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Micropropagation of Tribulus terrestris L., 
an Important Medicinal Plant 

Ali, G., M.H. Mughal, P.S. Srivastava and M. Iqbal* 
Department of Botany, Hamdard University, Hamdard Nagar, New Delhi-110 062, India 

Direct regeneration of shoots and roots through juvenile explants has been achieved in Tri. 
bulus terrestris. Cotyledonary leaves along with epicotyl segment from young seedlings were 
cultured on MS medium containing various concentrations of auxin with cytokinin and glu- 
tamine. A combination of 0.2 mgL "~ NAA, 0.5 mgL "~ BAP and 50 mgL "~ glutamine induced 
high frequency of shoot and root differentiation in 10 weeks. The callus also could be induced 
on the above medium from the cut end of radical segments. Morphogenic response such as 
per cent shoot and root differentiation was recorded at regular intervals. 
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Tribulus terrestris L., commonly known as Cal- 
trops or Devil's thorn, is a small ascending and pros- 
trate herb of the family Zygophyllaceae occurring up 
to 3000 m altitude. Plants and dried spiny fruits are 
used in decoctions or infusion in cases of spermatorr- 
hoea, phosphaturia, and diseases of genito-urinary sys- 
tems such as dysuria, gonorrhoea, gleet, chronic cys- 
titis, calculous affections, urinary and renal disorders 
and gravel (Anonymous, 1948). It is also useful in 
cough, heart disease, and suppuression of urine. The 
drug has diuretic properties (Kapoor, 1990), and shows 
antiurolithiatic activity (Anand et al., 1994). Owing to 
its various potential applications in the indigenous sys- 
tems of medicine, the apparent overexploitation of this 
species may cause a serious threat to its existence. Ad- 
ditionally, its seed germination is only 25%. Inevitably 
therefore, rapid multiplication of this important drug- 
yielding plant has become imperative. In vitro culture 
methods have proved successful for quick propagation 
of a number of species including the herbaceous medi- 
cinal plants such as Datura innoxia (Srivastava et at., 
1993), Ammi majus (Purohit et al., 1995), Artem~ia 
annua (Gulati et al., 1996) and Bacopa monniera (All 
et al., 1996). The present report addresses the micro- 
propagation of T. terrestris. The suggested technique 
must facilitate rapid multiplication of this drug-yielding 
plant. 
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M A T E R I A L S  AND M E T H O D S  

Fruits of T. terrestirs L. were collected from the 
plants growing in the Herbal Garden at Jamia Ham- 
dard, New Delhi. Seeds were allowed to germinate 
under in vivo as well as in vitro condition. 

In Vitro Seed Germinat ion 

Seeds were sterilized with 0.3% cetrimide (ICI) 
for 7 min, and with bavistin (1%) and tetracycline (0. 
1%) for 7 min, and then treated with 5% fresh solu- 
tion of sodium hypochiorite for 5 min, and 0.1% 
mercuric chloride for 3 min, followed by a final 
rinse with 70% alcohol for 1-2 min. The sterilized 
seeds were thoroughly rinsed with sterile distilled 
water before inoculation. Murashige and Skoog's 
(1962) (MS) basal medium gelled with 0.62% agar 
(Qualigens India), and pH adjusted to 5.7 before au- 
toclaving, was used throughout. The cultures were 
maintained at 25___2"C and 55___5% relative humi- 
dity under 16 h photoperiod provided by fluorescent 
and incandescent light (1500 lux). Per cent ger- 
mination was monitored on alternate days for 10 
days. 

Direct Regeneration 

Epicotyl and hypocotyl segments from fully 
grown seedlings were cut into 10 mm segments and 
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cultured on MS medium (sucrose 2%) containing 
various concentrations of NAA (0.1-0.2 mg.L "~) with 
BAP (0.5-1.0 mg.L ~) and glutamine (50 mg.L~). Per 
cent shoot and root differentiation was recorded fort- 
nightly till 10 weeks. 

R E S U L T S  

In Vitro Seed Germination 

Emergence of radicle was observed in 42% seeds 
after 2 days of inoculation on 1/2 MS medium. How- 
ever, in only 6-7% seeds did the radicles grow furth- 
er by the 5th day. The in vitro seed germination re- 

corded at the end of the 10th day was 78%, com- 
pared to 25% in vivo (Fig. 1). 

Direct Regeneration 

Direct regeneration of shoots and roots occurred 
when cotyledonary leaves along with epicotyl were 
cut into pieces and implanted on MS medium con- 
taining NAA, BAP and glutamine (Fig. 1B). 

On MS medium supplemented with 0.1 mg.U' 
NAA, 0.5 mg.L t BAP and 50 mg.U ~ glutamine, shoot 
buds appeared in 10% cultures after 2 weeks. After 10 
weeks, shoot regeneration was ob~rved in 65% cul- 
ture. However, on increasing the level of cytokinin 
(BAP) to 1.0 mg.U ~, the shoot differentiation recorded 
in 15% cultures after 2 weeks rose to 72% after 10 
weeks. Further, when the amount cff NAA was raised 
to 0.2 mg.L ~ with BAP 0.5 mg.L ~, the response was 
more promising, thus establishing this medium as the 
best for shoot regeneration. Here, 100 % cultures show- 
ed shoot regeneration after 10 weeks. However, on 
NAA (0.2 mg.L t) with BAP (1.0 mg.L'J), shoots rege- 
nerated only in 64% cultures after 10 weeks (Table 1). 

Callusing was obtained at the cut ends of radicle 
segments on MS medium with NA.A (0.2 mg.Ll), 
BAP (0.5 mg.L ~) and glutamine (50 mg.L ~) after 4 
weeks. The callus was green and compact. When trans- 
ferred to various media, it failed to regenerate. 

Root Formation 

Rooting also appeared on the above medium, show- 
ing a wide variation. On MS medium+NAA (0.1 mg. 
L~)+BAP (0.5 mg.Lt)+glutamine (50 mg.LJ), root- 
ing was observed in 5% cultures after 2 weeks, and 
in 43% cultures after 10 weeks. Increased concentra- 
tion of BAP (1.0 mg.L") caused root formation in 
5% cultures after 2 weeks and in 31% cultures after 
10 weeks. Enhanced level of NAA (0.2 mg.L ~) caus- 
ed root formation in 29% cultures after 2 weeks and 
in 78% cultures by the end of the 10th week. No- 
netheless, on BAP (1.0) and NAA (0.2), the per cent 
root formation was reduced (39% after 10 weeks) 
(Table 1). Glutamine was used as a nitrogen source. 
Thus regeneration of complete plantlets was achiev- 
ed. The plantlets could be transferred to pots after 
sequential hardening. 

Fig. 1. Tribuhls terrestris: (A) 10 day-old seedling on 1/2 
MS basal medium; (B) 10-wk-old regenerants on MS me- 
dium supplemented with NAA (0.2 mg.L'~), BAP (0.5 mg. 
L "~) and glutamine (50 mg.L~). 

D I S C U S S I O N  

Micropropagation has now emerged as the best ap- 
proach regarding preservation of medicinal herbs. Re- 
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Table 1. Morphogenic response (formation of shoots and roots) of juvenile explants from T. terristris seedlings on MS (in 
mg.L~)+NAA+BAP+glutamine (50 mg.L ~) 

% Response 

After 2 weeks After 4 weeks After 6 weeks After 8 weeks After 10 weeks 
NAA BAP 

Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root 
(I. 1 (1.5 I (1 5 22 17 30 26 45 32 65 43 
0.1 1 .{I 15 5 27 15 32 21 49 26 72 31 
(I.2 0.5 29 23 39 38 ~0 5(1 80 60 10(I 78 
(1.2 1 .(I 1 I 4 24 15 32 24 46 30 64 39 

generation of plants fi'om cultured cells may occur via 
shoot-root formation (Srivastava et at., 1993; Mohan 
et at., 1995; Purohit et at., 1995; Gulati et al., 1996; 
All et al., 1996) or somatic embryogenesis (Murashigc, 
1984) which is often the fastest method for cloning 
plant species. Advantage of in vitro micropropaga- 
tion lies in its ability to produce in short time and 
limited space a much larger number of true-to-type 
individuals than is possible through conventional 
methods (Lauzer et al., 1992). Several explants have 
been tried; the simplest and safest method of in vitro 
cloning of plants is the single node culture which 
produces numerous shoots capable of regenerating 
roots. Striking responses of in vitro differentiation in 
excised tissues depend on composition of the medi- 
um (Huang and Murashige, 1976) and the basic re- 
gulatory mechanism involves a balance between aux- 
in and cytokinin (Skoog and Miller, 1957). Morpho- 
genic responses exhibited in the form of shoots and/ 
or roots are, therefore, correlative to a specific auxin/ 
cytokinin ratio. One of the most influencing factors 
in adventitious organ (root/shoot) formation is the 
modulation of endogenous auxin to cytokinin bal- 
ance (Thorpe, 1980). This is true for culture of cx- 
plants from different families (Gunay and Rao, 1978; 
Sim et al., 1990; Samantaray et al., 1995). Implicitly, 
the initiation of a proliferating culture from the ex- 
plant involves profound changes in the developmen- 
tal state of the tissues and results in alteration in the 
basic architecture of cells/tissues leading to activa- 
tion of even quiescent or fully-differentiated cell. 
The present study has shown that changes in the lev- 
els of NAA and BAP can significantly affect mor- 
phogenic events in T. terrestris. These results are 
corroborated by earlier findings of Jaiswal et al. 
(1989), Ali et al. (1996) and Quraishi et al. (1996). 
Rooting and transplantation of the plantlets to the 
field is the most important but difficult task in micro- 
propagation (Murashige, 1974). Earlier studies recom- 
mended that rooting was achieved when the shoots 

which regenerated on various levels of NAA/BAP 
were transferred on various concentrations of IBA. 
However, in case of T. terrestris the rooting could 
be obtained on all combinations of NAA and BAP 
tried. Glutamine was used as a nitrogen source. Re- 
moval of glutamine from the MS medium resulted 
in yellowish cultures of Bacopa monniera, while its 
addition to the medium made the regenerants green- 
ish (Ali et at., 1996). Similar observation have been 
made for T. terrestris also. 

Under in vitro conditions, shoot bud regeneration 
can be achieved either through callus or directly from 
the cultured explants by skipping over the callus 
phase. Because of the ease with which both kinds of 
regeneration can be obtained, the 1~ terrestris plant 
becomes a suitable material for a variety of studies. 
Direct regeneration of plantlets through juvenile ex- 
plants in T. terrestris is a two-step process; shoot for- 
mation followed by rooting. Shoots differentiated in 
100% cultures grown on MS medium with NAA (0.2 
mg.L'~), BAP (0.5 mg.L 1) and glutamine (50 mg.L'~). 

The subsequent root formation featured in 79% 
cultures. The results indicate that the requirement of 
auxin (eg. NAA) and cytokinin (e.g. BAP) is import- 
ant in determining the response in T. terrestris. In 
the present investigation it has been possible to rege- 
nerate plants from cotyledonary explants that could 
be transterred to soil. 

Earlier reports (Erhun and Sofowora, 1986) have 
mentioned callusing from both, leaf and mature stem 
segments on MS medium with 0.55 mg.L I 2,4-D 
and 0.43 mg.L ~ kinetin, whereas the present study 
describes a medium that promotes callusing at the 
cut end of the stem and also the regeneration of 
shoot and root. The indiscriminate exploitation of T. 
terrestris, as a consequence of its being medicinally 
important, warrants discovery, of quick methods for 
its replenishment and cultivation. The method report- 
ed in this paper can well facilitate the micropropa- 
gation of this plant. 
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