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There are many reports on the components and phar-
macological actions of Panrax ginseng, especially on
the saponins. Takacr e¢ al. '™ noticed that Panax
ginseng had two complex biological actions such as
sedative and stimulant actions on the central nervous
system in the view of classical pharmacology and
Oura et al.*"? proposed that the each component of
the saponins in Panax ginseng had its characteristic
pharmacological action on the level of modern phar-
macology. But there are few reports which studied on
the free fatty acids of Panax ginseng by gas chromato-
graphy. Manxki and his coworker® had studied on the
free fatty acids of the stem of Panax ginseng. They
showed that n6:0, n8:0, n10:0, 0n12:0, nl4:0 and

1n16:0 of free fatty acids existed in the stem. Les and
Lee® reported in their publication that there were
ni8:1, n18:2, n18:3 and several other fatty acids in
Panazx ginseng. )

Cuor and Hong!® indicated that the fatty acid frac-
tion of Panax ginseng decreased the cholesterol level
in blood in the splague dowely 4 weeks after and
recovered 8 weeks after. Many a scholar has studied
on the effects of unsaturated fatty acids in the fields
of medicine, pharmacy and nutrition. Prirer and Ranp
et al. 118 showed that specific types of fatty acid
unsaturation induced hypocholesterolemic effects in
the rat and rabbit.

In the analytical methods of fatty acids by gas



«<hromatography, various ways have been introduced.
Crevar® used 15% EGSS-X column in gas chromato-
graphic analysis of fatty acids and Asurano and his
<coworkers'® used 5% DEGS column and Saxurarl®

adopted polyethylene glycol succinate column. Miwa

:and his coworkers!™ chose Apiezon I and LAC-2-R .

446 column in analyzing fatty acids. ] }

It was recently reported 14,1%:19,29 that 0dd numbered
fatty acids also exist in higher plants and animals:
And in this experiment, several odd numbered free
fatty acids were also identified.

According to the above mentioned reason, the study
of the free fatty acids of Panax ginseng was under-
taken, prior to the examination of the pharmac‘ological

action of the free fatty acids contained in Panax

ginseng, the free fatty acids were isolated from the .

root of six-year old Korean Panax ginseng and their
identification and quantitation were undertaken by

gas chromatography.
Experimental

Extraction of Free Fatty Acids

The free fatty acids were prepared from the ethereal
fraction of Panaxvginseng. This fraction was obtained
by the air-dried coarsely powdered roots of six-year
wold Korean ginseng with ether. The ethereal solution
was extracted three times with 5% sodium hydroxide.
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Scheme 1. Isolation of free fatty acids from Panax
ginseng.
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The basic aqueous solution was treated with 10%

sulfuric acid, and this acidic solution was extracted

- again with ether. The ether layer was dehydrated

with anhydrous sodium sulfate and evaporated to

‘dryness. under nitrogen gas. The total free fatty

acids obtained were 0.28%. The performed procedure
was shown in Scheme 1. ‘

Separation of Methyl Esters of Saturated and

Unsaturated Free Fatty Acids

The prepared free fatty acids were methylated with
diazomethane(CH;N;). The prepared methyl esters
were gas-chromatographed at 130° and 170° using polar
column(Figs. 1 and 3). Quantitation as percent of
each free fatty acid was achieved by the triangulation
prbcedure”’ on the gas-chromatogram.

A sample of 20mg of dry methyl esters of the fatty
acids and a portion of 100mg of mercuric acetate were
placed in a culture tube(16x150mm) equipped with a
teflon-lined screw cap and then 8ml of a solution conta-
ining 5% diluted water and 0.3% glacial acetic acid in
methanol was added. The resulting tightly sealed tube
was heated in a water bath at 60° for apprdximately
5 min. to ensure solution of the mercuric acetate; the
tube then stored in the dark at room temperature for
24 hrs. The solvent and excess acetic acid were

removed, and the residue was dried by evaporation
under nitrogen gas at room temperature. The dry

residue was shaken three times with 10ml benzene at
50~60°, and the extracts were filtered through glass
wool onto a column of silica gel,

The silica gel column was prepared from a slurry in
benzene which was poured into pasteur pipet(100mm
in height). The column was eluted with the benzene
to a total volume of 150ml. This eluate contained the
methyl esters of saturated fatty écids, with the
methyl esters of unsaturated fatty acid mercuric acetate
adducts remaining at the top of the column as indi-
cated by a yellow band. The benzene eluate was eva-
porated to dryness under nitrogen gas. The dried
methyl esters of the saturated fatty acids were 6 mg.

The mercuric acetate adducts were eluted with 50ml
of 5% glacial acetic acid in absolute ethanol. To
recover the methyl esters of the unsaturated fatty
acids, ‘this eluate was treated with 10ml of 6N hydr-

16—
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chloric acid and 50ml of water, after 5 min. this
mixture was diluted with 50ml water and extracted
with 20 ml of benzene. The - resulting benzene frac-
tions were dried with anhydrous sodium sulfate and
evaporated to dryness under nitrogen gas. The dried
methyl esters of the unsaturated fatty acids were
6mg. The gas-chromatograms of those were shown in
Figs. 2 and 4.

Gas chromatography

All gas chromatographical analyses were carried out
by an instrument equipped with a hydrogen flame
ionization detector {(Shimadzu model GC-4B). The
column was used with Shimalite (60~80 mesh) coated
15% DEGS film 2m glass helix shaped tube, 4mm
diameter. Column temperatures were 130° (150°) and
170° (185°). Nitrogen was used as carrier gas at flow
rate of 40ml/min. All quantitative works were per-
formed by the triangulation procedure®®.

Calculation of Separation Factor

The separation factor was calculated for each com-
ponent relative to the proceding saturated component,
as described by Lanpowne and Lipskv??, according to
the respective retention time for each component. The
separation factor increases as column temperature
increases for the methyl esters of the unsaturated
straight chain fatty acids, but decreases as column
température increases for the saturated straight and
branched chain components?®, The semilog plot of
the log of the retention time versus the carbon num-
ber of a homologous series was linear?® (Figs. 5,6,7

and 8) and this fact was constructed for the identifi-
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Fig.1. Gas chromatogram of methyl esters of free fatty
acids derived from Panax ginseng
Column : 15% DEGS, 60~80 mesh Shimalite,
2mXx4mm glass, Rate of carrier gas:40 ml/
min nitrogen, Detector : F.I. D., Sensitivity:
6.4x107° a.f.s. Temperature: 130°

cation of various components as previously described by
Miwal?, Ruseva-Aranasona?® and James?®. A modified
separation factor was also used as a means of identi-
fying the di- and triunsaturated fatty acid esters. The
following equations explains the separation factors in
dtail.

Separation factor= Retention time-of component

R.T. of preceding saturated comp.

. _ R. T. of unsaturated acid ester
S. F. (modified) = R. T. of parent-saturated acid ester

Separation factor:

increase(+) : unsaturated straight chain fatty acids

decrease(—) : saturated straight chain fatty acids or
saturated branched chain fatty acids

Scheme 2. Calculation of separation factor

Intensity of pesk

W Xw WW bl

2 4 6 8 10 1214 16 18 20 22 24 26 28 30 32 34 36 38 40 min

Retention time

Fig. 2. Gas chromatogram of methyl esters of unsat-
urated free fatty acids derived from Panazx
ginseng
Column : 15% DEGS, 60~80 mesh Shimalite,
2mx4mm glass, Rate of carrier gas: 40ml/
min. nitrogen, Detector : F.I.D., Sensitivity::
6.4%x107° a.f.s. Temperature : 130°
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Fig. 3. Gas chromatogram of methyl esters of free
fatty acids derived from Panazx ginseng
Column : 15% DEGS, 60-80 mesh Shimalite,
2m x4mm glass, Rate of carrier gas : 40ml/min
nitrogen, Detector : F.ID., Sensitivity : 6.4 X
107? a.f.s., Temperature : 170°
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Fig. 4. Gas chromatogram of methyl esters of unsatu-
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rated free fatty acids derived from Parax
ginseng. Column : 15% DEGS, 60~80 mesh
Shimalite, 2mx4mm glass, Rate of carrier
gas : 40ml/min nitrogen, Detector : F. 1. D.,

Sensitivity : 6.4x107° a.f.s., Temperature's .

170°
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Fig. 5. Retention times of methyl esters of free fatty

acids derived from Parazx ginseng at 130°
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6. Retention times of methyl esters of unsatur--

ated free fatty acids derived from Panazx
ginseng at 130°
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Fig. 7. Retention times of methyl esters of free fatty

acids derived from Panaz ginseng at 170°
®—® nX:0, O—<C nX:1, A—-A nX:2
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Fig. 8. Retention times of methyl esters of unsatur-
ated free fatty acids derived from Panaz
ginseng at 170°. O— nX: 1, A—A nX: 2

Table T.

Panazx ginseng.

Results and Discussion

The retention times and separation factors of methyl
esters of the fatty acids of Panaz ginseng at 130°
(150°) and 170° (185°), using polar column in :gas-
chromatographic analysis, are listed in Tables [ and
I. The semilog graphs of the retention time versus
catbon number for the methyl esters are shown in
Figs. 5,6,7, and 8 The retention times, separation
factors and graphic analyses for the methyl esters of
the saturated and unsaturated fatty acids of Panax
ginseng, which were separated by the mercuric ace-
tate method, were in agreement with similar experi-
ments carried out with the standard free fatty acids.
The identification of the respective methyl ester of the
fatty acid and the average percent composition for
each component are listed in Table [[.

Lanpowne and Lipsky?! showed that the separation
factor for the methyl ester of a saturated fatty acid
is inversely proportional to the temperature, whereas

the reverse is true for the unsaturated acid ester.

Retention times and separation factors at 130° and 150°, using polar column, of components of

E
|

Peak Retention time (min)

number 130° 150°
I 3.6 2.8
I 4.1 3.1
o 4.9 3.4
I\l 5.6 - 3.9
v 6.4 4.4
Vi 7.1 4.8
Vi 8.5 5.3
Vi 9.1 5.7
K 11.6 6.6
X 12.8 7.3
i1 14.6 9.6
X 16.0 8.5
X1 21.5 10.9
X1v 22.5 i2.0
XV . 26.5 14.6
XVl 29.3 . 15.1
Xvil 32.3 19.0
XVIII 37.4 16.3

Separation factor Identified
130° 150° + component
1.38 1.33 - nl2:0
1.17 1.10 — i13:0
1.40 1.31 — ni3:0
1.21 1.18 — i14:0
1.36 1.33 - nl4:0
1.10 .09 - i15:0
1.33 1.26 - nl5:0
1.06 1.08 + ni5:1
1.35 .25 — n16:0
1.10 1.11 + nl6:1
1.26 1.45%  + nl6:2
1.38 1.29 - nl7:0
1.35 1.28 — ni8:0
1.04 1.11 -+ nl8:1
1.23 1.35 + nl8:2
1.02 1.11 + ?
1.12 1.40%  + nl9:2
1.30 1.20 - n20:0

* modified separation factor



This observation was confirmed in this analysis
(Tables [ and ). ‘
There is indication that peak XV and XVI are
overlapped at 185° (Table I ). This was supported by
the:chromatogram of the unsaturated and saturated
esters after separation by the use of mercuric acetate.

The semilog plots of the homologous ‘series also sup-
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‘ported this observation. But peak XV and XVI are

separated clearly at 130° (Fig. 1).

There was suggestion that peak XI, nl6:2 was:
preceded by peak XII, n17:0 at 130° but this order
was reversed at 150° (Table I). And peak XVII,
n19:2 was preceded by peak XVIII, n20:0 at 130° but.

this order was also reversed at 150° (Table ).

Table I. Retention times and separation factors at 170° and-185°, using polar column;, of components of

Panazx ginseng

Peak Retention time (min) Separation factor Identified
number 170° 185° 170° ' 185° + component
XIIE 6.2 4.2 1.29 1.27 — nl8:0
XIV 6.8 4.5 .06  1.09 + n18:1
XV 8.0 5.4 1.25 1.31 + nl8:2

XVI . 8.3 5.4 1.06 1.08 + ?

XVl 10.4 6.3 1.02 1.03 + ni9:2
XVIIL 9.9 6.1 1.27 1.22 — n20:0
XIX 12.4 7.4 L2z 121 — n21:0
XX 15.8 9.0 1.23 1.20 — n22:0'
XXI 19.8 11.3 1.21 1.23 + ?

XX1I 23.4 13.3 1.12 1.19 + n23:1
XXII 26.6 - 14.0 1.27 1.25 — n24:0
XXIV 28.4 15.3 1.08 1.09 -+ n24:1

Summary and Conclusion

The free fatty acids were prepared from the ethe-
real fraction of Panar ginseng. The prepared acids
The methyl

esters of saturated and unsaturated fatty acids were

were methylated with diazomethane.

separated by the means of mercuric acetate method
and column chromatography. The separated methyl
esters were gaschromatographed and analyzed. The
obtained conclusions were as follows.

1. The root of six-year old Korean Panax ginseng
contains 0.28% of free fatty acids.

2. It was found that 24 kinds of free fatty acids
existed in Panaz ginseng. Among them, 22 kinds of
free fatty acids were identified by the gas chromatog-
ram and the graphical method but the rest, 2 kinds
of them were not identified by the only gas chromato-
graphical data. The amount of each free fatty acid

which was not identified was predcminant andthey

were supposed to be unusual free fatty acids which
would not commonly exist in nature. These results:
were shown in Table §.

3. LeE and LEe® reported that n18:3 existed in Panaz-
ginseng. However, in this experiment, n18:3 did not.
exist in Panax ginseng, and instead, peak XVI appeared:
between n18:2 and n18:3 as shown in Fig. 9. '
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Table J§. Identification of respective methyl esters of

free fatty acids and percent composition

Peak number FFA Identification Percent composition

I nl2:0 2.80
I 113:0 1.64
i nl3:0 0.08
v i14:0 1.31
v nl4:0Q 1.97
ki i15:0 0.28
vi nl5:0 0.41
kil nl5:1 1.95
KX nl6:0 19.94
X n16:1 1.90
() nl6:2 0.81
X1 nl7:0 1.09
X1t n18:0 1.00
X1V nl8:1 0.15
XV n18:2 3.36
XVl ? 16.25
XVIL nl9:2 1.27
XVIII n20:0 1.58
XIX n21:0 1.61
XX n22:0 1.90
XX1 ? 20.94
XXII n23:1 1.00
XXIII n24:0 0.38
XXI1V n24:1 —
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Fig. 9. Gas chromatogram of methyl esters of unsatu-
rated free fatty acids derived f{rom Panaz
ginseng mixed with linolenic acid methyl

ester (n18:3) as standard at 130°.
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