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Abstract 
 
Purpose: Rauwolfia serpentina (L.) Benth, from the family, Apocynaceae, is an important medicinal 
plant due to the alkaloid content of its root. The purpose of this study was to obtain roots directly from 
leaf explant using growth regulators. 
Methods: The leaf explant was inoculated on MS (Murashige and Skoog) medium supplemented with 
single and combinations of growth regulators. Root growth was also observed on liquid MS medium and 
under dark conditions. The reserpine content of the roots obtained was determined by HPLC. 

Results: Two combinations of auxins namely, para-amino benzoic acid (PABA) + α-naphthalene acetic 
acid ( NAA), and 3-Indole butyric acid (IBA) + NAA, promoted better root growth compared to single 
auxin treatment. The highest number of roots and regeneration response was observed on leaf explant 
cultured on MS media supplemented with PABA (1 mg l

-1
) + NAA (4 mg l

-1
). Liquid MS media gave 

slower growth, reduced number of roots, shorter root length as well as absence of reserpine, using the 
same combination of growth regulators, compared to solid MS media. The culture incubated under dark 
conditions produced thin roots. HPLC analysis of the regenerated roots indicated low alkaloid 
(reserpine) content (0.01 – 0.03). However, higher alkaloid content (0.03%) was observed in cultures 
with fewer numbers of roots. 
Conclusion: A simple and reliable protocol for direct induction of roots from leaf explant of R. 
serpentina using plant growth regulators has been developed. 
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INTRODUCTION 
 
Rauwolfia serpentina (Linn.) Benth. is an 
important medicinal plant (shrub) belonging 
to the Apocynaceae family. The plant is 
indigenous to India and Bangladesh and is 
found to grow wild in the Asian continent. It 
has been reported to contain 50 indole 
alkaloids that are mainly localized in the root 
bark [1]. Among these alkaloids, reserpine, 
yohimbine, serpentine, deserpidine, 
ajmalicine and ajmaline are used to treat 
hypertension [2] and breast cancer [3]. 
Reserpine, used as a natural tranquilizer was 
found to have several times greater 
hypotensive activity than the crude plant 
extract

 
[4]. Rauwolfia root is reported to 

contain 0.7 – 3.0 % of total alkaloids in the 
dry mass and the amount varies with time 
and source of collection [5]. 
 
The rate of plant propagation is important for 
commercial cultivation to meet the 
pharmaceutical demand for reserpine. 
Chemical synthesis of reserpine has not been 
adopted due to its high cost compared to 
extraction from the natural source

 
[6]. While 

roots of R. serpentina is the main source of 
the alkaloids mentioned above, indiscriminate 
harvesting of the roots has threatened the 
survival of the plant. However, high demand 
for the alkaloids necessitates rapid 
production of roots within a short time-frame. 
Therefore, root cultures are a potentially 
useful in vitro system for commercial 
production of secondary metabolites. Direct 
root induction from leaf explant as a method 
for the rapid root regeneration has been 
reported for several plants, viz, Lycopersicon 
esculentum [7], Nicotiana tabacum [8], and 
Begonia [9]. Shrivastava and Padhya [10] 
obtained root induction from the leaf segment 
of Boerhaavia diffusa on MS medium 
containing indole-3-acetic acid (IAA). The leaf 
explant of Ophiorrhiza prostrata showed root 
formation on kinetin and NAA combination 
[11]. Tuan et al [12] were able to derive roots 
from the leaf of Eustoma grandiflorum while 
direct root growth from the leaf explant of 
Cydonia oblonga has also been reported by 

D’onofrio and Morini [13]. Root induction has 
also been obtained from the leaf of 
Helianthus occidentalis using a combination 
of 6-benzyl aminopurine (BAP) and NAA [14]. 
 
Rauwolfia serpentina roots are generally 
obtained through shoot organogenesis [15], 
callus morphogenesis [16] or by 
Agrobacterium rhizogenes-mediated 
transformation [17-19]. So far, no protocol 
has been published for in vitro growth of R. 
serpentina roots directly from leaf explant 
using growth regulators. The present study 
was undertaken to develop a protocol for 
rapid induction of R. serpentina roots using 
the leaf of the plant as the starting material. 
 

EXPERIMENTAL 
 
Plant material 
 
Leaf explants of Rauwolfia serpentina were 
collected from the plantation of Dr. Patani 
Scientific and Industrial Research (PSIR), 
Andheri (E), Mumbai, India. A voucher 
specimen (voucher no. RD/RS/08/PN22) was 
preserved for future reference at the 
herbarium of PSIR Laboratory, Mumbai, 
India. 
 
Chemicals and reagents 
 

Agar and α-naphthalene acetic acid (NAA) 
were purchased from SD Fine Chemical, 
Mumbai while 3-Indole butyric acid (IBA), 
indole-3-acetic acid (IAA), 6-benzyl 
aminopurine (BAP) and Murashige and 
Skoog (MS) media constituents were 
obtained from Merck Ltd. Mumbai; para-
amino benzoic acid (PABA) was provided by 
Sisco Research Ltd. Mumbai. 
 
Sterilization of explant 
 
Explants were placed under running tap 
water for 20 min and then washed with a 
mixture of 1 drop  of Tween 80 and 2 drops of 
Dettol (in 150 ml distilled water) for 10 min 
followed by thorough washing with distilled 
water to remove traces of the germicidal 
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agent. They were further surface-sterilized 
with 0.1 %w/v mercuric chloride (HgCl2) for 
10 min followed by washing them five times 
with sterile distilled water. Disinfected 
explants were cut into small pieces (1.5 – 2.0 
cm) and aseptically transferred to MS 
medium [20] at pH 5.6 (adjusted prior to 
autoclaving at 121 ºC and 1.06 kg/cm

2
 for 20 

min), supplemented with growth regulators, 3 
% sucrose and 0.6 % agar. The cultures were 

incubated at 25 ± 2 ºC with a light intensity of 
3000-Lux using white fluorescent lamps. A 
photoperiod of 16/8 light and dark cycle was 
maintained. 
 
Concentration and combinations of 
growth regulators, and culture conditions 

 
The leaf explant was inoculated on MS 
medium with single and combinations of 
growth regulators. For root induction, 
explants were cultured on MS medium 
containing different concentrations of auxins, 
viz, IAA (indole-3-acetic acid), IBA, PABA, 
and NAA, individually at concentrations 
ranging from 0.5 to 10 mg l

-1
. In another 

experiment, leaf explants were cultured on 
MS medium containing combination of two 
auxins, e.g.,  PABA (0.5, 1, 1.5, 2, 2.5 and 3 
mg l

-1
) and NAA (1, 2, 3, 4 and 5 mg l

-1
). 

Combinations of other auxins, i.e., IBA and 
NAA; IAA and NAA, were also assessed at 
the same concentrations as those stated for 
PABA and NAA. Rooting response of the 
explants were observed on solid MS medium 
containing cytokinin, i.e., BAP (6-benzyl 
aminopurine) and auxin (i.e., NAA) 
combinations at concentrations ranging from 
0.5 to 5 mg l

-1
. In yet another experiment, leaf 

segments were cultured on liquid MS 
medium, with the same concentrations of 
growth regulators as that used for the solid 
MS medium. The leaf explant on MS media 
supplemented with PABA and NAA were also 
incubated under dark conditions. 

 
Extraction and determination of reserpine 
 
Six months old in vitro roots were dried and 
ground to coarse powder. The powder was 

extracted with 2 x 50 ml of ethanol (95 %) 
and quantitatively analysed by HPLC 
(Shimadzu, Japan, model LC – 10AT) using 
reserpine (Indo German Alkaloids, Mumbai) 
as standard; 25 cm x 4.6 mm ODS Machery 
– Nagel column, mixture of 35 volumes of 
acetonitrile and 65 volumes of buffer (pH 3) 
(prepared by dissolving 6.8 g potassium 
dihydrogen orthophosphate in 1000 ml water, 
pH of which is adjusted to 3.0) as the mobile 
phase; a flow rate of 1 ml/min; and a 268 nm 
detector [21].  
 

Statistical analysis  
 

The data are presented as mean ± SE of 15 
explants per treatment and repeated thrice. 
Data were statistically analysed using 

Duncan’s multiple range test (P ≤ 0.05). 
 

RESULTS 
 
Influence of MS media on root induction 

 
Leaf segments inoculated on MS medium 
devoid of growth regulators but with either 
IAA, IBA or PABA failed to produce roots and 
the explants turned brown within four weeks 
of incubation. However, as Table 1 shows, 
there was evidence of root induction on MS 
medium containing 4.5 mg l

-1
 NAA after four 

weeks of inoculation. MS medium 
supplemented with 8.5 mg l

-1
 NAA showed 

callus and root formation with 0.01% of 
reserpine.  Treatment with 6 mg l

-1
 NAA 

produced 12 roots per explant and 0.02% 
reserpine (Table 1). The highest regeneration 
response and number of roots were recorded 
for the auxin combinations, PABA + NAA and 
IBA + NAA, respectively. MS medium 
containing 1 mg l

-1
 PABA + 4 mg l

-1
 NAA 

showed 37 roots per explant (see Fig. 1A) 
with a good regeneration response of 97 % 
and root length of 6.5 cm but the reserpine 
content was nil. The MS media containing 3 
mg l

-1
 PABA + 4 mg l

-1
 NAA showed callus 

formation with a small number of roots (Table 
1). While the combination of IBA and NAA 
showed good response in terms of 
regeneration  and  root  formation,  however,  
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Table 1:  Effect of growth regulators with solid MS media on regeneration and reserpine content of roots 
developed from leaf explant of R. serpentina  

 

Growth regulator 
(mg l

-1
) 

Regeneration 
response (%)  

No. of roots/ 
explants  

Root length 
(cm) 

Reserpine 
content (%) 

NAA (4.5) 
NAA (5.5) 
NAA (6) 
NAA (6.5) 
NAA (8.5) 
NAA (9) 
NAA (9.5) 
NAA (10) 
PABA (0.5) + NAA (3) 
PABA (1) + NAA (3) 
PABA (3) + NAA (3) 
PABA (1) + NAA (4) 
PABA (2) + NAA (4) 
PABA (3) + NAA (4) 
IBA (3) + NAA (2) 
IBA (2) + NAA (4) 
IBA (2) + NAA (4.5) 
IBA (2) + NAA (5) 
IAA (0.5) + NAA (2) 
IAA (5) + NAA (5) 
BAP (5) + NAA (2) 
BAP (5) + NAA (3) 
BAP (5) + NAA (3.5) 

52.23 ± 0.39
a 

45.51 ± 0.52
bc 

77.30 ± 0.87
c 

52.76 ± 0.35
bc 

48.2 8± 0.44
ab 

89.52 ± 0.37
c 

82.44 ± 0.53
b 

52.80 ± 0.21
de 

31.55 ± 0.81
c 

71.17 ± 0.66
c 

43.72 ± 0.25
b 

97.33 ± 0.45
c 

58.69 ± 0.55
a 

92.40 ± 0.29
bc 

63.94 ± 0.06
e 

87.31 ± 0.37
d 

93.15 ± 0.19
ab 

95.67 ± 0.33
e 

37.12 ± 0.59
c 

25.88 ± 0.08
bc 

97.30 ± 0.51
ab 

92.53 ± 0.73
d 

95.17 ± 0.44
b 

7.35 ± 0.72
b 

13.53 ± 0.65
bc 

12.37 ± 0.50
de 

7.51 ± 0.81
c 

*8.93 ± 0.70
cd 

14.21 ± 0.66
bc 

*11.37 ± 0.43
a 

8.20 ± 0.75
bc 

*5.72 ± 0.63
ab 

12.08 ± 0.32
e 

*8.31 ± 0.85
c 

37.10 ± 0.93
d 

19.37 ± 0.59
ab 

*1.93 ± 0.38
de 

*7.39 ± 0.41
bc 

23.85 ± 0.71
a 

28.07 ± 0.33
c 

30.51 ± 0.64
bc 

2.91 ± 0.70
d 

2.10 ± 0.43
ab 

*1.81 ± 0.51
e 

*3.17 ± 0.43
cd 

*3.40 ± 0.82
c 

5.22 ± 0.81
ab 

4.90 ± 0.31
d 

5.37 ± 0.42
bc 

4.92 ± 0.34
c 

5.95 ± 0.29
a 

4.31 ± 0.78
cd 

6.18 ± 0.53
ab 

5.90 ± 0.28
de 

5.55 ± 0.55
a 

6.23 ± 0.35
c 

5.76 ± 0.75
bc 

 6.51 ± 0.87
de 

5.38 ± 0.64
b 

4.55 ± 0.21
cd 

4.89 ± 0.51
a 

6.26 ± 0.75
bc 

6.33 ± 0.92
d 

5.85 ± 0.78
c 

5.33 ± 0.19
ab 

4.90 ± 0.37
d 

3.24 ± 0.22
c 

2.58 ± 0.57
bc 

2.73 ± 0.18
e 

nil 
nil 

0.02 ± 0.21
d 

0.01 ± 0.17
bc 

0.01 ± 0.03
de 

0.02 ± 0.07
b 

0.02 ± 0.15
cd 

nil 
nil

 

nil 
0.03 ± 0.18

a 

nil 
nil 
nil

 

nil 
nil 
nil 
nil 
nil 
nil 
nil 
nil 
nil 

 
*Callus growth. Note: Each value represents mean ± SE. Values with the same letter footnote in each 

column were not significantly different (P ≤ 0.05). Codes: NAA =α-naphthalene acetic acid; PABA = para-
amino benzoic acid; IBA = 3-Indole butyric acid; IAA = indole-3-acetic acid; BAP = 6-benzyl aminopurine. 

 
failed to produce reserpine. MS medium 
supplemented with 3 mg l

-1
 IBA + 2 mg l

-1
 

NAA produced 7 roots per explant along with 
callus. IBA (2 mg l

-1
) in combination with 4.5 

and 5 mg l
-1

 of NAA produced 28 and 30 
roots, respectively while the combination of 
0.5 mg l

-1
 BAP and 2 mg l

-1
 NAA produced 

only callus (see Fig. 1B). MS media 
supplemented with IAA (0.5 mg l

-1
) + NAA (2 

mg l
-1

) gave poor response in terms of root 
regeneration. A similar response was 
observed for 5 mg l

-1
 IAA + 5 mg l

-1
 NAA. 

Higher regeneration response in terms of 
callus formation was observed for MS 
medium with BAP and NAA combination, but 
the number of roots was small (Table 1 and 
Fig. 1C). Higher reserpine content (0.03 %) 
was obtained in MS media supplemented 
with 3 mg l

-1
 PABA + 3 mg l

-1
 NAA. Other 

combinations of growth regulators - IBA and 
NAA; IAA and NAA; BAP and NAA - failed to 
produce reserpine. The explant manifested 
thin roots in MS media containing 1 mg l

-1
 

PABA + 4 mg l
-1

 NAA on incubation under 
dark conditions (see Fig. 1D). 
 
Response of liquid MS media on root 
induction Liquid MS medium showed a 
comparatively poor response to root induction 
when the same combinations of growth 
regulators as in solid MS media were used. 
Root induction was observed on liquid MS 
media supplemented with 4.5 mg l

-1
 NAA 

after six weeks of inoculation but other single 
growth regulators failed to produce roots from 
the leaf explant. The highest regeneration (51 
%) was achieved by the combination of 1 mg 
l
-1

 PABA + 3 mg l
-1

 NAA with 5 roots per 
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explant and a root length of 4.2 cm. The 
maximum number of roots regenerated on 
liquid MS media which was for the 
combination of 1 mg l

-1
 PABA + 4 mg l

-1
 NAA 

was 10, giving a regeneration response rate 
of 35 % and root length of 3.8 cm (see Fig 
1E). 

 

   
 

 

 

 
 
Figure 1: Response of leaf explants of R. 
serpentina: A = root induction on MS media 
containing 1 mg l

-1
 PABA + 4 mg l

-1
 NAA; B = 

callus initiation on MS media containing 0.5 mg l
-1

 
BAP + 2 mg l

-1
 NAA; C = callus and root induction 

on MS media containing 5 mg l
-1

 BAP + 3 mg l
-1

 
NAA; D = root induction on MS media containing 1 
mg l

-1
 PABA + 4 mg l

-1
 NAA under dark conditions; 

E = root induction on liquid MS media containing 1 
mg l

-1
 PABA + 4 mg l

-1
 NAA. 

 
IBA and NAA combinations also produced 
low regeneration response, yielding a lower 
number of roots with reduced root length 
(Table 2). The combination of 0.5 mg l

-1
 IAA 

and 2 mg l
-1

 NAA elicited a lower 
regeneration response, i.e. 10 %, with the 
growth of 1 root per explant. All combinations 
of growth regulators on liquid MS media 
failed to yield callus and reserpine. 

DISCUSSION 
  
Rauwolfia serpentina is reported to contain a 
large number of therapeutically useful indole 
alkaloids and these alkaloids are largely 
located in the roots. Hence, root biomass 
production of this plant could be of economic 
importance. Several investigations have been 
carried out on in vitro regeneration of roots 
using leaf as the starting material [22-25].  
 
In the present investigation, various 
combinations of auxins were employed to 
promote root growth from Rauwolfia leaf 
explant. MS media supplemented with PABA 
(1 mg l

-1
) + NAA (4 mg l

-1
) was the best 

combination for inducing roots of R. 
serpentina by leaf explant technique. On the 
other hand, the same combination (PABA + 
NAA) and IBA + NAA in liquid MS media 
showed poor regeneration with smaller 
numbers of roots. NAA (9 mg l

-1
), used as a 

single growth regulator, produced better root 
induction and reserpine but when combined 
with a cytokinin (BAP) and auxin (NAA) 
rooting response with callus formation was 
poor. Combination of two auxins, such as 
either PABA and NAA or IBA and NAA, 
promoted root growth. It is noteworthy that 
two auxin combinations have been reported 
to enhance the rooting ability of Chicory leaf 
explant [26] and alkaloid biosynthesis in a cell 
suspension culture of Cephaelis ipecacuanha 
[27]. Various plant types exert different 
effects on adventitious root induction and 
elongation as a result of auxin treatment. In 
general, high levels of auxins promote the 
production of adventitious roots. Although, 
auxins inhibited elongation of root, it should 
be noted that production of lateral roots is an 
important factor for rapid growth and is 
responsible for higher biomass in any 
system. Reduced root growth might have 
been due to the accumulation of endogenous 
auxins during each subculture.  
 
Organogenesis in vitro is complex and yet to 
be understood. Since exogenous auxin 
increases root production, the roots produced 
in the absence of exogenous growth regula-
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Table 2:  Effect of growth regulators in liquid MS media on root regeneration from leaf explant of R. 
serpentine (mean ± SEM) 

 

Growth regulators 
(mg l

-1
) 

Regeneration 
response (%) 

No. of roots/ 
explant  

Root length  
(cm) 

NAA (4.5) 
NAA (6) 
NAA (9) 
NAA (9.5) 
NAA (10) 
PABA (1) + NAA (3) 
PABA (1) + NAA (4) 
PABA (2) + NAA (4) 
IBA (3) + NAA (2) 
IBA (2) + NAA (4.5) 
IBA (2) + NAA (5) 
IAA (0.5) + NAA (2) 

33.56 ± 0.22
a 

40.91 ± 0.38
d 

34.31 ± 0.57
bc 

28.75 ± 0.29
c 

25.29 ± 0.33
e 

51.13 ± 0.84
d 

35.60 ± 0.87
bc 

28.22 ± 0.92
a 

21.28 ± 0.58
c 

33.71 ± 0.21
bc 

29.94 ± 0.52
a 

10.52 ± 0.35
d 

3.02 ± 0.81
bc 

5.17 ± 0.44
a 

6.01 ± 0.61
bc 

2.21 ± 0.35
cd 

2.93 ± 0.57
c 

5.08 ± 0.37
b 

10.16 ± 0.17
cd 

6.73 ± 0.41
ab 

2.83 ± 0.39
cd 

5.71 ± 0.63
b 

3.90 ± 0.31
ab 

0.93 ± 0.20
e 

4.15 ± 0.37
d 

3.93 ± 0.73
ab 

4.10 ± 0.23
c 

3.57 ± 0.70
b
 

2.81 ± 0.19
c 

4.28 ± 0.59
bc 

 3.86 ± 0.35
e 

4.55 ± 0.15
ab 

3.73 ± 0.80
a 

4.04 ± 0.39
d 

3.21 ± 0.18
de 

3.49 ± 0.33
b 

Values with the same letter footnote in each column were not significantly different (P ≤ 0.05). 

Codes: NAA =α-naphthalene acetic acid; PABA = para-amino benzoic acid; IBA = 3-Indole butyric acid; 
IAA = indole-3-acetic acid; BAP = 6-benzyl aminopurine. 

 
tors probably reflect the endogenous auxin 
level. We observed that the quantity of NAA 
present in the culture media showed 
pronounced effect on the regenerated roots 
and on their biosynthetic potential for alkaloid 
profile. These results suggest that the quality 
and quantity of auxins supplemented to the 
culture of leaf explant affected the type of 
regeneration as well as secondary metabolite 
production, as has been reported in several 
other organ culture [28,29].  
 
The low reserpine content of the in vitro 
regenerated roots found in the present work 
may be attributed to two factors. First, roots 
regenerated from leaf explant which are 
known for low alkaloid content. Second, the 
regenerated roots lacked a bark and the bark 
of the plant is reported to contain higher 
alkaloid content than the root [30]. The 
production of tropane alkaloids in the hairy 
root culture of Hyoscyamus muticus declined 
dramatically when the roots were induced to 
form callus and reappeared with re-
differentiation of roots [31]. Also, 
accumulation of most secondary metabolites 
appears to be developmentally regulated 
[32]. In our study, increase in reserpine 
content gave rise to fewer number of roots. 
Thus, secondary metabolite production and 

root induction appear to be somewhat 
correlated. We also observed that R. 
serpentina explant incubated under dark 
conditions produced thin roots which 
indicated that photoperiod also influences in 
vitro root growth. 
 
Overall, therefore, the results show that solid 
MS media is good for root induction from the 
leaf explant of R. serpentina. On the other 
hand, liquid MS media inhibited percentage 
of regeneration, root growth, root length, and 
reserpine content. This effect may due to the 
production of some metabolites that 
accumulated in the liquid culture and exerted 
inhibitory effect during the course of root 
growth. However, this hypothesis will need to 
be verified in future studies. 
 

CONCLUSION 
 
Development of a simple protocol for in vitro 
growth of roots from the leaf explant of R. 
serpentina using different concentrations and 
combinations of plant growth regulators and 
culture conditions was achieved. The 
technique is superior to methods such as 
shoot organogenesis, callus morphogenesis 
and Agrobacterium rhizogenes-mediated 
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transformation. The technique seems better 
than the hairy root culture method using 
Agrobacterium, and should further 
investigated for enhanced alkaloid production 
by R. serpentina roots. 
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