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Abstract: The effect of medium type and strength, different concentrations and combinations of auxin
and cytokinin (NAA and BA), light and inoculums density on biomass increase and total alkaloid
accumulation from suspension cultures of Hyoscyamus muticus were investigated. Callus cultures of
H. muticus have been established from leaf segments cultured on Murashige and Skoog’s (MS)
medium supplemented with 3% sucrose and 0.5 mg/l each of BA and NAA. Full strength MS medium
was the best for nourishing the growth of Hyoscyamus cell cultures. The equal combination ratios
between BA and NAA at 1.0 mg/l gave the highest incidence of biomass accumulation and alkaloid
production. Although, culture grown under light condition was higher in their growth rate than that
grown in dark (0.20 and 0.11 d-1 respectively), the alkaloid content was relatively higher under dark
culture condition (42.5 mg/gdw). Initial inoculum densities were investigated regarding their effect on
cell growth of H. muticus cell cultures. The low inoculum cell suspension cultures (25 g fw/l)
presented a shortest doubling time (2.93 d), while those obtained with a high inoculum (100 g fw/l)
reached 13.47 day. At, initial inoculum density of 50 g fw/l, the highest dry cell weight and alkaloid
content (14.25 g/l and 37.2 mg/gdw respectively) was attained.
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Abbreviations:
BA :   6-Benzylaminopurine
NAA :   1-Naphthaleneacetic acid
Kin :   Kinetin
2, 4-D :   2, 4-Dichlorophenoxyacetic acid
μ :   growth rate
Td :   doubling time

INTRODUCTION

Plant species synthesized and accumulate various secondary metabolites belonging to different
phytochemical groups. In intact plants, the formation of these metabolites is regulated in a coordinated fashion.
On the other hand, plant cell cultures are widely used for the comparison of biological activities of extracts,
fractions or isolated compounds from the intact plant material to that of cultured plant material obtained in
some experimental conditions (Santos et al., 1994 and Sokmen et al., 1999). Callus cultures are also initiated
for analytic and quantitative comparative studies of secondary metabolites synthesis between the intact plant
material and callus extracts (Bahorun et al., 1994, El-Bahr et al., 1997,  Balz et al., 1999 and Zhentian et al.,
1999).

Solanaceous plants, such as genus  Hyoscyamus, were regarded as rich sources of alkaloids, namely of
the pharmaceutically interesting tropane derivatives which act as anticholinergic agents in parasympathetic
nervous system and are used as mydriatics and spasmolytics (Dewick, 2002). 

Hyoscyamus muticus - the Egyptian Henbane is one of the most important medicinal herbs grown in Egypt
and is a valuable source of the alkaloids hyoscyamine, and traces of hyoscine and atropine (Yamada and
Hashimoto 1982).
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The basic nutritional requirements of cultured plant cells are normally very similar to those of the whole
plant. The most commonly used media for plant tissue cultures are that developed by Murashige and Skoog
(1962) and Gamborg et al., (1968). The significant feature of the Murashige and Skoog (MS) medium is its
very high concentration of nitrate, potassium and ammonia, while the levels of inorganic nutrients in
Gamborg’s (B5) medium are lower than in MS medium. Various plant species had been tested extensively in
order to obtain higher level of desirable products and/or higher growth rates through manipulation of many
chemical and physical factors affecting cultivation process (Berlin, 1988).

Among a number of different media components, phytohormones such as auxins and kinetins have shown
the most remarkable effects on growth and productivity of plant metabolites, For example, auxin inhibited
synthesis of phenolics (Phillips and Henshaw, 1977) and digitoxin (Hagimori, et al., 1982) but stimulated
diosgenin synthesis (Suthar, et al., 1980) and the productions of L-DOPA in Mucuna pruriens (Brain, 1976).
In the same context it was reported that, cytokinins stimulated alkaloid synthesis by removing auxin from the
culture medium in C. roseus (Ganapathi and Kargi, 1990).

In addition to culture medium and other external factors, light controls growth and differentiation of plant
cell, tissue and organ cultures (Hughes, 1981; Vinterhalter et al., 1990; Heo et al., 2002). Although most plant
cell cultures are not fully photosynthetically competent and are rarely exposed to significant light intensities,
the behavior of cultures can be influenced by photoperiodicity, light quality and light intensity (Seibert and
Kadkade, 1980). Many instances of light effects on secondary metabolism are known, and some of these
systems are quite well understood, even at the molecular level (Lian et al., 2002). Topchiy et al., (2005)
reported that even the differences in spectral radiation quality influence the composition of proteins, which is
an important characteristic for the functional state of the cell metabolic activity.

Inoculum density in cultures is another important factor which affects the biological environment of
cultures because of cell to cell and cell to medium interaction. The effect of inoculum density on cell growth
has been noted in large scale cultures for industrial purposes (Tanaka, 1981 and Kato et al., 1980). Hahlbrock
and Wellman (1973) early reported that the phenylalanine ammonia-lyase induced by transfer cell suspension
cultures of parsley to fresh medium, decreased with increased inoculum density. They concluded that inoculum
density may affect secondary metabolite yield. Moreover, the effect of cell inoculum density on ajmalicine
production was studied using Catharanthus roseus cells. It was found that, high inoculum density cultures
produced higher ajmalicine concentrations (Lee and Shuler, 2000). 

This study provides an approach to conduct more fundamental research using H. muticus cultures to
examine whether the synthesis of alkaloids could be stimulated in undifferentiated cell suspension by modifying
the type and composition of the nutrient media and some physical culture conditions including light and
inoculum density.

MATERIAL AND METHODS

2.1. Callus Induction and Establishment of Cell Suspension Culture:
Seeds of Hyoscyamus were washed in current tape water for 30 min, then surface sterilized in a 70% (v/v)

Et-OH for 30 sec. and followed by 30% Clorox solution of household bleach (5.25 % sodium hypochlorite)
with a drop of Tween-20 for 15 min. After thorough washing in sterile water, seeds were placed on basal MS-
medium (Murashige & Skoog, 1962) supplemented with 0.7% (w/v) agar, 3% (w/v) sucrose. Four weeks later,
leaf explants were excised from aseptically germinated seedlings and cultured onto solid MS-medium containing
0.5 mg/l of  both benzyladenine and naphthalene acetic acid. The pH was adjusted to 5.8 before autoclaving
at 121 °C for 15 min. The cultures were incubated under controlled light regime (16-h photoperiod and 2000
lux) at 25±1 °C, with subsequent sub-culturing for 2 months, after which, aggregating callus morphology was
obtained. The cell suspension cultures were initiated by transferring about 2.0 g of callus pieces in 40 ml MS
liquid medium with 3% sucrose under the same light intensity stated above and using gyratory shaking (100
rpm). All next experiments were conducted using suspension culture medium.

2.2. Medium Type and Strength:
Two types of media, MS (Murashige and Skoog.1962) and B5 (Gamborg et al., 1968), were examined.

For B5 medium, 3.21 g of powder was used to prepare 1 L of medium. For MS medium, 4.43 g of powder
was used to prepare 1 L of medium. Four medium strengths, 0.25, 0.5, 1 and 1.5, of MS medium were tested.
Sucrose concentration was also changed as the same ratio.
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2.3 Growth Regulators:
In experiments to test the effect of various concentrations of different plant growth hormones, the initiation

medium mentioned above (without growth regulators) was supplemented with BA at various concentrations
(0, 0.5, 1.0, and 2.0 mg/l), alone or in combination with NAA (0, 0.5, 1.0,and  2.0 mg/l). 

2.4. Light Regime:
Two light conditions, light and dark, were tested to investigate their effect on callus growth. The light

condition was set as a 16 h photoperiod (2000 lux), while the dark condition was made by wrapping the flasks
with foil completely. 

2.5. Inoculum Density:
Aggregation was observed in H. muticus suspension culture which increased in size and amount by culture

time. Different cell inoculums were studied to evaluate the effect of aggregation on cell growth and alkaloid
production. The following initial inoculum densities 25, 50 (control), 75, and 100 (g fw/l) were investigated.
Each treatment was done in triplicates.

2.6. Measurement of Cell Growth:
Cells were separated from the medium by filtration and washed repeatedly with distilled water and

weighed as fresh weight (FW). The dry weight (DW) of the cells was recorded after drying them to a constant
weight at 60 °C for 24 h. the values of wet and dry weight obtained are the mean of three replicates. Growth
rate (μ) was calculated on dry weight basis as:

μ = 

Where, (�x) is the change in cell concentration per unit time (�t). 
Doubling time (Td) was estimated according to the equation:

Td =

2.7. Extraction and Quantification of Total Alkaloids:
Total alkaloids were extracted from harvested callus cultures according to the method of Yamada and

Hashimoto (1982), determined spectrophotometrically as indicated by Kang et al., (2004) and expressed as
hyoscyamine. In order to compare the different results, the total alkaloid content has been expressed as mg
alkaloids per g of callus dry weight.

2.8. Statistical Analysis:
Data are expressed as the means of triplicates. The error bars in the charts indicate standard deviation

(S.D). 

RESULTS AND DISCUSSION

Medium Type and Strength:
Medium types displayed significant effect on both fresh and dry weight of H. muticus callus (Fig1). B5

medium was not suitable for sustaining culture growth. Both the fresh and dry masses developed in B5 medium
(68.14 g/l and 7.9g/l) were significant lower than that in MS medium (113.73g/l and 14.25 g/l). Data illustrated
in Fig (1) showed that, Hyoscyamus cultures accumulated total alkaloid content reached 37.2 mg/gdw on MS
medium which is higher than that of B5 cultivation medium (21.4 mg/gdw).

Medium strength had great effects on the growth of H. muticus cell suspension cultures (Fig2). Significant
differences were found among the treatments of different medium strengths on both fresh and dry mass
accumulation of callus cultures. As the medium strength decreased, biomass production was reduced
remarkably. But when the strength of medium increased from 1.0 to 1.5, biomass accumulation also seemed
to decrease but not significantly (113.73 and 93.49 g/l respectively). In the present study, full strength MS
medium was the best for the growth of Hyoscyamus cell cultures, while other media strengths inhibited the
callus growth (Fig2).

Many reports described the effects of medium type and composition on growth rate and accumulation of
secondary metabolites in callus and cell suspension cultures. Zenk et al., (1977) tested various well-known
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basal media (i.e. MS, B5, white, etc) for the production of serpentine and indole alkaloids in Catharanthus
roseus cell cultures. The results indicate that the amount of serpentine depends on the composition of the basal
medium used. Among them, Murashige-Skoog's (MS) formulation was recognized to be the most suitable
medium for the production of this alkaloid by Catharanthus roseus suspension cultures. MS and B5 media are
the standard types of most widely used media for cell culture of many plant species. It was inferred that the
difference in their ionic strength might be the primary factor affecting the growth dynamics and the associated
biochemical activities of callus cultures (Zenk et al 1977: Buitelaar and Tramper, 1992; Chen et al., 1994;
Saenz-Carbonell et al 1997; Goleniowski and Trippi 1999).

Fig. 1: Effect of medium type on growth of Hyoscyamus muticus suspension cultures after four weeks
cultivation. Vertical bars represent standard error. 

Fig. 2: Effect of medium strength on growth of Hyoscyamus muticus suspension cultures after four weeks
cultivation. Vertical bars represent standard error. 
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Growth Regulators:
The type and concentration of auxin and cytokinin, either alone or in combination has been known to

profoundly influence growth as well as product formation in cultured cells. The growth and alkaloid production
of H. muticus in cell suspension were examined during four weeks cultivation on media containing different
concentrations and combinations of BA and NAA (Table 1). Media containing 0.5 and 1.0 mg/l at equal ratios
of both BA and NAA, enhance culture growth and alkaloid production, whereas, concentrations of 2.0 mg/l
of both hormones, drastically suppressed further formation of alkaloids and cell growth.  It should be noted
that the control medium in the present study (without any auxin and cytokinin) itself supported a fair callus
growth probably due to a carry-over effect of endogenous hormones (Table 1).

The results indicated that, the highest values of fresh weight (113.73 g/l), dry weight (14.25 g/l) and
growth rate (0.20 d-1), were recorded at 1.0 mg/l concentration of both BA and NAA (Table 1).  Furthermore
the same combination of growth regulators, gave the maximum alkaloid production (37.2 mg/gdw) from
Hyoscyamus muticus suspension culture. It’s important to mention that, as the growth goes up the aggregation
phenomena of callus clearly observed, while at decreased growth friable callus was predominant.

Table 1: Effect of different concentrations of BA and NAA on growth and alkaloid formation in undifferentiated suspension cultures
of Hyoscyamus muticus after four weeks cultivation.

Growth regulators Callus uniformity Fresh weight  (gl-1) Dry weight  (gl-1) Doubling time(d) Growth rate (gd-1) Total alkaloids
(mgl-1) (mg.gdw -1)
-----------------------
NAA BA
0.0 0.0 Friable 64.06 ±5.11 5.91±0.44 8.09 ±0.25 0.08±0.0015 19.4± 1.42
0.5 0.0 Friable 58.27 ±6.18 2.41±0.01 13.47±0.41 0.05±0.0011 17.6±1.28
1.0 0.0 Friable 61.15 ±5.08 1.97±0.03 11.55±0.27 0.06±0.0014 17.3±1.31
2.0 0.0 Friable 51.18 ±4.31 1.52±0.03 26.95±1.77 0.03±0.001 11.2±1.01
0.0 0.5 Compact 84.22 ±6.79 6.88±0.55 6.38±0.92 0.11±0.004 21.3±1.83
0.5 0.5 Compact 103.85  ± 8.42 10.16±0.94 5.45±0.22 0.13±0.01 24.6±1.97
1.0 0.5 Compact 89.39 ± 6.86 7.65 ±0.61 6.47±0.37 0.10±0.003 22.5±1.91
2.0 0.5 Friable 56.26 ± 4.47 2.13±0.03 14.26±1.08 0.04±0.0022 12.3±1.07
0.0 1.0 Friable 59.41± 3.25 2.42±0.08 12.77±1.1 0.05±0.0021 12.9±1.12
0.5 1.0 Compact 73.04 ± 4.8 4.06±0.17 9.32±0.92 0.07±0.0029 18.2±1.15
1.0 1.0 Compact 113.73 ± 6.88 14.25±1.09 3.34±0.22 0.20±0.011 37.2±2.24
2.0 1.0 Friable 68.82 ± 5.37 3.71±0.39 11.28±089 0.06±0.0034 20.5±1.62
0.0 2.0 Friable 55.09  ± 2.19 1.29±0.07 18.65±1.14 0.03±0.001 11.7±1.03
0.5 2.0 Friable 60.52 ± 4.25 1.88±0.12 12.44±1.01 0.05±0.0017 12.4±1.08
1.0 2.0 Friable 57.87  ± 3.21 1.62±0.10 25.51±1.85 0.02±0.001 11.5±1.01
2.0 2.0 Friable 54.11 ± 3.03 1.91±0.13 28.54±1.98 0.02±0.001 11.2±1.01

Plant cell cultures are normally established and maintained on media containing an auxin and a cytokinin.
Removal of either hormone from the medium would normally result in culture death (Stafford, 1996).It was
reported that nicotine production in cultured tobacco cells was regulated by varying the auxin concentration
(Okazaki et al., 1982).  Moreover, the production of shikonin in Lithospermum erythrorhizon cells and
anthocyanin in carrot cells was remarkably suppressed by auxins (Takahashi and Fujita, 1991 and Narayan et
al., 2005). Outcome of growth regulators effects on anthocyanin production is the most understandable
example; in C. acuminate cultures, anthocyanin production was increased in presence of kinetin than in the
presence of other cytokinin (Gabriella et al., 2005). While, pervious studies have shown that, BA stimulates
anthocyanin production in D. carota (Ozeki and Komamine, 1986), V. pahalae (Fang et al., 1998) and Oxalis
linearis (Ramachandra and Ravishankar, 2002). On the other hand, it was approved that high auxin
concentrations repressed anthocyanin production in D. carota (Ozeki and Komamine, 1986); O. linearis callus
cultures (Meyer and Van Staden, 1995) and C. acuminate (Gabriella et al., 2005).

Consequently, these results support the postulation of the important role played by plant hormones in plant
tissue culture.

Light Condition:
Growth curve for suspension cultures of H. muticus and the effect of light and dark is shown in Fig. 3.

It is evident that cell suspension cultures exposed to light condition showed a better growth pattern than that
in dark, with doubling times ranged between 3.34 to 6.06 days (Table 2). This stimulation of growth expressed
as fresh and dry weights, reached higher concentrations of compact callus aggregates under light culture
conditions (113.73 and 14.25 g/l respectively) than that grown under dark (92.46 and 11.9 g/l respectively).
In contrast under dark condition, alkaloid content of H. muticus friable cultures were slightly increased
compared with light incubated one (Table 2).
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Fig. 3: Effect of light on growth of Hyoscyamus muticus suspension cultures during four weeks cultivation.
Vertical bars represent standard error. 

Light affects growth, organogenesis, synthesis and accumulation of primary and secondary plant
metabolites. The influence of light on plant cells cultures was being a point of interest for many years (Heo
et al., 2002).

Callus growth does not takes place in some plants unless light is excluded from cultures, for example
Hosta scape explants only produce callus in dark (Stimart, 1986). Magnolia shoot tip callus ceased to grow
if moved to even low light and would not resume growth until transferred to darkness (Biederman, 1987).While
tissues of other plants grow better in continuous light or in a regular photoperiod (e.g. that of potato -
Helgeson, 1980; tomato fruits – Mukund et al., 1988).  Most of the Hyoscyamus suspension cultures reported
has been grown in light (Saker and El Ashal, 1995; Basu and Chand, 1996: El, Bahr et al. 1997; Bordonaro
and Curtis, 2000 and Uranbey, 2005).

Only a few studies on tropane alkaloid formation in cultured Hyoscyamus cells have been done under dark
(Yamada and Hashimoto, 1982). In conclusion, the transition from a dark-grown to a light-grown culture
conditions is marked by a number of dramatic phenotypic and metabolic changes which involves changes in
the levels and response to multiple pathway signals that might affect the overall cell metabolic activity (Lian
et al., 2002; Gregory and James, 2003). 

Table 2: Effect of light and dark conditions on growth and alkaloid formation in suspension cultures of Hyoscyamus muticus after four
weeks cultivation.

Parameter Light Dark
Callus uniformity compact friable
μ (days-1) 0.20 ± 0.01 0.11 ±0.004
Td (days) 3.34 ± 0.22 6.06 ± 0.49
Maximum dry weight (g/l) 14.25 ± 1.09 11.9 ± 0.82
Maximum fresh weight (g/l) 113.73 ± 6.88 92.46 ± 6.57
Alkaloid content (mg/gdw) 37.2 ± 2.24 42.5 ± 3.19

Effects of Different Inoculums Density:
One of the factors that determine the productivity in plant tissue cultures is the optimal inoculums density

(Lee and Shuler, 2000). H. muticus callus aggregates were cultured on MS medium supplemented with 3%
sucrose and 0.5 mg/l of both BA and NAA using 100 mL Erlenmeyer flask kept on a rotary shaker (100rpm)
at 25±1 °C under continuous light irradiation of 2,000 lux. The inoculum cell density (gfw/l medium) was
controlled at: 25, 50, 75 and 100. Table (3) shows that, within the range of 25 to 50 g fw/l, an increase of
inoculums size markedly enhanced the growth rate (0.24 and 0.20 d-1) and decreasing alkaloid content (20.3
and 37.2 mg/gdw) respectively. High inoculum densities (75 to 100 gfw/l) resulted in poor growth rate (0.11
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and 0.05 d-1 respectively), as the cultures rapidly reached their stationary phase, which limits the availability
of nutrients and oxygen and affect the production of secondary metabolites(41.8 and 49.4 mg/gdw) as
illustrated in table (3).

The results of the present study confirmed the assumption that the stimulatory influence of inoculums
density clearly affected not only the cell growth kinetics but also physiological and metabolic activity in plant
cell cultures (Buitelaar and Tramper, 1992; Su and Lei, 1993). Moreover, H. muticus cultures of high
inoculums density (100 g fw/1) revealed a dramatically decreased growth rate (0.05 d-1) compared with those
of lower inoculums density (Table 3), either due to oxygen limitation or nutrient exhaustion (Adriana et al.,
1998 and Lee and Shuler, 2000). These results are in agreement with cultures characteristics of Catharanthus
roseus (Knobloch and Berlin, 1987 and Lee and Shuler, 2000). In this connections, Moreno et al., (1993)
confirmed earlier hypothesis that the mechanism of inoculums density consequence on callus growth might be
related to enhanced activities of tryptamine enzyme in the metabolic pathways.

Table 3: Effect of inoculum density on growth and alkaloid formation in suspension cultures of Hyoscyamus muticus after four weeks
cultivation.

Inoculum Callus uniformity Maximum Maximum Culture Doubling Growth Total alkaloids
density (gfw/l) fresh weight (g/l) dry weight (g/l) time (d) time (d) rate (d-1) (mg/gdw)
25 Friable 88.04 ± 5.97 10.89 ± 1.02 28 2.93 ± 0.19 0.24 ± 0.01 20.3 ± 1.72
50 Compact 113.73± 6.88 14.25 ± 1.09 28 3.34 ± 0.22 0.20 ± 0.01 37.2 ± 2.24
75 Compact 120.15 ± 8.39 14.92 ± 1.35 21 7.13 ± 0.38 0.11 ± 0.009 41.8 ± 3.69
100 Compact 127.9 ± 8.96 16.57 ± 1.56 14 13.47 ± 1.12 0.05 ± 0.003 49.4 ± 4.11

Conclusion:
Cell cultures of H. muticus have received particular attention because of physiologically potent alkaloids

they are expected to produce. The results of our study contribute some crucial information for optimization
and development of Egyptian henbane which is bode well for the potential commercial application of
Hyoscyamus muticus cell culture towards alkaloid production.
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