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Abstract

Antibacterial activities of In vitro and In vivo grown garlic were compared against five bacterial strains Escherichia
coli, Klebsiella pneumoniae, Proteus mirabilis, Enterobacter aerogenes and Staphylococcus aureus. In 8-9 weeks, In vitro
garlic bulblets were produced from shoot tip explants callus of garlic cloves cultured on modified MS medium. Ten uM BA
induced somatic embryogenesis in soft, granular and dirty white to yellow colored clumps of calli, regenerated into plantlets,
which eventually transformed into 9 or 10 mm dia bulblets on basal MS medium. Clear zones of inhibition were demarked
by paper disc diffusion method. The content of micro-bulblets expressed greater antimicrobial activity than that of In vivo
garlic cloves through wider diameter zone of inhibition against said bacterial strains. In vitro garlic extract formed 24mm
and 22mm zones being the widest zones against Klebsiella and Proteus respectively.

Introduction

A vast knowledge, how to use the plants against
different illnesses may be expected to have accumulated
in areas where the use of plants is still of great importance
(Diallo et al., 1999). According to WHO, more than 80%
of the world's population relies on traditional medicine for
their primary healthcare needs. Plants used by traditional
medicine practitioners contain a wide range of substances
that can be used to treat chronic as well as infectious
diseases. Many plant extracts have been shown to possess
antimicrobial properties active against microorganisms In
vitro. These extracts are nontoxic, non allergenic to the
host (selective toxicity) and without undesirable side
effects. They are able to reach the infectious parts of the
human body and do not eliminate the normal flora of the
host. Plant extracts are inexpensive and chemically stable.

Screening of medicinal plants for antimicrobial
activities and phytochemicals is important for finding
potential compounds for therapeutic use (Duraipandiyan et
al., 2006). The medicinal value of plants lies in some
chemical substances that produce a definite physiological
action in the human body. The most important of these
bioactive compounds of plants are alkaloids, flavanoids,
tannins and phenolic compounds (Edeoga et al., 2005).
There has been a great shift from the prescription of
antibiotics to the use of medicinal plants (Ekwenye &
Elegalam, 2005) as if their biologically active principles
e.g. flavones and flavonols are chemical compounds
specifically active against microorganisms (Fessenden &
Fessenden, 1982). Similarly, lipophilic flaonoids inhibit
microbial activity by disrupting their membrane (Tsuchiya
etal., 1996).

Allium sativum, garlic, is a bulb-forming herb of the
family Alliaceae, cultivated some thousands of years for
use as a flavoring agent as well as a medicinal herb
(Lewis & Elvin-Lewis, 2003). Its biological activities
include antibacterial, antitumour, and antiartherosclerosis
(Campbell et al., 2001; Milner, 2001), cholesterol
lowering (Yeh & Liu, 2001) and prevention of
cardiovascular disorders (Rahman, 2001). It has been
shown that garlic and garlic extracts have antioxidant
activity in different In vitro models. The antioxidant
activity of Allium plants has been mainly attributed to a
variety of sulphur-containing compounds and their
precursors (Kim et al., 1997; Lampe, 1999). Allicin and
allyl isothiocyanate are sulfur-containing compounds.

Allicin, isolated from garlic oil, inhibits the growth of
both Gram-Positive and Gram- Negative bacteria (Azzouz
& Bullerman, 1982).

A plenty of work has been done on the garlic as such
as folklore disease management and antimicrobial activity
of garlic bulbs (Tyler, 1993; Foster, 1996). However,
antimicrobial activity of In vitro grown garlic bulblets has
not been reported so far. During micropropagation
activities this aspect was given due consideration to
ascertain that In vitro grown garlic bulblets as compared
to In vivo ones are better source of antimicrobial agents
that can be used to assist the primary health care.
Antibacterial activity of extracts from In vitro and In vivo
grown garlic bulblets were evaluated against five bacterial
strains to compare the effectiveness of In vitro and In vivo
grown garlic plants.

Materials and Methods

Tissue culture and bulblet regeneration: The bulbs of
local cultivar of Allium sativum were obtained from the
Punjab Seed Corporation, Lahore, Pakistan. Part of the
material was subjected to micropropagation and
regeneration studies, to compare the antimicrobial activity
of active principles of In vivo and In vitro grown bulbs.

The shoot tips were taken from healthy cloves of garlic
and after a brief treatment with 0.1% HgCl, solution for 5-
7 min, inoculated on MS (Murashige & Skoog, 1962)
medium containing 4.5 pM dichlorophenoxy acetic acid
(2,4-D) and 4.42uM indole butyric acid (IBA) as described
by Fatima et al., (2006). The pH of the medium was
adjusted to 5.8 and autoclaved at 121°C for 20 min.
Cultures were kept in a growth room at 25+2°C under a 16h
photoperiod and a light intensity of 72 pmol m? s™. The
calli produced after 2 months were transferred onto MS
media containing various concentrations and combinations
of growth regulators, viz. benzyle adenine (BA),
naphthalene acetic acid (NAA) and kinetin (Kin) to induce
regeneration (Table 1). The somatic embryos were
transformed into plantlets with roots and shoots, after 4
weeks on basal MS medium. The regenerated plantlets with
highest shoot count were again transferred onto basal MS
medium for bulblets formation. Average 1-2 bulblets with
few roots were produced per culture within 4-6 weeks.
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Table 1. Effect of MS medium supplemented with growth regulators on garlic callus cultures and plantlet
regeneration through somatic embryogenesis.

Growth regulators (uM) |

Regeneration/culture

| Callus characteristics

BA NAA Kin Shoot count Root count  Color & texture
9.06 - - 1267°+170 6.00°+0.82 Green
Soft, friable, Shiny & granular
13,59 - - 767°+125 833°+094 Lush green to vyellowish green Soft,
granular, friable & shiny
9.06 2.69 - 3.00°+£0.82  33.00°+1.41 Dark green to yellowish green Soft, friable
& granular
18.12 - 2.32 3.00°+0.82 567°+1.25  Green with yellow patches Soft, granular
& shiny
- - 2.32 3.0°£0.82 7.00°+2.16  Green
Soft, nodular & friable
- 2.69 348 933"+125 867°+125 Yellow with green patches Nodular,

friable & soft

* = Mean separation in columns by Duncan's Multiple Range Test, p = 0.01

Extraction of bioactive material: The In vivo grown
garlic bulbs were washed with deionized water to reduce
the extraneous materials. Then air-dried and removed
outer coverings manually. In vivo and In vitro grown
bulblets were sliced separately. Materials were placed in
hot air oven for drying at 65°C for 72 hours and
pulverized with pestle and mortar. Weighed 1.0 g powders
of each samples, dissolved in 40 ml of 80% ethanol
individually, and vigorously stirred with a sterile glass
rod. Extracts were occasionally shaken during 24 h and
then filtered through Whatman No.1 filter paper (Azoro,
2000) discarding the precipitates. Yellow colored filtrates
were evaporated to dryness on steam bath at 100°C. The
dried extracts were sterilized in UV light for 24h. Each of
the alcoholic extracts was reconstituted by adding 2 ml of
dimethyl sulphoxide (DMSO). Paper disc diffusion
method was applied to test the antimicrobial activity of
the extracts. Filter paper (Whatman No.1) discs of 5 mm
dia. were prepared wrapped in tinfoil and sterilized by hot
air oven. Normal strength nutrient agar medium (OXOID,
England) was prepared and autoclaved at 121°C for 15
min. at 15 psi for culture growth and determination of
antibacterial activity.

Test organisms: Prior to inoculation five bacterial strains
Escherichia coli, Klebsiella pneumoniae, Proteus
mirabilis, Enterobacter aerogenes and Staphylococcus
aureus were subcultured thrice onto the fresh nutrient agar
media to obtain a more vigorous population. The stock
cultures were incubated at 37°C for 24 h.

Screening for antibacterial activity: Bacterial cultures
were serially diluted in normal saline solution. From 107
dilution, a sterile swab stick was used to seed the nutrient
medium culture plates in the inoculating chamber. Extract
impregnated discs of known strength were placed on pre-
inoculated culture media and incubated at 37°C for 24 h.
The zone of inhibition in each case was measured as the
diameter of the clear zones around the discs.

Control experiment using antibiotics: This was done to
compare the diameter zones of inhibition of the extracts
and already standardized antibiotics. This could help for
the prescription of either antibiotics or plants extracts with
antimicrobial activities. The antibiotics used were
erythromycin (Abbott, Pakistan), tetracycline (Pfizer,

Australia) and ampicillin  (SmithKline Beecham,
England). The concentration of erythromycin used was 5
mg/ml and that of tetracycline or ampicillin was 6 mg/ml,
individually.

Statistical analysis: The results obtained in present study
were statistically analyzed with one-way analysis of
variance in completely randomized design. The means
were separated by Duncan multiple range test at 1% and
5% level of significance as described by Steel & Torrie
(1980).

Results and Discussion

The best garlic calli were produced on MS medium
with 2,4-D (4.53 pM) alone or additionally supplemented
with BA (2.22 uM) or IBA (4.42 uM). The calli produced
were soft, nodular and yellow. Clumps of calli were
transferred to MS medium supplemented with growth
regulators for regeneration (Table 1). After 4 weeks, the
yellowish or white nodular calli turned yellowish green to
green randomly and exhibited distinct morphogenetic
changes resembling embryoid like structures (Fig. 1-B).
The globular embryos subsequently developed shoot and
root apices giving tuft-like appearance generally within
initial four weeks which thereafter germinated to give
plantlets during next 4 weeks. The similar observations
have been also reported by Fereol et al., (2002). The
highest shoot count obtained on MS supplemented with
9.06 UM BA was 12.67+1.70* while the root count was
less (6.00:£0.82"). This result matched with the findings of
Choi et al., (1993) who reported that BA was the most
effective stimulator for shoot formation and increased
percentage of shoot regeneration. BA in combination with
NAA and Kin gave low shoot count as compared to BA
alone and high root count as shown in Table 1.
Regenerated shoots from MS medium were transferred on
growth regulator (GR) free MS basal medium. 80%
healthy bulblets were produced in 4-6 weeks. Average 1-2
bulblets with few roots were produced per culture (Fig. 1-
D). Haque et al., (2003) reported that the bulblet growth
was significantly active on the GR-free medium
supplemented with 3% sucrose. This study contradicted
the findings of Khan et al., (2004) who reported that GR-
free MS medium was favourable for only root induction in
case of garlic cultures.
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Fig. 1 In vitro regeneration and bulblet formation via somatic embryogenesis from shoot tip nodular callus of garlic (Allium sativum
L.). A. Friable and nodular callus from shoot tip explants on MS medium (2,4-D+IBA). B. Nodular callus showing well developed
embryos. C. Multiple plantlet formation. D. Bulblets formation from In vitro regenerated shoots of garlic on growth regulator free MS

medium 300Dpi pic.

The sensitivity of different microorganism with the
ethanolic extracts of both In vitro and In vivo grown garlic
is shown in Table 2. Paper disc method was used for this
purpose. Both samples inhibited the growth of all test
organisms.  However, In vitro grown garlic extract
exhibited a greater degree of antibacterial activity and
wide diameters of zones of inhibition were observed
(Table 3). White et al., (2007) made similar observation
that extract of micropropagated Peperomia tetraphylla
plant had high antimicrobial activity.

E. aerogenes and K. pneumoniae were found to be
more sensitive to In vitro garlic extract and their diameter
of zones of inhibition were 22.33*+ 1.77 mm and 24.00° +
3.74 mm with high level of significance as compared to
those of E. coli, P. mirabilis and S. aureus which gave the
diameter of zone of inhibition 11.00°+1.22 mm,
9.00"+0.70 mm and 17.66°+1.77 mm respectively.
Similar observations were also noted by Onyeagba et al.,
(2004), who assayed the antimicrobial effect of aqueous
and ethanolic extracts of garlic, ginger and lime against
Staphylococcus aureus, Bacillus spp., E. coli and
Salmonella spp. and observed highest inhibition zone of

19 mm with a combination of the aforesaid three extracts
on Staphylococcus aureus. Significant level of differences
among all bacterial species in respect of their sensitivity
was assessed in In vivo grown garlic extract. E. coli, P.
mirabilis and S. aureus were not sensitive with In vivo
grown garlic extract. The widest zone of inhibition was
7.33°+1.77 mm with In vivo grown garlic extract on K.
pneumoniae and 6.66°+2.04 mm on E. aerogenes (Table
3).

Results showed that all three antibiotics were more
effective against S. aureus and less effective against P.
mirabilis with significant levels of difference (Table 3).
Ampicillin is more effective with non-significant
differences against all testing microbes except E.coli.
Similarly, P. mirabilis is less sensitive against
Erythromycin as compared to other bacterial species with
non-significant differences. E. coli and P. mirabilis
showed significant differences (10.00°+1.41 mm and
6.33°+1.08 mm respectively) in case of tetracycline while
strong action was observed on remaining three bacterial
species.
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Table 2. Antimicrobial activity of the ethanolic extract of In vitro, In vivo grown garlic & antibiotics.
Samples Escherichia Klebsiella Proteus ~ Enterobacter  Staphylococcus
coli pneumoniae  mirabilis aerogenes Aureus
In vitro garlic extract ++ ++ ++ ++ ++
In vivo garlic extract - ++ - ++ -
Erythromycin ++ ++ ++ ++ ++
Tetracycline ++ ++ ++ ++ ++
Ampicillin ++ ++ ++ ++ ++

- Key: ++ = Inhibition>6.00 mm diameter; = No inhibition

Table 3. Diameter zone (mean * S.E.) of inhibition (mm)*.

Samples Escherichia Klebsiella Proteus Enterobacter Staphylococcus
coli pneumoniae mirabilis aerogenes aureus

In vitro garlic 11°+1.22 24.00°+ 3.74 9.00°+ 0.70 22.33%+1.77 17.66°+ 1.77

In vivo garlic 6.33°+1.63 7.33°+1.77 6.66%+ 2.04 6.66°+ 2.04 0.00

Erythromycin 17.33%+£2.16 24,00+ 1.22 12.00°+2.12 21.66%+2.48 25.00°+1.41

Tetracycline 10.00°+ 1.41 27.00°+ 1.87 6.33°+ 1.08 21.00°+ 3.24 25.00°+2.12

Ampicillin 10.33°+1.08 26.66%+ 2.16 16.66°+ 1.08 16.00%+ 2.54 23.00%+ 2.54

* = Mean separation in columns by Duncan's Multiple Range Test, p = 0.05

From the results, it is evident that zone of inhibition
of In vitro grown garlic bulblet extract was even greater
than those of antibiotics in some cases. This clearly
indicates that antibacterial effect of In vitro grown garlic
bulblet extract was more pronounced than that of In vivo
grown garlic. Higher antibacterial activity of In vitro
grown garlic bulblet extract may be due to altered cultural
condition such as GRs provided in the culture medium for
plantlet regeneration. Allicin being the main constituent
and having high antimicrobial activity would be increased
within the In vitro grown garlic bulblets due to these
altered cultural conditions. Effects of phytohormones for
production of secondary metabolites has been reported by
Fett-Neto et al., (1993) and Goleniowski & Trippi (1999),
which supports present studies. Several products were
found to be accumulating in cultured cell at a higher level
than those in native plants through optimization of
cultural conditions. For example, ginsenoside by Panax
ginseng (Choi et al., 1994), shikonin by Lithospermum
erythrorhizon (Takahashi & Fjita, 1991), were
accumulated in much higher levels in cultured cells than
in the intact plants.

That is why, In vitro grown garlic bulblet contents
showed wider zones of inhibition as compared to those of
In vivo grown garlic cloves. It can be conferred from the
result that the use of In vitro grown garlic could be a
better substitute of commonly used antibiotics due to the
presence of strong bioactive compounds active against
microbes.

The experiments were repeated with same samples of
the ethanolic extracts of In vitro and In vivo garlic bulblets

after 45 days of storage at 4°C. The results showed that
the antibacterial property of these garlic extracts retained
their molecular specificity during storage.

References

Azoro, C. 2000. Antibacterial activity of crude extract of
Azadirachita indica on Salmonella typhi. World J.
Biotechnol., 3:347-351.

Azzouz, M.A. and L.R. Bullerman. 1982. Comparative
antimycotic effects of selected herbs and spices, plant
components and commercial antifungal agents. J. Food
Protect, 45: 1248-1301.

Campbell, J.H., J.L. Efendy, N.J. Smith and G.R. Campbell.
2001.  Molecular basis by which garlic suppresses
atherosclerosis. J. Nutr., 131 [Suppl 3]: 1006s-1009s.

Choi, K.T., 1.0. Ahn and J.C. Park. 1994. Production of ginseng
saponin in tissue culture of ginseng (Panax ginseng C .A.
Mayer). Russian J. Plant Physiol., 41: 784-788.

Choi, S.Y., K.Y. Peak and J.T. Fo. 1993. Plantlet production
through callus culture in Allium sativum. L. J. Korean Soc.
Horticult. Sci., 3: 16-28.

Diallo, D., B. Hveem, M.A. Mahmoud, G. Betge, B.S. Paulsen
and A. Maiga. 1999. An ethnobotanical survey of herbal
drugs of Gourma district, Mali. Pharmaceutical Biol., 37:
80-91.

Duraipandiyan, V., M. Ayyanar and S. Ignacimuthu. 2006.
Antimicrobial activity of some ethnomedicinal plants used
by Paliyar tribe from Tamil Nadu, India. BMC
Complementary and Alternative Med. doi: 10.1186/1472-
6882-6-35

Edeoga, H.O., D.E. Okwu and B.O. Mbaebie. 2005.
Phytochemical constituents of some Nigerian medicinal
plants. Afr. J. Biotechnol., 4: 685-688.



ANTIBACTERIAL ACTIVITY OF IN VITRO AND IN VIVO GROWN GARLIC (ALLIUM SATIVUM L.)

Ekwenye, U.N. and N.N. Elegalam. 2005. Antibacterial activity
of ginger (Zingiber officinale Roscoe) and garlic (Allium
sativum L.) extracts on Escherichia coli and Salmonella
typhi. International J. Mol. Med. Adv. Sci., 1(4): 411-416.

Fatima, A., T. Ahmad., S.J. Khan and N. Zaidi. 2006. High
frequency plantlet and bulblet formation from shoot tip
callus of garlic (Allium sativum). Pak. J. Biochem. and Mol.
Biol., 39(3-4): 73-79.

Fereol, L., V. Chovelon, S. Causse, N. Michaux-Ferriere and R.
Kahane. 2002. Evidence of a somatic embryogenesis
process for plant regeneration in garlic (Allium sativum L.).
Plant Cell Rep., 21: 197-203.

Fessenden, R.J. and J.S. Fessenden. 1982. Organic Chemistry.
2" edition. Willard Grant Press, Boston, Mass.

Fett-Neto, A.G., S.J. Melanson, K. Sakata and F. DiCosmo.
1993. Improved growth and taxol yield in developing calli
of Taxus cuspidate by medium composition modification.
Biotechnol., 11: 731-734.

Foster, S. 1996. Garlic - Allium sativum. Botanical Series, No.
311. 2" edition. American Botanical Council, Austin,
Texas.

Goleniowski, M. and V.S. Trippi. 1999. Effect of growth
medium composition on psilostachyinolides and altamisine
production. Plant Cell Tissue and Organ Cult., 56: 215-
218.

Haque, M.S., T. Wada and K. Hattori. 2003. Shoot regeneration
and bulblet formation from shoot and root meristem of
garlic cv Bangaladesh local. Asian J. Plant Sci., 2(1): 23-
27.

Khan, N., M.S. Alam and U.K. Nath. 2004. In vitro regeneration
of garlic through callus culture. J. Biol. Sci., 4(2): 189-191.

Kim, S.M., K. Kubota and A. Kobayashi. 1997. Antioxidative
activity of sulfur-containing flavor compounds in garlic.
Biosci. Biotehnol. Biochem., 61: 1482-1485.

3033

Lampe, JW. 1999. Health effects of vegetables and fruit:
assessing mechanisms of action in human experimental
studies. American J. Clinical Nutr., 70: 475S-490S.

Lewis, W. and M. Elvin-Lewis. 2003. Medical Botany: Plants
Affecting Human Health. 2" edition. New York, Wiley.
Milner, J.A. 2001. A historical perspective on garlic and cancer.

J. Nutr., 131 [Suppl 3]: 1027s-1031s.

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

Onyeagba, R.A., O.C. Ugbogu, C.U. Okeke and O. Iroakasi.
2004. Studies on the antimicrobial effects of garlic (Allium
sativum Linn), ginger (Zingiber officinale Roscoe) and lime
(Citrus aurantifolia Linn). Afr. J.Biotechnol., 3(10): 552-
554.

Rahman, K. 2001. Historical perspective on garlic and
cardiovascular disease. J. Nutr., 131 [Suppl 3]: 9775-979s.

Steel, R.G.D. and J.H. Torrie. 1980. Principles and procedures
of statistics. McGrawHill Book Co.Inc., New York, USA.

Takahashi, D. and Y. Fjita. 1991. Plant Cell Culture in Japan. In:
Cosmetic materials. (Eds): A. Komamine, M. Misawa and
F. Dicosmo. pp. 72-78.

Tsuchiya, H., T.M. Sato, S. Fujiwaras, S. Tanigaki, M. Ohyama,
T. Tanaka and M. Linuwa. 1996. Comparative study on the
antimicrobial activity of phytochemical flavones against
methicillin ~ resistant ~ Staphylococcus  aureus.  J.
Ethnopharmacol., 50: 27-34.

Tyler, V. 1993. The Honest Herbal. 3" edition. The Haworth
Press, Binghamton, N, pp. 139-143.

White, 1., L. Oshima and N.D. Leswara. 2007. Antimicrobial
activity and micropropagation of Peperomia tetraphylla. J.
Med. Biol. Sci., 1:
http://www.scientificjournals.org/articles/1017.htm

Yeh, Y.Y. and L. Liu. 2001. Cholesterol-lowering effect of
garlic extracts and organosulfur compounds: human and
animal studies. J. Nutr., 131(3 s): 9895-993s.

(Received for publication 03 February 2009)



