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Isolation and Purification of Water-Soluble Constituents from
Trichosanthes kirilowii Maxim. Peel Using Macroporous Absorption
Resin Coupled with Semi-preparative High Performance Liquid Chromatography
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Abstract: In the present study,a simple and efficient preparative procedure was developed for the isolation and purifica-
tion of water-soluble constituents from Trichosanthes kirilowii Maxim. peel using macroporous absorption resin followed by
semi-preparative high performance liquid chromatography ( SPHPLC). The water-soluble fraction of 7. kirilowii Maxim.
peel was firstly chopped up using macroporous absorption resin to yield four subfractions,and they were further purified
by SPHPLC, respectively. Finally, nine compounds including three nucleosides and six nucleobases were obtained with
high purities, and their structures were confirmed as cytosine, uracil, hypoxanthine, guanine, xanthine, adenine,
guanosine ,6-isoinosine and adenosine according to UV and NMR analysis. In this work,the chemical constituents of wa-
ter-soluble fraction of T. kirilowii peel were systematically studied. The developed procedure was simple, effective , scala-
ble and economical ,it was a promising alternative procedure for large-scale preparation of polar compounds from natural
products.
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actions such as dilating the coronary artery, promoting
coronary blood flow, increasing anoxia tolerance capa-
bility , improving microcirculation , lowering cholesterol ,
etc'* . Therefore , it has been used as a common medi-
cine to treat diseases of cardiovascular, cerebrovascular
and respiration systems in TCM.

In order to illustrate its pharmacological effects, many
studies on its constituents have been reported **!. Nu-
cleoside and nucleobase compounds including adenine,
guanosine ,6-isoinosine , uracil and adenosine have been
found in it'*®'. Adenosine has been proved to possess
the actions to dilate the coronary artery, relax bronchial
smooth muscle, sedate central nervous system, slow
down heart rate and lower blood pressure' """, Hypo-
xanthine has been used to treat gout, hypertension, ra-

thrombocytopenia' >’ .

diotherapy  leucopenia  and
Hence, it is of great interest to develop a simple and
convenient method to study the composition of T. kiril-
owii peel.

Compared to those conventional methods, preparative
high performance liquid chromatography ( PHPLC) is
an effective, versatile and rapid method by which com-
pounds can be purified from complex mixtures. The va-
rious modes available (e. g. , normal-phase, reversed-
phase ,ion-exchange and size exclusion) can be used to
purify most classes of natural products. Recently,
PHPLC has been developed rapidly and much research
work has been reported on its application for prepara-
tion of bioactive compounds from natural prod-

351 But natural product extracts are usually

ucts
made up of diverse chemicals and impurities, which
may make PHPLC method development harder and
shorten the life-span of PHPLC system. Hence, the
crude extracts normally need *“ pre-fractionation” to
simplify the composition and remove most of the impu-
rities.

Macroporous absorption resin (MAR) is a kind of por-
ous high molecular material , which is used to selective-
ly absorb constituent from aqueous solution as well as
non-aqueous systems through electrostatic force , hydro-
gen bonding interaction, complexation and size sieving

[16

action, etc'®". Tt has attracted much attention due to

high adsorption and desorption capacity, low cost, easy

regeneration and simple techniques. MAR can be used
to remove most of the impurities from complex mixtures
and enrich some chemicals, hence it has been widely
used in pharmaceutical industry.

In the present work, MAR was used for pre-fractiona-
tion of water-soluble fraction of T. kirtlowii peel,which
yielded four subfractions with relative simple composi-
tion and fewer impurities. Then the four subfractions
were subjected to semi-preparative high performance
liquid chromatography ( SPHPLC) , respectively. Final-
ly,,nine compounds were obtained with high purities.
They were confirmed as cytosine , uracil , hypoxanthine ,
guanine , xanthine , adenine , guanosine , 6-isoinosine and
adenosine by UV and NMR analysis.

Materials and Methods

Apparatus and reagents

Analytical HPLC was performed on an Agilent 1100
HPLC system ( Agilent Inc., America) including a
G1311A QuatPump,a G1315B DAD,a 7725i injection
valve with a 20 L loop,a G1332A degasser and Agi-
lent HPLC workstation. SPHPLC system was produced
by Chengdu Gelaipu Technology Co. , Ltd. ( Chengdu,
China). YMC ODS-AQ silica gel used as the stationary
phase in reversed phase HPLC was purchased from
YMC Co. ,Lid (Japan). YMC ODS-AQ column (250
mm x 10 mm, 10 pm) used for SPHPLC and YMC
ODS-AQ column (250 mm x 4.6 mm, 10 pwm) used
for analytical HPLC were all prepacked by Dalian
Johnsson Separation Science and Technology Corpora-
tion ( Dalian, China).'H NMR and” C NMR spectra
were recorded on a Mercury Plus 400 NMR ( Varian
Inc. , America) at 400 and 100 MHz, respectively.
Chemical shift were given in & (ppm) relative to TMS
as internal reference and coupling constants (J) in
Hz.

MARs (HPD 100,400,500,600,722,826) were pur-
chased from Cangzhou Bon Absorber Technology Co. ,
Ltd. ( Cangzhou, China) . Reagents used for HPLC were
of chromatographic grade ( Yucheng Chemical Factory,
Yucheng, China ), other reagents were of analytical
erade (Jinan Reagents Factory, Jinan, China) and wa-

ter used was distilled water. All solutions were filtered
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through a 0. 45 pm membrane (Tianjin Keyilong Ex-
perimental Equipment Co. , Lid. , Tianjin, China) be-
fore HPLC analysis.

Preparation of crude extract

The plant material was collected in Jinan, Shandong
Province , China,in October,2012 , and identified as the
peel of Trichosanthes kirilowii Maxim. by Professor
Fengqin Zhou ( Shandong University of Traditional Chi-
nese Medicine). Collected material was dried in shade
at room temperature, milled and then stored in dark.
3.0 kg of powdered material was extracted with boiling
water (3 x 10 L,2 h). The water extract was filtered ,
combined and concentrated under reduced pressure
with a rotary evaporator until the relative density of the
solution was about 1.2. Then 95% ethanol was added
to the solution until the concentration of ethanol was a-
bout 70% . After 72 h, the supernatant was separated
and concentrated under reduced pressure. Finally,250
g of residue was obtained and it was stored in a refrig-
erator for further use.

Prefractionation of the crude extract by MAR

150 g of the residue was dissolved in 250 mL of water
and subjected to a column (1000 mm x70 mm 1. D. ,
1BV = 2000 ml.) wet packed with HPD-826 MAR,
and eluted with 6 BV of water, 10% , 30% , 50% ,
70% ,and 95% ethanol, successively. The eluent from
the tail end of the column was collected at 500 mL in-
tervals and analyzed by HPLC. The eluent with the
same composition was collected according to HPLC a-
nalysis. Finally, the fraction eluted with water gave two
subfractions (1-2) ,and the fractions eluted with 10%
and 30% ethanol gave subfraction 3 and 4, respective-
ly. They were concentrated under reduced pressure,re-
spectively ,which yielded four subfractions including 85
mg of 1,248 mg of 2,485 mg of 3,and 233 mg of 4.
Analytical HPLC conditions

HPLC analysis of the samples including the crude ex-
tract, eluent from MAR column and SPHPLC peak frac-
tions was performed on a YMC ODS-AQ column (250
mm X4.6 mm I. D. ,10 wm). The mobile phase was
methanol-water (5:95,V/V) with the flow rate of 1.0
ml/min. The column temperature was kept at 30 C

and the injection volume was 20 pL. The effluent was

monitored by a photodiode array detector ( DAD) at
254 nm.

SPHPLC conditions

SPHPLC separation of subfractions 14 was carried out
on a YMC ODS-AQ column (250 mm x 10 mm 1. D. ,
10 wm). The mobile phase consisted of methanol and
water in different ratios (2:98 for subfraction 1,3:97
for 2,5:95 for 3,and 6:94 for 4) with the flow rate of
3.5 mL/min. The effluent was detected with a UV-Vis
detector ( Tauto Biotech Co. , Shanghai, China) at 254
nm and collected manually according to the chromato-
gram. All SHPLC experiments were carried out at room
temperature and all samples were filtered through a 0.
45 pwm membrane prior to injection.

UV and NMR analysis

The identification of all compounds was mainly a-
chieved by UV,'H NMR and” C NMR. UV spectra
were recorded by a DAD of HPLC system.'H NMR
and” C NMR spectra were recorded at 400 and 100
MHz, respectively. Chemical shifts were reported in §
(ppm) relative to TMS and coupling constants (/) in
Hz.

Results and Discussion

Pre-fractionation of the crude extract by MAR
Crude extract from natural products usually consists of
many classes of compounds, and the isolation of parti-
cular components presents its own unique problems. In-
variably, a fast and efficient technique is required to
purify out the compounds of interest prior to PHPLC
separation. In order to obtain clean-up sample and
make PHPLC method development simpler, many tech-
niques have been widely used including solvent frac-
tionation , silica gel , macroporous resin and polyamide
resin column chromatography.

In the present study, MARs with different polarities in-
cluding HPD 100, 400, 500, 600, 722, and 826 were
used to develop a simple and efficient process for pre-
fractionation of the crude extract. Absorption and de-
sorption capacity of the MARs was determined which
was shown in Table 1. The data in Table 1 revealed that
HPD 826 was superior to others. To obtain clean-up
sample, the components absorbed in HPD 826 MAR
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were eluted with water and ethanol at different concen-
trations. HPLC analysis results revealed that the targe-
ted compounds were mainly presented in water, 10%

and 30% ethanol fractions. Comparing Fig. 1-B-E to

Fig. 1-A it can be seen that the compounds were divid-
ed into four groups. Furthermore ,most of the strong po-

lar impurities were removed by water.

180 _ 300 C
—~ 160 A = 160 B = 250
3 2 :
<120 £ 120¢ £ 200
<100 £ 100 £ 150
< 80t g 80 5 -
z 60 <= 60 = 100
T 40 2 40 Z 50
Z 20 = 20 =
= 0 / . 0 . 0 .
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Time(min) Time(min) Time(min)
50 200
) D = E
T4 = 150}
T30 £
5 < 100
220 §
Z 10} £ 50}
< 0 Z;‘
0 ‘
10 20 30 A& 0 10 20 30 40
Time(min) Time(min)

Fig. 1 HPLC chromatograms of the crude extract and four subfractions

Conditions; YMC ODS-AQ column (250 mm x4.6 mm L. D. ;10 wm) ,mobile phase: methanol-water (5:95,V/V) ,flow rate:1.0 mL/min, detection

wavelength ;254 nm.

A :the crude extract; B ;subfraction 1;C;subfraction 2 ;D :subfraction 3 ; E ;subfraction 4.

Table 1 Absorption and desorption capacity of HPD MARs with different types

Types of HPD MARs

Compounds Capacity
100 400 500 600 722 826

Hypoxanthine Absorption ratio (% ) 47.34 56.67 67.64 72.67 76.34 84.69
Desorption ratio ( % ) 90. 68 88.36 89.68 84.43 90.67 95.79
Guanine Absorption ratio (% ) 48.31 59.34 68.56 78.78 79.34 88.69
Desorption ratio (% ) 86.97 89.57 88.63 90.97 94.53 97.68
Xanthine Absorption ratio (% ) 50.44 57.17 67.64 76.56 78.67 80.83
Desorption ratio (% ) 83.45 86.67 85.74 87.64 90.3 94.95
Adenine Absorption ratio (% ) 54.04 76.19 87.62 86.27 76.64 86.72
Desorption ratio (% ) 93.62 91.53 92.67 93.14 96.18 97.35
Guanosine Absorption ratio (% ) 56.04 64.19 67.62 75.27 78.64 83.72
Desorption ratio (% ) 89.52 95.73 98.27 93.53 94.57 97.48
6 — Isoinosine Absorption ratio (% ) 59.25 67.58 72.69 74.67 75.52 84.94
Desorption ratio (% ) 90.52 79.74 82.72 89.52 97.58 94.94
Adenosine Absorption ratio (% ) 59.04 75.19 82.62 84.27 89.64 90.72
Desorption ratio (% ) 90. 62 92.53 95.67 97.14 92.18 95.35

Optimization of analytical HPLC conditions

In order to establish an analytical HPLC method for the
crude extract,a YMC ODS-AQ column was used and
other conditions including the composition of mobile

phase, elution mode, flow rate of mobile phase and de-

tection wavelength were optimized. The experiment re-
sult revealed that when methanol-water (5:95,V/V)
was used as the mobile phase with the flow rate of 1.0
mlL/min, the target compounds obtained satisfactory

separation within 40 min (shown in Fig. 1-A). Accord-
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ing to the UV spectra of the target compounds, all of
them have strong absorbance at 254 nm, hence 254 nm
was selected as detection wavelength.

Optimization of SPHPLC conditions

In order to make the scale-up easier and more predicta-
ble,the stationary phases used in analytical HPLC and
SPHPLC were of the same brand. A direct linear scale-
up can be achieved using the following equation'""’
Direct scale-up factor = Ly Ac p) /L) Acy,

Where L was the length and Ac the cross-sectional area
of the preparative (P) and analytical (A) columns.
The direct scale factor was used to estimate two impor-
tant parameters including the flow rate of the mobile
phase and injection volume of PHPLC. However, some
certain adjustments may have to be made on the basis
of actual condition of experiments to achieve the opti-
mal separation.

The four subfractions were submitted to SPHPLC, re-
spectively ,and methanol-water was used as the mobile
phase. The flow rate indicated by the scaling equation
was 4. 7 mL/min, but it produced high column back-
pressure on a YMC ODS-AQ column (250 mm x 10
mm [. D. ;10 pm). A series of experiments adjusting
the composition of the mobile phase,the flow rate and

injection volume were done. The results indicated that
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the volume ratio of methanol had an obvious effect on
resolution and separation time, the flow rate mainly af-
fected separation time,and injection volume mainly in-
fluenced resolution. The increase in the volume ratio of
methanol decreased resolution and shortened separation
time , the increase in the flow rate shortened separation
time and increased backpressure, and too large sample
loading might decrease resolution remarkably. When
methanol-water was used as the mobile phase in differ-
ent volume ratios (2:98 for subfraction 1,3:97 for 2,5
195 for 3,and 6: 94 for 4) with the flow rate of 3.5
mlL/min, satisfying separation effect was obtained, and
the corresponding SPHPLC chromatograms of subfrac-
tions 1-4 were shown in Fig. 2.

Each SPHPLC peak fraction was collected manually ac-
cording to the chromatogram, and the solvent was re-
moved by a rotary evaporator to yield the purified prod-
ucts. Finally,5 mg of peak 1 and 32 mg of peak 2
(shown in Fig.2-A) were obtained from subfraction 1.
52 mg of peak 1,26 mg of peak 2,and 31 mg of peak 3
(shown in Fig.2-B) were obtained from subfraction 2.
71 mg of peak 1 and 24 mg of peak 2 (shown in Fig. 2-
C) were obtained from subfraction 3. And 83 mg of
peak 1 and 6 mg of peak 2 (shown in Fig.2-D) were

obtained from subfraction 4.
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Fig.2 SPHPLC chromatograms of four subfractionsb

Conditions; YMC ODS-AQ column (250 mm X 10 mm L. D. ,10 wm) ,mobile phase: methanol-water (2:98 for subfraction 1,3:97 for 2,5:95 for 3,6

194 for 4,V/V) ,flow rate:3.5 mL/min,detection wavelength:254 nm.

A :subfraction 1;B:subfraction 2 ; C;subfraction 3 ;D ;subfraction 4.
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HPLC analysis and structure identification of SPH-
PLC peaks

The SPHPLC peaks were analyzed by HPLC based on
the conditions described in 2. 5. The result showed that

the purities of the nine obtained components were 98.

700

2% ,99. 4% , 98. 0% , 99. 5% , 99. 0% , 99. 2% ,
98.5% ,99.5% ,and 99.3% respectively. HPLC chro-
matograms and UV spectra of single component were

shown in Fig. 3.
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Fig. 3 HPLC chromatograms and UV spectra of the 9 purified compounds

Conditions; YMC ODS-AQ column (250 mm x4.6 mm I. D. ;10 wm) ,mobile phase: methanol-water (5:95,V/V) ,flow rate:1.0 mL/min, detection

wavelength ;254 nm.

The structural identification of SPHPLC peaks was per-
formed according to UV and NMR data, and the data
were listed as follows

Compound 1  (peak 1 in Fig. 2-A) : white powder,
UV A, (nm):266 (CH,OH).'H NMR (400 MHz,
DMSO-dy) & ppm:10.47 (1H,brs,1-H),7.32 (1H,
d,/=6.8 Hz,6-H),7.04 (2H,br s,4-NH, ) ,5.57
(1H,d,J =6.8 Hz,5-H). “C NMR (100 MHz, DM-
S0-d,) & ppm:166.6 (C4),156.8 (C-2),142.5

(C-6),92.4 (C-5). All the above data were in good

[17]

agreement with those of cytosine in the literature ", so

it was identified as cytosine.

Compound 2  (peak 2 in Fig. 2-A) ; white powder,
UV A, (nm):258 (CH,OH).'H NMR (400 MHz,
DMSO-d,) & ppm:10.48 (2H, br s,1-H,3-H),7.39
(1H,d,J =7.6 Hz,H-6),5.44 (1H,d,J =7.6 Hz,
H-5). ”C NMR (100 MHz, DMSO-d,) & ppm:164.1
(C4),151.4 (C2),142.1 (C-6),100.0 (C-5)

18]
’

. These data agreed well with the literature values'
so compound 2 was identified as uracil.

Compound 3  (peak 3 in Fig. 2-B) : white powder,
UV A, (nm):250 (CH,0H).'H NMR (400 MHz,
DMSO-d, + D,0) & ppm:8.18 (1H,s,2-H),8. 11
(1H, s, H-8)."” C NMR (100 MHz, DMSO-d,) &
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ppm: 155.6 (C-6),153.7 (C4),152.7 (C2),
144.1 (C-8),119.5 (C-5). The above data were in a-

greement with previous literature' "’

, so compound 3
was identified as hypoxanthine.

Compound 4 (peak 4 in Fig. 2-B) : white powder,
UV A, (nm):246 (CH,OH).'H NMR (400 MHz,
D,0) & ppm:7.34 (1H,s,8-H)." C NMR (100
MHz,D,0) & ppm: 155.8 (C-6),149.1 (C4),
147.2 (C-2),136.7 (C-8),106.5 (C-5). The above

data agreed well with the literature reported ™’

0
compound 4 was identified as guanine.

Compound 5 (peak 5 in Fig. 2-B) : white powder,
UV A, (nm):268 (CH,OH).'H NMR (400 MHz,
D,0) & ppm:7.33 (1H,s,8-H)." C NMR (100
MHz,D,0) § ppm:154.4 (C-6),152.2 (C-=2),
150.4 (C4),141.6 (C-8),106.9 (C-5). The above
data were consistent with the literature reported*"’ | so
compound 5 was identified as xanthine.

Compound 6 ( peak 6 in Fig. 2-C) : white needle
crystal, UV X, (nm) :259 (CH,OH) 'H NMR (400
MHz,DMSO-d,) & ppm:12.83 (1H,br s,9-H) ,8. 11
(2H,d,2-H,8-H),7.09 (2H,s,6-NH,). " C NMR
(100 MHz, DMSO-d, ) § ppm: 155.5 (C-6),152.3
(C2),150.1 (C4),139.0 (C-8),118.4 (C-5)
. The above data were consistent with the literature re-
ported ™’ | so compound 6 was identified as adenine.
Compound 7 (peak 7 in Fig. 2-C) : white powder,
UV A, (nm):252 (CH,OH).'H NMR (400 MHz,
DMSO-dy) & ppm:10.63 (1H,s,1-H),7.93 (1H,s,
8-H),6.45 (2H,s,2-NH,),5.70 (1H,d,J =6.0
Hz,1'-H),5.38 (1H,d,J =6.0 Hz,2'-OH),5. 11
(1H,d,J =4.4 Hz,3'-OH),5.02 (1H, m,5'-OH) ,
4.40 (1H,d,J=5.6 Hz,H-2"),4.09 (1H,d,J/=4.0
Hz,H-3"),3.87 (1H,d,J =3.6 Hz, H4'), 3. 61
(1H,m,H-5"a),3.53 (1H, m,H-5'b). " C NMR
(100 MHz, DMSO-d;) & ppm:156.6 (C-6),153.6
(C-2),151.2 (C4),135.5 (C8),116.7 (C-5),
86.3 (C-1"),85.1 (C4"),73.6 (C-2"),70.3 (C-
3’),61.3 (C-5"). The above data were in accordance
with those reported in the literature ' | so compound 7
was identified as guanosine.

Compound V8
UV A

(peak 8 in Fig. 2-D) :white powder,
(nm) :260 (CH,0OH) '"H NMR (400 MHz,

max

DMSO-d,) & ppm:8.35 (1H,s,3-H) ,8. 14(1H,s,8-
H),7.33 (1H,s,6-H),5.88 (1H,d,J=6.0 Hz,1'-
H),5.42 (2H,s,2’-OH,3'-OH),5.18 (1H,d,5'-
OH),4.61 (1H,t,3'-H),4.14 (1H,t,4’-H),3.96
(1H,dd,2'-H),3.67 (1H,d,5'a-H),3.57 (1H,d,
5'b-H). " C NMR (100 MHz, DMSO-d,) & ppm:
156.0 (C-2),152.2 (C4),149.0 (C-6),139.7 (C-
8),119.3 (C-5),87.8 (C-1'),85.8 (C4"),73.4
(C3"),70.5 (C2"),61.6 (C-5"). The above data

were in agreement with those reported in the litera-
[23]

ture' " ,so compound 8 was identified as 6-isoinosine.
Compound 9  (peak 9 in Fig. 2-D) ; white powder,
UV \,, (nm):259 (CH,0H).'H NMR (400 MHz,

DMSO-¢) & ppm:8.37 (1H,s,2-H),8.23 (1H,s,8-
H),5.98 (1H,d,J=6.4 Hz,1’-H) ,4.70 (1H,t,J
=5.6 Hz,2"-H) ,4.31 (1H,m,3'-H) ,4.19 (1H ,m,
4'-H) 3.82 (1H,m,5'a-H),3.74 (1H,m,5'b-H)
.”C NMR (100 MHz,DMSO-d,) & ppm:156.8 (C-
6),153.8 (C-2),149.9 (C4),141.9 (C-8),120.2
(C5),89.5 (C-1'),87.2 (C4'),74.9 (C-2"),
71.8 (C-3"),62.8 (C-5"). The above data were con-

[22]

sistent with those reported in the literature' ™" ,so com-

pound 9 was identified as adenosine.

Conclusions

In this work , chemical constituent of water-soluble frac-
tion of T. kirilowii peel was first systematically studied
by using MAR followed by SPHPLC. Nine compounds
with high purities were isolated from the crude extract,
and they were confirmed as cytosine, uracil, hypoxan-
thine, guanine, xanthine, adenine, guanosine, 6-isoin-
osine and adenosine by UV and NMR analysis. The
present study also revealed that SPHPLC was a simple
and convenient method for preparation and isolation of

some polar compounds from plant herbs.
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