superoxide anions, resulting in the formation of 
hydrogen peroxide (Moolchandani and Sareen, 2018). The results of GPx and CAT in this 
study would also imply the active role played by these enzymes in removal of hydrogen 
peroxide from the system.  
 
Conclusion 
In conclusion, oral administration of MSG during lactation causes systemic oxidative stress 
characterized with increased lipid peroxidation and decreased antioxidant enzymes as well 
as increased serum sodium, calcium and urea as reported by the findings of this study. 
Thus, excessive consumption of MSG during lactation should be avoided. 
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