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ARTICLE INFO ABSTRACT

Key words: Atropa acuminata, an important medicinal plant belonging to family Solanaceae is under tremendous threat of
Atropa acuminata extinction in its natural habitat due to the overexploitation by pharmaceutical industries. Present study is an
In vitro

attempt of establishing callus cultures of this important medicinal plant as callus has considerable potential as an
alternative for production of secondary metabolites for industrial use, hence reducing pressure on natural
populations.

Callus induction
Plant growth regulators

Fxplant Callus cultures were established from leaf and root explants of Atropa acuminate. Murashige and Skoog (MS)
media containing different concentration and combinations of 6-Benzyl Amino Purine (BAP), Naphthalene Acetic
Acid (NAA), Kinetin (Kn) and 2,4- Dichloropheoxyacetic acid (2,4- D) were used for callus induction. Different
phytohormonal combinations resulted in different types and degrees of callus. The combination of BAP and NAA
on MS media supplemented with 0.5 mg/l1 BAP in combination with 1.0 mg/l1 NAA, was found to be the most
efficient for in vitro callus development from root explants and from leaf explants most effective combination and
concentration was 1 mg/1 of both BAP and NAA. The maximum mean fresh weight of callus formed using root
explants was 33.13 mg per explant and maximum fresh weight obtained from leaf explants was 22.14 mg per

explants.
plant is an important source of tropane alkaloids such as hyoscyamine
Abbreviations atropine and scopolamine, which possess the anticholinergic activity
MS: Murashige and Skoog basal medium and therapeutic uses in the fields of ophthalmology, cardiology, and
BAP: 6-benzylaminopurine gastroenterology [4,5]. The leaves and roots have traditionally been
NAA: a-Naphthalene acetic acid used as relaxants, diuretics, mydriatics, opioids, and sedatives [6]. In the
Kn: kinetin search for alternatives to the production of desirable medicinal com-
MFW:  Mean Fresh Weight pounds from plants, biotechnological approaches, specifically, plant
MDW:  Mean Dry Weight tissue cultures, are found to have potential as a supplement to traditional
2, 4-D: 2,4- Dichloropheoxyacetic acid agriculture in the industrial production of bioactive plant metabolites
[7-8]. Type of explant and plant growth regulators play an important
1. Introduction role in the initiation of callus because each explant requires a particular
concentration of exogenous and endogenous hormones for callus pro-
Atropa acuminata commonly known as Indian Belladonna is a genus duction under in vitro conditions [9-11]. The initiation of multiple
of the herbaceous perennial plant belonging to the family of Solanaceae shoots from callus also depends upon the type of explant and growth
and is endemic to northern Pakistan, Kashmir, and India [1-3]. It is a regulators used [[12]]. In the present study, an attempt has been made
tall, erect annual herb growing up to 2 m in height, woody on the bot- to establish callus cultures using in vitro raised leaf and root explants of
tom, branched on the top, and tillers from the base. The plant is an A. acuminata under the influence of different combinations and con-
important source of alkaloids such as Atropine and scopolamine. The centrations of BAP, NAA, Kn, and 2,4-D. The callus obtained can be used
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for the extraction of secondary metabolites for drug formation without
scarifying the whole plant.

2. Materials and methods
2.1. Plant material

Atropa acuminata plant was collected during flowering stage at the
site of its natural habitat at an altitude of (34 15'N and 74 25'E) from
Afarwath area of Kashmir Himalaya (July 2020). A voucher sample was
submitted to KASH herbarium under specimen no. 2862- KASH her-
barium, University of Kashmir.

2.2. Preparation of medium

Medium used for culturing of explants was Murashige & Skoog’s
(MS) (1962) basal medium which was supplemented with 3% sucrose.
Various concentrations and combinations of BAP, NAA, Kn and 2, 4-D
were added to the MS medium. pH of the medium was adjusted be-
tween 5.5-5.8 and 0.8% agar was used as jelling agent. The medium
after dispensing in suitable culture vials was autoclaved for 20-25 min
at a pressure of 15 1b and at a temperature of 121 °C. The cultures were
maintained at 23+ 5 °C with 55-65% RH and exposed to 16 hr light
period using cool fluorescent (3000 lux) tubes.

2.3. Surface sterilization of seeds

All the seeds were surface sterilized in 0.02% HgCl, solution for 12
min. The explants were properly rinsed with double distilled autoclaved
water to remove traces of HgCl.

2.4. Seed germination

The sterilized seeds were inoculated on MS basal media (Media
without plant growth hormones) and incubated in culture room under
controlled conditions.

2.5. Callus production

For callus production in vitro raised leaf and root explants were
inoculated on MS media augmented with different concentrations of
BAP, NAA, Kn and 2,4-D. MS basal medium was used as control. The
cultures were incubated in culture room and results were recorded after
every week.

3. Results
3.1. Callus formation from leaf explants

To obtain callus from leaf explants, three combinations of phyto-
hormones were used. One was combination of MS media +BAP + NAA
and other was MS media + Kn + 2, 4-D and the third one included MS +
2, 4-D + NAA (Table 1-3). In leaf explants callus induction was obtained
on all the three combinations used. But the best results in form of
amount of callus obtained were on MS medium augmented with
different concentrations and combination of BAP and NAA (Table 1).
Out of all combinations and concentrations used maximum amount of
callus obtained from leaf explants was 22. 14 mg fresh weight on con-
centration of 1 mg/1 of both BAP and NAA. On increasing the further
concentration of BAP and NAA there was decrease in amount of callus
produced. So the concentration of 1 mg/1 of both BAP and NAA proved
to be the threshold concentration. When MS media was augmented with
Kn + 2,4-D combination maximum amount of callus obtained is 6.24 mg
fresh weight on 0.5 mg/1 concentration of both Kn and 2,4-D (Table 2).
While using the combination of 2,4-D and NAA maximum amount of
callus obtained was 5.27 mg fresh weight on combination of 0.5 mg/1 of
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Table 1
Effect of BAP and NAA on callus induction from leaf explants of A. acuminata
after three months.

Growth % of callus MDW of callus (mg/ MFW of callus (mg/
regulators formation Exp.) Exp.)
Concentration
(mg/1)
BAP NAA
0 0
0.5 0.5 100% a 0.58ab 14.26¢
0.5 1 100% a 0.61ab 12.03e
0.5 1.5 100% a 0.45¢ 11.34f
0.5 2 100% a 0.47¢ 14.21c
0.5 2.5 100% a 0.51 ¢ 16.14 ¢
0.5 3 100% a 0.56 ¢ 16.58 ¢
1 1 100% a 0.74a 22.14a
1.5 1 100% a 0.68b 16.18d
2 1 100% a 0.60c 14.06¢
2.5 1 100% a 0.57¢ 16.57¢
3 1 100% a 0.59¢ 21.09¢
Table 2

Effect of Kn and 2,4-D on callus induction from leaf explants of A. acuminata
after three months.

Growth % of callus MDW of callus (mg/ MFW of callus (mg/
regulators formation Exp.) Exp.)
Concentration

(mg/1)

2,4-D Kn

0.5 0.5 100% a 0.25b 6.34

1 0.5 100% a 0.14 ¢ 4.13d
1.5 0.5 100% a 0.09d 2.26e€
2 0.5 100% a 0.05d 1.10e
0.5 1 100% a 0.33a 6.16 a
1 1 100% a 0.21b 4.22
1.5 1 100% a 0.17 ¢ 3.06 ¢
2 1 100% a 0.11c¢ 215¢

2,4-D and 1 mg/1 of NAA (Table 3). In the preset study, BAP and NAA
combination was most favorable for production of callus comparatively
in MS media without any hormones no callus was obtained.

3.2. Callus formation from root explants

In case of root explants again all the three combinations used showed
callus formation (Table 4-6). The best result in terms of amount of callus
obtained i.e. 33. 13 mg fresh weight was again on BAP + NAA combi-
nation but here the concentration of BAP used is 0.5 mg/1 and that of
NAA is 1 mg/1. On increasing concentration of BAP and NAA there was
decrease in quantity of callus produced. The maximum amount of callus
obtained on Kn + 2,4-D is 7.04 mg of fresh weight on using 0.5 mg/1 of
both phytohormones. On using combination of 2,4-D and NAA callus
production was observed comparatively in less quantity. In this

Table 3
Effect of 2, 4-D and NAA on callus initiation from leaf explants of A. acuminata
after three months.

Growth % of callus MDW of callus (mg/  MFW of callus (mg/

regulators formation Exp.) Exp.)

concentration

(mg/1)

2,4-D NAA

0 0 0b od 0g

0.5 0.5 100% a 0.19¢ 411c

1 0.5 100% a 0.13c 2.19e

2 0.5 100% a 0.029 d 1.05 f

0.5 1 100% a 0.23a 5.27a

1 1 100% a 0. 13c 2.12d
1 0b 0d 0g
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Table 4
Effect of BAP and NAA on callus induction from root explants of A. acuminata
after three months.

Growth % of callus MDW of callus (mg/ MFW of callus (mg/
regulators formation Exp.) Exp.)
concentration
(mg/1)
BAP NAA
0 0 0%c¢ Oh 0j
0.5 0.5 100% a 0.81b 27.13b
0.5 1 100% a 0.74 a 33.13a
0.5 1.5 100% a 0.68 e 19.32 g
0.5 2 100% a 0.49 e 16.19 g
0.5 2.5 100% a 0.4l e 17.15g
0.5 3 100% a 0.52d 22.14 e
1 1 100% a 0.85¢ 26.12 ¢
1.5 1 100% a 0.72d 22.56 ¢
2 1 100% a 0.63d 18.21d
2.5 1 100% a 0.54d 15.11d
3 1 100% a 0.51d 12.32 f
Table 5

Effect of KIN and 2,4-D on callus induction from root explants of A. acuminata
after three months.

Growth % of callus MDW of callus (mg/ MFW of callus (mg/

regulators formation Exp.) Exp.)

concentration

(mg/1)

2,4-D Kn

0 0 Oc 0b 0g

0.5 0.5 100% a 0.27 a 7.04 a

1 0.5 100% a 0.20 a 3.12 be

2 0.5 85% ab 0.20 a 4.89b

0.5 1 100% a 0.26 a 4.65 cd

1 1 55% b 0.12b 3.31de

2 1 55% b 0.12b 1.92 ef
Table 6

Effect of 2,4-D and NAA on callus formation from root explants of A. acuminata
after three months.

Growth % of callus MDW of callus (mg/ MFW of callus (mg/
regulators formation Exp.) Exp.)

concentration

(mg/1)

2,4D NAA

0 0 0b 0.07 b Oc

0.5 1 75% a 0.16 a 4.10a

1 1 100% a 0.06 b 1.25b

2 1 0% b od Oc

combination maximum amount of callus obtained was only 4.10 mg of
fresh weight on using 0.5 mg/1 of 2,4-D and 1 mg/1 of NAA. So callus was
obtained on all the three combinations but the amount of callus obtained
on BAP + NAA combination is far higher than on other concentrations.

3.3. Callus characteristics

The calli formed were primarily compact, soft and vitreous, with
color varying from green, brown to white and varied with different
concentrations of PGR combinations used. White and green calli were
obtained from leaf explants; white callus had friable texture (Fig. 1C)
wshilst green callus has a compact texture (Fig 1. D). In root explants,
callus was yellowish in color with a compact texture (Fig. 1E &F).

4. Discussion

Plant tissue culture plays a crucial role in the manipulation of plants
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for better performance [13]. Plant cell cultures, particularly callus cul-
tures, have a wide range of physiological characteristics. Because of
their heterogeneous character, developing cost-effective natural product
manufacturing platforms demands the selection of high-yielding cell
lines [14, 15].

In response to both biotic and abiotic stress plants develop unorga-
nized cell masses and generate the secondary metabolites that are
released as defense responses [16]. Secondary metabolites not only
reveal protective functions, but also possess medicinal value for human
beings and callus cultures being produced under stress conditions
represent interesting sources for the easy and scalable production of
secondary metabolites [17].

Since the discovery that the combination of two growth-promoting
hormones, auxin and cytokinin, induces callus from plant explants in
vitro, this experimental system has been used extensively [16]. Role of
phytohormones in the plant tissue culture including callus induction and
differentiation of various calluses is well documented. Auxin and cyto-
kinin levels, both endogenous and exogenous, play a role in callus for-
mation in a variety of plant species. In general, an intermediary
percentage of auxin and cytokinin enhances callus induction, while a
high percentage of auxin-to-cytokinin or cytokinin-to-auxin stimulates
root and shoot renewal, respectively [18]. The use of cytokinins is
believed to influence callus formation by lowering cell wall lignifica-
tions and so increasing callus initiation and development in vitro. It has
been found that callus growth usually begins on the explants cut surface
and progresses to cover the whole explant [19]. Since several studies,
have shown that combining cytokinins and auxins generated superior
outcomes than using either auxins or cytokinins alone [20, 21]. Hence,
the present study was aimed to establish a suitable combination of BAP,
NAA, kinetin, and 2,4-D to promote callus induction in Atropa
acuminata.

In the present study auxin and cytokinin combination was used for
the induction of callus. The combinations used were BAP + NAA, NAA
+ 2,4-D and Kn + 2,4-D. The explants used included in vitro raised root
and leaf explants. Among all the combinations and concentrations used
maximum amount of callus was obtained on root explants cultured on
MS media supplemented with BAP+ NAA followed by leaf explants on
same combination of auxin and cytokinin. As far as concentration is
considered lower concentration of both the phytohormones proved to be
critical for callus induction and on increasing concentration there was
significant decrease in amount of callus produced. So irrespective of
explants auxin and cytokinin ratio and type seems to play a role in in-
duction of callus. Similarly some other workers like [22-27] have also
obtained maximum callus on same phytohormonal combination. MS
medium augmented with BAP and NAA also showed significant response
for callus induction from leaf explants of Withania somnifera [28]. Our
findings are also in accord with the previous findings of [29] where they
reported the formation of compact callus of Annona muricata at a con-
centration of 2 mg/l, BAP+0.2 mg/l, NAA. Similarly, [20] reported
callus induction on MS medium containing 2.5 mg /1 NAA + 2.0 mg /1
BAP. The decreased amount of callus produced on higher concentrations
is attributed to the inhibitory effect of phytohormones when applied in
higher concentrations. On using other two combinations Kn+2,4-D and
NAA + 2,4-D comparatively less amount of callus was obtained. This is
in contrast to many studies where 2,4-D was responsible for production
of higher amount of callus in other plants like rice [30] .The lower
amount of callus produced using Kn and 2,4-D in our study may be due
to the endogenous presence of phytohormones with the result the crit-
ical ratio required for more callus formation is not attained.

5. Conclusion

In the present study, in vitro callus production was studied on leaf
and root explants of A. acuminata. Callus was initiated on all concen-
trations and combinations but MS media augmented with BAP + NAA
combination of Plant growth regulators proved to be best for production
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Fig. 1. A: Seed germination on MS basal medium. B: 45 days old complete seedling. C: Callus from leaf explants on BAP 1 mg/l and NAA 0.5 mg/1 . D: Callus from
leaf explants on BAP 1 mg/1 and NAA 1 mg/1. E: Callus from root explants on BAP 0.5 mg/] and NAA 1 mg/1 . F: Callus from root explants on BAP 1 mg/l and 1 mg/1

NAA .

of callus in both explants. In callus production, root explants proved to
be better explants as more amount of callus was obtained on root ex-
plants as compared to leaf explants. The maximum amount of callus was
obtained on lower concentrations of phytohormones and higher con-
centrations of phytohormones proved to be inhibitory for both explants.
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