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ABSTRACT: The glycosides and aglycones of Thevetia peruviana seed were extracted, purified and
characterised by infrared, 1H and 13C NMR spectroscopy. The aglycone of the major glycoside (Thevetin A) was
converted to the acetate and was characterised. The 2,4-dinitrophenyl hydrazone derivative of the glycoside
was also prepared and characterised. 2,4-dinitrophenyl hydrazine was found to be an effective spray reagent
for the visualization of the thin layer chromatography of thevetia glycosides and aglycones.
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INTRODUCTION

Thevetia peruviana is an ever-green tropical plant
which is usually planted as an ornamental plant
(Ibiyemi et al, 2002; Langford & Boor, 1996). The
fruits contain between one and four seeds in its
kernel. The seeds have been reportedly used in
deliberate and accidental human poisoning and
have been reported to result in about 10%
mortality (de Silva et al, 2003, Fonseka et al, 2002,
Eddleston et al, 1999). Symptoms are said to
include severe diarrhoea, abdominal pain, dilated
pupils and occasionally convulsions (Fernando &
Widyaratna, 1989). Other symptoms reported
include rapid, weak and irregular pulse with
varying degrees of heart block, jaundice and renal
failure (Samal et al., 1992). The seeds, and in fact,
every part of the plant contain glycosides which
are responsible for the toxicity of the plant
(Fernando & Widyaratna, 1989). The glycosides
of thevetia are mainly cardiac glycosides where
the aglycone moiety is a steroidal nucleus (Melero
et al, 2000; Desai, 2000). Figures 1 shows some
glycosides that have been isolated from Thevetia
peruviana seeds.

Cardiac glycosides, such as the glycosides of
thevetia are known to affect cardiovascular,
neurologic and gastrointestinal systems, although
the cardiac effects are the most significant
(Kapitanyan et al, 2006). Several glycosides from
thevetia have been found useful in the treatment

of congestive heart failures and cardiac
insufficiency (Frohne & Pfander, 1983) although
with very limited margin between the therapeutic
and toxic doses. For this reason, many of the
glycosides, including thevetin, are not
therapeutically useful (El Tanbouly et al., 2000;
Decosterol, 1994).

It may however, be possible to prepare other
derivatives of the glycosides that may be less toxic,
and exhibit the desirable therapeutic effects. This
work therefore aims at preparing and
characterizing other derivatives of the glycosides,
based on the knowledge of the structures of the
glycosides.

EXPERIMENTAL

Sample Collection and Preparation

Matured fruits of thevetia plant were collected from
trees in Ilorin, Nigeria and the fruits were cracked
to remove the hard pericarp and mesocarp. The soft
seeds obtained were crushed into a paste and was
defatted first by mechanical pressing, followed by
solvent extraction using re-distilled n-hexane.

Determination of Cardiac Glycoside Content of
Thevetia Seed Meal (TSM)

The quantity of cardiac glycosides in TSM was
evaluated using Baljet’s reagent (95 ml aqueous
picric acid + 5 ml 10% aqueous NaOH) as described
by El-Olemy et al. (1994). 1g of each sample was* To whom correspondence be made:
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Figure 1: Some Glycosides of Thevetia peruviana Seed
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soaked in 10 ml of 70% alcohol for 2 h and
thereafter filtered. The extracts obtained were
then purified using lead acetate and Na2HPO4
solutions before the addition of freshly prepared
Baljet’s reagent. The intensity (absorbance) of the
colour produced was then measured using a
spectrophotometer at 495 nm. The difference
between the intensity of the colours of the
experimental and blank (distilled water and
Baljet’s reagent) samples gives the absorbance and
is proportional to the concentration of the
glycoside. The glycoside content calculated as %
Digitoxin is given by the expression:

% Glycoside (digitoxin) =
× 100 %

17
A g
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Where A = (E – B) = absorbance of the sample at
495nm
E = Absorbance of the experimental sample
B = Absorbance of blank sample

Extraction and Purification of Glycosides and
Aglycones from TSM

Glycosides: The glycosides were extracted by
soaking TSM in 80% aqueous ethanol in the ratio
1:15 for 24 hrs. The solution was filtered and
concentrated by vacuum distillation. The glycoside
mixture was then purified over silica gel and by
preparative thin layer chromatography using
EtOAc / EtOH (1:1).

Aglycones: TSM was hydrolysed with 0.1M
HCl on a water bath at ca. 100°C for 1 hr. The
mixture was then filtered and the residue (meal)
was washed with distilled water several times and
then air-dried. 80% aqueous ethanol was used to
extract the released aglycones from the air-dried
meal as described for the glycosides above. The
extract was also concentrated by vacuum
distillation and purified as described for the
glycoside above.

Preparation of Derivatives of the Glycosides
and Aglycones

Preparation of Aglycone acetate

About 3.0g of the aglycone was weighed into a
quick-fit round bottom flask and 5ml of glacial
acetic acid and about 0.5ml of conc. H2SO4 were
added. The mixture was refluxed for 9 hours. The
mixture was then transferred into a separating
funnel containing 50ml H2O. The aglycone was
extracted into carbon tetrachloride (CCl4). The
acetate, contained in the organic layer, was
washed with water and conc. Na2CO3 solution and
dried (anh. MgSO4). The tlc was carried out (EtOAc
/ EtOH / n-hexane 3:1:5) and the product was
subjected to spectroscopic analysis.

Preparation of the 2,4-dinitrophenylhydrazine
derivative of the glycoside

The method described by Furniss et al (1989) was
adopted. 0.25g of 2, 4-dinitrophenyl hydrazine was
weighed into a flask and 5ml of methanol was
added with few drops of conc. H2SO4. Ca. 0.4g of
the purified glycoside (CrOR) dissolved in ca. 2ml
methanol was added and the reaction mixture was
left overnight. The precipitate formed was filtered

off and the reaction product (contained in the
filtrate) was subjected to preparative tlc using
ethyl acetate / n-hexane (1:1). Two (2) fractions
were obtained (DNPH-1 and DNPH-2) and these
were weighed and analyzed by spectroscopy.

Colour Reactions with 2,4-dinitrophenyl
hydrazine Spray Reagent

2,4 – dinitrophenyl hydrazine spray was prepared
by weighing 0.5g 2,4 – dinitrophenyl hydrazine
into a conical flask and adding 10ml of methanol
and 0.4ml of conc. H2SO4. This mixture was used
as a spray reagent for the tlc plates of the
glycosides and other derivatives prepared.

Spectroscopic Studies

The glycosides, aglycones and the derivatives were
subjected to spectroscopic studies. Infrared spectra
were recorded on a Model M 500 IR
spectrophotometer; 1H and 13C NMR studies were
carried out using Brucker Model ARX-200
spectrometer, operating at a basic frequency of 200
MHz.

RESULTS AND DISCUSSION

The glycoside content of defatted TSM was
calculated to be 4.27% or 42.7g/kg of defatted meal.
However, the yield of the partially purified
glycoside was 2.2% which is equivalent to 22g/kg
of TSM. The tlc of CrOR (Fig. 2) revealed a mixture
of compounds. Four spots were obtained on the tlc
plate, two of these were coloured while the other
two were only visible after colour reaction with
vanillin spray reagent.

Figure 2: Tlc (CH2Cl2) of Partially Purified Thevetia
Glycoside (CrOR)
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The absorbances of the compounds in the
infrared region, presented in Table 1, show the
major absorbances that were expected for the
known glycosides of thevetia. The –C=C-
stretching vibration (1634.63 and 1406.93 cm-1)
were attributed to the unsaturation on the lactone
ring, while the –C=O stretching vibration of the
aldehyde function on the aglycone portion occurred
at 1730 – 1690 cm-1. The –OH stretching vibration
of both the –OH on the aglycone portion as well as
those on the sugar portion of the glycosides
absorbed at 3415.10 cm-1.

Table 1
Infrared Spectra Data of CrOR

Frequency (cm-1) Assigned Functional group

3415.10 OH stretching

1730 - 1690 -C=O strectching

1634.63 & 1406.93 C=C strectching (lactone)

1075.01 C-O stretching

The 1H-nmr spectra data of CrOR were
presented in Table 2 with the assigned groups for
the chemical shifts.

The 13C-nmr also registered 2 carbonyl carbons
at δ171 and δ173 ppm. These signals are believed
to be for lactone -C=O and the aldehyde –C=O.
These results suggest strongly that the major
compound in CrOR is thevetin A or other related
glycosides with 2 carbonyl groups. Evidence
supporting thevetin A is further obtained from the
LC-MS of one of the derivatives of CrOR where a

molecular mass of 872.8 was registered. This mass
was believed to be due to residual unreacted CrOR.

The tlc of the aglycones (CrA) is shown in
Figure 3 while the infrared spectra data is
presented in Table 3. The infrared spectrum of
both CrOR and CrA were very similar. This is not
surprising since the functional groups are very
similar. The only difference in the structures is
the removal of the sugar molecules from C-3
replaced by an hydroxyl group.

Table 2
1H-nmr Spectra Data of CrOR

Chemical Multiplicity Assigned group
shift (ppm)

δ 0.9 Triplet Fat
δ 1.6 Triplet C12-H
δ 2.0 Pentet C8 & C9 quarternary

protons
δ 2.3 Triplet C15 methylene group
δ 2.7 Triplet C17 methine group
δ 3.49 Singlet -OCH3 (sugar)
δ 3.0–δ 4.05 unresolved methine groups on

sugar
δ 4.1–δ 4.32 Quartet - doublet -O-CH(CH3)-CHRR

(on the first sugar)
δ 5.2–δ 5.5 Overlapping signals– C22 methine singlet,

doublet, singlet and C21 methylene
2 sets of triplets groups, methylene

groups on the sugars

Figure 3: Tlc (EtOAc / EtOH 3:1) of the Aglycones

Table 3
Infrared Spectra Data of CrA

Frequency (cm-1) Assigned Functional group

3403.33 OH stretching

1639.69 & 1408.10 C=C strectching (lactone)

1077.14 C-O stretching

Acetylation of CrA yielded 47.6% of the acetate
(CrE). A tlc (EtOAc/EtOH/n-hexane 3:1:5)
comparison of CrA and CrE by tlc confirmed the
formation of a new product (Fig. 4).

Figure 4: Tlc of CrA and CrE [Using 3:1:5 EtOAc / EtOH /
n-hexane]
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The infrared spectra of CrA and CrE were
information revealing that the reaction did not go
to completion. The acetylated aglycone retained
the –C=C- vibrations at 1639.89 and 1406.21 cm-

1. In addition to the signal at 1727cm-1 which was
ascribed to the aldehyde –C=O, and perhaps also
the lactone -C=O vibrations, an acetate –C=O
stretching vibration was also observed at 1735.61
cm-1. The –OH stretching vibration was still
prominent at 3416.05 cm-1 but the band was not
as broad as the one observed for both CrOR and
CrA. This also confirmed that the C-3 –OH
was acetylated more readily than the tertiary
C-14 –OH.

Preparation of the 2,4-dinitrophenylhdrazone
derivative of the glycosides of thevetia resulted in
the formation of unstable products. The reaction
products were contained in the filtrate (see
experimental). Although it first appeared that the
product mixture could be purified by preparative
tlc, the substances isolated were rather unstable,
even at room temperature. As soon as the
components were isolated from PTLC plates, they
underwent decomposition, resulting in the
formation of multiple spots on tlc.

The infrared spectra data of the hydrazone
derivative (Table 4) shows a C-NO2 stretching
vibration at 1530.6 and 1340.4 cm-1, and an
aromatic –C-H stretching at 3019.4 cm-1 which
were hitherto not present in the glycoside. The
presence of a –CHO stretching at 1733.3 cm-1

implied that the reaction was actually incomplete
i.e. there was residual –CHO in the compound,
responsible for the signal. This corroborated the
observation of the changes in the number of spots
that appeared on the chromatogram as well as the
colour changes of the spots. It was possible that
the product was undergoing decomposition at room
temperature.

Table 4
Infrared Spectra Data of the 2,4

dinitrophenylhydrazone Derivative

Frequency (cm-1) Assigned Functional group

1530.6 & 1340.4 C-NO2 stretching

3019.4 Aromatic –C-H stretching

1733.3 -CHO

The formation of the bright pinkish orange
colouration when thevetia glycosides react with
2,4-dinitrophenyl hydrazine (DNPH) was the basis

for investigating the glycosides by colour reaction
technique. DNPH was dissolved in MeOH with the
addition of acid catalyst and applied as a tlc spray
reagent on the chromatogram of the glycoside. The
spray was found to be very effective, giving very
distinct and visible spots for the glycosides. No
attempt was however made to ascribe a particular
colour reaction spot to a specific glycoside. This
would require the various glycoside standards.

CONCLUSION

Thevetin A, the most prominent and major
glycoside in thevetia seed meal was extracted and
was involved in the reactions carried out on the
glycoside mixture of TSM.

This work has shown that 2,4-DNPH is a good
spray reagent for the tlc of compounds containing
thevetia glycosides and aglycones.
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