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Phytochemical investigation of the ethanolic extracts of the seeds of Carica papaya L. (Caricaceae) led to the 
isolation of 2,3,4-trihydroxytoluene (caricaphenyl triol) and glyceryl-1-(2’,3’,4’-trihydroxybenzoyl)-2,3-dioleate 
(papayaglyceride) as the new phytoconstituents along with the known components glyceryl-1-oleiyl-2,3-dilinoleiate, 
glyceryl-1-oleiyl-2,3-diarachidate, glyceryl-1-linoleiyl-2,3-distearate, carpaine, glyceryl-1,2-dipalmitate, glyceryl 
trimyristate, glyceryl tristearate, glyceryl-1,2-dipalmityl-3-myristate, glyceryl-1-oleiyl-2,3-dimyristate, b-sitosterol 
glucoside, glyceryl-1-oleiyl-3-phosphate, glyceryl-1-oleiyl-2-lauryl-3-phosphate and glyceryl-1,2-distearyl-3-
phosphate. The structures of all these compounds have been elucidated by spectral data analysis and chemical 
reactions. The methanolic extract of the seeds and 2,3,4-trihydroxytoluene (200 µg/ml) showed antifungal activity 
against Aspergillus flavus, Candida albicans and Penicillium citrinium.
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2,3,4-trihydroxytoluene

Carica papaya L (family Caricaceae) is a fast 
growing, short-lived, single-stemmed, small tree, 
2-10 m in height with straight, cylindrical, soft, 
hollow, grey trunk roughened by the presence of large 
leaf- and inflorescence scars. It is probably originated 
in southern Mexico and Costa Rica, now cultivated 
in tropical countries mainly in Australia, Hawai, 
India, Sri Lanka, The Philippines, South Africa and 
Nigeria. Its seeds are black, tuberculous and enclosed 
in a transparent aril[1]. The seeds are considered as 
carminative, emmenagogue, abortifacient, vermifuge 
and counter-irritant. A seed extract is used to treat 
bleeding piles and enlarged liver and spleen. A seed 
paste with glycerine is applied to cure ringworm and 
psoriasis[1]. The seeds are beneficial as carminative 
and thirst quencher[2]. The ripe seeds are taken with 
rice and useful to treat diarrhoea[3]. The seeds are 
effective to control diabetes mellitus, hypertension and 
hypercholesterolemia[4]. A seed decoction is beneficial 
to cure liver and renal disorders[5]. The seeds 
contained a fixed oil composed of myristic, palmitic, 
stearic, arachidic, behenic and unsaturated fatty 
acids[1,6], phospholipids, carpaine, benzylisothiocyanate, 
benzyl glucosinolate, glucopaeolin[7], hentriaontane, 
b-sitosterol[8], caricin (sinigrin) and myosine[1]. The 
papaya seed extracts showed antifertility effect[9-13], 
inhibited jejunal contraction[14] and suppressed 

cauda epididymal sperm motility[15]. The present 
paper describes isolation and characterization of 
phytoconstituents and antifertility of papaya seeds 
collected from Delhi.

Melting points were determined on a Perfit melting 
point apparatus (Ambala, India) and are uncorrected. 
IR spectra were recorded on KBr discs, using 
a Bio-Rad FT-IR 5000 spectrometer (FTS 135, 
Hong Kong). UV spectra were measured with a 
Lambda Bio 20 spectrophotometer (Perkin Elmer, 
Switzerland) in methanol. 1H and 13C NMR spectra 
were scanned using Bruker Advance DRX 400 
spectrospin and Bruker Advance DRX 400 spectrospin 
instruments (Germany), respectively, in CDCl3 and 
TMS as an internal standard. MS spectra were 
obtained using JEOL-JMS-DX 303 spectrometer. 
Column chromatography was performed on silica gel 
(Qualigens, Mumbai, India) 60-120 mesh. TLC was 
run on silica gel G (Qualigens, Mumbai, India). Spots 
were visualized by exposure to iodine vapours, UV 
radiation and by spraying reagents.

C. papaya seeds were procured from the Khari Baoli 
market of Delhi and identified at the Department 
of Botany, Jamia Hamdard. New Delhi. A  voucher 
specimen No. PRL/JH/08/35 is deposited in the 
herbarium of the Department of Pharmacognosy and 
Phytochemistry, Faculty of Pharmacy, Jamia Hamdard, 
New Delhi.
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The dried seeds (2 kg) was coarsely powdered and 
then exhaustively extracted with ethanol (95%). 
The combined extracts were then concentrated on 
a water bath and dried under reduced pressure to 
get 75 g (3.75% yield) of dark brown mass. The 
viscous dark brown mass was dissolved in little 
quantity of methanol and adsorbed on silica gel 
(60-120 mesh) for the preparation of slurry. It was 
dried, powdered and chromatographed over silica gel 
column packed in petroleum ether. The column was 
eluted with petroleum ether, chloroform and methanol 
successively in order of increasing polarity to isolate 
following compounds:

Elution of column with petroleum ether-CHCl3 (1:3) 
afforded pale yellow waxy mass of glyceryl-1-oleiyl-
2,3-dilinoleiate (1), recrystallized from CHCl3-MeOH 
(1:1), 125 mg (0.00625% yield). Rf: 0.80 (CHCl3). Mp 
43-45°; +ve ion ESI MS m/z: 852 [M]+ (C55H96O6).

Elution of column with CHCl3 gave colourless 
waxy mass of glyceryl-1-oleiyl-2,3-diarachidate (2), 
recrystallized from CHCl3-MeOH (1:1), 210 mg 
(0.0105% yield). Rf: 0.75 (CHCl3); mp 50-51°; ESI 
MS m/z: 944 [M]+ (C61H116O6).

Elution of column with CHCl3-MeOH (49:1) furnished 
pale yellow sticky mass of glyceryl-1-linoleiyl-2,3-
distearate (3), recrystallised from CHCl3-MeOH 
(1:1), 390 mg (0.0195% yield).; Rf: 0.70 (CHCl3: 
MeOH; 9.5:0.5); mp 53-55°; +ve ESI MS m/z: 886 
(C57H106O6).

Further elution of column with CHCl3-MeOH (49:1) 
yielded cream coloured amorphous powder of 
caricaphenyl triol (4), recrystallized from chloroform, 
350 mg (0.0175% yield). Rf: 0.70 (toloune:ethyl 
acetate:formic acid; 5:4.5:0.5); m.p.: 218-220°; 
UV lmax (MeOH): 281 nm (log e 6.2); IR nmax 
(KBr): 3415, 2940, 2824, 1640, 1513, 1210, 950, 
792 cm−1; 1H NMR (DMSO-d6): d 10.37 (1H, brs, 
D2O exchangeable, OH), 7.79 (1H, d, J=8.4 Hz, H-5), 
6.82 (1H, d, J=8.4 Hz, H-6), 2.26 (3H, brs, Me-7); 
13C NMR (DMSO-d6): d 131.56 (C-1), 161.64 (C-2), 
167.24 (C-3), 161.64 (C-4), 121.44 (C-5), 115.16 (C-
6), 29.04 (C-7); +ve ESI MS m/z: 140 [M]+ (C7H8O3).

Elution of column with CHCl3-MeOH (24:1) afforded 
colourless mass of carpaine (5), recrystallized 
from methanol, 450 mg (0.0225% yield); Rf: 0.41 
(toluene:ethyl acetate:acetic acid; 5:4:1); m.p.: 118-
120°; 13C NMR (CDCl3): d 169.23 (C-15, C-15’), 

77.41 (C-3’), 76.99 (C-5), 71.23 (C-2), 63.13 (C-6’), 
61.17 (C-2’, C-6), 31.90 (CH2), 29.67 (25×CH2), 
25.50 (CH2), 22.67 (CH2), 14.09 (Me-7,Me-7’); +ve 
ESI MS m/z: 478 [M]+ (C28H50N2O4).

Further elution of column with CHCl3-MeOH (24:1) 
furnished buff white amorphous powder of glyceryl-
1,2-dipalmitate (6), recrystallized from methanol, 
450 mg (0.0225% yield); Rf: 0.55 (toluene:ethyl 
acetate:acetic acid; 5:4:1); m.p.: 70-72°; 13C NMR 
(CDCl3): d 173.41 (C-1’), 171.99 (C-1”), 71.23 
(C-2), 63.13 (C-1), 61.17 (C-3), 31.90 (CH2), 
29.67 (25×CH2), 25.50 (CH2), 22.67 (CH2), 14.09 
(Me-16, Me-16″); +ve ESI MS m/z (rel. int.): 568 
[M]+ C35H68O5 (3.5), 328 [M-CO(CH2)14CH3]

+ (16.4).

Elution of column with CHCl3-MeOH (93:7) afforded 
brown amorphous powder of glyceryl trimyristate (7), 
recrystallized from methanol, 310 mg (0.0155% yield); 
Rf: 0.70 (CHCl3:EtOAc:MeOH; 8:1:1); m.p.: 61-62°; 
+ve ESI MS m/z: 722 [M]+ (C45H86O6).

Elution of column with CHCl3-MeOH (17:3) gave 
colourless amorphous powder of glyceryl tristearate (8), 
recrystallized from chloroform– methanol (1:1); 250 mg 
(0.0125% yield); Rf: 0.85 (CHCl3:EtOAc:MeOH; 
8:2:2); m.p.: 66-67°; +ve ESI MS m/z: 890 [M]+ 
(C57H110O6).

Elution of column with CHCl3-MeOH (4:1) 
yielded colourless amorphous powder of glyceryl-
1,2-dipalmityl-3-myristate (9), recrystallized from 
chloroform-methanol (1:1); 460 mg (0.023% yield); Rf: 
0.75 (CHCl3:MeOH:NH3; 2:1:0.5); m.p.: 68-69°; +ve 
ESI MS m/z: 778 [M]+ (C49H94O6).

Elution of column with CHCl3-MeOH (3:1) produced 
colourless sticky mass of glyceryl-1-oleiyl-2,3-
dimyristate (10), recrystallised from chloroform–
methanol (1:1); 250 mg (0.0125% yield); Rf: 0.70 
(chloroform–methanol, 3:1); m.p.: 74-75°; +ive ESI 
MS m/z: 776 [M]+ (C49H92O6).

Elution of column with CHCl3-MeOH (4:1) afforded 
light brown amorphous powder of glyceryl-1-(2’,3’,4’-
trihydroxybenzoyl)-2,3-dioleate (11), recrystallized 
from methanol, 320 mg (0.016% yield); Rf: 0.65 
(CHCl3:EtOAc:MeOH; 6:2:2); m.p.: 86-88°; UV lmax 
(MeOH): 266 nm (log e 5.7); IR nmax (KBr): 3410, 
3210, 2959, 2855, 1730, 1725, 1640, 1542, 1135, 
1025, 773 cm−1; 1H NMR (DMSO-d6): d 7.17 (1H, d, 
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J=8.4 Hz, H-5′), 6.95 (1H, d, J=8.4 Hz, H-6′) 5.32 
(2H, m, H-9″, H-10″), 5.18 (2H, m, H-9″′, H-10″′), 
4.81 (1H, m, H-2), 4.65 (2H, brs, H2-1), 3.86 (2H, 
brs, H2-3), 2.50 (4H, brs, H2-2″, H2-2″′), 2.27 (4H, 
brs, H2-8″, H2-11″), 1.98 (4H, brs, H2-8″′, H2-11″′), 
1.53 (4H, brs, 2xCH2), 1.23 (36H, brs, 18×CH2), 0.85 
(3H, t, J=6.1 Hz, Me-18″), 0.83 (3H, t, J=6.1 Hz, 
Me-18″′); +ve ESI MS m/z: 772 [M]+ (C46H76O9).

Elution of the column with chloroform-methanol 
(19:1) furnished colourless amorphous powder 
of b-sitosterol glucoside (12), recrystallized from 
methanol, 260 mg (0.013% yield); m.p.: 270-272°; 
Rf: 0.53 (benzene:chloroform:methanol; 5:4:1). 
IR  nmax (KBr): 3450, 2917, 2849, 2383, 1636, 1460, 
1074, 795 cm−1; +ve ESI MS m/z (rel. int.): 576 [M]+ 

(C35 H60O6).

Elution of column with CHCl3-MeOH (97:3) afforded 
brown waxy mass of glyceryl-1-oleiyl-3-phosphate (13), 
recrystallised from methanol, 670 mg (0.0335% yield); 
Rf: 0.60 (toluene:ethyl acetate:formic acid; 5:4:1); 
m.p. 301-303°; UV lmax (MeOH): 249 nm (log e 4.1); 
IR nmax (KBr): 3424, 2924, 2853, 1725, 1640, 1442, 
1380, 1261, 1075, 795, 773 cm−1; 13C NMR (CDCl3): 
d 132.11 (C-9′), 129.23 (C-10′), 128.26 (C-1′), 66.77 
(C-2), 61.55 (C-1), 60.01 (C-3), 43.48 (CH2), 42.83 
(CH2), 40.82 (CH2), 39.86 (CH2), 39.59 (CH2), 37.25 
(CH2), 33.68 (CH2), 31.35 (CH2), 29.12 (CH2), 26.63 
(CH2), 25.01 (2×CH2), 24.39 (CH2), 22.11 (CH2), 13.63 
(me-18′); +ve ESI MS m/z: 436 [M]+ (C21H41O7P).

Elution of column with CHCl3-MeOH (19:1) yielded 
light brown amorphous powder of glyceryl-1-oleiyl-2-
lauryl-3-phosphate (14), recrystallised from methanol, 
425 mg (0.021% yield); R f: 0.60 (toluene:ethyl 
acetate:acetic acid; 5:3:2); m.p.: 226-228°; +ve ESI 
MS m/z: 618 [M]+ (C33H63O8P).

Elution of column with MeOH gave brown sticky 
mass of glyceryl-1,2-distearyl-3-phosphate (15), 
recrystallized from methanol, 440 mg (0.022% 
yield); Rf: 0.60 (cyclohexane:diethyl ether:MeOH; 
8:1:1).,m.p.: 220°; +ve ESI MS m/z: 704 [M]+ 
(C39H77O8P).

Fungal cultures of Apergillus flavus, Candida albicans 
and Penicillium citrinum were obtained from the 
culture collection centre, IGIB (CSIR), New Delhi. 
The fungal strains were maintained on malt extract 
agar media containing malt extract (2%), agar (1.5%) 
and distilled water (100 ml) at pH 5.5 at 28°.

For agar well diffusion bioassay, a fungal suspension 
in sterile normal saline was prepared. An aliquot of 1.5 
ml was uniformly seeded on the malt extract media 
(15 ml, 4 cm thickness) in Petri dishes, left aside for 
15 min and excess was then drained and discarded 
properly. Wells of 6 mm in diameter and about 2 cm 
apart were punctured into culture media using sterile 
cork borer (6  mm). Concentration  of 1,  5, 10 and 
20 mg/ml of each of the plant methanol extract and 
25, 50, 100 and 200 mg/ml test compounds was 
prepared in dimethyl sulphoxide (DMSO). The plates 
were then incubated at 30° for 48 h. After incubation, 
bioactivity was determined by measuring the diameter 
of inhibition zones (DIZ) in mm. All samples were 
tested in triplicate. Controls included solvent without 
plant extracts/tested compounds, although no antifungal 
activity was noted in the solvent used for the test. 
Fluconazole (32 mg/ml) was taken as a positive control.

Compound 4 was obtained as a cream coloured 
amorphous mass from CHCl3-MeOH (49:1) eluents 
(fig. 1). It responded positively to ferric chloride 
indicating phenolic nature of the molecule. Its IR 
exhibited characteristic absorption bands for hydroxyl 
groups (3415 cm−1) and aromatic nucleus (1640, 1513 
and 950 cm−1). The ESI MS spectrum of 4 showed 
a molecular ion peak at m/z 140 corresponding to 
molecular formula of a phenol, C7H8O3. The 1H NMR 
of 4 exhibited a deshielded D2O exchangeable one-
proton signal at δ 10.37 for the hydroxyl proton. Two 
one-proton ortho-coupled doublets at δ 7.79 (J=8.4 
Hz) and 6.82 (J=8.4 Hz) were assigned to H-5 and 
H-6 aromatic protons, respectively. A three-proton 
broad signal at δ 2.26 was ascribed to C-7 methyl 
protons attached to aromatic ring. Further evidence 
in support of the structure of 4 was provided by its 
13C NMR spectral data which showed the existence 
of seven carbon atoms in the molecule. The carbon 

Fig. 1: Structures of isolated compounds, from the seeds of Carica 
papaya L.
2,3,4-trihydroxytoluene (4) and glyceryl-1-2’,3’,4’-trihydroxybenzoyl)-
2,3-dioleate (11)
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signals at δ 167.24 (C-3) and 161.64 (C-2, C-4) were 
due to hydroxyl aromatic carbons. The remaining 
aromatic carbons resonated in the range δ 131.57-
115.16. The C-7 methyl carbon appeared at δ 29.04. 
The HMBC spectrum of 4 exhibited correlations of 
C-1 with H-6 and Me-7; and C-4 with H-5. On the 
basis of foregoing discussion the structure of 4 has 
been elucidated as 2,3,4-trihydroxytoluene. This is a 
new aromatic compound.

Compound 11, named papayaglyceride, was obtained 
as a light brown amorphous powder from chloroform-
methanol (4:1) eluents (fig. 1). It responded positively 
to FeCl3 test for phenolic moiety and with bromine 
water for unsaturation. Its IR spectrum showed 
characteristic absorption bands for hydroxyl groups 
(3410, 3210 cm− 1), ester groups (1730, 1725 cm−1), 
unsaturation (1640 cm−1) and benzene ring 
(1542.1025 cm−1). The ESI MS of 11 displayed a 
molecular ion peak at m/z 772 corresponding to a 
molecular formula of benzoyldiglyceride C46H76O9. 
The 1H NMR of 11 exhibited two, one-proton, 
doublets at d 7.17 (J=8.4 Hz) and 6.95 (J=8.4 HZ) 
assignable to ortho-coupled aromatic protons H-5′ 
and H-6′, respectively. Two, two-proton, multiplets 
at d 5.32 (H-9′′ and H-10′′) and 5.18 (H-9′′′ and 
H-10′′′′) were due to vinyl carbons whereas the 
methylene protons adjacent to the vinylic linkage at 
H2-8′′ and H2-11′′ and H2-8′′′ and H2-11′′′ appeared 
as broad signals at d 2.27 and 1.98, four-proton each, 
respectively. Two, two-proton, broad signals at d 4.65 
and 3.86 were ascribed to oxygenated methylene 
H2-1 and H2-3 protons whereas the oxygenated H-2 
methine proton appeared as a one-proton multiplet at 
d  4.81, respectively. The remaining methylene protons 
appeared as broad singlets at d 1.53 (2×CH2) and 1.23 
(18×CH2). Two primary methyl proton triplets, three-
proton each, appeared at d 0.85 (J=6.1 Hz) and 0.83 
(J=6.1 Hz) which were due to Me-18′′ and Me-18′′′, 
respectively. Alkaline hydrolysis of 11 yielded oleic 
acid, TLC comparable. On the basis of the above 
discussion, the structure of 11 has been elucidated as 
glyceryl-1-(2’,3’,4’-trihydroxybenzoyl)-2,3-dioleate, 
which is a new glyceride obtained.

The methanolic extract of the seeds of C. papaya 
was found to be ineffective at 1 mg/ml. However, the 
methanolic extract at 5, 10 and 20 μg/ml was found 
effective against A. flavus, C. albicans and P. citrinium. 
2,3,4-Trihydroxytoluene was effective at 50 and 100 
μg/ml against A. flavus and C. albicans and at 200 μg/
ml against all the antifungal strains (Table 1).
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Raja Sekharan, et al.: Theophylline Controlled Release Matrix Tablets

The objectives of the study were to formulate hydroxypropyl methyl cellulose-based controlled release matrix tablets 
for theophylline with varying drug:polymer ratios (1:1 and 1:2) and differing tablet hardness (5, 6 and 7 kg/cm2), and 
to evaluate the tablet’s physico-chemical properties such as hardness, uniformity of weight, friability, drug content 
and in vitro drug release. Initially, granules were made by wet granulation technique and evaluated for angle of 
repose, bulk density, tapped density, bulkiness, compressibility index and hausner ratio. The results indicate good 
flow property of the granules and thus, the evaluated tablet physical properties were within the acceptable limits. 
The FT-IR study for the F-6 formulation showed that there was no interaction between the drug and the polymer. 
In vitro release studies were performed using Disso-2000 (paddle method) in 900 ml of  pH 7.4 at 50 rpm. The 
result indicated that at high drug:polymer ratio (1:2) and hardness value 7 kg/cm2, prolonged drug release was 
observed than the low drug: polymer ratio (1:1) and hardness values (5 and 6 kg/cm2). The release kinetics was 
found to follow korsmeyers-peppas model and the mechanism of drug release was by non-fickian or anomalous 
diffusion. The F-6 formulation was chosen for stability studies. F-6 formulation was stable when it was kept at 
different temperatures for a period of 6 months.

Key words: Controlled release, hydroxypropyl methylcellulose, matrix tablets, theophylline

Theophylline is a bronchodilator that relieves airflow 
obstruction in chronic asthma and decreases its 
symptoms. Theophylline is well absorbed by the 
gastrointestinal tract, and several sustained-release 
preparations are available. Previously the mainstay 
of asthma therapy, theophylline has been largely 
replaced with β2 agonists and corticosteroids due 
to a narrow therapeutic window, high side-effect 
profile, and potential for drug interactions. Overdose 
may cause seizures or potentially fatal arrhythmias. 
Theophylline is metabolized in the liver, is a 
CYP1A2 and 3A4 substrate, and interacts adversely 
with many drugs[1].

Controlled release products are designed to maintain 
constant therapeutic plasma concentration of the 
drug within the therapeutic range of the drug over 
prolonged period[2]. Matrix system is one of the 
methods used in the development of controlled release 
oral formulations. Matrix is defined as a well-mixed 
composite of one or more drugs with a gelling agent 
i.e. hydrophilic polymers[3]. In fact, matrix system 
has proven popular among the oral controlled drug 
delivery technologies because of their simplicity, 
ease in manufacturing, high level of reproducibility, 
stability of the raw materials and dosage form 
and ease of scale up and process validation[4-6]. In 
the current study, hydroxypropyl methyl cellulose 
(HPMC) is selected as a model hydrophilic polymer to 
prepare a controlled release oral tablet formulation for 
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