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Abstract

Reflux extraction was used to prepare crude extract from the leaves of Labisia pumila var. Alata using 60% methanol. The
crude extract was subsequently fractionated by C18 solid phase extraction to recover high yield of rutin using 20-100%
methanol. The volume of eluent to recover rutin was found to decrease with the increase of methanol concentration. The
recovery of rutin was increased from 20 to 80% methanol system, but slightly decreased in the 100% methanol system.
Approximately, 70% of rutin could be recovered using the 80% methanol system. This solvent system also appears to have
the lowest distance (9.44 MPa'”?) for rutin as estimated by Hansen solubility. The recovered rutin rich fraction could achieve
up to 3.96 mg/g of fraction which was about 4-fold increment from the crude extract. The increment was also noticed for
its antioxidant capacity expressed as scavenging activity which was 2 times higher than crude extract. A portion of water
(20%) in the 80% methanol system is important to improve the yield of rutin. Rutin is a glycosylated flavonol, and therefore
a small portion of water could enhance its elution compared to the lower performance of 100% methanol in rutin recovery.
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1. Introduction

Rutin (3',4,5,7-tetrahydroxyflavone-3-rutinoside) is
one of the attractive plant-based glycosylated flavonoids
because of its remarkable pharmacological activities.! This
glycoside consists of its aglycone, quercetin and two sugar
moieties; glucose and rhamnose. Sometimes, it is called as
quercetin-3-O-rutinoside. Quercetin usually coexists with
rutin in plants. Quercetin can also be found in intestine af-
ter rutin has been hydrolyzed by gastrointestinal microflo-
ra.? They are excellent sources of pharmaceutical products
for phytotherapy nowadays.’ The medical benefits of rutin
can be seen from its wide application in more than 130
therapeutic formulations worldwide.** Mostly, the formu-
lations are prepared as health supplement and herbal reme-
dy for anti-inflammatory symptoms. Indeed, the demand
for natural rutin is on the increase, in line with the increase
of scientific evidence on the beneficial effects of rutin.

Numerous studies have been extensively carried out
to investigate the extraction methods for high yield of rutin

from plant samples. This includes traditional and advanced
technological methods as reviewed by Chua.! Recent ad-
vancement in extraction technology reveals that ionic liq-
uid and water under subcritical condition could recover
polyphenolic compounds from lignocellulosic biomass or
plant material. Reflux extraction is a time and cost effective
method known for its simple set-up and being easy to op-
erate. It is especially convenient for extraction of phyto-
chemicals from plants because of its temperature and reflux
duration control. Sample clean-up process usually follows
after extraction for highly complex mixture of samples.
Solid phase extraction (SPE) is the commonly employed
method for sample clean-up. The principle of SPE strongly
depends on the physicochemical properties of its station-
ary phase, ranging from highly polar to non-polar packing
materials. Usually, reversed phase SPE column is used to
remove plant impurities such as sugars, proteins and met-
als prior to analyses, in order to prevent matrix interference
and improve data reliability.”~ Previous results indicated
that rutin could have the highest adsorption capacity in
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C18 reversed phase.” This long organosilyl ligand phase
has higher carbon percentage and lower polarity in chemi-
cally bonded packing materials than C8 and C4.

Solvent is the dominant factor not only for ex-
traction, but also for SPE fractionation of plant samples. It
acts as a carrier to deliver phytochemicals into medium.
The choice of solvent usually follows the principle of “like
dissolves like” which explains that solvent with the polarity
value near to the polarity of target compound is likely to
dissolve the target compound better and vice versa. Since
1924, rutin has been extracted using alcoholic solvents
such as ethanol and methanol in many studies.!"* Mostly,
50-60% of alcoholic solvent could produce the highest
yield of rutin from buckwheat.'*®* A portion of water
would enhance the efficiency of extraction by increasing
the diffusion of extractable polyphenols through plant tis-
sues.'® Aqueous solvent can increase the polarity of the sol-
vent system for better separation of rutin from complex
pharmaceutical and plant samples.”* Nevertheless, re-
cent advancement of extraction technology revealed that
subcritical water or ionic liquid which act as a good hydro-
gen donor solvent, could effectively recover polyphenolic
compounds from lignocellulosic biomass or plant material
using hydrothermal treatment.?*-*

This study was focused on the investigation of rutin
recovery from the crude extract of Labisia pumila var. Ala-
ta using different percentages of methanol as the eluent in
C18 reversed phase SPE. Rutin is one of the key com-
pounds contributing to the previously reported pharma-
cological activities of this plant. Therefore, plant extract or
fraction rich in rutin is believed can enhance the biological
effects. The presence of rutin was detected by highly sensi-
tive and reliable analytical technique, namely multiple re-
action monitoring. This target analysis was used to moni-
tor the elution of rutin collected from SPE cartridges, even
though rutin was present in trace amount. The rutin-rich
fraction was then analyzed for its antioxidant capacity
against free radicals using colorimetric method. The find-
ing of this study is important for natural rutin recovery
from plant-based samples and wastes, particularly on the
effect of methanol concentration in SPE.

2. Materials and Methods

2. 1. Chemicals and Plant Leaves

The standard chemical of rutin (97%) was purchased
from Acros Organics (Pittsburgh, USA). HPLC-grade of
methanol, n-hexane, ethyl acetate, hydrochloric acid and
formic acid were obtained from Merck (Darmstadt, Ger-
many). Sodium carbonate and aluminium chloride were
purchased from Fisher Scientific (Pittsburgh, USA). 1-1
diphenyl-2-picrylhydrazyl (DPPH) and L-ascorbic acid
were bought from Sigma-Aldrich (St. Louis, MO). Deion-
ised water was generated from Barnstead NANOpure Dia-
mond water purification system (State of Illinois, USA) at

18.2 MQ-cm resistivity. C18 ec octadecyl-modified silica
cartridges (Chromabond, 1000 mg, 6 mL) were bought
from Macherey-Nagel (Hoerdt, France). The leaves of La-
bisia pumila var. Alata was purchased from Fidea Resourc-
es (Selangor, Malaysia). The leaves were rinsed and dried
in an oven at 45 °C for 3 days until constant weight. The
dried leaves were ground to approximately 2-5 mm for
further experimental works.

2. 2. Plant Sample Extraction

The dried and ground leaves (150 mg) of the plant
were pre-treated with hexane to remove fatty substances
by sonication at 30 °C for 15 min. The defatted filtrate was
then extracted with 100 mL of 60% methanol in a reflux
system at 75 °C for an hour. The boiled solvent was evapo-
rated, condensed and returned to the round bottom flask
(500 mL) for rutin extraction. The flask contained plant
samples which were immersed by solvent in homogenous
condition. This continuous solvent circulation process
through vaporization and condensation would enhance
the extraction process. The supernatant was collected after
extraction and the remaining filtrate was extracted again
with new solvent (60% methanol) under the similar ex-
traction conditions in order to ensure complete extraction
of rutin from the plant leaves. The supernatant was com-
bined and dried to a constant weight by a rotary evapora-
tor at 55 °C. The plant crude extract (27.3 mg) was stored
at =20 °C freezer for the subsequent analysis.

2. 3. Solid Phase Extraction of Rutin

A reversed phase SPE was carried out to fractionate
rutin from the crude extract of the herb using the principle
of column chromatography. The C18 ec cartridge with 14%
of carbon content and 45 um of particle size was used for
rutin fractionation. The cartridge was preconditioned be-
fore use according to the instruction of manufacturer. A 1
mL crude extract (60 mg/mL) was prepared and loaded
onto the preconditioned cartridge, and eluted with different
concentrations of methanol (20-100%) at a flow rate of 0.25
mL/min. Each fraction consisted of 1 mL eluent and
screened for rutin detection using an Ultra Performance
Liquid Chromatography integrated with tandem Mass
Spectrometer (UPLC-MS/MS). The fractions containing ru-
tin would be combined and dried in vacuo for rutin quanti-
tation. The volume of eluent required for rutin fractionation
was monitored until completion. The fraction containing
rutin was dried and determined for its concentration.

2. 4. UPLC-MS/MS

The analytical UPLC (Waters Acquity, Milford, MA)
system was coupled with a triple quadrupole-linear ion
trap tandem mass spectrometer (Applied Biosystems 4000
Q TRAP; Life Technologies Corporation, Carlsbad, CA)
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with an electrospray ionization source. A C18 reserved
phase Acquity column (150 x 4.6 mm, 1.7 um) protected
by a guard column was used throughout this study. The
mobile phase was a binary solvent system consisting of sol-
vent A (water with 0.1% formic acid) and solvent B
(CH,CN). The UPLC gradient was: 0-3 min, 10% B; 3-8
min, 10-90% B; 8—12 min, 90% B; 12-13 min, 90-10% B;
13-15 min, 10% B for final washing and equilibration of
the column for the next run. The flow rate was 0.25 mL/
min and the injection volume was 5 ul. All samples were
filtered with 0.2 um nylon membrane filter prior to injec-
tion. The negative scan mode of multiple reaction moni-
toring with two transition ions (m/z 609/301 and m/z
609/151) was used for rutin screening and quantitation.
The calibration curve was prepared by using a serial of
standard rutin solutions with different concentrations
from 0.1 to 1.0 ppm. The capillary and voltage of the ion
source were maintained at 400 °C and -4.5 kV, respective-
ly. All other parameters were as follows: nitrogen was used
as ion source gas for nebulisation, 40 psi; for drying sol-
vent, 40 psi; curtain gas, 10 psi; collision gas, high; declus-
tering potential, -40 V, and collision exit energy, —-10 V.
The scan rate was 1000 amu/s. Data acquisition and data
processing were performed using Analyst 1.4.2.

2. 5. Free Radical Scavenging Activity
by DPPH Assay

The scavenging activity of the fractions was com-
pared to crude extract, standard rutin, standard ascorbic
acid by using DPPH (1,1-diphenyl-2-picrylhydrazyl) as-
say. A 5 mL DPPH (0.1 mM) in methanol was mixed with
200 pL samples with different concentrations. After 30
minutes of incubation in the dark, the absorbance of the
solution was measured by using a UV-Vis spectrophotom-
eter (Shimadzu UV-1800, Tokyo, Japan) at 517 nm. The
reagent solution without sample was used as blank. The
percentage of inhibition was calculated from Equation (1).
The inhibitory activity at 50% (IC,)) was determined from
the curve constructed by Equation (1). The DPPH assay
was carried out in triplicate for all samples.

Inhibition (%) = [(Ac - As)/Ac] x 100 (1)

Where: Ac = absorbance of blank,
As = absorbance of sample or standard

3. Results and Discussion

3. 1. Reflux Extraction for Plant Crude Extract

A reflux system was set up to extract phytochemicals
from the leaves of L. pumila in 60% methanol. This contin-
uous solvent evaporation and condensation process of sol-
id-liquid extraction technique is an effective method for
phytochemical extraction because of the ease of operation

at reasonable cost. The solvent system (60% methanol) was
chosen based on the finding of previous study conducted
by the same group of researchers who did the extraction for
L. pumila.”® Alcoholic solvent is well known as the solvent
of choice for phytochemical extraction, especially for poly-
phenols and terpenoids.** Since methanol is more polar
than ethanol, methanol is likely to be better in penetrating
plant cellular membranes than ethanol for phytochemical
extraction.”® However, methanol might not be the solvent
of choice for those researchers who would like to perform
cell-based assays because of high cytotoxicity of metha-
nol.? Pure methanol was also found to be less effective than
aqueous methanol.” In particular, rutin is a glycosylated
quercetin with two sugar moieties. Therefore, a portion of
water was necessary to further increase the solvent polarity
for the enhancement of extraction efficiency.?® According
to Ammar et al.,” the type of solvent and the method of
extraction are the most important factors for the extraction
of bioactive compounds from plant samples. Approximate-
ly, 18.2% of crude extract was obtained in the present study.
The result was found to be higher than the extraction yield
of the similar herbal plant in 100% ethanol (6.0%) and
100% water (13.4%) reported by Azrie et al..*

In comparison with rutin content in the crude ex-
tract, the present study produced the extract with rutin
concentration of 1.41 mg/g extract which was comparable
to the previous results which ranged from 0.46-2.12 mg/g
extract®’ and 0.73-2.79 mg/g extract.*® The result of this
study was found to be higher than the findings of Karimi et
al..* Although they are from a similar research group, a
broad range of rutin content (4.60-116.85 pg/g extract)
was observed. Hence, the variance in rutin content is not
only attributed to the solvent system, but also the extraction
conditions such as temperature, time and extraction meth-
od, as well as the variety and maturity stage of the herb.

3. 2. Reversed Phase Column Fractionation
for Rutin

A C18 reversed phase column was used for rutin
fractionation from the plant crude extract using the eluent
system of methanol at different concentrations (20-100%
methanol). It was found that the total volume of eluent
(line bar) and the volume required (dot bar) for rutin elu-
tion were varied from 20-100% of methanol as presented
in the primary axis of Figure 1. Similarly, the concentra-
tion of rutin eluted from the column also varied at differ-
ent solvent systems as presented in the secondary axis of
Figure 1. The eluent system of 20% methanol required the
largest volume of solvent to be discarded before rutin elu-
tion, as well as the largest volume of solvent required for
rutin elution from the SPE column, but the lowest recov-
ery of rutin (~18%) in the fractionation. As the concentra-
tion of methanol was increased, the capacity ratio (K) de-
creased which resulted in a faster elution on account of a
shorter retention time of eluent in the stationary phase.
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Figure 1. Total volume of eluent (line bar) and volume of eluent
containing rutin (dot bar) at the primary axis, and rutin fractionat-
ed (line graph) from the methanolic system of solid phase extrac-
tion at the secondary axis

Therefore, rutin must be highly soluble in that particular
eluent system, so that it can follow the eluent flowing out
from the packed column quickly.

As the concentration of methanol was increased, the
volume of eluent required for rutin elution was reduced sig-
nificantly. Rutin was detected at the first 1-mL of elution for
the solvent systems of 80 and 100% methanol. Both solvent
systems required small volume (3 mL) for complete rutin
elution, and 80% methanol produced the highest recovery
69.5% among the solvent systems. This percentage was com-
parable to the recovery of rutin in the solvent system of 60%
methanol. However, 60% methanol was not effective enough
because higher volume of eluent was required for rutin elu-
tion. Therefore, the affinity of rutin in the 80% methanol sys-
tem appeared to be the highest among the methanolic sys-
tems. This is because rutin could be eluted from the column
at the smallest volume of solvent and the highest recovery. A
small portion of water (20%) was required for the optimum
level of rutin elution. Thus, the 100% methanol system does
not seem to be the most effective solvent system for rutin
elution. The observation was not in good agreement with the
findings of Bulgarian researchers who reported 100% meth-
anol could recover the highest content of rutin, isoquercitrin,
narcissin and astragalin using C18 SPE column for the Euro-

pean Bupleurum species, namely B. baldense Turra and B.
affine Sadler.*® Nevertheless, the recovery of the flavonoids
including rutin using 75% methanolic eluent still exhibited
the second highest results which were very close to the data
attained by elution with 100% methanol.

Based on the Hansen solubility parameters, rutin ap-
pears to be well dissolved in the eluent system of 80%
methanol. This is because rutin displays the lowest dis-
tance (9.44 MPa'?) from the mass center of Hansen sphere
in this solvent system (Table 1). The lower distance can
provide better miscibility of rutin in the solvent system.
The distance is calculated by the solvent blend formulation
which is based on the square root of the sum of the differ-
ence between partial cohesive energy of solvent and ru-
tin.”” The energy consists of dispersion, hydrogen bonding
and polar bonding which can be estimated from the group
contribution method.* The Hansen solubility parameters
can describe the solubility of solute in solvent better than
Hildebrand solubility and log P value.” Hildebrand pa-
rameter could only describe the solubility of solute in
non-polar and non-hydrogen bonding solvent, whereas
the one dimensional partition coefficient which is ex-
pressed as log P is very limited for ionizable compound
like rutin.”® Rutin has many hydroxyl groups in which
their protons are easily released in aqueous based solvents
(alcohol and water). In the present study, only half of the
rutin content was recovered under the water free eluent.
The crucial requirement for a small portion of water has
also been highlighted in polyphenol extraction'é and SPE
fractionation in many studies.'”"" Most probably, the pref-
erence of sugar moieties in the molecular structure of ru-
tin is in the aqueous medium, even though its aglycone,
quercetin is highly soluble in methanol.

By considering the effectiveness of fractionation, 80%
methanol could produce about 60.66 pg rutin in a gram of
fraction in a milliliter of eluent which was the highest per-
formance among the other solvent systems (13.84-60.66 ug
rutin/g fraction/mL eluent). This information is very im-
portant, especially for those researchers who would like to
recover rutin by using the minimum level of solvent con-
sumption. The performance of 100% methanol was found

Table 1. Rutin solubility in different solvent systems based on Hansen solubility parameters

Hansen solubility parameters (MPa'?)

Methanol (%) Dispersion (6D) Polar bonding (dP) Hydrogen bonding (§H) Distance*
Rutin 19.30 16.10 25.40 -
Water 15.50 16.00 42.30 18.53

20 15.34 15.26 38.30 15.16
40 15.18 14.52 34.30 12.23
60 15.02 13.78 30.30 10.13
80 14.86 13.04 26.30 9.44
100 14.70 12.30 22.30 10.43

* Distance = \/4(0‘0‘ —dD,) + (&P, - 3P) +(5H, - 6H ,)*

Where s denotes for solvent and r denotes for rutin
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Figure 2. (a) Two transition ions of rutin peaks in multiple reaction monitoring and (b) mass fragmentation of rutin at the negative ion mode

to be the second highest, which was about 52.27 pg rutin in
a gram of fraction in a milliliter of eluent. The content of
rutin was increased from 0.85 + 0.16 mg/g plant leaves
(0.08%w/w) or 1.41 + 0.54 mg/g crude extract (0.14%w/w)
after reflux extraction, to 3.96 + 0.39 mg/g fraction
(0.40%w/w) after fractionation using 80% methanol as the
eluent. The increment was about 2-fold after extraction and
4-fold after fractionation. The quantitation of rutin was
measured by UPLC-MS/MS using the multiple reaction
monitoring of two transition ions such as m/z 609>301 and
m/z 609>151 at negative ion mode as shown in Figure 2.

3. 3. Scavenging Activity of Rutin Fraction

The quality of rutin fraction was evaluated based on
its scavenging activity using DPPH assay compared to stan-
dard chemicals such as rutin and ascorbic acid. The free
radicals generated from DPPH were scavenged by antioxi-
dants in a concentration dependent manner. This method
measured the colour change based on the reduction of pur-
ple-coloured free radical DPPH" to yellow-coloured 2,2-di-
phenyl-1-picrylhydrazine (DPPH-H). The colour density
was recorded by a UV-Vis spectrophotometer at 517 nm.
The results showed that IC, | for standard rutin and ascorbic
acid was 122 and 84 ppm, respectively. The lower IC_; value
indicates the lower amount of sample required to inhibit
50% of free radicals which means the sample has higher
scavenging activity. The antioxidant capacity of standard

rutin is comparable to ascorbic acid which is a well-known
antioxidant compound. The IC, | of rutin fraction from the
80% methanol eluent system was 800 ppm which was 6
times lower scavenging activity than standard rutin, but al-
most 2 times higher scavenging activity than its crude ex-
tract (Table 2). Therefore, reversed phase fractionation in-
creased the content of rutin in the plant sample, as well as
improved its antioxidant capacity. The observation also ex-
plains that rutin could be the major radical scavenger. The
increase of rutin content in the fractionated sample was
found to increase its scavenging activity significantly.

Table 2. Scavenging activity of standard chemicals and plant sam-
ples at 50% inhibition

Sample IC,, (ppm)
Standard ascorbic acid 84
Standard rutin 122
Crude extract 1500
80% methanol rutin fraction 800

4. Conclusion

The detection of rutin has been reported by many
investigators in L. pumila recently. It could be the promi-
nent flavonol glycoside in the herbal plant which contrib-
utes to the significant pharmacological activities. There-
fore, this study investigated the effects of methanol con-

Chua et al.: Recovery of Rutin from Labisia pumila



Acta Chim. Slov. 2017, 64, 888-894

centration for rutin recovery in SPE. A reserved phase SPE
system could recover about 70% of rutin from the crude
extract of L. pumila var. Alata using 80% methanol as the
eluent. The rutin rich fraction was found to exhibit higher
scavenging activity than crude extract, but the value was
still lower than standard rutin.
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Povzetek

Ekstrakcija z refluksom je bila uporabljena za pripravo osnovnega ekstrakta iz listov Labisia pumila var. Alata. Za izol-
acijo rutina z visokim izkoristkom je bil ta v nadaljevanju obdelan s C18 ekstrakcijo v trdni fazi z 20-80 % metanolom.
Pri tem je bil z nara$¢ajoco vsebnostjo metanola potreben manjsi volumen eluenta, prav tako je narascal tudi izkoristek,
vendar je ta v ¢istem metanolu rahlo padel. Z 80 % metanolom je bilo izoliranega priblizno 70 % rutina. Bogata frakcija
izolata z rutinom je dosegla 3.96 mg rutina /g frakcije, kar je 4-krat ve¢ kot v osnovnem ekstraktu. Tudi antioksidacijska
aktivnost se je 2-krat povecala v primerjavi z osnovnim ekstraktom. Na boljsi izkoristek rutina lahko vpliva voda (20 %) v
80 % sistemu z metanolom. Rutin je namre¢ glikoziliran flavonol in majhen delez vode lahko pospesi elucijo v primerjavi
s 100 % metanolom.
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