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Abstract
Background: The medicinal plants have been used as alternative treatments for many diseases in many countries.
Thus, the possibility of the alteration of some naturally relatively cheap sources into highly valuable products for
pharmaceutical and biological importance via tissue culture is investigated in this study. Special attention is needed
to estimate the molecular genetic variation between the studied plant and the callus.
Results: Ginger (Zingiber officinale Roscoe) rhizome was affected by various concentrations of cytokinin and auxin for
the induction of callus. The highest percentage of callus induction and maximal callus fresh weight was achieved
when Murashige and Skoog (MS) medium was supplemented with 2 mg/l 2, 4-D + 1mg/l BA. The genetic variations
accompanied with in vitro conditions of callus induction was evaluated by four primers of inter-simple sequence
repeat (ISSR) that amplified 36 bands. The highest readings for clotting times were found by using the sulfated neutral
extract of ginger rhizome at a concentration of 400 μg/ml, and the extract of sulfated alkaline plant callus had an
anticoagulation activity at (200 μg/ml) comparable to that of a standard preparation of heparin sodium.
Conclusion: These results showed that ginger (Zingiber officinale Roscoe) rhizome was affected by various
concentrations of cytokinin and auxin for induction of callus especially when MS was supplemented with 2 mg/l 2, 4D + 1 mg/l BA. Also, the results of ISSR markers confirmed the occurrence of genetic variations during callus induction
process. The results indicated that the sulfated alkaline of ginger rhizome and sulfated aqueous extracts of ginger
rhizome and callus exhibited anticoagulant activity. So, it was clear that the addition of sulfate group into the
investigated extracts enhances the anticoagulation activities.
Keywords: Ginger rhizome (Zingiber officinale), Callus induction, Inter-simple sequence repeat (ISSR), Anticoagulation activity

Introduction
Ginger (Zingiber officinale Roscoe) is an aromatic plant
used as spice and herbal medicines. The non-volatile
phenylpropanoid-derived compounds particularly gingerols and shogaols have been given ginger pungent flavor; when the ginger is dried or cooked, gingerols
dehydrated to shogaols (Rehman et al. 2011). Many of
the different biological activities have been reported to
ginger including antibacterial and anti-inflammatory
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properties and antimicrobial activities. Toxicity studies
on ginger show no toxicity at the acute toxicity test
(Qureshi et al. 1989). The clinical effectiveness of ginger
against nausea and vomiting induced by chemotherapy
and also that occurs during pregnancy was observed
without harmful clinical evidence (Westfall 2004).
Zingiber zerumbet was reported to have analgesic and
antipyretic activities (Somchit et al. 2005), anti-giardial
activity (Sawangjaroen et al. 2005), anti-amoebic activity
(Sawangjaroen et al. 2006), high platelet-activating factor
receptor-binding inhibitory effects (Jantan et al. 2005),
and leukemia inhibitory activity (Huang et al. 2005).
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Auxins play an important role in callus induction.
Also, the different types of auxins can give various effects on callus growth, especially 2,4-D, which is more
effective for callus growth compared to other auxins
(Baskaran et al. 2006). Callus induction and subsequent
differentiation and organogenesis were performed under
culture medium conditions and the application of
growth regulators in different combinations (Tripathi
and Tripathi 2003; Hamideh et al. 2012).
Plant cells cultivated in vitro such as callus or cell suspension culture could potentially be competitive systems
for effective production of marketable secondary metabolites possessing biological activities (Sák et al. 2014).
Moreover, the production of bioactive secondary metabolites can be enhanced by the treatment of the undifferentiated cells with elicitors (Namdeo 2007). Salicylic acid
(Naik and Al-Khayri 2016), yeast extract (Seidel et al.
2002), and glycine (Molnár et al. 2011) are examples of
important elicitors that has the capability to induce the
secondary metabolites from in vitro cultures.
Molecular markers provide valuable data detecting any
genetic changes induced by in vitro conditions of tissue
culture. Recently, ISSR has been widely used as a useful
molecular marker to assess the genetic variations and
somaclonal variability. ISSR analysis based on PCR amplification of genomic DNA using a single primer targets the
repeat, with 1–3 bases, and it does not require sequence
information; thus, ISSR markers are becoming a useful
molecular marker facilitating the biological researches.
Anticoagulant agents are substances which prevent coagulation (clotting) of blood. Plants may serve as the
best alternative sources for the development of new anticoagulant agents due to their biological activities (Kumar
et al. 2011).
Thus, a major objective of the present study was to illustrate the effect of different concentrations of 2, 4-D and
BA on callus induction from young leaf of Zingiber officinale Roscoe and to evaluate the biological activities of the
aqueous and sulfated extracts of the studied rhizome and
callus. ISSR technique was used to study the genetic
varieties between the investigated rhizome and callus.

Material and methods
Callus induction
Explant source and sterilization

The experiments were carried out in the Tissue Culture
Laboratory, Botany Department, National Research
Centre (NRC). Callus cultures were obtained from fresh
buds of forming young leaves separated from the rhizome of Z. officinale Roscoe which was kept in the dark
at 28 ± 2 °C for 30 days for sprouting buds. The explants
were washed thoroughly with running tap water for 20
min and sterilized in 70% ethanol for 2 min, then washed
four times with distilled sterilized water and sterilized
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also with 30% Clorox solution (containing 5.25% sodium
hypochlorite) with 2 drops of Tween 20 for 20 min, then
finally washed with distilled sterilized water. The explants were cultured on MS basal medium (Murashige
and Skoog 1962).
Culture media

The modified MS medium containing different concentrations of auxins and cytokinins as plant growth regulators (PGR) were used as plant media for growth ginger
explant. The treatments presented in Table 1 was included (1.9 g/l potassium nitrate, 1.7 g/l ammonium nitrate, 0.1 g/l myo-inositol (inactive), 0.1 g/l glycine, 0.1 g/
l nicotinic acid (98%), 0.1 g/l thiamine HCl, 0.02 g/l adenine sulfate) for each treatment. The pH value of the
medium was adjusted to 5.8 using 1 M NaOH or HCl,
then autoclaved at 121 °C and a pressure of 1.2 kg/cm2
for 20 min.
Culture conditions

The cultures of rhizomes were incubated in a growth
chamber at 25 °C under 16 h photoperiod (irradiance of
about 25 μmol/m2 s provided by cool white fluorescent
lamps) for 1 month. The sub-culturing were carried out
after 4 weeks from incubated culture. The explants were inoculated into media with four replicates. The callus induction percentage was calculated using the following formula:
Callus induction ð%Þ¼

Number of explants induced callus
 100
Total number of explants inoculated

Genetic analysis of ginger plant and callus using ISSR
marker

Extraction and purification of genomic DNA was done
according to Niu et al. (2008). Plant leaf tissue of ginger
(0.1 g) and of their calli (0.5 g) were ground separately to
a fine powder using liquid nitrogen. Each sample received 800 μl of cetyltriethyl ammonium bromide
(CTAB) extraction buffer (100 mM Tris-HCl (pH 8.0),
1.4 M NaCl, 20 mM EDTA (pH 8.0), 2% w/v of CTAB
from Sigma Chemical, USA, [just prior to use the solution was adjusted to 0.2 % (v/v) β-mercaptoethanol])
which was added, and the contents were mixed. Each
Table 1 MS media supplemented with different growth
regulators at different concentrations for callus induction from
ginger explant
MS media composition
1. MS (4.4 g/l) + sucrose (30 g/l) + agar (8 g/l) + 3 mg/l (2,4-D) + 1 mg/l
(BA)
2. MS (4.4 g/l) + sucrose (30 g/l) + agar (8 g/l) + 2 mg/l (2,4-D) + 1 mg/l
(BA)
3. MS (4.4 g/l) + sucrose (30 g/l) + agar (8 g/l) + 0.5mg/l (2,4-D) + 0.5
mg/l (BA)

Abd El-Hameid et al. Bulletin of the National Research Centre

(2020) 44:28

tube was incubated at 65 °C for 15 min to lyse the cell. A
volume of 225 μl of 2 M potassium acetate were added
and gently mixed. Samples were incubated on ice for 15
min. The tubes were centrifuged at 12,000g for 10 min at
room temperature. The supernatant were transferred to
a clean tube followed by an equal volume of isopropanol.
The precipitated DNA was centrifuged at 12,000g for 10
min at room temperature for forming pellet. The pellet
was washed with 0.5 ml of 70% ethanol then air- or
vacuum-dried and dissolved in 50–200 μl of TE buffer
(10 mM Tris-HCl and 1 mM EDTA (pH 8.0)) or 300 μl
of ddH2O. The DNA concentration was measured using
UV spectrophotometer. The DNA is pure enough at
[OD 260/280 = 1.68] (Sambrook and Russell 2000). The
quality of the DNA were checked on 1% of agarose gel
in 0.5× TAE buffer (10 mM Tris-HCl and 0.5 mM EDTA
(pH 9.0)).
Inter-simple sequence repeat (ISSR) of the amplification reaction (PCR) was carried out in 25 μl total reaction mix containing 2 μl (20 ng) template DNA, 2.5 μl (2
mM) dNTPs, 3 μl (10 pmole) primer of each primers
listed in Table 2, 2.5 μl (1.5 mM) MgCl2, 5 μl 10× buffer
0.25 μl (5 U/ml) Taq DNA polymerase (Promega, USA),
and 9.75 ddH2O. PCR amplification was carried out
using Biometra Cycler (Gottingen, Germany). Forty cycles were performed, after an initial denaturation step
for 5 min at 94 °C. Each cycle consisted of a denaturation
step 94 °C at 30 s, annealing at 45 °C for 45 s, and extension at 72 °C for 1 min. The final extension step was performed for 5 min at 72 °C.
The amplification products were analyzed by electrophoresis in 1% agarose gel in 0.5× TBE buffer and detected by ethidium bromide (Sigma-Aldrich). Further, a
1-kb DNA ladder (Sib Enzyme Ltd., Russia) was used as
molecular size standard. PCR products were visualized
by UV trans-illuminator and photographed with gel
documentation system.

Table 2 List of ISSR primers, their sequences, and their
annealing temperature
Primer

Sequence (5′→3′)

Annealing temp. [°C]

807

AGA GAG AGA GAG AGA GT

50

810

GAG AGA GAG AGA GAG AT

50

823

TCT CTC TCT CTC TCT CC

52

826

ACA CAC ACA CAC ACA CC

52

844

CTC TCT CTC TCT CTC TC

55

848

CAC ACA CAC ACA CAC AAG

52

SPS1

GAC GAC GACGAC GAC

52

SPS03

GAC AGA CAG ACA ACA

48

SPS08

GGA GGAGGAGGA

40

SPS9

CAA CAA CAACAA CAA

38
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Preparation of aqueous extracts for ginger plant and callus

Extraction process was carried out by Jindal and
Mukherjee (1970) at different pH conditions for each investigated variety sample either with HCl (pH 3), water
(pH 7), or NaOH (pH 10). Briefly, defatted powdered
plant material of ginger rhizome and callus (5 gm) was extracted with 200 ml of extracting solvents at 85 °C for 3 h.
After filtration, the extracts were neutralized and dialyzed
against distilled water for 48 h, dried and weighted.

Preparation of sulfated extracts

The performance of sulfated extracts was according to
Yang et al. (2005) with some modifications. The sulfation of the extract was performed as follows: 0.1 g of
each extract was suspended in 0.5 ml dry formamide and
the mixture was stirred at room temperature for 24 h. In
order to disperse it into the solvent, a sulfating agent
was prepared by dropping 1 ml of chlorosulfonic acid
(HClSO3) in 4 ml of formamide under cooling in an ice
water bath and then added to the extract. The reaction was
cooled in ice, neutralized by 30% NaOH solution and dialyzed against running water for 48 h, and then lyophilized.

Evaluation of biological activities

Anticoagulation activities of the various aqueous and
sulfated extracts of ginger plant and callus preparations
were determined according to the time for clot formation (Colman et al. 1994) and compared with that of the
standard heparin sodium preparation.
Hard glass, 31 × 100-mm test tubes were cleaned by
immersion overnight in chromic acid. To each tube was
added 0.8 ml of sample solution (0.01%), 0.8 ml of standard heparin sodium solution (1.4 USP units/0.8 mL), or
0.8 ml saline solution. To each tube so prepared, 1 ml of
the plasma and 0.2 ml of calcium chloride solution were
added. The time was immediately recorded and each
tube was closed with a stopper and the contents were
mixed by inverting three times in such a way that the
entire inner surface of the tube was wet. The time required for clotting was determined.

Statistical analysis

All in vitro culture experiments were designed in a completely randomized design in triplicate. The percentage
of callus induction (%), callus color, texture of callus,
and callus fresh weight means ± standard deviation (SD)
were calculated. The amplified DNA polymorphic fragments were presented for each ISSR primer according
presence (1) or absence (0) analyzed by using Total Lab
(T.L. 120) program. Fragments were arranged according
to their molecular weight size.
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Results
Callus induction

Callus induction from young leaves (sprouted buds) of
Zingiber officinale rhizome cultured on modified MS
with various concentrations of growth regulators in
Table 3. Generally on culturing the explants on MS
medium supplemented with auxin, the generated calli were
emerged at the edges of explant within 15 days of culture.
MS medium supplemented with auxin produced swollen
callus after 15 days which emerged at the cut edges.
Various auxin concentrations used in the present study
produced different types of callus morphology; the callus induction percentages were listed in Table 3. The percentages
of callus induction indicated that the highest callus induction
was achieved when MS is supplemented with 2 mg/l 2,4-D
in combination with 1 mg/l BA (81%), while the lowest
66.6% callus induction appeared when using equal concentrations of auxin and cytokines (0.5 mg/l).
The data represented in Table 3 also indicated that the
highest callus fresh weight (3.89 g/explant) was obtained
when explants from the ginger cultured on the medium is
supplemented with 2,4-D (2 mg/l) and BA (1 mg/l) compared with the lowest fresh weight 2.93 g/explant obtained
on the medium with 2,4-D (3 mg/l) + BA (1 mg/l).
Our results showed that the percentage of callus induction and the callus weight were influenced by BA
concentration. Using MS medium with various concentrations of growth regulators produced the variety of
color and texture of callus. The friable callus were formed on
MS medium supplemented with 2 mg/l 2,4-D and 1 m/g BA.
While the greenish white and compact calli were formed on
MS medium with 2,4-D in combination with BA at equal
concentrations (0.5 mg/l). However, relatively greenish yellow
and granulated appearance of calli were observed at 3 mg/l 2,
4-D in combination with 1 mg/l BA.
Molecular studies

Numerous molecular markers have been developed to
assess the genetic variations accompanied to in vitro derived calli. Genomic DNA isolated by using CTAB
method from plant and callus induced in tissue culture,
and amplified by PCR using ISSR primers, was widely
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reported. This protocol was also found to be suitable for
the extraction of genomic DNA from leaves and also
from calli.
In the present study prior to ISSR analysis, primer annealing temperature was standardized for individual
primers using gradient PCR, which varied from 38 to
55 °C. Optimization of the annealing was tested to obtain
the best PCR performance. Amplification products were
separated by agarose gel electrophoresis to reveal band
polymorphism. In these PCR reactions, the concentrations
of 30–100 ng of DNA template and 5 mM MgCl2 gave the
best result. Among the 10 primers (807, 810, 844, 823,
826, 848, SPS1, SPS9, SPS3, SPS8) used for initial screening, four primers (810, 844, 823, 826) generated different
bands with ginger rhizome and calli (Table 4).
Thirty-six bands were generated using the four primers
in the case of plant and from the callus induced on MS
medium supplemented with 2 mg/l 2,4-D and 1 mg/l BA.
The size of the DNA fragments ranged from 100 to 1000
bp (Fig. 1). The amplified product varied between 309 and
971 bp (Table 4). Genetic changes induced by in vitro conditions of tissue culture are expected to generate stable
plants carrying interesting heritable trait. Gel electrophoresis pattern obtained using ISSR primers were illustrated
in Fig. 1. The identical ISSR banding patterns of plant and
callus and also the resultant multiple band patterns were
summarized Table 4.
In this study, the amplified DNA polymorphic fragments were scored as presence (1) or absence (0) (Table
4). ISSR primers used in the present study showed some
polymorphic bands during in vitro culture (Fig. 1) with
primer (810) which showed differences in bands at 919 bp
with plant and absent in callus culture, while two bands at
824 and 309 bp appeared only with callus culture. In this
primer, detected were three polymorphic bands with
42.86% polymorphism. ISSR marker generated with primer (823) showed differences in the band at 429 bp with
plant, but another band at 563 bp with callus. There were
two polymorphic bands with 25 % polymorphism.
The primer (826) showed the presence of one band at
824 bp in the callus culture only as a polymorphic band
with 11.11% polymorphism. There was no difference in

Table 3 Effect of different concentration 2,4-D and BA on the response of callus induction (%) from young leaves of Z. officinale
Roscoe and means of callus fresh weight after 4 weeks
*Growth regulators’ concentration (mg/l)

Callus induction
(%)

Mean fresh weight
of callus (g/explant)

Color of callus

Texture

0.0

0.0

0.0 ± 0.0

–

–

3.0

1.0

75 ± 0.15

2.93 ± 0.09

Greenish yellow

Granulated

2.0

1.0

81 ± 0.40

3.89 ± 0.22

White

Friable

0.5

0.5

66.6 ± 0.32

2.98 ± 0.20

Greenish white

Compact

2,4-D

BA

0.0

Values expressed as mean ± SD
*2,4-D dichlorophenoxyacetic acid, BA benzyl adenine

Abd El-Hameid et al. Bulletin of the National Research Centre

(2020) 44:28

Table 4 Polymorphic fragments of ISSR primers and the sizes of
polymorphic PCR products between ginger and callus
Band
no.

Band
sizes
(bp)

Primer 810

Primer 823

Primer 826

Primer 844

G

C

G

C

G

C

G

C

1

971

−

−

−

−

−

−

+

+

2

919

+

−

−

−

−

−

−

−

3

824

−

+

−

−

−

+

+

+

4

781

−

−

+

+

−

−

−

−

5

700

−

−

+

+

+

+

+

+

6

595

+

+

−

−

−

−

−

−

7

563

−

−

−

+

+

+

−

−

8

533

−

−

−

−

−

−

+

+

9

478

+

+

−

−

−

−

−

−

10

453

−

−

−

−

+

+

+

+

11

429

−

−

+

−

−

−

−

−

12

364

−

−

−

−

+

+

+

+

13

345

−

−

+

+

−

−

−

−

14

309

−

+

−

−

−

−

−

−

Presence (+) or absence (−) of bands are indicated
G ginger plant, C callus

the amplified fragments generated with primer (844) between ginger rhizome and its callus and no polymorphic
bands appeared in Fig. 1.
The results obtained in the present study showed the
presence of some genetic variations at the DNA level
during in vitro culture. The genetic variations associated
with tissue culture of ginger plant by using inter-simple
sequence repeat (ISSR) markers may be occurred as a result of the callus culture on medium supplemented with
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2,4-D; thus, ISSR could be useful in detecting the presence of genetic variation in the initial stages of callus
development.
PCR-based polymorphisms can be random or specific
depending on the type of the primer used. Inter-simple sequence repeat (ISSR) amplification polymorphism is also a
powerful technique for detection of somaclonal variation.
Biological activities of ginger rhizome and callus extracts

A possible anticoagulation properties of the aqueous extracts of ginger rhizome and callus were also assessed in
the present study. Thus, further investigation was directed towards the promotion of these biological activities (anticoagulation) throughout chemical modification
of the native aqueous extracts. This was achieved by
introducing sulfate ester groups on carbohydrate moieties of the tested aqueous extracts.
In vitro testing of extracts for anticoagulation activity

In this part of study, there was an important assay to evaluate
the anticoagulation activity of aqueous extracts (acidic, neutral, and alkaline) and their corresponding sulfated derivatives
of both ginger rhizome and its callus. The results showed
that some of the aqueous extracts (acidic, neutral, alkaline,
and sulfated acidic) of the ginger plant have no anticoagulation activities at 2000 μg/ml concentration. The highest readings for clotting times were found by using the sulfated
neutral extract of ginger rhizome at a concentration of
400 μg/ml. The lowest readings for clotting time was noticed
by using sulfated alkaline extract of callus at a concentration
(1000 μg/ml) comparable to that of a standard preparation
of heparin sodium. On the other hand, the extract of sulfated alkaline plant callus had anticoagulation activity at

Fig. 1 Banding pattern obtained with ISSR primers of ginger and callus. M marker, G ginger plant, C callus
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200 μg/ml. From the obtained data, it was concluded that
the addition of sulfate group into the investigated extracts
enhance the anticoagulation activities.

Discussion
The effect of plant growth regulator on callus induction

Callus formation is the important stage in tissue culture
processes for the establishment of cell suspension cultures
(Kumar and Kanwar 2007; Ngara et al. 2008). The results
in Table 3 showed that the combination of auxin with
cytokinin can produce callus from leaf explant, but MS
medium supplemented with 2 mg/l 2,4-D with 1 mg/l BA
2,4-D was effective for callus induction. These results in
the present study are in lined with other researches because 2,4-D is the primary auxin which is used for the
callus induction reported by Hamideh et al. (2012).
The ability of different explants to produce callus and
regeneration plants depend on different conditions of
cultivation. The formation of calli from leaves, nodal
segment, and internode were obtained on MS medium
supplemented with NAA 1 mg/l and BA 1 mg/l, while
the best result of calli from shoot tip was obtained on
MS with 0.5 mg/l 2,4-D and 0.5 mg/1 kin (Lashin and
Mamdouh 2014).
Previous results reported that leaf explant of ginger
gave the best result over shoot tip and root explant for
callus induction (Sultana et al. 2009). Various auxin concentrations about 1−2 mg/l 2,4-D was reported to be an
effective plant growth regulator (PGR) that produced
rapid proliferating friable callus in Curcuma amada
(Prakash et al. 2004). A survey of literature shows that
high concentrations of auxins as well as cytokinins used
for callus induction, but a maximum of 75% callusing, was
observed only after a month. The maximum frequency of
callus was 86% by the combinations of 1.5 mg/l 2,4-D and
0.5 mg/l of BA (Abirami and Kumar 2013). Dehghani
et al. (2011) indicated that the best results for production
of 70% of callus from ginger rhizomes were obtained in
the combination of 2,4-D and kin.
In this study, it was found that the variations in color
and texture of callus were affected by the type and concentration of PGR in the culture medium. The previous
results, 1–2 mg/l 2,4-D, were reported to be an effective
PGR that produced rapid proliferating friable callus in
Curcuma amada (Prakash et al. 2004), Gymnema sylvestris (Roy et al. 2008), and Brassica napus (Jonoubi et al.
2005) in vitro cultures. These results could be attributed
to the fact that synthetic PGRs are more stable in their
ability to withstand physical and enzymatic degradation
than naturally occurring auxins (Pierik 1990).
Molecular studies

Inter-simple sequence repeat (ISSR) are semi-arbitrary
markers amplified by polymerase chain reaction (PCR)
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in the presence of one primer complementary to a
target microsatellite; it does not require genome sequence information, which leads to multilocus and
produces dominant markers (Zietkiewicz et al. 1994;
Mishra et al. 2003).
PCR amplification was difficult for some of the plants
which contain high amounts of polysaccharides and
polyphenols. A special technique for studying genomic
polymorphism of callus culture in succulents and other
plants was eliminating DNA contaminants (Diadema
et al. 2003).
In the present study, during the formation of callus,
the genetic changes occurred which are associated with
callus culture conditions. ISSR primers used in the
present study showed some polymorphic bands during
in vitro culture in Table 4 and Fig. 1. The results obtained by Joy and Raja (2010) showed that the detection
of genetic variation associated with the tissue culture of
Jasminium auriculatum by RAPD markers may occur as
a result of mutations during callus culture in the presence of 2,4-D in the medium which could be applied in
the breeding of this species. Other studies were detected
the somaclonal variation in potato callus using RAPDPCR (Bordallo et al. 2004; Ehsanpour et al. 2007).
Plant tissue culture media, pH, and salinity lead to
higher polymorphism (Dakah et al. 2015). However, the
electrophoretic pattern variation of genomic DNA from
Ananas bracteatus callus was induced after 120 days of
culture, probably due to the medium supplementation
with 2,4-D (Costa and Zaffari 2005). Somaclonal variability often arises in tissue culture as a manifestation of
epigenetic influence or changes in the genome of differentiating vegetative cell induced by tissue culture conditions (Larkin and Scowcroft 1981; Muller et al. 1990). In
the recent study of Elshafei et al. (2019), the genetic variation were detected among rice cultivars and somaclons
regenerated from rice calli by using RAPD technique.

Evaluation of the anticoagulation activity of ginger
aqueous extracts

Anticoagulation properties were evaluated to the aqueous extracts and their corresponding sulfated derivatives
of ginger rhizome and callus. We noticed a variety of
readings for clotting time comparing with a standard
preparation of heparin sodium. This observation is acceptable on the basis of the previously mentioned
(Mendes-Silva et al. 2003). The aqueous extract of Zingiber officinale possesses anticoagulant properties through
prevention of coagulation process and clot formation
(Taj Eldin et al. 2016). According to the report by ShikhaJ et al. (2014), phytochemicals present in plants having anticoagulant properties can ultimately reduce or
eliminate the risk of thromboembolic diseases.
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Conclusion
The possibility of the alteration of some naturally relatively cheap sources into highly valuable products of
pharmaceutical and biological importance via tissue culture was investigated in this study. Special attention is
needed to estimate the molecular genetic variation between the studied plant and callus. These results showed
that the ginger (Zingiber officinale Roscoe) rhizome was
affected by various concentrations of cytokinin and
auxin for the induction of callus. The highest induction
of callus and maximal callus fresh weight was achieved
when MS is supplemented with 2 mg/l 2, 4-D + 1mg/l
BA. The highest readings for clotting times were found
by using the sulfated neutral extract of ginger rhizome at
a concentration of 400 μg/ml, and the extract of sulfated
alkaline plant callus had an anticoagulation activity at
200 μg/ml comparable to that of a standard preparation
of heparin sodium. From the obtained data, it was concluded that the addition of sulfate group into the investigated extracts enhance the anticoagulation activities.
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