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Abstract: Siraitia grosvenorii (Swingle) C. Jeffrey, belonging to the family Cucurbitaceae, is

a natural sweetener. The roots of this plant are used in folk medicine for the treatment of rheu-
matoid arthritis. Cucurbitacins play an important role in the resistance of this plant to insects
and adversity, and have anti-inflammatory, anti-tumor, and other biological activities. They
usually exist as a variety of similar structures in Cucurbitaceae plants. Separation of a large
amount of high-purity monomer compounds by the conventional separation method based on
column chromatography is difficult, which limits the research and application of their activities.
Therefore, we chose a new method for this separation. High-speed countercurrent chromatog-
raphy (HSCCC) is a liquid-liquid chromatographic technique characterized by high recovery and
reproducibility, and is considered a very effective method for the separation of natural com-

pounds present in various plant extracts. An appropriate solvent system is the key for efficient
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separation, but its selection is tedious, which hampers the wider implementation of HSCCC in
chemical research involving preparative separations. In this study, based on the general estima-
tion strategy by using the TLC solvent system ( GUESS), the corresponding relationship
between the partition distribution coefficient ( K value) and the TLC retention factor (R, value)
of the compounds was established by the partition experiment. The R, value and separation
coefficient « were calculated using the water-saturated organic phase as the expansion agent,
which could minimize the number of countercurrent separation experiments required in solvent
system selection. In this study, HSCCC was used to establish an efficient method for the extrac-
tion of cucurbitacins from the root extract of Siraitia grosvenorii. A fraction rich in cucurb-
itacins was obtained from the ethanol extract of Siraitia grosvenorii roots after separation by
column chromatography on HPD-100, MCI, and C18 columns. Six types of solvent systems with
different compositions were investigated using the GUESS method. The results showed that
employing the solvent system of n-hexane-ethyl acetate-methanol-water (3:7:3:7, v/v/v/v) to
partition the cucurbitacin fraction could remove a large number of impurities. The components
retained in the upper phase in the partition experiment were subsequently purified by HSCCC.
The favorable solvent system for HSCCC was n-hexane-ethyl acetate-methanol-water (4:6:5:5,
v/v/v/v) , while the upper and lower phases were selected as the stationary and mobile pha-
ses, respectively, with a flow rate of 2. 0 mL/min, a rotation speed of 860 r/min, and an injec-
ted sample weight of 280 mg. Five cucurbitacin compounds were obtained by one-time separa-
tion. The weights of the five compounds were 14.73, 8.82, 30.74, 5.03, and 3. 81 mg. The
purities of these compounds were 97.0%, 95.4%, 96.3%, 91.6%, and 95.3%, respectively.
Their structures were identified as cucurbitacin Q1, 23, 24-dihydrocucurbitacin F-25-acetate,
cucurbitacin B, 23,24-dihydrocucurbitacin B, and dihydroisocucurbitacin B-25-acetate by 'H-
NMR and “C-NMR spectroscopies, along with comparison with the literature. This study dem-
onstrated how GUESS guidance accelerates the selection of HSCCC solvent systems, simplifies
the workflow, and it provides an efficient preparative method for the separation of chemical
constituents from the Siraitia grosvenorii roots, which can also be used as a new method for
the large-scale preparation of cucurbitacin compounds.

Key words: high speed countercurrent chromatography ( HSCCC) ; high performance liquid

chromatography (HPLC) ; cucurbitacin; preparation; Siraitia grosvenorii roots;
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Fig. 1 HPLC chromatograms of crude cucurbitacins

before and after partition
a. before partition; b. supper phase extracted by n-hexane-
ethyl acetate-methanol-water (3:7:3:7, v/v/v/v); c. lower
phase extracted by n-hexane-ethyl acetate-methanol-water (3:
7:3:7, V/V/V/V).
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Table 1 Retention factor (R;) and separation factor («) values of the compounds in different solvent systems

H:E:M:W By a a, a, a,
No. 1 No. 2 No. 3 No. 4 No. 5
5:5:6:4 0.04 0.10 0.20 0.26 0.28 2.50 2.00 1. 30 1.08
5:5:5:5 0.16 0.24 0.42 0.50 0.54 1.50 1.75 1.19 1. 08
4:6:6:4 0.18 0.24 0.42 0.48 0.54 1.33 1.75 1. 14 1.13
4:6:5:5 0.22 0. 30 0.49 0. 60 0. 64 1. 36 1.63 1.22 1.07
4:6:4:6 0. 31 0.38 0.58 0. 66 0.70 1.23 1.53 1. 14 1.06
3:7:3:7 0.58 0. 64 0. 80 0.84 0. 88 1. 10 1.25 1.05 1.05
H:E:M:W: n-hexane-ethyl acetate-methanol-water, v/v/v/v; o, =Rp/Ry, a,=Rg/Ry,, a3 =Ry /Ry, a,=Ris/Ry,.
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Fig. 2 High speed countercurrent chromatogram
(HSCCC) of cucurbitacin compounds in
Siraitia grosvenorii roots

3 &% 1~51 HPLC &ifE
Fig. 3 HPLC chromatograms of compounds 1-5
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(ddd, J=11.4, 9.0, 4.1 Hz, H-2), 3.45 (d, J=
9.1 Hz, H-3), 3.33 (d, J=14.5 Hz, H-12) , 3.05
(d, J=7.0 Hz, H-17), 2.87 (d, J=14.5 Hz, H-
12),2.73 (d, J=13.2 Hz, H-10), 2.45 (ddd, J
=12.3,3.08, 4.0 Hz, H-1), 2.35 (m), 1.96 (d,
J=7.68 Hz, H-8), 1.91 (s, 25-OAc), 1.76 (d, J
=12.9 Hz, H-15), 1.72 (s), 1.58 (s), 1.57
(s), 1.53 (s), 1.49 (s), 1.31 (s), 1.26 (s),
1.23 (s);*C-NMR (126 MHz, C,D,N) &: 213.76
(C-11), 204.86 ( C-22), 170.31 ( COCH,),
149.90 (C-24), 142.94 (C-5), 123.00 (C-23),
119.22 (C-6), 81.91 (C-20), 80.33 (C-3),
80.26 (C-25), 71.50 (C-16), 71.27 (C-2),
60.14 (C-17), 51.60 (C-14), 49.55 (C-12),
49.36 (C-13), 49.08 (C-9), 46.86 (C-15),
43.72 (C-10), 43.29 (C-4), 35.14 (C-1), 34.92
(C-8), 27.06 (C-28), 26.68 (C-27), 25.96 (C-
21), 25.94 (C-29), 24.68 (C-21), 22.91 (C-
26), 22.21 (COCH,), 21.03 (C-19), 20.89 (C-
30), 19.66 (C-18), LI X 5 3Cmk"™ fiz i JE A
— 3 SRR B YRR QL Ak N &
da iR,

L& 2. 1@ ERSS 5, [ M+ HCOO |-
(m/z): 607.35 HXF 53+ i &l 562. 35, i 4+
X H C,H, O,; '"H-NMR (500 MHz, C,D,N) &;
6.50 (1H, s), 5.96 (2H, s), 5.75 (1H, d, J=
6.3Hz), 4.96 (2H, s), 4.13 (1H, s), 3.46
(1H, d, J=9.1 Hz), 3.34 (2H, dd, J=16.6,
13.3Hz), 3.14 (1H, dd, J=11.0, 5.1 Hz) , 2.99
(1H, d, J=7.1Hz), 2.85 (1H, d, J=14.5 Hz) ,
2.74 (1H, d, J=13.1 Hz), 2.47 (2H, dt, J=
10.6, 5.6 Hz), 2.36 (2H, m), 1.92 (3H, s),
1.73 (1H, d, J=13.0 Hz), 1.63 (2H, s), 1.58
(2H, s), 1.56 (3H, s), 1.51 (8H, d, J=10.6
Hz), 1.32 (3H, s), 1.26 (6H, d, J=11.1 Hz) ;
BC-NMR (126 MHz, C,D,N) &: 215.61 (C-22),
213.64 (C-11), 170.62 (COCH,) , 142.93 (C-5),
119.21 (C-6), 82.09 (C-20), 81.90 (C-3),
80.66 (C-25), 71.49 (C-2), 70.88 (C-16),
59.47 (C-17), 51.56 (C-14), 49.75 (C-12),
49.32 (C-13), 49.20 (C-9), 46.89 (C-15),
43.60 (C-10), 43.29 (C-4), 35.88 (C-24),

Cucurbitacin Q1

b HO - O

c HO - O
),

d » OHO

e HO - O

Dihydroisocucurbitacin B-25-acetate

E4 HwEW1-~-515HaK%

Fig. 4 Chemical structures of compounds 1-5

35.15 (C-1), 34.91 (C-8), 32.66 (C-23), 26.53
(C-28), 26.43 (C-26), 25.99 (C-27), 25.95 (C-
21), 24.64 (C-7), 22.92 (COCH,), 22.67 (C-
29), 20.89 (C-18), 20.84 (C-19), 19.65 (C-
30) . PALBE 5 S0k i FAR — 3, 5w %k
BWR 23 ,24- AWK F-25- LR TR , ALA45
K 4b B,

A 3. R AR SS & [ M+HCOO ]~
(m/z) ; 603. 32 FHX} 40 Bt Ay 558. 32, #EW 73+
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XK C,H, O,; 'H-.NMR (500 MHz, C.D.N) 6&:
7.41 (1H, m), 7.38 (1H, m), 1.92 (3H, s,
COCH,), 1.73 (3H, s, H-21), 1.60 (3H, s, H-
2), 1.57 (3H, s, H-2), 1.54 (3H, s, H-26),
1.46 (3H, s, H-28), 1.30 (3H, s, H-29), 1.22
(3H, s, H-19), 1.14 (3H, s, H-1); "C-NMR
(126 MHz, C,D,N) & 213.6 (C-3), 213.3 (C-
11), 204.8 (C-22), 150.4 (C-24), 141.7 (C-5),
122.9 (C-23), 120.6 (C-6), 80.2 (C-25), 80.1
(C-20), 72.8 (C-2), 71.1 (C-16), 70.2
(COCH,), 60.3 (C-17), 51.4 (C-14), 51.3 (C-
4),49.5 (C-12),49.2 (C-9), 49.0 (C-13), 46.7
(C-15), 43.3 (C-8), 37.3 (C-1), 34.6 (C-10),
29.8 (C-28), 26.9 (C-27), 26.6 (C-26), 26.0
(C-21), 24.6 (C-7), 22.2 (COCH,), 22.1 (C-
29), 21.0 (C-18), 20.4 (C-19), 19.3 (C-30),
P05 5 S0k R AR — 3, e AR
iR B, kg5 #l 4c R,

&Y 4. A6 ER S 5 [M+HCOO |-
(m/z) : 605.33 FHX} /¥ B A 560. 33, HEM 731
XA C,H,O,; 'H-NMR (500 MHz, C.D.N) 6&:
6.54 (1H, d, J=4.6 Hz), 6.39 (1H, d, J=4.4
Hz), 6.04 (1H, s), 5.71 (1H, dd, J=5.7, 2.4
Hz), 3.35 (2H, m), 3.10 (2H, m), 2.98 (1H,
d, J=7.1Hz), 2.90 (1H, d, J=14.5 Hz), 2.70
(1H, ddd, J=12.3, 5.8, 3.5 Hz), 2.47 (1H,
ddd, J=15.3, 11.0, 4.6 Hz), 2.35 (2H, m),
1.96 (2H, d, J = 7.5 Hz), 1.93 (3H, s,
COCH,), 1.71 (2H, m), 1.63 (3H, s, H-30),
1.58 (3H, s, H-21), 1.52 (3H, s, H-27), 1.50
(3H, s, H-26), 1.46 (3H, s, H-28), 1.32 (3H,
s, H-29), 1.24 (3H, s, H-19), 1.14 (3H, s, H-
18) ;"C-NMR (126 MHz, C,D,N) &; 215.63 (C-
22), 213.70 ( C-3), 213.33 (C-11), 170.60
(COCH,), 141.78 (C-5), 120.65 (C-6), 82.09
(C-25), 80.64 (C-20), 72.91 (C-2), 70.81 (C-
16), 59.61 (C-17), 51.46 (C-14), 51.40 (C-4),
49.79 (C-13), 49.27 (C-9), 49.20 (C-12),
46.80 (C-15), 43.30 (C-8), 37.40 (C-1), 35.87
(C-24), 34.73 (C-10), 32.74 (C-23), 29.91 (C-
28), 26.52 (C-27), 26.44 (C-26), 26.03 (C-
21), 24.63 (C-7), 22.68 (COCH,), 22.31 (C-
29), 20.85 (C-19), 20.49 (C-18), 19.45 (C-

30) . DAL s S0k s FA — 3, % %k
GYR 23, 24- AW P E B, IS E 4d
JF7R o

&% 5. A @E R E 5 [M+HCOO ]
(m/z): 605. 33 FXF 53+ i &l 560. 33, #E 43+
X} C,,H, Oy; 'H-NMR (500 MHz, C,D,N) §:
5.96 (1H, m, H-6), 5.04 (1H, m, H-16), 4.28
(1H, s, H-3), 1.93 (3H, s, COCH,), 1.62 (3H,
s, H-30), 1.53 (3H, s, H-21), 1.52 (3H, s, H-
27), 1.51 (3H, s, H-26), 1.49 (3H, s, H-28),
1.24 (3H, s, H-29), 1.22 (3H, s, H-19), 1.10
(3H, s, H-18); *C-NMR (126 MHz, C,D,N) &:
215.50 (C-22), 213.10 (C-11), 211.31 (C-2),
170. 63 (COCH,), 139.80 (C-5), 121.96 (C-6),
82.08 (C-3), 81.47 (C-20), 80.58 (C-16),
70.76 (C-25), 59.40 (C-17), 51.38 (C-14),
49.69 (C-9), 49.25 (C-12), 49.06 (C-13),
47.34 (C-4), 46.76 (C-15), 43.53 (C-8), 40.26
(C-1), 37.01 (C-24), 35.87 (C-10), 32.64 (C-
23), 26.53 (C-27), 26.44 (C-26), 25.96 (C-
21), 25.02 (C-29), 24.57 (C-7), 22.68 (C-28),
22.40 (COCH,), 20.86 (C-30), 20.43 (C-18),
19.34 (C-19) . PA_-HE5 3ok faE A —5,
YR E YR A 5 R B-25 LR, bt
FtnpE de iR,

3 #ig

F - AE LS HSCCC Xif % DURAR Hhifi 2 %
FAC S YA T B AiAl, — UCHERE I RT3 3 5 Fh s
AERERIHI T R IAL S, 730 A R Q1,23 24-
TEHR F25-LTRER HITR B.23,24- A H
P B AR B-25 ZMRER, AR LR
M, T BRCRAE Ry s RS PR AL T
fe i A Tk TR o 2 DUR 5 BT 4 1 2
BT HOR S AT B BB E
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