CHAPTER 3: MATERIALSAND METHODS

3.1. Introduction

In this study, work and tasks are divided to two maatices in order to make a
comparison betweem vitro and in vivo system. Basicallyjn vitro system needs
micropropagation techniques in advance before carryinthewdomparison.
In vitro system was followed by establishment of aseptic eiqlamaking the
appropriate media culture, making the stock solutionshéomones and establish the
best concentration for the growth of the explantghmin vitro system and finally
antibacterial activity tesin vivo system included extract preparations for antibacterial
activity test until the comparison test was carried out.
Curcuma zedoariahizomes needed special attention when treated witlasits since
they are very much sensitive toward the sterilizedsdatontaminants.
Different test methods and conditions were used ineeartports and this made it
difficult to establish a certain method to performth# tests but several attempts was
done to perform a good treatment, micropropagation andyfiaatomparison in an
acceptable level for this dissertation.
The first step was plant material preparation, theecbbn of the source rhizomes.
This initial task was carried out for both vitro andin vivo system, for next steps,
micropropagation (fom vitro) and preparing the extracts for antibacterial agtighor
both systems) test were followed, each separatelntadiferent time but parallel.

An overall view of the work is illustrated in diagram 3.1.
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Diagram 3.1 the overall view of the work; this study is basicallgde of two major

sectioirsyitro andin vivo
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3.2. Plant material

The rhizome source &@urcuma zedoarig from Pahang state in Malaysia
The rhizomes were first transferred into the sotyatden at the Institute of Biological
Sciences at University of Malaya to increase the nurabehizomes and multiply the
plants in order to have more samples for the expeting@ acclimatization
(acclimation) as well for adjusting to change in tleevrenvironment. This took about
three months for the rhizomes to grow up in the garden.
Tough even the smallest patio or porch could boasthikemes in containers,
But containers with narrow openings and cheap plastie wet used since small pots
restrict the root area and dry out very quickly; therefoeramic pots were chosen.
Several drainage holes were made (holes were about hé&siacross and the base of
the pot was lined with newspaper to prevent soil losshtddeers had between forty to
sixty liters of capacity.

The containers were set on bricks to allow free drainage.

®
[ ]
.o’
U
CP:ICture'&l t Picture 3.2
eramic po Holes were about 1-2 inch across and

the base of the pot
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Fertilizer with a mixture of K, N and P (Potassiunitrdgen and Phosphor) were added
rapidly to the soils every two weeks.

After three months the desired level of the plantsamgin/ numbers were obtained and
the rhizomes were already matured and enough to perfoenntvivo / in vitro

experiment (Diagram 3.2).

(" Motherrhizomes collecte )
form Pahang, Malaysia
\§ J

(Transferred tglazed cerami)
pots (40 to 60 liters capacity
(& /

~

( )
Fertilized with a mixture of k Watered rapidly Acclimatization
N and f L Y

Y

e : A
3 months time to mature al
increase

|
| |
[ Ready forin vitro } [ Ready forin vivo }

Diagram 3.2 Plant material preparations for bathvitro andin vivo
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3.3.In vivo system

3.3.1. Preparing plant extracts

" Mother rhizomes collected im'
Pahang, Malaysia

(" Transferred tcglazedceramic\
pots (40 to 60 liters capacity

g J
|
| 1 |
( )
[Fertilized with a mixture of K,}I Watered rapidly [ Acclimatization ]
and F § J

I

(3 months time to get mature a)
increased
- J

n | | h | L | 1
| in vitro [ Ready forin vivo }

* ] I L] L] I

Diagram 3.3 Stages of plant extracts preparations prion tgvo test

a) After collection, freshly harvested plant samplesye cleaned, washed with tap
water, sliced into small pieces and kept at a tenperanot exceeding 4G for about

twelve days in an incubator to completely dry.

Picture 3.3 Picture 3.4 Curcuma zedoari
Curcuma zedoarighizomes rhizomes, sliced before drying.
ready for preparing extracts.

41



' Chapter 3

In the next step the dried samples were ground in acommercial mill (mixer) and
pulverized to powder form. The powder was soaked in petrokther, chloroform, and
methanol respectively (by increasing the solvent pglant order to have better
efficiency of the extracted yield). Duration of six dayas regarded for each solvent

with the powder soaked in to completely isolate the désiompounds.

Picture 3.5 Rhizomes after they wer Picture 3.6 Dried rhizomes after
dried in the incubator. being ground in the miller,
ready to soak in the solvent.

The weight for the powder was measured before applyingallients.

b) The solvents were then distilled under reduced pressuré0 °C in a rotary
evaporator (BUCHI , Switzerland) until it became coebply dry and weighed to
determine the total extractable compounds. The weight @fstilid residue was
recorded and taken as yield of crude extract.

The crude extracts were then transferred to vials and&epé °C and were freshly

dissolved in related solvents just prior to screeningHerantimicrobial activity.
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The yield of methanol, petroleum ether and chloroforraeks was determined as
milligram of extract per gram of fresh rhizomes wejgiaiculated as follows:

Yield = weight of dried sample (mg)/weight of fresh gdan(g) x 100%

The process is illustrated in diagram 3.4 and 3.5, from pr&pa the plant material

until it is ready for the antibacterial activity agsa

Cleaned, washed with tap water ]

Into small pieces and kept at a temperature]not

[

[ [

( Wait for 12 days J
[

Ground in a mini commercial mill (mixer) an}j

1
| Petroleum ether 6 days |

[ Solvent extracts were kept and weighed ]—

Y

| Methanol 6 days |

[ Solvent extracts were kept and weighed ———

| Distiled at 40 °C  a rotary evaporator | |

| Chloroform 6 days |

[ Solvent extracts were kept and weighed J——

[ Distiled at 40 °C n a rotary evaporator |

[ Left material (powders) thrown out ]

A

Diagram 3.4 Preparation of plant extracts before antibacteriavidgissay.
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Picture 3.7
Powders being soaked in the solvent.

Picture 3.8.1-2

Powders soaked in the solvents
are filtered in order to distill the
solvent in the evaporator.

Picture 3.9
Extracts ready for distillation.

Picture 3.10
Rotary evaporator used to distil the solvents.

Picture 3.11
Solvents were distilled under reduced
pressure at 40 °C in the rotary evaporator.
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3.4. Antimicrobial activity assay
3.4.1. Preparing the extract material for disc diffusion test

Diagram 3.5 explains the process before applying the aghdifesion disc test.

Mother plant rhizome

Yield left afterpetroleum- Yield left after methanc Yield left after
ethe distillation distillation chloroform distillation
Weighed Weighed Weighed
Yield percentage Yield percentage Yield percentage

(ONONO NN ONOXO, (ONONO BN IONOXO, (ONONO BN ENONOXO,

Diagram 3.5 Preparation of plant extracts before antibacteriavidgissay.

In this step the related solvents were again employenh laulittle amount in order to

just solve extract which is now fully dried after distilon of the solvents.

What is left in the flasks after the solvents westiltid contains all the desired
compounds which are capable and mighty to have antilEcetivity.

The routine calculation was used to obtain the stahcancentration needed for a disc
diffusion test.

Discs needed to get soaked in the extracts but all hadexalbdy at same level of
concentration.

The standard0Omg/ml concentration was calculated for the weight of three groups of

extracted yields. The stock was ready to put the distda.
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3.4.2. Preparing the Bacterial material for disc diffusion test

3.4.2.1 Microbial strains

The microbial strains used for testing antimicrobidivéty included the gram positive
bacteria Bacillus cereusATCC 14579, Staphylococcus aureuRF 122, and gram
negative bacterigscherichia coliUTI89 andPseudomonas aerugino®a7.

The test microorganisms used in this study were obtainad fre Microbiology

Department, Faculty of Science, University of Malagaala Lumpur, Malaysia.
3.4.2.2 Bacteria preparation

Before starting the agar-well disc diffusion tesie bacteria group chosen for
this study needs to grow in a broth media in order to ggtaped to be cultured on the
agar plates for applying the agar well diffusion test (YVa®k03.

Muller-Hinton media was used as the media. The med&gautoclaved at 121°c

For 10 minutes. Media tubes were prepared and the medipouesd in the tubes and
kept in the incubator at 37°c for twenty four hours. Thepsivas done in order to
confirm that the test tubes containing the broth argtetlle and ready for inoculation.
Microorganisms were inoculated in the MH broth media uaistgrile cotton swab

in a laminar flow cabinet, fully sterilized with UV liggland then allowed to grow over
night.

One tube was kept free of inoculated bacteria as a imegabntrol though the
contamination was already checked the previous night.

For over night growth, a standard microbiology lab intabavas used and the

temperature was adjusted to 37°c
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The next day, after checking the negative control, ésetuibes were diluted each with

sterile Saline buffer containing 0.9% Ndot ten times in order to reach about®10

colony forming unit /ml.

Picture 3.12

Microorgnisms were inoculated in
MH broth media using sterile
cotton swab in a Laminar flow
cabine.

Picture 3.13
Tubes ready after spectrophotometry
and dilution stage .

Picture 3.14
Disposable spectrophotometer
cuvettes for spectroscopy
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The concentration of the inoculum suspension was atjusttween 0.08 - 0.1 optical
densities at the wavelength of 625 nm using a spectrophotodestiee.

The whole progress is briefly illustrated in diagram 3.6.

Collect the desired bacteria straips
form microbiology department

[ Bacterial identification ]

[ Blast at NCBI using 16rRNA ]

Bacillus cereus\TCC 14579

Staphylococcus aurel®F 122 )

Escherichia colUTI89

R N
Pseudomonas aeruginoBA7

-

MH broth preparation

|\ I J

(Incubation of tubes filled with MR

L broth )
_}r Inoculation )

|\ I J

(Incubation at 3% for 24 hours

|\ J

Dilution with saline buffer
| containing 0.9% Nacl for 10 timgs

[ 10® colony forming unit /ml Spectrophotometry ]

the wavelength of 625

[ Ready to streak on the agar pIa]es

[Gained 0.08 - 0.1 optical densitﬂat

Preparing MH agar media on plates

Diagram 3.6 Progress of preparingdsacstrains for the disc diffusion method
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Similar concentration for each bacteria group was abklin the tubes after obtaining
the desired optical density using the spectrophotometeaty teastreak on the Muller-
Hinton agar. As illustrated in diagram 3.6, the same madt@as used to prepare the
MH agar .To prepare the agar, 17gr/l agar was used to mekiulter-Hinton agar
media in the plates, following by autoclaving.

(MH powder + Water + Agat> Autoclave—> keep in incubator to confirm sterility)

For one liter media 22g Muller-Hinton powder + 17g Agar wsed.

3.4.3. Agar-well disc diffusion test

At this stage, everything was ready to culture the bached place the discs on
the plates. For each selected bacteria strain, thsss were considered as negative
control (water), positive control (antibiotic) andetldisc which was soaked on the
extract.
The agar plate was streaked with inoculum suspension asstgyile cotton swab over
the entire surface three times for an even distrinutd the inoculum. Sterile six
millimeter disc filter paper was used to dip into thectian and placed onto the agar
plate with inoculum. Within fiteen minutes all the agalates were sealed using
parafiim and incubated at 37 °C for fourteen hours. Theip®siontrols used were
tetracycline 30pg from Oxoid England. The plates wemckéd after sixteen hours.
Zone of inhibition were measured and the result wererded(diagram 3.7).
The method applied was according to the “British soci&y antimicrobial
chemotherapy” and “National committee for clinicabbaatory Standards” (NCCLS).
The diameter of the zones of inhibition around eaclhefwells or discs (well/disc
diameter included) was taken as a measure for theiarglral activity.
Each experiment was carried out in triplicate andrtiean diameter of the inhibition

zone was recorded.
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Plate #:
Bacillus cereus
@ Extract

W
@ Positive control
@ Negative control

Plate #:

P.aeruginosa

Plate #:

Escherichia coli
@ Extract

@ Positive control
@ Negative control

@ Extract y
@ Positive contro
@ Negative control

Muller Hinton
Agar

Plate #.
Staph.aureus

@ Extract %%
® Positive control
@ Negative control

Diagram 3.7

Agar well disc diffusion method (Vo]kR009.For each selected bacteria strain, three discs were
considered as Negative control (Water), Positive cof@matibiotic) and the disc which was soaked on
the extract.
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3.5. In vitro system

(Motherrhizomes collected fm\
Pahang, Malaysia
. J

( Transferred tcglazed ceramir
pots (40 to 60 liters capacity

- J
|
| 1 |
( )
Fertilized with a mixture of K\ Watered rapidly Acclimatization
and F L Y,

i

(" . N\
3 months time to mature a
increase
\§ /

[ ] [ ] h | | 1
{ Ready forin vitro ] | in vivo

¢ a I [ ] [ ] I L]

Diagram 3.8 Stages of plant extracts preparations prior tarthetro test.

Diagram 3.8 clarifies what has been done before tbfs st

For thein vitro system, (unlike thén vivo) an extra step was performed and that was
micropropagation. Antibacterial activity assay and diséuslibn test were all carried
out using the same procedure in il&ivo system.

When this dissertation was carried out, botkivo andin vitro systems were supposed
to be processed at the same time; but testing diffezencentrations for growth
hormones, applying various methods for decontaminatiorgeoffiorks and chemical

delivery difficulties almost made the processes not @biibe same time.
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3.5.1. Micropropagation
3.5.1.1 Equipments and chemicals
In order to perform the micropropagation method, cegguipments, chemicals were

prepaid as follows:

v Laminar Flow with UV light v Autoclave machine
v Stirrer v pH meter

v Digital laboratory Scale v ethanol

v Sodium hypochloride NaCIO (20% solution) v Small jars with cap
v Sterile distilled water v Tween 20

v MS Media + Vitamins v Sucrose

v Phytogel Agar v AC (activated charcoal)
v HCL 1M v NaOH 1M

v Safety laboratory Masks v Scalpel

v Forceps v Measuring cylinder
v Conical flasks and bottles v Magnetic bead

3.5.1.2. Surface sterilization

Before starting the tissue culture (micropropagateyhtmmmes, they needed to
be decontaminated, sterilized and ready to inoculateeimiedia.
The rhizomes were washed thoroughly under running tap waten&hour to remove
loose contaminants/soil and other particles. Afterwatdsy were put in conical flasks
which were half-filled with sodium hypochloride NaClO (2086lution) for five
minutes. Subsequently, the explants were washed times tvith distilled water with
strong agitation using a stirrer. Next, the explanteevieeated by sodium hypochloride
NaClO (20% solution) added with a few drops of Twee2D and being agitated
constantly for fiteen minutes. Following that, theyreverinsed three times with
sterilized distilled water again with agitation usingrset. Further surface sterilization
was made with 70% (v/v) ethanol. Finally, the explanésemvashed and rinsed three

times with sterilized distilled water. Diagram 3.9 ilkades the progress briefly.
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l Wash with running tap water @1 Hour '

Treat with :odium hypochlorid NaCIO (20% solution) & 5 minute:

[ Wash with water 3 tins ]

l Wash with water 3 time '

Treat with70% (v/v) ethanol @ 1 minute

[ Wash with water 3 time ]

Diagram 3.9 Surface sterilization progress before inoculating #tptamts to the media.

3.5.1.3. Preparing media
The MS media form Duchefa Netherlands with concentranf 4405.19 mg/I

plus vitamins was used for the media preparation; the irggrsdare all in table 3.1.

Picture 3.15 a) IBA box
b) BAP box

Picture 3.16 a) MS box
b) Phytogel
Agar box
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Media was made for one liter (L) of water (followitige instructions on the manual,
117.9g of powder for fifty liter water). For making a litef MS medium, 800 ml

distilled water was poured in a beaker and placed ostthrer (using magnetic beads
for stirring) and stirred while adding thirty grams sucrose.

The pH level was adjusted to 5.8 with the pH meter.tN&e volume of the medium
was increased to one liter (L) by using a measuringagt.

For solidifying the media, eight grams phytogel agar wited while turned on the

heating button in order to melt the agar.

The next step was preparing the stock solutions for @fRsRplant growth hormones).

Ingredient mg/L
NH4NO3 1650
KNO3 1900
CaCl2.2H20 440
MgSO4+7H20 370
KH2PO4 170
H3BO3 6.2
MnSO4+H20 16.9
ZnS04<H20 8.6
Kl 0.83
NaMoO4+2 H20 0.25
CuS04+5H20 0.025
CoClI2+6H20 0.025
FeS0O4+7H20 27.8
Na2EDTA+«2H20 37.3
myo-inositol 100.0
nicotinic acid 0.5
thiamine<HCI 0.1
pyridoxinesHCI 0.5
glycine 2.0
sucrose 30000
Phytogel agar 6500

Table 3.1 Murashige-Skoog medium composition
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2.358 g media + 800 ml distilled Watlar

\Z
Stirred while adding 30 g sucrose
\Z
pH adjusted to 5.8
\Z
Medium volume increased to 1 L
\Z
+ 8 grams Phytogel agar
\Z
Warmed up about 40° C

PGR added — |%

Distributed in the jars

Diagram 3.10 Preparation of the media showing the time when PGRadded

3.5.1.4. Preparing Growth hormone stock

In order to perform the micropropagation test, two diffé hormones were
engaged in the experiment; IBA (Indole-3-butyric acid)nfoAuxins and BAP (6-
Benzylaminopurine) from Cytokinins.
Different trials were done to obtain the best coheion (diagram 3.12).
three different concentration based on the previopsrte (Miachiret al. 2004;Loc et
al. 2005;Keng and Stanley, 2007) were tested for the IBA as 0.5 mgg/l1in5 and
g/ml and 3 mg/l combined with three different concentrafar the BAP as 2.5 mg/l, 3
mg/l, 4 mg/l .
After obtaining the best concentrations following sevaials (Diagram 3.12) for each

PGR and also the PGRs combinations, the stock solutomisef PGRs were prepared.
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The plan was to make the media with 2 different caieg as follows:
Category 1:
MS +
> 3 mg/IBAP
» 0.5 mg/lIBA + 3mg/IBAP
> 1.5 mg/lIBA
Category 2:
MS+
» 3 mg/IBAP + 1 g/IAC
» 0.5 mg/lIBA + 3mg/IBAP + 1 g/IAC

> 1.5mg/lIBA +1g/IAC

At first, the stock solutions were made for eachgatg

The routine concentration for PGRs, 1 mg/ml (1000 mgAlgs used to make it in an
easy and fast calculating way of using the fornrMi&/1 = M2V2 (M as concentration
and V as volumek.g., 3 mg/L BAP can easily be made up by dispensing 3 mllof
mg/ml BAP stock.

As plant grows, hormones hardly adopt the agueous solatiml they need to be
dissolved in something as solvent. As most PGRs are lewnecidic or basic
(cytokinins are weak bases and auxins are weak acids) reglavalents of the
opposing compounds were used to make the PGRs completsijve.

1M NaOH for IBA and 1MHCL for BAP was prepared as the solvent.

For making the 1MHCL, 36.5ml of HCI was added in one liter of distilled eraand

for 1M NaOH, forty grams of NaOH were dissolved in ditex of distilled water.
Solution were stirred until all granules went into s@latiit took about an hour for this
process (Diagram 3.11)
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Preparing
growth hormone
stock
) ( )
IBA BAP
J L )
( ) )
1M NaOH 1M HCL
- J J

( )
Test for se\_/erﬂ Diagram 12 ( Test for severe
concentranonj \/ L concentrations

- J

Let the explant: (Let the explant:\
grow grow

- J

Best | Mhed ] ¢ Best )

concentrations
L choser )

concentrations

choser
| e

V¥ Diagram 13

Diagram 3.1Preparing growth hormone stock
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MS

+
+ IBA +
IBA + BAP
BAP

0.5 1 15
Mg/l Mg/l Mg/l

25 3 4
Mg/l Mg/l Mg/l

Diagram 3.12 Testing different PGR concentration mixed or siriglerder to the obtain the optimum
combinations
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3mg/l BAP 0.5mg/l IBA| [1.5mg/l IBA| |3mg/l BAP 0.5mg/l IBA| [1.5mg/l IBA
+ 3mg/l BAP + 1g/l AC +3mg/l BAP| |+ 1 g/l AC

\_ J VAN J L J GtLdAC ) \_ J

\4

Inoculation into the media

Diagram 3.13 Media distribution after preparing the PGR stocks drabses the best combination

Jars were closed loosely and autoclaved for fifteen nsratté21° C.
After the autoclaving, they were immediately moved ingioke laminar flow cabinet

which was previously sterilized using UV light and ethancdgpr
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3.5.1.5. Inoculation of explantsinto media

After surface sterilization (Diagram 3.9), the exptamtere prepared under
laminar air-flow cabinet. Using rhizome as explants, krmagments (1.0 cm) of
innermost tissue are excised with a sterilized scalpel.
Prepared explants are carefully inoculated in a ba#gsghr culture containing 30 ml
sterilized agar gelled of MS (Murashige and Skoog, 1962) mediitin different
combination of hormones (Diagram 3.11-3.13).
The jars were then closed and sealed with parafilm apt & 25° C at growth room
with the sufficient light.
After three months, the grown plants were taken out ftwersub-cultured jars in order
to make the extracts for the antibacterial activatst t
During these three months, every two weeks, Jars westitite with new ones contain

exactly same formula for the media and PGRs condenisa

3.5.2. Preparing extracts
The procedure for preparing the extracts and using tiaerds were carried out
exactly in the same method as in theivo system (refer tin vivo system, diagram 3.4

and diagram 3.5)

3.5.3. Antimicrobial activity assay
The procedure for preparing the bacteria , disc diffusast , and applying the
antimicrobial activity test were carried out with exacthme methods &s vivo system

( refer toin vivosystem and diagram 3.5-3.7 )

60



' Chapter 3

Picture 3.17.1-8 Growth progress ah vitro explants until desired length and level of growth
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3.6. Comparison

After establishing then vitro andin vivo system and recording the results, a
comparison was made based on the records and data teatollected.
Comparison was between the diameter of the inhibizione in the bacteria culture
plates obtained from tha vivo plants and those were propagated inihatro system.
Diagrams 3.15 and 3.16 show the plan for the comparison.
Results and discussion will be explained in the next ehafithapter 4).

Diagram 3.14 shows the progress until the comparison stage.

Mother plant

in vitro in vivo
— Rhizome collectionv’ — Rhizome collectiorv
— Sterilization v — Sample treatmen¥
— Making media culture/ — Preparing extracts’
—— Make stock solutions for PGRE —— Antimicrobial activity assay”’
—— Diff. hormone concentratio®’ —— Screening antimicrobial activity’

— Get optimum concentrations

— Micropropagationv’

— Observing the growthv

— Preparing extractg’ v

—— Antimicrobial activity assay’

Comparison

— Screening antimicrobial activity’ >

Diagram 3.14 Progress of the work until the comparison stage.
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||
— v |
_BA |
||

Diagram 3.15 Plan for comparing the results for gram positive érdatBacillus cereugnd

Staphylococcus aufeams in vitro andin vivo system base on measuring

the inhibition zones on the bacteria culture plates
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Diagram 3.16 Plan for comparing the results from gram negative bhacteseudomonas aeruginosa and
E.clobm in vitro andin vivo system base on measuring the inhibition zones on the
bataeculture plates.
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