


AMELIORATIVE EFFECTS OF MENTHA PIPERITA METHANOLIC EXTRACT ON LEAD ACETATE INCUCED FEMORAL ALTERATIONS IN ADULT MALE WISTAR RATS


ABSTRACT
Mentha piperita L. (Pepper mint) a medicinally important plant that is well-known and widely cultivated for its use in flavor, fragrance, medicinal and pharmaceutical application. The medicinal parts of pepper mint are the essential oil composed of menthol and menthone together with several other minor constituents. Lead (Pb) is a widespread toxic metal found in the environment and poses potential danger to human health despite its varied daily use. This study was conducted to assess the effects of methanolic leaf extract of Mentha piperita on the femur of lead acetate-exposed adult male Wistar rats. Sixteen (16) adult male Wistar rats were divided into 4 groups, with 4 animals in each group. Group A (control) received feed and water only. Group B received 400 mg/kg of methanolic leaf extract of Mentha piperita daily, along with feed and water. Group C received 30 mg/kg of lead acetate twice weekly, along with feed and water. Group D received 400 mg/kg of methanolic leaf extract of Mentha piperita daily and 30 mg/kg of lead acetate twice weekly, along with feed and water. Administrations lasted for 6 weeks. The median lethal dose (LD50), phytochemical analysis of methanolic leaf extract of Mentha piperita, changes in body weight, biochemical tests (PO42- and Ca2+ levels), and femur histology were examined across the groups. The results showed a significant increase in final weight in the mint group compared to initial weight. A non-significant decrease in PO42- levels was observed in the lead acetate group, while a significant increase in Ca2+ levels was observed in the mint group (p<0.05). No effects were seen on the histological features of the femur. It can be inferred that Mentha piperita and lead acetate has effects on the body weight, PO42-, and Ca2+ levels in adult male Wistar rats, but no effects on the histology of the femur.
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INTRODUCTION
Mentha piperita (Lamiaceae), the peppermint (Mint) plant is an aromatic perennial herb cultivated in most part of the world, have traditionally been used in folk medicine. Leaves of Mint plant are frequently used in herbal tea and for culinary purpose to add flavour and aroma. The distinctive smell and flavour, a characteristic feature of Mentha spp. is due to the naturally occurring cyclic terpene alcohol called menthol. Menthol is prescribed as a medication for gastrointestinal disorders, common cold and musculoskeletal pain (Patil et al., 2007). It is a natural hybrid between Mentha spicata and Mentha aquatica, (Almatroodi et al., 2021) contains about 1.2–1.5% of essential oil, and Menthol, as its main active ingredient, has various therapeutic effects such as anti-inflammatory, anti-oxidant, anti-bacterial, anti-cancer, and analgesic effects (Yadegarinia et al, 2006).
Lead, a non-physiological heavy metal, is one of the first metals used by man. Its wide application began since over 8000 years ago (Jarup, 2003). The absorbed lead is conjugated in the liver and passed to the kidneys, where part of it is excreted in the urine and the rest of absorbed lead accumulates in various body organs, affecting many biological functions at the molecular, cellular and intercellular levels (Flora et al., 2007).
Lead intoxication occurs mainly by ingestion of contaminated food or water. It has an effect on a number of body functions such as central nervous (Todd et al., 1996; Bellinger, 2004), hematopoietic (Vij, 2009), hepatic (Haouas et al., 2014), renal (Lin et al., 2006), cardiovascular and reproductive system m (Navas-Acien et al., 2007; Bergeson, 2008).

MATERIALS AND METHODS
Ethical approval
Ethical approval was obtained from Nnamdi Azikiwe University Animal Research Ethics Committee (NAU-AREC).
Materials
Methanol, Ethanol (20 mL), Cold Water (10 mL), Hot Water (10 mL), Hexane (3 mL), Petroleum Ether (1000 µL), Anhydrous Sodium Sulfate, 10% v/v Ethanol Aqueous Solution, Lead Acetate, Chloroform, 10% Formalin, 3% Nitric Acid, Xylene, Paraffin Wax, Mould Release Fluid, Starch, Haematoxylin, Aqueous Eosin, DPX (Dibutylphthalate Polystyrene Xylene), Heavy-duty Blender, Rotary Evaporator, Oven, Freeze Dryer, Separatory Funnel, Test Tubes, Water Bath.


Collection of Mint leaf
Mint leaf (Mentha piperitha), was obtained from Jos, Plateu state and transported in well ventilated sack bags to the College of health Sciences Okofia, Nnewi, Anambra state.
Preparation of Methanolic leaf extract of Mentha piperita
Fresh leaves of Mentha piperita were collected for identification and authentication by a botanist from a Botany Department of Nnamdi Azikiwe University, Awka. The leaves were thoroughly washed with clean running water to remove dirt and soil. They were separated and air dried. The dried plant material was powdered using a heavy duty blender. The powder was extracted with methanol according to the maceration method and the extract was filtered by Whatman no.1 filter paper. The filtrate was concentrated in a rotary evaporator at 40°C. The concentrated extract was oven dried at 40°C for 3 days and freeze dried for 48 h. The freeze dried extracts was stored at -20°C until use.
Table 1-Phytochemical components of Mentha piperita
	Identification
	CONC(ug/ml)

	Kaempferol
	3.33

	Steroid
	8.29

	Proanthocyanidin
	10.49

	Anthocyanin
	2.07

	Narigenin
	7.43

	Dihydrocytisine
	5.91

	Cyanogenic glycosides
	20.19

	Ammodendrine
	22.07

	Tannin
	12

	Flavonones
	8.74

	Cardiac glycoside
	4.01

	Flavones
	5.72

	Ribalinidine
	0

	Phytic acid
	8.81

	Spartein
	15.97

	Oxalate
	1.31

	Aphyllidine
	4.24

	Epihedrine
	3.94

	Sapogenin
	11



Acute Toxicity Test (Ld-50) Of Methanolic Extract Of Mentha Piperita.
The acute toxicity test of methanolic extract of Mentha piperita was carried out in the Animal House of College of Health Science Nnamdi Azikiwe University according to the method described by Enegide et al.(2013). This procedure was carried out in three phases with a total of ten (10) rats, after they were acclimatized for 8 days and weighed with their mean body weight calculated. A stock solution was prepared by diluting 1g of methanolic extract of Mentha piperita in 10ml of distilled water. In phase one, 4 adult wistar rats were used and each rat was administered a dosage of 10mg/kgbw, 100mg/kgbw, 300mg/kgbw, and 600mg/kgbw of methanolic extract of Mentha piperita diluted stock solution respectively. In phase two, 3 wistar rats were used and each rat was administered a dosage 1000mg/kgbw, 1500mg/kgbw, and 2000mg/kgbw of methanolic extract of Mentha piperita diluted stock solution respectively. In phase three, 3 wistar rats were used and each rat was administered a dosage of 3000mg/kgbw, 4000mg/kgbw, and 5000mg/kgbw respectively. Based on this, a confirmatory test was carried out according to the method described by Enegide et al; (2013), by administering 5,000 mg/kgbw of the extract to each of two groups of one rat each. The Observation was made on the rats for 1 hour after administration and 10 mins for every 2 hour interval for 24 hours and no mortality was recorded.
                 	          LD50 = [M0+M1]/2
Where M0= Highest dose of the test substance that gave no mortality= 0
	M1 = Lowest dose of the test substance that gave mortality = 0
Mortality ratio =  Number of dead rats 
                                                n
Where n= number of rats used.

Experimental design
After acclimatization, sixteen (16) adult male wistar rats were divided into four groups with four rats in each;
Group A was used as control group and received normal feed and water daily ad libitum throughout the period of experiment.
Group B received 400mg/kg of methanolic leaf extract of Mentha piperita once daily, feed and distilled water for 6 weeks.
Group C received 30mg/kg of Lead acetate twice weekly with feed and distilled water daily for 6 weeks.
Group D received 30mg/kg of Lead acetate twice weekly and 400mg/kg of methanolic leaf extract of Mentha piperita daily for 6 weeks.
The administration was done using an oral gavage needle daily.
Animal sacrifice and collection of samples
The animals were sacrificed by decapitation after chloroform sedation at the end of extract administration which lasted for a period of six weeks. Blood was collected through jugular vein laceration immediately after decapitation to test for Calcium and Phosphate ion. Afterwards, the femur excised, the skin, muscles and tendons were detached from the bone and stored in 10% formalin as preservative in different containers before taking them for histopathological analysis.
The remains of the experimental animals were properly disposed
Statistical Analysis 
Statistics analysis of the data was performed by analysis of variances (one way ANOVA). Following one way ANOVA post Hoc test using least significance difference (LSD) and by student‘t’ test at p=0.05 using SPSS statistical software data for individual parameters represents average value calculated.
RESULTS
Table 2-Effect of Mentha piperita on body weight following the administration of Mentha piperita
	Groups
	Initial weight (g)
	Final weight (g)
	BWC (g)
	P-value
	T-value

	
	MEANSEM
		MEANSEM
	
	
	

	Group A (control)
	141.073.73
	176.8010.12
	35.72
	0.015*
	-5.022

	Group B (Mint only)
	143.572.99
	188.8214.12
	42.25
	0.039*
	-3.535

	Group C (Pb-A only)
	185.253.41 
	192.956.09
	7.70
	0.095a
	-2.407

	Group D (Mint + Pb-A)
	211.021.57 
	275.2711.89
	64.25
	0.009*
	-6.143


Data was analyzed using T-test and values were considered significant at p<0.05. SEM: Standard error of mean, BWC: Body weight change, significant (*) and not significant (a), Pb-A (lead acetate). Result revealed a significant increase in the body weight in groups A, B, and D while group C had a non-significant increase when the initial weight was compared to the final weight. 

Table 3-Phosphate ion and calcium ion levels, following the administration of Mentha piperita and lead acetate. 
	Groups
	Phosphate ion (mmol/L)
	Calcium ion (mmol/L)

	
	MEANSEM
		MEANSEM

	Group A (control)
	1.480.04
	2.690.07 

	Group B (Mint only)
	1.540.06 a
	2.630.03*

	Group C (Pb-A only)
	1.500.06 a
	2.130.09*

	Group D (Mint + Pb-A)
	1.470.07 a
	2.230.07*

	F-value
	0.23
	13.17


Data was analyzed using ANOVA followed by post Hoc LSD comparison and values were considered significant at p<0.05. SEM: Standard error of mean, significant (*) and not significant (a). Result showed a non-significant increase in the phosphate ion level in-group A compared to C (p=0.849), group B (p=0.645) had a non-significant increase and group D (p=0.786) had an insignificant decrease compared to group C. The calcium ion level result showed a significant
decrease in-group A compared to C (p=0.000), groups B (p=0.000) had a significant increase while group D (p=0.131) had a non-significant increase compared to group C.
Effects of Mentha piperia and lead-acetate on histoarchitecture of the femur
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Plate 2: Mint-only group	
Photomicrograph showing marrow spaces with near total replacement of the marrow space by adipose tissue. The bone density appear normal. (H&E x100)

Plate 1: Control group
Photomicrograph showing normal marrow spaces and haemopoietic cells. The bone density appear normal. (H&E x100).
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Plate 3: Lead-Acetate (only) group
Photomicrograph showing normal marrow spaces and haemopoietic cells. The bone density appear normal. (H&E x100).

Plate 4 Mint and Lead group
Photomicrograph showing normal marrow spaces and haemopoietic cells. The bone density appear normal. The cartilage seen is also normal. (H&E x100).






DISCUSSION, CONCLUSION AND RECOMMENDATIONS
Body weight 
Result revealed a significant increase in the body weight in groups A, B, and D while group C had a non-significant increase when the initial weight was compared to the final weight, this could be as a result of minor differences such as dosage administered and duration of the research. Group B, had a significant increase when final weight is compared with initial weight and control group. This could be due to the peppermint administered to the animals in correspondence to the research carried out by Mesbahzadeh et al (2015). Group C had a non-significant increase when the initial weight was compared to the final weight, which is not in agreement with the research carried out by Haouas et al (2014). His research indicated weight loss when final weight is compared to the initial weight. The differences might have occurred as result of differences in dosage administered and route of administration. When compared to the body weight of other groups, there is a significant weight loss and this is as a result of the toxicity of lead on food intake thereby causing weight loss. Group D had a significant increase in body weight due to the administration of Mentha piperita which aids weight gain. This might have reduced the effect of lead acetate on the weight of the animals.
Serum phosphate and calcium levels
There was a non-significant increase in the phosphate ion level in group B when compared to group A, which is the control group. This disagrees with the research carried out by Álvarez-Lloret et al (2017) which indicated a significant increase in phosphate ion level. There was also a non-significant increase in the level of phosphate ion in group C; this is due to the toxicity of lead to the phosphate level in the serum this contradicts the research of Appleton et al., 1991 who recorded a decrease in the level phosphorus ion. Ezeokafor et al., 2020 reported that chronic lead acetate exposure disrupts calcium homeostasis in bone tissue, leading to reduced bone mineral density in Wistar rats. Their study highlighted that co-administration of Mentha piperita extract partially ameliorated these effects, suggesting its potential role in mitigating lead-induced osteotoxicity. Calcium ion present in the serum showed a significant increase in group B when compared to group A which is the control group. There was a significant decrease the serum level of calcium ion in group C and D. This is attributed to the presence of Lead-acetate administered to the animals in this group. However, the amimals in group D showed a non-significant increase when compared  to those in group C. this might be as a result of the presence of peppermint which was also administered to the animals in group D. 
Femoral histology
Photomicrographs from the Haematoxylin and Eosin staining of the animals in the different groups, all magnified at ×100. Group A showed normal marrow spaces and haemopoietic cells. The bone density appeared normal. Group B showed marrow spaces with near total replacement of the marrow space by adipose tissue. The bone density appeared normal. Group C showed normal marrow spaces and haemopoietic cells. The bone density also appeared normal.
Recommendation
Despite the significant changes observed in this study, further research using different doses, exposure duration, route of administration, or other assessment methods to validate these findings and obtain a more comprehensive understanding of the effects of lead acetate and peppermint on electrolyte levels and the femur is recommended.
Conclusion
The results presented in this study showed some significant and insignificant changes in the biochemical tests and it can be inferred that Mentha piperita and Lead Acetate has some effect on the body weight, phosphate ion and calcium ion levels of adult male wistar rats. However, the effects did not extend to the histology of the femur.
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