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ABSTRACT  

Objective: The objective of this study is to isolate and identify the chief hypoglycaemic component of Pilea elizabethae 

Methods: The chief hypoglycaemic component of Pilea elizabethae was isolated and identified. The bio-directed purification of the chief 
hypoglycaemic agents contained in Pilea elizabethae followed a sequence of steps alternating oral glucose tolerance test (OGTT) bioassay and 
chromatographic methods. The ethyl acetate crude extract which was most hypoglycaemic in activity was flash chromatographed on silica gel using 
a gradient hexane-ethyl acetate solvent system of increasing polarity. Elucidation of the chemical structures of R-E2Gii was determined using NMR 
and FT-IR spectroscopy, melting point determination and comparison with the literature. The Pilea elizabethae extracts were tested for 
hypoglycaemic activity in Sprague-Dawley albino rats using the oral glucose tolerance test (OGTT) method. Isolated hypoglycaemic compounds 
obtained after bio-directed purification were identified through nuclear magnetic resonance (NMR) spectroscopy and infra-red (IR) spectroscopy.  

Results: Bio-directed purification of Pilea elizabethae extracts yielded a hypoglycemic principle that were coded R-E2Gii. By comparison of its NMR 
chemical shift values and physical properties with literature values, R-E2Gii found to be the triterpenoid oleanonic acid [C30H40O3; M. W=124]. 

Conclusion: Bio-directed purification of the hexane-ethyl acetate extracts and using nuclear magnetic resonance (NMR) spectroscopy and infra-red 
(IR) spectroscopy revealed oleanonic acid, that may be responsible for the anti-hyperglycemic properties of this extract. 

The 
isolate R-E2Gii demonstrated significant hypoglycaemic activity. When administered intravenously, values were as low as 4.87±0.09 mmol/l thirty 
minutes post-load compared with 5.63±0.19 mmol/l for the control (p<0.006). An increase in dosage up to 10 mg/kg body weight amplified the 
post-prandial hypoglycaemic effect of R-E2Gii. Comparison of the hypoglycaemic effect of R-E2Gii with glibenclamide showed that the isolate was 
only mildly effective in reducing post-prandial hyperglycaemia. Hexane-ethyl acetate extracts from Pilea elizabethae was found to possess anti-
hyperglycaemic activity on OGTT.  
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INTRODUCTION 

Normal glucose tolerance is mainly a function of the interplay between 
endocrine pancreatic function, which controls insulin release, and 
insulin sensitivity of muscle, liver, and adipose tissue. The American 
Diabetes Association (ADA) defines diabetes mellitus as a group of 
metabolic diseases characterized by hyperglycaemia resulting from 
defects in insulin secretion, insulin action or both [1]. The vast 
majority of cases fall into two broad etiopathogenetic categories. In 
type 1 diabetes mellitus there is an absolute deficiency of insulin 
secretion which results from autoimmune destruction of the cells of 
the pancreas. In the other much more prevalent category termed type 
2 diabetes mellitus there is a combination of resistance to insulin 
action and inadequate compensatory insulin secretory response. This 
form of diabetes mellitus affects 90-95 % of diabetic patients [1]. 

Despite numerous preventive strategies and armouries of medication, 
the prevalence of diabetes mellitus has increased over the last decade. 
Excess mortality attributable to diabetes mellitus has been estimated 
to account for 6-27 % of the deaths globally in people aged 35–64 y in 
2000 [2]. In addition, type 2 diabetes mellitus is also a significant cause 
of premature mortality and morbidity related to cardiovascular 
disease, blindness, kidney and nerve disease and amputations [3]. 
Globally it was estimated that diabetes mellitus accounted for 12 % of 
health expenditures in 2010, or at least $376 billion, with a projection 
of $490 billion by 2030 [4]. These estimates make a compelling case 
for the furtherance of research efforts aimed at finding more effective 
modalities to prevent and treat this disease. In the interim, an 
increasing number of people are turning to alternative therapies [5, 6] 
that include herbal remedies. Herbs have been used for food 

ingredients and for medicinal purposes for centuries. In fact, the 
World Health Organization estimated that approximately 80 % of the 
earth’s inhabitants rely on traditional medicine for their primary health 
care needs, and most of this therapy involves the use of plant extracts 
and their active components [7]. Keeping in perspective that many 
Western Drugs have their origin in a plant extract, researchers continue 
to explore various herbs that possess a hypoglycaemic effect for the next 
cutting-edge solution to the dilemma of effective diabetes prevention 
and management. Many of these herbs contain potent antioxidant 
compounds that are believed to provide significant protection against 
diabetes mellitus and many other chronic diseases [5]. 

This study focuses on Pilea elizabethae which is believed to be useful 
in the treatment of diabetes mellitus in Jamaican folklore. Scientific 
data on Pilea sp. is limited and in fact, this is the first study which 
validates the hypoglycaemic activity of this indigenous Jamaican 
plant. Notwithstanding, there are a few recent reports which may 
serve to corroborate the anti-diabetic, anti-hyperlipidemic, 
antioxidant, antimicrobial and radio-protective potential of bioactive 
secondary metabolites produced in this genus, in particular, Pilea 
microphylla species [8-10]. The objective of this study is to isolate 
and identify the chief hypoglycaemic component of Pilea elizabethae. 

MATERIALS AND METHODS 

Materials 

Flash and gravity column chromatography were carried out using 
200-425 mesh silica gel from Sigma. Thin layer chromatography 
(TLC) was performed on pre-coated F254 Si gel 60 glass plates of 
250 µm thickness. Spots were visualized under long (366 nm) and 
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short (254 nm) wave ultraviolet radiation and by derivatization with 
ammonium molybdate-sulfuric acid reagent and heating. All solvents 
used were of ACS or Optima grade obtained from Fisher Chemicals. 
1H and 13

The Pilea elizabethae extracts were tested for hypoglycemic activity 
in Sprague-Dawley albino rats weighing 250-400 g using the oral 
glucose tolerance test (OGTT) method with minor modifications. The 
animals were subjected to an overnight fast for approximately 12 h. 
The animals were then weighed and fasting blood samples were 
taken in duplicate from the tip of the tail vein. Immediately following 
the fasting blood sample, the control rats were fed orally 0.5 ml of 
dimethyl sulfoxide (DMSO) or 0.5 ml of corn oil (CO) while the test 
rats were fed the respective extracts dissolved in 0.5 ml of DMSO or 
0.5 ml corn oil as required (crude EtOAc-200 mg/kg body weight; R-
E2Gii at 5 mg/kg and 10 mg/kg body weight). The time of feeding 
was noted. Thirty minutes later a second fasting blood sample was 
taken (labeled 30-minute sample) and a 60-minute fasting sample 
was taken thirty minutes later. Then the glucose load was 
administered orally at 1.75 g/kg body weight immediately following 
the 60-minute fasting blood sample. The time of feeding was noted. 
Blood glucose concentrations were then measured at thirty-minute 
intervals for a further two and a half h. 

Elucidation of pure compound 

Isolated hypoglycaemic compounds obtained after bio-directed 
purification were identified through nuclear magnetic resonance 
(NMR) spectroscopy and infra-red (IR) spectroscopy. Briefly, a 
sample of the pure isolates was dissolved in deuterated chloroform. 
The solution was placed in the NMR tube to a height of 3-4 cm and 
analyzed using TMS as an internal standard. Chemical shifts (δ) were 
expressed as ppm with reference to the TMS resonance. For IR 
spectroscopy, samples of the pure isolates were analyzed in a 
potassium bromide disc. 

Cspectra were obtained using a Bruker ACE 200 MHz NMR 
infrared spectrophotometer was recorded using a potassium 
bromide disc and analyzed with a Perkin-Elmer 735B fourier 
transform infra-red spectrophotometer. 

Sprague-Dawley strain albino rats were acclimatized to animal 
house conditions of 25-26 °C and a 12 hour light/dark cycle 
respectively. The animals were fed with laboratory diet and tap 
water ad libitum. Blood glucose was measured using an Accu-check 
Advantage glucometer and strips from Roche Diagnostics. 

Plant collection and extraction 

Samples of Pileaelizabethae were collected from limestone soil regions 
in Windsor District in St. Elizabeth, Jamaica. A fresh specimen was 
submitted to the University of the West Indies Herbarium for 
authentication and preservation. The plant samples were solar dried 
for about seven days. The aerial parts of the plant were milled and the 
finely ground material was collected in clean bags and weighed. A 
dried, milled plant sample weighing 450-550 g was packed into a long 
glass column and treated with hexane, ethyl acetate and ethanol 
solvents successively. Each solvent (1.5 L x 24 h x 3) was added at 
room temperature until the plant material was saturated and 
completely covered. All three solvent extracts of Pilea elizabethae were 
concentrated under vacuum at (50-60 °C) to solid (ethanol), semi-solid 
(ethyl acetate), and a viscous liquid (hexane) residue. The extracts 
were kept refrigerated until hypoglycaemic screening or further 
fractionation was carried out. 

Experimental protocol 

The bio-directed purification of the chief hypoglycaemic agents 
contained in Pilea elizabethae followed a sequence of steps alternating 
oral glucose tolerance test (OGTT) bioassay and chromatographic 
methods. The initial crude hexane, ethyl acetate and ethanol extracts 
obtained were bio-assayed using OGTT. The ethyl acetate crude extract 
(14.35 g) which was most hypoglycaemic in activity was flash 
chromatographed on silica gel using a gradient hexane-ethyl acetate 
solvent system of increasing polarity (1:0 → 1:0). The fractions obtained 
were grouped by their similar TLC profiles into four major groups 
labelled E1, E2, E3 and E4. These groups were each tested by OGTT 
affording a selection of extract E2 (2.45 g) for further purification 
(hexane-ethyl acetate = 1:0 → 0:1). This yielded six major groups, E2A-
E2F. On OGTT testing, E2D and E2E were recombined as E2G (1.86 g) 
and subjected to isocratic gravity column chromatography with a 50:50 
hexane-chloroform mixture on silica gel. Four major fractions, E2Gi-
E2Giv, were obtained. Hypoglycaemic activity was observed in both 
E2Gii (0.61 g) and E2Giii (0.99 g). These were both recrystallized from 
hexane to yield the pure hypoglycaemic product R-E2Gii (0.46 g) 
respectively. Elucidation of the chemical structures of R-E2Gii was 
determined using NMR and FT-IR spectroscopy, melting point 
determination and comparison with the literature. The pure isolates 
were then subjected to further glycaemic characterization experiments. 

Bioassay procedure-oral glucose tolerance test (OGTT) 

RESULTS 

Identification of R-E2Gii  

Bio-directed purification of Pilea elizabethae extracts yielded a 
hypoglycaemic principle that was coded R-E2Gii. By comparison of its 
NMR chemical shift values and physical properties with literature 
values, R-E2Gii found to be the triterpenoid oleanonic acid [C30H40O3; 
M. W=124]. It is a pale green-white, crystalline solid at room 
temperature. 13C-NMR spectroscopic analysis of R-E2Gii gave rise to 
thirty carbon signals in total. The functional groups: one ketone, one 
carboxylic group and one double bond, were identified at the following 
respective chemical shifts: δ216.8; δ177.7; and δ121.9 and δ143.5 
(table 1). These values arose from carbons C-3, C-28 and C-12 and C-
13 respectively. Further to that, the 1H-NMR and 13C-NMR DEPT 135 
spectra identified 7 methyl groups characteristic of oleanane 
triterpenoids [11] and 10 (CH2) signals. Four strong (CH) signals at 
δ122.3 (C-12), δ55.2 (C-5), δ46.8 (C-9) and δ40.9 (C-18) were 
distinguished from 13C-NMR DEPT 90. The remaining 8 quaternary 
carbon signals were only observed in the 13C-NMR spectrum. The 13

An increase in dosage up to 10 mg/kg body weight amplified the 
post-prandial hypoglycaemic effect of R-E2Gii (fig. 2). Delivery of the 
glucose load at the 60-minute interval caused blood glucose levels to 
be increased up to 4.96±0.09 mmol/l (p<0.006) within the first 
thirty minutes post-load. This was followed by a sharp decline to 
nearly fasting levels in the 120-minute interval [4.20±0.14 mmol/l 
(p<0.000052)] compared to peak blood glucose levels (5.96±0.13 
mmol/l) in the control. Although a slight increase followed, blood 
glucose levels were still far below control levels 1.5 h after the 
glucose load was administered (p<0.000009). The rise continued to 
the end of the experiment with a post-prandial high of only 
5.28±0.10 mmol/l.  

Oral administration of R-E2Gii at 10 mg/kg body weight showed that 
the compound’s hypoglycaemic property was more long-lasting when 
administered by this route. Although the mean fasting blood glucose 
values were slightly lower in the test group compared with the control, 
statistical significant hypoglycaemia was only observed after 
administration of the glucose load. Fig. 3 shows that every point in the 
post-prandial period was notably lower than the control with the 
lowest point occurring at the 180-minute interval, 4.30±0.14 mmol/l 
(p<0.003) versus 4.95±0.11 mmol/l for the control. 

C-
NMR signals obtained from analysis of R-E2Gii closely correlated with 
the chemical shift values for oleanonic acid given by Campos and 
colleagues (1991) [12] and Seo and colleagues (1975) [13].  

Hypoglycaemic Effect of R-E2Gii 

The isolate R-E2Gii demonstrated significant hypoglycaemic activity 
beginning as quickly as thirty minutes post-load. When administered 
intravenously, values were as low as 4.87±0.09 mmol/l thirty 
minutes post-load compared with 5.63±0.19 mmol/l for the control 
(p<0.006). Thirty minutes later, a further decrease in blood glucose 
was observed with values of 4.82±0.07 mmol/l (p<0.00001). At the 
150-minute interval, the mean blood glucose level in the test group 
was still below that of the control although not significantly (fig. 1).  

Comparison of the hypoglycaemic effect of R-E2Gii with 
glibenclamide showed that the isolate was only mildly effective in 
reducing post-prandial hyperglycaemia. Intravenous administration 
of 5 mg/kg BW of R-E2Gii was only half as effective as intravenous 
administration of glibenclamide at the same dosage (fig. 4) and 
similar results were observed using 10 mg/kg (fig. 5). The chemical 
structure of R-E2Gii is given in fig. 6. 
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Fig. 1: Effect of R-E2Gii (i. v.) on oral glucose tolerance in rat model 

 

 

Fig. 2: Effect of R-E2Gii (i. v.) on oral glucose tolerance in rat model 
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Fig. 3: Effect of R-E2Gii (i. v.) on oral glucose tolerance in rat model 

 

 

Fig. 4: Effect of R-E2Gii (i. v.) and glibenclamide on oral glucose tolerance in rat model 
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Fig. 5: Effect of R-E2Gii (i. v.) and glibenclamide on oral glucose tolerance in a rat model 

 

Table 1: Comparison of the 13

Carbon 

C-NMR chemical shifts (δ) of oleanonic acid vs. R-E2Gii 

Chemical shifts for R-E2Gii (Appendix two; 
fig. 54 and 55) 

Chemical shifts for oleanonic acid from 
Literature (Seo et al., 1990) 

1 39.2 39.1 
2 34.1 34.2 
3 217.8 216.8 
4 47.4 47.3 
5 55.2 55.2 
6 19.5 19.5 
7 32.3 32.1 
8 39.0 39.1 
9 46.8 46.7 
10 36.7 36.6 
11 22.8 23.0 
12 122.3 121.9 
13 143.6 143.5 
14 41.6 41.7 
15 27.6 27.6 
16 23.4 23.5 
17 46.5 46.7 
18 40.9 41.2 
19 45.7 45.7 
20 30.6 30.5 
21 33.7 33.7 
22 32.1 32.1 
23 26.4 26.4 
24 21.4 21.3 
25 14.9 14.8 
26 16.9 16.7 
27 25.8 25.7 
28 184.5 177.7 
29 33.0 33.0 
30 23.5 23.5 
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Fig. 6: Chemical structure of R-E2Gii, molecular formula: 
C30H40O3, 

 

molecular weight: 124, melting point: 168 °C 

DISCUSSION 

Diabetes mellitus is described as a metabolic disorder that is 
characterized by defective secretion of insulin by the pancreatic β-
cells and insulin resistance in the peripheral tissues such as muscle 
and adipose due to oxidative stress [14, 15]. A large number of anti-
hyperglycaemic/anti-diabetic medicinal herbs and plants have been 
investigated for their therapeutic value and potential. In folklore 
medicine, in Jamaica, a number of plants including Pilea elizabethae 
have been were reputed to be useful in the treatment of diabetes 
mellitus. In this study, R-E2Gii (oleanonic acid) isolated from Pilea 
elizabethae was obtained after bio-directed purification and 
identified through nuclear magnetic resonance (NMR) spectroscopy 
and infra-red (IR) spectroscopy.  

Oleanonic acid found in this study, as well as other triterpenoids 
such as pomonic acid and pomolic acid, the active compounds in the 
crude extracts of Zizyphi Fructus (ZF) and Zizyphi Semen (ZS), 
significantly inhibits the formation of foam cell in macrophages 
which was induced by acetylated low-density lipoprotein [16]. In the 
phytopharmacological investigation of the plant Lantana camara 
which has been found to have anti-filarial efficacy, oleanonic acid 
isolated from hexane and chloroform fractions displayed LC100 at 
31.25 µg/ml adult Brugia malayi in vitro [17]. Oleanonic acid has 
also been isolated from the medicinal plant Lantana camara Linn 
[18-19] and has been found to inhibit nitric oxide via suppression of 
the inducible nitric oxide protein with macrophage viability 
unaffected [18]. It also had anticancer potential by its due to 
cytotoxic action against the human cancer cell line, A375 (malignant 
skin melanoma) [18]. Furthermore, oleanonic acid isolated from the 
roots of roots of Scrophularia ningpoensis Hemsl, a Chinese medicinal 
plant exhibited cytotoxicity against human cancer cell lines such as 
MCF7, K562, T24S and A549 [19].  

We utilized the oral glucose tolerance test (OGTT) to investigate the 
anti-hyperglycemic properties of R-E2Gii identified as oleanonic acid. 
We found that R-E2Gii at a dosage of 5 mg/kg statistically significantly 
decreased postprandial blood glucose levels after 0.5 h and 1.0 h while 
10 mg/kg exhibited the same effect after 0.5 h, 1.0 h and 1.5h 
postprandially compared with control in Sprague-Dawley albino rats. 
This suggests that oleanonic acid has anti-hyperglycemic properties by 
its significant suppression of the increase in blood glucose levels 
following oral administration of glucose. 

The antihyperglycaemic potential of oleanonic acid was further 
evaluated using the oral administration of R-E2Gii at 10 mg/kg body 
weight. This showed that a more pronounced hypoglycaemic effect 
with mean postprandial blood glucose values was slightly 
significantly lowered at all the one-half hour time points compared 
with control. In addition, oleanonic acid was less effective in 
reducing post-prandial hyperglycaemia when the intravenous 
administration of the compound was done at both 5 and 10 mg/kg 
with similar dosages of glibenclamide.  

Oleanonic acid has been isolated from a number of medicinal plants 
such as Lantana camara LINN (family: Verbenaceae) and 
pharmacological investigations have shown that aqueous extracts of 
the leaves possess antihyperglycaemic activity [20]. In the 
Sunderban mangrove forest’s natural environment oleanonic acid 
was formed due to the oxidation of oleanolic acid present in the 

leaves of Avicennia officinalis [21]. Oleanolic acid (3β-hydroxy-olean-
12-en-28-oic acid) is a natural constituent of medicinal plants and 
has been found to be present in over 120 plant species [22]. There is 
substantial evidence in the literature of the anti-diabetic acidity of 
oleanolic acid. Oleanolic acid improves glucose tolerance through a 
multi-factorial mechanism including increasing insulin biosynthesis 
and secretion, as well as the promotion of beta-cell proliferation and 
survival [23]. Oleanolic acid also improves the sensitivity of insulin 
in peripheral tissues via multi-targeted mechanisms including: 
stimulation of insulin receptor autophosphorylation [24], inhibition 
of protein-tyrosine phosphatases PTP1B and TCPTP [25], activation 
of PI3K/Akt [26], activation of LKB1/AMPK [27], inhibition of 
glycogen synthase kinase-3β by phosphorylation [28], 
transactivation of peroxisome proliferator-activated receptors [29]. 
The mechanism of the anti-hyperglycemic activity of oleanonic acid 
is unknown and could include any of the above-mentioned.  

CONCLUSION 

Hexane-ethyl acetate extracts from Pilea elizabethae was found to 
possess antihyperglycaemic activity on OGTT. Bio-directed 
purification of the hexane-ethyl acetate extracts and using nuclear 
magnetic resonance (NMR) spectroscopy and infra-red (IR) 
spectroscopy revealed oleanonic, that may be responsible for the 
anti-hyperglycemic properties of this extract. 
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