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					ABSTRACT  

					ARTICLE INFO  

					Calcium is an essential nutrient that affects cellular communication. This study aimed to  

					investigate the protective and therapeutic effects of calcium-based diets on organ integrity in  

					female rats exposed to excess monosodium glutamate (MSG). Female Wistar rats were divided  

					into five groups of nine rats each, pre-fed in one phase and post-fed in another phase with calcium-  

					based diets; calcium lactate (9.2 µL/g body weight) and calcium-D-glucarate (CDG, 35 mg/kg  

					body weight), along with their combination (calcium lactate and calcium-D-glucarate) before and  

					after the intraperitoneal administration of excess monosodium glutamate MSG (750 mg/kg body  

					weight) for 70 days. Serum, liver, and small intestinal biochemical parameters were measured at  

					14, 28, and 42 days using Enzyme-linked Immunosorbent Assay (ELISA) and spectrophotometric  

					techniques. The effects of calcium-based treatment on the organ integrity were also evaluated by  

					histological examination. The 14-day pre-administered calcium diet, 28-day individually pre-  

					administered calcium-D-glucarate (CDG), and 14-day post-administered combined diets (calcium  

					and calcium-D-glucarate) significantly (p<0.05) reduced serum alanine transferase activities and  

					estrogen levels. The pre-treated and post-administered calcium-D-glucarate (CDG) significantly  

					(p<0.05) reduced β-glucuronidase activity. Additionally, pre-administered calcium lactate and the  

					combined diet calcium and calcium-D-glucarate significantly (p<0.05) reduced lactate  

					dehydrogenase (LDH) activity. However, post-administered calcium diet and calcium-D-  

					glucarate (CDG) significantly (p<0.05) increased lactate dehydrogenase LDH activity during the  

					first 28 days. The calcium and calcium-D-glucarate (CDG) diets histologically exhibited  

					differential capacities to restore the integrity of damaged organs. These findings therefore suggest  

					that calcium lactate and calcium-D-glucarate (CDG) supplementation are effective strategies for  

					managing organ damage and age-related conditions.  
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					Ensuring organ integrity is critical for ensuring the quality of life in old  

					age. The liver is the first site of nutrient storage after absorption by the  

					Introduction  

					Aging is the result of cumulative organ depreciation. It is  

					associated with a gradual loss of quality of life.1–3 Aging results from  

					the gradual natural organ deterioration as a living being grows to fulfill  

					his expected years in life. Early adulthood occurs when this process  

					increases sporadically and many bodily and mental processes gradually  

					deteriorate, causing health problems such as increased morbidity and  

					decreased fertility.4 Life expectancy has increased and 8% of the global  

					population is over 65 years. In approximately 30 years, this percentage  

					is predicted to quadruple compared to that in previous generations as  

					stated by the Department of Economic and Social Affairs (UN DESA).5  

					But this progress does not always mean that people's health improves  

					with age. 6 Certain risk factors, such as poor dietary habits, smoking,  

					and other extreme ways of life can encourage aging.7 Healthy lifestyles  

					support immune system and cognitive function maintenance.7,8  

					Lifestyle modifications involving physical exercise, social activities,  

					smoking cessation, and alcohol consumption can substantially reduce  

					inflammatory conditions.  

					intestines. This organ functions as a center for nutrient and drug  

					metabolism as well as vitamin activation and storage. They also handle  

					endogenous and foreign substance detoxification and excretion.9-11  

					Malnutrition results in abnormalities in liver enzymes and liver cell  

					damage. Most cases of adult malnutrition are associated with this  

					disease. Adult malnutrition is facilitated by decreased dietary intake,  

					decreased macro- and micronutrient absorption, and increased energy  

					expenditure during specific disease processes.12  

					Calcium-D-glucarate (CDG) has therapeutic properties owing to its  

					capacity to indirectly block the β-glucuronidase produced by colonic  

					microflora, which disturbs phase  

					2

					detoxication. Increased β-  

					glucuronidase activity increases the risk of various terminal diseases,  

					specifically breast and prostate cancer. CDG has anti-carcinogenic and  

					anti-inflammatory activities that improve glucuronidation (phase 2 liver  

					detoxification) and inhibits β-glucuronidase. It also has lipid-lowering  

					ability and regulates and supports healthy estrogen metabolism.13,14  

					The human body has approximately 1100 g calcium primarily located  

					in the bones and teeth (99%) and in the human body fluids and tissues  

					to a little extent.15 It predominantly exists as salt such as bicarbonate,  

					citrate, lactate, and phosphate or exists solely in the ionized form. The  

					average calcium level ranges from 2.20 to 2.60 mmol/L (8.5–10.5  

					mg/dL) in adults and 2.00–2.80 mmol/L (8.0–11.3 mg/dL) in children.  

					Reports have indicated reduced calcium levels in adults aged >35 years  

					relative to those in children.15-17 This age-related calcium level variation  

					suggests that calcium plays a critical role in aging.1 Approximately 90%  

					of calcium intake through the gastrointestinal tract is not absorbed. The  

					unabsorbed calcium escaped with feces, while 20 - 25% of absorbed  

					calcium is excreted in urine. Excess calcium levels in the body  

					(hypercalcemia) often result in excess pituitary hormone (PTH) and  

					1,25-dihydroxy-vitamin D production.18  
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					Cellular signalling, metabolism, biotransformation, and detoxification  

					of calories, nutrients, mycotoxins, and other metabolites in the body are  

					all facilitated by the liver, while the intestine is responsible for the  

					digestion and control of substances assimilated into the blood.19-27 The  

					control of calcium assimilation by the intestine is vital for the regulation  

					of calcium homeostasis, which is influenced by calcium transport  

					proteins, fibroblast growth factor 23, 1,25-dihydroxycholecalciferol  

					level in tissue, iron levels, and negatively charged molecules such as  

					phytates and oxalate.28-30  

					Some plant part extracts has been shown to prevent injury to certain  

					organs at specific doses.31-34 The mechanism of wound healing by plants  

					has been well elucidated and linked to Ca2+ mediation as a signaling  

					agent to facilitate the healing process associated with reduced  

					evaporation, increased cellular differentiation, defense gene expression,  

					and damaged cell regeneration.35,36 Calcium is an integral part of the  

					functional integrity of the protein calmodulin.37,38  

					housed in a well-ventilated environment with a controlled 12-hour  

					light/dark cycle throughout the experimental period. The animals were  

					acclimatized for four weeks, during which they had unrestricted access  

					to standard laboratory chow and water. Both food and water were  

					replenished daily to prevent contamination and reduce the risk of  

					infection.  

					Ethical approval  

					Ethical approval for the study was obtained from the Covenant Health  

					Research Ethics Committee (CHREC) under protocol number  

					CHREC/066/2021. The investigation was conducted in accordance with  

					the Guidelines for Ethical Conduct in the Care and Use of Non-Human  

					Animals in Research as stipulated by the Committee on Animal  

					Research and Ethics (CARE).  

					Calmodulin present in both plants and animals, is a protein vital for  

					regulatory processes and thus play a specific role in maintaining cell  

					structural and functional integrity.39 Thus, disrupting metabolic calcium  

					or calmodulin levels could influence disease emergence, aging, and  

					quality of life.39-41 A particular calcium concentration has been  

					previously used to extend the post-harvest shelf life of crops, indicating  

					the potential use of nutrients to reduce the aging process in humans.42,43  

					It is essential to emphasize the similarity between quality deterioration  

					during crop spoilage and aging in humans. 44 In human blood clothing,  

					calcium is essential to the series of processes that lead to wound healing  

					and most likely impairs tissue regeneration.35,45-49 In animal models,  

					reversed bone fracture is caused by increasing the anti-high mobility  

					group box-1 protein (HMGB-1) and suppressing the NLRP3  

					inflammasome, the silent information regulator sirtuin 1 (SIRT1)–  

					Experimental design and diet administration  

					The experiment was divided into two phases; pre-treatment phase and  

					post-treatment phase. The rats were randomly assigned into five groups  

					of nine animals each for the two experimental phases, with group sizes  

					chosen to ensure sufficient cage space to facilitate natural social  

					interactions, given the gregarious nature of the species. Additionally,  

					six rats were euthanized at the commencement of the experiment to  

					serve as baseline controls for pre- and post-treatment comparisons.  

					Euthanasia was performed humanely in a separate room dedicated to  

					that purpose so that the remaining animals did not witness them.  

					Pre-treatment phase  

					A total of 45 rats were allocated into five groups (1 – 5), each  

					comprising nine animals. Group 1 received distilled water and served  

					as the normal control. Group 2 was administered monosodium  

					glutamate (MSG) at a dose of 750 mg/kg body weight (bw) to serve as  

					the negative control. Group 3 was treated with calcium lactate (9.2 µL/g  

					bw) for 14, 28, and 42 days, followed by daily administration of MSG  

					(750 mg/kg bw) for 70 days. Group 4 received calcium-D-glucarate  

					(35.0 mg/kg bw) for 14, 28, and 42 days prior to daily treatment with  

					MSG (750 mg/kg bw) for 70 days. Group 5 was administered a  

					combination of calcium lactate (9.2 µL/g bw) and calcium-D-glucarate  

					(35.0 mg/kg bw) for 14, 28, and 42 days, followed by daily  

					administration of MSG (750 mg/kg bw) for 70 days. The concentration  

					of calcium lactate used in this experiment was based on the amount of  

					calcium reported in innovative, nutritious plant-based milk produced  

					from Adenanthera pavonina seeds.53 The dose of MSG was previously  

					established.54  

					nuclear factor-kappa  

					B

					(NF-κB) pathway, and apoptosis.50–52  

					Translating this understanding of reversed organ injury to animal  

					models or humans could facilitate the management of organ  

					deterioration-associated with aging.  

					The purpose of this study was to examine how calcium ions affect the  

					integrity of the liver and intestines over time through regular ingestion,  

					with an emphasis on the repair of these organs when they are damaged  

					- a common aging-related phenomena thereby creating a calcium-based  

					nutraceutical (nutrition-derived) strategy that can aid in the repair or  

					reversal of age-related organ damage. In order to achieve this, the  

					following objectives were set out; to understand how aging can affect  

					organ structure, to study the role of calcium in maintaining healthy  

					organs which will help assess the therapeutic or preventive potential of  

					calcium-based nutraceuticals in reversing age-related organ damage.  

					This study employed a novel approach by focusing on calcium-based  

					nutraceuticals as a natural method to restore aging-related organ  

					damage thereby showing how calcium can actively repair and restore  

					organ function when combined with Calcium–D–glucarate. The study  

					provided a new approach to diet-based treatments for age-related organ  

					degeneration by bridging the gap between nutritional science and  

					regenerative health.  

					Post-treatment phase  

					A total of 45 rats were allocated into five groups (1 – 5), each  

					comprising nine animals. Group 1 received distilled water and served  

					as the normal control. Group 2 was administered monosodium  

					glutamate (MSG) at a dose of 750 mg/kg body weight (bw) to function  

					as the negative control. Group 3 was treated with MSG (750 mg/kg bw)  

					once daily for a duration of 70 days, followed by administration of  

					calcium lactate at 9.2 µL/g bw for periods of 14, 28, and 42 days,  

					respectively. Group 4 received MSG (750 mg/kg bw) once daily for 70  

					days, after which calcium-D-glucarate (35.0 mg/kg bw) was  

					administered for 14, 28, and 42 days, respectively. Group 5 was treated  

					with MSG (750 mg/kg bw) once daily for 70 days, followed by a  

					combined supplementation of calcium lactate (9.2 µL/g bw) and  

					calcium-D-glucarate (35.0 mg/kg bw) for 14, 28, and 42 days,  

					respectively.  

					Calcium-D-glucarate and calcium lactate were administered orally with  

					a cannula. The animal weights and diet were recorded during the  

					experiment. Monosodium glutamate was induced daily for 70 days by  

					administering a single dose of 750 mg/kg body weight MSG solution  

					intraperitoneally. The animals were regularly monitored for traits such  

					as weight, docility, aggressiveness, and death for possible isolation  

					from the group.  

					Materials and Methods  

					Reagents and Chemicals  

					Estrogen and β-glucuronidase kits were purchased from ELISA kit  

					Hangzhou eastbiopharm Co Ltd., Hangzhou, China. Total Protein,  

					Lactate Dehydrogenase, Alanine and Aspartate Transaminase kits were  

					purchased from Randox Laboratory Limited, County Antrim, UK.  

					Calcium-D-glucarate (Sigma Aldrich Corporation, St. Louis, USA) was  

					purchased from Bristol Scientific Company Limited, Lagos, Nigeria,  

					calcium lactate was a product of Meyer Organics PVT, Ltd., Mumbai,  

					India), and Monosodium glutamate was a product of West African  

					Seasoning Co. Ltd., Lagos, Nigeria). All reagents were of analytical  

					grade.  

					Experimental animal handling  

					A total of ninety-six (96) female Wistar rats, weighing between 100 and  

					120 grams, were procured from the Federal University of Agriculture,  

					Abeokuta, Ogun State, Nigeria, for use in this study. The animals were  
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					Organ preparation for analysis  

					2 min, and 3 min using a UV-Vis spectrophotometer (Thermo Fisher  

					SCIENTIFIC AQUAMATE 8100 USA). LDH activity was calculated  

					using the following formula (equation 2):  

					After each treatment phase (14, 28, and 42 days), The rats were  

					subjected to 24 h fasting just before being euthanized by the  

					intraperitoneal injection of 75 mg/kg xylazine and 2.5 mg/kg  

					ketamine.18 The liver and small intestinal tissues were excised and  

					rinsed with normal saline. Subsequently, 0.2 g samples from each organ  

					were weighed and homogenized in 1.8 mL of 0.9% normal saline using  

					an FSH-2A electric homogenizer (SEARCHTECH INSTRUMENTS).  

					The homogenate was immediately stored at -18°C until it was needed  

					again after being centrifuged for 10 minutes at 4,000×g. The  

					corresponding analytical kits, on the other hand, were kept at 4°C and  

					examined within two months of purchase.  

					LDH (U/L) = Change in absorbance /min × 8095  

					……………………………………  

					(2)  

					Alanine and aspartate transaminase activity assays  

					Alanine transaminase (ALT) and aspartate transaminase (AST)  

					activities were measured based on the formation of pyruvate–hydrazine  

					and oxaloacetate–hydrazine complexes from L-alanine and L-aspartate  

					substrates, respectively, following the instructions provided by the kit  

					manufacturer (Randox Laboratory Limited, County Antrim, UK).57,58  

					An aliquot of solution R1 (0.5 mL) containing the substrate was added  

					to 0.1 mL homogenate, then mixed and incubated for 30 minutes at  

					37°C. An aliquot of the solution R2 (0.5 mL) consisting of 2,4-  

					dinitrophenylalanine was added to the mixture, shaken vigorously to  

					allow for adequate mixing, and allowed to stand for exactly 20 min at  

					20 - 25°C. An aliquot of 0.4 M sodium hydroxide (5.0 mL) was  

					dispensed and the absorbance at 546 nm was measured against the  

					reagent blank after 5 min using a UV-Vis spectrophotometer (Thermo  

					Fisher SCIENTIFIC AQUAMATE 8100 USA). Distilled water was  

					used as the reagent blank instead of a sample containing solutions R1,  

					R2, and sodium hydroxide.  

					Determination of total protein concentration  

					The total protein concentration was measured using a Randox test kit  

					(Randox Laboratory Limited, County Antrim, UK) based on the  

					modified Biuret method provided by the manufacturer.55 The sample  

					(20 µL) was added to 500 µL working solution, R1 reagent. The  

					standard portion was prepared with 500 µL working solution and 20 µL  

					standard reagent without sample. All solutions were incubated at 25°C  

					for 30 minutes, after which absorbance was measured at 546 nm using  

					a UV-Vis spectrophotometer (Thermo Fisher Scientific Aquamate  

					8100, USA). Protein concentrations were calculated according to  

					Equation 1.  

					A

					sample  

					Concentration =  

					× standard concentration  

					A

					standard  

					Histopathological examination  

					…………………………….  

					(1)  

					The excised liver and intestinal tissues were collected according to  

					ethical protocols. Tissues were meticulously dissected and fixed in 10%  

					neutral buffered formalin, followed by standard histological processing  

					and staining with hematoxylin and eosin for microscopic evaluation.  

					The prepared sections were embedded in paraffin and examined under  

					a light microscope for qualitative histopathological analysis and  

					imaging. Qualitative histopathological assessment for traces of lesions,  

					degeneration, and cellular infiltration was done, and photomicrograph  

					of the prepared slides were taken at 40×, 100×, and 400× magnifications  

					with a Digital Microscope, VJ-2005 DN Model Bio-Microscope®.  

					Where standard conc = 5.95 g/dL or 59.50 g/L, Asample = Absorbance of  

					sample, Astandard = Absorbance of standard.  

					Determination of estrogen concentration  

					Serum estradiol concentration was determined using a commercial  

					estradiol enzyme-linked immunosorbent assay (ELISA) kit (Hangzhou  

					Eastbiopharm Co. Ltd., Hangzhou, China), following the  

					manufacturer's protocol. Briefly, 50 µL of serum and 25 µL of the  

					provided standard were dispensed into designated wells along with 50  

					µL of estradiol–biotin conjugate working solution. The plates were  

					incubated at room temperature (25 - 28°C) for 45 minutes. After  

					incubation, wells were washed five times with 300 µL of wash buffer,  

					tapped gently, and dried using clean Whatman filter paper to ensure  

					complete removal of residual moisture. The chromogenic substrate was  

					then added to each well and incubated for 30 minutes at room  

					temperature under low-light conditions. Absorbance was measured at  

					450 nm using a microplate reader (ACCURIS INSTRUMENT  

					MR9600, USA), and estradiol concentrations were determined by  

					estimation from a standard calibration curve (R² = 0.8527).  

					Statistical analysis  

					Statistical analysis was performed using Megastat software (version  

					10.3, Release 3.2.1) embedded in Microsoft Excel with nine  

					replications. Data were expressed as mean ± standard deviation (S.D.).  

					Differences between mean values were analyzed using one-way  

					analysis of variance (ANOVA), followed by pairwise t-test as a post-  

					hoc test for multiple comparisons between the variables. Values were  

					considered statistically significant if p < 0.05.  

					Results and Discussion  

					β-glucuronidase activity assay  

					β-glucuronidase activity was quantified using an enzyme-linked  

					immunosorbent assay (ELISA) with a commercial β-glucuronidase  

					ELISA kit (Hangzhou Eastbiopharm Co. Ltd., Hangzhou, China), in  

					accordance with the manufacturer's protocol. Blood samples were  

					collected from rats via cardiac puncture under ether anesthesia, and  

					serum was subsequently isolated and analyzed for β-glucuronidase  

					activity. For the assay, 40 µL of serum and 50 µL of the provided  

					standard were added to designated wells along with 50 µL of  

					streptavidin–HRP, followed by incubation at room temperature for 60  

					minutes. Wells were then washed five times with 300 µL of wash buffer  

					and blotted dry. Subsequently, 50 µL of chromogenic substrate solution  

					was added to each well and incubated for 10 minutes at room  

					temperature. Absorbance was read at 450 nm using a microplate reader  

					(ACCURIS INSTRUMENT MR9600, USA), and enzyme activity was  

					determined by referencing a standard calibration curve (R² = 0.8141).  

					Calcium supplementation affects estrogen metabolism by promoting its  

					conversion through the active 16α-hydroxylation pathway.59 Recent  

					studies have identified several important calcium-handling proteins in  

					heart muscle cells, such as the L-type Ca²⁺ channel, ryanodine receptor,  

					sarcoplasmic reticulum Ca²⁺-ATPase, and the sodium-calcium  

					exchanger that mediate estrogen’s effect on calcium regulation in the  

					cardiovascular system.60,61 Additionally, calcium-rich diets tend to  

					reduce the activity of the enzyme β-glucuronidase.13 Calcium plays a  

					role in controlling the urea cycle by affecting the breakdown of  

					branched-chain amino acids. Calcium-regulated mitochondrial activity  

					is crucial for cells with high energy demands, such as excitable cells,  

					and is involved in the regulation of ion channels and glutamate  

					metabolism. This metabolism works alongside the GABA shunt to  

					bypass the tricarboxylic acid cycle under certain conditions, acting as a  

					key metabolic link between glucose and amino acid metabolism in  

					neurons.62–66 Additionally, it has  

					GlcNAcylation in response to ageing and dietary limitation. 67  

					a

					role in altering CPS1 O-  

					Lactate dehydrogenase activity assay  

					Lactate dehydrogenase (LDH) activity was determined using a Randox  

					test kit (Randox Laboratory Limited, County Antrim, UK).56 An aliquot  

					of a sample (20 μL) was added to 1.0 mL substrate and immediately  

					mixed, and the optical density was measured at 340 nm for 30 s, 1 min,  
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					Effect of pre- and post-administered calcium supplements on rat body  

					weight  

					MSG and calcium pre-administration for 14 days and the combined  

					treatment beyond 42 days significantly (p ˂ 0.05) increased body  

					for this experiment could commence beyond 14 days. Weight change is  

					a monitoring parameter of long-term effects. The increase in body  

					weight recorded during the experiment suggests possible growth. No  

					adverse impact was foreseen on prolonged use, as calcium is a nutrient  

					regularly consumed along with food. Calcium is highly hydrophilic and  

					is easily metabolized and excreted by humans and rarely accumulates  

					in the body to the extent of toxicity.69,70 Thus, humans could tolerate  

					regular consumption. Furthermore, no deaths occurred due to calcium  

					supplement administration during the experimental period. Also, the  

					dose of calcium used was less than the LD50 in rats (1400 mg/kg,  

					calcium lactate, >5.000 mg/kg; calcium pantothenate, 10 g/kg; calcium  

					edetate, 10.0 ± 0.74 g/kg body weight; calcium bentonite, 5,000 mg/kg  

					body weight) indicating that the minerals can be continuously excreted  

					and there may be little or no bioaccumulation to facilitate tissue or organ  

					damage.71-73  

					weight. While there was  

					a

					sustained growth during MSG  

					administration, calcium pre-administration for 42 days significantly  

					increased growth during the same period (p ˂ 0.05) compared to their  

					corresponding control (Table 1). However, CDG pre-administration for  

					42 days significantly (p ˂ 0.05) reduced growth beyond the 14-day pre-  

					administration period, which was sustained during MSG  

					administration. Generally, calcium pre-administration and control  

					treatment continuously increased growth in a time-dependent manner.  

					Hence, the calcium diets may have protected the rats from possible  

					deterioration by MSG treatment for 70 days (Table 1).  

					On the other hand, the post-administered diets had no noticeable effect  

					on body weight compared to their corresponding control treatments  

					(Table 1). Generally, only calcium and combined calcium and CDG  

					post-administration for 42 days increased body weight time-  

					dependently between 21 - 42 and 35 - 42 days, respectively (Table 1).  

					An increased body weight typically indicates healthy growth and  

					resistance to toxicity and stress.68 In addition, increased weight gain  

					might be due to a lesion in the arcuate nucleus of the hypothalamus,  

					thus increasing caloric intake.68 From the results of this study, the rats  

					that were pre-fed a 14-day calcium diet alone showed a significant  

					increase in body weight over the course of 35 and 70 days compared to  

					the corresponding control. The rats that were pre-fed a 28-day calcium  

					diet, however showed a non-significant increase in body weight over  

					the course of the treatment period, indicating that the calcium-fed rats  

					in this study experienced healthy growth (Table 1). Additionally, these  

					significant increased weights indicated that both calcium-based diets  

					can arrest possible assault after MSG administration for 70 days. In this  

					study, combined calcium diet and CDG, and individual CDG pre-  

					administration significantly reduced body weight throughout the MSG  

					administration period, suggesting that feeding on calcium diets alone  

					may be more resilient in preventing possible injury from MSG  

					administration. In addition, the individual and combined calcium and  

					CDG post-administration had a non-significant effect on the body  

					weight of the experimental rats throughout the 70-day MSG treatment  

					period (Table 1). In a similar experiment by Airaodion et al., MSG  

					administration was shown to cause weight gain, particularly in animals  

					fed 500, 750, or 1000 mg/kg body weight MSG.68 Their findings are  

					consistent with that observed in this study after MSG administration for  

					14 days. Contrary to expectations, body weight reduced after 14 days.  

					This observation suggests that the daily administration at the dose used  

					Effect of pre- and post-administered calcium supplements on rat liver  

					weight  

					CDG pre- and post-administration for 14 days and combined calcium  

					and CDG administration for the final 28 days significantly (p ˂ 0.05)  

					decreased liver weight compared to their corresponding controls  

					(Figure 1a and b). This suggests that the treatment did not completely  

					reverse the effect of MSG-induced liver damage, which is consistent  

					with the findings of a prior study that found that MSG could readily  

					ionize to release free glutamate.74 This ionization produces ammonium  

					+

					ions (NH4 ), which can be dangerous unless detoxified in the liver  

					+

					through urea cycle. Thus, NH4 accumulation may occur because of  

					elevated glutamate levels after MSG ingestion, which could damage the  

					liver.74  

					Effect of pre- and post-administered calcium supplements on rat small  

					intestine weight  

					A

					14-day pre-administration of combined calcium and CDG  

					significantly (p ˂ 0.05) reduced small intestine weight compared to the  

					control group (Figure 2a). Meanwhile, after 42 days, this combined pre-  

					treatment led to a significant (p ˂ 0.05) reduction in small intestine  

					weight compared to MSG treatment (Figure 2a). in a similar fashion,  

					combined calcium and CDG post-administration for 42 days  

					significantly reduced the small intestine weight (Figure 2b). These  

					findings indicate that the treatment did not fully counter the effect of  

					MSG-induced small intestine damage.  

					Figure 1: Effect of (A) pre-administered and (B) post-administered dietary calcium supplements on rat liver weight  

					Values are presented as mean ± standard deviation (n = 9), where the superscript letter ‘a’ indicates significant difference (p < 0.05)  

					compared to the corresponding control Key: PrT = treated before induced injury; PsT = treated after induced injury daily for 14, 28, and  

					42 days, respectively.  
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					Figure 2: Effect of (A) pre-administered and (B) post-administered dietary calcium supplements on rat small intestine weight  

					Values are presented as mean ± standard deviation (n = 9), where the superscript letter ‘a’ indicates significant difference (p < 0.05)  

					compared to the corresponding control Key: PrT = treated before induced injury; PsT = treated after induced injury daily for 14, 28, and  

					42 days, respectively.  

					Effect of pre- and post-administered calcium supplements on serum  

					total protein levels in rats  

					Effect of pre- and post-administered calcium supplements on total  

					protein levels in rat liver  

					Throughout the study, there was no significant difference (p ˃ 0.05)  

					between any of the treatments and the corresponding control in terms  

					of serum protein levels for the pre-treated groups (Figure 3a). Whereas,  

					CDG post-administration for 14 and 42 days significantly reduced  

					serum total protein levels compared to the control (Figure 3b).  

					When compared to the control, individual calcium pre-administration  

					for the first 28 days and combined calcium and CDG pre-administration  

					for 42 days dramatically decreased the liver's total protein levels (Figure  

					4a). This decrease in protein levels during hepatotoxicity is consistent  

					with the results of a previous report on paracetamol administration,  

					which indicated the presence of paraproteins and decreased antibody  

					production.75 However, throughout the post-treatment experimentation  

					period, none of the treatments significantly (p ˃ 0.05) affected the liver's  

					protein levels in comparison to the control treatment (Figure 4b).  

					Figure 3: Effect of (A) pre-administered and (B) post-administered dietary calcium supplements on serum total protein level in rat  

					Values are presented as mean ± standard deviation (n = 9), where the superscript letter ‘a’ indicates a significant difference (p < 0.05)  

					compared to the corresponding control Key: PrT = treated before induced injury; PsT = treated after induced injury daily for 14, 28, and  

					42 days, respectively.  
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					Figure 4: Effect of (A) pre-administered and (B) post-administered dietary calcium supplements on total protein level in rat liver  

					Values are presented as mean ± standard deviation (n = 9), where the superscript letter ‘a’ indicates significant difference (p < 0.05)  

					compared to the corresponding control Key: PrT = treated before induced injury; PsT = treated after induced injury daily for 14, 28, and  

					42 days, respectively.  

					Effect of pre- and post-administered calcium supplements on total  

					protein levels in rat small intestine  

					protein levels compared to their corresponding control (Figure 5b).  

					Reduced protein levels in the small intestine indicate that the energy  

					required for protein synthesis in the intestine may be mobilized to  

					support the active metabolic process of regulating the excess  

					administered calcium.76,77  

					MSG administration after 14 days reduced the protein levels in the small  

					intestine compared to the control treatment (Figure 5a). Also, calcium  

					supplement pre-administration and the combination of calcium with  

					CDG for 42 days significantly (p < 0.05) decreased the protein levels in  

					the small intestine (Figure 5a). This indicates that the amount of protein  

					in the small intestine tissue was significantly decreased following the  

					administration of these diet over a prolonged period of time. In the small  

					intestine, proteins are crucial for preserving cell integrity, promoting  

					digestion, and facilitating the absorption of nutrients. A decrease in  

					protein levels may indicate that the intestinal cells were under stress or  

					suffered minor damage as a result of the treatment, which could have  

					affected their capacity to perform as intended. It may also signal  

					alterations in the intestinal production, breakdown, or absorption of  

					proteins. Despite the fact that calcium and CDG are frequently seen as  

					advantageous or protective, this research raises the possibility that they  

					may have had unforeseen consequences on the protein balance of the  

					small intestine over an extended period of time.  

					Effect of pre-administered calcium supplements on serum estrogen  

					levels in rats  

					When compared to the control, CDG pre-administration as a single  

					supplement for 28 days significantly increased blood estrogen levels (p  

					< 0.05). Serum estrogen levels were not significantly affected by MSG  

					supplementation alone for 42 days (Figure 6a).  

					The increased serum estrogen level after CDG pre-administration for  

					28 days implies that the dose was insufficient to prevent the subsequent  

					effects of the possible biochemical actions due to the prolonged MSG  

					administration. Both CDG and MSG may produce a synergistic effect  

					that increased the estrogen level during the 28 days of diet  

					administration.  

					All through the post-treatment experimentation period, none of the  

					treatments caused a significant change (p ˃ 0.05) in small intestinal  

					Figure 5: Effect of (A) pre-administered and (B) post-administered dietary calcium supplements on total protein level in rat small  

					intestine. Values are presented as mean ± standard deviation (n = 9), where the superscript letter ‘a’ indicates significant difference (p <  

					0.05) compared to the corresponding control. Key: PrT = treated before induced injury; PsT = treated after induced injury daily for 14,  

					28, and 42 days, respectively.  
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					Figure 6: Effect of (A) pre-administered and (B) post-administered dietary calcium supplements on serum estrogen level in rat.  

					Values are presented as mean ± standard deviation (n = 9), where the superscript letter ‘a’ indicates significant difference (p < 0.05)  

					compared to the corresponding control Key: PrT = treated before induced injury; PsT = treated after induced injury daily for 14, 28, and  

					42 days, respectively.  

					As previously reported, prolonged MSG administration did not  

					influence estrogen levels. The inability to alter estrogen levels may be  

					ascribed to the preventive action of the pre-administered diet. MSG  

					consumption did not result in fibroids development, which was  

					corroborated by the results of the histopathological study (Figure 6a). A  

					low estrogen level was generally observed with the three pre-  

					administered diets (calcium, CDG, and combined calcium and CDG)  

					compared to the estrogen levels obtained post-MSG treatment. The  

					generally low estrogen level suggests that the three pre-administered  

					diets possibly protected the rats against the potentially harmful effect of  

					excess MSG intake. Possible harmful effects include fibroid growth,  

					central nervous system disorders, obesity, and hepatotoxicity.  

					According to previous studies, MSG-induced brain lesions in mice can  

					be caused by injection or forced-feeding.78 Strict homeostatic processes  

					are necessary for elevated glutamate concentrations in the cytosol and  

					glutamate-containing vesicles. Despite being the main excitatory  

					neurotransmitter, glutamate in extracellular fluid need to be maintained  

					at low levels to prevent excitotoxicity. Typically, the extracellular fluid  

					contains 0.5 - 5 M of glutamate.79 Another possible link between MSG  

					and obesity is its impact on energy balance, which includes increasing  

					food sweetness and changing the hypothalamus signaling cascade of  

					leptin activity. MSG impairs glucose tolerance, raises serum levels of  

					insulin, resistin, and leptin, and enhances the expression of interleukin-  

					6, tumour necrosis factor-alpha, resistin, and leptin mRNA in visceral  

					adipose tissue.80  

					This study also observed no notable increase in estrogen levels in  

					response to excess and protracted use of the three diets. The increased  

					estrogen levels could be due to the rats' efficient system for  

					metabolizing MSG; estrogens are expelled from the body by metabolic  

					conversion to estrogenically inactive metabolites in the urine or feces.  

					Estrogen hydroxylation is the initial stage of their metabolism, which is  

					mediated by cytochrome P450 (CYP450) enzymes. Because most  

					CYP450 enzymes are highly expressed in the liver, estrogen is mainly  

					metabolized here. One key metabolite, 2-hydroxyestradiol, is primarily  

					formed by the liver enzymes CYP1A2 and CYP3A4, while CYP1A1  

					contributes to its production in tissues outside the liver. In contrast,  

					CYP1B1 is mainly found in estrogen-responsive tissues like the breast,  

					ovaries, and uterus, where it hydroxylates estradiol at the 4-position.  

					This process can lead to the formation of 4-hydroxyestradiol, which  

					may contribute to breast and endometrial cancer, as it produces harmful  

					free radicals through redox cycling. Therefore, changes in the  

					expression of different estrogen-metabolizing CYP enzymes can  

					influence how strongly estrogen acts and alter its effects in both the liver  

					and estrogen-sensitive tissues.81  

					Effect of post-administered calcium supplements on serum estrogen  

					levels in rat  

					In response to the MSG dose used, estrogen levels were consistently  

					maintained throughout the 42-day post-MSG administration period  

					(Figure 6b). Post-administration of individual and combined calcium  

					and CDG for 28 and 42 days generally reduced estrogen levels. Serum  

					estrogen levels were significantly (p < 0.05) increased for the first 14  

					days after calcium and CDG administration, and then drastically  

					decreased (p < 0.05) for the remaining time (Figure 6b). On the other  

					hand, during the feeding time, the combined supplements significantly  

					(p < 0.05) decreased serum estrogen level.  

					The increased serum estrogen level on day 14 is a possible response to  

					excess calcium mobilization through calcium or CDG diets. The  

					biochemical system of the rats must have efficiently metabolized the  

					excess calcium after 14 days to enable subsequent reverse actions. An  

					efficient biochemical system may effectively utilize or excrete excess  

					calcium in rats. Calcium is reabsorbed from the glomerular filtrate  

					through both passive and active processes to maintain calcium balance  

					in the body. Around 70% of filtered calcium is reabsorbed passively in  

					the proximal tubule. In the thick ascending limb of the loop of Henle, a  

					calcium-sensing receptor helps regulate active calcium reabsorption by  

					inhibiting it when calcium levels in the surrounding fluid are high.  

					When calcium levels are low, this receptor is activated to promote  

					greater calcium reabsorption. In the distal tubule, calcium transport is  

					carried out by TRPV5 ion channels, which are influenced by hormones  

					such as calcitriol and estradiol.82,83  
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					Table 1: Effect of dietary calcium supplements on rat body weight  

					Treatments  

					Duration of induced injury after pre-administration diets (Days)  

					Duration of induced injury before post-administration diets (Days)  

					Diet  

					35  

					70  

					35  

					70  

					Diet  

					Baseline  

					C-14-PrT  

					147.5 ± 8.66  

					135.5 ± 13.44  

					Baseline  

					C-14-PsT  

					147.5 ± 8.66  

					142.5 ± 10.61  

					156 ± 14.14  

					159 ± 8.8  

					178.5 ± 17.68  

					168.3 ± 11.7  

					205.3 ± 2.31a  

					160.7 ± 14.57  

					174 ± 15.62  

					200.0 ± 0.0  

					168.3 ± 11.7a  

					170 ± 19.8a  

					151.0 ± 0.0a  

					145 ± 4.24a  

					182.0 ± 2.83  

					168.3 ± 11.7  

					175.0 ± 1.7  

					161 ± 5.03  

					160.5 ± 6.26  

					163.9 ± 16.26  

					161.3 ± 17.31  

					173.3 ± 10.23  

					181.0 ± 14.0  

					168.0 ± 2.83  

					163.9 ± 16.9  

					164.3 ± 13.45  

					152.0 ± 13.4  

					175.3 ± 4.16  

					173.0 ± 7.07  

					163.9 ± 17.31  

					155 ± 6.24  

					165.5 ± 14.85  

					164.9 ± 14.85  

					174.0 ± 17.42  

					183.3 ± 13.65  

					192.3 ± 6.29  

					179.5 ± 0.71  

					164.9 ± 17.42  

					176.0 ± 8.72  

					159.7 ± 15.5  

					172.0 ± 21.0  

					179.0 ± 4.24  

					164.9 ± 17.42  

					182 ± 9.5  

					MG-14-PrT  

					148.4 ± 5.97a  

					168.7 ± 3.21a  

					133.7 ± 6.51  

					152 ± 5.29a  

					157.0 ± 0.0  

					154.8 ± 6.11  

					156 ± 4.24  

					MG-14-PsT  

					154.8 ± 16.49  

					144.3 ± 17.01  

					162.3 ± 9.24  

					154 ± 19.08  

					147.0 ± 1.41  

					154.8 ± 17.09  

					156.0 ± 14.8  

					149.0 ± 19.08  

					180 ± 13.45  

					148.5 ± 9.19  

					154.8 ± 17.09  

					1431 ± 1.36  

					162.3 ± 11.85  

					177.3 ± 8.96  

					MG-14-Ca-PrT  

					MG-14-DG-PrT  

					MG/Ca 14 DG PrT  

					C-28-PrT  

					185 ± 5.2a  

					MG-14-Ca-PsT  

					MG-14-DG-PsT  

					MG/Ca 14 DG PsT  

					C-28-PsT  

					147.7 ± 4.51  

					161 ± 12.49  

					186.0 ± 0.0  

					163.3 ± 10.36a  

					164.0 ± 14.14a  

					138.0 ± 0.0a  

					143.5 ± 2.12a  

					178 ± 2.83  

					MG-28-PrT  

					MG-28-PsT  

					MG-28-Ca-PrT  

					MG-28-DG-PrT  

					MG/Ca 28 DG PrT  

					C-42-PrT  

					MG-28-Ca-PsT  

					MG-28-DG-PsT  

					MG/Ca 28 DG PsT  

					C-42-PsT  

					124.0 ± 0.0a  

					148.0 ± 4.24  

					150.0 ± 2.83  

					156.4 ± 7.93  

					156.4 ± 6.03  

					142.0 ± 5.0  

					159.0 ± 1.0  

					MG-42-PrT  

					167.5 ± 12.17  

					165.0 ± 7.81  

					153.7 ± 9.81a  

					165.3 ± 1747  

					MG-42-PsT  

					MG-42-Ca-PrT  

					MG-42-DG-PrT  

					MG/Ca 42 DG PrT  

					MG-42-Ca-PsT  

					MG-42-DG-PsT  

					MG/Ca 42 DG PsT  

					170.7 ± 14.64  

					179.6 ± 9.61  

					189.7 ± 14.01  

					198.3 ± 4.93  

					172.7 ± 30.44  

					Values are presented as mean ± standard deviation (n = 6). Superscript letter ‘a’ within the same column indicates statistical significance (P < 0.05) difference for the treatment compared to their corresponding  

					control.  

					Key: PrT = treated before induced injury; PsT = treated after induced injury daily for 14, 28, and 42 days, respectively.  
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					that MSG alters plasma membrane permeability, resulting in cellular  

					injury. Pyruvate is converted to lactate by LDH, which also catalyses  

					the conversion of NADH and NAD.87 This enzyme exhibits feedback  

					inhibition at high lactate concentrations, which slows the conversion of  

					pyruvate to lactate. This feedback inhibition is crucial for generating  

					energy in cells.88 LDH are released from cells upon death and enter the  

					bloodstream.87 LDH levels in children are higher than those in adults  

					because of bone expansion.88 As shown in Figure 8a, a notable reduction  

					in LDH activity following 42 days of CDG pre-administration increases  

					the possibility that CDG could protect the body from MSG-induced  

					organ damage. LDH which is normally present inside cells, seeps out  

					when cells are destroyed by toxins like MSG, which increases the  

					activity of the enzyme. In this instance, CDG helped strengthen or  

					protect the organs prior to MSG exposure, as evidenced by the reduced  

					LDH levels following CDG treatment, which suggests that there was  

					probably less cell damage. The antioxidant or anti-inflammatory  

					properties of CDG may have contributed to this protective effect by  

					preserving cell integrity, and lessening the negative effects of MSG.  

					Overall, the findings support the idea that giving CDG before exposure  

					to a harmful substance can help prevent or lessen tissue injury. This  

					indicates its therapeutic potential.86.  

					Effect of pre- and post-administered calcium supplements on serum β-  

					glucuronidase activity in rats  

					As shown in Figure 7a, CDG pre-administration for 28 days  

					significantly (p ˂ 0.05) decreased β-glucuronidase activity compared to  

					both MSG administration and control groups. This indicates that the  

					administration of CDG prior to any detrimental exposure assisted in  

					reducing the activity of this enzyme, which is frequently connected to  

					tissue damage or inflammation. A high amount of β-glucuronidase may  

					indicate that the body is experiencing stress or that specific tissues, are  

					being damaged. Decrease in this enzyme's activity, indicates that CDG  

					protected the tissues and may have stopped some of the damage that  

					would have otherwise happened. This indicates that when taken in  

					advance, CDG may have anti-inflammatory or protective effects that  

					keep the body in a healthier state.  

					On the other hand, CDG post-administration for 28 days significantly  

					(p ˂ 0.05) increased serum β-glucuronidase activity compared to the  

					corresponding control treatment (Figure 7b). β-glucuronidase activity  

					significantly (p ˂ 0.05) increased during MSG, calcium, and combined  

					calcium and CDG post-administration for 28 days than that observed  

					during corresponding control treatment. The potential of CDG to boost  

					detoxification pathways for carcinogens and free radicals, impede  

					important carcinogen metabolism, and exhibit antioxidant activity  

					under various conditions are all linked to its mechanism of action.84,85  

					The increase in the β-glucuronidase activity with calcium and combined  

					calcium and CDG post-administration for 28 days indicates that the  

					post-administration of calcium supplements could not inhibit β-  

					glucuronidase activity.  

					Effect of pre- and post-administered calcium supplements on serum  

					ALT activity in rats  

					CDG pre-administration and combined calcium and CDG pre-  

					administration for 28 days increased serum ALT activity compared to  

					their respective control treatments, indicating a possible onset of liver  

					injury (Figure 9a). However, the results of the study showed a possible  

					restoration of liver injury beyond the 28-day treatment period, and the  

					combined calcium and CDG diet for 14 days and CDG post-  

					administration significantly (p ˂ 0.05) decreased serum ALT levels in  

					comparison to the control (Figure 9b). Serum liver enzymes are  

					primarily located within the liver cells. When the liver is injured or  

					damaged, these enzymes are released into the bloodstream, increasing  

					their levels and signaling liver disease or damage.89,90 Hence, all  

					treatments demonstrated the possible ability to nullify the harmful  

					effects of MSG on organs, particularly the liver, in both the pre-  

					administration and post-administration phases. This ability to eliminate  

					harm is evidenced by the fact that AST, ALT, and Alkaline phosphatase  

					(ALP) in the serum are reversed to lower levels in hepatocytes.91  

					Effect of pre- and post-administered calcium supplements on serum  

					LDH activity in rats  

					MSG pre-administration for 14–28 days significantly (p ˂ 0.05)  

					elevated serum LDH activity compared to the control (Figure 8a). All  

					treatments significantly (p < 0.05) increased serum LDH activity in the  

					first 14 days post-administration compared to the corresponding control  

					treatment (Figure 8b). LDH is a cytoplasmic enzyme marker and an  

					essential enzyme that regulates cellular energy metabolism. Activating  

					LDH activity allows organisms to amass a temporary oxygen debt under  

					anaerobic conditions in the form of lactate accumulation, which is then  

					released when oxygen becomes available through the reoxidation of  

					lactate to pyruvate.86 This significant increase in LDH activity suggests  

					Figure 7: Effect of (A) pre-administered and (B) post-administered dietary calcium supplements on serum β-glucuronidase activity in  

					rat. Values are presented as mean ± standard deviation (n = 9), where the superscript letter ‘a’ indicates significant difference (p < 0.05)  

					compared to the corresponding control. Key: PrT = treated before induced injury; PsT = treated after induced injury daily for 14, 28,  

					and 42 days, respectively.  
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					Figure 8: Effect of (A) pre-administered and (B) post-administered dietary calcium supplements on serum lactate dehydrogenase  

					activity in rat. Values are presented as mean ± standard deviation (n = 9), where the superscript letter ‘a’ indicates significant difference  

					(p < 0.05) compared to the corresponding control. Key: PrT = treated before induced injury; PsT = treated after induced injury daily for  

					14, 28, and 42 days, respectively.  

					Figure 9: Effect of (A) pre-administered and (B) post-administered dietary calcium supplements on serum alanine transaminase activity  

					in rat Values are presented as mean ± standard deviation (n = 9), where the superscript letter ‘a’ indicates significant difference (p <  

					0.05) compared to the corresponding control. Key: PrT = treated before induced injury; PsT = treated after induced injury daily for 14, 28, and 42  

					days, respectively.  
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					Effect of pre- and post-administered calcium supplements on ALT  

					activity in rat liver  

					of damage is reducing. The fact that there was a discernible decrease in  

					ALT activity during the post-fed phase suggests that the diet  

					administered might have assisted in repairing the previous damage,  

					either by lowering inflammation, promoting cell regeneration, or re-  

					establishing normal intestinal function.  

					All treatments in the pre-administration phase significantly (p < 0.05)  

					reduced ALT activity in the liver within the first-fourteen days. At the  

					same time, individually pre-administered CDG and calcium further  

					increased the enzyme activity at 28 and 42 days, respectively (Figure  

					10a). Such a reduction within 14 days indicates the detoxification  

					potential of these treatments, as was reported for CDG, which enhances  

					liver detoxification.92 Additionally, there is strong evidence for UDP-  

					glucuronosyltransferase 2, which detoxifies chemical carcinogens or  

					their metabolites, tumour promoters/progressors, and endogenous and  

					exogenous nucleophilic substances with D-glucuronic acid.  

					Conjugation with d-glucuronic acid, or glucuronidation, seems to be the  

					main conjugation process in every vertebrate species that has been  

					examined so far.117 The increase in ALT activity observed for the  

					individually pre-administered CDG and calcium for 28 days and 42  

					days, respectively, suggests that their detoxification potential to handle  

					the possible injury induced by MSG was limited to those periods. This  

					observation is consistent with the findings that MSG can elevate the  

					levels of liver enzymes; ALT, AST, and ALP because of the cytotoxic  

					effect of MSG, resulting in harm to the liver cells and toxicity.93  

					Calcium and combined calcium and CDG post-administration did not  

					significantly change (p > 0.05) liver ALT activity throughout the 42-  

					day experimental period compared to their respective controls (Figure  

					10b).  

					Effect of pre- and post-administered calcium supplements on serum  

					AST activity in rats  

					All pre-administered diets, including the MSG treatment, significantly  

					(p ˂ 0.05) increased AST activity throughout the 42-day treatment  

					period compared to their respective control groups (Figure 12a). The  

					significantly increased AST activity was equally manifested during the  

					MSG post-administration throughout the 42-day treatment period  

					(Figure 12b), while individual as well as combined calcium and CDG  

					diet post-administration also significantly (p < 0.05) increased AST  

					activity between 28 - 42 days compared to their corresponding controls.  

					AST is found in large amounts in several parts of the body, such as the  

					kidneys, pancreas, muscles, liver, and heart. The AST activity increases  

					owing to its release into the bloodstream when tissues or organs are  

					damaged. Therefore, organ damage may have been induced by pre-  

					treatment with all the diets throughout the 42-day administration period.  

					Similar tissue or organ damage was induced by MSG for 42 days, and  

					all the diets at 14 days post-administration, since an increased serum  

					AST activity could be attributed to injury to other organs such as the  

					heart, kidney, or muscles.95,96  

					Effect of pre- and post-administered calcium supplements on ALT  

					activity in rat small intestine  

					Effect of pre- and post-administered calcium supplements on AST  

					activity in rat liver  

					All the pre-administered diets did not significantly alter ALT activity in  

					the intestine throughout the 42 days treatment period compared to the  

					corresponding control (Figure 11a). Unlike the pre-administration  

					phase, the post-administration of calcium alone, and CDG for 28 days  

					significantly (p < 0.05) reduced ALT levels compared to their  

					corresponding controls. In contrast, the combined calcium diet  

					significantly reduced intestinal ALT levels in the intestine after 42 days  

					compared to the corresponding control (Figure 11b). Elevated ALT  

					levels in the small intestine may result in inflammatory bowel disease.94  

					ALT levels in the rats' small intestine were observed to be significantly  

					reduced in the post-fed phase of this study indicating that the diet  

					administered following exposure had a protective or healing impact on  

					the intestinal tissue. ALT is often present inside cells, and elevated  

					levels in tissues may indicate stress or cell damage. A decrease in ALT  

					levels frequently indicates that the cells are healing and that the degree  

					Individual calcium and CDG pre-administration between 28 - 42 days  

					of the experimental period and combined calcium and CDG pre-  

					administration at 42 days significantly (p ˂ 0.05) increased AST activity  

					compared to the corresponding control treatments (Figure 13a). Also, a  

					significant (p ˂ 0.05) increase in AST activity in the liver was observed  

					during CDG and combined calcium and CDG post-administration for  

					28 - 42 days and CDG post-treatment mainly at 28 days of feeding,  

					compared to that during the corresponding control treatment (Figure  

					13b). AST activity generally increased after post-administration of the  

					three calcium-based diets (individual and combined calcium and CDG).  

					This followed a previously reported pattern, where AST activity was  

					found to generally increased after individual and combined calcium and  

					CDG pre-administration and post-administration, potentially as a result  

					of damage to the liver and other highly metabolizing organs, including  

					the brain, heart, and lungs.97  

					Figure 10: Effect of (A) pre-administered and (B) post-administered dietary calcium supplements on alanine transaminase activity in  

					rat liver. Values are presented as mean ± standard deviation (n = 9), where the superscript letter ‘a’ indicates significant difference (p <  

					0.05) compared to the corresponding control. Key: PrT = treated before induced injury; PsT = treated after induced injury daily for 14,  

					28, and 42 days, respectively.  
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					Figure 11: Effect of (A) pre-administered and (B) post-administered dietary calcium supplements on alanine transaminase activity in  

					rat small intestine. Values are presented as mean ± standard deviation (n = 9), where the superscript letter ‘a’ indicates significant  

					difference (p < 0.05) compared to the corresponding control. Key: PrT = treated before induced injury; PsT = treated after induced  

					injury daily for 14, 28, and 42 days, respectively.  

					Figure 12: Effect of (A) pre-administered and (B) post-administered dietary calcium supplements on serum aspartate transaminase  

					activity in rat. Values are presented as mean ± standard deviation (n = 9), where the superscript letter ‘a’ indicates significant difference  

					(p < 0.05) compared to the corresponding control. Key: PrT = treated before induced injury; PsT = treated after induced injury daily for  

					14, 28, and 42 days, respectively.  
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					Figure 13: Effect of (A) pre-administered and (B) post-administered dietary calcium supplements on aspartate transaminase activity in  

					rat liver. Values are presented as mean ± standard deviation (n = 9), where the superscript letter ‘a’ indicates significant difference (p <  

					0.05) compared to the corresponding control. Key: PrT = treated before induced injury; PsT = treated after induced injury daily for 14,  

					28, and 42 days, respectively.  

					Effect of pre- and post-administered calcium supplements on AST  

					activity in rat small intestine  

					Hepatocytes in the baseline and control groups showed no degeneration  

					(Figure 15a and b). On the other hand, the rats that were given MSG  

					showed signs of liver cell damage and an increase in immune cells in  

					the liver (Figure 15c). The liver metabolizes glutamate to oxaloacetic  

					acid or pyruvic acid via oxidative deamination or transamination.98 The  

					degeneration in this study revealed that MSG had a cytotoxic effect on  

					the liver, which may disrupt normal detoxification processes and other  

					liver functions.99 Because of its detoxification properties, CDG can  

					detoxify the harmful effects of MSG, hence, the combined calcium and  

					CDG diet and calcium diet alone restored the integrity of the liver close  

					to that of the control after 14 and 42 days in the pre-administration  

					phase, respectively. However, only calcium lactate diet retained the  

					integrity of the liver at 42 days pre-administration (Figure 16a).  

					Meanwhile, individually administered calcium lactate or CDG diets  

					restored liver integrity at 14 days (Figure 15b) and sustained it at 42  

					days (Figure 16b) post-administration.  

					Only individual calcium and CDG diet restored the integrity of the liver  

					to that of the control throughout the 14 - 42 days in the post-  

					administration phase of the experiment. Although, mild degeneration  

					was observed in the livers of rats pre-administered calcium-fortified  

					diets. The combined calcium diet exhibited no such signs and retained  

					liver integrity at the 14-day pre-administration phase (Figure 15a).  

					Individual calcium pre-treatment (Figure 16a and b) and combined  

					calcium and CDG post-administration (Figure 16c and d) reduced the  

					damage caused by MSG within 14 and 42 days, respectively.  

					When compared to their respective control treatments, CDG alone, and  

					combination of calcium and CDG pre-treatment over the course of 42  

					days significantly (p ˂ 0.05) elevated AST activity which was  

					comparable to the MSG administration. When compared to the  

					corresponding control treatment, the significantly elevated AST activity  

					mainly manifested for individual calcium pre-administration between  

					28 and 42 days (Figure 14a). In addition, the individual calcium and  

					CDG post-administration significantly (p ˂ 0.05) increased AST  

					activity in the first 28 days of the feeding experimentation period  

					(Figure 14b), while combined calcium and CDG post-administration  

					significantly (p ˂ 0.05) increased AST activity mainly after the 28 days  

					treatment period compared to their corresponding controls. The  

					increase in AST levels may be due to liver damage, when the liver is  

					damaged, it can trigger systemic inflammation, oxidative stress, and  

					changes in blood flow that can negatively affect the intestinal  

					environment. This can lead to injury or stress in the intestinal cells,  

					causing them to release AST, which may explain the elevated levels  

					compared to a control.  

					Histopathological perspectives on the effect of administered calcium-  

					based diet on rat liver  

					The histological results depicted that MSG administration induced  

					denigration of the liver in all treated rats (Figures 15 and 16).  

					Figure 14: Effect of (A) pre-administered and (B) post-administered dietary calcium supplements on aspartate transaminase activity in  

					rat small intestine. Values are presented as mean ± standard deviation (n = 9), where the superscript letter ‘a’ indicates significant  

					difference (p < 0.05) compared to the corresponding control. Key: PrT = treated before induced injury; PsT = treated after induced  

					injury daily for 14, 28, and 42 days, respectively.  
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					Figure 15: Photomicrograph indicating the effect of 14-day pre-administered (a) and post-administered (b) calcium dietary supplements  

					on the liver of the treated rats. A = Baseline: B = Control group: C = MSG treated negative control: D = Ca-14-MG, groups  

					administered with calcium lactate alone daily for 14 days; E = DG-14-MG. groups administered with calcium-d-glucarate alone daily  

					for 14 days; Ca 14 DG/MG, groups administered with the combination of calcium lactate and calcium-d-glucarate daily for 14 days  

					Figure 16: Photomicrograph indicating the effect of 42-day pre-administered (a) and post-administered (b) calcium dietary supplements  

					on the liver of the treated rats. A = Baseline; B = Control group; C = M.S.G treated negative control; D = Ca-42-MG, groups  

					administered with calcium lactate alone daily for 42 days; E = DG-42-MG, groups administered with calcium-d-glucarate alone daily  

					for 42 days; F = Ca 42 DG/MG, groups administered with the combination of calcium lactate and calcium-d-glucarate daily for 42 days  

					Histopathological perspectives on the effect of administered calcium-  

					based diet on rat small intestine  

					autolysis for 14 and 42 days, respectively (Figure 18c). In addition to  

					being essential for food digestion and absorption, the small intestine  

					guards against duodenal ulcers when Brunner's glands are present. The  

					ileum, jejunum, and duodenum make up the small intestine. The  

					findings of this investigation are consistent with a prior study that found  

					MSG poisoned tiny intestinal cells. The resulting cell death  

					compromised the membrane's structural and functional integrity, which  

					was another important finding of this investigation.100,101 Cell death rate  

					depends on the extent to which environmental toxins enter the cell.  

					Experimental calcium-based diets exhibit differential capacities to  

					The histopathological results obtained from the small intestine showed  

					typical duodenum and jejunum structures, with distinctive long villi and  

					tall columnar epithelium (Figure 17a and b). No lesion was observed in  

					the pre-treated groups throughout the 42-day experiment, indicating no  

					noticeable damage, except in the group administered calcium alone,  

					where autolysis occurred during the initial 14 days (Figure 17a and b).  

					The groups pre- and post-administered calcium and the combined  

					calcium lactate and CDG group experienced stunted intestinal villi and  
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					restore the integrity of damaged organs.102 The findings in this study  

					contradict those of earlier reports linking calcium-deficient diet to  

					hepatotoxicity alleviation.103 The small intestine generally appears faint,  

					indicating signs of stress owing to engagement in the active  

					transportation of calcium ions from the diet.104 This stress was observed  

					in the small intestine throughout the pre-administration and post-  

					administration phases. However, the MSG diet appeared to cause the  

					most stress during the post-administration phase. In addition, no trace  

					of lesion, degeneration, or cellular infiltration were observed with any  

					of the treatments during the pre-administration phase. At the same time,  

					individual MSG and CDG post-administration exhibited no trace of  

					lesion, degeneration, or cellular infiltration (Figure 17). Both individual  

					calcium and CDG diet restored the integrity of the small intestine to  

					close to that of the control at 42 days in both the pre-administration and  

					the post-administration phases of the experiment. However, the  

					combined diet produced a similar restoration of the integrity of the small  

					intestine only at the end of the 42-day post-administration phase,  

					leaving only MSG-treated organs with signs of faint appearance due to  

					stress (Figure 18). These observations indicate that calcium diets should  

					be administered daily for 42 days to restore the integrity of the small  

					intestine.  

					The MSG-induced visible damage to organs (liver and small intestine)  

					observed in this study was expected.34,105 Baseline indicates the status  

					of rat organs at the beginning of the feeding experiment. It is expected  

					to be similar to the status of the control, as found in this study (Figures  

					15 - 18). The difference can only be due to the aging of the rats and not  

					the calcium-based diets, since the control rats did not receive the diets.  

					The best treatments remained close to the control without any traces of  

					lesions, degeneration, or cellular infiltration. These findings may be  

					used clinically to manage aging and aging-related diseases by applying  

					calcium supplements at the appropriate dosage recommended in this  

					study, especially when this dosage has been proven to restore the  

					integrity of damaged brain and uterus.106 In addition, elderly individuals  

					are advised to consume diets high in calcium, such as milk and other  

					dairy products, to enhance their quality of life and living conditions,  

					especially when dealing with age-related illnesses. Calcium salt abuse  

					should be avoided and medical advice should be followed because  

					calcium salt level in the tissue may influence calcium homeostasis and  

					glutamate toxicity, which may further result in neurological toxicity and  

					death.69,107,108  

					Figure 17: Photomicrograph indicating the effect of 14-day pre-administered (a) and post-administered (b) calcium dietary supplements  

					on the small intestine of the treated rats. A = Baseline: B = Control group: C = MSG treated negative control: D = Ca-14-MG, groups  

					administered with calcium lactate alone daily for 14 days; E = DG-14-MG. groups administered with calcium-d-glucarate alone daily  

					for 14 days; F = Ca 14 DG/MG, groups administered with the combination of calcium lactate and calcium-d-glucarate daily for 14 days  

					Figure 18: Photomicrograph indicating the effect of 42-day pre-administered (a) and post-administered (b) calcium dietary supplements  

					on the small intestine of the treated rats. A = Baseline; B = Control group; C = MSG treated negative control; D = Ca-42-MG, groups  

					administered with calcium lactate alone daily for 42 days; E = DG-42-MG, groups administered with calcium-d-glucarate alone daily  

					for 42 days; F = Ca 42 DG/MG, groups administered with the combination of calcium lactate and calcium-d-glucarate daily for 42 days  
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					passenger mechanisms of aging. Nat Genet. 2024;  

					56(2):204–211. Doi: 10.1038/s41588-023-01627-0.  

					Conclusion  

					In general, calcium-based supplements resulted in higher levels of  

					serum, and organ biochemical parameters during the pre-administration  

					period than the corresponding biochemical indices for the post-  

					administration period. This observation indicates that calcium  

					application for therapeutic purposes is preventive rather than curative.  

					The pre-loaded calcium influx nullified the possible damage caused by  

					excess MSG administration. This pre-loaded calcium supplement led to  

					low activity or response of the biomarkers in this study compared to  

					those during the post-administration period. This finding also suggests  

					that calcium in the form of calcium lactate or calcium-d-glucarate, as  

					applied in this study, was mobilized to saturate the rat's bio-system  

					during the 42-day oral pre-administration. The difference between the  

					pre-treatment and post-administration phases could account for the  

					necessary biochemical strategies to facilitate healing and recovery from  

					injury, as the preventive action is better than the curative action of  

					calcium. It can be inferred that calcium-enriched diets tended to lower  

					serum estrogen levels and hepatic AST activity, while elevating ALT  

					activity in both the liver and small intestine. At the same time, other  

					biochemical parameters remained relatively constant in the various  

					tissues. However, the amount of water and food intake by the  

					experimental rats was not measured in this study to clearly interpret the  

					influence of normal diet on the findings. The biochemical parameters  

					measured in this study may have been influenced by the calcium intake-  

					induced changes in appetite. Calcium intake influences thirst and  

					hunger by increasing food and water intake, which may encourage  

					increased tissue washing to promote frequent excretion and  

					detoxification. Water was made available to the rats ad libitum (in  

					excess) as ethically recommended, and no group was denied any access  

					to water intake in this study. Calcium supplementation was delivered  

					directly into the digestive tract of the experimental rats to minimize the  

					influence of external factors on their appetite. Hence, any possible  

					change in water intake level was due to calcium supplement  

					administration, which may be one of the approaches used by the  

					calcium supplement to reverse the organ injury observed in this study.  

					In addition, the outcome of this study should be validated by engaging  

					the more specific aging-related biomarkers and identifying the  

					underlying molecular mechanism.  
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