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ABSTRACT

Objective:  Micropropagation and elicitation studies of Aloe vera

Methods: Standardisation of the regeneration protocol was done by using Murashige and Skoog (MS) media in combination with various plant growth 
regulators and elicitation studies were carried out by means of abiotic elicitors (salicylic acid, fructose and sodium chloride). 

Results: Direct regeneration through shoot tip gave the best response (0.2 mg/l Indole Butyric Acid (IBA) + 0.2mg/l 6-Benzylaminopurine (BAP)). 
Salicylic acid proved to be an effective abiotic elicitor, for suspension cultures of in vitro grown callus and also in vivo. It increased the content of 
polysaccharides, up to 7 times and phenolic compounds to almost 10 folds compared to untreated control kept under similar conditions.

Conclusion: This study will make a path for the genetic transformation and metabolite enhancement along with their regulation, which can prove to 
be an asset towards pharmaceutical industry. 
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INTRODUCTION

Aloe vera, a plant with many benefits, can rightly be called as a “Medicinal 
Miracle.” It is widely used for various purposes, ranging from health to 
cosmetic applications. It contains numerous bioactive components that 
prove to be beneficial for humans in a variety of ways. This particular 
species has been frequently quoted for its use in herbal medicine since 
the first century [1]. With increasing knowledge and technology, it has 
become one of the most widely exploited plant species, in terms of 
natural remedies. The extract derived from A. vera leaves is a common 
constituent of cosmetics and other alternative medicines and is used by 
industries which market such drugs for their rejuvenating, healing, or 
soothing properties.

A. vera or Aloe barbadensis Miller is a plant of family Liliaceae [2] and 
also called as “Burn plant.” It is a xerophyte which can be easily grown 
even in lands with low levels of rainfall. It is mainly propagated using 
suckers (or) offshoots. It takes around a year to produce a commercial 
crop [3]. The leaves of this plant are known to comprise more 
than 200 bioactive constituents such as saponins, anthraquinones, 
mucopolysaccharides, steroids, vitamins, and glucomannans [4-6]. 
The diverse pharmacological and therapeutic effects of A. vera is 
hypothesized to be associated with the heterogeneous composition of 
the A. vera pulp [7]. The two major chemical constituents of the plant 
are anthraquinones present in the exudate which contributes to most 
of the medical benefits and polysaccharides that are responsible for 
numerous properties imparted by the gel.

Intense research is on to identify and isolate various metabolites from 
the gel, as well as to identify new properties, which can create new 
medical breakthroughs such as inhibiting cell proliferation in cancer 
cells and treatment of atherosclerosis. In the food industry, it has been 
extensively used as a source of functional foods and as an ingredient in 
other food products, for the production of gel-containing health drinks 
and beverages. In the cosmetic and toiletry industry, it has been used as 
base material for the production of creams, lotions, soaps, shampoos, 
facial cleansers, and other products. In the pharmaceutical industry, 
it has been used for the manufacture of topical products such as 
ointments and gel preparations, as well as in the production of tablets 

and capsules [8,9]. Recent development in pharmaceutical applications 
suggests that both the A. vera gel and whole leaf extracts have the ability 
to improve the bioavailability of co-administered vitamins and other 
drugs in human subjects [10,11]. All these wide ranges of applications 
have led to an increasing demand of the plant, which can be met 
by micropropagation, and the efficiency of the plant as a medicinal 
agent can be enhanced using elicitation. Hence, the present study was 
conducted to achieve regeneration, rapid multiplication, and shoot 
proliferation with enhances metabolite production.

In vitro regeneration and propagation of this plant has been carried out 
by various groups of researchers [12-20] using different explants and 
different media compositions. However, meager reports are available 
for callus culture of Aloe species because of the pertinent problem of 
primary cultures establishment due to the high phenolic secretion by 
the wounded edges of the explant. Although, there are some reports on 
callus induction and morphogenesis in this species [15,21-23], which 
are not reproducible due to environmental intricacies. Through this 
study, a standardized optimization of the media design was attained that 
controlled the phenolic secretion effectively and also led to successful 
and reproducible shoot proliferation or organogenesis, either directly 
through the explant or through callus induction. Various compositions 
of auxins and cytokinins in Murashige and Skoog (MS) media were 
tested, along with different types and age of explants.

Along with regeneration, short-term in vitro and in vivo elicitation 
studies were also carried out in A. vera to enhance its important 
active metabolites targeting mainly polysaccharides and phenols/
anthraquinones. Elicitation mechanism in A. vera is not well studied. 
Unfortunately, not much work has been done regarding elicitation in 
Aloe sp., especially in vivo/in field to evaluate short-term elicitation 
effects using abiotic elicitors. Long-term effect of different factors 
such as water, sunlight, and nitrogen has been evaluated over long 
period [24-27], but lack of short-term studies persists. The results of 
this study can prove to be highly beneficial for improving commercial 
value of this plant and its efficacy as a medicinal/cosmetic agent. This 
is the first report, in which direct and indirect regeneration along with 
elicitation of the same explants has been exhibited.
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METHODS

Micropropagation
Disease-free, healthy plant material was procured from Dhanvantari 
Nursery, Bengaluru University. Initial analysis of the parent plant 
was done from which explant was to be derived for content of 
polysaccharides and phenolic content using simple colorimetric tests 
such as anthrone test for polysaccharides [28] and phenol estimation 
by Folin-Ciocalteu’s (F-C) reagent [29]. The explants were trimmed to 
suitable size of 2-3 × 10−2 m and then washed thoroughly in running 
tap water for 30 minutes and Tween 20 (Merck, India) for 10 minutes 
followed by thorough rinsing to remove any traces of detergent for 
10  minutes. 1%  w/v solution of Bavistin (BASF India, Limited) was 
used as a fungicide treatment for 15-20 minutes. After proper rinsing 
explants were taken inside the laminar air flow for surface sterilization 
with freshly prepared 0.1% w/v aqueous solution of mercuric chloride 
for 1-2 minutes, with vigorous shaking. Thereafter, they were washed 
using autoclaved distilled water 2-3 times. The explants were further 
trimmed to 0.5-1 × 10−2  m segments and aseptically transferred to 
tissue culture bottles containing solidified MS media supplemented 
with different plant growth regulators such as auxins, cytokinins, and 
other adjuvants (Plant growth regulator [PGRs]  -  using 1 × 10−3 g/ml 
stock solutions of the PGR) to test which composition works the best. 
Growth conditions were maintained at 20-25°C with 8/16 photoperiod.

To check media browning due to phenolics, the explants were frequently 
subcultured to fresh media so that the growth was not hampered. 
Subculturing was done for tissues that exhibited proliferation and 
growth after 28-30  days of initial inoculation. However, once the 
growth rate accelerated, the explants were transferred to fresh media 
every 10-15 days.

Elicitation studies
In vitro elicitation studies
For in vitro studies, callus was initiated on the margins of the leaf sections 
of the plant by cultivating them on solidified MS media supplemented 
with 1 × 10−3  g/L of 2,4-dicholoroacetic acid and 0.2 × 10−3  g/L of 
1-naphthaleneacetic acid. Adenine sulfate (20 × 10−3  g/L) was used 
as an antioxidant to overcome the persistent problem of browning of 
the explant and the media. The initial proliferation was visible after 
2 weeks of inoculation (Fig. 1a) and was quite prominent by the end of 
4th week (28 days) (Fig. 1b).

The callus culture was aseptically transferred to autoclaved liquid MS 
media with the same additives as used for callus induction. Before 
transferring, some of the leaf sections were subjected to analysis of 
polysaccharide and phenolic compounds. These data were recorded 
as “0th  hr” results, which were later used to compare the results of 
elicitation. These leaf sections were transferred to 18 different conical 
flasks having 40  ml liquid MS media with 3-4 leaf sections (~2 g of 
leaf sections). Each treatment including control was carried out in 
triplicates. Salicylic acid (SA) was used as abiotic elicitor in two different 
concentrations of 3 × 10−6 mol and 5 × 10−6 mol. All the flasks were kept 
in shaker incubator and subjected to 96 hrs and 144 hrs of agitation at 
25°C and 130 rpm.

After completion of the due time, the flasks were removed from the 
incubator, and the leaf sections were separated from media and 
homogenized with little quantity of acetone, in a mortar and pestle. 
The homogenate was centrifuged at 10,000  rpm for 10  minutes. The 
supernatant collected was left to evaporate residual acetone. The 
concentrated supernatant was then used for analysis. The samples 
were directly analyzed for content of polysaccharides using anthrone 
reagent, and the methanol extract of the supernatant was used as 
sample for analysis of phenolic compounds using F-C reagent. 0.2  ml 
of the sample (supernatant) was diluted to 1  ml with distilled water 
for analyzing.

In vivo elicitation studies
In vivo elicitation studies were carried out on wild-type potted 
plants, procured from Dhanvantari Nursery, Bangalore University. 
The elicitors used were: 100 × 10−3 mol sodium chloride (NaCl), 
100 × 10−3 mol fructose, and 100 × 10−3 mol SA for a period of 7-day 
and 15-day. Plants of almost similar growth (Fig.  2) were taken for 
analysis and grouped into four categories of three plants each, which 
are – Group 1 (untreated - watered with 90 ml plain water), Group 2 
(watered with 90 ml of 100 × 10−3 mol NaCl), Group 3 (watered with 
90 ml of 100 × 10−3 mol fructose), and Group 4 (watered with 90 ml 
of 100 × 10−3 mol SA).

Before the commencement of the study, “Day 0” analysis was done to 
check the content of polysaccharides and phenolic compounds in the 
starting plant material and compare with the results post-study. For 
this, one matured leaf was excised from each plant and used for analysis. 
The supernatant obtained after centrifugation of homogenized leaf was 
used for analysis. The plants were kept in proper sunlight and aeration 
in open ground. These plants were watered thereafter, with water every 
alternate day. On the 7th  day and 15th  day of treatment, leaves were 
excised from each plant and prepared for analysis. Post-analysis, the 
data were recorded and graphically interpreted to report the effect of 
the study on the useful metabolites of A. vera.

RESULTS

Micropropagation
For direct regeneration, the different types and age of explants used. 
These were: Young shoot tip, rhizome apex of a matured plant, and 
nodal region of underground rhizome.

Direct regeneration was obtained using MS media supplemented 
with 6-benzylaminopurine (BAP) and indole-3-butyric acid (IBA). For 
shoot initiation and proliferation, 0.2 × 10−3 g/L of each BAP and IBA 
was used. Later for further multiplication and elongation of shoots 

Fig. 2: Plants kept for in vivo elicitation study

Fig. 1: (a) Callus induction after 2 weeks, (b) callus growth after 4 
weeks (Bar represent 1 cm) 

a

b
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and rooting, the young plantlets were transferred to media containing 
IBA (0.2 × 10−3  g/L) and BAP (2.0 × 10−3  g/L). Each of the explants 
gave results for shoot proliferation at the initial stage, but the growth 
was fastest in case of young shoot tip where the shoots of about 
1-1.5 × 10−2 m were formed in about 15 days’ time. The rhizome apex 
and nodal region of rhizome showed early signs of growth, but shooting 
occurred only after 30-40  days. The number of young shoots arising 
from rhizome apex was maximum (~8-10), but the shoot growth was 
very poor (Fig. 3).

The number of shoots arising from nodal region was minimum (~3-4) 
with a good growth, but rooting of such plantlets was difficult due to 
a higher risk of contamination while separating the plantlets from the 
base (Fig. 4).

In all manners, young shoot tip was found to be the best explant choice 
for direct regeneration, with faster growth, healthy plantlets, more 
number of secondary plantlets arising from the regenerated plant, 
moderate number of shoots (5-6), good capability of rooting and 
acclimatization, and lesser chances of contamination (Fig. 5).

Repeated subculturing to fresh media was done after every 10-15 days. 
After 2  months, rooting of plantlets was observed. Once, the roots 
reached to 3-4 in number and 3-4 × 10−2 m in length (after 20 days of 
root initiation), the plantlets could be successfully acclimatized (Fig. 6).

During initial 1.5 months, the best control of phenolic secretions was 
given by citric acid (0.2 g/L). For later stages, i.e., shoot elongation and 
rooting the media was supplemented with 2 g/L of activated charcoal 
(powdered) to control the phenols and enhance growth.

All these results and findings help to standardize the various available 
protocols for regeneration and come to a single concrete solution for 
direct regeneration and micropropagation of A. vera. Through the above-
tested media composition for various stages of growth, many plantlets 
can be regenerated from a single shoot tip especially that of a young 
plant in lesser time and space. To compare the regenerated or in vitro 
grown plant with the parent plant from which explant was taken, the 
plants were observed morphologically and also analyzed for important 
metabolites. The micro propagated plants were morphologically similar 
to parent plants, in terms of leaf texture, thickness and also with respect 

Fig. 3: Multiple shoot regeneration stages from a matured rhizome apex

Fig. 4: Shoot development stages from nodal region of underground rhizome

Fig. 5: Stages of regeneration of plantlet from young shoot-tip
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to the root length. Test for polysaccharides and phenolic compounds 
that were conducted to assess any changes in the metabolite content 
of the regenerated plant gave the results that are expressed in Figs. 7 
and 8 using bar graphs.

The results obtained suggest that the regenerated plant is also 
metabolically similar to the parent plant or rather superior to it in terms 
of metabolites. The slight increase in metabolite content exhibited by 
the results may be due to the PGRs added into the culture media, which 
act as elicitors for these metabolic pathways and have a direct influence 
on the phytochemical composition of the plants [30].

Elicitation studies
Non-genetic elicitation was carried out using abiotic elicitors for callus 
cultures - in vitro and for naturally grown plants - in vivo. The results 
were obtained in terms of the change in metabolite concentration in 
treated and untreated plants during the stipulated time-period. The 
estimation of metabolites – phenolic compounds and polysaccharides 
in the samples were done using the equations of linearity obtained from 
the standard graphs.

In vitro elicitation studies
For analyzing the metabolite content (polysaccharides and phenols), 
samples were prepared from these 28 to 30-day-old callus cultures of 
treated and untreated groups. The treatment group consisted of 3 × 10−6 
mol and 5 × 10−6 mol of SA as abiotic elicitor which was used to study 
the response after 96th hr and after 144th hr of initiation of the study. 
Polysaccharide content was tested using anthrone reagent and phenolic 
compounds by F-C reagent. The results obtained are expressed in terms 
of the “fold change” in concentration of metabolites from 0th hr to 96th hr, 
0th hr to 144th hr, and from 96th hr to 144th hr of the study. Fig. 9 indicates 
fold change in polysaccharide content in the respective groups, w.r.t 
control. The results show almost 2-10 folds increase in the content of 
polysaccharides at the end of 96-144 hrs of study as compared to the 
content present before treatment. However, the polysaccharides have 
increased by 5-10 folds in the treated groups, whereas in the untreated 
group the increase is only 1.5-2 times. Furthermore, the rate of increase 
(per hour or per day) is more in the group treated with 5 × 10−6 mol of 
SA but more rapid during the first phase (0-96th hr) than in the second 
phase of the study (96-144th hr).

Fig. 10 indicates fold change in phenolic content in the respective group 
w.r.t control.Fig. 6: Growing acclimatized plant

Fig. 7: Polysaccharide content in parent and regenerated plant; 
p≥0.05

Fig. 8: Phenolic content in parent and regenerated plant; p≥0.05

Fig. 9: Fold change of polysaccharide content with respect to 0th h 
control in untreated and treated groups; p≥0.05

Fig. 10: Fold change of phenolic content with respect to 0th h 
control in untreated and treated groups; p≥0.05
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The fold change in content of phenolic compounds w.r.t. 0th hr control 
is within 2.5-13 amongst various groups. The fold change is much 
less in case of untreated group (2.5-3.3 folds) than in treated groups 
(7-13 folds), even though there is no significant difference in the data 
obtained for 3 × 10−6 mol and 5 × 10−6 mol of SA treatment. The rate of 
increase is more up to 96 hrs (0.07 µg/ml/h) in case of treated groups 
than the rate of increase after 96 hrs of elicitation.

To summarize, from Figs.  9 and 10, it is clearly evident that the fold 
change in the metabolite content of the callus cultures, is quite 
significant (almost 5-10 folds for polysaccharides and 7-13 folds for 
phenolic compounds) when treated with SA. Even the cultures treated 
with 3 × 10−6 mol, SA show a considerable increase w.r.t 0th hr control 
when compared to the untreated group. Thus, SA was found to be an 
effective abiotic elicitor for secondary metabolite synthesis in our study. 

Therefore, the efficacy of A. vera as a medicinal agent can be highly 
improved through SA treatment in suspension cultures.

In vivo elicitation studies
The effect of different elicitors (100 × 10−3 mol NaCl, fructose, and SA) 
was assessed by comparing the polysaccharide (anthrone test) and 
phenolic content (F-C test) of the treated and untreated group of plants 
with the initial content present in the plants before commencement of 
the study at “Day 0.” Since the plants were naturally growing plants, 
the initial content of polysaccharides cannot be the same for all the 
plants. Although care was taken to select plants of similar growth, it 
was practically impossible to have all the plants of the same metabolic 
profile. Hence, the grouping was done in a way that plants belonging 
to one group were quite alike in terms of growth, but slightly different 
from plants of other groups. To address this, discrepancy every group 
was compared against its own control, i.e., “Day 0” data obtained for the 
three plants of that particular group. The results are expressed as bar 
graphs plotted for “fold change” in the metabolite content of the group 
after 7th and 15th day of elicitation w.r.t the “Day 0” content of the same 
group. Fig. 11 indicates fold change in polysaccharide content.

The results indicate that the maximum fold change occurred in 
case of the plants treated with 100 × 10−3 mol SA (2.04), followed by 
100 × 10−3 mol fructose (1.67) and then 100 × 10−3 mol NaCl (1.47). 
Although in case of field studies (in vivo elicitation) the change is not 
very high when compared to untreated group (1.19), still it may prove 
significant and beneficial when huge amount of biomass is taken into 
consideration. In this experiment also, SA has proven to be the best 
abiotic elicitor in our study, which increases the polysaccharide content 
2 times more than the untreated group.

As indicated by Fig. 12, the phenolic content has increased the most in 
the case of plants treated with 100 × 10−3 mol SA (~8 times), followed 
by fructose (~5 times) and then NaCl (3.5 times). However, the change 
due to treatment is much more when compared to the untreated group 
which showed a fold change of 1.5 from 0th to 15th day. Furthermore, we 
could observe that the fold change has reduced considerably in plants 
under salt stress from 7 to day 15.

Thus, in case of in vivo elicitation, SA worked out to be the most potent 
abiotic elicitor, especially in the case of phenolics. The fold change in 
the metabolite concentration was significantly high in treated plants 
compared to untreated plants. The decrease in content of phenolic 
compounds from 7th to 15th day in case of NaCl-treated plants may be 
due to saline shock after initial stage, which led to poor growth of plants 
and flaccid leaves, observed at the end of the study. Due to lack of such 
short-term field elicitation studies, our study might prove quite fruitful 
for enhancing the metabolite production, and hence, the medicinal 
efficiency of the plant.

This has also been proven in previous studies where they have suggested 
that “SA has an important role in activation of the plant specific-Type III 
polyketide biosynthetic pathway.” This pathway is responsible for 

synthesis of tricyclic aromatic quinones and apart from this, SA also 
helps in the efficient utilization of carbon-sources, thereby enhancing 
polysaccharide production by other metabolic pathways  [31]. It was 
also observed in our study that the rate of change is more up to 96 hrs of 
elicitation than later. This can be explained by studies that suggest that 
maximum physiological changes that occur due to any type of stress 
(biotic or abiotic) in a plant tissue happen during the first 72 hrs of 
inducing stress [32].

DISCUSSION

Earlier studies suggest successful use of auxin in the culture medium 
to elongate the shoot buds. Researchers reported the use of 2 mg/l IBA 
along with BA resulted in 100% response with elongation of 6–8 shoot 
buds per explant [31]. This was also confirmed by results of our study 
and fully organized multiple shoots were obtained by regulating the 
exogenously fed growth regulators. 

Role of various growth regulators have been manifested in various 
recalcitrant plant cultivars. Studies have reported beneficial effects 
of BAP and IBA in C. annuum organogenesis [32-33]. Fully organized 
multiple shoots were obtained in C. frutescens by administering BAP. 
Both BA and IBA induced direct differentiation of shoot buds from 
cotyledonary leaf explants in C. frutescens [34-35]. Similar observations 
were made in Tagetes under influence of BA and IBA [35-36]. The 
PGRs added to the media act as elicitors for the metabolic pathways 
for the phytochemicals [30], hence, the regenerated plantlets were 
metabolically similar or superior to the parent plant.

The application of elicitors to enhance secondary metabolite production 
in plants, is like mimicking the production of these compounds 
naturally in the presence of pathogen infection. Plants usually develop 
a defensive response that activates a sequential reaction of complex 
multi-component network on pathogen attack. These usually include 
the production of secondary metabolite such as pheonolics. The 
overproduction of secondary metabolite in Capsicum sp. is already 

Fig. 11: Fold change in polysaccharide content from day 0 (D0) to 
day 7 (D7) and day 15 (D15) in untreated and treated (salt, sugar, 

and salicylic acid); p≥0.05

Fig. 12: Fold change in phenolic content from day 0 to day 7 and 
day 15 in untreated and treated (salt, sugar, and salicylic acid); 

p≥0.05
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well studied using in-vitro models [36-38]. The use of abiotic and biotic 
elicitors for the production of high capsaicinoid content using the cell 
suspension cultures is well documented. Effects of abiotic elicitor on 
flowering when sprayed on field grown plants, enhanced levels of 
phenyl propanoid compounds [39]. 

Plant defence can be triggered by local recognition of pathogens but, 
more effective responses include systemic signalling pathways [40]. 
Two of the most important compounds having this ability are salicylic 
acid (SA) and jasmonic acid (JA). Systemic responses include those 
dependent on SA signalling and are named Systemic Acquired 
Resistance [41]. The effect has also been proven in previous studies 
where they have suggested that “SA has an important role in activation 
of the plant specific-type III polyketide biosynthetic pathway.” This 
pathway is responsible for synthesis of tricyclic aromatic quinones 
and apart from this, salicylic acid also helps in efficient utilization of 
carbon-sources, thereby enhancing polysaccharide production by other 
metabolic pathways [42]. 

It was also observed in our study that the rate of change is more up to 
96 hrs of elicitation, than later. This can be explained by studies that 
suggest that, maximum physiological changes that occur due to any 
type of stress (Biotic or abiotic) in a plant tissue, happen during the 
first 72 hrs of inducing stress [43].

The Induced Systemic Resistance is known to be dependent on 
JA [44]. SA, JA and its derivatives like Methyl Jasmonate (MeJ) have 
been used as inducers in plants and were found to stimulate their 
secondary metabolism [45-46]. The ability of jasmonate to boost plant 
defences against fungal pathogens has already been reported [46]. 
The mechanism of action of SA and MeJ (or more general, jasmonates) 
is still a matter of debate [47]. These two compounds seem to act 
independently via antagonistic pathways giving rise to different plant 
responses. Nevertheless, a clear dichotomy does not always exist.

CONCLUSION

In the present investigation, micropropagation was done using young 
shoot tip, which gave the best result when cultured on MS media 
with 0.2 × 10−3 g/L IBA and 0.2 × 10−3 g/L BAP.  0.2  g/L of citric acid 
gave the best control of phenolic secretion during shoot proliferation. 
For shoot elongation and rooting, MS media with 2.0 × 10−3 g/L BAP 
and 0.2 × 10−3 g/L IBA gave best results. During rooting of explants, 
activated charcoal (2 g/L) was more successful in preventing browning 
of the media. The regenerated plants were morphologically similar to 
the parent plant and the metabolic profile (only polysaccharides and 
phenols) were also similar, rather slightly enhanced in regenerated 
plants.

Elicitation studies prove that SA can be an effective abiotic elicitor, for 
suspension cultures of in vitro grown callus. It increased the content 
of polysaccharides, up to 7  times and phenolic compounds to almost 
10-fold compared to untreated control kept under same conditions for 
the same duration. In vivo elicitation studies also indicated that SA is a 
potent elicitor that enhances metabolite production. Although in vivo, 
the effect is less pronounced in case of polysaccharides (0.8 times) but 
quite high for phenolic compounds (~7  times) in comparison to the 
untreated group, after 15 days of elicitation. Fructose/sugars also have 
a significant effect on metabolite elicitation. Salt stress had minimal 
effect on enhancement of metabolite synthesis.

A. vera having wide array of bioactive constituents, being used as a 
medicinal product or for cosmetic purpose throughout the world is 
rightly called the “Miracle Plant.” Due to recalcitrant and genotype 
specificity, regeneration and elicitation are the strong tailback.
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