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ABSTRACT 
 

This study investigated the anti-diabetic activity of the root bark extract of Parquetina nigrescens 
and the isolated compound, convallatoxin, from the root bark. A powdered sample of the plant was 
extracted with methanol, and the extract (A) was tested in glucose-loaded normal rats at 100, 200 
and 400 mg/kg for the determination of the most active dose. The anti-diabetic activity of A at 200 
mg/kg was carried out on streptozotocin-induced diabetic rats. A was further partitioned to obtain 
its n-hexane (B1), dichloromethane (B2), ethyl acetate (B3) and mother liquor (B4) fractions that 
were tested for blood glucose lowering activity using glucose-loaded normal rats model. The anti-
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diabetic activity of the isolated compound from B3 was carried out on streptozotocin-induced 
diabetic rats. The results were subjected to one way ANOVA followed by Bonferroni post hoc tests 
and p< 0.05 was considered significant. A showed dose-independent and time dependent blood 
glucose level reduction activity at 200 mg/kg with the highest percentage of 30% at 4 h that was 
comparable to the standard, glibenclamide at 5 mg/kg. A at 200 mg/kg showed a blood glucose 
level reduction of 49, 68 and 70% by Day 4, 7 and 10 respectively as against glibenclamide at 5 
mg/kg of 18, 33 and 39% by Day 4, 7 and 10 respectively on streptozotocin-induced diabetic rats. 
B3 showed a time-dependent blood glucose level reduction activity up to the fourth hour similar to 
glibenclamide with 35% as against 38% of glibenclamide. B1, B2 and B4 were devoid of blood 
glucose level reduction activity. Convallatoxin isolated from B3 gave 83 % blood glucose levels 
reduction at day 10 as against 38% of glibenclamide. The anti-diabetic activity of convallatoxin was 
significantly (p<0.05) more than glibenclamide at all-time point. The structure of convallatoxin was 
determined using IR, 1D and 2D NMR spectroscopy and the spectroscopic data compared well 
with published data in the literature.   
 

 
Keywords: Parquetina nigrescens; root bark; anti-diabetes; chromatography; convallatoxin. 
 

1. INTRODUCTION 
 
Diabetes mellitus is a multifarious disorder 
commonly presented with episodes of 
hyperglycaemia and glucose intolerance, due to 
absolute lack of insulin, defective insulin action, 
or both [1]. Globally, it affected about 171 million 
people in 2003; 173 in 2004, 285 in 2009, 371 in 
2012 and 422 in 2016 [2-4] and expected to 
increase to about 552 million people by 2030 [5]. 
African and Asian continents have been 
projected to have the highest number of people 
with this disease by 2030 [6-8]. The 
complications of the disease and the existing 
drugs necessitated the continuous search for 
new potential drugs from anti-diabetic ethno-
medicinal plants [7,8,9,10]. 
 
Parquetina nigrescens (Afzel.) Bullock 
(Asclepiadaceae) is a herbaceous perennial 
twine found in most part of Africa. It is known as 
“Ogbo” in South Western part of Nigeria and it is 
reported to be used ethno-medicinally for anti-
diabetic, skin diseases, menstrual disorders and 
gonorrhoea [11-14]. The root bark is used in the 
management of diabetes mellitus in Akure, Ondo 
State of Nigeria (Personal Communication). Its 
analgesic, anti-inflammatory, antipyretic, anti-
ulcerogenic, antioxidant, anti-sickling, 
antimicrobial, sympathomimetic, haematological, 
uterotonic and cytotoxic activities have been 
reported [15-22]. The aqueous leaf extract has 
been reported for anti-diabetic effect in alloxan-
induced diabetic rats and it was also reported for 
its improvement in sexual activity in rats induced 
with sexual dysfunction [23,24]. Some of its 
isolated chemical constituents reported include 
strophanthidin, strophanthidin glycoside, cymarin 
and Isorhoifolin [15,25]. The chloroform soluble 

extract of the leaves was reported to ameliorate 
dichlorvos-induced cardio- and nephrotoxicity, 
neurotoxicity, oxidative stress and apoptosis in 
rats [26,27]. 
 

2. MATERIALS AND METHODS 
 

2.1 General 
 

NMR data was obtained from Bruker DPX 
Avance 400 instrument using methanol-d4 as a 
solvent and internal standard. Analytical TLC 
plates, 60F254, were used. UV lamp (254) was 
used to view compounds on the TLC plates after 
which the plates were sprayed with vanillin-
sulphuric acid solution. Accu-Chek Glucometer 
with Accu-Chek test strips. Streptozotocin 
(Sigma-Aldrich Germany). 
 

2.2 Plant Material 
 

The plant was collected in Akure, Ondo State, 
Nigeria. It was identified and authenticated at the 
herbarium of the Department of Botany, Obafemi 
Awolowo University, Ile-Ife. A voucher specimen 
(IFE 17513) was prepared and deposited at the 
same herbarium. 
 

2.3 Extraction and Partitioning 
 

The roots of the plants were washed, peeled and 
air dried for 30 days. 2.5 kg of the root material 
was pulverised. The pulverised sample was 
exhaustively extracted with methanol and the 
solution was concentrated in vacuo to obtain a 
crude extract (155 g). The crude extract was 
dissolved in aqueous methanol (1:1, 500 mL). 
The solution was partitioned with n-hexane 
(6×300 mL), DCM (6×300 mL) and ethyl acetate 
(7×300 mL) to obtain their respective n-hexane 
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(28.13 g), DCM (47.75 g), ethyl acetate (19.65 g) 
fractions and the mother liquor (58.57 g). 
 

2.4 Isolation of the Compound and Its 
Spectroscopic Data 

 
The ethyl acetate fraction (19.65 g) was 
adsorbed on 20.12 g of silica gel and it was left 
to dry overnight to avoid solvent interference. 
The adsorbed silica gel was loaded into glass 
column dry and was gradiently eluted using n-
hexane, ethyl acetate and methanol. 30 mL of 
the eluant was collected and 172 column 
fractions were obtained and these fractions were 
bulked into ten fractions: PE1 (1.01 g), PE2 (1.43 
g), PE3 (0.79 g), PE4 (1.17 g), PE5 (3.32 g), PE6 
(0.71 g), PE7 (3.97 g), PE8 (2.02 g), PE9 (0.94 
g) and PE10 (1.58 g), according to their TLC 
profile. Bulked fraction PE7 (3.97 g), a brownish 
solid obtained at EtOAc/MeOH (60:40) with one 
prominent spot among several spots, was further 
subjected to column chromatography for 
purification and a brown solid (single spot) was 
obtained at EtOAc/MeOH (80:20) which yielded 
convallatoxin (172.00 mg). The same spot that 
yielded convallatoxin was found in the other 
bulked fractions from PE3 to PE9 in reasonable 
quantity by comparing their Rf values on TLC 
plate. The approximate quantification was carried 
out by spraying the TLC plate with a sulphuric 
acid solution and the plate was left in the oven at 
105 °C to char.  This showed convallatoxin to be 
the major component of the ethyl acetate 
fraction. 
 
2.4.1 3β-O-(α-L-rhamnopyranosyl)-5β,14β-

dihydroxy-19-oxo-17β-card-20(22)-
enolide 

 
Brown powder; IR (KBr): υmax (cm−1) 3427 (OH), 
1735 (C=O), 1730 (C=O), 1620 (C=C), 1074 (C-
O-C). 1H and 13C NMR, Table 1. 
 

2.5 Bioassay 
 
2.5.1 Animals 
 
Healthy albino rats (120–160 g) of both sexes 
bred under standard conditions (temperature 25 
± 3 °C) at the animal house, Department of 
Pharmacology, Faculty of Pharmacy, Obafemi 
Awolowo University, Ile-Ife, Nigeria were used for 
the experiment. They were fed on a standard 
pellet diet (Vital Feeds, Nigeria) and water was 
given ad libitum. All animal experiments 
conformed to the Guide for the Care and Use of 
Laboratory Animals [28]. 

2.5.2 Glucose lowering activity of extract and 
fractions 

 

A glucose tolerant test was carried out by giving 
glucose (10 g/kg, p.o.) to rats that were fasted for 
24 h. Those with high blood glucose level (blood 
glucose level ≥ 7 mmol/L (126 mg/dL) after 0.5 h 
(time point 0 h, To) were divided into groups of 
five and administered (p.o.) with 1% tween 80 in 
normal saline (negative control), extract (100, 
200 and 400 mg/kg), or partitioned fraction (200 
mg/kg) or glibenclamide (5 mg/kg) to determine 
their blood glucose level reduction activity. A 
drop of blood, taken from the tip of the tail of 
each rat, was dropped onto a glucometer strip 
and the blood glucose (bg) level read off directly. 
The blood glucose levels at 0 h (To) were taken 
as 100% while those at other times were 
percentages of these values. Their blood glucose 
(bg) levels were determined and recorded at 0, 
0.5, 1, 2 and 4 h after administration of the 
normal saline/extract/fraction/drug [29]. 
  

2.5.3 Anti-diabetic activity of extract and 
isolate on streptozotocin-induced 
diabetic rats 

 

Diabetic rats were obtained by intraperitonial 
injection of streptozotocin (65 mg/kg) that was 
dissolved in freshly prepared 0.1M sodium citrate 
buffer with a pH of 4.5 on pH meter. Rats with 
fasting blood glucose levels ≥ 14 mmol/L after 72 
h of injection of streptozotocin were taken to be 
diabetic. The diabetic rats were divided into three 
groups of 10 rats each. They were given 1 % 
tween 80 in normal saline, extract (200 mg/kg) or 
isolate or glibenclamide (5 mg/kg) for 10 days. 
Their fasting blood glucose levels were 
determined on days 1, 4, 7 and 10 respectively 
[30]. 
 

2.6 Statistical Analysis  
 

Data obtained from this study were expressed as 
the mean ± SEM for the number (N) of animals in 
the group. One way Analysis of variance 
(ANOVA) was first used followed by Bonferroni 
post hoc test to determine the source of 
significant differences for all determinations and 
p < 0.05 was considered to be statistically 
significant. 
 

3. RESULTS AND DISCUSSION  
 

3.1 Glucose Lowering Activity of the 
Extract 

 

The glucose-loaded normal rats that were given 
normal saline (negative control) showed time-
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dependent blood glucose reduction up to the 
fourth hour. This indicated that the homeostatic 
regulatory mechanism and the pancreases of the 
rats were functioning well [31]. The glucose 
lowering activity of the extract at 100 and 400 
mg/kg was not time-dependent and it was 
insignificant with 8 and 7% blood glucose 
reduction at 4 h respectively (Table 1). The blood 
glucose reduction of the extract at 200 mg/kg 
was time-dependent up to the fourth hour and it 
was comparable (p > 0.05) to that of 
glibenclamide (5 mg/kg) between 0.5-4 h 
indicating similar minor extra-pancreatic and 
major insulin stimulating effects of glibenclamide 
at this dose (Table 1) [32]. 

 
3.2 Anti-diabetic Activity of the Extract on 

Streptozotocin-induced Diabetic Rats 
 
The most active dose of the extract (200 mg/kg) 
in glucose lowering assay (Table 1) was used in 
the study of the anti-diabetic activity of the 
extract in streptozotocin-induced diabetic rats. 
The negative control group diabetic rats were 
consistently hyperglycaemic throughout the 
period of the experiment (Table 2). The extract 
showed 49, 68 and 70% blood glucose level 
reduction on days 4, 7 and 10 respectively that 
were significantly higher (p<0.05) than the 18, 33 
and 39% given by glibenclamide (5 mg/kg) 
(Table 2). This result indicated that the root bark 
extract of P. nigrescens was more active than its 
aqueous leaf extract that was reported to show 

68% activity at 1000 mg/kg on the fourth week 
[23]. 
 

3.3 Glucose Lowering Activity of the 
Partitioned Fractions 

 

The result of the glucose lowering effect of the 
partition fractions of P. nigrescens showed that 
its dichloromethane fraction lacked appreciable 
activity between 0.5-4 h while n-hexane and 
aqueous fractions gave similar activity at all-time 
points that were significantly lower than that of 
glibenclamide (Table 3). The ethyl acetate 
fraction with comparable activity to glibenclamide 
(5 mg/kg) and the extract at 0.5-4 h, however, 
showed the highest activity among the partition 
fractions, indicating that the glucose lowering 
constituents of the extract are mostly 
concentrated in this fraction and may be 
insulinnotropic in action (Table 3). 
 

3.4 Anti-diabetic Activity of the Isolate on 
Streptozotocin-induced Diabetic Rats 

 

The isolated compound at 20 mg/kg, gave a time 
dependent blood glucose level reduction activity 
of 43, 56 and 83% that was significantly higher 
than 18, 33 and 39% showed by glibenclamide (5 
mg/kg) on days 4, 7 and 10 respectively              
(Table 4). The activity of the isolated compound 
was comparable to the extract (200 mg/kg) on 
days 4 and 7 but significantly higher on day 10 
(Table 4), indicating that the isolate was 10 times 
more active than the extract. 

 
Table 1. Dose related glucose lowering effect of P. nigrescens root bark methanolic extract 

 

Dose of extract 
(mg/kg) 

Blood glucose level as percentage of To (reduction in blood glucose 
relative to negative control at Tt) 

 0.0 h 0.5 h 1 h 2 h 4 h 

GLU(10 g/kg) 100 83.79±3.81
a
 85.89±0.50

b
 76.45±1.71

b
 74.18±1.97

b
 

A (100) 100 89.40±3.16a 

(-6.70%) 

84.43±3.51a,b 
(1.70%) 

77.43±5.72a,b 

(-1.28%) 

67.95±7.53a,b 
(8.40%) 

A (200) 100 78.52±8.92a 

(6.29%) 

71.59±7.24a,b 

(16.65%) 
59.74±7.76a,b        
(21.86%) 

51.68±6.50a 

(30.33%) 

A (400) 100 81.64±5.85a 

(2.57%) 

77.94±6.93a,b 

(9.26%) 
73.53±7.81a,b 
(3.82%) 

69.19±8.13a,b 
(6.73%) 

GLI (5) 100 75.64±6.73
a
 

(9.73%) 
70.68±6.86

a,b 

(17.71%) 
58.32±6.44

a
 

(23.72%) 
45.27±6.88

a
 

(38.97%) 
Data show the mean ± SEM blood glucose levels at the different time points expressed as percentages of levels 

at 0h (To), n=5. Values in parentheses represent the percentage reductions in blood glucose levels relative to 
negative control for each time point. Values with different superscripts within columns are significantly different (p 
< 0.05, one-way analysis of variance followed by the Bonferroni t-test). GLU (negative control); A: Extract of P. 

nigrescens root bark; GLI: Glibenclamide (positive control) 
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Table 2. Anti-diabetic activity of the extract of P. nigrescens root bark in streptozotocin-
induced rats 

 
Dose of extract 
(mg/kg) 

Blood glucose level as percentage of To (reduction in blood 
glucose relative to negative control at Tt) 

 Day 1 Day 4 Day 7 Day 10 
Negative control 100.00 106.83 ± 2.45c 101.04 ± 3.26c 102.76 ± 1.83c 
A 
(200 mg/kg) 

100.00 54.97 ± 5.76
a 

(48.54%) 
32.76 ± 4.80

a 

(67.58%) 
30.79 ± 3.0

a 

(69.86%) 
GLI 
(5 mg/kg) 

100.00 87.30 ± 2.20b 

(18.28%)
 

67.52 ± 2.55b 
(33.18%) 

62.54 ± 4.41b 

(39.14%) 
Data show the mean ± SEM blood glucose levels at the different time interval expressed as percentages of levels 

at 0 h (To), n=5. Values in parentheses represent the percentage reductions in blood glucose levels relative to 
negative control for each time point. Values with different superscripts within columns are significantly different (p 

< 0.05, one way analysis of variance followed by Bonferroni t test). GLI: (positive control), A: Extract of 
Parquetina nigrescens 

 
Table 3. Glucose lowering effect of the partition fractions of P. nigrescens root bark 

 

Dose of extract 
(mg/kg) 

Blood glucose level as percentage of To (reduction in blood glucose 
relative to negative control at Tt) 

0.0 h 0.5 h 1 h 2 h 4 h 
GLU (10) 100.00 83.79±3.81

a
 85.89±0.50

ab
 76.45±1.71

b
 74.18±1.97

b
 

A (200) 100.00 78.52±8.92a 
(6.29%) 

71.59±7.24a 

(16.65%) 
59.74±7.76a 
(21.86%) 

51.68±6.50a 

(30.33%) 
B1 (200) 100.00 86.69±5.99

a
 

(-3.46%) 
73.11±6.40

a
 

(14.88%) 
64.94±5.62

a,b
 

(15.06%) 
60.01±6.18

a,b
 

(19.10%) 
B2 (200) 100.00 87.98±2.26

a
 

(-5.00%) 
81.68±2.17

a
 

(4.90%) 
75.01±5.71

b
 

(1.88%) 
68.71±7.92

a,b
 

(7.37%) 
B3 (200) 100.00 81.59±1.53

a
 

(2.63%) 
65.32±1.89

a
 

(23.95%) 
55.58±1.45

a
 

(27.30%) 
47.72±2.45

 a
 

(35.67%) 
B4 (200) 100.00 82.36±6.21a 

(1.71%) 
75.62±3.94a 
(11.96%) 

70.45±3.98a,b 
(7.85%) 

61.21±4.65a,b 
(17.49%) 

GLI (5) 100.00 75.64±6.73a 
(9.73%) 

70.68±6.86a 
(17.71%) 

58.32±6.44a 
(23.72%) 

45.27±6.88a 

(38.97%) 
Data show the mean ± SEM blood glucose levels at the different time interval expressed as percentages of levels 

at 0 h (To), n=5. Values in parentheses represent the percentage reductions in blood glucose levels relative to 
negative control for each time point. Values with different superscripts within columns are significantly different (p 

< 0.05, one way analysis of variance followed by Bonferroni t test). GLU: glucose in 1% of tween 80 normal 
saline (negative control), A: Extract of Parquetina nigrescens, B1: n-Hexane fraction, B2: Dichloromethane 

fraction, B3: Ethyl acetate fraction, B4: Mother liquor fraction, GLI: Glibenclamide 
 

Table 4. Anti-diabetic activity of the isolated compound in streptozotocin-induced rats 
 

Dose of extract 
(mg/kg) 

Blood glucose level as percentage of To (reduction in blood glucose 
relative to negative control at Tt) 

 Day 1 Day 4 Day 7 Day 10 
Negative control 100.00 106.83 ± 2.45

d
 101.04 ± 3.26

d
 102.76 ± 1.83

d
 

A 
(200 mg/kg) 

100.00 54.97 ± 5.76
a 

(48.54%) 
32.76 ± 4.80

a 

(67.58%) 
30.79 ± 3.0

b 

(69.86%) 
Isolate 
(20 mg/kg) 

100.00 61.32±9.76
a 

(42.60 %) 
44.84 ± 11.50

a 

(55.62 %) 
17.86 ±1.61

a 

(82.62%) 
GLI 
(5 mg/kg) 

100.00 87.30 ± 2.20
c 

(18.28%)
 

67.52 ± 2.55
c
 

(33.18%) 
62.54 ± 4.41

c 

(39.14%) 
Data show the mean ± SEM blood glucose levels at the different time interval expressed as percentages of levels 

at 0 h (To), n=5. Values in parentheses represent the percentage reductions in blood glucose levels relative to 
negative control for each time point. Values with different superscripts within columns are significantly different (p 

< 0.05, one way analysis of variance followed by Bonferroni t test). A: Extract of Parquetina nigrescens, GLI: 
Glibenclamide (positive control) 
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Table 5. The comparison of 
1
H-NMR (400 MHz, MeOD) and 

13
C-NMR (100 MHz, MeOD) of the 

isolated compound and convallatoxin [33] 
 

Position 

 

Isolated 

compound 

Literature 

 

Position Isolated 

Compound 

Literature 

 

 δH δC δH δC   δH δC δH δC 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

12 

13 

14 

15 

 - 

 - 

4.06 m 

1.55 d 

- 

- 

2.16 m 

- 

- 

- 
- 

- 

- 

- 

- 

25.2 

26.0 

74.2 

36.8 

75.4 

37.2 

18.7 

42.6 

39.6 

56.2 
23.3 

40.4 

51.8 

86.0 

32.5 

1.66 m, 2.00 m 

1.67 m, 1.72 m 

4.06 m 

1.56 m, 2.15 m 

 

1.56 m, 2.05 m 

2.16 m 

1.92 m 

1.72 m 

 - 
1.45 m 

1.44 m 

- 

- 

1.12 m, 1.65 m 

24.9 

25.7 

74.2 

36.0   

74.3 

37.2 

18.7 

42.4 

39.8 

55.6 
22.9 

40.0 

51.3 

85.2 

32.5 

16 

17 

18 

19 

20 

21 

22 

23 

1' 

2' 
3' 

4' 

5' 

6' 

1.86 m 

- 

0.87 m 

10.07 m 

- 

- 

5.90 brs 

- 

- 

- 
- 

- 

- 

1.16 d 

28.0 

50.8 

16.3 

210.1 

178.3 

75.3 

118.0 

177.2  

98.4 

76.2  
75.3 

70.1 

69.1 

18.6 

1.86 m, 2.10 m 

2.81 m 

0.86 m 

10.86 m 

- 

4.90 dd 

5.90 brs 

- 

4.85 brs 

3.77 brs 
3.59 m 

3.39 t 

3.63 m 

1.20 d 

27.5 

50.1 

16.0 

208.3 

178.3 

73.9 

117.8 

174.3 

100.4 

72.2 
72.5 

73.5 

70.1 

18.1 

 

OH

OH

O
H

O

O O

O

OH OHHO
1

3 5 7

9

11 13
15

17
19

22
21

1
3

5
 

 
Fig. 1. Structure of 3β-O-(α-L-

rhamnopyranosyl)-5β,14β-dihydroxy-19-oxo-
17β-card-20(22)-enolide 

 
3.5 Structural Elucidation of the Isolated 

Compound 
 
The 

1
H-NMR (400 MHz, MeOD) spectrum 

showed high field signals apart from an aldehydic 
proton at 10.07 (s). It also exhibited a diagnostic 
olefinic proton signal of α, β-unsaturated-γ-
lactone ring at 5.61 (s). Two methyl groups were 
observed at 0.91 (s) and 1.16 (d). The analyses 
of 13C (100 MHz, MeOD) and DEPT 135 NMR 
spectra showed two methyl carbons at 16.3 and 
18.6, nine methylene carbons at 25.2, 26.0, 36.8, 
37.2, 18.7, 23.3, 40.4, 32.5 and 28.0 with one 
oxygenated methylene carbon at 75.3, three 
methine, two oxygenated methine, three 
hydroxylated methine, one anomeric and one 
aldehydic carbon atoms at 42.6, 39.6, 50.8, 76.2, 
75.3, 70.1, 69.1, 74.2, 98.4 and 210.7, and two 

quaternary, two hydroxylated quaternary, two 
vinyl and one carboxylic carbon atoms at 56.2, 
51.8, 75.4, 86.0, 178.3, 118.0 and 177.2 which 
gave molecular formula of C29H42O10. According 
to Vouffo et al. (2010) the NMR data compared 
with a previously isolated compound from the 
literature, (Table 5). Thus, the compound was 
identified as [3β-O-(α-L-rhamnopyranosyl)-
5β,14β-dihydroxy-19-oxo-17β-card-20(22)-
enolide], Fig 1. 
 

4. CONCLUSION 
 

The overall results of the anti-diabetic activity of 
P. nigrescens root bark both in glucose-loaded 
normal rats and streptozotocin-induced diabetic 
rats in this study have justified its ethno-
medicinal anti-diabetic use. The active 
compounds of the extract were mostly 
concentrated in the ethyl acetate fraction. 
Isolated convallatoxin (20 mg/kg) that was 
significantly more active than glibenclamide (5 
mg/kg) at all the tested days was confirmed as 
one of the active constituents of P. nigrescens. 
 

Convallatoxin has been reported for its various 
therapeutic activities, antivirus [34], antitumor 
[35,36], anti-angiogenic [37]. The LD50 for orally 
delivered convallatoxin in mice was reported to 
be 2 g/kg [38]. Therefore, the dose reported in 
this study for its anti-diabetic activity falls below 
the toxic dose. Our studies indicate that 
convallatoxin from plant origin has a therapeutic 
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potential for the management of hyperglycemia 
associated with diabetes mellitus.  
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