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ABSTRACT 
 

Amaryllidaceae include plant species that present alkaloids with analgesic, anti-cancer, anti-
bacterial, anti-viral, anti-fungal and anti-malarial activities. Due to this pharmacological value, 
several species of this family have been widely studied and among them is White lilly, Crinum 
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americanum. The objective of this work was to induce callogenesis on leaf explants of C. 
americanum cultivated in vitro for future production of alkaloids. Leaf explants were grown on a 
culture medium (solid) Murashige and Skoog (1962) supplemented with different concentrations 
and combinations of plant growth regulators, auxin 2,4-dichlorophenoxyacetic acid and cytokinin 6-
benzylaminopurine and their effect on callogenesis assessed for percentage oxidation and explants 
responsive to callus induction. Callus formation started 10 days after hormone inoculation, and 
within 30 days after inoculation the best callogenesis and callus biomass growth were observed in 
medium containing 2.5 mg L-1 of 2,4-dichlorophenoxyacetic acid and 10 mg L-1 of 6-
benzylaminopurine. The lowest percentage of oxidation was observed on explants cultivated on 
medium containing 5 mg L

-1
 of 6-benzylaminopurine and 2.5 mg L

-1
 of 2,4-dichlorophenoxyacetic 

acid. The calli obtained were compact and embryogenic. This work contributes not only to future 
studies on in vitro callogenesis of this species, but also to a possible protocol for the production of 
alkaloids of interest from cell suspension cultures produced in vitro. This is the first report of callus 
formation in Crinum americanum explants. 
 

 
Keywords: Alkaloids; callogenesis; growth regulators; tissue culture; environmental impact. 
 

1. INTRODUCTION  
 
White lilly (Crinum americanum L.) is a bulbous 
plant species of the Amaryllidaceae botanical 
family. This family comprises 85 genera and at 
least 1100 species of bulbous plants distributed 
mainly in tropical and subtropical areas of the 
world [1]. The genus, Crinum, contains over 130 
species widely distributed in tropical and 
temperate regions of both North and South 
hemispheres [2]. Crinum species are traditionally 
cultivated as ornamentals due to the large, 
conspicuous, beautiful umbels of lily-like flowers, 
but they have been known to be medicinal herbs. 
Flowers, leaves, sliced or crushed bulbs and 
stalks of these plants have been used, for 
centuries, in folk medicine to cure ailments and 
diseases [3]. Due to their medicinal properties, 
Crinum species attracted the attention of the 
general public, plant gatherers, herbalists and 
medical science researchers. The contained 
alkaloids were tested and were found to be 
responsive in a variety of biological assays, 
exhibiting analgesic, anticancer, antibacterial, 
antiviral, antifungal, antimalarial and anti-
rheumatic activities [3-5]. Among the many 
different alkaloids detected in Amarillydaceae, 
lycorine and galantamine, were major. Lycorine 
has antiviral, antimalarial and cell division 
inhibitory activities [6,7]. Galantamine inhibits the 
acetylcholinesterase (AChE) enzyme and is 
already used for Alzheimer's disease treatment 
[8]. Studies have also revealed antiproliferative 
action of these alkaloids against different cancer 
cell lines [9].  
 
Even though much has been reported on the 
pharmacological value of Crinum, only an 
estimated 20% of the species are represented in 

these phytochemical analyses [3]. The increased 
demand for Crinum products to treat a variety of 
ailments has led to intensive collecting by 
gatherers to supply traditional medical practices 
and the pharmaceutical industry, increasing 
pressure on natural populations and raising 
concern for the conservation of these plants. In 
this scenario, the development of sustainable 
strategies for mass propagation of Crinum plants 
has become imperative to ensure the steady 
supply of high quality plant material for medicinal 
use, scientific research and industrial scale 
production of the pharmacologically important 
alkaloids present in this plant and, most 
importantly, the preservation of Crinum natural 
populations and biodiversity. In vitro plant tissue 
culture is a well-established and reliable 
technology for sustainable, controllable and 
environmentally friendly mass propagation of 
plants, free of contaminants and diseases, 
protected from the vagaries of climate, using 
minimal space, and can be established for most 
plant species by utilizing appropriate culture 
medium, culture conditions and appropriate 
levels of phytohormones [10].  
 
These techniques have been employed for the 
propagation of a variety of medicinal plant 
species and could be a valuable tool for large 
scale production of Crinum plants. Recently, 
plant tissue culture techniques have been used 
in commercial production systems for synthesis 
of high-value plant secondary metabolites, with 
several advantages over conventional whole 
plant extraction, like sustainable production with 
constant and reliable supply of pharmaceutical 
active compounds free of contamination and 
diseases, free of the limitations faced by field 
plant production, closer relationship between 
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supply and demand or the high cost associated 
with complex chemical synthesis [10,11]. 
  
Friable callus is most suitable to initiate cell 
suspension cultures because it shows fast and 
uniform cell growth, and cell suspension cultures 
can be generated by adding clumps of lose cells 
of the callus to liquid medium. Callus growth and 
morphology is explant and species dependent 
but can be altered by modification of plant growth 
regulators in the growth medium to promote 
growth, differentiation, and metabolite production 
in vitro [12]. Plant growth regulators can direct 
explant metabolism to the desired morphogenetic 
process, but their effect might vary according to 
the explant type, plant genotype and 
environmental growth conditions [13]. Addition of 
auxins and cytokinins to the culture medium is in 
some cases essential to stimulate cell 
proliferation. To maximize production, it is 
desirable to initiate the callus from the plant part 
that is known to be the higher producer of the 
compound of interest. Amaryllis species respond 
differently to hormonal composition [14]. 
However, to date, there are no reports of callus 
induction in Crinum americanum. Thus, the 
objective of this work was to induce callogenesis 
on leaf explants of C. americanum cultivated in 
vitro for future production of alkaloids. 
 

2. MATERIALS AND METHODS 
 
2.1 Plant Materials  
 
The explants used in the experiments conducted 
in this research were isolated from young leaves 
of Crinum americanum collected from plants 
growing in their natural habitat in an area located 
in Asa Sul, Brasília, Distrito Federal, Brazil 
(15°49'08.190S; 47°55'15.000W), which is within 
the boundaries of the Cerrado biome. The 
species was identified by Prof. Dr. Christopher 
William Fagg (University of Brasília) and a dried 
sample was deposited in the Herbarium of 
University of Brasília (UB) (voucher number Fagg 
2474). 
  
2.2 In vitro Establishment and 

Callogenesis Induction  
 

Prior to inoculation in vitro, leaves washed 
manually under running tap water to remove dirt 
particles. Leaves were then immersed in a flask 
containing a solution of commercial grade 
sodium hypochlorite (2.5 % active chlorine) 

supplemented with 1.0 mL of Tween 20 for 15 
min. This solution was discarded and leaves 
were washed with 70% ethanol for 1 min. The 
ethanol was discarded and leaves were rinsed 
three times with distilled water sterilized by 
autoclaving (1.5 atm, 121 ºC, 15 min). After 
these treatments, the flask containing the leaves 
was taken to a laminar flow chamber and a 
second decontamination treatment was carried 
out. This treatment consisted of immersion in a 
solution of 50% (v/v) commercial sodium 
hypochlorite for 10 min, followed by three rinses 
with distilled water sterilized by autoclaving (1.5 
atm, 121 ºC, 15 min). Explants were then 
excised from the leaves and inoculated into Petri 
dishes (90 x 15 mm) containing basic MS culture 
medium [15] supplemented with 30 g L

-1
 sucrose 

and 6% agar or the same medium supplemented 
with the following concentrations and 
combinations of 6-benzylaminopurine (BAP) and 
2.4-dichlorophenoxyacetic acid (2,4-D): 5.0 mg L

-

1 BAP + 2.5 mg L-1 2,4-D (T1); 5.0 mg L-1 BAP + 
5.0 mg L

-1
 2,4-D (T2); 5.0 mg L

-1
 BAP + 7.5 mg 

L
-1

 2,4-D (T3); 5.0 mg L
-1

 BAP + 10.0 mg L
-1

 2,4-
D (T4); 10.0 mg L-1 BAP + 2.5 mg L-1 2,4-D (T5); 
10.0 mg L

-1
 BAP + 5.0 mg L

-1
 2,4-D (T6); 10.0 

mg L-1 BAP + 7.5 mg L-1 2,4-D (T7); 10.0 mg L-1 
BAP + 10.0 mg L

-1
 2,4-D (T8). After inoculation, 

the cultures were kept in a growth room at a 
temperature of 25 ± 2°C, in the dark, for 30 days. 
The oxidation percentage, callogenesis response 
and callus biomass were evaluated at 30 days 
after inoculation.  
 
2.3 Experimental Design 
 
The experimental design was completely 
randomized in a 2 x 4 factorial scheme, with two 
concentrations of BAP (5.0 and 10.0 mg L

-1
) and 

four concentrations of 2,4-D (2.5, 5.0, 7.5 and 
10.0 mg L-1), totaling eight treatments with three 
replicates, containing four explants each. 
Oxidation of callus, explants responsive 
callogenesis and characteristics of formation of 
the callus were evaluated. 
 

2.4 Statistical Analysis 
 
Data were submitted to analysis of variance 
(ANOVA) and the means of the quantitative 
treatments were evaluated by regression 
analysis by the statistical analysis program 
Sisvar [16]. The data expressed in percentages 
were previously subjected to arcsine 
transformation (x/100) 0.5. 
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3. RESULTS AND DISCUSSION 
 

3.1 Effects of the Plants Growth 
Regulators in the Oxidation and 
Callus Formation  

 

The disinfection treatment tested in C. 
americanum foliar explants was satisfactory 
since the clean culture percentage was 94.8%. 
This is an important step and a significant 
contribution of this work since this treatment 
allowed inoculation and growth under aseptic 
conditions of the foliar explants.  
 

The presence of compact calli on leaf explants of 
C. americanum was first detected 10 days after 
inoculation (DAI, Fig. 1a) and 30 DAI in vitro 
there was a visible increase in callus biomass 
(Fig. 1b). This is the first report of callus induction 
in C. americanum. The calli were compact, with 
translucent and elongated cells (Fig. 1a-b). Calli 
growth occurred on the four cut sides of the 
explants, which had exposed internal tissues, but 
did not occur on the epidermal surfaces of the 
explants (Fig. 1b). Callogenesis occurred in all 
hormonal treatments tested. Regardless of the 
concentration and combination of growth 
regulators in the treatment, no differences in 
shape, color and cellular structure were observed 
in the formed calli.  

 
According to the analysis of variance of the data, 
there was significant interaction (p > 0.05) of the 
2,4-D and BAP concentrations with the variable 

oxidation with the level of oxidation observed in 
explants (Table 1). 
 
The effect of 2,4-D and BAP concentrations on 
callus oxidation was analyzed and the results 
observed 30 DAI are presented in Fig. 2 and 
Table 1. There was a quadratic behavior of callus 
oxidation percentage as a function of combined 
2,4-D and BAP concentrations. The lowest 
oxidation percentage (62.5%) was observed for 
foliar explants inoculated in medium containing 5 
mg L-1 BAP and 2.5 mg L-1 of 2,4-D, and the 
highest percentage of oxidation was observed on 
explants growing in medium containing a 
combination of 5 mg L-1 of BAP and 7.3 mg L-1 
of 2,4-D. The differences in oxidation 
percentages observed on foliar explants growing 
in treatments containing 10 mg L-1 BAP 
combined with different concentrations of 2,4-D 
were not significant quote the level. In line with 
these results, callus yellowing in Lycopodiella 
inundata increased as 2,4-D and NAA 
(naphthalene acetic acid) concentrations 
increased in the culture medium [12]. 
 

Table 1. Callus oxidation in C. americanum 
leaf explants at 30 days after inoculation in 

culture media containing BAP (p > 0.05) 
 

2,4-D mg.L-1 BAP 5 mg.L-1 BAP 10 mg.L-1 
2.50 62.50 71.67 
5.00 84.17 80.00 
7.50 95.00 75.00 
10.00 82.50 68.00 

 

 
 

Fig. 1. Callus produced on C. americanum young leaf explants with translucent, compact and 
elongated cells: (a) at 10 days of in vitro culture (Bar = 0.1 mm); (b) after 30 days of in vitro 

culture (Bar = 1 mm) 
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3.2 Callus Biomass 
 
According to the analysis of variance of the data, 
there was no significant interaction (p > 0.05) of 
the 2,4-D and BAP concentrations with the 
variable callus biomass. Regarding the effect of 
2,4-D and BAP concentrations on callogenesis 
induction, it was observed in the present study 
that 30 DAI, the percentage of callogenesis-
responsive explants varied as a function of the 
type and concentration of the growth regulators 
present in the culture medium (Fig. 3). It is 
generally reported that 2,4-D is the best auxin to 
induce and enhance callogenesis in vitro. The 
results observed in the present work corroborate 
the stimulating effect of 2,4-D on callogenesis 
induction. Concerning the effect of 2,4-D on 
callogenesis in leaf explants of C. americanum, it 
was observed that the highest callus induction 
percentage (45%) and callus biomass occurred 
in treatments containing 2.5 mg L

-1
 of 2,4-D          

(Fig. 3a).  
 
A regression analysis of the data showed a 
decreasing model with a quadratic behavior for 
2,4-D concentrations 2.5; 5.00; 7.50 and 10.00 
mg L

-1
, getting 45.00; 13.30; 16.70 and 28.30%, 

respectively (Fig. 3a). In culture mediums 
supplemented only with the cytokinin BAP, the 
best callus induction (33%) was observed in leaf 
explants growing in medium containing 10 mg L

-1
 

of BAP, and the difference in callogenesis 
response was statistically significant (Fig. 3b). 
The calli formation in catingueira (Caesalpinia 
pyramidalis Tul.) explants were observed with 

addition of the highest concentrations of 
cytokinins [17]. 
 
Callus induction on foliar explants of C. 
americanum occurred similarly to what has 
already been reported for other plant species. 
Histology of callogenesis has shown that cell 
multiplication occurs from parenchyma tissues, 
which are internal to the leaf, without divisions of 
the epidermal cells, which is what was observed 
in the present study. Likewise, the use of the 
growth regulators proved to be important for 
callogenesis in explants of C. americanum, as 
previously reported for growth and differentiation 
of callus on explants of “Catimor” coffee and 
habanero pepper [18,19]. The effect of growth 
regulator concentrations on callus consistency 
was also studied in the ornamental plant 
Alocasia micholitziana Sander (Araceae) and in 
this species the reduced concentrations of BAP 
and 2,4-D led to formation of friable calli, while 
higher concentrations induced non friable callus 
[20]. A similar pattern was evidenced when 
promoting Narcissus confusus Pugsley non-
embryogenic calli [21]. Changes in callus 
structures occur as endogenous nutrients and 
hormones become available for the cells, thus 
defining their histological patterns [22]. This 
behavior may be attributed to growth regulators, 
since they can inhibit, promote or modify different 
physiological responses in plants, regardless of 
the assigned concentrations, since they control 
the plant growth and development [23]. The use 
of auxins in the culture medium is essential            
for Leucojum aestivum calli formations [24].

 

 
 

Fig. 2. Callus oxidation in C. americanum leaf explants at 30 days after inoculation in culture 
media containing BAP 
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Fig. 3. Percentage of C. americanum leaf explants responsive to callus induction.  
(a) Regression analysis for 2,4-D concentrations at 30 days post inoculation. 

(b) Tukey test at 5% probability of BAP concentrations at 30 days post inoculation 
 

Concentrations of 2 or 4 mg L-1 of 2,4-D were the 
best to promote callus induction in Narcissus 
confusus [21]. These studies also verified that 
there was no callogenesis in the absence of 
auxins. Calli development in most plants usually 
requires the use of cytokinin and auxin [25,26]. 
These hormones interact synergistically or 
antagonistically. Thus, these results indicate that 
it is necessary to test different cytokinins as well 
as other concentrations in order to establish a 
favorable hormonal balance. Satureja 
khuzistanica Jamzad callus biomass increased 
progressively as BAP concentration increased 
[27]. In this work, the effect alone of the BAP in 
the biomass callus was important (Fig. 3). 
 
The callogenesis procedure described in the 
present work is an important scientific 
contribution with many applications, the example 
of the aseptic ex situ cultivation and 
micropropagation C. americanum; be first step to 
enable the establishment cell suspension 
cultures for C. americanum, possibility future use 
of bioreactor technology for large scale 
proliferation of these plant cells for industrial 
alkaloid production, a technology already applied 
in the production of galantamine and other 
related alkaloids [24,28]. Moreover, this 
procedure can be applied in gene banks for the 
establishment of in vitro collections of germplasm 
of C. americanum, which is a major contribution 
for the preservation of native populations of this 
valuable species [29].  
 
Another important contribution of this work is the 
of an efficient disinfection treatment of leaf 
explants of C. americanum, which allowed 
inoculation and growth under aseptic conditions 

of this species. An interesting investigation 
observed 100% decontamination in Crinum 
variabile (Jacq.) Herb. leaf explants, however, 
they did not obtain explants regeneration [3]. The 
establishment of an efficient disinfection 
procedure is a challenging step in the culture in 
vitro of species of Amaryllidaceae due to the 
presence of endophytic fungi that are difficult to 
remove and can prevent the establishment of in 
vitro cultures of these plants.  
 

4. CONCLUSION 
 
This is the first report of callogenesis in C. 
americanum leaf explants. The establishment of 
efficient disinfection procedures was determined 
for studied species. The best callus induction and 
growth response was observed on 2.5 mg L-1 of 
2,4-D and 10 mg L

-1
 of BAP. It was also 

observed that the lowest oxidation rate in leaf 
explants was correlated with lower auxin 
concentration in the culture medium. Therefore, 
this work contributes not only to future studies on 
in vitro callogenesis of this species, but also to a 
possible protocol for the production of alkaloids 
of interest from cell suspension cultures 
produced in vitro, which is justified by the 
pharmacological relevance of these plants. 
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