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INTRODUCTION 
Diabetes Mellitus (DM) is a metabolic disorder. It was 

first described clinically by the 

Greek physician Aretaeus Cappadocia in 1500 BC as a 

condition where Flesh and Bones runtttogether 

are siphoned into the urine. Diabetes mellitus is a 

common, universal and very prevalent disease 

affecting people in both developed and developing 

countries. Diabetes mellitus are caused by the 

abnormality of carbohydrate metabolism which is 
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ABSTRACT 

The present investigation described for the first time the hypoglycemic and antidiabetic activities of aqueous and 

80% methanol extracts, fractions, flavonoids and polysaccharides as well as antihyperglycemic activity of aqueous 

extract from Morinda morindoides leaves in animal model. After study, results revealed that in hypoglycemic test 

on normoglycemic Wistar rats, Glibenclamide used as reference product produced signification lowering of 

treated normoglycemic rats glucose level (BGL) to 77.6±0.3 mg/dl. On the other hand, at the highest oral dose of 

400 mg/kg body weight, aqueous and 80% methanol extracts, different soluble fractions including chloroform 

ethylacetate, n-butanol and residual aqueous phase and polysaccharides significantly brought back the BGL of 

treated normoglycemic rats to values 78.0±0.3 to 83±0.1 compared to untreated normoglycenic rats with 87.5±0.3 

mg/dl after 180 minutes of observation. Flavonoids quercetin, rutin, quercetrin, kaempferol and kaempferol-3-O-

rutinoside produced reductions of treated normoglycemic BGL from 82.1±0.2 to 83.6±0.2 mg/dl compared to 

negative control with 87.0±0.3 mg/dl. Results from the antidiabetic test conducted for 180 minutes of 

observation indicated that Glibenclamide brought back the of treated diabetic rats glycemia level to 76.6±0.1 

mg/dl. In the same time, samples of Morinda morindoides including extracts, soluble fractions and 

polysaccharides administered at the highest oral dose of 400 mg/kg body weight caused significant lowering of 

treated diabetic rats glycemia levels to values from 130.6±0.1 to 149.8±0.3 mg/dl compared to negative control 

having glycemia level of 202.7±0.3 mg/dl. Flavonoids showed percentage reductions of treated diabetic glycemia 

from 62.48 to 71%. But, after 28 days of treatment of diabetic rats twice per day with the same oral doses, 

Glibenclamide caused significant lowering treated diabetic glycemia level to 84.6±0.3 mg/dl on Day-28. On the 

same day, at the highest oral dose of 400 mg/kg body weight, aqueous and 80% methanol soluble fractions and 

polysaccharides significantly brought back treated diabetic glycemia levels to values from 88.3±0.3 to 98.5±02 

mg/dl < 100 mg/dl compared to untreated diabetic rats presenting a value of 252.3±0.3 mg/dl. In all cases, 

significant difference was observed (p < 0.05). In antihyperglycemic test, aqueous extract was found to 

significantly reduce treated hyperglycemic animals BGL to 88.6±0.3 mg/dl compared to untreated hyperglycemic 

rats with BGL of 164.5±0.3 mg/dl after 180 minutes of observation. These obtained results indicated that extracts, 

fractions and polysaccharides exhibited good hypoglycemic and antidiabetic activities at different degrees and had 

Glibenclamide like-effects, in addition to the antihyperhycemic effect showed by aqueous extract in animal model. 

These reported results can support and justify the use of M. morindoides leaves to treat diabetes type II in 

traditional medicine in several African countries where it known the same medical purpose. 

  

KEYSWORDS; Morinda morindoides, leaves, extracts, fractions, polysaccharides, hypoglycemic, antidiabetic 

and antihyperglycemic activities. 
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linked to low blood insulin level or insensitivity of 

target organs to insulin resulting in the appearance of 

hyperglycemia level from defects in insulin secretion 

and action, or both. It is estimated that 25% of the 

world population is affected by this disease. 

  

 Interestingly, WHO have projected that diabetes will 

be the seventh leading cause of death in 2030 (Kakkar 

et al., 2016). The incidence and prevalence of diabetes 

have continued to increase globally, despite a great 

deal of research with the resulting burden resting more 

heavily on tropical developing countries. DM are a 

global public health threat and are listed as the third 

major killer of mankind, along with cancer and 

cardiovascular diseases. Their prevalence among adults 

aged 20-70 years is expected to rise from 285 million 

in 2010 to 438 million by the year 2030 (Singh et al., 

2014). The number of patients is predicted to grow to 

642 million in the year 2040, with the greatest increase 

expected in low and middle-income countries 

(Aramugam et al., 2013; Singh et al., 2014; Ogurtsova 

et al., 2017; Alema et al., 2020). 

  

According to WHO, the term diabetes mellitus is 

defined as a metabolic disorder of multiple etiologies 

characterized by chronic hyperglycemia level with 

disturbances of carbohydrates, fat and protein 

metabolisms resulting from defects in insulin secretion, 

insulin action or both as mentioned above. The effects 

of diabetes mellitus include long-term damages, 

dysfunction and failure of various organs such as eyes, 

kidneys and nerves which are predominantly perfused 

by small blood vessels, heart and feet. It may have the 

characteristic symptoms such as thirst, polyuria, 

blurred vision, loss of weight, tingling numbness, feel 

very tired, have very dry skin, have sores that heal 

slowly, have more infections, have very dry skin. 

burning and pains (Saaroopa et al., 2017; https:// 

www.dietdoctor.com/complications-diabetes-disease-

affecting-organs, 2021; 

https://www.kidney.organ/atoz/content/diabetes-and-

Your-Eyes-Heart-Nerves-Feet-and-Kidneys, 2021).  

 

Diabetes mellitus is a metabolic disorder leading to the 

production of insulin by sick people in low amount to 

reduce sufficiently the level of sugar in body. The 

disease is characterized by constant high levels of 

blood glucose (sugar). It includes diabetes Type I 

(T1DM) and II (T 2DM) 

Type I diabetes often refers to juvenile diabetes and is 

insulin dependent known to affect only 5% of the 

diabetic population (Manun-or Rashid et al., 2014). It 

is characterized by deficient production of insulin and 

require daily administration of insulin. This happening 

is due to the cellular mediated autoimmune destruction 

of the pancreatic β-cells. Patients with T1DM are 

prone to ketoacidosis and need daily administration of 

insulin to control the amount of glucose in their blood. 

The majority of T1DM occurs in children and 

adolescent. It is commonly seen in juveniles and is 

characterized by failure to produce insulin due 

to autoimmune destruction of β-cells of the pancreas 

(Singh et al., 2014; Salehi et al., 2019). 

  

Type II diabetes, which is non-insulin dependent, 

usually occurs in adults over the age of 40. It currently 

occurs in obese individuals and is associated with some 

other diseases such as hypertension, asthma and 

dyslipidemia, etc. It has already been established that 

chronic hyperglycemia level of diabetes is associated 

with long term damages, dysfunction and eventually 

the failure of organs, especially the eyes, kidneys, 

nerves, heart and blood vessels. It has an adverse effect 

on carbohydrate, lipid and protein metabolisms 

resulting in chronic hyperglycemia level and 

abnormality of lipid profile. These lead to a series of 

complications including polyurea, polyphasia, ketosis, 

retinopathy as well as cardiovascular disorders 

(Madiya et al., 2010, Aramugam et al., 2013, Salehi et 

al., 2019). T2DM also known as non-insulin-dependent 

diabetes, results from the body’s ineffective use of 

insulin and hyperglycemia level and accounts for the 

vast majority of people with diabetes around the world. 

Insulin resistance is due to a reduced responsiveness of 

target tissues to normal circulating levels of insulin 

(Saheli et al., 2019). Type II usually developes in 

adults over the age of 40 years (Mamun-or-Rashid et 

al., 2014). It is caused to the ineffective use of the 

insulin by the body. The following risk factors such as 

genetic factors, obesity, poor diet, insufficient physical 

activity, advancing age, hypertension etc. are 

commonly involved in the development of type-II 

diabetes.  

 

There is a another class of diabetes reported known as 

gestational diabetes mellitus (GDM) which mainly 

arise from glucose intolerance, with an onset during 

pregnancy. This is a temporary condition, but it may 

carry the long term risk of diabetes. GDM is defined as 

any degree of glucose intolerance with onset or firster 

cognition during pregnancy, irrespective of the 

glycemic status after delivery. Insulin resistance and in 

adequate insulin secretion founded to play a central 

role in the pathophysiology of GDM. Gestational 

diabetic women (GDW) have increased risk of type 2 

diabetes mellitus (T2DM) and heart disease later in 

life, and their offspring have greater incidence of 

perinatal complications and increased risk of obesity 

and diabetes in adult hood. It usually disappears after 

the birth of child and it affects 3-10% of pregnancies, 

depending on the population studied (Abdel-Monein 

and Fayez., 2015). It is projected to become one of the 

world’s main disablers and killers within the next 25 

years (Mukhopadhyay et al., 2019). It will be 

considered as a major cause of high economic loss 

which can in turn impede the development of nations. 

T2DM is usually adult-onset and is 33associated with 

insufficient production of insulin and loss of 

responsiveness by cells to insulin (Mamun-or-Rashid 

et al., 2014; Singh et al., 2014, Salehi et al., 2019). 

https://orcid.org/0000-0003-3439-4688
http://www.dietdoctor.com/complications-diabetes-disease-affecting-organs
http://www.dietdoctor.com/complications-diabetes-disease-affecting-organs
https://www.kidney.organ/atoz/content/diabetes-and-Your-Eyes-Heart-Nerves-Feet-and-Kidneys
https://www.kidney.organ/atoz/content/diabetes-and-Your-Eyes-Heart-Nerves-Feet-and-Kidneys
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In spite of the introduction and extensive utilization of 

hypoglycemic agents, diabetes and its related 

complications continue to be a major health problem 

worldwide, which affect nearly 10 to 25% of the 

population all over the world and is considered as a 

major cause of high economic loss which can in turn, 

impede the development of nations (Mamun-or-Rachid 

et al., 2014).  

 

These hypoglycemic agents comprise (1) drugs that 

increase insulin secretion: sulfonylureas such 

as amaryl (glimepiride), diabinese (chlorpropamide), 

Glibenclamide, tozalamide (tolinase), 

glipizide, gliclazide, tolbutamide and the meglitinide-

like drugs such as repaglinide and nateglinide, (2) 

drugs that improve insulin sensitivity: biguanides, 

e.g., metformin, the thiazolidinediones, such 

as rosiglitazone, pioglitizone, and troglitazone, etc.), 

and (3) drugs that reduce carbohydrate absorption: 

acarbose, miglitol, pramlintide, (Furman, 2007; 

Yetendje et al., 2019; 

https://en.wikipedia.org/wiki/Anti-

diabetic_medication, 2020, 

https://www.healthline.com/health/type 2-

diabetes/acarbose, miglitol, pramlintide prevent 

glucose absorption, 2020). However, these drugs are 

expensive and unavailable for the population which in 

turn, use various medicinal plant extracts mainly in 

decoct or macerate forms known empirically to have 

beneficial effects in treating the disease (Aramugan et 

al, 2013; Yetendje et al., 2019) and currently find some 

alleviations or reliefs. 

  

Despite considerable progress made in the treatment of 

diabetes by using various oral synthetic hypoglycemic 

agents, search for newer drugs from natural sources as 

medicinal plants become urgent because the existing 

synthetic drugs have several limitations and producing 

side effects like foot ulcers, cardiovascular disease, vision 

impairment, gum disease, fatigue, nerve damage and 

stroke, etc. (Malviya et al., 2010; 

https://www.hyperbaricmedical 

solutions.com/blog.common-side-effects-of-diabetes, 

2021). Several medicinal plants with prove antidiabetic 

activity in animal models are nowadays 

commercialized and formulated in ameliorated drug 

forms like tablets and sirop for their easy use by people 

(Aramugan et al., 2013). One of the great advantages 

of medicinal plants is that these are readily available 

and have very low side effects. Medicinal plants have 

always been an exemplary source of drugs and many 

of the currently available drugs in actual various 

medical domains have been derived directly or 

indirectly from them (Aramugam et al., 2013, 

Ojewumi et al., 2014). 

  

Consequently, much efforts should be afforded to 

optimize procedures for antidiabetic screening of 

different plant extracts as well as isolated bioactive 

compounds leading to the discovery of new natural 

herbal antidiabetic drugs. During the development 

stage, products standardization, quality control and 

assurance, placebo-controlled and randomized clinical 

trials are essential components that need to be 

perfected in order to translate their potential into new 

antidiabetic drugs that millions of people could benefit 

upon (Abdel and Monein, 2015). 

 

Morinda morindoides (Baker) Milne-Reahead 

(Rubiaceae) is one of the popular medicinal plants 

currently used in Democratic Republic of Congo 

(DRCongo) and other African countries to treat various 

diseases including amoebisis, fever and malaria, 

rheumatism, diabetes, abdominal pains, tiredness, 

diarrhea, intestinal worms, haemorrhoids, cutaneous 

infections (mycosis, gale and scabies), urogenital 

infections (gonorrhoea), used as a tonic and stimulant 

of appetite, mixed to other plants such bark of 

Mangifera indica and leaves of Tetracera poggei to 

treat diabetes. Leaves are the main part used since the 

preparation of an aqueous decoct which is the principal 

preparation used, is known by all people and need not 

the presence of a practitioner (Kambu, 1990a, 2009, 

Newinger, 2000). In Congo Brazzaville, the leaves are 

used to treat mainly dermatologic diseases such as 

mycosis, gales and scabies, etc. with great success. 

 

Moreover, the plant from Democratic Republic of 

Congo (DR-Congo) was submitted to many scientific 

studies to evaluate some of the biological activities of 

extracts and isolated pure compounds in relation of its 

traditional uses. The isolation some constituents 

include flavonoids and anthraquinones (Cimanga et al., 

1995a, 1997a, 2006), and iridoids (Cimanga et al, 

2003a). The biological activities include antispasmodic 

(Kambu et al, 1990b; Tona et al., 1999, 2000; Cimanga 

et al, 2010), antiamoebic (Tona et al., 1998, 1999, 

2000; Cimanga et al. 2006a,b, 2008a, 2018a), 

antidiarrheal (Mbamu et al, 2019a), antioxidant 

(Cimanga et al., 1997a, 1999), antibacterial, antiviral, 

and cytotoxic (Cimanga, 1997, Cimanga et al., 2018b; 

Mbamu et al., 2019b), antifungal (Walo, 1985), 

antiplasmodial (Tona et al. 2001, 2004; Cimanga et al, 

2008a,b) and anticomplement (Lasure et al., 1994 ; 

Cimanga et al. 1997b) activities in vitro and in vivo 

tests. 

  

On the other hand, Morinda morindoides leaves 

growing in Western African countries mainly in Ghana 

and Ivory Coast were also studied. The chemical 

studies conducted revealed the isolation of 

phenylpropanoid conjugated iridoids with 

antiplasmodial activity (Tamoura et al., 2010), volatile 

oil and volatile constituents (Koumane et al., 2010; 

Kiazolu et al., 2016), ketosteroids (Ramiarantsoa et al., 

2005; Seri et al., 2018), iridoid glycosides, (Seri et al., 

2017). Biological activities evaluated include 

antibacterial (Moroh et al., 2008; Koffi et al., 2010), 

effect of dichloromethane-ethanol extract on rabbit 

carotid pressure (Boga et al., 2013; Ouattara, 2013), 

https://en.wikipedia.org/wiki/Anti-diabetic_medication
https://en.wikipedia.org/wiki/Anti-diabetic_medication
https://www.hyperbaricmedical/
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cytotoxic effect induced by M. morindoides extracts on 

human and leukemia cells (Okiemy et al., 2010, 

hepatic tolerance of ethylacetate fraction (Otis et al., 

2010), biochemical effects, lipid profile, bilirubin and 

some marker enzyme (Abidemi and Ibukun, 2011), 

cardiac tolerance (Djaman et al., 2013), antidiarrheal 

(Meite et al., 2010), anti-hyperglycemic (Koffi et al., 

2012; Akintayo et al., 2015) and antifungal (Bagré, 

2007, 2011; Touré et al., 2011), antiplasmodial 

(Tamura et al., 2010; Termidayo et al., 2010: Kipre et 

al., 2017), cardiac tolerance (Tra-Bi et al.. 2013), and 

antioxidant (Ibukun et al., 2014; Akinloye et al., 2015, 

Boga et al., 2015) activities. 

  

The present investigation was undertaken to assess 

antidiabetic activity of extracts, fractions, flavonoids 

and polysaccharides as well as antihyperglycemic 

effect of aqueous extract from Morinda morindoides 

leaves in animal model to scientifically prove this 

claimed biological activity in popular medicine. 

2. MATERIALS AND METHODS 

2.1. Plant material 

Leaves of Morinda morindoides (Baker) Milne-

Redhead (Rubiaceae) (synonyms: Gaertnera 

morindoides Baker, Morinda confusa Hutch)  were 

collected in Kimwenza, Kinshasa. The plant was 

identified for the first time in Ocober1990 at the 

Institut National d’Etudes et de Recherche en 

Agronomie (INERA), Faculty of Sciences, Department 

of Biology, University of Kinshasa. A voucher 

specimen of the plant was deposed in the herbarium of 

this institut and in the laboratory of Phytochemistry 

and Pharmacognosie of the faculty of Pharmaceutical 

Sciences at the same university. A new batch of plant 

material was collected for the present study in Mai 

2020. Leaves were dried at room temperature and 

reduced to powder with an electronic blender and the 

obtained powder was kept in brun bottles before use to 

avoid contamination. 

 

  
Figure 1: Morinda morindoides leaves, flowers and fruits. 

 

2.2. Preparation of extracts and partition 

60 g of powdered leaves were soaked with 400 ml 

distilled water and boiled on a hotplate at 100
o
C for 15 

minutes. Next, the mixture was cooled and filtered on a 

paper filter Watman N
o 

1. The filtrate was evaporated 

in vacuum using rotary evaporator yielding dried 

extract named as Mms-1 (53.87 g). An amount of 20 g 

of Mms-1 extract were dissolved in 200 ml distilled 

water and filtered. The resulting filtrate was extracted 

successively and exhaustively with solvents of 

different polarities as chloroform, ethylacetate, n-

butamol. All fractions including aqueous phase were 

evaporated in vacuum as described above yielding 

corresponding dried extracts denoted as Mms-1.1 (4.75 

g), Mms-1.2 (5.05 g), Mms-1.3 (3.25 g) and Mms-1.4 

(6.15 g) respectively. On the other hand, 30 g of the 

plant material were macerated with 80% methanol for 

24h. After filtration, a 80% methanol macerate was 

obtained and the marc was exhaustively percolated 

with the same solvent. The macerate and percolate 

were combined and treated as described above yielding 

dried 80% methanolic extract named as Mms-2 (25.71 

g).  

 

2.3. Extraction and purification of polysaccharides  

2.3.1. Water soluble polysaccharides 
The methods proposed by Liu et al., (2014), Wang et 

al., (2018) and Tang et al., ( 2019) were used for 

extraction, separation and purification of 

polysaccharides. About 20 g of aqueous extract Mms-1 

were dissolved in 100 ml distilled water, filtered, and 

the filtrate was reduced to 10 ml with rotary rotavapor. 

After, about a five-fold volume of ethanol 95% was 

added into the filtrate for polysaccharides precipitation. 

The mixture was then placed in a refrigerator at 4°C 

for 24 hours giving a white precipitate after this period. 

The precipitate was filtrated and dried in hot at 50
o
C to 

give dried white extract denoted as CP-Mms (crude 

polysaccharides: 16.63 g). This extract gave positive 

test for polysaccharides (Molish’s regent: alpha-

naphtol + H2SO4, purple color or with phenol/H2SO4; 

violet color) (Wang et al., 2018; Tang et al., 2019). 

The polysaccharide concentration was determined with 

the phenol-sulfuric acid method at 481 nm (Jiang et al., 

2010, Wang et al., 2018).  

 

2.3.2. Purification of polysaccharides 

The crude polysaccharide CP-Mms (15 g) was purified 

by gel column chromatography on DEAE 

(dietylaminoethyl)-cellulose put in deionized water and 

dumped the clarity supernatant liquid. After, 500 ml of 

NaOH 0.5 mol/L were added for 30 minutes, bathing 

the cellulose with water until neutral. It was then 

soaked in 500 ml of HCl 0.5 mol/L for 30 minutes and 

treated as described above for bathing and the process 

was repeated three times. Now, the DEAE-cellulose 

http://www.ville-ge.ch/musinfo/bd/cjb/africa/details.php?langue=an&id=88919
http://www.ville-ge.ch/musinfo/bd/cjb/africa/details.php?langue=an&id=88919
http://www.ville-ge.ch/musinfo/bd/cjb/africa/details.php?langue=an&id=88501
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/diethylaminoethyl-cellulose
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/diethylaminoethyl-cellulose
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/deionized-water
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was ready for use. The crude polysaccharide CP-Mms 

was dissolved in deionized water and centrifuged, and 

the supernatant was loaded onto a new DEAE-

cellulose column (40g, 60 × 2.5 cm, internal diameter), 

which was eluted with deionized water and NaCl 

0.1 M solution in order. The elution (3 ml) was 

collected and carbohydrate content was determined 

based on the phenol-sulfuric acid method at 481 nm 

absorbance (Jiang et al., 2010). The crude 

polysaccharide CP-Mms was separated on Sephadex 

LH-20 (40g, 60 x 2.5 cm) (Liu et al., 2014; Zhao et al., 

2015) into chromatographically pure 4 fractions, which 

were then dried, and coded as PF-Mms-1 (2.75 g), PF-

Mms-2 (2.50 g), PF-Mms-3 (3.38 g) and PF-Mms-4 

(2.67 g). 

  

2.4. Extraction of flavonoids 

Flavonoids were isolated from 80% methanol extract 

(500 mg of plant material) using different 

chromatographic technics and identified by different 

conventional spectroscopic methods as previously 

described by Cimanga (1997). The identified 

flavonoids were quercetin (15.6 mg), Quercetin 7,4-

demethylether (5.4 mg), luteolin 7-O-glucoside (6.3 

mg), apigenin 7-O-glucoside (25.2 mg), quercetin 3-O-

rhamnoside ( 10.5 mg), kaempferol 3-O-rhamnoside 

(14.1 mg), quercetin 3-O-rutinoside (34.5 mg), 

kaempferol 3-O-rutinoside 915.2 mg) and chrysoeriol-

7-Oneohesperidoside (84 mg). 

 

2.5. Evaluation of hypoglycemic activity in 

normoglycemic Wistar rats 
This test was conducted on normoglycemic Wistar rats 

weighing 160 to 180 g body weight (bw). They were 

grouped in 6 groups of 5 rats for each oral dose and 

were orally administered respective doses of 2.5 mg/kg 

for Glibenclamide, 200 and 400 mg/kg bw for extracts, 

fractions and polysaccharides, 25 and 50 mg/kg bw for 

flavonoids as followed: 

●- Group I: was administered 5 ml distilled water as 

negative control, 

●- Goup II received Glibenclamide as positive control, 

●- Groups IIIa and b received aqueous extract Mms-1, 

●- Groups IVa and b received 80% methanol extract 

Mms-2, 

●- Group V was administered detannified aqueous 

extract Mms-1, 

●- Groups VIa and b to IXa and b were administered 

chloroform Mms-1.1, ethylacetate Mms-1.2, n-butanol 

Mms-1.3 and residual aqueous Mms-1.4 soluble 

fractions respectively, 

●- Groups Xa and b to XIVa and b received crude and 

pure polysaccharide fractions PF-Mms-1 to -4 

respectively, 

●- Groups XVa and b, XVIa and b, XII and b were 

administered quercetin rutin and quercitrin,  

●- Groups XVIIa and b, XVII b were administered 

kaempferol and kaempferol-3-Orutinoside at oral doses 

of 25 and 40 mg/kg bw respectively. 

 

After administration of tested samples, each group was 

placed in individual plastic cage and glucose of all 

group was collected from tail tip and the glucose level 

measured after all 30 min until 3h and compared to 

untreated animals group (Arya et al., 2012). 

 

2.6. Evaluation of antidiabetic activity in diabetic 

Wistar rats  

2.6.1. Induction of diabetes mellitus in Wistar rats 

Diabetes was induced by a single intraperitoneal 

injection of freshly prepared streptozotocin (STZ) at a 

dose of 50 mg/kg dissolved in 0.1 M of cold citrate 

buffer; (pH=4.5) to overnight fasted either Wistar 

rats. The animals were fed with commercial pellet diet 

(Hindustan Lever, Bangalore, India) and water ad 

libitum after 30 min of administration of STZ. The 

animals were acclimatized to laboratory hygienic 

conditions for 3 days before starting the experiment in 

individual plastic cage under strict observation. In 

these conditions, STPZ destroyed β-cell pancreatics 

with consequence the secretion of insulin in low 

amount and treated animals became in diabetic state 

(Padee et al. 2010). 

 

Blood of diabetic rats and negative control was 

collected from tail tip and measured at Day-4 as the 

beginimg of antidiabetic test. Animals with fasting 

BGL >190 mg/dL were considered as diabetic, selected 

and included in the study (Ahmad et al., 2014; 

Radenković et al., 2016). 
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Figure 2: Structure of streptozocin [(2-deoxy-2(methylnitroamino)-carbonyl]-D-glucopyranose or 2-deoxy-2-(3-

methyl-3-nitrosoureido)-D-pyranose, STZ : nitrosoured or glycosyled antitumoral antibiotic and Wistar rat. 
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2.6.2. Protocol of treatment of diabetic Wistar rats  
Diabetic rats were divided in following groups with 5 

rats for each separately oral dose and orally 

administered the dose of 200 and 400 mg/kg bw 

respectively of each tested samples: 

●- Group I: received; received 5 ml distilled water as 

negative control, 

●- Group II received orally Glibenclamide (2.5 mg/kg 

bw) as positive control,  

●- Group III received intraperitoneally STPZ 50 mg/kg 

bw in buffer as negative control, 

●- Groups IVa and b were administered aqueous 

extract Mms-1, 

●- Groups Va and b were administered 80% methanol 

extract Mms-2, 

●- Group VI was adminsistered detaninified aqueous 

extract Mms-1’ 

●- Groups VIIa and b to XIa and b and b were given 

soluble fractions Mms-1.1 to Mms-1.4,  

●- Groups XIIa and b to XVIa and b were given crude 

polysaccharide CP-Mms and pure polysaccharide 

fractions PF-Mms-1 to -4. 

 

2.7. Measurement of glycemia level in 

normoglycemic and treated diabetic Wistar rats 

Blood was collected from the tail tip of each treated 

animal and BGL was determined immediately prior to 

treatment (at 0 min) as baseline and then after 30, 60, 

120 and 180 min of sample administrations. The 

determination of glycemia levels was carried out using 

a glucosemeter (Fig. 4) coupled with strip imbibed 

glucose oxydase (Aspergilus niger ≥ 0.08 IU), 

ferricyanure ≥ 22 µg), (ONETOUCH, Lifescan, Inc, 

Miltipas CA96036, USA). Reactive strips contained a 

dessicative agent (Saleem et al., 2019; Alema et al., 

2020). The lowering of glycemia level in treated 

animals was calculated using the following formula: 

 

  

% Reduction of glycemia = (Gnc-Gta) x 100
                                             ----------------------
                                                        Gnc  

 

where Gnc was BGL in negative control and Gta BGL 

in treated animals.  

 

 
Figure 3: Glucometer or glucosemeter 

(ONETOUCH, USA). 

 

Positive and negative (Gnc-Gta: glycemia level in 

negative control- glycemia level in tested animal) 

values indicated a decrease and increase of glycemia 

level respectively. The glycemia levels were 

automatically skicked up on the apparatus. BGL was 

expressed in mg/dl (Salem et al., 2019 ; Karau et al., 

2012 ; Alema et al., 2020.). The glycemia levels in 

hypoglycemic and antidiabetic tests of treated groups 

were compared to negative control. 

 

2.8. Determination of insulin levels in 

normoglycemic and diabetic rats Wistar blood  

Insulin level in untreated and treated animals was 

performed using radio-immunologic method with 

appropriate kits DSL-1800 insulin (Diagnostic system 

laboratory, Inc.USA). Insulin values were expressed in 

µg/ml (Bakirel et al., 2008). 

 

2.9. Oral glucose tolerance test (OGTT) in 

hyperglycemic Wistar rats  

This test was only carried out with the aqueous extract 

which was the principal preparation taken by human in 

traditional medicine. Animals were grouped with 5 rats 

for each oral dose of tested aqueous extract Mms-1 as 

followed: 

●- Group I received 5 ml distilled water as negative 

control group, 

●- Group II was made hyperglycemic by the oral 

administration of glucose solution (2 g/kg bw) as 

negative control group. 

●- Group III received Glibenclamide 2.5mg/kg as 

positive control group,  

●- Groups IV was administered 400 mg/kg bw of 

aqueous extract Mms-1.  

Blood of hyperglycemic animals was collected from 

tail tip and measured after 30, 60, 90 et 180 minutes 

and the glycemia level was determined using electronic 

glucosemeter (Alema et al., 2020) and compared to 

negative control. 

 

2.10. Statistical analysis 

Results were expresses ad mean ± SD. All data were 

analysed by comparing values for different treatment 

groups with the values of negative control group. Data 

were analyzed by analysis variance (ANOVA and 

Student’s t test. p value ≤ 0.05 was considered to be 

statistically significant. 

 

 

 



Cimanga et al.                                                              European Journal of Biomedical and Pharmaceutical Sciences 

  

 

www.ejbps.com         │        Vol 8, Issue 6, 2021.          │         ISO 9001:2015 Certified Journal         │ 189 

3. RESULTS AND DISCUSION 

3.1. Effects of Glibenclamide, aqueous Mms-1 and 

80% methanol Mms-2 extracts of M. morindoides 

leaves on BGL (fasting blood glucose) of treated 

normoglycemic (normal) rats (hypoglycemic 

activity) 

The effects of Glibenclamide, aqueous Mms-1 and 

80% methanol Mms-2 extracts of Morinda 

morindoides leaves on fasting blood glucose (BGL) of 

normoglycemic Wistar rats were presented in Table 1. 

Glibenclamide (Glb), aqueous Mms-1 and 80% 

methanol Mms-2 extracts treated normoglycemic rat 

groups showed significant lowering of BGL (p < 0.05) 

at all oral doses in dose-dependent manner after 60 to 

180 minutes of treatment respectively compared to 

untreated normoglycemic rats (Table 1). 

  

Firstly, the administration of Glibenclamide at oral 

dose of 2.5 mg/kg produced significant lowering of 

trated normoglycemic rats BGL to 77.6±0.3 mg/dl with 

significant difference (p < 0.05) compared to untreated 

rats with 87.0±0.3 mg/dl. Secondly, on the other hand, 

the administration of aqueous Mm-1 and methanol 

Mms-2 extracts respectively, sweeped along to the 

lowering of treated normoglycemic rats BGL in dose-

dependent manner slowly from 30 minutes and became 

significant to 180 minutes (Table1). At a highest oral 

dose of 400 mg/kg bw, aqueous Mms-1 and 80% 

methanol Mm-2 extracts brought back BGL of treated 

normoglycemic rats to values of 81.0±0.2 and 79.0±0.3 

mg/dl respectively with the last extract as the most 

active (p < 0.05) after 180 min of observation. This 

decrease of BGL was very marked (p < 0.05) in treated 

normoglycemic rats with Glibenclamide used at a dose 

of 2.5 mg/kg bw compared to aqueous Mms-1 and 

80% methanol Mms-2 extracts of M. morindoides 

leaves employed at oral doses of 200 and 400 mg/kg 

bw (Table 1). 

 

Table 1: Effects of Glibenclamide, aqueous Mms-1 and 80% methanol Mms-2 extracts of M. morinodides on 

normoglycemic Wistar rats BGL after 180 minutes of observation 

Groups 
Treatment 

(mg/kg bw) 
0 min 30 min 60 min 120 min 180 min 

NC I 5ml DW 85.1 0.5 84.50.1 85.10.6 85.7  0.2 88.0  0.3 

Glb II 2.5 85.2 0.8 82.60.2 80.00.1 79.3± 0.4 77.6  0.3 

Mms-1 IIIa NR + 200 84.8 0.1 84.30.4 83.80.4 83.1  0.6 83.6  0.1 

IIIb NR + 400 84.6 2.3 83.91.2 82.20.5 81.8 0.6 81.0  0.2 

Mms-2 IVa NR + 200 84.8±0.1 83.0±0.2 82.6±0.1 81.6±0.2 80.3±0.3 

IVb NR + 400 84.5±0.2 81.3±0.2 80.6±0.3 80.2±0.1 79.0±0.1 

Mms-1’ V NR + 400 84.6±0.4 82.9±0.4 83.0±0.05 82.7±0.04 83.0±0.01 

 

DA; distilled water, group I NC: negative control 

(normoglycemic or normal rats), group II: positive 

control having received Glibenclamide (Glb), groups 

IIIa, b, IVa and b and V: normal rats treated with 

aqueous extract Mms-1 and 80% methanol extract 

Mms-2 at oral dose of 200 and 400 mg/kg bw 

respectively, and aqueous detannified extract Mms-1’.  

 

The aqueous detannified extract Mms-1’ showed slight 

high increase of BGL or treated normglyceic rats to 

85.3±0.01 mg/dl when tested at the highest oral dose of 

400 mg/kg bw compared to the parent extract aqueous 

extract Mms-1, but was significant compared to 

negative control (Table 1). These effects displayed by 

Glibenclamide and extracts from M. morindoides 

leaves clearly indicated that they possessed 

hypoglycemic activity expressed at different levels. 

 

Figure 4 presented the percentage reductions of treated 

normoglycemic rats BGL by Glibenclamide, aqueous 

Mms-1, 80% methanol Mms-2 and aqueous 

detannified Mms-1’extracts. At the highest oral dose of 

400 mg/kg bw of the administered different extracts 

and after 60 min of the measurement of BLG, aqueous 

Mms-1, 80% methanol Mms-2 and aqueous 

detannified Mms-1’ extracts showed 3.40, 5.28 and 

2.46% reduction of treated mormoglycemic rats BGL 

after 60 min. This reduction known significant increase 

until 180 min of the new measurement at which these 

extracts displayed 8.00, 10.22 and 5.68% reduction of 

the same sanguine parameter. Glibenclamide 

administered at oral dose of 2.5 mg/kg bw supplied 

6.00% reduction at 60 min which significantly increase 

to 11.81% at 180 min of the measurement of BGL. 

 

 
Figure 4: Percentage reduction of treated normoglycemic rats by Glibenclamide, aqueous Mms-1, 80% 

methanol Mms-2 and detannified Mms-1’extracts from M. morindoides leaves respectively. 
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Glb showed high activity compared to all extracts 

while Mms-2 extract exhibited high activity compared 

to Mms-1 and Mms-1’. In turm Mms-1 displayed high 

activity compared to its detannified Mms-1’ extract 

(Fig. 5) After 180 min, not significant difference was 

observed between Glb compared to Mms-2 (p > 0.05), 

but this deduced between Glb compared to Mms-1 and 

Mms-‘1’, Mms-2 compared to Mms-1 and Mms-1’, 

and Mms-1 compared to Mms-1’ (p < .005). 

Figure 5 showed the production of insulin in treated 

mormoglycemic rats by Glibenclamide, aqueous Mms-

1 and 80% methanol Mms-2 extracts of M. 

morindoides leaves respectively compared to untreated 

normoglycemic rats group (Fig. 6). 

 

 
Figure 5: Production of insulin hormone by Glibenclamide, aqueous Mms-1 and 80% methanol Mms-2 extracts 

of M. morindoides leaves in normoglycemic rats compared to negative control (CN). 
 

The administration of Glibenclamide at oral dose of 

2.5 mg/kg bw produced 32 µg/ml of this hormone. 

Aqueous extract Mms-1 gave 24 and 28 µg/ml of 

insulin bw when administered at oral dose of 200 and 

400 mg/kg bw respectively while methanol Mms-2 

extract supplied 26 and 30 µ/ml at the same oral doses 

compared to negative control group producing 34 

µg/ml. 

  

3.2. Effects of fractions, flavonoids and 

polysaccharides on treated normoglycemic Witasr 

rats BGL (Hypoglycemic activity)  

The administration of all soluble fractions Mms-1.1 to 

-1.4 at all oral doses of 200 and 400 mg/kg bw took 

back significant lowering of treated animals BGL in 

dose-dependent manner compared to untreated (Table 

2). At the highest oral dose of 400 mg/kg bw, they 

induced significant lowering of treated normoglycemic 

rats BGL from 79.1±0.03 to 82.5±0.03 mg/kg bw 

compared to untreated group presenting 87.0±0.03 

m/dl with significant difference (p < 0.05) (Table 2). 

 

 

Table 2: Effects of soluble fractions from the partition of aqueous extract Mms-1 and polysaccharides on BGL 

levels of normoglycemic Wistar rats after 180 minutes of observation 

Groups 
Treatment 

(mg/kg bw) 
0 min 30 min 60 min 120 min 180 min 

NC I 5 ml DW 85.1 0.5 84.5 0.1 84.1 0.6 84.7  0.2 87.0 0.3 

Glb II 2.5 85.2 0.8 82.60.2 82.9 0.1 82.3± 0.4 76.6 0.1 

Mm-1.1       

VIa 200 85.0±0.2 84.0±0.2 83.5±0.4 84.2±0.3 83.8±0.2 

VIb 400 83.2±0.7 83.8±0.1 83.0±0.4 82.5±0.4 81.0±0.1 

Mm-1.2       

VIIa 200 82.5±0.1 81.9±0.5 81.6±0.2 80.7±0.8 80.1±0.2 

VIIb 400 84.6±0.4 82.9±0.8 81.6±0.4 80.3±0.5 79.8±0.3 

Mm-1.3       

VIIIa 200 84.1±0.9 82.6±0.6 82.9±0.6 83.5±0.3 84.2±0.2 

VIIIb 400 84.8±0.3 83.8±0.7 83.3±0.8 82.9±0.5 82.5±0.3 

Mm-1.4       

XIa 200 84.3±0.5 83.6 ±0.2 83.0 ±0.1 82.6 ±0.2 82.1±0.3 

IXb 400 85.1±0.3 81.6±0.2 82.9±0.5 82.3±0.1 81.6±0.1 

CP-Mms       

Xa 200 85.7±0.1 84.8 ±0.2 83.5±0.2 82.6±0.2 81.5±0.1 

Xb 400 85.5±0.3 84.3±0.2 80.5±0.0 79.0±0.3 78.0±0.3 

PF-Mms-1       

XIa 200 85.6±0.2 84.7±0.3 84.2±0.1 82.2±0.2 83.0±0.3 

XIb 400 85.4±0.1 85.1±0.2 82.0±0.1 81.0±0.3 80.6±0.3 
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PF-Mms-2       

XIIa 200 85.7±0.3 82.3±0.3 81.8±0.3 81.1±0.1 80.5±0.1 

XIIb 400 85.4±0.2 83.6±0.1 81.2±0.2 79.0±0.3 78.2±0.2 

PF-Mms-3       

XIIIa 200 85.1±0.3 84.7±0.1 83.2±0.3 81.3±0.3 82.4±0.2 

XIIIb 400 85.6±0.2 84.8±0.2 83.3±0.1 81.5±0.2 81.0±0.3 

PF-Ms-4       

XIVa 200 85.5±0.2 83.6±0.2 82.8±0.3 81.7±0.1 81.3±0.2 

XIVb 400 85.3±0.2 82.5±0.3 81.9±0.1 80.8±0.2 79.6±0.1 

 

See Table 1. Groups IVa and b to VIIa and b: 

normglycemic rats treated with chloroform (Mms-1.1), 

ethylacetate (Mms-1.2), n-butanol (Mms-1.3) and 

residual aqueous (Mm-1.4) soluble fractions 

respectively, PC-Mms: crude polysaccharides, PF-

Mms-1 to -4: pure fraction polysaccharides. 

  

Among them, ethylacetate Mms-1.2 soluble fraction 

rich in flavonoids (79.1±0.03 mg/dl) showed high 

activity with significant difference (p < 0.05) compared 

to other soluble fractions. It was followed by residual 

aqueous Mm-1.4 phase rich in other phenolic 

compounds than flavonoids (81.6±0.1 mg/dl), n-

butanol Mms-1.3 rich in saponins (82.5±0.03 mg/dl) 

and chloroform Mms-1.1 rich in steroids and 

terpenoids (83.0±0.1 mg/dl). The activity of Mms-1.4 

and Mms-1.3, Mms-1.1 to MMS-1.3 were comparable 

since no significant was observed (p > 0.05). But 

significant difference (p < 0.05) was observed between 

the activity of Mms-1.2 compared to remaining soluble 

fractions and Mms-1.1 compared to Mms-1.4 (p < 

0.05). 

  

On the other hand, crude polysaccharide CP-Mms took 

back lowering of treated normoglycemic rats BGL to 

78.0±0.3 mg/dl while its pure polysaccharide fractions 

PF-Mms-1 to PF-Mms-4 carried away this BGL to 

values ranging from 78.2±0.02 to 81.2±0.03 µg/ml. 

Among them, pure polysaccharide fraction PF-Mms-2 

was the most active with BGL level of 78.2±0.02 

mg/dl, followed by PF-Mms-4 with 79.6±0.01mg/dl, 

PF-Mms-1 with 80.6±0.03 mg/dl and PF-ms-3 with 

81.2±0.3 mg/dl BGL levels. Significant difference (p < 

0.05) was observed between CP-Mms and PF-Mms-2 

compared to PF-Mms-1 and PF-Mms-3 and this was 

not observed (p > 0.05) between PF-Mms-1 and PF-

Mms-3, PF-Mms-2 and PMms-4 respectively (p < 

0.05). 

 

Figure 6 represented the percentage reduction of 

treated normoglycemic rats BGL by Glibenclamide 

(Gbl), and soluble fractions Mms1.1 to -1.4. Results 

indicated that these tested samples acted in time-

dependent manner (Fig. 7). Tested et the highest oral 

dose of 400 mg/kg bw, chloroform soluble fraction 

Mms-1.1 showed percenatge reductions of 0.13, 2.60 

and 6.28 after 60, 120 and 180 min of observation 

respectively. Ethylacetate Mms-1.2 soluble fraction 

presented 3.00, 5.20 and 8.27% reductions of the same 

sanguine parameter, n-butanol Mms-1.3 soluble 

fraction showed 0.95, 2.12 and 5.17% reductions and 

residual aqueous Mms-1.4 soluble fraction produced 

1.42, 2.83 and 6.90% reductions at the same times 

mentioned above. After 180 min of observation, these 

results also revealed that ethylacetate Mms- 1.2 soluble 

fraction was the most active, followed by aqueous 

Mms-1.4, n-butanol Mms-3 and chloroform Mms-1.1 

soluble fraction. Glinbeclamide (Glb) administered at 

oral dose of 2.5 mg/kg bw produced 6.00, 7.46 and 

11.81% reduction of this sanguine parameter after 60, 

120 and 180 min respectively and its effect was high 

compared to all soluble fractions with significant 

difference (p , 0.05) (Fig. 7). 

 

 
Figure 6: Percentage reduction of treated normoglycemic rats BGL by soluble fractions Mms-1.1 to -1.4 form M. 

morindoides leaves 
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Figures 7 showed the production of the insulin 

hormone by oral administration of different soluble 

fractions from the partition of aqueous extract Mms-1 

at the highest oral dose of 400 mg/kg bw treated in 

normoglycemic rats respectively. Results indicated that 

all soluble fractions were able to induce the production 

of insulin in treated normoglycemic rats at different 

degrees compared to negative control. They produced 

insulin in different amounts from 17 to 26 µg/ml. At 

the highest oral dose of 400 mg/kg bw, the high 

amount of the hormone was produced by ethylacetate 

Mms-1.2 (26 µ/ml) as the most producer, followed by 

residual aqueous Mms-1.4 (22 µg/ml), n-butanol Mms-

2.3 (21 µg/ml) and chloroform Mms-1.1 (19 µg/ml) 

soluble fractions (Fig. 8).  

 

 

 
Figure 7: Production of insulin hormone by Glibenclamide and soluble fraction Mms-1.1 to Mms-1.4 in 

normoglycemic rats compared to negative control (NC). 

 

Figure 8 showed the percentage reductions of treated 

normoglycemic rats BGL by Glibenclamide (Glb) and 

polysaccharides. All samples exhibited this effect in 

time-dependent manner. Tested at the highest oral dose 

of 400 mg/kg bw, polysaccharides induced significant 

reductions of treated normoglycemic rats BGL by 

values ranging from 4.60 to 7.47 mg/dl during all times 

of observation. At this oral administered dose, crude 

polysaccharide CP-Mms gave percentage reduction of 

7.47, PF-Mms-1 4.605, PF-Mms-2 6.55%, PF-Mms-3 

5.28% and PF-Mms-4 6.32%. CP-Mms was the most 

active followed by PF-Mms-2, PF-Mms-4, PF-Mms-1 

and PF-Mms-1 as also their decreasing order of 

activity (Fig. 9). Significant difference was observed in 

comparison CP-Mms to PF-Mms-3, PFMms-2 and PF-

Mms-4 to PF-Mms-3 (P < 0.050 and not significant 

difference was observed between CP-Mms compared 

to PF-Mms-2 and PF-Mms-4, PF-Mms-2 to PF-Mms-

4, (p > 0.05). 

 

 
Figure 8: Percentage reduction of treated normoglycemic rats BGL by polysaccharides form M. morindoides 

leaves and Glibenclamide. 

  

With regards to polysaccharides, it was observed that 

these samples were also able to stimulate the 

production of insulin in different amounts in dose-

dependent manner (Fig 9). Crude polysaccharide CP-

Mms produced 26 and 30 µg/ml of the hormone at the 

oral administered doses of 200 and 400 mg/kg bw 
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respectively. PF-Mms-1 to -4 soluble fractions 

produced, 17 19, 22, and 23, and 20, 22, 24 and 26 

µg/ml at the same oral doses respectively  

  

 
Figure 9: Production of insulin hormone by Glibenclamide (Glb), polysaccharides PF-Mms and PF-Mms-1 to -4 

in normoglycemic treated rats compared to negative control (NC). 

 

(Fig.10). The most producer was crude polysaccharide 

CP-Mms followed by pure polysaccharide fraction was 

PFM-m-2, PF-Mm-4, PF-Mm-3 and PF-Mm-1 as also 

their decreasing order of production (Fig.10). 

  

All samples from M. morindoides leaves and 

Glibenclamide and negative control group produced 

high amount of insulin due probably to the fact that 

they induced secretion of β-cell-pancreatics in high 

amounts. Negative control showed high amount of 

insulin due probably to the absence of any foreign 

substance in their body that can destroy pancreatic β-

cells which in turn, were normally regernerated as this 

organ remained in good state. In turn, it stimulated 

production of this hormone in high amount in these 

animals compared to treated animals by M. moindoides 

leave samples and Glibenclamide (Fig. 5, 7 and 9). 

 

3.3. Hypglycemic effects of flavonoids after 180 

minutes of observation 

All tested flavonoids produced significant reduction of 

treated normglycemic BGL at all tested oral doses after 

180 minutes of observation. At the highest oral dose of 

50 mg/kg bw, quercetin and its glycosides rutin and 

quercetin carried this reduction to 82.1, 82.4 and 84.3 

mg/dl respectively compared to negative control with 

BGL of 87.0±0.3 mg/dl. Quercetin and rutin did not 

showed statistically significant difference (p > 0.05), 

but this was observed by comparison quercetin and 

rutin to quercetrin (p < 0.05).The same effect was also 

produced by the administration of kaempferol and its 

glycoside at the same highest oral dose. These two 

flavonoids brough back treated normoglycemic rats 

BGl to values of 83.1±0.4 and 83.6±0.32 compared to 

negative control with BGl value of 87.0±0.3 mg/dl 

with no significant statistically difference (p > 0.05). 

These results clearly showed that the tested flavonoids 

had hypoglycemic activity. Our results are in good 

agreement with other studies who had previously 

reported the same biological for the same studied 

flavonoids in the presents study (Hatware an 

Annapurma, 2014; Chandranhan et al., (2015), Tanko 

et al., (2017). Other many flavonoids and flavonoid 

extracts were also reported to have hypoglycemic 

activity (Yadhav and Puchchakayala, 2012; 

 Benhabyles et al., 2015; Vijayakumar, 2019). 

 

Table 3: Hypoglycemic activity of flavonoids from M. morindoides leaves. 

Groups 
Treatment 

(mg/kg bw) 
0 min 30 min 60 min 120 min 180 min 

NC I 5 ml DW 85.1 0.5 84.5 0.1 84.1 0.6 84.7 0.2 87.0 0.3 

Glb II :2.5 85.2 0.8 82.60.2 82.9 0.1 82.3± 0.4 76.6 0.1 

Quercetin XVa 25 85.0±0.0 84.3±0.3 83.2±0.0 83.0±0.2 85.56±0.0 

XVb 50 85.2±0.0 84.1±0.2 83.5±0.0 82.9±0.2 82.1±0.2 

Rutin XVI a 25 85.2±0.3 84.4±0.1 84.0±0.2 83.2±0.3 83.5±0.4 

XVIb 50 85.0±0.1 84.3±0.0 83.6±.2 83.1±0.4 82.4±0.1 

Quercetrin 
XVIIa 

25 85.2±0.0 84.4±0.2 84.0±0.4 83.5±0.3 82.5±0.0 

XVIIb 50 85.3±1 84.3±0.3 83.5±0.3 83.0±0.1 84.3±0.3 

Kaempferol XVIIIa 25 85.5±0.1 84.3±0.4 83.7±0.0  85.3±0.1 

XVIIIb 50 85.1±0.4 84..2±0.0 83.2±0 83.5±0.3 83.1±0.4 

http://ascidatabase.com/author.php?author=N.&last=Benhabyles
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Kaempferol-3-

rutinoside XIXa 
25 85.3±0.1 84.4±0.5 83.9±0.3 83.5±0.0 84.1±0.0 

XIXb 50 85.3 84.3 83.7 83.2 83.6±0.2 

 

3.3. Antidiabetic activity of Glibenclamide, aqueous 

extract Mms-1 and its soluble fractions, and 80% 

methanol Mms-2 extract after 180 minutes of 

observation  

Streptozocin (STZ) was a naturally occurring 

alkylating antineoplastic agent that was particularly 

toxic to the insulin-producing beta cells of 

the pancreas in mammals. It was a diabetogenic 

compound produced by the soil 

bacterium Streptomyces achromogenes (Eleazu et al., 

2013). It was used in medicine for treating 

certain cancers of the islets of Langerhans and used in 

medical research to produce an animal 

model for hyperglycemia level 

 and Alzheimer's disease in a large dose, as well 

as type 2 or type 1 diabetes with multiple low doses 

(https://en.wikipedia.org/wiki/Streptozotocin, 2020). 

STZ was by far the most common and well established 

chemical model used for induction of experimental 

diabetes in animals. It was a better diabetogenic agent 

than alloxan as it was linked with wider species 

effectiveness and greater reproducibility. The 

diabetogenic action of STZ was mainly, due to the 

DNA alkylating activity of its methylnitrosourea 

moiety, release of nitric oxide from the nitroso group 

in its further course of action and generation of 

reactive oxygen species (Eleazu et al., 2013). 

  

Streptozotocin was approved by the U.S.A Food and 

Drug Administration (FDA) for the 

treating metastatic cancers of the pancreatic islet cells. 

Since it carried a substantial risk of toxicity and rarely 

cures the cancers, its use was generally limited to 

patients whose cancers cannot be removed by surgery. 

In these patients, streptozotocin can reduced the tumor 

size and symptoms (especially hypoglycemia due to 

excessive insulin secretion by insulinomas) (Brentjens 

et al., 2001). A typical dose was 500 mg/m
2
/day by 

intravenous injection, for 5 days, repeated every 4-6 

weeks. Due to its high toxicity to beta cells, in 

scientific research, streptozotocin had also been long 

used for inducing insulitis and diabetes 

on experimental animals (Rossini et al., 1977). It had 

also been used for modeling Alzheimer's disease 

through memory loss in mice (Costa et al., 2016). 

  

In the present study, STZ at a dose of 50 mg/kg body 

weight was used to induce experimental diabetes and it 

leded to an elevated level of plasma BGL in treated 

normoglyemic rats. Indeed, the administration of STZ 

at oral dose of 50 mg/kg bw to normoglycemic rats 

provoked an increase of glucose levels to 198.6 ±0.7 

mg/dl in 60 minutes and continue to increase to the 

value of 202.7±0.3 mg/dl after 180 minutes of 

observation confirming the diabetic state of treated 

animals (Vareda et al., 2014; Radenković et al., 2016). 

Afterwards, results showed that the oral administration 

of Glibenclamide at oral dose of 2.5 mg/kg bw leded 

significant decrease of glycemia level of treated 

diabetic animals. It brought.  

 

Table 3: Effects of Glibenclamide, aqueous Mm-1 extract and its fractions, and 80% methanol Mms-2 extract of 

M. morindoides leaves on the glycemia level of treated diabetic Wistar rats after 180 minutes of observation. 

Groups 
Treatment 

(mg/kg pc) 
0 30 min 60 min 120 min 180 min 

NC I 5 ml DW 85.3±0.3 85.6±0.2 87.2±0.3 87.9±0.2 86.8±0.3 

DR II  198.10.2 188.40.2 195.60.3 198.30.2 202.7±0.3 

Glb III 2.5 182.20.1 153.20.3 141.70.3 110.80.1 96.8±0.2 

Mms-1       

IVa DR + 200 196.20.3 184.20.2 1770.3 166.80.1 145.8±0.2 

IVb DR + 400 195.30.2 183.50.1 166.50.1 153.20.2 130.60.1 

Mms-2       

Va DR + 200 196.5±0.1 175.2±0.1 150.6±0.3 138.2±0.3 129..5±0.1 

Vb DR + 400 196.8±0.2 170.3±0.2 145.8±0.2 131.7±0.1 122.2±0.3 

Mms-1’       

VI DR + 400 197.8±04 178.6±0.3 170.5±0.2 168.6±0.03 165.3±0.2 

Mm-1.1       

VIIa DR + 200 197.3±0.3 163.95±0.2 158.3±0.2 154.6±0.3 150.6±0.1 

VIIb DR +400 196.3±0.2 160.3±0.3 154.6±0.3 150.3±0.3 140.3±0.3 

Mm-1.2       

VIIIa DR +200 199.5±0.4 160.2±0.3 156.3±0.4 152.6±0.2 147.3±0.1 

VIIIb DR + 400 191.3±0.2 158.6±0.1 152.6±0.2 149.6±0.3 133.8±0.1 

Mm-1.3       

XIa DR + 200 195.6±0.3 186.5±0.4 170.6±0.1 165.6±0.2 163.3±0.3 

XIb DR + 400 194.6±0.2 182.3±0.3 165.3±0.3 160.3±0.4 149.8±0.3 

https://en.wikipedia.org/wiki/Beta_cell
https://en.wikipedia.org/wiki/Pancreas
https://en.wikipedia.org/wiki/Medicine
https://en.wikipedia.org/wiki/Neuroendocrine_tumors
https://en.wikipedia.org/wiki/Animal_model
https://en.wikipedia.org/wiki/Animal_model
https://en.wikipedia.org/wiki/Hyperglycemia
https://en.wikipedia.org/wiki/Hyperglycemia
https://en.wikipedia.org/wiki/Alzheimer%27s
https://en.wikipedia.org/wiki/Diabetes_mellitus_type_2
https://en.wikipedia.org/wiki/Juvenile_Diabetes
https://en.wikipedia.org/wiki/Streptozotocin
https://en.wikipedia.org/wiki/Food_and_Drug_Administration
https://en.wikipedia.org/wiki/Food_and_Drug_Administration
https://en.wikipedia.org/wiki/Metastatic
https://en.wikipedia.org/wiki/Islets_of_Langerhans
https://en.wikipedia.org/wiki/Hypoglycemia
https://en.wikipedia.org/wiki/Insulin
https://en.wikipedia.org/wiki/Insulinoma
https://en.wikipedia.org/wiki/Insulitis
https://en.wikipedia.org/wiki/Experimental_animal
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Mm-1.4 9      

Xa DR + 200 198.6±0.2 187.3±0.1 176.3±0.3 169.6±0.2 147.50.2 

Xb DR + 400 197.3±0.1 180.3±0.4 162.3±0.4 156.3±0.2 136.60.4 

CP-Mms       

XIa DR + 200 197.3±0.3 158.95±0.2 153.3±0.2 139.6±0.3 134.6±0.1 

XIb DR + 400 196.3±0.2 150.3±0.3 149.6±0.3 137.3±0.3 131.3±0.1 

PF-Ms-1       

XIIa DR + 200 197.3±0.3 162.95±0.2 158.3±0.2 147.6±0.3 144.6±0.1 

XIIb DR + 400 196.3±0.2 155.3±0.3 152.6±0.3 141.3±0.3 140.3±0.1 

PF-Ms-2       

XIIIa DR + 200 197.3±0.3 160.95±0.2 155.3±0.2 145.6±0.3 140.6±0.1 

XIIIb DR + 400 196.3±0.2 153.3±0.3 150.6±0.3 138.3±0.3 134.3±0.1 

PF-Ms-3       

XIVa DR + 200 197.3±0.3 162.95±0.2 157.3±0.2 148.6±0.3 146.6±0.1 

XIVb DR + 400 196.3±0.2 156.3±0.3 153.6±0.3 142.3±0.3 144.3±0.1 

PF-Ms-4       

XVa DR + 200 197.3±0.3 164.95±0.2 157.3±0.2 145.6±0.3 143.6±0.1 

XVb DR + 400 197.±0.2 156.3±0.3 155.6±0.3 140.3±0.3 136.3±0.1 

 

See Tables 1 and 2, DW: distilled water, DR: diabetic 

rats, Glb : Glibenclamideback the treated diabetic rats 

glycemia level at 141.7±0.3 mg/dl in 60 minutes and 

continued to gradually decrease until 96.3±0.2 mg/dl 

under 100 mg/dl after 180 minutes of observation. 

 

Also, the administration of aqueous Mms-1 and 80% 

methanol Mms-2 extracts of M. morindoides leaves 

caused significant lowering of treated diabetic animals 

glycemia level in dose-dependent manner. At the 

highest oral dose of 400 mg/kg bw, Mms-1 extract 

brought back the treated diabetic rats glycemia level to 

166.5±0.1 mg/dl in 60 minutes and continued to 

decrease progressively to reach 130.6 ±0.3 mg/dl after 

180 minutes of observation. In the same times, the 

administration of 80% methanol Mms-2 extract caused 

also significant decrease of treated diabetic animals 

glycemia levels to value of 145.8±0.2 mg/dl in 60 

minutes and continued to decease gradually to attain 

122.2±0.1 mg/dl after 180 minutes of observation 

compared to negative control presenting glycemia level  

 

 

of 198.3±0.2 et 202.7±0.3 mg/dl) respectively. The 

detannified extract Mms-1’ showed high lowering 

treated diabetic rats glycemia level (165.3±0.2 mg/dl) 

compared to parent extract after 180 min (Table 3). 

 

Figure 10 contained the percentage reductions of 

treated diabetic glycemia level by Glibenclamide, 

aqueous Mms-1, 80% methanol Mms-2 and 

detannified Mms-1’after 180 min of observation. 

Results indicated that Glibenclamide when 

administered at oral dose of 2.5 mg/kg bw, produced 

27.75 reduction of treated diabetic rats glycemia level 

at 60 min and continued to gradually increase until the 

value of 52.24% after 180 min. Aqueous Mms-1, 80% 

methanol Mms-2 and aqueous detannified Mms-

1’extracts showed percentage reduction of this 

sanguine parameter of 14.87, 25.46 and 12.85 at 60 

min of measurement respectively and also continue to 

significantly increase to attain values of 35.57, 39.71  

and 18.45% respectively at 180 min. At both times, 

significant difference (p < 0.05) was observed (Fig. 

13). 

  

 
Figure 10: Percentage reductions of treated diabetic rats glycemia level by Glibenclamide, aqueous Mms-1, 80% 

methanol Mms-2 and detannified Mms-1’ extracts after 180 minutes. 
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The same effect was also observed with the 

administration of soluble fractions at the same highest 

oral dose. Indeed, these soluble fractions reached the 

treated diabetic rats glycemia level to values ranging 

from 152.6±0.2 mg/dl to 172.3±0.4 mg/dl in 60 min 

and known again significant decrease until 180 

minutes of observation to display values varying 

between 133.2±0.3 and 136.6±0.4 mg/dl compared to 

negative diabetic rats with glycemia level of 198.3±0.2 

et 202.7±0.3 mg/dl) respectively at the same times of 

observation. In all cases, significant difference (p < 

0.05) was deduced. The decreasing order of activities 

of these fractions can be established as Mms-1.2 [ 

Glycemia level (Gl)]: 133.8±0.1 mg/dl) > Mms-1.4 

(Gl: 136.6±0.4 mg/dl) > Mms-1.1 (Gl: 140.3 mg/dl0 > 

Mms-1.3 (Gl: 149.4±0.3 mg/dl). A significant 

difference (p < 0.05) was observation by comparison 

the activity of these soluble fractions between them. 

Figure 11 brough back the percentage reductions of 

treated diabetic rats glycemia level after 180 min of 

observation by soluble fractions from aqueous extract 

Mms-1. All soluble fractions carried away this 

reduction to values from 15.50 to 22.00% reduction of 

treated rats glycemia at 60 min. These glycemia levels 

continued t0 known marked enhancing to values from 

30.78 to 34.00% . Ethylacetate Mms-1.2 soluble 

fraction showed high percentage reduction of treated 

diabetic rats glycemia at 60 and 180 in respectivly 

(22.00 and 34.00%) and was followed by residual 

aqueous Mms-1.4 (17.02 and 32.61%), n-butanol 

Mms-1.3 (15.50 and 26.10%) and chloroform Mms-1.1 

(21 and 30.78%) soluble fractions (Fig.11). 

 

 
Figure 11: Percentage reduction of treated diabetic rats glycemia level by Glibenclamide and soluble fractions 

Mms-1.1 to -1.4 from aqueous extract Mms-1 of M. morindoides leaves after 180 minutes. 

 

Tested polysaccharides from M. morindoides leaves 

showed good lowering of treated diabetic Wistar rats 

glycemia level after 180 minutes of observations. They 

leaded to significant lowering of treated diabetic rats 

glycemia level ranging from 131.3±0.1 to 144.3±0.1 

mg/ml. The decreasing order of their activity can be 

erected as CP-Mms (Gl: 131.3±0.1 mg/dl) > PF-Mms-

2 (Gl: 134.3±0.1 mg/dl) > PF-ms-1.4 (Gl: 136.3±0.1 

mg/dl) > PF-Mms-1 (Gl: 140.3±0.2 mg/dl) > PF-Mms-

3 (Gl: 144.3±0.1 mg/dl). with significant difference 

compared between them (p < 0.05). 

 

 

Figure 12 indicated the percentage reductions of 

treated diabetic rats glycemia level by Glibenclamide 

and polysaccharides. Crude polysaccharide CP-Mms 

induced 23.51 and 35.22 % reduction of treated 

diabetic rats at 60 and 180 min respectively. Pure 

polysaccharides fractions PFMms-1 to -4 also 

generated the same reduction with values from 20.45 

to 23.00 at 60 min and 28.81 to 33.74% at 180 min. 

Among the, PF-Mms-2 was the most active (23.00 and 

33.74% respectively) followed by PF-Mms-4 (20.45 

and 32.75% respectively), PF-Mms-1 (22.00 and 

30.78% respectively) and PF-Mms-3 (21 and 28.81% 

respectively).  
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Figure 12: Percentage reductions of treated diabetic rats glycemia levels by Glibenclamide and polysaccharides 

after180mi Nutes. 

 

Figure 13 reported percentage reduction of treated 

gycemia by flavonoids quercetin, rutin, quercetrin, 

kaempferol and kaempferol-3-O-rutinoside 

administered at oral dose of 25 and 50 mg/kg bw after 

180 minutes of observation Results revealed that 

Glibeclamide administered at oral dose of 2.5 mg/ml 

showed a percentage reduction of treated diabetic 

glycemia of 96.80%. On the other hand, flavonoids 

administered at oral doses of 25 and 50 mg/kg bw 

caused reduction of this sanguine parameter with 

percentage of 71.02 and 76.23% for quercetin, 67.25 

and 72.56 for rutin, 58.65 and 65.36 for quercetrin, 

65.64, 68.25 for kaempferol and 62.48 and 65.24 for 

kaempferol-3-O-rutinoside respectively. Significant 

difference was observed between all flavonoids 

compared between them (p < 0.05). 

 

 
Figure 13: Percentage reduction of treated diabetic rats glycemia by flavonoids. 

 

Glb: glibenclamide, Querc: quercetin, Querct: 

quercetrine, Kaemp: kaempferol, Kamprut: 

kaempferol-3-O-rutinoside 

Our results were in good agreement with Prashant et 

al., (2013), Hatware and Annapurna, (2014) and Tanko 

et al., (2017) for the antidiabetic activity of quercetin 

and rutin, Ogboma and Oefule (2016) for the 

antidiabetic activity of kaempferol glycoside compared 

to another named kaempferol-3-O-β-D-

6(pyranoglycoside) isolated from Alium cepa showing 

percentage reduction of treated diabetic glycemia of  

 

88.36%, Chandramohan et al., (20150 and Al-Numair 

et al., (2015) for the antidiabetic effect of kaempferol. 

These obtained results after treatment of diabetic 

animals after 180 minutes of observation were 

interesting and encouraging and showed that all tested 

samples were able to reduce significantly treated 

diabetic animals glycemia levels and expressed their 

antidiabetic properties. But treated diabetic rats 

glycemia levels remained high, more than 100 mg/dl. 

Thus, it was decided to submit these treated diabetic 

rats to a specific treatment consisting in the 

administration of the same oral doses twice per day for 

28 days to reduce as soon and possible the glycemia 

level under 100 mg/dl. The glycemia levels were 

measured at the end of each week-end after treatment 

until the last Day-28. 

  

3.4. Effects of aqueous extract from M. morindoides 

leaves on the glycemia level of treated diabetic rats 

after 28 days 

Results from this specific treatment of already treated 

diabetic rats after 180 minutes were presented Table 4. 

After the maintaining STZ in contact with diabetic rats 

for this time, results indicated that this toxic compound 

had strongly destroyed pancreatic β-cells of these 

animals resulting in high increase of the glycemia 

levels at value of 210.8±0.4 mg/dl on Day-7, after 

226.5±0.1 mg/dl on Day-14 and continued to increase 
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progressively to a final value of 253.2±0.3 at Day-28, 

characteristic for super diabetic animals.  

In addition, they revealed that the treatment with 

Glibenclamide at oral dose of 2.5 mg/kg bw twice per 

day, leaded quickly significant decrease of treated 

diabetic rats glycemia level from 90.2±0.2 mg/dl at 

Day-14 to 84.8±0.2 mg/dl at Day-28 compared to 

negative diabetic rats with very high glycemia level of 

226.5±0.1 and 253.2±0.3 mg/dl at the same days.  

On the other hand, the oral administration of aqueous 

Mms-1 and 80% methanol Mms-2 extract provoked 

significant decrease of treated diabetic rats glycemia 

levels in dose-dependent manner (Table 4). At the 

highest oral dose of 400 mg/kg bw, they reached the 

treated diabetic animals glycemia level to values of 

130.2±0.1 and 108.3±0.1 on Day-14 respectively 

compared to negative control showing a value of 

226.5±0.1 mg/dl. These values continued to 

progressively decrease to attain finally values of 

90.3±0.3 mg/dl and 88.3±0.3 mg/dl respectively at 

Day-28 compared to untreated diabetic rats showing 

high glycemia level of 253.2±0.3 mg/dl at the same 

time and significant difference (p < 0.05) was 

observed. Aqueous detannified extract Mms-1’ showed 

reduction of treated diabetic rats glycemia to value of 

128.5±0.3 mg/ml low compared to parent aqueous 

extract Mms-1 presenting this reduction glycemia to 

value of 90.3±0.3 mg/dl. Mms-2 extract exhibited high 

antidiabetic  

 

Table 4: Diabetic rats glycemia levels produced by Glibenclamide, aqueous Mms-1, 80% methanol Mms-2, 

aqueous detannified Mms-1’ extracts, soluble fractions and polysaccharides after 28 days de treatment. 

Groups 
Treatment 

(mg/kg pc) 
Day-0 Day-7 Day-14 Day-21 Day-28 

NC I 5 ml DW 86.8±0.3 85.6±0.5 87.2±0.4 87.9±0.8 86.8±0.8 

DR II STZ 202.7±0.3 210.8±0.4 226.5±0.1 238.6±0.3 253.2±0.3 

Glb III 2.5 96.8±0.2 93.5±0.2 90.2±0.2 87.3±0.0 84.8±0.2 

Mms-1       

IVa DR + 200 148.8±0.2 140.2±0.3 135.3±0.3 125.5±0.4 93.5±0.3 

IVb DR + 400 144.60.1 135.3±0.2 130.2±0.1 121.3±0.0 90.3±0.3 

Mms-2       

Va DR + 200 129..5±0.1 122±0.2 115.2±0.3 102.6±0.2 93.5±0.3 

Vb DR + 400 122.2±0.1 118.6±0.3 108.3±0.1 100.3±0.3 88.3±0.3 

Mms-1’       

 DR + 400 152.6±0.3 142.6±0.02 137.8±0.04 132.8±0.04 128.5±0.3 

Mm-1.1       

VIa DR +200 147.3±0.1 142.3±0.3 136.2±0.3 127.3±0.3 97.3±0.3 

VIIb DR + 400 145.3±0.3 140.2±0.2 132.5±0.2 124.6±0.0 94.5±0.4 

Mm-1.2       

VIIa D R+ 200 140.6±0.1 134±0.2 129.3±0.2 115.6±0.4 94..2±0.1 

VIIb DR + 400 138.3±0.1 132.3±0.2 125.2±0.0 110.6±0.2 92.5±0.4 

Mm-1.3       

VIIIa DR + 200 163.3±0.3 158.3±0.1 148.3±0.3 138.5±0.2 103.2±0.1 

VIIIb DR + 400 159.8±0.3 152.3±0.1 145.3±0.1 122.5±0.4 98.5±0.3 

Mm-1.4       

IXa DR + 200 154.50.2 149.3±0.2 139.2±0.0 131.3±0.4 110.5±0.1 

IXb RD + 400 158.60.4 146.3±0.3 133.3±0.3 128.6±0.1 97.5±0.4 

CP-Mms       

Xa DR +200 134.6±0.1 110.3±0.2 95.2±0.1 112.6±0.3 92.3±0.3 

Xb DR + 400 131.3±0.1 107.6±0.3 102.4±0.3 98.6±0.1 90.6±0.1 

PF-Mm-1       

XIa DR+ 20 144.6±0.1 134.1±0.2 118.5±0.3 109.6±0.3 101.3±0.2 

XIb DR + 400 140.3±0.1 132.6±0.5 114.2±0.1 102.5±0.1 96.3±0.0 

PF-Mms-2       

XIIa DR + 200 140.6±0.1 129.6±0.0 114.7±0.3 106.3±0.1 95.6±0.2 

XIIb DR + 400 134.3±0.1 125.3±0.2 106.2±0.0 99.6±0.2 94.6±0.2 

PF-Mms-3       

XIIIa DR + 200 146.6±0.1 132.9±0.1 125.3±0.0 113.5±0.2 104.6±0.2 

XIIIb DR + 400 144.3±0.1 128.6±0.2 120.5±0.3 108.7±0.0 97.3±0.2 

PF-Mms-4       

XIVa DR + 200 143.6±0.1 132.5±0.2 122.6±0.2 102.5±0.2 98.5±0.2 

XIVb DR + 400 136.3±0.1 128.6±0.3 118.5±0.1 98.2±0.3 94.0±0.0 
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See Table 3 

activity than Mms-1 and Mms-1’ extracts while Mms-

1 was more active compared to Mms-1’ after this time 

of treatment (Table 4). 

 

Soluble fractions acted the same manner as aquoeus 

extract Mms-1 by producing reduction of treated 

diabetic rats glycemia levels from 92.5±04 to 98.5±0.3 

mg/dl with ethylacetate Mms-1.2 as the most active 

soluble fraction (Table 4). It was followed by soluble 

fractions Mms-1.4, Mms-1.1 and Mms-1.3 indicating 

also their decreasing order of activity.  

 

With polysaccharides, they also significantly reduced 

treated diabetic glycemia levels with values ranging 

from 92.3±0.0 to 97.3±0.2 mg/dl with the crude 

polysaccharide extract CP-Mms as the most active 

followed by PF-Mms-4, PF-Mms-2, PMms-1 and 

PMm-3 pure polysaccharide fractions (Table 4) 

showing also their decreasing order of activity. These 

fractions and pure polysaccharide fractions would act 

in synergistic manner to restore the activity of their 

respective parent extracts Mms-1 and CP-Mms 

respectively.  

 

Figure 14 showed the percentage reductions of 

glycemia levels of treated diabetic rats on Day- 14 to -

28 respectively by Glibenclamide, aqueous extract 

Mms-1, 80% methanol extract Mms-2 and aqueous 

detannified extract Mms-1’. Results revealed that 

Glibenclamide used at oral dose of 2.5 mg/kg bw 

produced 60.17% reduction of the glycemia level of 

treated diabetic rats on Day-14 and this effect continue 

to increase gradually to attain the value of 66.50% 

reduction on Day-28. At these same times, aqueous 

Mms-1, 80% methanol Mms-2 and aqueous 

detannified Mms-1’ extracts exerted the same effect by 

producing 42.51, 44.72 and 39.16% reduction of this 

sanguine parameter at Day-14 respectively, which 

known significant increase in following days until on 

Day-28 giving values of 64.33, 65.51 and 49.24% 

reduction respectively. On Day-14 and -28, significant 

difference was observed between Glb compared Mms-

1 and Mms-1’, Mm-2 compared to Mms-1 and Mms-1’ 

and Mms-1 compared to Mms-1’ (p < 0.005). No 

significant was observed between Glb and Mms-2 and 

Mms-2 (p > 0.05) on Day-28 (Fig. 13). 

 

 
Figure 14: Percentage reductions of treated diabetic rats glycemia level by Glibenclamide, aqueous Mms-1, 80% 

methanol eMms-2 and aqueous detannified Mms-1’ extracts after 28 days of treatment. 

 

Figure 15 showed the quantity of the insulin hormone 

produced by Glibenclamide, aqueous Mms-1 and 80% 

methanol Mms-2 extracts in treated diabetic rats after 

28 days of treatment. After this period, it was observed 

that Glibenclamide at the oral dose of 2.5 mg/kg given 

twice per day, produced 34 µg/ ml of insulin. 

  

  

 
Figure 15: Production of insulin hormone by glibenclamide (Glb), aqueous Mms-1 and 80% methanol Mms-2 

extract of M. morindoides leaves in diabetic rats after 28 days of treatment and untreated diabetic rats (UDR). 
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Aqueous Mms-1 and 80% methanol Mms-2 extracts 

administered at oral dose of 200 and 400 mg/kg bw 

respectively had the same rhythm in favouring the 

production of insulin in different amounts of 18 and 30 

for Mms-1, and 30 and 32 µ/ml for Mms-2 extract 

compared to untreated diabetic rats (UDR) producing 

only 11 µg/ml during this period at the same time. 

  

Similar results were also obtained with the treatment of 

these diabetic rats with different soluble fractions 

Mms-1.1 to -1.4 as illustrated in Figure 16 below. 

Indeed, at the same highest oral dose, soluble fractions 

swept along significant decrease of glycemia levels 

along with treated diabetic rats from 132.3±0.2 to 

145.3±0.1 on Day-14 mg/dl compared to untreated 

diabetic rats with glycemia level of 226.5±0.1 mg/dl at 

the same day. Their effect continued to be expressed in 

significant decrease of the treated diabetic rats 

glycemia level to values ranging from 92.5±0.4 to 

97.5±0.4 mg/dl at Day-28 under 100 mg/dl compared 

to negative control with glycemia level of 253.5±0.3 

mg/dl. Ethylacetate soluble fraction Mms-1.2 showed 

high activity (Gl: 92.5±0.4) followed by chloroform 

Mms-1.1 (Gl: 94.5±0.4 mg/dl), residual aqueous Mms-

1.4 (Gl: 97.5±0.40 and n- butanol Mms-1.3 (99.5±0.3 

mg/dl) under 100 mg/dl and significant difference (p < 

0.05) was observed. 

  

Figure 16 bring back the percentage reductions of 

treated diabetic rats glycemia levels after 14 to 28 

days. At Day-14, all soluble fractions produced 

percentage reductions from 35.85 to 44.72% with 

intermediate reductions on Day-21 with values from 

46.65 to 48.10%. With the highest administered oral 

dose of 400 mg/kg bw at the end of the experiment on 

Day-28, among them, ethylacetate soluble fraction 

Mms-1.2 was the most active (63.46%) followed by 

residual aqueous Mms-1.4 (61.50%), chloroform Mms-

1.1 (62.67) and Mms-1.3 (61.10%) soluble fractions 

and did not showed significant difference (p > 0.05) 

compared between them. But, significant difference 

can be observed (p < 0.05) between Mms-1.2 

compared to remaining soluble fractions (Fig. 16). 

 

 

 
Figure 16: Percentage reductions of treated diabetic rats glycemia level by Glibemclamide, and soluble fractions 

Mms-1.1 to -1.4 after 28 days of treatment. 

 

Figure 17 showed the quantity of insulin produced by 

the administration of soluble fractions at oral doses of 

200 and 400 mg/kg bw respectively in treated diabetic 

rats. At the highest oral dose of 400 mg/kg bw, 

ethylacetate soluble fraction supplied high amount of 

insulin (28 µg/ml) followed by residual aqueous Mms-

1.4 (26 µg/ml), n-butanol Mms-1.3 (24 µg/ml) and 

chloroform Mms-1.1 (21 µg/ml) soluble fractions 

compared to untreated diabetic rats bringing only 11 

µg/ml. 

  

In the same way, tested polysaccharides displayed also 

interesting reduction of treated diabetic rats glycemia 

levels when tested at the highest oral dose off 400 

mg/kg bw. Indeed, they induced significant decrease of 

glycemia levels values (p < 0.05) of these treated 

diabetic animals ranging from 102.4±0.3 to 120.5±0.3 

mg/dl compared to negative control presenting a value 

of 226.5±0.1 mg/dl on Day-14. The decrease of this 

glycemia level continued until to attain values between 

90.6±0.1 and 96.8±0.1 mg/dl on Day-28 under 100 

mg/dl. Among them, crude polysaccharide PF-Mms 

exhibited high activity (Gl: 90.6±0.1mg/dl) followed 

by PF-Mms-2 (Gl: 92.6±0.2 mg/dl), PF-Mms-4 (Gl: 

94.6±0.0 mg/dl), PF-Mms-1 (Gl: 96.3±0.0 mg/dl) 

comparable to PF-Mms-4 (Gl: 94.6±0.0 mg/dl) 

showing in the same time the decreasing order of their 

activity. Significant difference was observed by 

comparison between them ( p < 0.05). 

 

Figure 1 7 gave the percentage reductions of gylcemia 

levels of treated diabetic rats on Days 14 and 28 by 

polysaccharides. Crude polysaccharides CP-Mms 

produced 54.87 and 64.21% reduction of this sanguine 

parameter at the same times. Pure polysaccharides 

fractions PFMms-1 to -4 also exerted the same effect 

by producing 46.8 to 53.17% reduction of treated 

diabetic rats glycemia on Day-14 with significant 

difference (p < 0.05) and 62.00 t 63.42% 
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Figure 1.7: Percentage reduction of treated diabetic rats glycemia level by Glibenclamide and polysaccharides. 

 

reduction on Day-28 with no significant difference on 

the last day between CP-Mms and PF-Mms-2, PF-ms-1 

and PFMms-2, PF-Ms-, PF-Mms-4 and PF-Mms-3 ( p 

> 0.05) (Fig. 18). But significant difference was 

deduced between GL compared to polysaccharide 

extract CP-Mms and pure polysaccharide fractions PF-

Mms-1 to -4 on Day-14 and -28 (p < 0.05) (Fig. 18). 

 

All obtained glycemia level values on Day-28 after 

treatment with all samples from M. morindoides 

leaves, were under 100 mg/dl and the fixed aim of the 

present study was unambiguously obtained at the end 

of the fixed treatment time. 

 

Figure 18 showed the quantity of insulin produced by 

polysaccharides after 28 days of treatment of diabetic 

rats. At the oral doses of 200 and 400 mg/kg bw, they 

produced the hormone in dose-dependent manner in 

amounts from 19 to 28 µg/ml and 23 to 32 µg/ml 

respectively.  

 

 

 
 Figure 18: Production of insulin hormone by polysaccharides (CP-Mms and P-FMs-1 to -4), Glibenclamide and 

untreated diabetic rats (UDR) after 28 days of treatment. 

  

The quantity of 28 and 32µg/ml was supplied by CP-

Mms, 22 and 24µg/ml by PF-Mms-1, 26 and 31 µg/ml 

by PF-Mms-2, 19 and 23 µ/ml by PF-Mms-3 and 24 

and 25 µg/ml by PF-Mms-4 at the same oral doses 

respectively. The high amount of insulin was obtained 

with CP-Mms, followed by PF-Mms-2, PFms-4, PF-

Ms-1 and PFMms-3 pure polysaccharide fractions. 

  
The low amount of insulin produced by untreated 

diabetic normoglycemic (11 µg/ml) rats was due the 

strong destruction of their pancreatic β-cells by STZ 

which in turn, were incapable to stimulate the secretion 

of this hormone in high amount with the high increase 

of glycemia level as the evident consequence. 

 

In both cases of hypoglycemic and antidiabetic 

activities, all tested samples produced insulin hormone 

in dose-dependent manner. The production of this 

hormone was due to maintening in good state 

pancreatic cells in normoglycemic rats and their 
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regeneration in treated diabetic rats by inhibition toxic 

effects of STZ by the administered samples, i.e which 

in turn, stimulated the secretion of the insulin hormone 

in sufficient amounts to combat the increase of 

glycemia levels in treated diabetic rats. Thus, extracts 

and fractions were opposed to or inhibited in large part 

the toxic effect of STZ in treated diabetic rats. 

  

The increase of insulin provoked by the administration 

of various medicinal extracts was known as current 

phenomenon occurring in various medicinal plants 

with hypoglycemic and antidiabetic activities as also 

reported for example for Pseuderanthemum 

palatiferum, Allium sativum, Gymnema sylvestre, 

Citrullus colocynthis, Trigonella foenum greacum, 

Momordica charantia and Ficus bengalensis (Padee et 

al., 2010, Patel et al., 2012; Lankatillak et al., 2019) 

and other. 

 

Some plants extracts were reported to exhibit 

hypoglycemic and antidiabetic effects by regeneration 

pancreatic β-cells, potentiating the insulin action, either 

by increasing the pancreatic production of insulin from 

the cells of islets of Langerhans or its release from 

bound insulin. Others medicinal plant extracts acted 

through extra pancreatic mechanisms by inhibition of 

hepatic glucose secretion, correction of insulin 

resistance associated with a marked hypoglycemic and 

antidiabetic effects through the inhibition of 

gluconeogenesis from several subtrates including 

lactate, pyruvate, glycerol and amino acids and 

intestinal glucose absorption, without increasing basal 

insulinaemia. Considering these aspects, it was 

assumed that all samples from M. morindoides leaves 

acted by these mechanisms as also reported for other 

medicinal plants (Andrade Cetto, 2012; Bassey et al., 

2014; De Paula Camaforte et al., 2019). The effective 

control of blood glucose levels hypoglycemic and 

antidiabetic tests by increasing the insulin secretion 

and regeneration of β-cells in the pancreas was a vital 

step in preventing cardiovascular and diabetic 

complications and improving the quality of life in type 

2 diabetic patients (Srinivasan et al., 2018). 

  

The observed decrease of BGL and glycemia levels in 

treated animals in hypoglycemic and antidiabetic 

activities respectively, may be also due to the 

potentiation of receptors or to the inhibition of glucose 

reabsorption in proximal tubules in kidney and the 

secretion of insulin in high amount (Jain et al., 2010 ; 

Tende et al., 2010) in addition to other mechanisms 

evoked above.  

 

All tested plant extracts, fractions, flavonoids and 

polysaccharides from M. morindoides leaves might 

lead the lowering of blood glucose levels (BGL) and 

gllycemia levels at tested doses which was related to 

the duration time of treatment as also found with 

Glibenclamide used at unique dose of 2.5 mg/kg bw. 

The lowering effect of BGL normoglycemic rats and 

diabetic glycemia levels by these tested samples 

clearly showed that Glibenclamide, aqueous Mms-1 

and 80% methanol Mms-2 extracts possessed or 

exhibited interesting hypoglycemic and antidiabetic 

activities. 

  

Moreover, many phytochemical groups and isolated 

pure constituents like alkaloids, flavonoids, xanthones, 

organic acids, amino acids, phenolic acids, saponins, 

steroids, terpenoids, tannins and polysaccharides were 

previously reported to exhibit both hypoglycemic and 

antidiabetic activities at different degrees in various 

scientific studies (Bedekar et al., 2010; : Hung et al., 

2012; Jadhav et al., 2012; Newman et al., 2012; 

Agrawal et al., 2013; Nelli et al., 2013; Osadebe et al., 

2014; Tchimene et al., 2016; Sarian et al., 2017; Huang 

et al., 2018; Jan et al., 2018; Lauro et al., 2019). Thus, 

these evaluated biological activities in the present 

study could be due to the presence of some identified 

phytochemical groups among those cited above in 

aqueous extract and its fractions, and 80% methanol 

extract in M. morindoides leaves already reported in 

other studies (Cimanga, 1997a; Cimanga et al., 2003; 

Cimanga et al, 2006) as well as polysaccharides 

reported for the first time and supposed to act in 

synergistic manner. Phytochemical screening already 

carried out on the leaves of M. morindoides revealed 

the presence of flavonoids, anthraquinones, amino-

acids, catechic and gallic tannins, polysaccharides, 

steroids, terpenes and saponins as the common 

phytochemical groups mainly reported to be present. 

Anthocyanins, cardiotonic heterosides and coumarins 

were not detected (Cimanga, 1997, Cimanga, 2006, 

Cimanga 2010, Cimanga, 2020). Thus, some authors 

had reported a false positive result on the presence of 

alkaloids. With the studies of Cimanga et al. (2003), 

the presence of alkaloids as reported by Touré et al., 

(2011) and Boga et al., (2015) was become a doudbt 

because the isolation and identification of flavonoids, 

iridoid aglycones and glycosides gave also positive test 

with Dragendorff’s reagent. Iridoids glycosides were 

also isolated in M. morindoides leaves collected in 

Coast Ivory (Tamura et al., 2010; Seri et al, 2017, 

2018). This observation was also more supported by 

the fact that until now, no alkaloid was isolated and 

reported in any part of Morinda species according with 

literature data. 

  

33.4. Effects of aqueous Mms-1 extract from M. 

morindoides leaves on GBL of normoglycemic 

hyperglycemic Wistar rats in oral glucose tolerance 

test (OGTT)  
At last, the administration of 2 g glucose/kg bw 

sweeped along with increase BGL level of 

noormoglycemic rats from 133.5±0.2 to 166.5±0.3 

mg/dl as negative control from 60 to 180 min 

respectively. These treated rats became 

hyperglycemics compared to untreated normoglicemic 

rats with BGL levels of 85.2±0.5 and 87.1±0.5mg/dl 

javascript:;
https://www.researchgate.net/profile/Adolfo_Andrade_Cetto
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/diabetic-complication
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/diabetic-complication
https://www.sciencedirect.com/science/article/pii/S2095177917301181#!
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respectively at the same times and significant 

difference (p < 0.05) was observed.  

 

Afterwards, the oral administration of Glibenclamide 

at oral dose of 2.5 mg/kg bw to hyperglycemic rats, 

caused significant decrease (p < 0.05) of treated 

hyperglycemic rats BGL to 110.5±0.2 mg/dl after 60 

min. It continued to favourably decrease to attain a low 

value of 85.5±0.1 after 180 minutes of observation 

compared to untreated group with 133.3±0.3 mg/dl and 

166.5±0.3 mg/dl respectively after the same times of 

observation leading to an observed significant 

difference (p < 0.05) (Table5).  

 

Table 5. Effects of aqueous extract Mms-1 of M. 

morindoides leaves on BGL of treated 

hyperglycemic Wistar rats at the highest oral dose 

of 400 mg/kg bw 

Temps 

(minutes 
Group I Group II 

Group 

III 

Group 

IV 

0 84.6±0.2 133.5±0.2 132.6±0.3 133.8±0.1 

60 85.2±0.0 140.0±0.3 110.5±0.2 122.6±0.2 

90 85.6±0.2 146.2±0.4 105.6±0.0 119.0±1.3 

120 84.9±0.3 153.7±0.2 98.3±0.0 115.3±0.3 

180 85.4±0.3 159.3±0.4 85.5±0.1 102.6±0.1 

180 87.1±0.2 166.5±0.3 83.5±0.1 88.6±0.3 

 

Group I : normal rats Group II : hyperglycemic rats, 

Group III : treated hyperglycemic rats with 

Glibenclamide, Group IV : treated hyperglycemic rats 

with aqueous Mms-1 extract of M. morindoides leaves 

at oral dose of 400 mg/kg bw. 

  

In addition, the oral treatment of hyperglycemic rats 

with aqueous Mms-1 extract of M.morindoides 

provoked the same effect by causing significant 

lowering (p < 0.05) of treated hyperglycemic rats BGL 

to 122.6±0.9 mg/dl after 60 min and this last known 

gradual decrease to attain a value of 88.6±0.3 mg/ml 

after 180 min of observation comparable to untreated 

hyperglycemic rats with 139.0±0.3 and 

164.5±0.3±mg/dl after the same times of observation. 

This aqueous extract Mms-1 of M. morindoides leaves 

induced tolerance in treated animals since a decreasing 

of treated hyperglycemic rats BGL was observed. 

These effects of glibemclamide and aqueous Mms-1 

extract of M. morindoides leaves clearly demonstrated 

that they were endowed with antihyperglycemic 

activity and the activity of the reference product 

Glibenclamide was high compared to that of Mms-1 

extract. In addition, BGLs of treated animals showed 

by aqueous extract Mms-1 of M. morndoides were 

comparable to normal rat BGLs after 180 minutes of 

observation, but that showed by Glibenclamide was 

low (Table 5). 

  

Figure 19 showed percentage reduction of treated 

hyperglycemic rats BGL by Glibenclamide and 

aqueous extract Mms-1 form M. morindoides leaves. 

After 60 minutes of contact of the administered 

glucose product followed by the treatment with 

Glibenclamide (Glb) administered at aorl dose of 2.5 

mg/kg bw and aqueous extract Mms-1administered at 

the higesht oral doe of 400 mg/kw bw, BGL of treated 

hyprtglycemic was reduced to 16.67 and 8.57%. This 

reduction known significant gradual increase from 90 

min to 180 min to attain values of 37.02 and 33.81% at 

the last time. Glb and Aqueous extract Mms-1 induced 

tolerance in treated hyperglycemic rats since a 

decrease of BGL was observed. These effects indicated 

that Glb and aqueous extract Mms-1possessed 

antihyperglycemic activity. 

 

 
Figure 19: Percentage reductions of treated hyperglycemic rats BGL by Glibenclamide and aqueous extract 

Mms-1 of M. morindoides leaves. 

 

According with the study of Koffi et al, (2012) on the 

antihyperglycemic of aqueous and ethanol extracts 

from M. morindoides leaves collected in Ivory Coats, 

the lowering of blood glucose level was faster in the groups treated 

with these extracts of M. morindoides used at oral doses of 500 

mg/kg and 800 mg/kg body weight than the hyperglycemic control 

group. In addition, this study showed that there was no influence of 

the nature of extract (aqueous versus ethanol) on the evaluated 

activity. Thus,, our results were in good agreement with these 

reported results. Moreover, our results well collaborated 

with other studies on the effects of various other 

medicinal extracts in OGTT test (Bakirel et al., 2008 ; 
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Ahmed et al., 2010 ; Jain et al, 2010 ; Ojewunmi et al., 

2014 ; Chaimum-aom et al, 2017, Lopa et al., 2018). In 

other studies, increase of BGL level was reported as a 

sign of intolerance to glucose induced by the 

administered extract to treated hyperglycemic animals 

(Zahan et al., 2011; Pal et al., 2016; Kifle et al., 2020). 

 

In general, for these hypoglycemic and antidiabetic 

activities, it was observed that extracts, fractions and 

polysaccharides acted in the same manner as 

Glibenclamide in the lowering of BGL and glycemia 

level of treated normoglycemic and diabetic rats 

respectively, and on the other hand, to favour the 

production of insulin in addition to other mechanisms 

evoked above. It can be conclude that tested samples 

from M. morindoides leaves had Glibenclamide like-

effects. Moreover, aqueous Mms-1 extract had in 

addition, Glibenclamide like-effect in 

antihyperglycemic test. 

 

 Our results were in perfect accord with other authors 

who had previously reported hypoglycemic, 

antidiabetic and antihyperglycemic activities as well 

the production of insulin by various medicinal plant 

extracts in animal models (Eidi et al., 2006 ; Ahmed et 

al., 2010 ; Bedekar et al., 2010 ; Kumar et al., 2010 ; 

Mohamed et al., 2010 ; Padee et al., 2010 ; 

Venkatachalam et al., 2011 ; Toma et al., 2015 ; 

Cimanga et al., 2016; Tchimene et al., 2016). 

  

In summary, an analysis of variance was conducted to 

find out differences of hypoglycemic and antidiabetic 

activities of each group, followed with to Student’s’t-

test between average couples indicated that, from these 

all reported results, Glibenclamide exhibited high 

hypoglycemic and antidiabetic activities, high 

production of insulin and percentage reduction of 

treated nornoglycemic BGL and diabetic rats glycemia 

compared to extracts, factions and polysaccharides 

from M. morindoides leaves. On the other hand, 80% 

methanol extract Mms-2 exhibited high activities 

compared to aqueous extract Mms-1 and its soluble 

fractions Mms-1.1 to Mms-1.4 while polysaccharides 

CP-Mms and PF-Mms-1 to PF-Ms-1.4 displayed 

evaluated activities in the same line as 80% methanol 

extract. Also, Glibenclamide showed high 

antihyperglycemic activity compared to aqueous 

extract Mms-1 from M. morindoides leaves. 

 

CONCLUSION 

The present study reported scientifically for the first 

time hypoglycemic and antidiabetic, activities of 

aqueous and its soluble fractions, 80% methanol 

extract, flavonoids and polysaccharides as well as 

antihyperglycemic activity of aqueous extract from M. 

morindoides leaves. All tested samples were found to 

exhibit particularly good, interesting and promising 

hypoglycemic and antidiabetic activities at different 

extents as well as antihyperglcemic effect showed by 

aqueous extract. These reported results constituted 

irrefutable scientific base supporting and justifying the 

traditional use of M. morindoides leaves for the 

treating of mainly diabetes type II in traditional 

medicine in DRCongo and other African countries 

where it knowns the same medical purpose. Traditional 

medicines from different medicinal plants and for 

which biological activities were scientifically proved in 

different pharmacological models, can serve as 

potential sources for the discovery of new medicines to 

treat various human diseases and leaded particularly to 

the preparation of ameliored galenic forms for their 

easy used by the population.  
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