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Abstract 

 

Moringa oleifera (MO) is a common 

medicinal plant used due to its numerous 

medicinal properties. Metformin has been 

found to have better antihyperglycemic 

effects when used in combination with MO 

than metformin alone. However, there is 

little information about its toxicity profile 

when used in combination with metformin. 

This study evaluated the toxicological 

effects of repeated oral administration of 

Moringa oleifera (MO) seed extract in 

combination with Metformin (MET) in 

Wistar rats. A total of six groups of male 

and female rats were administered distilled 

water (1 mL/kg), MET (125 mg/kg), MO 

extract (1000 mg/kg), and combinations of 

MO (250, 500, and 1000 mg/kg) with MET 

(125 mg/kg) respectively over a 91-day 

period. Mortality was observed across five 

groups. Results showed a progressive 

increase in feed intake across all groups, 

with no statistically significant difference 

(p>0.05) compared to the control. 

Similarly, water intake remained relatively 

stable throughout the study duration. 

Relative organ weights showed no 

significant differences (p>0.05), suggesting 

the absence of treatment-related atrophy. 

Only white blood cells (WBC) showed a 

significant (p<0.05) increase compared to 

the control. Urea levels ranged from 

10.1±0.4 to 12.8±3.5 mmol/L in females 

and 6.5±0.35 to 8.6±1.00 mmol/L in males. 

Creatinine levels showed a significant 

increase (p < 0.05) in females treated with 

MO500+MET125 and in males treated with 

MET125 alone, compared to control values 

of 40.0±0.10 µmol/L (female) and 

39.0±12.0 µmol/L (male). Electrolyte 

levels remained unchanged across all 

groups. Alanine aminotransferase (ALT) 

levels showed significant reduction in both 

male and female groups, while aspartate 

aminotransferase (AST) was significantly 

reduced only in females treated with MET 

(125 mg) and MO (250 mg). Alkaline 

phosphatase (ALP), total protein (TP), and 

albumin (ALB) showed no significant 

differences compared to the control. 

Histological examination of kidney tissues 

revealed normal glomerular and tubular 

structures in all groups, indicating 

preserved renal architecture. However, 

mild hepatocyte degeneration was observed 

in the MO1000+MET125 group, 

suggesting a possible dose-related hepatic 

effect at the highest combination dose. 

Thus, combination may warrant caution 

because of the mortality, mild 

hepatocellular degeneration, and selected 

biochemical alterations observed. 

Keywords: Combination therapy, Moringa 

oleifera, Metformin, Sub-chronic toxicity 

studies 
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Introduction 

In the field of integrative pharmacology, 

combination therapy has increasingly 

incorporated phytochemicals and herbal 

extracts as adjuvants or synergizers in drug 

regimens (Chaachouay, 2025). These 

natural product-based agents may enhance 

drug absorption, modulate metabolic 

pathways, inhibit efflux mechanisms, or 

provide additive effects on oxidative stress, 

inflammation, or cell signalling (Zhou et 

al., 2023). It is currently acknowledged that 

a large population of people depend on 

medicinal plants to treat diseases, which is 

mainly due to ancestral knowledge and 

reduced cost (Izah et al., 2024). This leads 

to the use of herbal and orthodox medicine 

simultaneously. It is thus important for 

plants to be evaluated for their toxicity 

when used in combination with orthodox 

drugs (Ebadi, 2025).  

Toxicological assessment is an important 

component of drug discovery and 

development, particularly for herbal 

medicines that are often presumed safe due 

to their natural origin. The objective of such 

studies is to establish the safety profile of 

bioactive extracts and compounds through 

acute, sub-chronic, and chronic toxicity 

assessments using both in vitro and in vivo 

models. 

Moringa oleifera (MO) is a common 

medicinal plant used due to its numerous 

medicinal properties (Pareek et al., 2023) 

and has been found to have better 

antihyperglycemic effects when used in 

combination with metformin than 

metformin alone. However, there is little 

information about its toxicity profile when 

used in combination with metformin 

(Bashir et al., 2025a). This study evaluated 

the toxicity effects of MO seed extract and 

metformin combination over a period of 91 

days in Wistar rats, which is significantly 

longer than the 28-day toxicity studies 

previously carried out by Bashir et al. 

(2025b). 

 

 

Materials and methods 

Experimental animals 

Male and female Wistar rats weighing 125-

175 g was obtained from the Animal House 

of the Department of Pharmacology and 

Toxicology, Kaduna State University, 

Nigeria. The rats were kept in properly 

ventilated plastic cages in a conducive 

laboratory environment and provided 

standard laboratory animal feed (Ultima 

finisher feed) and water ad libitum. They 

were treated in accordance with the 

National Institute of Health (NIH) Guide 

for the care and use of Laboratory Animals 

(Production No. 85-23, revised, 1996) and 

approved Institutional Research and Ethical 

Committee (Protocol Number; 

DPTAC/IVT-IVV/01500021). All 

experimental procedures were reviewed 

and approved by the University Animal 

Ethics Committee, Faculty of 

Pharmaceutical Sciences, Kaduna State 

University, Nigeria. 

 

Collection of plant material 

Moringa oleifera seeds were collected from 

Zaria, Kaduna State in the month of 

October, 2025. The seed was identified and 

authenticated in the Herbarium of 

Biological Sciences Department of Kaduna 

State University, by a taxonomist, Mallam 

US Gallah and was given a voucher number 

KASU/BSH/878 by comparing with a 

voucher specimen previously deposited in 

the herbarium as a reference.   

 

Preparation of seed extract 

The seeds of Moringa oleifera were cleaned 

and shade-dried for four weeks. The seeds 

were crushed using a mortar and pestle and 

sieved into a fine powder. The powdered 

seeds (800 g) was macerated in 4.0 litres of 

70% v/v ethanol in a closed container, at 

room temperature for 14 days, with periodic 

shaking. It was filtered using a filter paper 

and the filtrate was transferred into an 

evaporating dish and oven-dried at 50 ℃. 

The extract was weighed to be 57 g and the 

percentage yield calculated as 7.13%. The 

extract was then labelled as Moringa 
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oleifera (MO) extract and stored in an 

airtight container, at 4℃, protected from 

light and moisture until required for the 

main experiment. 

 

Sub-acute toxicity studies 

The study was performed in compliance 

with Organization for Economic 

Cooperation and Development’s (OECD) 

guidelines for repeated dose 91-day oral 

toxicity studies in rodents (OECD 408, 

1998). The rats (120) were allocated into 

six groups of twenty rats with ten males and 

ten females in each group. Group 1 was the 

control and was given distilled water (1 

mL/kg). Group 2 was given Metformin 

(125 mg/kg) only. Group 3 was given MO 

(1000 mg/kg) alone. Group 4 was given 

ethanol extract of MO seeds (250 mg/kg) 

and metformin (125 mg/kg). Group 5 was 

given ethanol extract of MO seeds (500 

mg/kg) and metformin (125 mg/kg) and 

Group 6 was given ethanol extract of MO 

seeds (1000 mg/kg) and metformin (125 

mg/kg). The administration carried out 

orally and daily for 91 days. The body 

weight of each rat was observed on the 0-

day as baseline, 7th day, 14th day, 21st day 

and 28th day, 35th day, 42nd day, 49th day, 

56th day, 63rd day, 70th day, 77th day, 84th 

and 91st day after which they were 

anaesthetized with ketamine (90 mg/kg) 

Kumar and Clover (2015). Animals were 

then sacrificed. Their organs were 

harvested and blood sample was collected 

for further investigations. 

Determination of relative organ weight 

The kidneys, liver, brain, ovaries, testes and 

heart were isolated and weighed. The 

relative organ weight was determined using 

the formula below; 

Relative organ weight (%) 

 = Weight of organ (g)    X  100   

      Final weight of rat (g) 

Evaluation of haematological 

parameters 

Portion of the blood samples were collected 

into EDTA bottles to prevent coagulation. 

These samples were then subjected to 

haematological analysis for levels of white 

blood cells (WBC), red blood cells (RBC), 

hemoglobin (HGB) and hematocrit/packed 

cell volume PCV (HCT) using an auto-

hematology analyzer (Sysmex USA) 

(Abubakar et al., 2023). 

 

Evaluation of electrolytes and renal 

biochemical parameters 

Blood samples were collected and 

centrifuged at 1000 rpm for 10 minutes and 

separated serum was analyzed for 

electrolytes and biochemical parameters 

related to the kidneys such as Creatinine 

(Bartels et al., 1972), Urea (Weatherburn 

1976). The levels of Sodium, Potassium, 

Chlorine and Bicarbonate were also 

determined with the aid of a Hitachi 902 

analyzer (Roche, Germany) as reported by 

Abdulhakim et al. (2025). 

Evaluation of hepatic biochemical 

parameters 

Blood samples for liver-function tests was 

collected in plain sample bottles and 

centrifuged for 10 minutes at 3500 rpm to 

obtain the serum. The serum was analysed 

for liver function parameters including 

Alanine amino Transferase (ALT) and 

Aspartate amino transferase (AST) 

(Reitman and Frankel 1957), alkaline 

phosphatase (ALP) (Belfield and Goldberg 

1971), Albumin (ALB) and Total protein 

(TP) (Doumas et al. 1971) and Total 

bilirubin (TB) (Walters and Gerarde, 1970). 

Histopathology 

The livers and kidneys were fixed for 10 

days in 10% formaldehyde. They were then 

dehydrated, cleared and infiltrated with 

paraffin wax. Then, the organs were 

embedded and sectioned. Five micrometer 

sections of the organs were made with the 

aid of microtome, kept on the slide and was 

stained with hematoxylin and eosin. The 

sections were then viewed under a 

microscope for histomorphological lesions 

(Arthur and John, 1978). 

Statistical analysis 

Data evaluation was carried out with the aid 

of SPSS software (Version 20) and was 
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presented as mean ± standard error of the 

mean (S.E.M). Variations between means 

were examined by one way ANOVA and 

repeated measure ANOVA, followed by an 

appropriate post-hoc test. Values of p ≤ 

0.05 were considered statistically 

significant. The results were presented in 

charts and tables where applicable 

 

Results 

Effect of 91-day daily administration of 

MO seed extract in combination with 

MET on general behaviour and 

mortality 

 

No consistent or obvious clinical signs of 

toxicity such as changes in movement, 

feeding behaviour, aggression, or nervous 

system problems across the groups 

throughout the study period. The animals 

appeared to maintain normal body function.  

However, mortality was recorded in some 

groups; One male in the group of rats 

administered distilled water, three females 

in the group administered MO extract 

alone, one male each in groups 

administered 250 mg MO extract in 

combination with metformin and 500 mg 

MO extract in combination with metformin 

alongside two females in the group that was 

administered 1000 mg of MO extract in 

combination with metformin.  

 

Effect of 91-day daily administration of 

MO seed extract in combination with 

MET on feed and water intake in 

Wistar rats 

 

The intake of MO extract combination with 

metformin did not produce any significant 

effect on feed and water intake in both 

female and male rats when compared with 

the control throughout the study period as 

presented in (Tables 1 and 2). 



Sub-chronic Toxicity of Combined Moringa oleifera Seed Extract and Metformin in Wistar Rats Bashir et al. 

JCBR Vol 6 Is 4 July - August 2026 

 
2396 

Table 1: Effect of 91-day daily administration of Moringa oleifera seed extract in combination with metformin on feed intake in Wistar rats 

 FEED INTAKE (g) 

DURATION OF TREATMENT (DAY)     7    14    21     28    35    42    49    56     63    70    77    84    91 

Female              

D/W 1mL/kg 182±0.52 184±0.23 170±0.34 160±0.51 150±0.13 190±0.13 200±0.24 190±0.28 170±0.17 190±0.48 170±0.32 175±0.20 190±0.33 

MET125 180±0.43 182±0.32 176±0.42 165±0.21 157±0.12 198±0.32 208±0.38 197±0.19 174±0.21 186±0.30 167±0.32 178±0.15 197±0.37 

MO1000 200±0.32 145±0.31 180±0.32 175±0.32 183±0.22 174±0.43 200±0.52 190±0.11 185±0.15 170±0.25 200±0.32 190±0.33 200±0.21 

MO250+MET125 203±0.32 136±0.42 178±0.16 178±0.34 181±0.12 179±0.33 202±0.21 196±0.42 187±0.31 168±0.22 203±0.23 197±0.54 205±0.23 

MO500+MET125 120±0.10 140±0.24 180±0.32 200±0.21 190±0.11 160±0.12 185±0.28 175±0.39 200±0.47 195±0.23 180±0.30 200±0.22 180±0.21 

MO1000+MET125 122±0.33 146±0.31 176±0.32 189±0.28 185±0.19 167±0.20 188±0.32 174±0.34 207±0.14 193±0.45 189±0.26 208±0.11 177±0.28 

Male              

D/W 1mL/kg 129±0.43 131±0.25 120±0.62 132±0.53 182±0.32 188±0.24 196±0.52 197±0.13 189±0.21 179±0.23 185±0.22 197±0.36 198±0.41 

MET125 134±0.23 136±0.21 127±0.34 137±0.52 184±0.32 193±0.53 201±0.32 195±0.12 182±0.21 183±0.33 179±0.31 186±0.21 181±0.32 

MO1000 234±0.47 160±0.32 152±0.33 157±0.21 189±0.16 165±1.79 175±0.22 195±0.41 200±0.51 140±0.53 187±0.63 196±0.34 185±0.41 

MO250+MET125 197±0.65 180±0.23 161±0.32 145±0.23 170±0.32 177±0.22 170±0.12 185±0.32 220±0.22 146±0.36 172±0.52 190±0.26 186±0.32 

MO500+MET125 152±0.32 140±0.21 156±0.31 146±0.24 181±0.43 160±0.12 170±0.32 177±0.23 185±0.51 184±0.12 190±0.35 205±0.41 192±0.46 

MO1000+MET125 148±0.42 143±0.11 145±0.15 137±0.16 172±0.31 166±0.36 180±0.31 175±0.32 190±0.24 180±0.53 198±0.35 200±0.13 195±0.32 

Values are mean ±SEM; no significant changes compared with D/W group using one-way ANOVA. D/W=distilled water, MET125=metformin (125 mg/kg) 

alone, MO1000= Moringa oleifera seed extract (1000 mg/kg) alone, MO250+MET125=Moringa oleifera seed extract (250 mg/kg) and metformin (125 

mg/kg), MO500+MET125=Moringa oleifera seed extract (500 mg/kg) and metformin (125 mg/kg), MO1000+MET125= Moringa oleifera seed extract (1000 

mg/kg) and metformin (125 mg/kg). 
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Table 2: Effect of 91-day daily administration of Moringa oleifera seed extract in combination with metformin on water intake in Wistar rats  

 WATER INTAKE (mL) 

DURATION OF TREATMENT (DAY)    7    14    21    28    35    42    49    56    63    70    77    84    91 

Female              

D/W 1mL/kg 510±0.13 400±0.13 370±0.14 490±0.12 475±0.20 380±0.21 400±0.13 445±0.19 510±0.00 480±0.12 440±0.22 500±0.41 465±0.13 

MET125 500±0.23 405±0.34 350±0.23 480±0.14 480±0.44 385±0.23 420±0.49 450±0.61 500±0.50 495±0.21 460±0.11 510±0.12 470±0.19 

MO1000 505±0.23 500±0.42 525±0.18 450±0.11 505±0.10 500±0.23 470±0.26 500±0.34 500±0.32 505±0.23 450±0.20 272±0.21 550±0.30 

MO250+MET125 500±0.31 520±0.22 500±0.12 460±0.26 500±0.45 510±0.20 490±0.27 530±0.51 510±0.12 500±0.26 450±0.12 275±0.46 500±0.21 

MO500+MET125 370±0.30 500±0.21 400±0.23 500±0.32 510±0.24 480±0.32 455±0.31 500±0.46 490±0.31 500±0.10 460±0.20 450±0.23 575±0.34 

MO1000+MET125 450±0.23 510±0.32 420±0.11 505±0.18 500±0.42 470±0.31 450±0.40 510±0.38 480±0.42 535±0.33 470±0.41 460±0.22 500±0.23 

Male              

D/W 1mL/kg 530±0.00 455±0.12 355±0.16 270±0.13 310±0.21 550±0.14 480±0.14 540±0.20 480±0.17 450±0.11 525±0.19 410±0.21 510±0.22 

MET125 525±0.43 440±0.24 350±0.21 290±0.22 305±0.22 520±0.29 490±0.31 510±0.17 470±0.21 455±0.32 510±0.30 402±0.34 505±0.52 

MO1000 370±0.11 400±0.21 525±0.23 250±0.22 365±0.25 230±0.12 420±0.21 350±0.18 510±0.12 470±0.17 505±0.16 420±0.34 520±0.43 

MO250+MET125 380±0.61 410±0.22 500±0.32 258±0.23 370±0.22 240±0.13 400±0.34 340±0.21 500±0.22 490±0.42 500±0.40 430±0.23 500±0.44 

MO500+MET125 340±0.34 500±0.15 410±0.22 480±0.41 360±0.26 200±0.32 340±0.31 500±0.42 480±0.21 480±0.30 325±0.13 460±0.12 320±0.56 

MO1000+MET125 350±0.22 520±0.21 400±0.14 470±0.17 350±0.30 210±0.32 350±0.38 510±0.25 470±.27 485±0.35 350±0.12 430±0.24 350±0.75 

Values are mean ±SEM; no significant changes compared with D/W group using one-way ANOVA. D/W=distilled water, MET125=metformin (125 mg/kg) 

alone, MO1000= Moringa oleifera seed extract (1000 mg/kg) alone, MO250+MET125=Moringa oleifera seed extract (250 mg/kg) and metformin (125 

mg/kg), MO500+MET125=Moringa oleifera seed extract (500 mg/kg) and metformin (125 mg/kg), MO1000+MET125= Moringa oleifera seed extract (1000 

mg/kg) and metformin (125 mg/kg).  
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Effect of 91-day daily administration of MO seed extract in combination with MET on 

body weights 

 

The intake of MO extract combination with metformin did not produce any significant effect 

on the body weights compared to the control, metformin alone and MO extract alone in both 

female and male rats (Figure 1). 

 

 
 

Figure 1. Effect of 91-day daily administration of Moringa oleifera seed extract in 

combination with Metformin on body weight of Wistar Rats: A (Female) and B (Male) 

Values are mean±SEM. D/W= Distilled water, MET 125= Metformin (125 mg/kg) alone, 

MO1000+MET125= Moringa oleifera seed extract (1000 mg/kg) and Metformin (125 

mg/kg), MO500+MET125= Moringa oleifera seed extract (500 mg/kg) and Metformin (125 

mg/kg), MO250+MET125= Moringa oleifera seed extract (250 mg/kg) and Metformin (125 

mg/kg), MO1000= Moringa oleifera seed extract (1000 mg/kg) alone. 
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Effect of 91-day daily administration of MO seed extract in combination with MET on 

relative organ weight 

 

The effect of MO seed extract and metformin on relative organ weights is presented in Table 

3. No significant changes were observed in any of the test groups. 

 

Table 3: Effect of 91-day daily administration of Moringa oleifera seed extract in 

combination with Metformin  on relative organ weight of Wistar Rats   

  Treatment (mg/kg)   

Parameters 

(%) 

D/W 

1 mL/kg  

MET125  MO1000 MO250+MET125 MO500+MET125 MO1000+MET125 

Female        

Kidney  1.30±0.13 1.26±0.21 1.10±0.81 1.22±0.16 1.20±0.21 1.24±0.15 

Liver  5.30±0.87 4.88±0.30 4.47±0.68 4.36±0.65 4.18±2.07 5.46±1.07 

Ovaries  0.42±0.4 0.46±0.10 0.30±0.08 0.30±0.09 0.40±0.60 0.35±0.26 

Brain  1.26±0.22 1.16±0.27 1.20±0.81 1.14±0.10 1.10±0.17 1.35±0.27 

Heart 0.90±0.21 0.82±0.19 0.83±0.12 0.82±0.12 0.86±0.24 0.80±0.19 

Male        

Kidney  1.98±0.40 1.82±0.37 1.60±0.21 1.83±0.33 1.87±0.21 1.50±0.30 

Liver  9.33±2.07 8.84±1.70 7.43±0.78 8.55±1.50 9.07±1.39 7.95±2.05 

Testes  3.83±0.04 3.72±0.77 2.93±0.33 3.06±0.45 3.17±0.12 2.85±0.25 

Brain  1.4±0.19 1.26±0.14 1.18±0.25 1.08±0.33 1.23±0.48 1.05±0.15 

Heart 1.0±0.20 1.04±0.19 0.90±0.27 1.10±0.23 1.03±0.12 0.97±0.04 

Values are mean±SEM; no significant changes compared with D/W group using one-way 

ANOVA. D/W=distilled water, MET125=metformin (125 mg/kg) alone, MO1000= Moringa 

oleifera seed extract (1000 mg/kg) alone, MO250+MET125=Moringa oleifera seed extract 

(250 mg/kg) and metformin (125 mg/kg), MO500+MET125=Moringa oleifera seed extract 

(500 mg/kg) and metformin (125 mg/kg), MO1000+MET125= Moringa oleifera seed extract 

(1000 mg/kg) and metformin (125 mg/kg).  
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Effect of 91-day daily administration of MO seed extract in combination with MET on 

haematological indices 

 

The administration of MO extract with metformin combination produced an elevation of WBC 

count in the female group of rats administered MO extract alone and a decrease in WBC count 

in the male group of rats also administered MO extract alone. 

 

Table 4: Effect of 91-day daily administration of Moringa oleifera seed extract in 

combination with metformin on haematological indices of Wistar Rats   
    Treatment (mg/kg) 

Parameters  Units D/W 1 mL/kg  MET125  MO1000 MO250+MET125  MO500+MET125  MO1000+MET125  

Female         

WBC                            (× 103 

/µL) 

3.2±0.81 5.7±0.96 5.8±1.07*      4.0±2.22      5.1±0.78         5.4±1.66 

RBC                (× 106 

/µL) 

6.7±0.27 7.4±0.41 6.6±0.38      7.6±0.62      7.9±0.86         6.6±0.38 

HGB           (g/dL) 12.6±0.49 13.6±0.80 13.3±0.47    13.8±0.75    14.2±0.98       12.5±0.50 

HCT    (%) 38.2±1.17 40.6±2.87 41.0±2.16     42.2±1.74    42.4±2.94       38.3±1.30 

Male         

WBC                            (× 103 

/µL) 

8.1±1.93 6.1±1.01 3.7±1.33*      8.9±1.54      6.1±0.83        1.3±0.36 

RBC                (× 106 

/µL) 

8.8±1.01 8.2±2.33 9.9±0.92      6.6±1.51      6.8±2.87      11.2±1.63 

HGB           (g/dL) 17.8±0.83 17.0±0.89 15.3±0.63    15.3±1.09    15.0±0.82      15.0±1.00 

HCT    (%) 53.8±1.92 51.8±2.14 46.3±1.48    46.3±2.49    45.3±2.05      45.0±3.00 

        

Values are mean±SEM; significant changes compared with D/W group using one-way 

ANOVA followed by Tukey’s post hoc test *(p<0.05). WBC=white blood cell count, 

RBC=red blood cell count, HGB=hemoglobin, HCT=hematocrit, D/W=distilled water, 

MET125=metformin (125 mg/kg) alone,  MO1000= Moringa oleifera seed extract (1000 

mg/kg) alone, MO250+MET125=Moringa oleifera seed extract (250 mg/kg) and metformin 

(125 mg/kg), MO500+MET125=Moringa oleifera seed extract (500 mg/kg) and metformin 

(125 mg/kg), MO1000+MET125= Moringa oleifera seed extract (1000 mg/kg) and 

metformin (125 mg/kg).  

 

Effect of 91-day daily administration of MO seed extract in combination with MET on 

electrolytes and renal indices 

 

The effect of MO seed extract and metformin on renal indices is presented in Table 5. 

Creatinine levels were significantly elevated in the female group that received 500 mg/kg MO 

seed extract in combination with 125 mg/kg of metformin. Creatinine levels were also elevated 

in male group that received 125 mg/kg of metformin alone. 

 

 

 

 

 

 

 

 

 

 



Sub-chronic Toxicity of Combined Moringa oleifera Seed Extract and Metformin in Wistar Rats Bashir et al. 

JCBR Vol 6 Is 4 July - August 2026 

 
2401 

Table 5: Effect of 91-day daily administration of Moringa oleifera seed extract in 

combination with metformin on renal indices and electrolytes of Wistar Rats  
Treatment 

(mg/kg) 

Urea 

(mmol/L) 

Creatinine 

(µmol/L) 

Sodium 

(mmol/L) 

Chloride 

(mmol/L) 

Potassium 

(mmol/L) 

Bicarbonate 

(mmol/L) 

 

Female 

      

 

D/W 1mL/kg  

 

10.3±0.6 

 

40.0±0.10 

 

141.8±5.46 

 

99.8±2.80 

 

4.0±1.36 

 

27.0±3.72 

 

MET125 10.1±0.4 47.8±0.80 143.4±4.78 80.8±2.60 4.0±1.11 28.0±2.23 

 

MO1000 

 

10.2±0.5 

 

39.6±0.34 

 

142.6±5.69 

 

99.6±2.21 

 

4.1±1.52 

 

28.0±2.20 

 

MO250+MET 

125 

 

10.9±0.7 

 

58.8±0.07 

 

142.4±6.40 

 

100.8±6.66 

 

4.3±1.37 

 

27.8±7.60 

 

MO500+MET 

125 

 

12.8±3.5 

 

71.5±0.07* 

 

142.2±8.23 

 

99.0±7.45 

 

4.1±0.72 

 

29.2±9.48 

 

MO1000+MET 

125 

 

11.9±0.5 

 

32.0±0.09 

 

142.8±6.10 

 

39.6±2.22 

 

4.0±0.33 

 

27.8±2.92 

   

 

 

 

 

 

  

Male       

 

D/W 1mL/kg 

 

8.6±1.00 

 

39.0±12.0 

 

142.0±5.83 

 

99.8±2.77 

 

4.1±0.79 

 

27.3±9.49 

 

MET125 

 

8.5±1.40 

 

69.4±9.00* 

 

143.4±4.98 

 

101.4±3.86 

 

4.0±0.54 

 

28.0±5.61 

 

MO1000 

 

7.5±0.30 

 

37.8±3.50 

 

142.0±4.62 

 

101.0±3.88 

 

4.4±1.87 

 

27.3±6.13 

 

MO250+MET 

125 

 

6.5±0.35 

 

27.5±4.00 

 

141.3±7.08 

 

99.0±5.40 

 

4.0±6.97 

 

27.8±7.68 

 

MO500+MET 

125 

 

7.6±0.32 

 

26.6±3.20 

 

145.6±4.00 

 

102.3±5.35 

 

3.8±2.22 

 

29.6±3.95 

 

MO1000+MET 

125 

 

8.2±0.65 

 

36.5±10.30 

 

138.5±9.37 

 

98.0±10.66 

 

 

4.4±1.00 

 

26.5±9.87 

  

 

 

 

 

 

 

 

 

 

 

 

Values are mean ±SEM; significant changes compared with D/W group using one-way 

ANOVA followed by Tukey’s post hoc test *(p<0.05). D/W=distilled water, 

MET125=metformin (125 mg/kg) alone, MO1000=Moringa oleifera seed extract (1000 

mg/kg) alone, MO250+MET125=Moringa oleifera seed extract (250 mg/kg) and metformin 

(125 mg/kg), MO500+MET125=Moringa oleifera seed extract (500 mg/kg) and metformin 

(125 mg/kg), MO1000+MET125= Moringa oleifera seed extract (1000 mg/kg) and 

metformin (125 mg/kg). 
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Effect of 91-day daily administration of MO seed extract in combination with MET on 

hepatic indices 

 

The effect of MO seed extract and metformin on liver function parameters is presented in Table 

6. In female rats, alanine aminotransferase (ALT) levels were significantly reduced (p < 0.05) 

in all treatment groups compared with the control group, while aspartate aminotransferase 

(AST) was significantly reduced in the group administered 250 mg/kg MO seed extract in 

combination with metformin. In male rats, ALT was significantly reduced in the group 

administered 1000 mg/kg MO seed extract in combination with metformin (p < 0.05) compared 

with the control group. However, ALP, total protein (TP), and albumin (ALB) did not show 

significant differences across groups.  

 

Table 6: Effect of 91-day daily administration of Moringa oleifera seed extract in 

combination with metformin on hepatic indices of Wistar Rats  
Treatment (mg/kg) ALT (IU/L) AST (IU/L) ALP (IU/L) TP (g/dL) ALB(g/dL) 

Female       

D/W 1 mL/kg 170.4±2.01 206.2±1.64 164.0±6.78 69.8±1.67 27.4±1.50 

MET125 64.0±4.89* 136.0±12.95 221.8±38.75 73.2±3.70 26.8±1.72 

MO1000 53.33±1.25* 204.0±5.89 162.3±2.87 74.4±3.06 26.3±1.48 

MO250+MET125 27.4±3.77* 97.4±5.35* 132.0±6.53 69.8±3.27 28.4±2.50 

MO500+MET125  79.2±7.30* 259.0±40.78 56.0±10.10 78.4±8.20 30.0±1.41 

MO1000+MET125 56.5±6.18* 140.3±7.32 139.5±12.82 67.3±2.99 28.5±2.96 

Male       

D/W 1 mL/kg 63.5±5.02 213.5±12.87 515.0±56.76 67.3±2.75 31.8±1.92 

MET125 51.4±7.74 156.6±11.38 392.4±36.47 66.4±3.36 27.0±1.10 

MO1000 53.8±4.38 171.8±10.25 385.0±2.15 67.8±1.70 26.8±1.48 

MO250+MET125 60.75±3.16 244.5±2.9 517.5±24.05 64.5±4.12 27.5±2.29 

MO500+MET125  52.0±2.16 195.7±10.2 646.3±15.54 64.7±2.08 28.7±1.20 

MO1000+MET125 38.5±1.50* 260.5±27.5 475.5±60.5 63.5±0.70 27.0±1.00 

      

Values are mean±SEM; significant changes compared with D/W group using one-way 

ANOVA followed by Tukey’s post hoc test *(p<0.05). ALT=alanine aminotransferase, 

AST=aspartate aminotransferase, ALP=alkaline phosphatase, TP=total protein, 

ALB=albumin, D/W=distilled water, MET125=metformin (125mg/kg) alone,  MO1000= 

Moringa oleifera seed extract (1000 mg/kg) alone, MO250+MET125=Moringa oleifera seed 

extract (250 mg/kg) and metformin (125 mg/kg), MO500+MET125=Moringa oleifera seed 

extract (500 mg/kg) and metformin (125 mg/kg), MO1000+MET125= Moringa oleifera seed 

extract (1000 mg/kg) and metformin (125 mg/kg).  

 

Effect of 91-day daily administration of MO seed extract in combination with MET on 

histo-architecture of kidney and liver 

 

The histo-architecture of the kidney in all groups showed normal histological features such as 

the glomerulus and tubule in both female and male rats when compared to the control (Figure 

2). In the liver, all groups showed normal hepatocytes except the group that was administered 
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1000 mg/kg MO seed extract in combination with metformin, which showed hepatocyte 

degeneration (HD) in both male and female rats when compared to the control (Figure 3). 

 

 

Figure 2: Photomicrograph of the kidney section of rats administered Moringa oleifera, 

metformin and their combination for 91 days   

D/W=distilled water, MET125=metformin (125 mg/kg) alone, MO1000= Moringa oleifera 

seed extract (1000 mg/kg) alone, MO250+MET125=Moringa oleifera seed extract (250 

mg/kg) and metformin (125 mg/kg), MO500+MET125=Moringa oleifera seed extract (500 

mg/kg) and metformin (125 mg/kg), MO1000+MET125= Moringa oleifera seed extract 

(1000 mg/kg) and metformin (125 mg/kg). (H/E Stain X250). 

 

 

Figure 3: Photomicrograph of the liver section of rats administered Moringa oleifera, 

metformin and their combination  for 91 days 
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D/W=distilled water, MET125=metformin (125 mg/kg) alone,  MO1000= Moringa oleifera 

seed extract (1000 mg/kg) alone, MO250+MET125=Moringa oleifera seed extract (250 

mg/kg) and metformin (125 mg/kg), MO500+MET125=Moringa oleifera seed extract (500 

mg/kg) and metformin (125 mg/kg), MO1000+MET125= Moringa oleifera seed extract 

(1000 mg/kg) and metformin (125 mg/kg). (H/E Stain X250). 

 

Discussion 

Moringa oleifera (MO) seed extract in 

combination with metformin did not cause 

clear behavioural abnormalities at the 

administered doses. In addition, the pattern 

of deaths did not follow a clear dose-related 

trend, as mortality occurred across different 

groups without a steady increase with 

higher doses. The occurrence of mortality 

in the distilled water (D/W) control group 

suggests that factors unrelated to the 

experimental treatments may have 

contributed to some of the observed deaths. 

Possible contributing factors include 

handling stress, pre-existing health 

conditions, infection, accidental injury, or 

other unforeseen experimental conditions. 

The occurrence of mortality in both sexes 

indicates that the observed deaths were not 

exclusively associated with sex; however, 

the slightly higher mortality observed 

among females in some treatment groups 

may indicate a possible difference in 

susceptibility between sexes. 

The food and water intake patterns 

observed in this study showed only mild 

and non-consistent fluctuations. This is in 

line with previous toxicological studies 

where MO supplementation did not 

significantly alter feeding or drinking 

behaviour in rats (Zhang et al., 2024). The 

absence of abnormal intake behaviour also 

suggests stable metabolic regulation, 

similar to findings reported in nutritionally 

supplemented rat models (Rana et al., 

2025).  

Administration of MO seed extract either 

alone or in combination with metformin did 

not result in significant adverse changes in 

body weight during the 91-day 

experimental period (Figure 1).  

The absence of significant body weight loss 

suggests that the treatments did not induce 

metabolic dysfunction or reduce feed 

utilization in the animals. Similar findings 

have been reported in previous studies 

where chronic administration of MO 

extracts did not significantly affect body 

weight gain in rodents (Leone et al., 2015). 

The maintenance of normal body weight 

observed in this study may be attributed to 

the rich nutritional composition of MO, 

which contains essential amino acids, 

vitamins, minerals, and antioxidant 

compounds that may support normal 

metabolic processes (Islam et al., 2021; 

Bashir et al., 2025b). 

No variation was observed in relative organ 

weights. Research on nephroprotective 

effects of MO has demonstrated that it often 

preserves renal structure and function even 

under toxic insult, largely due to its 

antioxidant and anti-inflammatory 

properties (Abd elhameed et al., 2025; 

Meles et al., 2025).  

 

In this study, the haematological indices 

including hemoglobin (HBG), hematocrit 

(HCT) and red blood cell count (RBC) did 

not show significant differences between 

treated groups and the control group. 

Maintenance of normal haemoglobin and 

RBC levels indicates that the treatments did 

not interfere with erythropoiesis or the 

oxygen-carrying capacity of blood. These 

findings suggest that the extract and its 

combination with metformin did not induce 

anaemia or haemolysis in the experimental 

animals. Similar results have been reported 

in previous toxicological studies in which 

administration of MO extracts did not 

significantly affect erythrocyte parameters 

in rodents (Olayemi et al., 2012; Nurhayati 

et al., 2023). The stability of these 
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haematological indices observed in this 

study further supports the safety of MO in 

combination with metformin in sub-chronic 

exposure conditions. However, a 

significant difference in white blood cell 

(WBC) count was observed in both female 

and male rats treated with the highest dose 

of MO seed extract alone (Table 4). 

Alterations in WBC count may indicate 

activation of immune responses or 

modulation of inflammatory processes 

(Chmielewski and Strzelec, 2018; Xiao et 

al., 2020). MO contains various 

phytochemicals including flavonoids, 

phenolic acids, and isothiocyanates that 

have been reported to exhibit 

immunomodulatory and anti-inflammatory 

activities (Razis et al., 2014). These 

compounds may stimulate leukocyte 

production or enhance immune surveillance 

mechanisms in experimental animals (Xiao 

et al., 2020). Therefore, the observed 

variation in WBC count in the high-dose 

group may reflect immunomodulatory 

activity rather than a toxic effect of the 

extract. Similar increases in leukocyte 

counts following administration of MO 

extracts have been documented in previous 

studies investigating its immune-enhancing 

properties (Popoola et al., 2020). 

 

The elevated creatinine observed in female 

rats administered 500 mg/kg MO seed 

extract in combination with 125 mg/kg 

metformin (Table 5) may indicate a mild 

alteration in renal function. However, this 

finding was observed in only one treatment 

group and may not necessarily indicate 

direct nephrotoxicity. Previous studies have 

generally reported renoprotective effects of 

Moringa oleifera seed preparations in 

experimental models (Wen et al., 2022; 

Lukiswanto et al., 2023; Rana et al., 2025), 

while metformin has also demonstrated 

renal protective properties in some animal 

studies. This effect was seen in both female 

and male rats that received 1000 mg/kg MO 

seed extract in combination with 

metformin. Low chloride levels were 

observed in the group administered 1000 

mg/kg MO seed extract in combination 

with metformin, which may indicate an 

alternation in electrolyte homeostasis. 

Previous studies have generally reported 

relatively low toxicity of M. oleifera seed 

preparations at moderate doses, although 

adverse effects have been observed at 

higher exposures (Kim et al., 2018).  

 

The histopathological observation of 

normal renal architecture, including intact 

glomeruli and well-preserved tubules, 

further supports the biochemical results and 

agrees with previous studies showing that 

both MO and metformin do not cause 

structural kidney damage at doses used. 

Moringa-based interventions have been 

shown to preserve renal histoarchitecture 

and prevent tubular degeneration in 

toxicological models of kidney injury 

(Lukiswanto et al., 2023; Meles et al., 

2025). Furthermore, studies on gentamicin- 

and ischemia-induced nephrotoxicity in rats 

have shown that MO can restore or stabilize 

kidney histoarchitecture and organ indices, 

supporting the non-significant changes 

observed in the present study (Akter et al., 

2021; Lukiswanto et al., 2023). 

 

The evaluation of liver function parameters 

is particularly important in toxicity studies 

because the liver plays a central role in the 

metabolism and detoxification of 

xenobiotics (Serras et al., 2021). Alanine 

aminotransferase (ALT) levels were 

significantly reduced in most treatment 

groups compared with the control group 

(Table 6), particularly among the female 

rats. ALT is a sensitive biomarker of 

hepatocellular injury, and elevated levels 

are commonly associated with liver damage 

(Ozer et al., 2008). The reduction observed 

in ALT levels in this study may suggest 

absence of liver injury in the combination 

groups. Similarly, Aspartate 

aminotransferase (AST) levels showed a 

significant reduction in the female group 

that was administered 250 mg/kg of MO in 

combination with metformin 125 mg/kg. 

AST is another important enzyme used in 
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the evaluation of hepatic integrity, and 

reductions in its levels may indicate 

improved liver function or protection 

against hepatocellular injury (Bashir et al., 

2024). The antioxidant properties of MO 

have been shown to reduce lipid 

peroxidation and stabilize hepatocyte 

membranes, thereby preventing leakage of 

intracellular enzymes into the blood 

(Popoola et al., 2020). In addition, 

metformin has been reported to exert 

beneficial effects on hepatic metabolism by 

improving insulin sensitivity and reducing 

oxidative stress within the liver (Rena et al., 

2017). Other liver function parameters 

including Alkaline phosphatase (ALP), 

Total protein (TP), and Albumin (ALB) did 

not show significant differences among the 

treatment groups. These biochemical 

markers are commonly used to assess 

hepatic function and biliary tract integrity 

(Olayemi et al., 2012; Nurhayati et al., 

2023). The absence of significant 

alterations in these parameters suggests that 

the treatments did not impair protein 

synthesis or induce cholestatic liver injury. 

Albumin and total protein levels are 

particularly important indicators of liver 

synthetic capacity, and their stability in this 

study indicates that hepatic system 

functional integrity was maintained 

throughout the experimental period 

(Popoola et al., 2020). However, the group 

that was administered 1000 mg/kg MO in 

combination with metformin 125 mg/kg 

showed hepatocyte degeneration (Figure 

3), which may be attributed to the high dose 

of MO. Other groups showed normal 

hepatic architecture comparable to the 

control group. The preservation of normal 

hepatocyte structure suggests that the 

treatments did not induce cellular 

degeneration, necrosis, or inflammatory 

infiltration in lower doses of MO extract 

and in combination with metformin. 

Histological assessment is considered one 

of the most reliable approaches for 

confirming biochemical findings in toxicity 

studies (OECD, 1998). Therefore, the 

absence of visible pathological lesions in 

the liver tissues of groups that received a 

combination of MO seed extract and 

metformin supports the biochemical 

evidence indicating that the combination 

treatments did not cause hepatotoxic 

effects. Overall, the histological findings of 

both the liver and kidney did not 

corroborate the biochemical findings 

following the 28-day co-administration of 

MO seed extract with metformin signifying 

relative non-toxicity in lower combination 

doses (Bashir et al., 2025b). 

 

Conclusion 

Based on the findings obtained from this 

study, it can be concluded that repeated 91-

day oral administration of MO seed extract 

and metformin in combination produced 

toxic effects due to mortality, hepatocyte 

degeneration and biochemical changes 

observed. Thus, combination therapy may 

require caution. 
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