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Abstract—During the biological screening of Chinese drugs, it was found that alcoh-

olic extract of the roots of Patrinia scabiosacfolia (Valerianaceae)

caused a significant

prolongation of hexobarbital-induced sleeping time and elevation of serum transaminase

activities accompanied by severe histopathological changes in the hepatic tissues in mice

on three day pretreatments. The systematic fractionation of the methanol extract monit-

oring by bioassay led to isolation of toxic saponins such as 3-O-a-L-arabinopyranosyl

hederagenin 28-O-8-p~glucopyranosy! (1—6)-p-n-glucopyrancside and its 2/-acetate and

3-0-B-p-glucopyranosyl (1—3)-a-~L-rhamnopyranosyl (1-+2)-a-~i-arabinopyranosyl olea-

&y

nolic acid and its 28-O-g-v-glucopyranosyl (1-6)-p-o-glucopyranoside.
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The number of drugs used in treatment or
prevention of diseases in man is uncountable.
They can be divided broadly into two catagories:
first, drugs used in western medicine and second,
drugs used in traditional oriental medicine. The
drugs used by western theraphy have been ma-
inly synthetic compounds or purc isolates from
natural products. They were discovered effective
to some specific discases but some of them were
later discovered to produce side cffects.

On the contrary, drugs used in oriental med-
icine have been mostly natural herb preparations
and

and people belicve them to be less toxic

almost without side effects. Nevertheless most
of them have hardly recognized therapeutic utility
in western medicine. But even so some of them
have been often reported to be cffective in heal-
ing problems that have proved recalcitrant to
standard western methods. Therefore, Chinesc
herb theraphy has received increasing popularity

in spite of disadvantage that its mcchanism of

248

action is difhicult to be explained scientifically

and its toxicic effects have not been weli estab-
lished. However, as a matter of fact, every herb
There is a

drug is not considered to be safe.

pessibility that some herb drugs may have a
toxic constituent. Hence they should be subjected
to the re-cvaluation for efficacy as well as safety.

In the course of biological screening of Chin-
ese drugs in our laboratory it was found that
the alcohol extract from the roots of Patrinia
scabiosaefolia [V alerianaceac) did not aflect he-
xobarbital induced slecping time in mice on a
single pretrcatment. However, on repeated pre-
treatment, significant prolongation of hexobarbital
induced sleeping time was observed.” This un-
expeeted and interesting results  sugoested the
liver damage caused by the plant material rather
than its pharmacclogical effect. In order to sup-
port this suggestion serum transaminase activities
which are known to increase extremely in acute

liver poisoning were checked in animals given
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the plant extract daily for 3 days. As expected,
the plant extract increased activities of GOT
and GPT significantly accompanied by histopa-
thological changes in the liver tissue.?

In order to separate toxic constituents the
methanol extract was fractionated through solvent
partition into four fractions such as hexane
soluble fraction, chloroform soluble fraction,
butanol soluble fraction and water soluble frac-
tion and each fraction was tested for activities
of hexobarbital induced sleeping time prolonga-
tion and transaminase activity elevation.Butanol
soluble fraction and chloroform soluble fraction
prolonged hexobarbital induced sleeping time;
butanol fraction showed more strong activity
than chloroform fraction.® All fractions elevated
serum transaminase activities and among them
the butano! fraction was by far the strongest
one.*

Therefore the butanol fraction was subjected
to column chromatography monitoring with
animal tests, to yield four toxic compounds.
mp 224~226°, [alF—0.01°,

gave a positive reaction in the Lieberman Burc-

Compounds 1,

hard test and Molisch test. Its IR spectrum sho
wed the presence of ester group (1725 and
1250em™)  and  glycoside bond  (1000~1100
em ), Judging from its NMR spectrum it was
found that it contained one acetyl group(PMR;
61.98, CMR; 620.8 and 169.1) and at least
three moles of sugars (CMR; 6103.0, 102.4 and
91.0). Compound 1 gave compound 2, mp 218
~220°, [a]?-+16°, by mild alkaline hydroly-
sis (2.5% K,CO;). Compound 1 and 2 gave
hederagenin as the aglycone and r-arabinose and
p-glucose as the sugar moietics on acid hydrol-
ysis. FAB mass spectrum indicated the molecular
weight of compound 2 was 928. This fact toge-
ther with an appearance of three anomeric carbon
signals in its CMR spectrum (6104.6, 103.0
and 94. 1) clearly indicated that compound 2

consisted of one mole of hederagenin, one mole
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of r-arabinose and two moles of p-glucose. The
appearance of ester absorption bands in IR(1735
cem™!) and carboxyl carbon signal at rather
highfield in CMR (8175.2) strongly indicated
that one of sugar moieties was linked to 28-
carboxyl function of the genin. Alkaline hydro-
lysis of compound 2 gave prosapogenin A, mp
228~231°, [al®+67.2°, which was hydrolyz-
ed by acid treatment into hederagenin and i-
arabinose, and enzymatic hydrolysis broke the
molecule to liberate prosapogenin B, mp 201~
206°, [al®-30°, which was hydrolyzed by acid
treatment into hederagenin, r-arabinose and p-
glucose. These facts indicated that a disaccharide
chain composed of two glucose units was bonded
to the 28 carboxyl group of presapogenin A by
an ester linkage. Mcthanolysis of permethylated
compound 2, mp 96~98°, prepared according to
Hakomori’s method? afforded 23-O-methylhede-
ragenin, methyl 2,3, 4~tri-O-methyl-v-arabino-
pyranoside, methyl-2, 3, 4-tri-O- methyl- p-gluc-
opyranoside and methy 2, 3, 4, 6-tetra-C-methyl-
p-glucopyranoside, indicating that i-arabinose
was linked to 3-position of the genin rather than
23-position and the disaccharide bonded to the
carboxyl group should be gentiobiose. PMR of
this compound showed three doublets at 4. 14
(J=6.5Hz), 4.20(J=8Hz) and 5. 35(J~xHz)
assignable to anomeric protons of r-arabincse,
terminal p-glucose and inner p-glucose, respe-
ctively. The relatively large coupling constants
indicated the B-configuration for both glucoside
linkages and a-configuration for arabinoside lin-
kage. Therefore compound 2 is a hederagenin
glycoside consisting of | mole of arabinose atta-
ched to 3-position and ] mole of gentiobiose to
28-position.

Table 1 shows CMR spectral data of hedera-
genin and its glycosides obtained. Al the chem-
ical shifts of sapogenin carbons are not shown
in this Table because those for each compound

are almost the same except those of C-3, 23 and
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Table I. BC-NMR chemical shift of compound 1, 2,
and prosapogenins.

Carbon Hed 1 1 A B
Genin

C-3 70.7 80.0 20. 1 80.0 80.0

C-23 65.1 62.9 62.9 62.9 62.9

C-28 178.2  175.2 175.2 178.6 175.1
Ara

C-1 102.4  104.6 104.8 104.5
Cc-2 73.1 71.1 71.2 71.1
-3 70.5 72.7 72.9 72.7
C-4 68.1 67.4 67.6 67.4
C-5 65.5 64.9 65. 1 64.8
COMe 20.8
COMe 169. 1
Glu
C-1 94.0 94.1 94. 1
c-2 72.3 72.3 72. 4
C-3 76.7 76.7 76.7
C-14 69. 4 69. 4 69.7
C-5 76.7 76.7 77.6
C-6 68.1 68.0 60. 8
t-Glu
C-1 103.0  103.0
C-2 73.4 73.5
C-3 76.7 76.7
C-1 70.0 70. 1
C-5 76.6 76.6
0 61.0

C-6 61.

28. The carbon 3 signal of hederagenin appeared
at 70.7 ppm. However those of the glycosides
were found to be shifted to 80 ppm indicating the
site of glycosidation. The carbon 23 signals werc
displaced upfield owing to the glycosidation effect.
Chemical shifts of arabinose moiety of compound
2 were superimposable with those of the prosapo-
genins. This indicated that glucose was not
linked to any hydroxyl group of arabinose.

C-28 signals of the compound 1 and 2 and
prosapogenin B appeared at high field compared
those of hederagenin and prosapogenin A, indi-
cating 28-carboxyl group of those compounds
was esterified.
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Carbon 6 signal of n-glucose of prosapogenin
B appeared at 60. 8 ppm. However the correspon-
ding carbon signal of compound 2 was shifted
downfield by-+7.2 ppm and C-5 signal was shif-
ted upfield by —0. 9 ppm, while other resonances
appeared almost unshifted. This indicated that
the second p-glucose must be located at 6-pos-
ition of inner p-glucose.

Chemical shift values of anomeric carbon of
each sugar clearly indicated a-configuration for
arabinoside linkage and A-configuration for both
glucoside linkages. Moreover consideration of
molecular optical rotation by the application of
Klyne's rule supported the above mentioned con
figurations of all sugar linkages.Observed values
of molecular optical rotations of the compounds
are in agreement with the calculated values for
the proposed structures (Table II).

The attachment point of the acetyl group in
compound 1 was determined by the CMR spectral
analysis. In comparison between spectral data of
compound 1 and 2, all the signals due to the
sapogenin and o-glucose moieties of both com-
pounds appeared at almost the same positions.
With regard to the arabinose carbon region, on
going from compound 2 to compound 1, the

Table II. Molecular optical rotation values of saponins
and prosapogenins

Compound Observed [M1p Calculated®
Compound 2 +146. 88° -321.17°
Prosapogenin A -+ 405. 89° — 453,17
Prosapogenin B +229.8° - 287177
ederagenin +424.8°
Compoend 3 +22. 66° ~119.57°
Compound 4 — 0.15° — 12.43°
Prosapogenin C +55.05° +185.57°
Prosapogenin D +-294° +2G5.57°
Oleanolic acid +267.2°

Me-a-L~Ara+28. 37° (B-anomer+402.627), Me-a-
1-Rha—110° (p-anomer+168°), Me-5-p-Glu—66°
(a-anomer+304°)
#* Other possible combinations of anomeric methyl
glucosides have been considered for the calculation.
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signal for C~2 was displaced dowfield by 2. 0 ppm
while hoth signals due to C-1 and C-3 were
shielded by —2.2 ppm. Such changes in the
chemical shifts can only be explained if the hy-
droxy! group at 2-position of arabinose moiety is
acetylated. Therefore the structure of compound
1 was elucidated as 2/-O-acetylcompound 2.
Compound 3, mp 258~260°, [a]¥-+2.53°,and
4, mp 218~220°, [a]®¥—0.012° also gave a
positive reaction in the Liebermann-Burchard
and Molish tests. On acid hydrolysis compound
3 gave oleanolic acid, r-arabinose, bp-glucose
and r-rhamnose. Its molecular weight was 896
and three anomeric carbon signals were found
in its CMR (8104.6, 103.9 and 100.0). The
absorption peak due to a free carboxyl group
appeared at 1705cm™%. These spectral data in-
dicated that compound 3 was an oleanolic acid
glycoside consisting of a trisaccharide composed
of 1 mole each of Lr-arabinose L-rhamnose and
p-glucose, attached to 3-position of the genin.
Compound 4 was also hydrolyzed by acid treat-
ment into oleanolic acid, L-arabinose, p-glucosc
and r-rhamnose. However its molecular weight
was 1220 and five anomeric carbon signals were
found in its CMR (3104.1, 103.3, 102.9, 99.8
and 94.1). This indicated that compound 4
consisted of one mole each of r-arabinose and
r-rhamnose and three moles of bp-glucose as
sugar moieties. Its IR spectrum showed an ab-
sorption peak at 1730cm™! due to ester group
and on alkaline hydrolysis compouund 4 gave
compound 3. Therefore compound 4 was sug-
gested to be an ester glycoside of compound 3 with
an additional disaccharide of two moles of glucose
which was linked to 28-carboxyl group. Partial
hydrolysis of compound 3 yielded prosapogenins
C, mp 242~244°, [alF+7.5°, and D mp 256
~258°, [a]%4-50°. Prosapogenin C was hydro-
lyzed by strong acid tireatment into oleanolic
acid, L-arabinose and t-rhamnose, while prosa-

pogenin D, into oleanolic acid and r-arabinose
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only. Therefore, in compound 3, the trisaccha-
ride was linked to the genin in order of L-ara
binose, L-rhamnose and p-glucose.

Methanolysis of permethylated compound 3,

Table III. *C-NMR Chemical shift of compound 3,
4, and prosapogenins.

Carbon Ole 3 4 C D
Genin
Cc-3 78.8 87.8 37.8 87.7 87.8

C-28 178.3 1785 1751 178.3 178.3

C-1 103.9 103.3 103.4 105.5
c-2 74.4 74.8 74.7 1.0
C-3 72.5 71.8 71.9 T2.7
C-4 67.7 67.0 67.0 67. 4
C-5 64.2 63. 4 63.2 51.6
Rha
C-1 100.0 99. 8 99.9
Cc-2 69.5 69.3 70.3
C-3 81.5 81.0 70.3
C-4 70.8  70.7 71.9
C-5 68. 1 68. 1 68.3
C-6 17. 8 17.8 17.6
Glu
C-1 104.6  104.1
Cc-2 74.0 73.7
C-3 76.7 76.6
C-4 70.7 70.1
C-5 76.4 76.4
C-6 61.1 61.1
28-Glu
C-1 941
Cc-2 72.3
C-3 76.6
C-4 69. 6
C-5 760.4
C-6 68,1
t-Glu
C-1 102.9
C-2 73.4
C-3 76. 4
C-4 70.2
C-5 76. 4
C-6 61.1
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mp 220~222°C, gave oleanolic acid methlester,
methyl 3, 4-di-Q-methyl-1-arabinopyranoside,
methyl 2, 4-di-O-methyl-L-rhamnopyranoside and
methyl 2, 3, 4, 6-tetra-O-methyl-L-glucopyranc-
side. Therefore the mode of linkage between
arabinose and rhamnose was determined to be
1-2 and that between rhamnose and glucose was
1-3. Three ancmeric protons of this comp-
ound resonated at 64.45 [d, J=5Hz), 4.47 (d,
—=7Hz) and 5.05 (bs) and from values of the
their coupling constants it is clear that configu-
rations of linkages for arabinoside and rhamno-
side are @ .nd that for glucoside is 8. Therefore
structure of compound 3 was established as 3-O-
S-p-glucopyranosyl (1—3}-a-L-rhamnopyranosyl
(1—2) -a-L~arabinopyranosy! oleanolic acid.
CMR chemical shifts of compound 3 and 4 and
the prosapogenins obtained from compound 3 are
shown in Table [1I. As compared with the chem-
ical shifts of arabinose carbons of prosapogenin
D, C-2’ signal of prosapogenin C was shifted
downfield. In comparison between chemical shifts
of rhamnose carhons in compound § and prosapo-
genin C, C-3’" signal of compound 3 was shif-
ted downfleld. This supported that C-2 of arab-
inose and C-3 of rhamnose were the site of
glycosidation. In comparison of spectral data of
compound 4 with those of compound 3, chemi-
cal shifts for the trisaccharide moiety of compound
4 were superimposable with those of the comp-
ound 3. However, C-28 signal of compound 4

was shielded due to esterification with a disacc-
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haride. A set of newly appeared signals in the
sugar carbon region of the spectrum of compound
4 was completely identical with those for genti-
obiose carbons in compound 1 and 2 (Table I).
Therefore compound 4 was identified as 78-gen-
tiobioside of compound 3.

Configurations of all sugar linkages were fur
ther confirmed by applicatlon of Klyne's rule.
Observed values of molecular optical rotations of
the compounds are in excellent agreement with
the calculated values for the assigned structures
(Table II). In conclusion toxic saponins in Pa-
triniae radix were determined as 3-a-i-arabi-
nopyranosyl hederagenin 28-5-n-glucopyranosyl
(1-6)~B-p-glucopyranoside and its 2'-acetate
and 3-p-p-glucopyranosy! (1—3)-a-L-rhamno-
pyranosyl (1—2)-a-L-arabinopyranosy! oleanolic
acid and its 28-3-p-glucopyranosyl (1—G)-3-

D-glucopyranoside.
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