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ABSTRACT

The method for separation and purification of auxin compounds based on
reversed phase solid phase extraction and high performance liquid chroma-
tography (RP-SPE-HPL C) wasinvegtigated. The auxinswhich were 3-indole-
butyric acid (IBA) and a pha-napthaleneacetic acid (alpha-NAA) were sepa-
rated using areversed phase C ,column of 150x 4.6 mmand 5 umparticle. IBA
and alpha-NAA can be completely separated at the flow rate of 0.7 mL mint
with methanol/1%formic acid in water (65:35 v/v) used asamobile phasewith
the analysistime of 9.0 min. Solid phase extraction (SPE) was performed to
pre-concentrate auxin compounds. Percent recoveries of the extraction method
werefound to be 89.0%. Plant tissueswere extracted using solvent extraction
followed by C ; SPE and then analyzed by HPL C. By spiking various concen-
trations of mixed standard into plant tissues, percent recoveries of both analyte
were obtained in therange of 81.5-105. The detected IBA wasfound to bein
therangeof 0.65-2.84 mg mL-*and 1.04-3.15 mgmL*for alpha-NAA. Dueto
its overall analytical performance, these SPE and HPLC methods are pres-
ently being proved to be simple and suitable for routine purposes such as
those developed for plant extracts studies.
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INTRODUCTION

Auxinsarewell known for the plant growth hor-
monesthat areactualy involvedin avariety of biologi-
cal processesin plants. Indole-3-aceticacid (IAA) is
the primary auxin existedin plantswhich control regu-
lar processes such as cell elongation and division
whereas 3-indole-butyric acid (IBA) al so attributed
rooting of cutting and generated new rootsin cloning of

plantsthrough cutting. The greater ability of IBA to pro-
moted rooting compared with IAA showed the higher
effectivethan IAA and IBA asofound naturallyina
number of plant gpecies. Theother auxin-likesubstances
present in plants such as a pha-napthal eneacetic acid
(apha-NAA) isknownto stimul ate adventitiousroot-
ingand callusinduction®,

Severd methodsfor the determination of IBA and
alpha-NAA have been reported such as high perfor-
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mance liquid chromatography (HPL C), gas chroma-
tography coupled mass spectrometry (GC-MS), cap-
illary electrophoresis (CE) and chemiluminescence
(CL)™:87, However, disadvantageswith themost meth-
odsin case of GC-MS, the derivatization procedures
required, particular the sensitivity must bereduced from
the purification and derivatization processes. HPLC has
emerged asapowerful techniquefor plant growth hor-
moneandysis. Thisgpproach has been applied to qudli-
tative and quantitativethe class of auxinwith thehigh
sengitivity at room temperatureand a sothevol atility of
the auxin substanceswereignored during theanaysis.

Auxinsareoccurred in small amount in plant spe-
cieswith theinterferences remained therefore solid
phase extraction (SPE) isused for the sample prepara:
tion and purification procedure of plant extraction. Itis
usually used to clean up asamplebeforeusing achro-
matographic or another analytical method to quantitate
the amount of the analytesin the sampleand also to
extract or concentrate ana ytes. The advantagefor the
using of SPEisto reducetimeconsuming and minimize
organic solvent with high obtained recovery®19,

No reportsare available on calusinduction and
cell elongation in Houttuynia cordata Thunb and
Stindapsusaureus. Theaim of thisresearchisto study
the sample preparation by C . SPE for theanalysis of
IBA and a-NAA in Houttuynia cordata Thunb and
Scindapsus aureus samples and to determine the
amount of these compounds. Thismethod showed the
cgpability of inducing extraordinarily rapidinvitro propa:
gation of those plant tissues. The quantitiesof selected
auxinsmay beuseful for conservation of thisthrestened
speciesaswdl asproducing bulk quantities, e.g. gram,
kilogram or more, of plant materia for commercid pro-
duction.

EXPERIMENTAL

Chemical and materials

Methanol was of HPLC grade (J. T. Baker
SOLUSORB). All other chemicalswhich were etha
nol, aceticacid and formic acid were analytical reagent
grade. 3-indole-butyric acid (IBA) and alpha-
napthal eneacetic acid (aphaNAA) werefrom Sigma.
Stock standard solution of IBA and alpha-NAA were
prepared in 95%ethanol a 500 mgmL . Each portion
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of working sol ution contai ning mixed standard waspre-
pared from stock solution. Appropriate concentrations
of standard solution were prepared by further dilution.

Themobilephase of HPLC cons sted of methanol/
1%formic acid in water (65:35 v/v). The solvent was
filtered through a0.45 um filter membrane by avacuum
pump. After that the prepared solvent was degassed
for 20mininan ultrasonicator prior toitsuse.

Apparatus

High performanceliquid chromatography wasalL C-
1100 (Hewlett packard) with variablewavel ength de-
tector set at 265 nm. Anaysiswas carried out at room
temperatureon ashim-pack ODSC , column (i.d. 4.6
x 150 mm, particlesize: 5 um (GL SciencesInc). In-
jectionsweremade by Rheodyne G1313A (ALS) auto
sampleinjector equipped witha 100 uL loop. ThepH
measurements were made with aPG 203-S (Mettler
Toledo) using combined glasse ectrode.

Samplepreparation procedure

Young leaves, old leaves and young shoots of
Houttuynia cordata Thunb and young leavesand old
leaves of Scindapsus aureus samplestreatment was
performed asfollows. Fresh samplesweredried, milled
and weighed out accuracy for 25 gin an Erlenmeyer
flask. A volume of 100 mL of ethanol wasaddedtothe
flask which wasleft for 24 hr. Afterward the extract
wasfiltered through thefilter paper into the separation
funnel, which was then added with 200 mL hexane.
The extract solution was partitioned with hexanefor 3
hr in order to remove anon-polar compound from the
sample matrices. After the partition process, the hex-
anelayer wasdischarge. Findlly, the ethanolic extract
was evaporated to approximately 5.0 mL by using
evaporator with the temperature in water bath at
40.0°CH,

Clean-up procedure

A C, SPE column was conditioned with metha-
nol : acetic acid (100:1 v/v), methanol : milli Q:acetic
acid (50:50:1 v/v/v), methanol : milli Q: acetic acid
(30:70:1 v/viv) followed by 5.0 mL of milli-Q water,
respectively!*y, The5.0 mL of ethanolic extract was
loaded into SPE column and then the SPE column
was rinsed with 5.0 mL milli-Q water to removethe
impurity from the samplematrices. Theanayteswere
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eluted by using the concentration of 80/20 v/v metha
nol:1% acetic acid by gravity flow rate. The 10.0 mL
of eluatewas collected and then further evaporateto
asmall volumeunder astream of nitrogen. Theresi-
duewasdissolvein 1.0 mL of 95% ethanol and in-
jectedinto HPL C system. The sameexperimentswere
donefor 3replicates.

Per cent recovery of extraction method

Thevairous concentrations of mixed standard so-
lution was added into plant tissues extracted and ex-
tracted using the same procedure as described in sec-
tion 2.4. The percent recovery of extraction method
wascd culated using thefollowing relationship.

% recovery =

spiked sampleresponse- unspiked sampleresponse «
added standardresponse

100

Repeatability test of HPL C system

Analiquot of 40 mg mL*mixed standard wasin-
jected withinintra-day by 13 replicatesinto HPLC sys-
tem. Standard deviation (SD) and percent rel ative stan-
dard deviation (%0RSD) of theretentiontimeand peak
areawerecal cul ated.

Linearity range

A volumeof 20 uL of each standard solution at the
concentration of 0.25, 0.50, 1.00, 2.50, 5.00, 10.00,
20.00, 30.00, 40.00, 60.00, 80.00, 100.00, 200.00,
300.00, 400.00 and 500.00 mg mL* wasinjected into
HPLC system. Thecdibration curveof each mixed san-
dard was constructed by plotting the detector response
intermsof peak areaagainst the concentration of each
standard injected.

Limit of detection and limit of quantification

A mixtureof standard containing 0.25, 0.50, 1.00,
2.50 and 5.00 mg mL-*wasinjected into HPLC sys-
temto estimatethelimit of detection based onthecon-
centration. Thelimit of detection wascalculated from
thecalibration curveby mean of theblank signa, which
can be used as an estimation of the calculated value
fromtheregressionline.

Satistical analysisof data

Two-way ANOVA was used to test for significant
differences between treatments.
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RESULTSAND DISCUSSION

HPL C-UV separation

To separateindividua plant growth hormonesina
mixture, mixed standards were analyzed by C , col-
umn reversed phase HPLC with UV detectionin an
isocratic mode. Theresults showed that IBA and al-
pha-NAA can becompletely separated at theflow rate
of 0.7 mL min?! with methanol/1%formicacidin water
(65:35 v/v) used asamobile phase. Theanaysistime
was 9.0 min. Theretention times of IBA and al pha-
NAA were5.82 and 7.30 min, respectively (Figure 1).

P,
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7

Figurel: Chromatogram of IBA and alpha-NAA when 65/35
vIv(0.1% pH 3.3) methanoal : milli Q (formicacid buffer) was
used asamobile phase (flow rate0.7 mL min®)

Repeatability test of HPL C system

Anaiquot of 40 mg mL*mixed standard wasin-
jected withinintra-day by 13 replicatesinto HPLC sys-
tem. Percent rdl ative standard deviation (%0RSD) of the
retention timeand peak areawerein therange of 0.09-
0.61 and 0.20-0.23, respectively.

Linearity range

Andiquot of 0.25, 0.50, 1.00, 2.50, 5.00, 10.00,
20.00, 30.00, 40.00, 60.00, 80.00, 100.00, 200.00,
300.00, 400.00 and 500.00 mg mL* wasinjected into
HPLC systemunder theoptimum conditions. It wasfound

that thevalueof variation coefficient (r?) of each linear
plot of each standard were0.9998 for both hormones.
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L imit of detection and limit of quantification

Linear regressonandyssusedfor vdidationof lin-
earity was performed under the assumption that they-
valuesarenormaly distributed around theregression
linewith astandard deviation S, Thelimit of detec-
tionsof IBA and alpha-NAA were 0.096 and 0.127
mg mL 2, respectively whereasthelimit of quantitations
of IBA and alpha-NAA were0.320 and 0.420 mgmL-
1 respectively. Thelimit of detection and limit of quan-
tification are presentedin TABLE 1.

TABLE 1: Calibration curves, limit of detection, limit of quan-
titativeand precision of auxin

LOD LOQ calibration correlative
hormones (mg (mg equation i
mL-l) mL-l) (mg mL-]_) CO! ICl ent
IBA 0096 0320 Y~ ?195%%4’( T 09978
apha - y = 59.185x +
NAA 0.127 0.420 4.3589 0.9990

(n = 3 at each concentration)
Optimization of the SPE procedure

In optimizing the SPE procedure, many parameters
affect ontheefficiency of SPE, such astypeand vol-
ume of eluent, sampleflow rate, type of rinsing sol-
vents, pH and volume of the sample. Inthis study, pH
and volume of the sample, type of rinsing solventsand
el uent were optimized and discussed in detall.

I nfluenceof the samplevolume

Samplevolumeisaparameter affected ontheen-
richment of extraction recoveries. In order to reduce
the analysistime and increase high recoveries of ex-
traction, thisexperiment wasdonewith samplevolume
ranging from 1-30 ml. From TABLE 2, therecoveries
wereincreased significantly to be 80.03-95.0% (P <
0.05) when 5 ml sample volume was used. One ml
samplevolumewasinefficient becausetherecoveries
were the lowest. Therefore, 5 ml of sample was se-
lected for further studly.

Influenceof thepH sample

ThepH of thesampleisacrucia factor in the SPE
pre-concentration procedure dueto the pH indicates
theextraction efficiency of the selected analytes. In or-
der to increase high recoveries, thisexperiment was
donewith pH of the sampleranging from 2-9. There-
sults show the pH was significant influence of the ex-

TABLE 2: Influence of thesamplevolumeon therecoveries
of IBA and alpha-NAA

recoveriest S.D.

pH of the sample

IBA alpha-NAA
2 85.0 + 2.0a 85.0 + 1.0b
3 87.0+1.0a 92.0+1.0a
4 80.0+ 1.7b 76.0 + 1.0c
5 77.0+ 2.6C 740+ 1.7c
6 61.0+ 1.0d 72.0+1.7¢c
7 55.0+ 1.7e 53.0+1.7d
8 40.0 + 1.7f 45.0 + 1.0e
9 39.0+ 1.0f 44.0+2.0e

(n = 3 at each concentration)

traction (P < 0.05). Therecoveriesobtained for IBA
anddpha-NAAwithdifferent pH areshownin TABLE
3. When the pH sample was 2, the recoveries were
85% for both hormones and increased to 87 and 92%
for IBA and alpha-NAA, respectively, at pH 3. Then,
therecoveriesdecreased asthe samplepH ranging from
4-9. Itispossi blethat the structure of both hormones
containsacidic functiona group and can not be eluted
from the adsorbent when pH of the sample was ad-
justed to basic condition. Thus, theana yteremain on
theadsorbent, resulted inlow recoveries'd. Based on
thisexperiment, pH 3 was sel ected asthe optimum con-
dition for the extraction procedure.

TABLE 3: Influenceof pH of thesample on therecoveriesof
IBA and alpha-NAA

Recoveriest S.D.
pH of the sample

IBA alpha-NAA
2 85.0+ 2.0a 85.0+ 1.0b
3 87.0+ 1.0a 92.0+1.0a
4 80.0+1.7 76.0+ 1.0c
5 77.0+ 2.6¢ 740+ 1.7c
6 61.0+1.0d 72.0+1.7c
7 55.0+ 1.7e 53.0+1.7d
8 40.0 + 1.7f 45.0+1.0e
9 39.0 + 1.0f 44.0+2.0e

(n = 3 at each concentration)

I nfluence of typeof rising solution

Typeof rinsing solution isanother factor affected
therecoveriesof extraction. Theinefficient rinsing solu-
tion may el ute some compoundsin sample matrix with
theanalytes. In order to assessthe applicability of the
extraction method to theanalysis of thereal samples,
thevarioustype of therinsing solution was used, that
were 10 ml water, methanol and ethanol . Therecover-
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ies of IBA and alpha-NAA are shownin TABLE 4.
Therinsng solutionshaveas gnificant effect on extrac-
tionefficiency (P < 0.05). Thehighest recovery (84%)
was obtained when water was used astherinsing solu-
tion. From our study, it is possiblethat the efficiency of
therinsing solution depended on the structure of adsor-
bent and analytes®. Therefore, water was chosen as
therinsing sol ution in subsequent method.

TABLE 4: Influenceof typeof rising solutionson therecov-
eriesof IBA and alpha-NAA

type of recoveriest S.D.
rinsing solutions IBA alpha-NAA
water 84.0£1.7a 78.0£1.0a
methanol 55.0+ 2.6¢ 67.0+2.0b
ethanol 59.0+1.0b 53.0+1.7c

(n = 3 at each concentration)
Influence of the eluent

The concentration of eluent isvery important pa-
rameter in the SPE pre-concentration procedure. The
recoveriesof IBA and apha-NAA for the SPE extrac-
tionwasstudied at four different ratiosof methanol :water
(1% v/v aceteic acid) asfollows: 85:15, 80:20, 75:25
and 70:30. It is suspected that the adding of 1%v/v
acetic acid could increase the recoveries of both hor-
mones. Thus, the extraction of IBA and apha-NAA
using C , adsorbent werepossiblewith thereasonable
recovery of auxin obtained by addition of 1%v/v acetic
acidto organic e uent. Therecoveriesweresignificantly
observed (P<0.05) with different concentration of elu-
ent (TABLE5). When theratio of methanol:water was
80:20, the recoveries of IBA and o—NAA was 89.4
and 89.04%, respectively. However, therecoveries of
both hormones decreased with increasing the polarity
of the eluent, resulted retention on theadsorbent. Itis
possi bl e that the auxin compound comprised of two
main parts. aromatic or cyclic structureand acidic func-
tiond group. The polarity of e uent affectstheretention
of analytes on the absorbent. In order to obtain the
most suitablerecovery, thewel l-matched between the
el uent and analyte together could consider in term of
polarity and acidic condition® *3. From our study,
methanol :water at theratio of 80:20 (1%v/v acetic acid)
wasthe optimum condition for the SPE procedure.

Analysisof plant tissues
Inthisstudy, 3 parts of Houttuynia cordata Thunb
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(young leaves, oldleavesand young shoots) and 2 parts
of Scindapsus aureus (young leavesand old |eaves)
were sdlected as samplesfor thedetermination of IBA
and alpha-NAA. Plant sampleswere extracted by sol-
vent extraction method asdescribed in section 2.3. Af-
terward, they were pre-treated and pre-concentrated
with optimum SPE conditionsas described in section
2.4 and then subjected onto HPL C system (Figure 2
and Figure3). Thequantity of IBA and aphaNAA of
Houttuynia cordata Thunb wasfound in therange of
1.73-2.84 mg mL?, and 2.43-3.15 mg mL %, respec-
tively. The quantity of IBA and alpha-NAA of
Scindapsus aureus was found in the range of 0.65-
1.53mgmL-*and 1.04-1.86mg mL %, respectively. The
resultsof quantitative analysis of plant extracted and
%recovery were showed in TABLE 6.

TABLE 5: Influenceof the concentr ation of e uent on recov-
eriesof IBA and alpha-NAA

recoveriest S.D.

methanol:water

IBA alpha-NAA
85:15 18.06 + 1.88d 17.78 + 1.43d
80:20 89.40+ 1.88a 89.04 + 1.43a
75:25 7181+ 1.63b 58.19+1.97b
70:30 54.77 + 1.63c 4440+ 1.97c

(n = 3 at each concentration)

} A0S MAs

|| [ 4 ¥ 5 W

Figure2: Chromatogram of spkied IBA and alpha-NAA in
Houttuynia cordata Thunb when 65/35 v/v(0.1% pH 3.3)
methanol : milli Q (formicacid buffer) wasused asa mobile
phase(flow rate 0.7 mL min?)
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Figure3: Chromatogram of spkied IBA and alpha-NAA in
Scindapsusaureuswhen 65/35 v/v(0.1% pH 3.3) methanol :
milli Q (formic acid buffer) wasused asamobile phase (flow
rate0.7mL min®)

TABLE 6: Thedetected of IBA and alpha-NAA in Houttuynia
cordata Thunb and Scindapsusaureus

Plants  Tissues Hor mones Detected Recoveries RSD

(mgmL™) (%) (%)

@ IBA 191 105.0 33
= young leaves
o apha-AA 2.50 102.0 24
Q
i IBA 1.73 95.5 438
= 2 oldleaves
SF apha-NAA 243 97.0 33
5 IBA 2.84 1025 35
T young shoots

apha-NAA  3.15 99.5 20
0 IBA 0.65 96.0 4.6
3 » Youngleaves
S 3 aphaNAA  1.04 81.55 21
= = IBA 1.53 101.65 4.3
3 old leave

apha-NAA  1.86 92.24 35

(n = 3 at each concentration)
CONCLUDING REMARKS

In conclusion, HPLC-UV method for the detec-
tionand quditativeidentification of auxincompoundsis
present. Thetreatmentswith C ; SPE enhance plant
productivity resulting in high recoveriesof extraction.
Themethod provided chromatographic resolution for
each andytewith superior sengtivity. Theprecisonand

accuracy of the assay are good without interferences.
Thusthismethod is specific, quantitative and repro-
ducibility enoughto confirm the dataobtained. Thus,
the present method can be used for routine analysis of
IBA and aphaNAA inplant tissues.
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