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Abstract 
Background: Few studies have often focused on medicinal plant mixtures, yet 
the most used in low-and middle-income areas as alternative drug to treat 
diseases. Objective: To evaluate the antidiabetic effects of Emilia coccinea 
(Ec) (Asteraceae), Scoparia dulcis (Sd) (Plantaginaceae) and Tetracarpidium 
conophorum (Tc) (Euphorbiaceae) aqueous extracts mixture (EcSdTc) in 
rats. Methodology: Single plant aqueous extracts (Ec, Sd and Tc) and their 
mixtures (EcSd, EcTc, SdTc and EcSdTc) (each at the doses of 125 and 250 
mg/kg body weight respectively) were evaluated in acute administration on 
blood glucose in normal, glucose-overloaded and diabetic rats; then EcSdTc 
mixture was assessed in prolonged administration (21 days) on blood glucose, 
body weight, serum biochemical and antioxidant parameters in diabetic rats. 
Diabetes was induced by single intraperitoneal administration of streptozoto-
cin (STZ; 50 mg/kg), and glibenclamide (10 mg/kg) was used as standard drug. 
Results: In acute administration, EcTc250, EcSdTc125, SdTc250, SdTc125, 
EcSd250, and EcSdTc250 extracts mixtures reduced (p < 0.05 - p < 0.01) the 
blood glucose of normal rats by 21.89%, 19.04%, 17.94%, 17.69%, 17.28%, and 
15.07% while EcTc250, Tc125, Tc250, Ec250, EcSdTc250 and Sd250 extracts 
reduced (p < 0.0001 - p < 0.05) the glycemia of glucose-fed rats by 22.43%, 
19.62%, 17.60%, 13.26%, 12.58%, and 11.77% respectively, compared to their 
respective Normal and Hyperglycemic controls. Prolonged administration of 
the EcSdTc mixture (125 and 250 mg/kg) in diabetic rats decreased (p < 0.05 - 
p < 0.001) the blood glucose, serum triglycerides, total cholesterol, LDL- 
cholesterol, atherogenic index, serum ALAT/ASAT activities and liver MDA, 
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increasing (p < 0.05 - p < 0.001) the body weight, HDL-cholesterol, total pro-
teinemia, and liver SOD, Catalase, NO, GSH activities or levels, comparative-
ly to diabetic control. Conclusion: EcSdTc aqueous extracts mixture has po-
tent hypoglycemic and antidiabetic effects, probably due to their bioactive 
compounds synergistic and/or additive actions, justifying its traditional use as 
alternative remedies. 
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Emilia coccinea, Scoparia dulcis, Tetracarpidium conophorum, Traditional 
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1. Introduction 

The worldwide occurrence of the COVID-19 pandemic has reinforced the evi-
dence that diabetes and its long-term complications are risk factors for morbidi-
ty and mortality in case of additional conditions. Indeed, studies adjusted for 
age, gender and other risk factors have found that lower blood glucose control as 
measured by higher HbA1c, was associated with more unfavorable COVID-19 
cases leading to hospitalization, admission to intensive care and death [1]. There-
fore, improving first of all national policies and programs for blood glucose 
management and control in populations with diabetes is necessary and essential 
to better manage and reduce subsequent illnesses and their consequences. Di-
abetes mellitus is a metabolic disorder characterized by an increase in the blood 
glucose level linked to carbohydrate, lipid and protein metabolism alterations 
[2]. Diabetes mellitus is one of the most common diseases of the 21st century 
[3], resulting from insufficient insulin secretion by pancreatic beta cells and/or 
resistance of target tissues to the insulin action [4]. The global number of people 
with diabetes continuously increased; The estimations of 463 million worldwide, 
19 million in Africa and 615 thousand cases in Cameroon in 2019 have increased 
to 537 million, 24 million and 620.8 thousand respectively in 2021 [1] [5]. The 
prevalence, undiagnosed cases, deaths from diabetes and increasing spending are 
and will be even more alarming in poor and middle-income regions. Projections 
predict that 783 million people worldwide and 55 million in Africa would be af-
fected by 2045 [1]. Type 1 diabetes, one of the most common forms is very 
common in children and adolescents and results from autoimmune destruction 
of the insulin-producing pancreatic beta cells. People with type 1 diabetes may 
improve their living conditions through adequate daily insulin therapy, blood 
sugar monitoring, adoption of healthy diet and lifestyle, and physical activity 
practice [6]. However, access to fundamental components of care for people liv-
ing with diabetes as self-treatment tools, insulin and self-management education 
is limited or absent, even very expensive for low- and middle-income families, 
which motivates them to use medicinal plants as alternatives [7]. This situation, 
which has been strongly observed recently in the case of COVID-19, has rein-
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forced in many low- and middle-income countries, and even developed coun-
tries, the scientific debate around the need for and the interest of traditional or 
empirical medicinal knowledge in the management of pathologies. Many empir-
ical used medicinal plants whose chemical compositions and pharmacological 
properties are often unknown can be in individual preparation, but are most of-
ten in combination as polyherbal formulations or potions. Various plants com-
binations can give synergistic, antagonistic and indifferent possible interactions 
between particular compounds, which is important in development of food 
products [8] and probably traditional polyherbal drugs. Such a traditional the-
rapeutic potion made from mixture of Emilia coccinea (Ec), Scoparia dulcis (Sd) 
and Tetracarpidium conophorum (Tc), (EcSdTc) is used in Cameroon coastal 
region to treat mostly malaria, but also cardiovascular pathologies. Indeed, the 
hypoglycemic and antidiabetic properties of each of these three plant species 
have been already highlighted [9]-[19]. However, the assessment of therapeutic 
potential of their mixture (EcSdTc) used in Cameroonian pharmacopoeia has 
not yet been the subject of a prior study. In order to validate the empirical use of 
EcSdTc and the hypothesis according to which “the mixture of potentially anti-
diabetic plants (E. coccinea, S. dulcis and T. conophorum) would possess thera-
peutic activities, even better than each of its individual plants”, it has being 
therefore proposed to evaluate the effects of EcSdTc plants aqueous extracts 
mixture on streptozotocin-induced diabetes mellitus in rat. The hypoglycemic 
and antihyperglycemic effects of each plant extract and some of their mixtures 
were first assessed in normal rat. 

2. Materials and Methods 
2.1. Ethical Approval 

The study was conducted in respect of all Guidelines for Care and Use of Labor-
atory Animals as described in the European Community Guidelines (EEC Direc-
tive 2010/63/EU of the September 22, 2010), and after obtaining approval for 
Animal Experimentation No. 2430/CEI-UDO/08/2020/M from the institutional 
ethics committee for human health research of the University of Douala. 

2.2. Chemicals 

Streptozotocin (STZ) was purchased from Sigma Chemical Co. (Saint Louis, 
MO, USA), Glibenclamide (GB) obtained from Mylan Laboratory, Accu-chek 
Plus blood glucose test strips and glucometer from Roche Diagnostics (Mann-
heim, Germany), and all other reagents and chemicals (Extra pure analytical 
grade) from common commercial suppliers were used in the study. 

2.3. Plant Materials 

Fresh whole plants of Emilia coccinea, Scoparia dulcis and liana of Tetracarpi-
dium conophorum were collected in Makoma village (Littoral region, Came-
roon) after the botanical identification at the Cameroon National Herbarium of 
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Yaoundé in comparison to the respective voucher specimens: No. 42027/HNC, 
No. 702/HNC and No. 15425/SQF Cam respectively. 

2.4. Preparation of Extracts 

The different collected plants parts were separately dried at room temperature 
and crushed into powder using a Moulinex. Each dried plant powder (200 g) was 
infused in 1500 ml of distilled water for 24 h, then filtered using No. 3 Wattman 
paper. Each filtrate was evaporated in the oven at 40˚C yielding 23.15 g, 12.34 g 
and 14.80 g (W/W 11.58%, 06.17% and 07.40%) of crude dried extract respec-
tively for Emilia coccinea, Scoparia dulcis and Tetracarpidium conophorum and 
stored at −20˚C until use.  

The choice of doses to be studied was first made and based on the traditional 
human dose (39.87 mg/kg) determined by following the traditional instructions 
for preparing the plants mixture EcSdTc. Then the human dose was translated to 
the rat dose as:  

Rat dose (mg/kg) = (Human dose (mg/kg)) * k (with k = 6.2) [20].  

The obtained rat dose adjusted to the fixed upper/lower value and its half were 
used for the study. 

For administration to rats in each experiment, plants aqueous extract concen-
trated solutions were prepared by dissolving weighed quantities of crude dried 
extract of each plant or their combination in distilled water to obtain 12.5 mg/ml 
stock solutions every 3 days according to Table 1. 

2.5. Animals 

Male albino Wistar rats aged 2.5 to 3 months weighing 200 to 250 g were used. 
They were reared in the animal facility of the Faculty of Science, University of 
Douala and housed in cages (5 animals per cage). Rats had free access to tap wa-
ter and standard food, under ambient temperature and natural lighting (alter-
nating day/night). 

 
Table 1. Preparation of the different extract solutions. 

Extract type Plants names Abréviations Preparation 

Individual 
PE (w) 

Emilia coccinea Ec 375 mg of extract + 30 mL of DW 

Scoparia dulcis Sd 375 mg of extract + 30 mL of DW 

Tetracarpidium conophorum Tc 375 mg of extract + 30 mL of DW 

Two PEM 
(w/w) 

E. coccinea + S. dulcis EcSd Ec (187.5 mg) + Sd (187.5 mg) + DW (30 mL) 

E. coccinea + T. conophorum EcTc Ec (187.5 mg) + Tc (187.5 mg) + DW (30 mL) 

S. dulcis + T. conophorum SdTc Sd (187.5 mg) + Tc (187.5 mg) + DW (30 mL) 

[1/2 * 375 * (extract 1 + extract 2) mg + 30 mL of DW] 

Three PEM 
(w/w/w) 

E. coccinea + S. dulcis + T. conophorum EcSdTc Ec (125 mg) + Sd (125 mg) + Tc (125 mg) + DW (30 mL) 

[1/3 * 375 * (Ec + Sd +Tc) mg + 30 mL of DW] 

PE = plant extract; PEM = plants’ extracts mixture; w = weight; w/w = weight/weight; w/w/w = weight/weight/weight; DW = dis-
tilled water. 

https://doi.org/10.4236/jbm.2023.1111024


M. C. Tchamadeu et al. 
 

 

DOI: 10.4236/jbm.2023.1111024 281 Journal of Biosciences and Medicines 
 

2.6. Induction of Diabetes Mellitus 

Type 1 diabetes was induced by a single intraperitoneal injection of Streptozoto-
cin (STZ: 50 mg/kg freshly diluted in ice-cold NaCl solution 0.9%) in 12-hour- 
fasted rats and anesthetized with isoflurane to avoid pain and stress. Normal 
control rats received by the same route an equal volume of 0.9% NaCl. Seven-
ty-two hours (72 h) after STZ injection, rats with a fasting blood glucose of at 
least 350 mg/dl were considered diabetic and used in the experiments. 

2.7. Measurement of Fasting Blood Glucose 

Overnight fasting (12 or 16 hours) blood glucose was determined by glucose- 
peroxidase method using test strips (Accu-chek Aviva) and an appropriate glucose 
meter (Accu-chek Aviva Connect, Roche Diagnostics, Germany) as previously de-
scribed [21] [22] at 0, 1, 2, 3 and 5 h or −30, 0, 30, 60, 90 and 120 minutes for acute 
experiments, and at 0, 8, 15 and 22 days for sub-chronic experiment. 

2.8. Assessment of Acute Effects of Aqueous Extracts of  
Emilia coccinea, Scoparia dulcis, Tetracarpidium conophorum  
and Mixtures in Normal Rats 

Eighty normoglycemic rats previously subjected to a non-water fast (12 h) were 
distributed by randomization of the initial blood glucose in 16 groups of 5 rats 
each as: 

Group 1: normal control rats (NC) received distilled water (10 mL/kg). 
Group 2: normal rats treated with the glibenclamide (10 mg/kg).  
Groups 3-8: normal rats received respectively the aqueous extracts of Emilia 

coccinea, Scoparia dulcis and Tetracarpidium conophorum (Ec, Sd and Tc re-
spectively) at doses of 125 and 250 mg/kg. 

Groups 9-14 received the respective mixtures of two plants extracts (EcSd, 
EcTc, and SdTc), each at the doses of 125 and 250 mg/kg. 

Groups 15 and 16 received the three plants extracts mixture (EcSdTc) at the 
doses of 125 and 250 mg/kg.  

Treatments were administered by gavage; the blood glucose was determined at 
0 hour before, and 1, 2, 3 and 5 hours after treatment. 

2.9. Assessment of Acute Effects of Aqueous Extracts of  
Emilia coccinea, Scoparia dulcis, Tetracarpidium conophorum  
and Their Mixtures in Glucose-Overloaded Normal Rats 

Seven days after the previous test (time required for the previous substances ad-
ministered expiration), the 80 animals above used and 5 others were overnight 
fasted (16 h non-water fast), then distributed by randomization of the initial 
glycemia in 17 groups of 5 rats each and treated as follow:  

Group 1: normal rats administered with distilled water (10 mL/kg), normal 
control (NC).  

Group 2: normal rats administered with distilled water (10 mL/kg) + D-glucose 
(5 mg/kg), hyperglycemic control (HGC). 
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Group 3: normal rats treated with glibenclamide (10 mg/kg) + D-glucose (5 
mg/kg). 

Groups 4-9: normal rats receiving individual plant extract (Ec, Sd or Tc), each 
at the doses of 125 and 250 mg/kg + D-glucose (5 mg/kg) respectively. 

Groups 10-15: normal rats treated with the respective mixtures of two plants 
extracts (EcSd, EcTc or SdTc), each at the doses of 125 and 250 mg/kg + 
D-glucose (5 mg/kg). 

Groups 16 and 17: normal rats treated with the mixture of the three plants ex-
tracts (EcSdTc) at doses of 125 and 250 mg/kg + D-glucose (5 mg/kg). 

The water, glibenclamide and plants extracts doses were administered by ga-
vage, immediately after the first blood glucose monitoring and groups formation 
(−30 min). Thirty minutes after, a second blood glucose monitoring (0 min) was 
immediately followed by a D-glucose (5 g/kg) oral administration to rats of 
groups 2 to 17. The blood glucose was again determined at 30, 60 and 120 mi-
nutes after D-glucose. 

2.10. Assessment of Acute and Prolonged Administration of the  
Mixture of Aqueous Extracts of Emilia coccinea,  
Scoparia dulcis and Tetracarpidium conophorum in Diabetic  
Rats 

After diabetes screening, animals were first subjected to a hypoglycemic test in 
acute treatment for 5 h as previously described with normoglycemic rats before be-
ing subjected to the prolonged treatment at the following days. Briefly, twenty (20) 
confirmed diabetic and 5 normoglycemic 12-hour fasted rats (prior to water) were 
divided into 5 groups of 5 rats each according to the initial glycemia (at 0 h) as:  
- A healthy normal control (NC) group consisting of normoglycemic rats re-

ceiving distilled water (10 mL/kg).  
- A diabetic control (DC) group consisting of diabetic rats receiving distilled 

water (10 mL/kg).  
- A glibenclamide diabetic group (GBD) containing diabetic rats treated with 

glibenclamide (10 mg/kg).  
- and two groups of diabetic rats treated with the mixture of the three plants 

extracts (EcSdTc) at respective doses of 125 and 250 mg/kg of body weight.  
The animals subsequently received by gavage single administration of the 

various treatments as described above, and the blood sugar was again measured 
at 1, 2, 3 and 5 hours after, in order to evaluate the acute effects of the mixture in 
diabetic rats. Then, the animals continued to receive the different treatments 
daily for 21 days during which blood glucose was measured weekly (at days 7, 14 
and 21), body mass, water and food intakes daily, and the serum and liver bio-
chemical parameters at the end of treatment. 

2.11. Sacrifice, Blood Collection and Serum Biochemical Analysis 

At the 22nd day, the 12-hour overnight-fasted animals were anesthetized and sa-
crificed by decapitation. Arteriovenous blood was collected in dry tubes and 
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centrifuged at 3000 rpm for 15 minutes. The serum obtained was stored in Ep-
pendorf tubes at −20˚C for serum biochemical parameters determination, using 
commercial diagnostic kits (SGM ITALIA, Rome, ITALY) for total proteins (Bi-
uret), creatinine (colorimetric), Triglycerides (GPO-PAD method), total choles-
terol (CHOD-PAD Method), HDL-cholesterol (colorimetric), ALT (colorime-
tric), AST (colorimetric). Serum LDL-cholesterol [23] and atherogenic risk in-
dex (ARI) [24] were calculated. 

2.12. Liver Oxidative Stress Markers Analysis 

A part of each liver immediately removed after the sacrifice was crushed, homo-
genized in Tris-HCl buffer and centrifuged at 3000 rpm for 15 minutes. The su-
pernatant obtained was stored at −20˚C for SOD, catalase (activities), reduced 
glutathione, MDA and NO (levels) determination in liver. 

2.13. Statistical Analysis of Data 

All data were expressed as the mean ± Standard Error of the Mean (ESM). Sta-
tistical analysis of data was done using GraphPad Prism 5.03 software. Analysis 
of variance tests “one-way ANOVA” followed by Bonferroni post-test and 
“two-way ANOVA” followed by Tukey post-test were used. Differences were 
considered significant at p < 0.05. 

3. Results 
3.1. Acute Effects of Emilia coccinea, Scoparia dulcis and  

Tetracarpidium conophorum Aqueous Extracts and Their  
Mixtures in Normal Rats 

The plants (Emilia coccinea, Scoparia dulcis and Tetracarpidium conophorum) 
aqueous extracts administered individually did not reduced significantly the 
blood glucose of normal rats (Figure 1(A)). But, their mixtures have more or 
less decreased the blood glucose of normal rats from the 1rst hour compared to 
the normal control (EcTc250, SdTc125 and EcSdTc125; p < 0.05) and from the 
2nd hour compared to the initial blood glucose [(EcSd250, p < 0.05); (EcTc250, 
p < 0.01); (SdTc250, p < 0.001) and (EcSdTc125; p < 0.01)], until the fifth hour 
following the administration where the EcTc mixture (250 mg/kg) induced the 
highest decrease compared to T0 (38.85%, p < 0.001) and normal control (33.10%, 
p < 0.001) (Figure 1(B) and Figure 1(C)). The major effects of EcSdTc mixture 
on normal blood glucose were observed at its low dose (125 mg/kg) at the third 
hour compared to normal control (36.41%, p < 0.01) and T0 glycemia (32.25 %, 
p < 0.001) (Figure 1(C)). Glibenclamide better decreased the glycemia of normal 
rats than the various plant extracts, from the 1st to the 5th hour, where its effects 
were maximal compared to NC (56.8%; p < 0.001) and T0 (61.7%; p < 0.001) 
(Figures 1(A)-(C)).  

In sum, the calculated area under the glycaemia curve (AUC) indicating the 
global effect in each group showed seven effective hypoglycemic treatments in the 
following decreasing order: glibenclamide (10 mg/kg) (32.48%; p < 0.0001), fol-
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lowed by the mixtures EcTc250 (21.89%; p < 0.01), EcSdTc125 (19.04%; p < 0.01), 
SdTc250 (17.94%; p < 0.05), SdTc125 (17.69%; p < 0.05), EcSd250 (17.28%; p < 
0.05), and EcSdTc250 (15.07%; p < 0.05) at indicated doses (Figure 1(D)). 

3.2. Antihyperglycemic Effects of Emilia coccinea, Scoparia dulcis,  
Tetracarpidium conophorum Aqueous Extracts and Their  
Mixtures in Glucose-Overloaded Normal Rats 

Thirty minutes after treatments administration (T0), the blood glucose did not 
vary between the groups, nor compared to the initial glycaemia (at T-30) in each 
group (Figures 2(A)-(C)). However, from the 30th to the 120th minutes follow-
ing the glucose administration, the mean glycaemia at each given time changed 
significantly (p < 0.05 - p < 0.001) in all glucose-fed rats groups compared to T0 
glycaemia and the NC (Figures 2(A)-(C)).  

 

 

 
Figure 1. Blood glucose variation in normal rats receiving individual (E. coccinea, S. dulcis and T. conophorum) (A), and mixtures 
of two (B) or three (C) aqueous plants extracts, and estimated AUC (D). Each point represents the Mean ± ESM; n = 5; *p < 0.05; 
**p < 0.01; ***p < 0.001 vs normal control; ap < 0.05; aap < 0.01; aaap < 0.001 vs baseline glycemia (0 h). NC = Normal Control; GB = 
glibenclamide; Ec = E. coccinea; Sd = S. dulcis; Tc = T. conophorum. EcSd, EcTc, SdTc and EcSdTc = respectively E. coccinea-S. 
dulcis, E. coccinea-T. conophorum, S. dulcis-T. conophorum, and E. coccinea-S. dulcis-T. conophorum extracts mixtures, at the 
indicated doses; AUC = area under the curve. 
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Figure 2. Single doses effects of E. coccinea, S. dulcis and T. conophorum aqueous extracts (A) and their mixtures by two (B) or 
three (C) on oral glucose tolerance, and estimated AUC (D) in normal rat. Each point represents the Mean ± ESM; n = 5; ***p < 
0.001 vs NC; ap < 0.05; aap < 0.01; aaap < 0.001 vs T0; bp < 0.05; bbp < 0.01; bbbp < 0.001 vs HGC; NC = Normal Control; HGC = Hyper-
glycemic control; GB = Glibenclamide; Ec = E. coccinea; Sd = S. dulcis; Tc = T. conophorum. EcSd, EcTc, SdTc and EcSdTc = re-
spectively E. coccinea-S. dulcis, E. coccinea-T. conophorum, S. dulcis-T. conophorum, and E. coccinea-S. dulcis-T. conophorum 
extracts mixtures, at the indicated doses; AUC = area under the curve. 

 
Overall, the calculated area under the blood glucose curve (AUC), summariz-

ing the mean blood glucose level changes from T0 to T120 in each group indi-
cates a significant blood glucose level increase in HGC rats (67.44 %; p < 0.0001) 
compared to NC (Figure 2(D)). The individual extracts (Ec250, Sd250, Tc125 
and Tc250), mixtures (EcTc250 and EcSdTc250) and glibenclamide (10 mg/kg) 
at indicated doses, significantly and efficiently reduced the hyperglycaemia in 
the following decreasing order: EcTc250 (22.43%; p < 0.0001), glibenclamide 
(21.71%; p < 0.0001), Tc125 (19.62%; p < 0.001), Tc250 (17.60%; p < 0.01), 
Ec250 (13.26%; p < 0.01), EcSdTc250 (12.58%; p < 0.05) and Sd250 (11.77%; p < 
0.05), all compared to HGC (Figure 2(D)). 
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3.3. Acute and Prolonged Effects of Emilia coccinea, Scoparia  
dulcis and Tetracarpidium conophorum Aqueous Extracts  
Mixture (EcSdTc) on Blood Glucose Levels in Diabetic Rats 

Seventy-two hours (72 h) after streptozotocin (STZ) administration, the normal 
glycaemia increased nearly 3.36 times (p < 0.001) (diabetic control (DC) com-
pared to normal control (NC) on day 0 (D0)).  

Then, acute administration of the EcSdTc plants extracts mixture (125 and 
250 mg/kg) and glibenclamide did not reduced the hyperglycemia of diabetic 
rats during the 5 hours following drugs administration compared to DC rats. 
But, compared to the initial glycaemia (0 h), the EcSdTc mixture at the dose of 
250 mg/kg significantly reduced the hyperglycaemia by 26.17% (p < 0.01) at the 
5th hour (Figure 3(A)).  

However, in prolonged treatment, the hyperglycaemia remained elevated in 
DC rats throughout the 21 days of treatment compared to NC (Figure 3(B)). At 
the 21st day of treatment, the plant extracts mixture (EcSdTc)-treated diabetic 
rats showed significant and maximal blood sugar drops of 49.70% (p < 0.001) 
and 56.75% (p < 0.001) at the doses of 125 and 250 mg/kg respectively while the 
glibenclamide decreased the blood glucose in diabetic rats by 47.86% (p < 0.001), 
all compared to diabetic control (DC). Moreover, the 21st-day blood glucose de-
creases were by 44.60% (p < 0.05), 56.11% (p < 0.01) and 45.91% (p < 0.01) re-
spectively for EcSdTc125, EcSdTc250 and glibenclamide (10 mg/kg) compared 
to D0 blood glucose in each group (Figure 3(B)). 

3.4. Prolonged Effects of EcSdTc Mixture on Weight Gain, Serum  
Total Protein and Creatinine in Diabetic Rats 

During the 21 days of treatment, normal control rats (NC) showed progressive 
and significant weight gain, with a maximal of 62.73% (p < 0.001) at D21 com-
pared to D0. Compared to NC group, the diabetic control rats (DC) showed  

 

 

Figure 3. Acute (A) and prolonged (B) effects of the EcSdTc aqueous plant extracts mixture on blood glucose levels in 
STZ-diabetic rats. Each point represents the mean ± ESM; n = 5; ***p < 0.001 vs NC; ap < 0.05; aap < 0.01; bp < 0.05; bbp < 0.01; 
bbbp < 0.001 vs DC; NC = Normal Control; DC = diabetic control; GB = Glibenclamide; EcSdTc = mixture of aqueous extracts 
of E. coccinea, S. dulcis and T. conophorum at the indicated doses. 
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progressive and significant (p < 0.001) body weight loss of 20.10%, 37.25% and 
44.86% respectively at D7, D14 and D21 of treatment (Figure 4(A)), associated 
with significant serum total protein decrease (35.72%; p < 0.05) (Figure 4(B)) 
and serum creatinine increase (98.76%; p < 0.001) (Figure 4(C)) at D21. The 
administrated EcSdTc aqueous extracts mixture induced at D21 of treatment, 
significant body weight gain of 25.99% (p < 0.01) and 38.28% (p < 0.001), signif-
icant proteinemia increase of 53.34% (p < 0.001) and 53.12% (p < 0.001), each 
respectively at the doses of 125 and 250 mg/kg, all compared to DC group. The 
elevated creatininemia was decreased only by the dose extract of 250 mg/kg 
(55.91%; p < 0.05). The glibenclamide (10 mg/kg) also increased significantly the 
proteinemia (45.53%; p < 0.01), but without any significant effects on serum 
creatinine and body weight loss in diabetic rats compared to DC group (Figures 
4(A)-(C)). 

3.5. Prolonged Effects of the EcSdTc Aqueous Extracts Mixture on  
Lipid Profile 

The lipid profile of diabetic control rats (DC) showed significant (p < 0.001) in-
crease levels in serum triglycerides (59.67%), total cholesterol (154.30%) and 
LDL-cholesterol (374.58%), decreased serum HDL-cholesterol (56%) and high 
atherogenic risk index (normal ARI elevated by 6 times), compared to normal 
control rats (NC) (Table 2).  

The administration of the EcSdTc extracts mixture significantly (p < 0.001) 
decreased serum triglycerides, total cholesterol and LDL-cholesterol levels, and 
increased HDL-cholesterol by 42.95%, 43.58%, 65.27% and 101.17% respectively 
at the dose of 125 mg/kg, and by 30.38%, 24.39%, 49.52% and 74.13% respec-
tively at the dose of 250 mg/kg, all compared to DC; Thus the observed DC rats 
atherogenic risk index was reduced by 66.28% and 55.92% respectively at 125 
and 250 mg/kg EcSdTc doses. Glibenclamide (10 mg/kg) reduced significantly (p 
< 0.001) the serum triglycerides, total cholesterol and LDL-cholesterol levels 
while increasing serum HDL-cholesterol levels respectively by 38.17%, 43.58%, 
73.87% and 67.69%, with an atherogenic risk decreased by 66.78% compared to 
DC rats (Table 2). 

 
Table 2. Lipid profile changes in aqueous extracts mixture (EcSdTc)-treated diabetic rats. 

Parameters 
Treatments 

NC DC GB EcSdTc 125 EcSdTc 250 

Trigly. (mg/dl) 217.11 ± 4.93 346.66 ± 1.63*** 214.33 ± 14.04bbb 197.77 ± 1.89bbb 241.33 ± 5.74bbb 

Total Chol. (mg/dl) 113.65.29 279.80 ± 3.92*** 193 ± 20.87bbb 189.42 ± 80bbb 211.53 ± 5.85bb 

HDL-Chol. (mg/dl) 104.83 ± 1.68 46.12 ± 0.83*** 77.34 ± 1.83bbb 92.78 ± 3.71bbb 80.30 ± 4.47bbb 

LDL-Chol. (mg/dl) 34.63 ± 5.28 164.35 ± 5.08*** 42.94 ± 1630bbb 57.07 ± 7.41bbb 82.96 ± 8.22bbb 

ARI 1.08 ± 0.05 6.08 ± 0.19*** 2.02 ± 0.23bbb 2.05 ± 0.08bbb 2.68 ± 0.16bbb 

Each value represents mean ± ESM; n = 5; ***p < 0.001 vs. healthy control; bbp < 0.01; bbbp < 0.001 vs. diabetic control; NC = Nor-
mal control; DC = Diabetic Control; GB = glibenclamide; EcSdTc = Emilia coccinea, Scoparia dulcis and Tetracarpidium cono-
phorum aqueous extracts mixture at indicated doses. 
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Figure 4. Weight gain (A), proteinemia (B) and creatinemia (C) changes in aqueous extracts mixture (EcSdTc)-treated diabetic 
rats. The points represent the mean ± ESM; n = 5; **p < 0.01; ***p < 0.001 vs healthy control; aap < 0.01; aaap < 0.001 vs initial 
weight; bp < 0.05; bbp < 0.01; bbbp < 0.001 vs diabetic control. NC = Normal Control; DC = Diabetic control; GB = Glibenclamide; 
EcSdTc = mixture of aqueous extracts of Emilia coccinea, Scoparia dulcis and Tetracarpidium conophorum at the doses indicated. 

3.6. Prolonged Effects of the EcSdTc Aqueous Extracts Mixture on  
Liver Function 

3.6.1. Effects on Serum ALAT/ASAT Activities 
Streptozotocin administration significantly (p < 0.001) increased by 5.82 and 
6.04 times respectively the normal ALAT and ASAT activities in diabetic rats 
(DC rats compared to NC rats) (Figure 5(A), Figure 5(B)). The EcSdTc extracts 
mixture at the doses of 125 and 250 mg/kg induced significant decreases (p < 
0.001) in ALAT (87.92% and 74.05% respectively) (Figure 5(A)) and ASAT 
(82.82% and 91.71% respectively) activities (Figure 5(B)), while glibenclamide 
only decreased ASAT activity (63.42%; p < 0.01) (Figure 5(B)), all Compared to 
diabetic control rats. 

3.6.2. Effects on Some Liver Oxidative Stress Parameters 
Untreated diabetic rats (DC) showed increased MDA level (71.01%; p < 0.01), as 
well as decreased GSH level (66.67%; p < 0.001), NO (70.65%; p < 0.01) level and 
SOD (93.41%; p < 0.001) and Catalase (75.40%; p < 0.001) activities in liver, 
compared to healthy rats (NC) (Table 3). The EcSdTc mixture at the dose of 125 
mg/kg administrated to diabetic rats significantly (p < 0.001) decreased the 
MDA (47.45%), increased the GSH (163.81%), and normalized the NO level and 
SOD activity without enhancing significantly the catalase activity. The high dose 
(250 mg/kg) decreased the MDA (55.08%; p < 0.001) level, and increased the 
GSH (101.32%; p < 0.05) and NO (p < 0.05) levels and the SOD (p < 0.001) and 
Catalase (p < 0.01) activities in diabetic treated rat’s liver compared to DC rats. 
Glibenclamide also reduced the MDA (47.4%; p < 0.001) and NO (p < 0.01) le-
vels, and increased the SOD (p < 0.05) and catalase (p < 0.001) activities without 
any significant effect on GSH in liver, compared to DC rats (Table 3). 

4. Discussion 

Although lifestyle changes (diet, exercise, weight loss) and conventional medica-
tions showed moderate beneficial effects, the incidence and burdens of diabetes 
continue increasing, requiring recourse to other therapeutic means such as phy-
totherapy. Chronic patients sometimes use plants alone or in combination, even  
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Table 3. Malondialdehyde (MDA), reduced Glutathione (GSH) and NO levels, and SOD and CAT activities in liver of aqueous 
extracts mixture (EcSdTc)-treated diabetic rats. 

Antioxidant  
Parameters 

Treatments 

NC DC GB EcSdTc 125 EcSdTc 250 

MDA (µmol/g) 0.69 ± 0.13 1.18 ± 0.07** 0.53 ± 0.02bbb 0.62 ± 0.04bbb 0.58 ± 0.05bbb 

GSH (µmol/g) 4.6 ± 0.54 1.51 ± 0.11*** 2.7 ± 0.22 4.00 ± 0.12bbb 3.04 ± 0.11b 

SOD (U/min/g) 5699.84 ± 908.21 434.51 ± 45.26*** 3181.17 ± 168.82b 3732.62 ± 155.52bb 4980.57 ± 538.92bbb 

CAT (mmol 
H2O2/min/g) 

31.96 ± 3.42 7.86 ± 0.41*** 23.82 ± 3.01bbb 11.26 ± 1.32 22.14 ± 1.30bb 

NO (µmol/g) 5.35 ± 0.86 1.57 ± 0.02** 5.30 ± 0.73bb 6.47 ± 0.49bbb 4.41 ± 0.24b 

Each value represents the mean ± ESM; n = 5; **p < 0.01; ***p < 0.001 vs NC; bp < 0.05; bbp < 0.01; bbbp < 0.001 vs DC; NC = nor-
mal control; DC = diabetic control; GB = glibenclamide; EcSdTc = Emilia coccinea, Scoparia dulcis and Tetracarpidium cono-
phorum aqueous extracts mixture at indicated doses. 
 

 

Figure 5. Serum ALAT (A) and ASAT (B) activities in plants mixture (EcSdTc)-treated diabetic rats. Each 
bar represents the mean ± ESM; n = 5; *** p < 0.001 vs NC; bbp < 0.01 and bbbp < 0.001 vs DC; NC = normal 
control; DC = diabetic control; GB = glibenclamide; EcSdTc = Emilia coccinea, Scoparia dulcis and Tetra-
carpidium conophorum aqueous extracts mixture at indicated doses. 

 
with conventional drugs in the hope of obtaining a synergistic effect [25] [26]. 
Traditional healers rely more on herbal concoctions or mixtures rather than in-
dividual herbs to treat many diseases [8] [27]. However, very few studies to date 
have been carried out on plants mixtures for diabetes treatment. The present 
study evaluated the antidiabetic effects of a mixture of aqueous extracts from 
Emilia coccinea (Ec), Scoparia dulcis (Sd) and Tetracarpidium conophorum (Tc) 
in STZ-induced diabetic rat model. First of all, effects of the different individual 
extracts and their mixtures were assessed in normal rats receiving single doses, 
by performing oral hypoglycemic (OHGT or HGT) and glucose tolerance (OGTT 
or GTT) tests. 

OHGT detects hypoglycemic agents, gives the first information on the action 
mechanism of an anti-diabetic substance (as the capacity to stimulate insulin se-
cretion), and allows to monitor compliant drugs doses to be intake to avoid 
harmful hypoglycemia. GTT assesses the ability of a substance to reduce the 
postprandial blood glucose increase, insulin action and beta cells function [25] 

https://doi.org/10.4236/jbm.2023.1111024


M. C. Tchamadeu et al. 
 

 

DOI: 10.4236/jbm.2023.1111024 290 Journal of Biosciences and Medicines 
 

[28]. Mean blood glucose levels over five- and two-hour periods were deter-
mined respectively for OHGT and GTT in normal rats by calculating the areas 
under respective curves (AUC). Single administration of the plant extracts (indi-
vidual and mixtures) in normal rats significantly reduced the blood glucose 
(AUC), at doses and in the order of decreasing efficiency indicated, during the 
OHGT (extracts mixtures EcTc250, EcSdTc125, SdTc250, SdTc125, EcSd250 and 
EcSdTc250), and the GTT (individual extracts and mixtures (EcTc250, Tc125, 
Tc250, Ec250, EcSdTc250 and Sd250), resulting in 10 efficient treatments as 
EcTc250, EcSdTc125, SdTc250, SdTc125, EcSd250, EcSdTc250, Tc125, Tc250, 
Ec250 and Sd250. 

In sum, seven (7) of the above 10 efficient treatments registered contained the 
T. conophorum (Tc) extract against 6 containing the S. dulcis (Sd) extract and 5 
the E. coccinea (Ec) extract, suggesting that Tc would be probably more hypog-
lycemic than Ec and Sd. The drop in blood glucose observed during GTT at in-
dividual extract doses and in the order of efficacy such as Tc125 > Tc250 > 
Ec250 > Sd250, once again supports the high effectiveness of Tc compared to Ec 
and Sd, and also suggests that the aqueous extracts of Ec, Sd and Tc can reduce 
postprandial hyperglycaemia.  

Data on effects of single administration of Sd extracts on blood glucose of 
normoglycemic rats are not documented. But its prolonged administration, at 
least for 7 days, are reported lowering the blood glucose of normal and/or di-
abetic rats/Human [11] [12] [13] [15] [16] [29]-[34]. Furthermore, aqueous ex-
tracts of E. coccinea (215 mg/kg) [19] and T. conophorum seed (500 mg/kg) [25] 
administered acutely 30 minutes prior to oral glucose load (3 mg/kg) in normal 
rats are reported reducing the post prandial hyperglycaemia. Moreover, the re-
ported inversely dose-dependent efficacy of T. conophorum seed aqueous ex-
tract (500 mg/kg > 1000 mg/kg) [25] was also observed in the present results 
with the trunk bark aqueous extract (Tc 125 mg/kg > Tc 250 mg/kg in GTT), 
suggesting that, in view of the doses used in these two studies, the Tc bark would 
be to a lesser extent more effective than the fruit. 

Since a whole plant extract is basically a collection of natural phytochemicals 
that might exert synergistic, antagonistic, additive or insignificant effects de-
pending on the interaction between them, a potion derived from several plants 
extracts combination can also produce these effects with a more or less high ef-
fectiveness [8]. Interestingly, 6 of the above 10 efficient treatments were plant 
extracts mixtures, with EcTc250 being the most effective treatment in both acute 
tests (HGT and GTT), and even than the empirically used EcSdTc mixture (at 
both doses of 125 and 250 mg/kg), which would also suggest the synergistic or 
additive effects of phytochemicals from individual extracts Ec, Sd and Tc. The 
order of efficacy of the individual Ec, Sd and Tc extracts observed during the 
GTT at the dose of 250 mg/kg (Tc250 > Ec250 > Sd250) and the calculated yields 
of plants extraction as Ec > Tc > Sd (11.57% > 7.40% > 6.17%), could justify that 
greater efficacy of the EcTc250 mixture treatment in both acute tests compared 
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to its components (Ec and Tc) and other mixtures administrated at the same 
dose, and therefore support the additive or synergistic effect of the Ec and Tc 
components. Many studies have shown that combination of plants extracts in-
creased the hypoglycemic potential of the individual plant extracts in normal 
and diabetic rats [17] [35]-[40]. 

Elsewhere, although EcSdTc mixture at 250 mg/kg dose has been effective in 
both acute tests, its low effect compared to EcTc mixture (250 mg/kg) (by 9.5% 
in OHGT and 8.32% in GTT) could be explained by the addition of Sd in EcTc 
mixture which reduced by 1/3th the quantity of 250 mg of each component Ec, 
Sd and Tc (i.e., 83.33 mg each in the 250 mg/kg dose of EcSdTc), or of which 
constituents would have inhibit or antagonized the effects of Ec and/or Tc me-
tabolites. Presence of flavonoids, tannins, saponins, steroids, phenols, glucosides 
and alkaloids has been reported in the Ec, Sd and parts of Tc (leaves, fruits and 
roots) aqueous extracts [16] [41]-[46]. Quantitative phytochemical studies showed 
the much higher alkaloid content in Sd aqueous extract (93 mg/g) than in Ec 
(0.0094 mg/g) and Tc (0.41 mg/g) aqueous extracts [47] [48] [49], which can 
justify the reduced effect of the EcTc mixture after addition of Sd. Alkaloids at 
low doses have many beneficial pharmacological effects such as in berberine’s 
hypoglycemic effects [50], but at high doses induce cytotoxic effects in tissues 
(kidneys, liver, brain, etc.) via the DNA alkylation that could thus hinder pro-
teins synthesis and possibly of insulin by the pancreatic β cells, thereby reducing 
its secretion. In addition, the low content of tannins in these plant extracts (Ec, 
Sd and Tc) would probably not have been able to precipitate the excess of alka-
loids in order to neutralize their toxicity as described [50]. 

Nevertheless, the above effective treatments revealed in OHGT and GTT AUC 
values comparable to or not significantly higher than those of glibenclamide. 
This suggest that these treatments contain hypoglycemic bioactive metabolites 
which would have reduced the blood glucose probably by stimulating beta cells 
insulin secretion and reducing alpha cells glucagon secretion directly like gliben-
clamide or indirectly via incretins secretion [51]. The plant metabolites would 
have also stimulate blood glucose uptake and use in adipocytes and skeletal 
muscles [51] [52], act as an insulin analogue, inhibit intestinal glucose transport 
via SGlut-2 and digestive enzymes inhibition (α-amylase, β-glucosidase etc.), 
and/or suppress hepatic glucose production via the inhibition of gluconeogene-
sis enzymes synthesis [51] [53] [54]. Thus, these probable effects of aqueous ex-
tracts of Ec, Sd, Tc and even their mixtures would be important in the manage-
ment of diabetes mellitus. 

The experimental streptozotocin (STZ)-induced diabetic animal model is still 
widely used today to assess the anti-diabetic properties of natural products de-
rived from medicinal plants [55] and/or for the improvement of diabetic compli-
cations [56]. The present study showed in diabetic control rats (DC) (STZ admi-
nistered at 50 mg/kg) serum metabolic alterations (persistent hyperglycemia, in-
creased creatininemia, triglyceridemia, total cholesterolemia, LDL-cholesterolemia, 
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and ALAT/ASAT activities; decreased proteinemia and HDL-cholesterolemia) and 
associated severe weight loss as generally seen in STZ-induced diabetes [22] [57] 
[58] [59], characterizing the type 1 diabetes mellitus. Indeed, the dose-dependent 
destruction of pancreatic β cells leading to the blood glucose increase is one of 
the nowadays well established and known effects of STZ [18] [22] [60]. The STZ 
dose of 50 mg/kg is reported destroying enough beta cells leaving a residual 
small number [61] [62], which justifies the use of glibenclamide in the present 
study as reference drug as it is reported mainly stimulating insulin secretion and 
probably additional pancreatic beta cells proliferation [63]. The STZ’s cytotoxic 
effects induces β cells damage leading firstly to insulinopenia and therefore to 
hyperglycemia. STZ also alters hepatic and kidney cells that express the Glut-2 
insulin transporter. However, STZ life being really short (Half-life of 15 minutes 
in the serum after intravenous injection and probable elimination within 48 
hours after intraperitoneal injection), and its DNA methylating effect for this 
reason quickly diminishing, β cells dysfunction is therefore maintained after in-
duction of diabetes by the persistent hyperglycemia, which is the basis for the 
many other metabolic alterations [64].  

The empirically used EcSdTc mixture reduced significantly and more than 
glibenclamide the blood glucose in diabetic rats 5 h after acute administration, 
compared to 0 h. Interestingly, the mixture even better reduced this parameter 
after 21 days of treatment as effective as (125 mg/kg bw) or more than (250 
mg/kg bw) glibenclamide, all compared to DC rats. Mixtures of ethanolic ex-
tracts of Acanthus montanus, Emilia coccinea, Hibiscus rosasinensis and Asys-
tasia gangetica have also been reported reducing blood glucose in alloxan- 
induced diabetic rats after 30 days of treatment [17]. The mechanism of action 
of the EcSdTc hypoglycemic property is not known, but each of its individual 
plant components is reported to reduce the blood glucose in diabetic condition 
[19] [34] [36] [38] [65] [66] [67], suggesting that the wide variety of chemical 
classes among the many extracted substances of each plant indicates probable 
involvement of variety of mechanisms in the blood glucose reduction as reported 
by Gushiken et al. (2016) [68]. Constituents of these hypoglycemic plants as 
Scoparic acid D, Coxoil and Glutinol from S. dulcis [15] [69] [70], some flavo-
noids, terpenes as saponins and alkaloids from all of them are known to stimu-
late β cells insulin secretion in vitro and/or in vivo, to inhibit hepatic gluconeo-
genesis and intestinal glucose absorption trough synthesis modulation of intes-
tinal and hepatic enzymes involved in carbohydrates metabolism, to stimulate 
hepatic glycogenesis, to stimulate peripheral glucose uptake and utilization, and 
residual pancreatic β cells regeneration [11] [38] [40] [41] [43] [44] [45] [71] 
[72] [73]. 

The insulinopenia due to β cells damage after STZ administration and the 
consequent hyperglycemia also subsequently contribute to the serum creatinine 
increase as observed in DC rats compared to NC rats. Creatinine comes from the 
breakdown of muscle creatine and is mostly eliminated in the kidneys by glo-
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merular filtration. Its present serum increase indicates the degree of muscle 
creatine degradation, and therefore of muscle wasting and renal function and 
morphological alterations. The body mass loss observed in DC rats expresses 
this muscle damage marked by high creatinine and accentuated by the drop in 
serum protein levels, itself linked to the decrease in protein synthesis by the af-
fected liver and lack of insulin. The decrease in serum creatinine observed in 
EcSdTc mixture-treated diabetic rats suggests that the plants mixture improves 
kidney filtration function and protects against diabetic kidney complications and 
muscle wasting. Moreover, the associated stabilization or increase in proteine-
mia reflects an improvement in hepatic function on protein metabolism. Both 
effects of the mixture therefore justify the observed weight increase, probably 
through the insulin increase or by the insulin-like effect. As both protein inges-
tion and carbohydrate ingestion induce insulin release and thereby stimulate 
creatine uptake [74], it is evident that insulin itself directly enhances both the 
transport rate and uptake of creatine, as shown in vivo [75] and in vitro [76] on 
rat skeletal muscle.  

Furthermore, the increased serum quantitative lipid abnormalities and ALT/AST 
activities accompanying the above-described perturbations (persistent hypergly-
cemia, hypercreatininemia, hypoproteinemia, weight loss) in DC compared to 
NC rats confirm the hepatic dysfunction, as the liver is one of the main insulin 
targets and the main organ for glucose, lipid and protein metabolism. In addi-
tion to glucose storage and protein synthesis, the liver works synergically with 
adipose tissue for lipid metabolism, notably for lipolysis control under insulin 
action. The lipid profile in type 1 diabetes should be given special attention. Un-
der normal conditions, insulin increases the hepatic triglycerides (TG) synthesis 
by increasing the fatty acids uptake in adipose cells and furthermore, inhibits li-
polysis, this by decreasing hormone-sensitive lipase in adipose tissue, activating 
vascular lipoprotein lipase, by increasing the LDL receptor, modulating the he-
patic lipase (LH) action and stimulating the LCAT activity in the liver [77]. 
However, the insulin depletion increases lipolysis and eventually causes hyperli-
pidemia [77] [78] [79], which would explain the increased triglycerides, total 
cholesterol and LDL-cholesterol and the decreased HDL-cholesterol observed in 
DC rats. These lipid abnormalities common in diabetic peoples contributed to 
increase the atherogenic risk index of at least 6-fold the normal, indicating in-
creased cardiovascular risk and diabetic nephropathy as reported [77] [78]. 
Thus, as the liver plays an important role in glycemic balance by storing glucose 
or releasing it as needed, the drop or lack of insulin would direct the functioning 
of the liver towards its hyperglycemic metabolic processes (proteolysis and lipo-
lysis in favor of gluconeogenesis, glycogenolysis) to the detriment of storage to 
meet the peripheral energy requirement due to hypo-insulinemia, leading to liv-
er over-functioning and eventually the liver cells damage reflected by the rise in 
transaminases [80]. The EcSdTc mixture-induced lipid profile improvement 
(increased HDL-cholesterol and decreased triglycerides, total cholesterol, LDL- 
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cholesterol and atherogenic risk) would suggest a protective effect of EcSdTc 
mixture against diabetic cardiovascular complications. The plants mixture would 
have probably inhibited the glycogenolysis and/or gluconeogenesis enzymes such 
as phosphoenolpyruvate carboxykinase (flavonoids, saponins, phenols) [81], glu-
cose-6-phosphatase (flavonoids and phenols) [82], glycogen phosphorylase (sapo-
nins) [83], hormone-sensitive lipase and activated the lipoprotein lipase thus 
decreasing serum levels of triglycerides. Moreover, the plants mixture would 
have inhibited the Acyl-Coenzyme A cholesterol Acyltransferase (ACAT) activi-
ty and the intestinal absorption of cholesterol, and/or increased its biliary excre-
tion, thus reducing serum cholesterol (sterols and saponins) [84]. Each plant 
constituent of the mixture is reported reducing the lipid profile in diabetic con-
ditions [17] [19] [32] [85]. Interestingly, the significant decrease in serum 
ALT/AST activities caused by the EcSdTc mixture at both doses indicates re-
versed hepatocellular damage processes probably due to the above-described an-
tidiabetic properties of its numerous bioactive compounds, but also to their an-
tioxidant effects as explained for the Tetracarpidium conophorum aqueous ex-
tract [86]. 

Oxidative stress is also most often reported in diabetes mellitus. Chronic 
hyperglycemia and hyperlipidemia observed in diabetes mellitus are responsible 
for the increased production of reactive oxygen (ROS) and nitrogen (RNS) spe-
cies by oxidation of glucose, lipids and proteins, causing the depletion of anti-
oxidant enzymes and oxidative stress-induced damage of cells [87]. The decrease 
in the activities or levels of SOD, Catalase, NO and GSH associated with the 
MDA level increase in the liver of DC rats compared to NC indicates the instal-
lation of oxidative stress after the STZ administration and consequently struc-
tural and functional damage of hepatocytes. The EcSdTc mixture at both doses 
and glibenclamide significantly improved these parameters in the liver of treated 
diabetic rats. Studies have shown that aqueous extracts of Ec, Sd and Tc admini-
strated individually improve oxidative stress parameters in diabetic rats [10] [12] 
[13] [30] [31] [38] [88]; Ajiloré et al. (2020) [66] also reported the protective ef-
fect of T. conophorum seeds methanolic extract against the hyperglycemia- 
induced liver oxidative damage. These antioxidant effects of EcSdTc mixture 
could be attributed to plants polyphenolic (Flavonoids, tannins and phenols), 
alkaloids, terpenoids compounds and vitamins as ascorbic acid, which are likely 
to scavenge free radicals generated by STZ and protect cell membranes against 
the oxidative stress deleterious effects and consequently improve the liver func-
tion as suggested [29] [44] [88]. 

5. Conclusion 

The plant extracts mixtures were more efficient than individual extracts in acute 
tests OHGT/GTT. The plants mixture EcSdTc (250 mg/kg) reduced the blood 
glucose in normal, glucose-loaded and diabetic rats after acute administration; 
Additionally, and sometimes more than glibenclamide, it improved the serum 
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glucose level, lipid and protein profiles, and liver function after 21 days of ad-
ministration in diabetic rats. The wide variety of bioactive metabolites of EcSdTc 
mixture from the many extracted substances of each plant indicates probable 
involvement of variety of biological mechanisms, and therefore synergistic or 
additive effects of phytochemicals from individual extracts, which would justify 
the empirical use of EcSdTc mixture for diabetes treatment. However, the pro-
longed effects of EcTc mixture should be assessed in diabetic rats since it was the 
most efficient in acute tests.  
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