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ABSTRACT

The purpose of this research is to study the isolation and purification of osthole from Cnidii Fructus extract and to establish a gas
chromatographic method for determining the osthole content from various Cnidii Fructus samples. Six solvents were used to extract
Cnidii Fructusin order to evaluate their efficiency in extracting osthole. Vacuum fractional distillation and traditional column chromatog-
raphy were compared to evaluate the efficiency in purifying osthole from Cnidii Fructus extract. Gas chromatographic method was used
to determine osthole content in Cnidii Fructus extract. The analytical conditions are the following: nitrogen as the carrier gas, the flow
rate of 40 mL/min; the split ratio of 120 : 1. The column used was DB™-5 (30 m x 0.53 mm I.D., 1.5 um) equipped with aflame ioniza-
tion detector (FID). The initial oven temperature was programmed to be at 135°C for 12 minutes. The temperature was then raised to
215°C at arate of 12°C /min for 20 minutes. The retention time of osthole was 24.1 min. Caffeine anhydrous was used as the internal
standard with a retention time of 18.9 minutes. A comparative evaluation showed that agueous alcoholic solvent was the most efficient
solvent among six used in extraction of osthole from a Cnidii Fructus. Vacuum fractional distillation is useful for purifying osthole from
Cnidii Fructus extract. It was found that the osthole content of commercia Cnidii Fructus samples varied from 0.05% to 2.14%. And the

osthole content of Cnidii Fructus samples collected from Southern China was higher than those collected from Northern China.
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INTRODUCTION

Cnidii Fructus considered one of the topnotch Chinese
medicinesV), was recorded for the first time. The fruit of
Cnidium monnieri (L.) Cuss was identified as the origin of
Cnidii Fructus confirmed by researches of Modern Chinese
Herbal. The habitat of Cnidii Fructus includes Mainland
China, Taiwan and Japan(@. Connate Cnidii Fructus has dif-
ferent chemical composition in different producing areas.
Linear type furanocoumarin is predominant in South China,
while angular type dihydrofuranocoumarin preponderates in
the north side. These two types differ in activity and
toxicity(23). As for Cnidii Fructus in Japan, the fruit of
Cnidium japonicum Mig. is used®. Some medicinal materi-
as such as Daucus carota L., Torilis anthriscus (Houtt.)
DC., Lappula echinata var. heteracatha Gilib., Carpesium
abrotanoides L., were mistaken as Cnidii Fructus in the
market.

Ancient books describe that Cnidii Fructus protects
kidney, enhances sexuality, prevents cold and cures impo-
tence, frigidness, pudendum eczema, female pruritus vulva,
and trichomonad vaginitis?). On the other hand, current
pharmacology study asserts that osthole prevents the secre-
tion of hepatitis B virus®, inhibits the proliferation of vas-
cular smooth muscle cells® and relaxes trachea and pectoral
aortal®7. Osthole is also an effective ingredient to inhibit
vaginal trichomonad. As a result, osthole content judges the
quality of Cnidii Fructus®. In this study, osthole was used
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as atarget ingredient, based on which, the specific gas chro-
matographic method was established. A fast and economical
purification approach was developed according to the spe-
cific molecular characteristics of osthole.

MATERIAL AND METHODS

|. Material

In this study, there were ten sets of Cnidii Fructus in
total. The points of purchase included Taiwan, Japan,
Southern China, Northern Chinaand Inner Mongolia.

I1. Instrument and Gas chromatography

The instrument used were: Mel-Temp melting point
measurer (Laboratory Devices, US), Shimadzu IR-408
infrared spec (Shimadzu Corp., Japan), Hewlett Packard
HP-8452A UV spec (HP, US), Varian Gemini —200 NMR
(Varian Corp., US), Shimadzu GC14A GC chromatograph
(Shimadzu Corp., Japan), FID spec, and Shimadzu CR6A
integrator. Chromatographic condition is the following:
Nitrogen gas as mobile phase, the flow rate of 40 mL/min,
pre-column pressure of 1.3 kg/em?, diffluent ratio of 120:1,
hydrogen gas pressure of 0.6 kg/cm?, and air pressure is 0.5
kg/cm?2. The analytic column has the specification of
DBT™.5 ((5%-phenyl)-methylpolysiloxane, J&W
Scientific), 30 m x 0.53 mm |.D. and 1.5 pm liquid film.
One-pass temperature ascending program was applied. The
initial oven temperature was programmed to be at 135°C for
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12 minutes. The temperature was raised to 215°C at a rate
of 12°C /min for 20 minutes. Temperature of injection inlet
and FID was set at 180°C. The volume of analytical sample
was 1 pL. The vacuum pump of improved vacuum fraction-
al distiller used was Shimadzu rotary oil vacuum pump SA-
18 (Shimadzu Corp., Japan).

I11. Sandard and Internal standard

The standard of osthole was purchased from Yoneyama
Corp. (Osaka, Japan). Interna standard was caffeine anhy-
drous, which was purchased from Pharmacopeial
Convention, Inc. (US).

V. Experiment methods
1. Separation, purification and identification of osthole

10 kg of Cnidii Fructus was extracted twice with 100 L
of ethanol in heated reflux. Extracted liquid was filtered,
concentrated, re-dissolved in hot petroleum ether, boiled and
settled to be delaminated. The upper layer was concentrated
into a paste form. 2.4 kg of condensate was obtained, from
which 1.6 kg was taken for vacuum fractional distillation.
11.6 g of crude osthole was obtained at b.p.145-155°C (0.03
mmHg). Separated osthole was recrystallized in diluted
ethanol. 10 g of colorless acicular crystal was obtained and
compared with standard. The relative purity was 100.02%.
The remaining 0.8 kg of condensate was purified with col-
umn chromatography©).

After analyzing TH-NMR, UV, IR and the documented
data, the structure (Figure 1) was confirmed. The relative
information was the following:

m.p. 83-84°C1011), p p. 145-155°C (0.03 mmHg). UV
Amax M (log €): 322 (3.9031), 258 (3.6335)19, IR v cm'®:
1718, 1605, 83011011 1H-NMR (200 MHz, CDCl3)J: 1.66
(3H, s, =0.4 Hz, H-15), 1.84 (3H, s, J=1.2 Hz, H-14), 3.53
(2H, d, J=7.2 Hz, H-11), 3.92 (3H, s, -OCH3), 5.22 (1H, m,
H-12), 6.23 (1H, d, J=9.2 Hz, H-3) : 6.83 (1H, d, J=8.6 Hz,
H-6), 7.28 (1H, d, J=8.6 Hz, H-5), 7.62 (1H, d, J=9.2 Hz, H-
4)(1213),

2. Selection of the best solvent for osthole in Cnidii Fructus
(19

X

HsCO o) o

Figure 1. Structure of osthole.
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1.0 g of osthole sample was weighed precisely. 10 ml
of normal hexane, chloroform, acetyl acetate, ethanol, ace-
tonitrile and water were added respectively. After 60 mins of
sonification, the solution was filtered for later use. 5 mL of
filtrate was added to 5 mL of interna standard. After well
mixing, the mixture was filtered using 0.45 um FP Vericel
(PVDF) filter (Gelman Sciences). The filtrate was taken as
sample liquid, which was further quantificated with gas
chromatograph.

3. Preparation and identification of sample solution

1.0 g of osthole sample was weighed precisely and dis-
solved in the best solvent to make the final volume to 10
mL. After 60 mins of sonification, the solution was filtered
for later use. 5 mL of filtrate was added to 5 mL of internal
standard. After well-mixing, it was filtered using 0.45 pm
FP Vericel (PVDF) filter (Gelman Sciences). The filtrate
was taken as sample liquid, which was further analyzed with
gas chromatograph.

4. Validation of quantification(®
A. Linear concentration range identification

Osthole and dehydrated caffeine anhydrous were pre-
cisely weighed and prepared as osthole stock solution (2.0
mg/mL) and internal standard solution (1.0 mg/mL) after
dissolving in proper amount of ethanol. Osthole stock solu-
tion was prepared in standard solutions of five different con-
centrations (800.0, 400.0, 200.0, 20.0 and 10.0 pg/mL) and
each solution has the same concentration of internal standard
of 500.0 pug/mL. The standard solutions were injected in GC
and analyzed three times. Chromatograms were shown in
Figure 2. Y-axisillustrates the ratio of the peak area of stan-
dard to internal standard, and X-axis shows the concentra-
tion of standard solutions. Linear calibration function and
relative coefficients were obtained. The lowest measurable
concentration equals 10 0/S, o is the standard deviation of
the Y-intercept of the regression line and S is the slope of
the calibration line.

B. Precision and accuracy

Osthole content of fresh standard solutions for prepara-
tion of calibration curve was measured at 8:00 am, 12:00 pm
and 4:00 pm for three consecutive days. The osthole con-
tent’s average, standard deviation, variation and relative dif-
ference were calculated to evaluate the stability of anaytic
condition, as well as the precision and recurrence of mea-
sured data.

C. Recovery assay
1.0 g of Cnidii Fructus with known osthole content was

weighed precisely. Afterwards, 2, 4 and 6 ml of osthole
stock solutions (1.0 mg/mL) and 10 mL of best solvent was
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Table 1. Comparison of osthole purification efficiency between vacuum fractional distillation and column chromatography

Items Vacuum fractional distillation Column chromatography(©®
Apparatus Vacuum distillation apparatus and vacuum pump Glass column and fractional collector
Operation technique required Non-skilled Semi-skilled
Pollution Negligible A lot of waste solvent
Purity 100.02% 99.83%
Solvent required Little Much
Time Short (< 8 hr) Long (>> 8 hr)
Yield 85-92% 75-85%

| 2a

e Anhvdrous

18.9 Caffeine Anhydrous

24.1 Osthole

)

1\\__ - _hL_IH_ ' IJI\ ._____.__Jl_

I 30 mins

30 ming |

Figure 2. Chromatograms of osthole and its internal standard caffeine
anhydrous in (2a) standard solution (osthole 0.4 mg/mL; caffeine
anhydrous 0.5 mg/mL) and (2b) Cnidii Fructus.

added. The solutions were sonificated for 60 minutes and fil-
tered for later use. 5SmL of filtrate was added to and well
mixed with 5 mL of internal standard. It was then filtered
using 0.45 um FP Vericel (PVDF) filter (Gelman Sciences).
The filtrate was taken as sample solution, which was further
analyzed with gas chromatograph.

Recovery(%)=[(measured osthole-known osthole)/total
osthole added] x100.

RESULTS AND DISCUSSIONS

1. Separation and purification of osthole

The boiling point of osthole in reduced pressure was
not reported in literature. Separation and purification by vac-
uum fractional distillation is a better method than column
chromatography when molecular structure was considered
(Table 1). This fast and economical approach required only

Table 2. Effect of solvent types on extraction efficiency of osthole
from Cnidii Fructus

Solvent Extraction Efficiency (%)
n-Hexane 65.4
Chloroform 88.5
Ethyl acetate 834
Ethanol 100.0
Acetonitrile 92.2
Water 5.7

* Values in the right column are percentage relative to the best extrac-
tion efficiency value (100%).

trace amount of diluted ethanol for recrystalization.

Not every organic compound can be separated by the
vacuum fractional distillation. The molecular structure, mol-
ecular weight, resistance to thermo- decomposition and
intra- or intermolecular hydrogen bond interaction should be
taken into consideration(16). This approach is carried on
when saturated vapor from the distillated target is able to
permeate the apparatus. There are risks with employing the
vacuum fractional distillation, such as decomposition and
carbonization. But this method will be a better choice than
column chromatography when the target is clear and appro-
priate ditillation parameters are adopted. It is also conve-
nient to have a mass production. For the modernization of
Chinese medicing, it is important to keep researching effec-
tive separation techniques for active ingredients.

2. Best solvent

Table 2 compares the efficiency of six solvents for
extracting osthole. It shows that ethanol is the best.

3. Validation of quantification method

Calibration function for osthole, Y=(4.249 x 103)X-
0.001 ( r = 0.999), which includes concentration ranging
from 10.0 pg/mL to 800.0 pg/mL, showed excellent linear
relationship. Precision and accuracy of chromatography are
listed in Table 3. The result was satisfactory. The lowest
measurable concentration was 10.0 pg/mL. The recovery
efficiency ranges from 99.50% to 100.25% (Table 4).

4. Osthole content in commercial Cnidii Fructus products

After Cnidii Fructus was extracted in the best condi-
tion, osthole content of commercia Cnidii Fructus samples
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Table 3. Intra-day and Inter-day analytical precision and accuracy of osthole determination
Intraday (n=3) Interday (n=3)
Concentration Precision Accuracy Precision Accuracy
(ug/mL) Mean £ S.D. (C.V.%) R.E. (%) Mean £ SD. (C.V.%) R.E. (%)
800.0 797.7+7.2(0.9) -0.3 819.8+8.9(1.1) 25
400.0 407.0+ 2.5 (0.6) 18 402.4+2.4(0.6) 0.6
200.0 195.1+1.5(0.8) -25 1945+ 1.2 (0.6) -2.8
20.0 19.8+0.2(1.0) -1.0 19.8+0.1(0.5) -1.0
10.0 104+ 0.2(1.9) 4.0 10.2+0.1(1.0) 2.0
Table 4. Recovery of osthole from Cnidii Fructus
Osthole content Amount added Amount measured Recovery (%)
(mg/g) (mg/g) (Mean + S.D., mg/g) (Mean+ SD.)
21.9 2 1.99+0.32 99.50+ 1.6
21.9 4 401+0.18 100.25+ 4.5
219 6 6.12+0.32 100.02+5.3
Osthole content in Cnidii Fructus ranged from 0.3 to 24.4 mg/g (14).
S.D.:Standard deviation. n=3.
Table 5. Osthole content (mg/g) in various Cnidii Fructus samples of different sources
Sample No. Source Content R.S.D.(%) Sample No. Source Content R.S.D.(%)
(Mean+ SD.) (Mean+S.D.)
1 Vendor (1) 21.41+0.30 14 6 Hu-Nan Province 18.42 + 0.40 22
2 Vendor (2) 12.40+0.13 1.0 7 Ann-Huei Province 1460+ 0.21 14
3 Vendor (3) 15.83+0.70 4.4 8 Ho-Nan Province 11.21+0.12 11
4 Vendor (4) 19.31+0.32 17 9 Nei Mon-Ku (1) 451+0.24 5.3
5 Vendor (5) 0.51+0.02 39 10 Nei Mon-Ku (2) 0

S.D.: Standard deviation, n=3, R.S.D. :Relative standard deviation.

from Taiwan was analyzed by GC with the conditions
described above. The content varied from 0.05% to 2.14%.
The osthole content of Cnidii Fructus from Mainland China
increased southwardly. After referral to the constitution
index(? of Cnidii Fructus, Cnidii Fructus from Inner
Mongolia should be Cnidium dahuricum (Jacq.) Turcz. ex
Fisch et Mey. One purchased phony product was considered
fruits of wild carrot and from which no osthole were
detectable.

5. Comparison of quantification method

Pharmacopoeia of the People’s Republic of China,
2000(® suggested the specs of Cnidii Fructus. The osthole
content was measured by thin layer chromatography and flu-
orescence quantification, which has worse accuracy than
that of HPLC and GC(1", Sagara et a¥ used HPLC to ana-
lyze the Cnidii Fructus composition in 1987. Since the com-
position of Cnidii Fructus is complicated, the column life-
span was shortened all the timel1?). In 1996, Tsai(1®) studied
the bioavailability of osthole by HPL C approach.

In 1990, Tsai et a@ analyzed the ingredients of Cnidii
Fructus with GC where the cetyl alcohol was chosen as an
internal standard. Cetyl alcohol belongsto the aliphatic al co-
hol family. It is wildly used as typical GC standards but
notoriously unstable9). This study employed the capillary
gas chromatography in osthole content analysis. The sam-
ples required no purification pretreatment. The operation
was convenient and precise. Caffeine anhydrous served as

internal standard. It has high purity (>99.9%), easy access
and resistance to thermo-decomposition.

CONCLUSION

1.1t is efficient to separate and purify osthole from Cnidii
Fructus extract with vacuum fractional distillation.

2. It is ssimple, precise and reliable to determine the osthole
content by gas chromatography.

3. Commercial Cnidii Fructus samples varied in their ost-
hole content a lot; the osthole content of Cnidii Fructus
samples collected from Southern China was higher than
those collected from Northern China.
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