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ABSTRACT

Objective: The extracts of Artemiaia aucheri have been reported to have anti-leishmania and cytotoxic effects. These activities depend on secondary
metabolites. Plant tissue culture has been used as an alternative method for increasing the production of secondary metabolites. The present study
was carried out to initiate callus cultures from A. aucheri and compare the effects of four different culture media on growth and cytotoxic production
of Artemisia aucheri in callus culture after 20th subculture. Methods: Callus induction was initiated from seedlings on a Murashige and Skoog (MS)
basal medium containing different concentrations of vitamins and combinations of growth regulators. Cytotoxicity of methanolic extract of callus
culture grown on different culture media was assessed using the brine shrimp assay. Results: Different concentrations and combinations of
phytohormones had significant influence only on growth index. Methanolic extract of callus culture on MS medium containing 6-benzylaminopurine
3 mg/1 (BAP), naphthalene acetic acid 0.5 mg/l (NAA) and thiamine-HCl 0.5 mg/1 was found to have the cytotoxicity (LCso< 1000pg/ml) using brine
shrimp lethality assay. However, methanolic extracts of callus culture on MS medium containing kinetin (Kin), indole-3-acetic (IAA) and 2, 4-
dichlorophenoxy acetic acid (2, 4-D) had no cytotoxic effect. Conclusion: Among the four methanolic extracts by callus of A. aucheri, the best medium
in supporting the cytotoxic production was MS supplemented with high level of BAP, NAA, and thiamine-HCl. This is the first report oncytotoxic

effects of isolated culture of Artemisia aucheri.
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INTRODUCTION

For centuries, mankind has been totally dependent on plants as
source of carbohydrates, proteins and fats for food. In addition,
plants have been a valuable source of a wide range of secondary
metabolites, which are used as pharmaceuticals, agrochemicals,
flavours, fragrances, colours, biopesticides and food additives. Over
80% of the approximately 30,000 known natural products are of
plant origin [1-3].

Plant cell cultures are an attractive alternative source to whole plant
for the production of high-value secondary metabolites [4-11].
Christen et al. [12] reported for the first time the production of taxol
(plaxitaxol) by Taxuscell cultures. Fett-Neto et al. [13] studied the
effect of nutrients and other factors on plaxitaxol production by T.
cuspidatacell cultures (0.02% yield on dry weight basis). Production
of morphine and codeine in morphologically undifferentiated
cultures of Papaversomniferum has been reported [14,15]. Ginseng
has been recognized as a miraculous promoter of health and
longevity and Ginsenoside Rgl is one of the major active molecules
from Panaxginseng[16].Chang and Hsing[17] obtained repeatable
precocious flowering in the embryos derived from mature ginseng
root callus cultured on a chemically defined medium. Berberine is an
isoquinoline alkaloid which has been identified from a number of
cell cultures, notably those of Coptisjaponica [18],
Thalictrumspp.[19,20], and Berberisspp.[21]. Tal et al. [22] reported
on the use of cell cultures of Dioscoreadeltoideafor production of
diosgenin,a precursor for the chemical synthesis of steroidal drugs
which is tremendously important to the pharmaceutical industry
[23]. Shikonin and rosmarinic acid are produed by cell suspension
cultures of Lithospermumerythrorhizon[24]and cell cultures of
Coleus bluemii[25], respectively. The synthesis of artemisinin has
been studied in suspension cell [26], callus [27- 28], shoot [29-31],
and hairy root cultures of Artemisia annual.[32-34].

The genus Artemisia, belonging to the Asteraceae family, is a small
herb and shrub which is represented by 34 species growing
in different parts of Iran [35].Several isolated compounds from these

species have been shown to have antimalarial, antibacterial, anti-
inflammatory, plant growth regulatory, and cytotoxic (antitumor)
activities [36]. The crude extract of Artemisia vulgaris L. has been
used as an antimalarial agent for thousands of years. Sun et al.
[37]found that artemisinin extracted from A. vulgaris had antitumor
activity. Artemisia aucheri extract showed high cytotoxicity (LCso<
35 pg/ml) on the brine shrimp assay [38]. Artemisia aucheri
produces a portfolio of bioactive compounds including verbenone,
camphor, 1, 8-cineole,trans-verbenol, Chrysanthenone,Mesitylene, a-
pinene, acyclic monoterpenes, and monoterpenehydroperoxides
[39-41]. Hence the present study was planned to investigate the
strategies for producing substances with cytotoxic effectsusing plant
tissue culture techniques.This is the first studyon the cytotoxic
effectof isolated culture of Artemisia aucheri.

MATERIALS AND METHODS
Disinfection method

A.aucheri seeds were purchased from Pakanbazr Isfahan co. The
seeds of Artemisia aucheri were washed with mild detergent in
water, rinsed with running tap water for 1h and surface sterilized by
immersingin 70% ethanol for 1 min. The seeds were then rinsed
with autoclaved water before they were dipped into 1.5% sodium
hypochlorite for 10 min. Afterwards, the surface-sterilized seeds
were washed with autoclaved water three times. Ten seeds were
placed on Murashige and Skoog (MS) [42] medium without any
growth regulators.

Protocol for callus induction

One-month-old in vitro germinated seedlings of Artemisia aucheri
were used as a source of explants for initiation of callus cultures. The
media employed were (a) MS supplemented with Kin 2mg/l, IAA 1
mg/], and 2, 4-D 0.1mg/l, (b) MS supplemented with Kin 2mg/], IAA
0.1 mg/l, and 2, 4-D 1mg/l, (c) MS medium composed of a
combination of BAP 2 mg/l, NAA 0.1mg/l, and thiamine-HCI 0.2
mg/], and (d) MS medium composed of a combination of BAP 3 mg/],
NAA 0.5mg/], and thiamine-HCI 0.5 mg/1. The pH was adjusted to 5.8
before sterilization by autoclaving at 121°C for 20 min. All media
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contained 3% sucrose and 8% agar and incubated at 28 + 1°C under
completely dark condition. For growth and maintaining of callus
stock, calli were subcultured on fresh media for 20 times every
month.

Growth measurement

Growth of calli was determined by fresh and dry weight
measurement. Callus growth represented by growth index, was
calculated according to the following equation:

Final callus fresh weight- Initial callus fresh weight
Growth Index=

Initial callus fresh weight
Dry Matter Content (%)

The fresh calli were dried at 60°C for 48 h and the dry matter
content was estimated according to the following equation:

Callus Dry Matter (%) = Callus dry weight x100 / Callus fresh weight

The experiments on calli were conducted with a minimum of five
replicates. The data were analyzed by mean # standard error
followed by comparison of the means with the Duncan’s test at
P<0.05.

Preparation of callus extracts

After 20 subcultures, callus tissues were air-dried at 60°C and
extracted by methanol for 72h at room temperature (27 + 2.0 °C).
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The extracts were filtered and then the solvents were dried by
vacuum rotary evaporator to obtain crude methanolic extract and
stored at 4°C for further usage.

Cytotoxicity assays

The extract acute toxicity (mean lethal concentration) (LCso) was
evaluated using the brine shrimp (Artemia franciscana) assay as
described elsewhere [43,44]. Briefly, 10 mg of dried brine shrimp
eggs (Advanced Hatchery Technology, INC, USA) were deposited in
fresh filtered seawater and allowed to hatch for 24 h. The assay was
performed dissolving the extract of A. aucheri. Ten larvae were put
in 10 ml seawater containing the extract of A. aucheri at
concentrations between 30 and 2000 pg/ml. The LCso assay was
done using three replicates for each concentration, and counting of
dead organisms was carried out 24 h after exposure to the different
extract concentrations. All the experiments were conducted by
quadruplicates and LCso values as well as 95% confidence intervals
were calculated using the probit method [45].

RESULTS

The growth characteristics and pattern of calli derived from seedling
explants of A.aucherigrowing on MS media with different
concentration and combinations of phytohormones such as Kin, BAP
, NAA, 1AA, and 2, 4-D supplemented with various concentrations of
vitamins were investigated (Table 1).

Table 1: MS media supplemented with different growth regulators and vitamin concentrations used for A.aucheri callus cultures

Media Basal Pyridoxine-HCl Nicotinic acid Thiamine-HCI IAA NAA BAP Kin 2,4-D
Codes Medium (mg/1) (mg/1) (mg/1) (mg/l)  (mg/1) (mg/l) (mg/l) (mg/l)
I MS 0.5 0.5 0.1 1.0 0.0 0.0 2.0 0.1
11 MS 0.5 0.5 0.1 0.1 0.0 0.0 2.0 1.0
11 MS 0.5 0.5 0.2 0.0 0.1 2.0 0.0 0.0
Y% MS 0.5 0.5 0.5 0.0 0.5 3.0 0.0 0.0

Calli growth patterns were expressed as callus fresh weight (mg), callus dry weight (mg), percentage of callus dry matter content, and growth
index.The effects of four MS media under study on callus fresh weight, callus dry weight, and percentage of callus dry matter content did not differ
significantly. The lowest growth index was obtained on MS medium supplemented with 3 mg/1 BAP, 0.5 mg/1 NAA, and 0.5 mg/l thiamine-HCI(1.94
+ 0.12). Moderate growth index was observed at concentration of 2 mg/1 BAP, 0.1 mg/1 NAA, and 0.2 mg/] thiamine-HCI(3.11 # 0.23). The highest
growth index was obtained on MS medium containing Kin (2 mg/1), IAA (1, mg/1), and 2, 4-D (0.1mg/1) and MS medium containing Kin (2 mg/1), IAA
(0.1, mg/1), and 2, 4-D (1mg/1) which were 4.31 + 0.56 and 3.81+ 0.49,respectively (Table 2).

Table 2: Effects of plant growth regulators on callus fresh weight (mg), callus dry weight (mg), callus dry matter (%), and growth index

ofA.aucheri
Culture media Fresh weight (mg) Dry weight (mg) Dry matter content (%) Growth index
MS+2 mg/1 Kin+1mg/1
1AA+0.1mg/1 2, 4-D 1602.4+261.0 1454 +£12.3 6.15+0.14 4.31+0.56P
MS+2 mg/1 Kin+0.1mg/1
1AA+1mg/12, 4-D 1964.0+440.9 105.8+17.1 6.3620.40 3.81+0.49°
MS+2 mg/1 BAP+0.1mg/1
NAA+0.2mg/! thiamine-HCl 1295.0 +200.0 148.4+30.6 5.78+0.29 3.11£0.232b
MS+3 mg/1 BAP+0.5mg/1
927.0 + 168.0 90.5+10.5 6.25+0.04 1.94+0.122

NAA+0.5mg/] thiamine-HCI
Each numerical value represents the mean and standard error from 4 replications after 33 days of cultures. The different letters within the column
indicate that the values are significantly different at P<0.05, following Duncan’s multiple range tests.
Cytotoxicity of callus extracts

MS medium supplemented with various concentration of 1AA (1, 0.1
mg/1), Kin (2 mg/l1), and 2, 4-D (0.1, 1 mg/1) led the callus to turn
creamy and fragile. Friable creamy-white callus of A.aucheri was
grown on MS medium supplemented with different concentration of

BAP (2, 3 mg/l), NAA (0.1, 0.5 mg/l), andthiamine-HCIl (0.2, 0.5
mg/1). Calli grew well and remained proliferating even after 20
times of subculture.

A total offour different isolated culturesof A. aucheri methanolic
extracts were tested for their toxicity against brine shrimp using the
brine shrimp lethality assay. Values varied between 30- 2000 pg/ml
for 24 h exposure. The extracts of isolatedculture on MS medium
supplemented with BAP (3 mg/1), NAA (0.5 mg/1), and thiamine-HCl
(0.5 mg/l)showed significant cytotoxicity against brine shrimp
(LCso< 1000 pg/ml)(Fig 1).
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Fig 1. Regression line of Artemia franciscana mortality by callus
extract of A.aucherigrown on MS medium containing 3.0 mg/1
BAP + 0.5 mg/1 NAA + 0.5 mg/] thiamine-HCI

The extract of isolatedculture on MS medium supplemented with
BAP (2 mg/l), NAA (0.1 mg/l), and thiamine-HCl (0.2
mg/)presented moderate cytotoxicity against brine shrimp;
however, LCso values were not observed(Fig 2).
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Fig 2. Regression line of Artemia franciscana mortality by callus
extract of A.aucheri grown on MS medium containing 2.0 mg/1
BAP + 0.1 mg/1 NAA + 0.2 mg/] thiamine-HCI

The extracts of isolatedcultures on MS media containing various
concentrations of IAA (1, 0.1 mg/1), Kin (2 mg/l), and 2, 4-D (0.1, 1
mg/had no cytotoxic effect (Figs 3 and 4).

Probit

Log of a_conc

Fig 3. Regression line of Artemia franciscana mortality by callus
extract of A.aucheri grown on MS medium containing 2 Kin mg/1
+1mg/11AA + 0.1 mg/12,4-D
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Fig 4. Regression line of Artemia franciscana mortality by callus
extract of A.aucheri grown on MS medium containing 2 Kin mg/1
+ 0.1 mg/11AA + 1 mg/12,4-D

DISCUSSION

After 20th subculture, there were no clear differences in callus
biomass (based on FW and DW measurement) among the
treatments of the study. Similar results were also observed on callus
production (based on FW and DW measurement) of Ajugareptens in
tissue culture after 4th week subculture when used under light and
light/dark cycling [46]. Also Akaneme and Ene-Obong [47] reported
that there were no significant differences among the various
combinations of NAA levels with Kin levels and NAA levels with BAP
levels with respect to fresh weight production in callus of
Pinuscaribaea.

Cancer is a big challenge to the world as effective remedy is very
expensive and even impossible in some cases. Many scientists are
now engaged to find potent remedy for cancer through the discovery
of new and effective chemotherapeutic agents from plants and other
sources [48].

Brine shrimp lethality assay is a primary assay to detect cytotoxic
property of plant extract and further studies are required to
establish the cytotoxicity of the plant extracts against human cancer
cell lines. However, our results in the present study may predict
which calli of A. aucheri will give better results on cancer cell lines.

Among the crude methanol extracts of the four different isolated
cultures of A. aucheri examined in this study, one callus of A.aucheri
resulted in significant cytotoxicity against brine shrimp. Despite no
clear difference in the percentage of callus dry matter content in four
different isolated culture of A. aucheri, there was noticeable
difference between potent cytotoxic properties. Low and moderate
growth index value could be the reason forthe production of
bioactive compounds from A. aucheri cell culture. The extract of
callus on MS medium supplemented with BAP (3 mg/l), NAA (0.5
mg/l) and thiamine-HCl (0.5 mg/l) in 20th passagescould be
considered as potential sources of cytotoxic compounds. Similar
result was also observed in production of equally increased
concentration of bioactive compounds in isolated cultures of stem
and leaf explants of JusticiagendarussaBurm. F. when compared to
the plant samples [49].Gharehmatrossian et al [38] reported
thatcallus extract of A. aucheri grown on MS medium supplemented
with BAP (3 mg/1), NAA (0.5 mg/1), and thiamine-HCl (0.5 mg/1)did
not show significant cytotoxicity against brine shrimpin 5th
culture.This finding confirms also the observation of Hovhannisyan
[50] for cytotoxic activity of callus extracts of Nerium olender who
reported that the cytotoxic effect increased with callus subculturing
from 4th to 14th passages.

MS media supplemented with BAP and NAA produced higher
contents of cytotoxicity in comparison with MS media containing of
Kin, IAA, and 2, 4-D in A. aucheri callus cultures. In contrast to the
above mentioned result, Farouk et al [51] reported that MS media
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supplemented with Kin and 2, 4-D produced higher contents of total
phenolics, total flavonoids and antioxidant activities compared with
the MS media supplemented with BAP and NAA in colocynthcallus
cultures. Taniguchi et al. [52] reported that addition of BA (10 pM)
and NAA (10 pM) to LS medium could enhance the production of
triterpenes in callus cultures of Eriobotrya japonica. In addition, the
shoot culture of Menthaarvensiswas reported toproduce terpenoid
when the cultures were grownon MS medium supplemented with
BA (5 mg/l) and NAA (0.5 mg/l) [53]. Similar observations have
been reported for callus cultures of Eucommiaulmoides. Callus
cultures of E. ulmoidesshowed high levels of accumulation of
pinoresinol di-o- glucoside when 4 mg /1 of BA and 3 mg/ 1 of NAA
were added to the growth medium [54].

Since in most cases toxicity is associated with pharmacological
properties, it was deduced that the extracts from isolatedcultures
onMS media supplemented with different concentrations of BAP (2,
3 mg/1), NAA (0.1, 0.5 mg/1), andthiamine-HCI (0.2, 0.5 mg/I) had
the best bioactivity.

Further investigations using single components from these extracts
may explore potent cytotoxic properties.

CONCLUSION

The cell culture offers many advantages to scale-up production of
secondary metabolites in plant cells of interest. In this study, we
reported for the first time, a procedure for initiation and
establishment of callus cultures of A.aucheri, which was able to
accumulate high level of cytotoxic properties. The results
demonstrated the importance of the components of growth
regulators and thiamine-HCl in growth medium, in callus growth and
cytotoxic production. These findings provide some basic information
from the production of bioactive compounds from A.aucheri cell
culture.

REFERENCES

1. Phillipson JD. Plants as source of valuable products.In:
Charlwood BV, Rhodes M]JC, editors. Secondary products
from plant tissue culture. Oxford: Clarendon Press; 1990. p.
1-21.

2. Balandrin M], Klocke JA. Medicinal, aromatic and industrial
materials from plants. In: Bajaj YPJ, editor. Biotechnology in
agriculture and forestry. Medicinal and aromatic plant. vol. 4.
Berlin: Springer-Verlag; 1988. p. 1-36.

3. Fowler MW, Scragg AH. Natural products from higher plants
and plant cell culture. In: Pais MSS, Mavituna F, Novais JM,
editors. Plant cell biotechnology. NATO ASI Series. vol. 18.
Berlin: Springer-Verlag; 1988. p. 165-177.

4. Ravishankar GA, Bhyalakshmi N, RamachandraRao S.
Production of food additives. In: Ramawat KG, Merillon JM,
editors. Biotechnology: secondary metabolites. New Delhi:
Oxford IBH; 1999. p. 89-110.

5.  Dornenburg H, Knorr D. Challenges and opportunities for
metabolite production from plant cell and tissue cultures.
Food Technol 1997; 51: 47, 48, 50-52, 54.

6. Scragg AH. The production of aromas by plant cell cultures.
In: Schepier T, editor. Advances in Biochemical Engineering
Biotechnology. vol. 55. Berlin: Springer-Verlag; 1997. p. 239-
263.

7.  Alfermann AW, Petersen M. Natural products formation by
plant cell biotechnology. Plant Cell Tissue Org Cult 1995;
43:199-205.

8. DiCosmo F, Misawa M. Plant cell and tissue culture:
alternatives for metabolite production. BiotechnolAdv
1995; 13: 425-435.

9.  Stockigt ], Obitz P, Flakenhagen H, Lutterbach R, Endress R.
Natural products and enzymes from plant cell cultures.

Plant Cell Tissue Org Cult 1995; 43: 914-920.
10. Endress R. Plant cell biotechnology. Berlin: Springer-

Verlag;1994.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Asian ] Pharm Clin Res, Vol 7, Suppl 1, 2014, 27-31

Ravishankar GA, Venkataraman LV. Food applications of
plant cell cultures. CurrSci 1990; 59: 914-920.

Christen AA, Bland ] and Gibson GM. Cell cultures as a means
to produce taxol. Proc Am Assoc Cancer Res 1989; 30:566.
Fett-Neto AG, Pennington JJ and DiCosmo F. Effect of white
light on taxol and baccatin III. Accumulation in cell cultures
of TaxuscuspidataSieb and Zucc. ] Plant Physiol 1995;
146:584-590.

Tam WH]J, Constabel F, and Kurz WGW. Codeine from cell
suspension cultures of Papaversomniferum. Phytochem
1980; 19:486-487.

Yoshikawa T and Furuya T. Morphinan alkaloid production
by tissues differentiated from cultured cells of
Papaversomniferum. Planta Med 1985; 2:110-113.

Lee Y], Chung E, Lee KY, Lee YH, Huh B, and Lee SK.
Ginsenoside-Rg1, one of the major active molecules from
Panax ginseng, is a functional ligand of glucocorticoid
receptor. Mol Cell Endocrinol 1997; 133:135-140.

Chang WC and Hsing YE. In vitro flowering of embryoids
derived from mature root callus of ginseng (Panax ginseng).
Nature 1980; 284:341-342.

Sato F and Yamada Y. High berberine producing cultures of
Coptis japonica cells. Phytochem 1984; 23:281-285.
Nakagawa K, Konagai A, Fukui H, and Tabata M. Release and
crystalization of berberine in the liquid medium of
Thalictrum minus cell suspension cultures. Plant Cell Rep
1984; 3:254-257.

Suzuki M, Nakagawa K, Fukui H, and Tabata M. Alkaloid
production in cell suspension cultures of
Thalictrumflavumand T. dipterocarpum. Plant Cell Rep
1988; 7:26-29.

Breuling M, Alfermann AW, and Reinhard E. Cultivation of
cell cultures of Berberiswilsonaein 20 1 airlift bioreactors.
Plant Cell Rep 1985; 4:220-223.

Tal B, Rokem S, and Goldberg I. Factors affecting growth and
product formation in plant cells grown in continuous
culture. Plant Cell Rep 1983; 2:219-222.

Zenk MH. The impact of plant cell culture on
industry.In:Thorpe TA, editor. Frontiers of Plant Tissue
Culture. Calgary: University of Calgary Press; 1978. p. 1-13
24.Fujita Y. Industrial production of shikonin and berberine.
Applications of plant cell and tissue culture. Ciba Foundation
Symposium 137. Chichester: Wiley; 1988. p. 228-238.
Ulbrich B, Wiesner W, Arens H. Large scale production of
rosmarinic acid from plant cell cultures of Coleus
blumeiBenth. In: Deus-Neumann B, Barz W, Reinhard E,
editors. Secondary metabolism of plant cell culture. Berlin:
Springer-Verlag; 1985. p. 293-303.

Nair MSR, Acton N, Klayman DL, Kendric K, Basile DV,
Mante S. Production of artemisinin in tissue culture of
Artemisia annua. ] Nat Prod 1986; 49: 504-507.

He XC, Zeng MY, Li GF, Liang Z. Callus induction and
regeneration of plantlets from Artemisia annua and changes
of Qinghaosu contents. Acta Bot Sin 1983; 25: 87-/90.
Tawfiq NK, Anderson MF, Roberts MF, Phillipson ]JD, Bray
DH, Warhurst DC. Antiplasmodial activity of Artemisia annua
plant cell cultures. Plant Cell Rep 1989; 8: 425- 458.

Liu CZ, Wang YC, Guo C, Ouyang F, Ye HC, Li GF.
Production of artemisinin by shoot cultures of Artemisia
annua L. in a modified inner-loop mist bioreactor. Plant Sci
1998; 135: 211-217.

Woerdenbag HJ, Jos FJ, Win VU, Niesko P, Malingre TM,
Alfermann AW. Production of the new antimalarial drug

30



31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Gharehmatrossianet al.

artemisinin in shoot cultures of Artemisia annua L. Plant
Cell Tiss Org Cult 1993; 32: 247- 257.

Paniego NB and Giulietti AM. Artemisinin production by
Artemisia annua L. transformed organ cultures. Enzyme
MicrobTechnol 1996: 526- 530.

Qin MB, Li GZ, Yun Y, Ye HC, Li GF. Induction of hairy root
from Artemisia annua with Agrobacterium rhizogenes and its
culture in vitro. Acta Bot Sin 1994; 36: 165-170.

Cai GQ, Li GZ, Ye HC, Li GF. Hairy root culture of Artemisia
annua L. by plasmid transformation and biosynthesis of
artemisinin. Chin ] Biotech 1995; 11: 315-320.

Weathers P], Cheetham RD, Follansbee E, Teoh H.
Artemisinin production by transformed roots of Artemisia
annua. Biotech Lett 1994; 1281-1286.

Mozaffarian V. Dictionary of Iranian Plant Names. Tehran.
Iran: FarhangMoaser Press; 2007. p. 56.

Bhakuni RS, Jain DC, Sharma RP, Kumar S. Secondary
metabolites of Artemisia annua and their biological activity.
Curr.Sci 2001; 80: 35-49.

Sun WC, Han JX, Yang WY, Deng DA and Yue XF. Antitumor
activities of 4 derivatives of artemisic acid and artemisinin B
in vitro. ActaPharmacol Sin 1992; 13: 541-543.
Gharehmatrossian S, Popov Y, Ghorbanli M and Safaeian Sh.
Antioxidant activities and cytotoxic effects of whole plant
and isolated culture of Artemisia aucheri Boiss. AJPCR2012;
5:95-98.

Hashemi P, Abolghasemi MM, Fakhari AR, Ebrahimi SN,
Ahmadi S. Hydrodistillation-Solvent Microextraction and
GC-MS Identification of Volatile Components of Artemisia
aucheri. Chromatographia 2007; 66: 283-286.

Sefidkon F, Jalili A and Mirhaji T. Essential oil composition of
three Artemisia spp. From Iran. Flavour Fragr ] 2002;
17:150-152.

Rustaiyan A, Bamoniri A, Raffatrad M, Jakupovic ]J.
BohlmanF.Eudesmanederivatives and highly
oxygenatedmonoterpenes from Iranian Artemisia species.
Phytochemistry 1987; 26: 2307-2310.

Murashige T and Skoog F. A revised medium for rapid
growth and bioassays with tobacco tissue culture. Physiol
Plant 1962; 15: 473-497.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Asian ] Pharm Clin Res, Vol 7, Suppl 1, 2014, 27-31

D’Souza P, Deepak H, Rani P, Kadamboor S, Mathew A,
ChandrashekarAp, Agarwal A. Brine Shrimp lethality assay of
Bacopamonnieri. Phytother Res 2002; 16: 197-198.

Massele AY, Nshimo CM. BrinShrimp bioassay for biological
activity of medicinal plants used in traditional medicines in
Tanzania. East Aft Med ] 1995; 72: 661-663.

Finney DJ. Probity Analysis. 3rd ed. Cambridge University
Press;1971.

How FW, Smith MA. Effect of light/dark cycling on growth
and anthocyanin production of Ajugareptens in callus
culture. J. Agric. China 2003; 52: 291-296.

Akaneme FI and Ene-Obong EE. Tissue -culture in
Pinuscaribaeamor. var. hondurensisbarr& golf. 1. Effects of
two auxins and two cytokinins on callus growth and
greening. Journal of Agriculture, Food, Environment and
Extension 2005; 4(1): 14-23.

Awal MA, Nahar A, Hossain MS, Bari MA, Rahman M and
Haque ME. Brine shrimp toxicity of leaf and seed extracts of
Cassia alataLinn. and their antibacterial potency. J. Med.
Sci2004; 4: 188-193.

Bhagya N and Chandrashekar KR. In vitro production of
bioactive compounds from stem and leaf explants of
JusticiagendarussaBurm.f. AJPCR 2013; 6: 100-105.
Hovhannisyan =~ NA.  Tissue  culture of
oleanderprossesses cytotoxic activity for Human cell lines in
vitro. Jstor: Invitro cellular Developmental Biology; 2006.
Farouk K El-Baz, Amal A Mohamed, Sami I Ali. Callus
formation, phenolics content and related antioxidant
activities in tissue culture of a medicinal plant colocynth
(Citrullus colocynthis). Nova biotechnological 2010; 10(2):
79-94.

Taniguchi S, Imayoshi Y, Kobayashi E, Takamatsu Y, Ito H,
Hatano T, et al. Production of bioactive riterpenes by
Eriobotrya japonica calli. Phytochem 2002; 59: 315-323.
Phatak SV and Heble MR. Organogenesis and terpenoid
synthesis in Menthaarvensis. Fitoterapia 2002; 73: 32-39.
Gray EC. Establishment of Callus Culture and Measurement
of Seasonal Changes in Secondary Compound Production in
EucommiaulmoidesOliver. M.S. Thesis, Louisiana State
University and Agricultural and Mechanical College. USA;
2003.

Nerium

31



