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Evaluation of the chemical and biological properties of detoxified rubber kernel oil (Hevea brasiliensis) in the treatment of type II diabetes.
Abstract
The characteristic study of cyanide-detoxified rubber tree kernels revealed a rubber tree oil with interesting nutritional and therapeutic profiles. Analyses showed that the oil is rich in antioxidants, essential fatty acids, and vitamins (A, E, and B). Most of these compounds, particularly antioxidants and essential fatty acids, are known for their ability to promote homeostasis and blood sugar regulation in hyperglycaemic individuals. This would be an advantage for this plant material, with a view to further promoting its use in the treatment of metabolic diseases such as type II diabetes, given that rubber tree seeds are readily available in Côte d'Ivoire.

 The aim of this study was to evaluate the effect of detoxified rubber tree kernel oil on blood sugar levels. The effect of rubber tree seed oil on blood sugar levels was evaluated in normoglycaemic and hyperglycaemic rats. The results of the extract's effect on blood sugar levels showed that the extract did not cause hypoglycaemia or hyperglycaemia in normoglycaemic rats. As for the effect of the extract on blood sugar levels in hyperglycaemic rats, the extract caused a significant reduction in glucose-induced hyperglycaemia in rats. The use of this plant in the treatment of hyperglycaemia would therefore be justified, given the proven sensitivity of the antioxidants and fatty acids in rubber tree seeds to insulin.

Keywords: detoxified rubber tree oil, hyperglycaemia, hypoglycaemia, normoglycaemic, insulin sensitivity.
1. Introduction 

Diabetes is a chronic and serious metabolic disease caused by insufficient insulin production or poor insulin utilisation by the body [1]. The normal fasting blood sugar level in humans is between 0.6 and 1.2 grams per litre. Below these values, the individual is hypoglycaemic, and above them, they are hyperglycaemic [2]. This metabolic abnormality is caused by insufficient insulin production or poor insulin utilisation by the body. There are several types of diabetes, namely type 1 diabetes, type 2 diabetes and gestational diabetes [3;4;5;6]. According to the WHO, the current prevalence of diabetes worldwide is around 347 million people [7]. Estimates for 2030 are around 4.7% of the global population [8]. Furthermore, more than 80% of diabetes-related deaths occur in low- and middle-income countries. In 2013, nearly 20 million people in sub-Saharan Africa had diabetes, representing a prevalence of 4.9% [7]. In Côte d'Ivoire, the International Diabetes Federation (IDF) estimated the prevalence of diabetes at 9.6% in 2014. This morbidity is thought to be caused by hyperglycaemia. It is estimated that nearly 3,700,000 deaths are linked to hyperglycaemia today. In sub-Saharan countries, although modern medical treatments exist, the population continues to turn to plants due to the high cost of modern medical treatments [9].
In Africa, several medicinal plants have been identified for the treatment of metabolic diseases such as diabetes. It is in this context that oil from the almonds of the rubber tree, a plant with very interesting therapeutic and antioxidant properties, has been chosen to evaluate its effects on blood sugar regulation. The choice of this plant is also supported by its interesting chemical composition in essential fatty acids (6.2% omega-3; 30.9% omega-6), vitamin A (52.2 mg/100g), vitamin E (78.2 mg/100g), vitamin B3 (54 mg/100g), vitamin B6 (30.3 mg/100g), vitamin B12 (26.8mg/100g) [10], and the accessibility of rubber tree seeds, especially in Côte d'Ivoire, with an estimated annual production of between 75,000 and 100,000 tonnes per year in 2020 [11]. Côte d'Ivoire is Africa's leading producer of natural rubber and the third largest producer worldwide [11;12]. Research carried out on rubber tree kernels with a view to adding high value to them in the food, cosmetics and pharmaceuticals, has shown that the oil from detoxified nuts is rich in antioxidants (39.6 µg EAG/g of polyphenols), essential fatty acids (6.2% omega-3; 30.9% omega-6), vitamin A (52.2 mg/100g), vitamin E (78.2 mg/100g), vitamin B3 (54 mg/100g), vitamin B6 (30.3 mg/100g) and vitamin B12 (26.8mg/100g) [10,16]. This would improve the living conditions of rubber tree farmers, given that a large proportion of rubber tree seeds are left unused, with 90% of annual production abandoned in plantations [36]. 
Furthermore, recent studies show that antioxidants such as polyphenols and vitamin E can substitute for insulin, as these studies have shown that these natural antioxidants mimic insulin well in terms of increasing glucose metabolism, which would help maintain blood sugar levels in diabetics and reduce insulin resistance, one of the main causes of type 2 diabetes [13]. In fact, antioxidants, due to their effects on oxidative stress, are increasingly suspected of being the compounds responsible for reducing insulin, including its secretion by the beta cells of the islets of Langerhans in the pancreas [4]. In addition, diabetics are often at risk of cardiovascular disease, one of the proven remedies for which is a diet balanced in essential fatty acids such as omega-3 and omega-6. Previous studies on this oil have shown a satisfactory omega-3/omega-6 ratio that complies with standards (1/5) [15].
2. Materials and methods

2.1. Materials

2.1.1. Plant material

The plant material consists mainly of seeds from the PB*260 clone of the rubber tree (Hevea brasiliensis), whose dried kernels are shown in Figure (1-a).  The seeds were collected from various plantations belonging to the National Agricultural Research Centre (CNRA) in Man, Côte d'Ivoire. They were used to produce oil (Figure 1-b) after cyanide detoxification of the kernels, following work carried out at the LAPISEN Laboratory of the Félix HOUPHOUËT-BOIGNY National Polytechnic Institute in Yamoussoukro.
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Indeed, the Man area is one of three areas of expansion for rubber cultivation in Côte d'Ivoire. Furthermore, this area is expected to become the largest rubber-growing area over time, given its relatively good rainfall. This has sparked enthusiasm for developing this type of agriculture among the largest rubber operators, such as the company SAPH [11]. This would mean that this area would be home to a large quantity of rubber seeds. The PB*260 clone has been used in this area because of its potential yield per hectare, and is therefore mainly cultivated in Man [36].
2-1.2 Animal material

The animal material consists exclusively of albino rats (Rattus norvegicus) of the Wistar strain Figure (1-c). These rats are aged between 8 and 14 weeks, depending on the biological test to be performed, and weigh between 150 and 250 g. They are caged and acclimatised for several weeks at the animal facility of the École Normale Supérieure (ENS) in Abidjan Cocody. The animals were fed a standard rodent diet (a mixture of wheat bread, peanuts, corn, soybean meal and dried fish) and had free access to water (tap water).
2.1.3. Technical equipment

The equipment used to carry out this project is varied and consists mainly of: Soxhlet extractors (FISHER Scientific), precision scales (SARTORIUS), mechanical grinders (Retsh, M6951), solar dryers, rotary evaporators (Büchi), digital camera (HUAWEI, China), Salem nutrition probe (Tro-Nutricath), gastric feeding tube (Vygon, CH5), 5ml syringe with needle (Paraderm, Morocco).
2.1.4 Solvents and reagents

The reagents and solvents used are varied, but are mainly composed of: hexane, sodium hydroxide, potassium hydroxide, ethanol, methylene chloride (ether oxide, phenolphthalein, hydrochloric acid, sulphuric acid, phenol, boric acid, sodium acetate, iron(III) chloride, methyl red, bromocresol green, ethyl acetate, dimethyl sulfoxide, dichloroethane, methanol, petroleum ether, acetone, pure ammonia, potassium iodide solution, silver nitrate, dichloromethane, tetrahydrofuran, acetonitrile, methyl chloride, selenium, acetic acid, glacial acetic acid and glucose are brand name products (Sigma-Chemicol Co, USA). The reagents used for biological analyses, such as disodium phosphate, sodium dodecyl sulphate, sodium salicylate, sodium nitroprusside and sodium hypochlorite, are all from BIOLABO SAS (France).
2.2. Methods

2.2.1. Method for producing detoxified oil from rubber tree seeds

These seeds were sun-dried on racks for approximately two weeks. They were then shelled, dried in an oven at 105°C for 24 hours, and ground. This significantly reduced the residual moisture content (RMC < 6%), ensuring that the samples could be stored properly. This pre-treatment of the kernels is important to protect the samples from degradation caused by mould and other undesirable enzymatic activity. This work was carried out at the LAPISEN Laboratory of the Félix HOUPHOUËT-BOIGNY National Polytechnic Institute in Yamoussoukro. Subsequently, the detoxification of the kernel was carried out by optimising the biochemical hydrolysis of cyanogenic glycosides, particularly amygdalin, by macerating the crushed material according to a factorial design (23). By β-glycosidase, these heterosides are sequentially degraded, thus releasing two glucose molecules and cyanides in the form of hydrocyanic acid [37]. The mechanism of detoxification of rubber tree oil from the kernel shown in the following equation (Figure 2). The work undertaken in this area has resulted in the detoxification of rubber tree oil, reducing 
the cyanide content of rubber tree kernels from 2712.3 to 0.38 mg/kg of HCN through innovative processes for transforming the plant's seeds [16], which have made it possible to produce rubber tree oil with an interesting composition of omega-3 (6.2%) and omega-6 (30.9%). In light of these results, this oil is the subject of this study for the purpose of its use in pharmaceuticals and cosmetics.
2.2.2. Method for evaluating the hypoglycaemic activity of rubber tree seed oil

For this experiment, male Wistar rats aged 10 to 14 weeks and weighing between 150 and 250 g will be used. The experiments will be carried out in the (ENS) animal facility. The products were administered by gavage using a probe. The extract was suspended in a distilled water solution and different concentrations were obtained from the stock solution. The normoglycaemic animals were divided into six groups of five rats each, receiving a single oral dose of the extract, a negative control group receiving distilled water, and another group receiving glibenclamide [17]. After administering the different substances to the animals in the different groups, blood glucose levels were measured every 30 minutes for up to 150 minutes. Thirty normoglycaemic rats were divided into six groups of five rats and were fasted for 12 hours.
At time T, i.e. before treatment, blood glucose levels were first determined (initial blood glucose levels). Distilled water, glibenclamide (10 mg/kg bw) and rubber tree seed oil at doses of 0.5 and 1 ml/g bw were then administered to the different groups: 

Group 1 (control): rats received distilled water. 

Group 2 (glibenclamide): rats were treated with 10 mg/kg bw of glibenclamide. 

Groups 3 and 4 (HAHa, HAHb): rats from the different groups were treated with 0.5 and 1 ml/g bw of rubber tree kernel oil (HAH), respectively. 

Blood glucose levels were checked 30, 60, 90 and 120 minutes after administration of the test products.
· Hyperglycaemic activity of rubber tree seed oil 

          For this experiment, male Wistar rats aged 10 to 14 weeks and weighing between 150 and 250 g were used. The experiments were carried out in the ENS animal facility.  The normoglycaemic animals were divided into groups receiving a single dose of 4 g/kg bw of pure anhydrous glucose orally. One hour after glucose administration, the rats received the different treatment solutions [17] according to the following protocol.
- Group 1 (positive control): group of hyperglycaemic rats given distilled water

- Group 2 (glibenclamide): group of hyperglycaemic rats treated with 10 mg/kg body weight of glibenclamide.

- Groups 3 and 4 (HAHa, HAHb): rats from different groups treated with 0.5 and 1 ml/g bw of rubber tree seed oil (HAH), respectively.

 Blood glucose levels were checked every hour for 4 hours after glucose administration. The percentage changes in blood glucose levels were calculated at the different blood glucose measurement times [18].
Glucose tolerance test

Six groups of rats were fasted for 12 hours beforehand. At time To, i.e. 30 minutes after pretreatment with rubber tree seed oil at doses of 0.5 and 1 ml/g bw of rubber tree seed oil (HAH), water and glibenclamide, five groups of rats were given a glucose solution at a dose of 4 g/kg bw. The blood glucose levels of the rats in each group were measured just before administration of the glucose solution, then after treatment, at 30-minute intervals for four hours using an Accu-Chek Active glucometer with test strips [19]. The percentages of induction and reduction of induced hyperglycaemia were calculated as follows:

Percentage change in blood glucose levels (⁒) = ((G1-G0) ×100) /G0 

G0: baseline blood glucose level at initial time 

G1: blood glucose level at time t (30, 60, 90, and 120 minutes)
3. RESULTS 

3.1 Results of oil detoxification by maceration
Detoxification was optimised using a 2-factorial design, following a comparative study between the three isothermal models developed, whose equations are (1); (2) and (3). The factors: C (duration), A (mass/volume), AC interaction (density-duration) and AB interaction (density and stirring speed) are respectively those that influence the experimental response. The duration factor (C) of stirring is the most influential [16 ;41].




	Isothermal

models
	                 CONDITIONS OPTIMALES
	Comparative study

	
	                                            Parameters
	

	
	XA:  

mass-to-volume ratio (g/l)
	   XB :  
stirring speed(rpm)
	   XC :  Maceration time (min)
	     Θ :  Temperature (°C)
	Hydeolysis yield

After 80 min of maceration

	   Y50
	     40
	     50
	        60
	            50
	      46,82%

	   Y70
	    66,67
	     50
	        80
	            70
	      76,43%

	    Y90
	    66,67
	     50
	       45
	            90
	       94,37%


Table I : Optimisation of amygdalin hydrolysis using a 23 factorial design
The results show that at 90°C; 45 min, (60 rpm) of maceration in water, with a mass/volume ratio (66.67 g/l), is sufficient to detoxify rubber tree seeds from hydrogen cyanide, while preserving most of their nutrients [16]. Analysis of the data according to Pareto revealed the acceleration of HCN removal by heat, as well as the consistency of factors (A) and (C) in their influence on the hydrolysis of cyanogenic glycosides. Therefore, factors A and C remain the most influential factors for optimising our detoxification process. At a temperature of 90°C, factor (A) comes second with a statistical weight of 38.37%, after factor (C) with 40.32% [41]. The optimal conditions proposed by the third Y90 model would, for all intents and purposes, allow cyanogenic almonds to be detoxified in the food, pharmaceutical and cosmetic contexts.
3.2. Effect of rubber tree kernel oil in normoglycaemic rats 

      The effect of rubber tree kernel oil on blood glucose levels in normoglycaemic rats was assessed for six hours after the animals were fed different doses of 0.5 ml/g and 1 ml/g of MC (Table I). The blood glucose levels of the control rats did not show any significant variations (66.4±1.13-68.4 ±0.4 mg/dl). Similarly, the blood glucose levels of the rats treated with the oil did not show any significant variations. Blood glucose levels observed in rats after administration of rubber tree kernel oil at different doses did not vary significantly (p˃0.05). The average blood glucose levels of rats at a dose of 0.5 ml/g of MC were 87.1±1.2 mg/dl, 74.2±1.0 mg/dl and 78.1±4.0 mg/dl at time points T1 (1 hour), T2 (2 hours) and T3 (3 hours), respectively. For the 1 ml/g MC dose, the average blood glucose levels were 68.3±3.01 mg/dl, 70.2±1.4 mg/dl and 68.7±1.7 mg/dl, respectively. Statistical analyses revealed no statistical differences between the blood glucose levels of normoglycaemic control rats and those treated with rubber tree kernel oil. 

In normoglycaemic rats treated with glibenclamide, a highly significant decrease (p˂0.001) in blood glucose levels was observed. The average blood glucose levels of normoglycaemic rats were 40.3±1.6 mg/dl, 32.7±2.3 mg/dl, and 27.4±4.0 mg/dl. Statistical analysis revealed a significant difference between rats that received glibenclamide and rats in the other groups, namely the control rats and rats treated with hevea almond oil (Table I).
   Table II: Effect of essential oil from rubber tree seeds on blood sugar levels in rats with normal blood sugar levels

	Dates
	WITNESS 
	GYB (mg/kg)
	HAH (0,5 ml/g)
	HAH ( 1 ml/g)

	T0 (mg/dl)
	66,4±1,3 
	67,4±1,4
	75,4±0,4
	68,3±3,01

	T1 (mg/dl)
	67,1±2,13
	40,3±1,6**
	87,1±1,2
	70,2±1,4

	T2(mg/dl)
	66,5±1,4
	32,7±2,3****
	74,2±1,0
	68,7±1,7

	T3(mg/dl)
	68,4±0,5
	27,4±4,0****
	78,1±4,0
	70,3±0,4


HAHa, HAHb : groups of rats treated with 0.5 and 1 ml/g body weight of rubber tree seed oil, respectively (HAH).

Glib : groups of rats treated with 10 mg/kg of the glibenclamide molecule
Witnesses: group of rats receiving only distilled water
T : dates at times 0, 1, 2, and 3 o'clock
3.3. Effect of rubber tree nut oil in hyperglycaemic rats 

      The effect of rubber tree oil on blood glucose levels in hyperglycaemic rats was monitored for four hours after administration of rubber tree nut oil (Figure 1).  The rats' basal blood sugar level was around 67 mg/dl. One hour after administration of anhydrous glucose, the rats' average blood sugar level was 172.4 mg/dl. Statistical analysis revealed a highly significant increase (p˂0.001) in the rats' blood sugar levels after glucose administration compared to their initial blood sugar levels before glucose intake. In untreated hyperglycaemic animals, the average blood glucose level remained virtually unchanged, with no significant variation between the different blood glucose levels on different dates, ranging from 161±33 mg/dl to 160±14 mg/dl.

Glibenclamide caused a significant reduction (p˂0.01) in blood glucose levels from 178.5±3.1 mg/dl to 122.75±4 mg/dl one hour after administration to the rats. After four hours, the average blood sugar level of the rats receiving glibenclamide fell to 80.25±7 mg/dl, a reduction of 53.48%. Statistical analysis revealed a significant difference (p˂0.001) in the effect of glibenclamide on hyperglycaemia in rats compared to that of distilled water in untreated hyperglycaemic rats.
Blood glucose levels in rats treated with the oil showed significant variations. Furthermore, one hour after administration of the oil, a significant decrease (p˂0.001) in blood glucose levels was observed in hyperglycaemic rats treated with doses of 0.5 ml/g and 1 ml/g of MC. The average blood glucose levels of hyperglycaemic rats one hour after administration of the oil decreased from 177.75±7 mg/dl to 142.25±7 mg/dl for rats receiving almond oil at a dose of 0.5 ml/kg, and from 171.5±2.6 ml/dl to 136.5±3.6 ml/dl for rats receiving almond oil at a dose of 1 ml/g.  At the end of the fourth hour of the experiment, the average blood glucose levels of the hyperglycaemic rats fell to 101.25±3 mg/dl and 100.6±5 mg/dl for the 0.5 ml/g and 1 ml/g doses, respectively. These reductions correspond to percentage reductions of 43% and 41.32% for doses of 0.5 ml/g and 1 ml/g, respectively. Statistical analysis revealed a significant difference between the blood sugar levels of rats treated with rubber tree almond oil and control rats. Furthermore, a significant difference (p˂0.05) was observed in the blood glucose levels of rats treated with rubber tree kernel oil compared to those treated with glibenclamide (Table II).
       

HAHa, HAHb : groups of rats treated with 0.5 and 1 ml/g body weight of rubber tree seed oil, respectively (HAH).

Glib : groups of rats treated with 10 mg/kg of the glibenclamide molecule
Control : group of rats receiving only distilled water
Table III: Effect of essential oil from rubber tree seeds on blood sugar levels in rats with normal blood sugar levels
	Date
	WITNESS
	GLIB
	HAH 0,5 ml/g
	HAH 1 ml/g

	TB (mg/dl)
	67±0,7 
	64±1,4
	63,4±3
	67,2±2,3

	T’1 (mg/dl)
	161±33
	178,5±3,1
	177,75±7
	171,5±2,6

	T1 (mg/dl)
	170,75±18
	122,75±4ab
	142,25±7a
	136,5±3,6a

	T2 (mg/dl)
	173,75±14
	109,75±8ab
	127,25±7a
	123,2±8a

	T3 (mg/dl)
	164±13
	94,5±6a
	112±6a
	107±9a

	T4 (mg/dl)
	160±14
	80,25±7a
	101,25±3ab
	100,6±5ab


HAHa, HAHb : groups of rats treated with 0.5 and 1 ml/g bw of rubber tree kernel oil, respectively (HAH).

Glib : groups of rats treated with 10 mg/kg of the glibenclamide molecule
Control : group of rats receiving only distilled water
T1, T2, T3, T4: temperature at 1, 2, 3 and 4 hours after administration of the HAH dose and the glibenclamide molecule.

TB: basal temperature of rats, T'1: temperature taken 1 hour after glucose administration before treatment.
3.5. Effects of rubber tree seed oil on glucose administration in pretreated rats

In rats pretreated with water, oil and glibenclamide, administration of 4 mg/kg glucose solution 30 minutes after the various treatments resulted in hyperglycaemia in the rats. In animals that received distilled water, the average blood glucose level of rats one hour after administration of glucose solution (4 mg/kg) was 161±16 mg/dl. The blood glucose level of control rats remained high during the four hours of the experiment (T4 : 160±7.6 mg/dl).  Statistical analysis revealed significant differences (p˂0.001) between the blood glucose levels of the control rats and those pretreated with substances. 

In rats pretreated with glibenclamide, the average blood glucose level one hour after administration of the glucose solution was 107.5±2 mg/dl. This value is significantly lower (p˂0.001) than that of rats in the other groups. The high blood glucose value (125.75±2.2 mg/dl) in these animals was observed at time point T2 (2 hours after glucose administration).  After 4 hours, the average blood glucose level of the pretreated rats was 86.75±4.9 mg/dl.
In animals pretreated with oil at different doses of 0.5 ml/g and 1 ml/g of body weight, high blood glucose levels were observed at time point T1, one hour after glucose administration (141.5±3.77 mg/dl and 139±2.67 mg/dl, respectively). These values were statistically lower than those of the control rats (p˂0.001) but higher than those of the rats pretreated with the glibenclamide molecule (p˂0.001) at this time. However, unlike the behaviour of glibenclamide, the blood glucose levels of the pretreated rats decreased throughout the experiment, from 141.5±3.77 mg/dl to 103.75±2.66 mg/dl (0.5 ml/g dose) and from 139±2.67 mg/dl to 101±6 mg/dl. Statistical analysis of the average blood glucose levels of rats pretreated with oil at different doses revealed significant differences compared to those of control rats (a significant reduction) and those of rats pretreated with the glibenclamide molecule (a slight reduction in blood glucose levels compared to glibenclamide).



Table IV : Effects of rubber tree seed oil on glucose administration in pretreated rats
	DATES
	Control
	GLIB
	HAH 0,5 ml/g
	HAH 1ml/g

	T1 (mg/dl)
	67,1±2,13
	48,1±2 ab
	88,4±3
	75,5±4,2

	T’’1 (mg/dl)
	161±16
	107,5±2a
	141,5±3,77a
	139±2,67a

	T’’2 (mg/dl)
	170,75±9
	125,75±2,2a
	139±2,6a
	130,5±1,8a

	T’’3 (mg/dl)
	173,7±8
	122±3,6a
	129,75±4,9a
	125,2±4

	T’’4 (mg/dl)
	164±8
	97,25±1,24a
	114,5±4,6a
	111,25±7,7a

	T5’’ (mg/dl)
	160±7,6
	86,75±4,9ab
	103,75±2,66a
	101±6a


HAHa, HAHb : groups of rats treated with 0.5 and 1 ml/g bw of rubber tree kernel oil, respectively (HAH).

Glib : lots des rats traités avec 10 mg/kg de la molécule de glibenclamide
Controls: group of rats receiving only distilled water 

T’’1, T’’2, T’’3, T’’4: temperature at 1, 2, 3 and 4 hours after administration of the glucose solution 

 T1: temperature taken 1 hour after administration of the HAH and glibenclamide solutions
Discussion 

Omega-3 and omega-6 essential fatty acids are known for their positive effects on cardiovascular health. The chemical composition of detoxified rubber tree oil, which contains polyunsaturated fatty acids of plant origin (6.2% omega-3 and 30.9% omega-6), shows that it could be used as an edible oil for diabetics, in addition to being rich in vitamins (A, E, B3, B6 and B12). These characteristics therefore confirm its nutritional, cosmetic and therapeutic values, just like olive oil, which is widely used in seasonings [15 ; 23].
Oral administration of the extract showed a slight increase in blood glucose in rats that received rubber tree seed oil (HAH) from the first hour. This slight increase in the basal blood glucose levels of normoglycaemic animals is thought to be due to physiological stress caused by handling [20 ; 21 ; 22]. Stress causes an increase in the production of pro-oxidants and a decrease in the production of antioxidants. Furthermore, the different variations in blood glucose levels in normal rats show that in normal animals, blood glucose levels are not fixed but vary very little throughout the day. This variation in blood glucose levels is consistent with the normal life of animals [23 ;24 ;13]. Nevertheless, the oil did not cause a significant increase (p˃0.5) in the rats' blood sugar levels compared to their basal temperature. From the second hour onwards, blood glucose levels decreased to reach basal values. Rubber tree seed oil therefore did not cause a significant variation (p > 0.05) in basal blood glucose levels in normoglycaemic rats. These results show that rubber tree nut oil (HAH) does not cause hypoglycaemia or hyperglycaemia in normoglycaemic rats. These results corroborate those of Landry et al. (2025) [25], who showed that administration of aqueous extract of Picralima nitida at doses of 500 and 1000 mg/kg did not cause hypoglycaemia or hyperglycaemia in normoglycaemic animals [26 ;27]. Glibenclamide, unlike rubber tree seed oil, induced a considerable decrease in blood glucose levels in rats below basal blood glucose levels. Indeed, the glibenclamide molecule induces hypoglycaemia in normoglycaemic rats, in agreement with the results of Landry et al. (2025) [25]. Thus, the reduction in hyperglycaemia observed in rats treated with the powder could be explained by stimulation of insulin secretion by the pancreas [28].
The effects of rubber tree almond oil and glibenclamide on blood sugar levels in rats showed that they have significant anti-hyperglycaemic activity in treated hyperglycaemic rats. Indeed, one hour after the peak hyperglycaemia observed in post-treated rats, the administration of glibenclamide or rubber tree kernel oil significantly reduced blood glucose levels. The similar effects of the oil and glibenclamide on blood sugar levels suggest that rubber tree nuts may act through the same mechanism as anti-hyperglycaemic substances [34 ; 35]. Indeed, the flavonoids and polyphenols present in plant materials influence carbohydrate metabolism by improving insulin release and glucose absorption at the cellular level [29 ; 39]. The molecules in rubber tree nut oil stimulate insulin secretion and promote a reduction in hepatic glucose production [40]. Studies have also shown that flavanols can reduce insulin sensitivity and regulate blood glucose [30 ;39]. Furthermore, pre-treatment of rats with glucose and glibenclamide solutions prevents a sharp increase in blood sugar levels after administration of the glucose solution. In addition, blood sugar levels remain low compared to those of post-treated rats. This mechanism of the oil is thought to be linked to its antioxidant properties, thanks to molecules such as polyphenols and flavonoids present in rubber tree almond oil [31 ; 38]. The omega-3 content (6.2%) would also be beneficial for diabetics if consumed, as these molecules help dilate blood vessels, thereby improving insulin sensitivity [6 ; 31]. 
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Figure 1 : Plant material and animal material





Figure 2 : Optimisation of the hydrolysis of amygdalin from rubber tree seeds (BAMBA et al, 2024)
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Figure 3 Effect of essential oil from rubber tree seeds on blood sugar levels in rats with normal blood sugar levels
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Figure 4 Effects of rubber tree seed oil on glucose administration in pretreated rats
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