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INTRODUCTION 

Type 2 diabetes is a major public health issue. Over the 

past few decades, there has been a steady increase in the 

number of diabetes cases and the prevalence of the 

disease. On a worldwide scale, it’s estimated that 422 

million adults were living with diabetes in 2014, 

compared to 108 million in 1980. This first WHO global 

report on diabetes highlights the enormous scale of the 

diabetes problem and the possibility of reversing current 

trends.
[1]

 

 

To overcome this recurrent major public health problem, 

we have chosen Icacina olivorformis following an 

ethnopharmacological study conducted on traditional 

plants used in the treatment of type 2 diabetes in Senegal.  

 

Icacina olivorformis (poiret) Raynal (Icacinaceae) is 

Senegalese traditional pharmacopoeia plant whose leaves 

and tubers are used in Senegal and in other West African 

countries in the treatment of several conditions. 

Ethnopharmacological studies conducted on the plant 

have shown its use in the traditional treatment of 

diabetes
[2,3]

, malaria
[4]

, and the prevention of rachitis
[2,3]

 

in Senegal. Antioxidant activities have been reported in 

some species of the genus Icacina.
[5]

 Decoctions of the 

roots of Icacina claessensis and guessfeldtii are used in 

popular medicine (Zaire) as an anticonvulsant.
[6]

 Icacina 

oliviformis shows antimalarial potential that can be 

revealed by bioguided fractionation and effective 

isolation of active organic compounds. In fact, in 

traditional African and South American pharmacopoeia, 

Icacinaceae are used in the treatment of many conditions 

such as intestinal disorders, malaria, and fever.
[7]

 The 

tuber of Icacina trichanta has also been used as a 

medicine in the treatment of mumps.
[8]

 This species has 

also been quoted in other studies as having analgesic and 

antidiabetic properties, as well as antimicrobial 

properties.
[9]

 Phytochemical studies
[4,10]

 conducted on the 

plant's tuber reveal the presence of icacenone (0.08%), 

icacinol (0.03%), β-sitosterol (55%), stigmasterol (45%), 

and hardwikiol linoleate. One of the previous studies
[11]

 

to our knowledge carried out on the tuber made it 

possible to isolate two pimarane lactones (icacinol and 

icacinone) and two steryl glucosides (sitosterol 3-O-β-D-

glucopyranoside and stimasterol 3-O-β-D-

glucopyranoside). In this study, we report the extraction, 

isolation, and characterization of diterpenes from the 

clerodane and pymarane series from the tuber of Icacina 

olivorformis (poiret) Raynal (Icacinaceae). 

 

MATERIALS AND METHODS 

Plant Material 

Roots of Icacina oliviformis was harvested in April 2016 

at Diabir quarter, region of Ziguinchor, Senegal. The 
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plant was authenticated by Prof. E. Bassène, 

Pharmacognosy and botany Department, University 

Cheikh Anta Diop, Dakar, Senegal. Voucher specimen 

was deposited at the herbarium of the Pharmacognosy 

and Botany Laboratory under number 2016/021.  

 

Plant extraction and fractionation 

The samples are cleaned and dried in the shelter of sun’s 

rays at the ambient temperature of the Laboratory 

(~30°C). The dried drugs are crushed using a grinder 

(type Bradender OHG Duisburg). The fine powders (92 

g) thus obtained after spraying were used as raw material 

to make the extractions. Successive depletion of the 

powder is achieved by solvents of increasing polarities 

(cyclohexane, acetone, dichloromethane and ethanol). In 

fact, 92 g of powder of each sample are introduced into a 

1 L flask containing 0.8 L of solvent and then refluxed 

for 4 hours. Each solvent was evaporated to dryness to 

give a residue of mass Icacina oliviformis (tubers) 

(Table 2). 

 

Purification of the cyclohexanic fraction by semi-

preparative HPLC 

Cyclohexane extract was exploited in this study. Thus, a 

portion (100 mg) of the cyclohexane extract from the 

tuber of Icacina oliviformis was purified entirely by 

semi-preparative reverse-phase HPLC (C-18). The 

elution solvent system we used was as follows: gradient 

(20/80 to 100/0) CH3CN/H2O 0.025% TFA 

(Trifluoroacetic acid) for 30 min. This purification led to 

the isolation of six diterpenes (compounds 1-6) (Table 3) 

[column: Phenomenex Luna®, oven temperature 30°C].  

 

Purification of the ethanolic fraction by semi-

preparative HPLC 

A solid deposit of 1 g of the ethanol extract was prepared 

with silica and then subjected to flash chromatography 

(FCC) on a silica cartridge (Reveleris® C-18 12 g). This 

purification was carried out at a flow rate of 36 mL/min 

using a solvent system (program) of CH3CN/H2O 

0.025% TFA, as detailed below (Table 1), to give 

compound 7 (Table 3). Detection was mainly performed 

by DEDL (ELSD : Evaporative Light Scattering 

Detector) and by UV at two wavelengths (205 nm and 

254 nm). 

 

Table 1: Solvent system used to isolate compound 7 

(B : CH3CN, A : H2O). 

 Minutes Solvent system 

1 0.0 BA (5/95) 

2 10.0 BA (10/90) 

3 5.4 BA (27/73) 

4 1.7 BA (27/73) 

5 9.6 BA (60/40) 

6 5.0 BA (100/0) 

7 5.0 BA (100/0) 

 

Animal material 

Wistar rats weighing between 125 and 171 g were used. 

These rats were bred at the animal facility of the 

Chemistry Department of Assane Seck University in 

Ziguinchor (UASZ). 

 

Ethanol extract tests in normoglycemic rats 

The rats were divided into two (02) groups of five (05) 

and fasted for 14 hours prior to the experiment. Blood 

samples were taken from the rats before administration 

of the products. The rats were then fed as follows : the 

first group with physiological saline (control) at 10 

mg/kg, the second group with the ethanolic extract of 

Icacina oliviformis tubers at a dose of 300 mg/kg. Blood 

samples were taken every hour for 4 hours. 

 

Ethanol extract tests on a glucose tolerance test 

The rats were divided into two (02) groups of five (05) 

and fasted for 14 hours prior to the experiment. The first 

blood sample was taken 90 minutes before gavage (T-90) 

to determine baseline blood glucose levels. Immediately 

afterwards, the rats were force-fed with physiological 

saline (10 mg/kg) or ethanolic extract of Icacina 

oliviformis tubers (300 mg/kg). A second blood sample 

was taken at T0, followed by oral administration of a 

glucose solution (4 g/kg). Further blood samples were 

taken every 30 minutes for 120 minutes. 

 

Glucose dosage 

The dosage was carried out using a glucometer of the 

“FreeStyle papillon vision system” type. 

 

Statistical analysis 

The results were expressed as a mean ± standard error of 

the mean. They were compared using Student’s t-test. 

The difference between two means was considered 

significant when p < 0.05, n = 5 is the number of 

experiments in each group. 

 

RESULTS AND DISCUSSION 

The aim of this study was to evaluate the 

pharmacological activity of the ethanol extract on 

normoglycemic rats, on a model of temporary 

hyperglycemia and then to develop a strategy for the 

isolation and structural determination of the chemical 

compounds isolated from the cyclohexanic and ethanolic 

extracts of Icacina oliviformis tubers. 

 

Extraction yields 

The extraction results are shown in Table 2. We note 

from this table that the tubers of Icacina oliviformis are 

more or less rich in polar compounds, with a slight 

preponderance of less polar compounds. This is 

somewhat contrary to the extraction studies carried out 

on the leaves of Icacina oliviformis and published in 

2013.
[12] 

 

Table 2: Mass balance of the extraction of Icacina 

oliviformis tubers. 

Solvents Masses (g) Yields (%) 

Cyclohexane 3.96 4.30 

Acetone 0.74 0.80 

Dichloromethane 0.88 0.96 

Ethanol 2.15 2.34 
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Ethanol extract tests in normoglycemic rats 

The administration of physiological water, at a dose of 

10 mg/kg per os, does not cause a modification of the 

basic glycemia in normoglycemic rats after 240 min of 

observation (0.64 ± 0.02 vs 0.63 ± 0.03 g/L) (n=5 is the 

number of experiments in each group). Following 

administration of the ethanolic extract of the tuber at a 

dose of 300 mg/kg per os, there was a slight increase in 

blood glucose between T0 and T1 (0.68 ± 0.03 vs. 0.54 ± 

0.02 g/L), followed by a significant drop in blood 

glucose leading to transient hypoglycemia at T2 (0.52 ± 

0.03 g/L) and a gradual return to baseline values after 60 

min. In normoglycemic rats, ethanolic extract of the 

tuber of Icacina oliviformis (300 mg/kg per os) induces 

temporary hypoglycemia after 2 hours of administration 

(Figure 1). 

 

 
Figure 1: Variation in blood glucose level in normoglycemic rats treated with ethanol extract of Icacina 

oliviformis tuber. 

 

Ethanol extract tests on a glucose tolerance test 

For the control group, the variation of the hyperglycemic 

peak is 1.07 ± 0.02 vs 0.59 ± 0.03 g/L. The pretreatment 

with the ethanolic extract of Icacina oliviformis tubers at 

a dose of 300 mg/kg per os has a preventive effect on the 

hyperglycemic peak observed during the glucose 

tolerance test. In fact, for this group having received the 

ethanolic extract, the variation of the peak of 

hyperglycemia is 0.96 ± 0.02 vs 0.63 ± 0.03 g/L.  This 

result could be explained by the presence of secondary 

metabolites in I. oliviformis tubers. The hyperglycemic 

peak observed is followed by a rapid fall in blood 

glucose level after 60 min (T60 to T120) towards 

baseline values. This decrease in hyperglycemia could be 

explained by depletion of the administered glucose 

(Figure 2).  

 

 
Figure 2: Variation in blood glucose in rats subjected to a glucose tolerance test after treatment with the ethanol 

extract of Icacina oliviformis tubers. 

 

In fact, from the phytochemical standpoint of this study, 

we isolated six (6) diterpene compounds 1-6 of the 

clerodane type from the cyclohexane extract of tubers, 

and one compound 7 of the pymarane type from the 

ethanolic extract (Figures 3 and 4). 
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Figure 3: Structure of compounds 1-6. 
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Figure 4: Structure of compound 7. 

 

The results of reverse-phase semi-preparative HPLC 

isolation of cyclohexane and ethanol extracts from 

Icacina oliviformis tubers are reported in Table 3. 

 

Table 3: HPLC retention times and masses of isolated compounds. 

Compounds Retention time (Rt min) Masses (mg) 

1 (peak 9) 8.040 18 

2 (peak 10) 9.403 12 

3 (peak 11) 10.540 5 

4 (peak 13) 16.521 11 

5 (peak 14) 15.775 8 

6 (peak 15) 16.658 9 

7 22.350 5 

 

Previous phytochemical (screening) studies carried out 

on two (2) species belonging to the genus Icacina
[13,14]

 

revealed the presence of : terpenoids, alkaloids, 

flavonoids, tannins, saponins, phenols, steroids and 

cardiotonic glycosides.  Among the articles we have 

consulted to date, all compounds 1-7 isolated in this 

study are known and isolated from plants, with the 

exception of compound 3, which has not yet been 
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isolated from a plant, but has already been synthesized in 

2000.
[15]

 These compounds were easily identified by their 

spectral data and by comparison with corresponding 

compounds reported in the literature.
[15-21]

 According to 

this same literature, it has been shown that diterpene 

compounds of the clerodane type would have a certain 

activity on diabetes. Indeed, the bicyclic diterpenoids 

salvin, salvicin and salvifolin, administered to rats at a 

dose of 50 mg/kg per os, show marked hypoglycemic 

activity in normoglycemic animals as well as in animals 

with hyperglycemia following a glucose tolerance test 

(300 mg/kg by intraperitoneal route) or alloxane (150 

mg/kg by subcutaneous route). They are superior to 

Adebit but inferior to Maninil. Prophylactic and 

therapeutic administration of these compounds ensures 

preservation of beta-cell islets in rats with alloxanic 

diabetes. In addition, a clerodane-type diterpene 

significantly reduces serum glucose level in an alloxan-

induced hyperglycemic and type 2 diabetic rats.
[22,23]

 

 

Therefore, the antihyperglycemic effect of the ethanolic 

extract of Icacina oliviformis tubers observed in this 

study on a glucose tolerance test, could be related to the 

presence of clerodane-type and pymarane-type 

diterpenoids. 

   

Ethanolic and aqueous extracts of Icacina oliviformis 

leaves have been the subject of previous studies. These 

studies showed that both ethanolic and aqueous extracts 

had antihyperglycemic activity in normoglycemic rats 

and in a model of alloxan-induced diabetes.
[24]

 This is in 

conformity with the traditional use of Icacina oliviformis 

leaves in Senegal for the treatment of diabetes.
[12]

 

 

CONCLUSION 
This article reports the isolation of compounds from the 

cyclohexanic and ethanolic extracts of the tubers of 

Icacina oliviformis (poiret) raynal (Icacinaceae). Beyond 

this phytochemical study of the cyclohexanic and 

ethanolic extracts, it also reports the bioactive study of 

the antihyperglycemic activity of the ethanolic extract of 

the tubers of Icacina oliviformis. An anti-hyperglycemic 

effect of the ethanolic extract of Icacina oliviformis 

tubers on a glucose tolerance test has been demonstrated. 

Phytochemically, cyclohexane and ethanol extracts from 

Icacina oliviformis tubers led to the isolation of six (06) 

clerodane-type diterpenes and one pymarane-type 

diterpene, respectively. The anti-hyperglycemic effect of 

the ethanolic extract of Icacina oliviformis tubers on a 

glucose tolerance test could therefore be due to the 

presence of these secondary metabolites (clerodanes and 

pymarane). A test on type 2 diabetes will confirm this 

activity. Consequently, this study already provides a 

solid molecular basis for understanding the use of this 

plant in traditional Senegalese medicine. 
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