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Introduction
One of the most common diseases in the world is diabetes mellitus. It’s a metabolic 

disorder characterised by chronic hyperglycaemia leading to impaired insulin signalling, 
which generates metabolic changes and an inflammatory state that eventually affects the 
body’s tissues [1]. The number of people with diabetes continues to grow at an alarming 
rate. According to the International Diabetes Federation (IDF), more than 463 million people 
worldwide have diabetes and more than 19 million of these are in Africa [2]. Cameroon is 
no exception, with around 615300 people living with diabetes mellitus [3]. The American 
Diabetes Association (ADA) has classified diabetes mellitus into Type 1 Diabetes Mellitus 
(T1DM), Type 2 Diabetes Mellitus (T2DM), gestational diabetes and many other specific types 
of diabetes [4]. T2DM is much more widespread and is responsible for 90% of the incidence 
of diabetes mellitus [5,6]. Oxidative stress is closely linked to diabetes mellitus, particularly 
T2DM, where it very often causes micro and macro angiopathies [7]. Oxidative stress can 
cause extensive damage to cells, tissues and even organs by altering important biomolecules 
and cells [8]. The production of high levels of reactive oxygen species causes a significant 
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reduction in antioxidant defence mechanisms, leading to damage 
to proteins, lipids and DNA with subsequent disruption of cellular 
function, cell death and subtle changes in intracellular signalling 
pathways [9]. Consequently, a drug containing both antioxidant 
and antidiabetic properties would be useful for treating diabetes 
mellitus and its complications [10].

The management of diabetes mellitus includes lifestyle 
modifications, pharmacotherapy and nutritional therapy. The 
treatment of T2DM is based on the use of various oral antidiabetic 
drugs such as sulfonylureas, biguanides and alpha glucosidase 
inhibitors [11]. These drugs are often the cause of numerous side 
effects in diabetic patients, including the risk of hypoglycemic coma, 
digestive intolerance (nausea, diarrhoea, bloating, abdominal pain), 
anemia, weight gain, increased risk of cardiac arrest and fracture, 
reduced absorption of vitamin B12 and folic acid, lactic acidosis, 
and the risk of tissue anoxia [12-14]. In view of all these side effects, 
new therapies based on natural products for the management of 
T2DM are essential [15]. Several plants with antioxidant and anti-
diabetic effects have already been shown to be effective in the 
treatment of diabetes mellitus, including extracts of Leucomeris 
spectabilis leaves, Garcinia kola seeds and Boswellia dalzielii bark 
[16-18]. Numerous experimental animal models of T2DM have 
been used to validate the use of new therapies and to elucidate 
the mechanism(s) of action of the drugs tested [19]. Hypercaloric 
Sucrose Diet (HSD) followed by administration of Dexamethasone 
(DMS) has been shown to increase insulin resistance in rats, thereby 
contributing to the development of T2DM. This was followed by 
oxidative stress [20]. PROMAX-C is an ethanolic extract of propolis 
harvested from the hives of honeybees in Cameroon. In addition to 
diabetes, it’s an Improved Traditional drug used to treat wounds, 
burns, respiratory and dental infections, stomach ulcers, arterial 
hypertension, amenorrhoea and gynecological disorders [21]. 
However, there is a lack of data on the anti-diabetic activity of this 
drugs.

The aim of this study was therefore to evaluate the antidiabetic 
and antioxidant effects of PROMAX-C on type 2 diabetes induced by 
a HDS supplemented with dexamethasone (0.2mg/kg/d).

Material and Methods
Chemicals and reagents

Dexamethasone sodium phosphate (Prost Pharma France) and 
metformin (Sanofi France), ketamine (Rotexme Tritau Germany) 
and diazepam (Swiss Parenteral India). One-touch glucometer 
(Accu-check, Roche Diagnostics, Germany) and commercial kits 
(Fortress diagnostics, UK) were used in this study.

Animals

The animal used in this study was male Wistar rats (Rattus 
norvegicus) weighing between 160 and 190g from the animal 
house of the Faculty of Science at the University of Ngaoundéré 
(Cameroon), reared under ambient temperature conditions, 
subjected to a 12/12h light/dark cycle, with free access to water 
and food of standard composition. Female rats were not included 

in this study due to variations in their menstrual cycle that could 
interfere with our results. The experimental protocol is approved 
by the Institutional Animal Ethics Committee.

PROMAX-C

PROMAX-C is a hydroethanolic extract (70%) of Cameroonian 
propolis, prepared and stored in 30, 60, 125, 250 and 1000mL 
bottles and marketed by the Association Bee-Flower-Man of 
Ngaoundéré (Cameroon) for the treatment of various illnesses such 
as influenza, coughs, dental infections, angina, wounds, headaches, 
haemorrhoids, digestive and visual disorders, gastric ulcers, 
urogenital and respiratory tract infections, menstrual problems, 
appendicitis, hypertension, heart problems and diabetes.

To determine the doses to be administered, the dosage 
prescribed by the manufacturer is as follows: Two (2) teaspoons 
(10ml) of PROMAX-C given to us by Professor Fernand-Nestor 
Tchuenguem Fohouo were dried in an oven at 40 °C for 48 hours. 
The dry mass obtained was weighed and used to determine the 
concentration of PROMAX-C ([PROMAX-C]) using the following 
formula:

[ ] ( )DrymassPROMAX C
Volume

− =              (1)

This concentration enabled us to obtain the maximum dose to 
be used. To obtain the other doses, this maximum dose was diluted 
by 2,4 and 8 with distilled water. The solutions were administered 
to rats at a rate of 10mL/kg body weight (bw) [22]. The different 
doses of PROMAX-C administered to rats were 300.0, 150, 75 and 
37.5mg/kg bw.

Evaluation of the effect of PROMAX-C on the Oral Glucose 
Tolerance Test (OGTT) in normoglycemic rats

This test was carried out to select three doses for the sub-
chronic test of anti-diabetic activity. To do this, 30 normoglycemic 
rats were fasted for 12h and then divided into 6 groups of 5 animals 
each. Fasting blood glucose levels were taken at t= -30 min before 
administration of D-glucose followed by administration of the 
different treatments. Group 1 received distilled water (10mL/
kg), group 2 metformin (20mg/kg) and groups 3, 4, 5 and 6 were 
treated with PROMAX-C at doses of 32.5, 75, 150 and 300mg/kg 
body weight respectively. 30 minutes after administration of the 
different treatments (t=0min), blood glucose levels were measured 
and D-glucose (3g/kg bw) was administered orally to all rats. 
Blood glucose levels were measured using the ACCU-CHEK active 
glucometer from a small slit in the distal end of the tail of each rat at 
-30, 0, 30, 60, 120 and 180min after D-glucose treatment.

Evaluation of the anti-diabetic and antioxidant effects of 
PROMAX-C in diabetic rats

Induction and treatment of type 2 diabetes: The MACAPOS 
(Maize, Cassava, Palm Oil and sucrose) Hypercaloric Sucrose Diet 
(HSD) model was formulated following the protocol described by 
Kamgang et al. [23]. Table 1 shows the composition of the different 
diets used in our study.
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Table 1: Different diet compositions and their nutritional values [23].

ND: Normal (or standard) Diet; HSD: Hypercaloric Sucrose Diet

Group Maize Wheat Steeped 
cassava Sucrose Soya  

bean Fish flour Cabbage 
palm cake Palm oil Bones 

flour
Vitamins 
complex

Energy 
(kcal/kg)

ND 250 400 150 100 80 10 10 3400

HSD 290 200 100 200 100 30 60 10 10 4300

Normoglycemic rats were fed by HSD for 30 days. During 
this period a glucocorticoid (Dexamethasone 0.2 mg/kg) was 
simultaneously administered intraperitoneally every day to 
animals in groups 2 to 6 [24,25]. In this study, thirty-five (30) male 
rats, including 25 induced and 05 normal rats, were divided into 
seven (06) batches of five (05) rats each and treated daily by the 
oral route as follows:

a) Group I (Normal control): ND+10ml/kg distilled water

b) Group II (Diabetic control): HSD+0.2mg/kg 
Dexamethasone+10ml/kg distilled water

c) Group III (Positif control): HSD+0.2mg/kg 
Dexamethasone+20mg/kg Metformin

d) Group IV: HSD+0.2mg/kg Dexamethasone +PROMAX-C 75mg/
kg

e) Group V: HSD+0.2mg/kg Dexamethasone +PROMAX-C 150mg/
kg

f) Group VI: HSD+0.2mg/kg Dexamethasone +PROMAX-C 
300mg/kg

All animals were treated in this way for thirty days. During 
this time, body weight was recorded just before the start of the 
experiment (week 0), then every week, and blood glucose levels 
were recorded at the start (day 0), then on day 10, day 20 and day 
30. After day 30, the animals were fasted and sacrificed by cervical 
dislocation following anesthesia by intraperitoneal injection of a 
mixture of ketamine (50mg/kg bw) and diazepam (10mg/kg bw). 
Arteriovenous blood collected in dry tubes was centrifuged at 

3000rpm for 15 minutes. The collected serum was stored at -20 °C 
for the determination of biochemical parameters. The liver, kidneys 
and heart were removed, rinsed in 0.9% saline and weighed to 
determine relative weight according to the formula:

100organweightrelativeorganweight
animalweight

= ×         (2)

Tris-HCl buffer (50mmol) was used for homogenates (20%w/v) 
from liver and kidney. Each homogenate was centrifuged at 
3000rpm for 15 minutes and the supernatant collected was stored 
at -20 °C for assessment of oxidative stress parameters.

Biochemical analysis

The lipid profile (cholesterol, triglycerides, HDL-cholesterol 
and LDL-cholesterol), urea, bilirubin and proteins were determined 
using the Fortress kit (United Kingdom). the activities of the 
transaminases: Alanine Aminotransferase (ALAT) and Aspartate 
Aminotransferase (ASAT) were determined using the method of 
Reitman and Frankel, while the creatinine level was determined 
using the method of Bartels et al. [26,27]. Protein concentration 
was determined according to Gornal et al. [28]. Malondialdehyde 
(MDA) was determined using the procedure of Wills [29], 
Superoxide Dismutase (SOD) was determined using the method of 
Misra and Fridovish [30], whereas Reduced Glutathione (GSH) was 
assessed using the method of Ellman [29-31]. Nitric Oxide (NO) 
was measured using the method of Fermor et al. [32] and Catalase 
Activity (CAT) was assessed using the method of Sinaha et al. [33]. 
The Atherogenic Index (AI) was calculated as follows [34].

TriglycéridesAI Log
HDL c

=
−

            (3)

Result
Effect of PROMAX-C on the Oral Glucose Tolerance Test (OGTT) in normal rats

Figure 1: Effect of PR0MAX-C on fasting blood glucose levels in rats fed DHS+ DMS for 30 days.
Values are expressed as mean± SEM (n = 5). aP<0.05, cP<0.001: Significant difference from normal control group. 

βP<0.01, ℽP<0.001: significant difference from diabetic control group.
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Before administration of D-glucose at times T= -30 and T= 
0min, mean blood glucose levels did not vary significantly in the 
different groups of animals. After administration of D-glucose, blood 
glucose levels increased significantly (p<0.001) in all groups of rats 
throughout the treatment period. The glycemic peak was observed 
at the thirtieth minute (T= 30min) in all animal groups except 
the metformin-treated group. These blood glucose peaks were 
142.6±5.15; 135.2±3.9; 137.4±2.42; 144±4 and 137.8±4.09mg/dL 
blood glucose respectively for animals in the distilled water, 32.5; 
75; 150 and 300mg/kg PROMAX-C treated groups. However, the 
glycemic peak for metformin was not observed until the sixtieth 
minute (T=60min) after administration of D-glucose and amounted 
to 117.2±0.86mg/dL blood glucose. Thereafter, blood glucose 
levels decreased progressively in all groups until normalization 
was observed after 180 minutes in all groups of animals. The 
maximum reduction was observed with the metformin treatment 
and amounted to 49.93% after 180 minutes. On the other hand, for 
the groups of animals treated with PMC, the significant (p<0.001) 
and maximum glycemic reduction was observed with the 300mg/

kg dose and amounted to 34.8% after 180min (Figure 1).

Effect of PROMAX-C on fasting blood glucose levels in 
rats

The effect of PROMAX-C on fasting blood glucose levels in 
DHS+ Dexamethasone-induced rats are shown in Figure 2. This 
table shows that the blood glucose levels of animals in the diabetic 
control group showed a significant (P<0.001) and gradual increase 
throughout the treatment period compared with the normal 
control. Blood glucose levels rose from 88±5.26mg/dL on day 0 to 
156.5±2.75mg/dL on day 30. However, metformin and PROMAX-C 
administered daily to the animals significantly (P<0.001) prevented 
the rise in blood glucose levels throughout the treatment period. 
Blood glucose levels in animals treated daily with metformin fell 
from 86.6±5.03mg/dL on day 0 to 80.75±3.38mg/dL on day 30. 
The blood glucose levels of animals treated daily with PROMAX-C at 
different doses increased between day 0 and day 10 for all doses of 
PROMAX-C administered. The 300mg/kg PROMAX-C dose showed 
a significant reduction (P<0.001) in blood glucose from 100.6±4.83 
on day 10 to 81.75±4.01mg/dL on day 30.

Figure 2: Effect of PR0MAX-C on fasting blood glucose levels in rats fed DHS+ DMS for 30 days.
Values are expressed as mean ± SEM (n=5). aP<0.05, cP<0.001: Significant difference from normal control group. 

βP<0.01, ℽP<0.001: significant difference from diabetic control group.

Effects of PROMAX-C on body weight and relative organ 
weights in rats

The effect of PROMAX-C on relative organ weights is shown 
in Table 2. From this table, no significant variation was observed 
between the relative weights of the heart, liver and kidneys of 
animals in all groups treated with PROMAX-C extract compared 
with the diabetic control. The effect of PROMAX-C on body 
weight is shown in Figure 3. The figure shows that simultaneous 
administration of the high-calorie sucrose diet and dexamethasone 

resulted in a significant reduction (p<0.001) in the body weight of 
animals in the diabetic group compared with normal animals. In 
the diabetic control group, body weight decreased from 181.2±3.49 
g on week 0 to 142±7.02 g on week 4. In the groups treated with 
metformin and PROMAX-C 300 mg/kg, body weight increased by 
2.41% and 2.44% respectively between week 1 (S1) and the last 
week (S4) of the experiment. Values are expressed as mean ± SEM 
(n=5). aP<0.05, bP<0.01, cP<0.001. significant difference compared 
to the normal control group. αP<0.05, βP<0.01, ℽP<0.001. significant 
difference compared with the diabetic control group.
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Table 2: Effects of PMC on body weight and relative organ weight in rats induced with DHS + DMS for 30 days.

Groups
Relative organ weights (g/100g body weight)

Heart Liver Kidney

Normal control 0,30±0,20 4,18±0,56 0,60±0,02

Diabetic control 0,42±0,04 5,41±0,49 0,68±0,05

Metformin (20mg/kg) 0,32±0,08 5,09±0,25 0,71±0,04

PROMAX-C (75mg/kg) 0,39±0,09 4,18±0,56 0,60±0,02

PROMAX-C (150mg/kg) 0,38±0,03 4,67±0,04 0,74±0,07

PROMAX-C (300mg/kg) 0,34±0,06 4,26±0,04 0,75±0,24

Figure 3: Effect of PROMAX-C on body weight in rats fed DHS+ Dexamethasone for 30 days.
Values are expressed as mean ± SEM (n = 5). aP<0.05, bP<0.01, cP<0.001. significant difference compared to the 

normal control group. αP<0.05, βP<0.01, ℽP<0.001. significant difference compared with the diabetic control group.

Effects of PROMAX-C on lipid profile and atherogenic 
index in treated rats

The lipid profile of animals treated with a hypercaloric sucrose 
diet combined with Dexamethasone is shown in Table 3. It can be 
seen from this table that in the diabetic control group animals that 
received a hypercaloric sucrose diet and distilled water, except 
for HDL cholesterol, the lipid profile was significantly (p<0.001) 
higher than in the normal control group animals that received 
the normal diet and distilled water simultaneously. This increase 
was of the order of 98.86%, 44.91% and 178.75% respectively for 
triglycerides, total cholesterol and LDL cholesterol. There was also 
a significant reduction (p<0.001) in this to the HDL cholesterol 
levels of around 63.35% in animals in the diabetic control group 
compared with animals in the normal control group. However, 
the simultaneous daily administration of PROMAX-C at a dose of 
300mg/kg to the 20mg/kg dose and the hypercaloric sucrose diet 

to the animals significantly (p<0.001) prevented the increase in 
triglyceride, total cholesterol and LDL cholesterol levels by 41.38%, 
21.37% and 61.88% respectively. Similarly, simultaneous daily 
administration of the PROMAX-C significantly (p<0.001) increased 
HDL cholesterol levels to 223.46%, compared with the diabetic 
control. Daily administration of metformin (20mg/kg) with the 
sweetened hypercaloric diet also prevented a significant increase 
(p<0.001) in triglyceride levels (46.21%), total cholesterol (28.7%) 
and LDL cholesterol (64.13%) but caused a significant increase in 
HDL cholesterol levels (183.95%) compared with animals in the 
diabetic control group. For the atherogenic index, the table shows 
that the animals in the diabetic control group had a higher index 
than the animals in the normal control group fed the normal diet 
and distilled water simultaneously. Administration of PROMAX-C at 
a dose of 300mg/kg significantly (P<0.01) prevented an increase 
in the atherogenic index (0.28±0.02) compared with animals in the 
diabetic control group (1.14±0.11).

Table 3: Effects of PROMAX-C on lipid profile and atherogenic index in rats treated with DHS + Dexamethasone for 30 
days.

Groups TG (mg/DL) TC (mg/DL) HDL-c(mg/dL) LDL-c(mg/dL) AI

Normal Control 87,5±5,12 90,4±4,01 44,2±4,36 28,7±7 0,35±0,06

Diabetic Control 174±4,14c 131±3,42c 16,2±1,59c 80±2,6c 1,14±0,11a

Metformin (20mg/Kg) 93,6±2,46ℽ 93,4±2,06ℽ 46±1,45ℽ 28,7±3,56ℽ 0,31±0,01β
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PROMAX-C (75mg/kg) 158,53±7,13cℽ 123.81±2.8c 19.75±1.42c 72,26c 0,9±0,07a

PROMAX-C (150 mg/kg) 135±5,45cℽ 114±0,73cℽ 58,6±2,66aℽ 28,2±2,69ℽ 0,36±0,02α

PROMAX-C (300 mg/kg) 102±5,46ℽ 103±0,8ℽ 52,4±1,60ℽ 30,5±1,84ℽ 0,28±0,02β

Effects of PROMAX-C on hepatic, renal and total protein 
parameters in rats

Table 4 shows the effect of PROMAX-C on liver and kidney 
parameters and total protein levels. It can be seen from this table 
that in the diabetic control group given the hypercaloric sucrose 
diet and distilled water, ALAT, creatinine and urea levels were 
significantly (p<0.001) higher compared to the normal control 

group given the normal diet and distilled water simultaneously. 
These values are of the order of 34.29%, 136% and 57% for ALAT, 
creatinine and urea respectively. Then in However, the simultaneous 
administration of either PROMAX-C extract at a dose of 300mg/
kg or metformin at a dose of 20mg/kg to the animals significantly 
(p<0.001) prevented the increase in ALAT, creatinine and urea 
levels compared with those observed in the diabetic control group.

Table 4: Effects of PROMAX-C on certain liver and kidney parameters in rats treated with DHS + DMS for 30 days.

Groups ALAT(U/L) ASAT(U/L) Créatinine (mg/dL) Urée (mg/dL) Bilirubin (mol/L) Total protein (g/dL)

Normal Control 83,4±5,31 68,2±3,73 0,5±0,1 40±4,17 0,43±0,08 9,92±2,79

Diabetic Control 112±2,67c 68±2,59 1,18±0,16c 62,8±4,18c 0,63±0,1 8,2±0,97

Metformin (20mg/Kg) 73±1,48ℽ 69,6±0,6 0,44±0,02ℽ 40,8±1,36ℽ 0,54±0.05 9,40±0,93

PROMAX-C (75 mg/kg) 98,4±1,83a 79±1,05 1,05±0,17c 60,4±3,93c 0,63±0,11 8,4±0,93

PROMAX-C (150 mg/kg) 81,6±1,75ℽ 74,8±1,66 0,84±0,05α 54,2±1,24aβ 0,56±0,00 9,6±1,21

PROMAX-C (300 mg/kg) 87,6±0,81ℽ 69,4±4,57 0,47±0,01β 43±1,17ℽ 0,54±0,05 11,4±1,03

Effects of PROMAX-C on oxidative stress parameters in 
rats

The effects of PROMAX-C on oxidative stress parameters (MDA, 
GSH, SOD, CAT and NO) are shown in Table 5. This table shows that 
after 30 days of treatment of the animals, the level of MDA increased 
significantly (P<0.001) in the liver and kidneys of all the animals 
in the diabetic control group that had received the hypercaloric 
sucrose diet and distilled water compared with the animals in the 

normal control group. However, animals given either the reference 
drug (metformin 20mg/kg) or PROMAX-C (75,150 and 300mg/
kg) simultaneously with the hypercaloric sucrose diet showed a 
significant (P<0.001) reduction in MDA levels. The percentages 
observed in the liver were 58.96% and 64.6% respectively for 
metformin (20 mg/kg) and PROMAX-C (300mg/kg). In the kidneys, 
the percentages were: 62.33%, 52.03% respectively for metformin 
(20mg/kg) and PMC (300mg/kg).

Table 5: Effects of PROMAX-C on oxidative stress parameters in rats. MDA (μmol/g of organ), SOD (U/g of organ), GSH 
(μmol/g of organ), CAT (mM of H2O2 min/g of organ), NO (µmol/g of organ).

Group
Live Kidney

MDA SOD GSH CAT NO MDA` SOD GSH CAT NO

Normal Control 14,19±0,1 85,47±6,71 23,08±3,13 8,72±0,42 22,94±7,15 9,71±0,82 88,4±2,25 34,15±4,94 7,91±0,57 21,58±3,37

Normal Control 38,5±2,39c 58,6±2,91b 6,26±1,91c 2,87±0,8b 7,18±5,8b 27,16±2,36c 59±4,99b 12,02±1,17b 2,41±0,72b 10,44±6,3b

Metformin (20mg/Kg) 15,8±1,91 70,83±1,39 27,33±4,34 7,96±097β 27,33±9,71ℽ 10,23±0,87ℽ 64,8±3,6α 30,69±2,03α 7,46±0,16α 22,1±5,31β

PROMAX-C (75 mg/kg) 27,68±3,81b 52,13±5,74c 16,38±3,13β 5,91±1,17 10,39±3,12 24,31±3,6 53,77±6,47b 16,37±3,67b 3,78±1,58b 16,12±2,66a

PROMAX-C (150 mg/kg) 18,75±3,26ℽ 59,06±3b 18,91±2,9β 8,2±1,19β 14,04±3,03β 13,62±1,92ℽ 71,41±4,13α 26,4±1,69α 6,89±0,39α 26,45±1,45ℽ

PROMAX-C (300 mg/kg) 13,63±2,37ℽ 62±5,57a 25,04±6,44ℽ 9,41±0,96ℽ 24,58±6,62ℽ 13,03±1,45ℽ 77,8±1,59ℽ 27,45±3,38α 8,13±0,3β 27,48±2,09ℽ

After 30 days of treatment, SOD levels were significantly 
(P<0.01) lower in the liver (31.45%) and kidneys (33.24%) of 
animals in the diabetic control group compared with animals in 
the normal control group given the normal diet and distilled water 
simultaneously. However, the simultaneous administration of either 
PROMAX-c or metformin significantly (P<0.001) increased the level 
of SOD in the kidneys. The percentages observed were: 31.86% 
and 9.83% for PROMAX-C (300mg/kg) and metformin (20mg/
kg) respectively. GSH levels were significantly lower (P<0.001) in 
the diabetic control group than in the normal control group. The 
rates of decline observed were 72.88% and 64.80% in the liver and 
kidney respectively. Simultaneous daily administration of either 

PROMAX-C or metformin significantly (P<0.001) increased GSH 
levels in the liver by 300 and 336.58% for PROMAX-C (300mg/kg) 
and metformin (20mg/kg) respectively. In the kidneys, this increase 
was 128.37 and 155.32% respectively for PROMAX-C (300mg/kg) 
and metformin (20mg/kg) compared with animals in the diabetic 
control group. For the CAT, we also observed a significant (P<0.01) 
reduction in CAT activity of 67.09% in the liver and 51.62% in the 
kidney and in NO of 68.7% in the liver and 51.62% in the kidney 
in animals in the diabetic control group compared with animals in 
the normal control group. The 300mg/kg dose of PROMAX-C and 
metformin (20mg/kg) administered to the animals significantly 
(P<0.001) increased CAT activity in the liver by 227.87 and 177.35% 
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respectively for PROMAX-C and metformin compared with animals 
in the diabetic control group.

Discussion
Reducing the growing incidence of type 2 diabetes is a 

challenge for the global medical system, requiring the development 
of effective low-toxicity therapeutic approaches. Traditional 
pharmacopoeia can be used to develop drugs to improve insulin 
sensitivity, prevent insulin resistance and oxidative stress. The aim 
of this study was to evaluate the preventive effects of PROMAX-C on 
T2DM and oxidative stress induced in rats.

The orally induced hyperglycaemia test was carried out to 
select the different doses for assessing the antidiabetic activity 
in rats. Doses of 75, 150 and 300mg/kg were the most effective 
in reducing postprandial glycaemia and will be retained for 
further research. Phytochemical studies carried out on PROMAX-C 
revealed the presence of numerous bioactive compounds, including 
polyphenols, tannins, saponins and flavonoids. These various 
bioactive compounds are recognised as hypoglycemic agents 
[35,36]. They act in isolation or synergistically and by different 
mechanisms to lower blood glucose by stimulating insulin secretion, 
by mimicking the action of insulin or by inhibiting gluconeogenesis 
and glycogenolysis [37,38]. PROMAX-C could act via these different 
mechanisms but also by simultaneously inhibiting intestinal 
glucose absorption and glucose transporters [39].

The basic mechanism of hyperglycaemia in type 2 diabetics 
is thought to be due either to excess hepatic glycogenolysis and 
gluconeogenesis, in addition to reduced glucose utilization by body 
tissues, or to inhibition of adiponectin gene expression, which 
promotes insulin resistance through dysfunction of hormone 
receptors in the liver, muscle and adipose tissue [40-42]. Repeated 
administration of PROMAX-C and metformin to rats as a preventive 
treatment for T2DM prevented an increase in blood glucose 
levels. This anti hyper glycemic effect observed in rats could be 
explained in part by a reduction in glucose production in the liver 
and, above all, an improvement in glucose used by the muscles 
and by activation of the GLUT4 transporters [43]. PROMAX-C, like 
metformin, would therefore act by an identical or almost similar 
mechanism to prevent blood sugar levels from rising. PROMAX-C 
could therefore act at intestinal level by preventing the secretion 
of digestive juices, which are designed to transform the sweet 
hypercaloric food into nutrients (glucose, fatty acid, amino acid, 
etc.) via bioactive compounds such as polyphenols, flavonoids and 
saponins [44,45].

Induction of T2DM by DHS +Dexamethasone resulted in a 
significant loss of body weight in diabetic rats compared with 
normal rats which may be due to loss of muscle and fat mass 
resulting from excess breakdown of tissue proteins and fatty acids 
[46]. Glycosuria is known to cause a significant loss of calories for 
each gram of glucose excreted and presumably this loss leads to 
significant weight loss despite increased appetite [47]. Rats treated 
with PROMAX-C and metformin showed an improvement in body 
weight compared with the diabetic group. These results show a 
protective effect of the extracts against muscle wasting, probably 

due to the flavonoids and saponins which stimulate amino acid 
uptake and protein synthesis, as well as inhibiting proteolysis, 
resulting in the use of glucose as an energy source [48]. However, 
this study did not find any significant difference in relative organ 
weight between the different experimental groups, showing a 
similarity in results to Tchamadeu et al. [49] who studied the 
preventive effect of aqueous extract of the stem bark of Pterocarpus 
soyauxii Taub (Papilionaceae) on insulin resistance and oxidative 
stress induced by dexamethasone in rats [49].

During the induction of diabetes, dexamethasone stimulates 
lipolysis and lead to an increase in plasma levels of non-esterified 
fatty acids capable of inducing insulin resistance. Diet induced 
hyperglycaemia after 30 days of administration is thought to 
modify membrane fluidity and facilitate the entry of corticoids 
into the cell, amplifying their effect [50]. The increase in lipemia 
in diabetic animals is also thought to be due to the absorption 
of nutrients from the high-calorie diet during digestion, or to 
lipolysis following a reduction in the peripheral sensitivity of the 
animals’ tissues to insulin. The increase in triglycerides leads to an 
increase in plasma levels of non-esterified fatty acids, which have 
the potential to induce insulin resistance [51]. The dyslipidemia 
observed in diabetic animals has led to a considerable increase 
in the atherogenic index associated with Nitric Oxide (NO) 
bioavailability, both of which are favourable conditions for the 
development of cardiovascular disease. NO bioavailability can be 
used as a predictor of cardiovascular events [52]. The anti-hyper 
lipidemic effect of PROMAX-C observed in rats may be due to the 
presence of flavonoids and alkaloids in the drug, indicating its 
cardioprotective effect [53]. 

The significant increase in ALAT levels in the blood of animals in 
the diabetic group compared with those in the normal group would 
indicate liver damage due to the administration of a hypercaloric 
sucrose diet combined with dexamethasone. The significant 
increase in creatinine and urea levels observed in the blood was 
due to impaired renal function in the diabetic group. Treatment of 
the animals with PROMAX-C significantly prevented the increase 
in these parameters, suggesting a protective effect of this extract 
on these functions. The effect could be due to the reduction or 
inhibition of amino acid catabolism under the influence of the 
flavonoids and saponins contained in our traditional drugs. 
Flavonoids and saponins are involved in improving and repairing 
liver and kidney function [54,55].

Hyperglycaemia is a well-known cause of elevated levels of free 
radicals, followed by the production of Reactive Oxygen Species 
(ROS), which can lead to increased lipid peroxidation, altered 
antioxidant defenses leading to impaired glucose metabolism [56]. 
The increase in the level of MDA, a marker of lipid peroxidation, 
followed by a reduction in the levels of SOD, GSH, CAT and NO in rats 
in the diabetic group suggests the installation of oxidative stress 
due to the free radicals produced by DHS associated with DMS. Sub 
chronic treatment with PROMAX-C reduced MDA and increased 
SOD, GSH and CAT, which is probably linked to the beneficial effect 
of the treatments on insulin sensitivity. The antioxidant properties 
observed in our drug could be due to the presence of the polyphenols 
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and flavonoids it contains, which can scavenge free radicals [57]. 
Our results agree with those of El Rabey et al. on the anti-diabetic 
activity of Nigella sativa and Propolis on streptozotocin-induced 
diabetes in male rats [58].

Conclusion
Oral administration of PROMAX-C improved acute and chronic 

hyperglycemia in rats by improving dyslipidemia and improved 
oxidative stress parameters. These results allow us to confirm 
the use of this drug by the populations of the cities of northern 
Cameroon and its surroundings to treat diabetes mellitus and its 
complications.
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