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Abstract—Three new saponins were isolated from a commercial bark extract of Quillaja saponaria Molina.
These compounds were also obtained as degradation products from larger saponins in this extract when treated
with strong alkali. The compounds were characterized, using mainly NMR spectroscopy, mass spectrometry
and chemical methods, as quillaic acid 3-0-{f-p-galactopyranosyl-(1 — 2)-f-p-glucopyranosiduronic acid}, 3-
O-{a-L-thamnopyranosyl-(1 — 3)-[-D-galactopyranosyl-(1 — 2)]-f-pD-glucopyranosiduronic acid} and 3-0O-{ -
D-xylopyranosyl-(1 — 3)-[8-D-galactopyranosyl-(1 — 2)]-f-D-glucopyranosiduronic acid}, respectively. @5 1998

Elsevier Science Ltd. All rights reserved

INTRODUCTION

The structures of several saponins from the bark of
the tree Quillaja saponaria Molina have been reported
[1-3] and fifty have been partially characterized [4].
These structures have in common the triterpene quil-
laic acid with a unique trisaccharide attached to C-3
and different oligosaccharides attached to C-28. Sev-
eral of these saponins are known to have immu-
noenhancing activity and are, together with antigen,
cholesterol and phospholipids, able to form immu-
nostimulating complexes [5-7). These complexes are
energetically stable constructs which offer the advan-
tages of reducing the required dose of both antigen
and adjuvant, potent immunogenicity for both humo-
ral and cell-mediated responses and minimal side-
effects [6, 7]. A large-scale procedure has been
developed to isolate two Quilluja saponin fractions,
designated QH-A and QH-C [8]. which in certain pro-
portions are used for immunostimulating complex for-
mation (ISCOPREP™703; Iscotec AB. Uppsala,
Sweden).

In this study we present the structural elucidation
of three quillaic acid saponins, isolated from QH-
A, lacking the oligosaccharide group at C-28. These
components were also identified as products formed
during alkali treatment [1] of C-28-substituted sap-
onins in QH-A and QH-C.

RESULTS AND DISCUSSION

The saponin fraction QH-A was analysed by
MALDI-TOF mass spectrometry (Fig. 1) which

* Author to whom correspondence should be addressed.

showed several components of molecular masses cor-
responding to saponins of similar structures to those
previously identified from Q. saponaria [1-3). The
spectrum also contained [M + Na]* ions of m/z 847,
979 and 993 indicating the occurrence of disaccharide-
and trisaccharide-substituted quillaic acid, respec-
tively. The material was fractionated by column chro-
matography on silica gel and the eluate was checked
by TLC and MALDI-TOF mass spectrometry. A fast
moving component on TLC (R, 0.43) had the molec-
ular mass 824, as indicated by the [M + Na]™ ion m/z
847. Two other fast moving components (R, 0.40) with
molecular masses of 956 and 970 showed one spot on
TLC and these were collected into one fraction. The
components were further fractionated by reverse
phase HPLC. By these procedures three different sap-
onins, 1. 2 and 3. were isolated. These compounds had
the elemental compositions C;,H 40,4, CysH-405 and
CH,0,,, respectively. as indicated by FAB-MS,
which gave the [M-H] ~ ions at m/> 823.42, 969.52 and
955.47. The masses correspond to a hexose and a
hexuronic acid in addition to quillaic acid for com-
pound 1 and an additional deoxyhexose or pentose
for 2 and 3, respectively.

Analyses of the neutral sugars released during acid
hydrolysis of the saponins showed that compound
1 contained p-galactose, compound 2 contained L-
rhamnose and p-galactose and compound 3 contained
p-xylose and p-galactose in equimolar proportions.
The sugars were analysed as their alditol acetates by
GC-MS [9] and the absolute configurations deter-
mined by GC of the trimethylsilylated (+ )-2-butyl
glycosides [10]. The linkages, by which the sugars are
connected, were determined by methylation analysis
[I1. 12], yielding 2.3.4,6-tetra-O-methyl-p-galactose
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Fig. 1. MALDI-TOF mass spectrum of QH-A. The ions formed from each component are [M +Na]* and {M +K]* and
their masses are indicated as nominal values.

from compound 1, 2,34-tri-O-methyl-L-rhamnose
and 2,3.4,6-tetra-O-methyl-p-galactose from com-
pound 2 and 2.3,4-tri-O-methyl-p-xylose and 2,3,4,6-
tetra-O-methyl-D-galactose from compound 3, indi-
cating that all these sugars occupy terminal positions.
If the components were first methylated and sub-
sequently reduced with “*Superdeuteride™ [13], a
derivative of 3,4-di-O-methyl-D-glucose-6-d, was also
present in the analysis of compound 1, and a derivative
of 4-0-methyl-b-glucose-6-d, in the analyses of com-
pounds 2 and 3. These results indicated that the f-p-
galactopyranosyl group is linked to the 2-position of

the f-p-glucuronic acid residue in 1 and the two ter-
minal sugars in compound 2 and 3 are linked to the
2- and 3-positions of the f-pD-glucuronic acid residue.

Further structural information was obtained by 'H
and "C NMR spectroscopy. Using different 1D and
2D experiments the 'H and “C signals could be
assigned (Table 1) and the “J, ,-values for the coup-
ling between vicinal protons estimated. The anomeric
configurations of the sugar residues were indicated by
the chemical shifts, the *Jy;., yy..-values of the anomeric
proton signals, and the 'J;-values for the one-bond
coupling between the anomeric atoms [14]. As the 'H

Compound R
1 H
2 o-L-Rhap
3 B-D-Xylp
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Table 1. Chemical shift assignments for compounds 1, 2 and 3

177

Atoms 2
no 'H (ppm) “C (ppm) 'H (ppm) "C (ppm) 'H (ppm) "C (ppm)
| 111, 1.71 393 111, 1.71 39.2 111, 1.71 39.2
2 1.99,1.78 255 1.98, 1.78 25.6 197, 1.76 25.7
3 3.88 85.2 3.85 86.1 3.89 86.2
4 — - 56.2 — 56.2
5 1.34 49.2 1.33 49.1 1.33 49.0
6 0.92,1.51 213 0.93, 1.50 213 0.90, 1.50 213
7 1.56,1.24 336 1.53.1.24 335 1.55.1.23 335
8 — - 40.9 40.9
9 1.76 48.2 1.75 47.7 1.75 47.7
10 - L 37.1 — 37.1
1 1.93,1.93 24.5 1.92.1.92 24.4 1.92.1.92 245
12 5.30 1234 5.30 123.2 5.30 123.2
13 - - 145.1 145.2
14 — — 9.7 42.8
15 1.84,1.33 36.3 1.83,1.32 36.6 1.82,1.32 36.0
16 4.45 753 4.45 75.0 4.45 753
17 — . - 49.6 — 49.7
18 3.00 42.0 3.02 42.1 3.02 42.1
19 2.29,1.02 47.9 2.26, 1.02 477 2.29,1.03 473
20 — _— 30.8 30.8
21 1.94,1.15 36.7 1.92,1.14 36.2 1.93.1.15 36.2
2 1.91,1.76 329 1.90, 1.73 0.8 1.90, 1.76 32.7
23 9.46 a 9.44 210.8 9.44 210.7
24 1.14 10.7 115 10.8 1.15 10.8
25 1.00 16.2 1.00 16.2 1.00 16.3
26 0.79 17.7 0.79 17.7 0.79 17.8
27 (.40 273 1.39 27.2 1.39 273
28 _— . - 181.1 — 181.1
29 0.88 335 0.88 334 0.88 335
30 0.96 249 0.97 248 0.97 24.8
GlcAl 4.40 103.7 447 104.2 4.47 104.5
GlcA2 3.48 81.3 3.63 78.1 3.65 78.2
GlcA3 3.57 78.0 3.63 85.7 3.67 86.2
GlcAd 3.49 72.9 3.47 718 3.55 70.8
GIcAS 373 76.6 3.80 77.0 3.80 76.1
GlcA6 — — : — 172.3
Gall 4.49 105.1 4.45 104.3 4.80 103.8
Gal2 3.53 74.0 3.48 73.0 3.44 735
Gal3 3.46 75.0 348 75.2 3.44 753
Gald 383 70.8 3.79 70.6 3.80 70.8
Gal5s 3.52 77.1 3.48 775 3.49 76.8
Gal6 3.82,3.74 62.5 3.79.3.71 62.3 3.76.3.69 62.3
Rhal 5.02 103.3
Rha2 401 72.2
Rha3 3.63 721
Rha4 3.40 73.0
Rha$s 391 70.7
Rhaé .24 17.8
Xyl 4.58 105.0
Xyl2 3.23 74.4
Xyl3 3.31 78.2
Xyl 3.52 70.5
Xyls 3.24,3.90 67.2

*Signal not detected; too weak or not observed in the HMQC spectrum.

NMR spectra were complex, the assignment of the
signals was made by different COSY experiments.
Using these techniques, the spin-systems starting with

the anomeric proton signals and those belonging to
the triterpene could be determined. Thereafter the '*C
signals were assigned by the C-H-connectivities
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Table 2. The significant NOEs for the anomeric protons of the sugar
residues of compound 2. observed as cross-peaks in the NOESY spectrum

Anomeric proton

Observed NOE

Residue (0) (d) Residue Atom
»-L-Rha 5.02 4.01  2-.-Rha H-2

3.63  f-pD-GlcA H-3
f-D-GlcA 4.49 363 f-p-GlcA H-3

3.85  Quillaic acid H-3
f-np-Gal 4.47 348  f-D-Gal H-3 and 5

363  f-p-GlcA H-2

observed as cross-peaks in the HMQC spectra. The
chemical shifts of the signals from each sugar residue
(Table 1) were compared with those reported for the
corresponding monosaccharides [15]. Comparison of
the signals from the triterpene moiety in the '"H NMR
(Table 1) and '*C NMR spectra (Table 1) with those
from quillaic acid in the saponin QS-21 [3] showed
that the aglycone in all three compounds was quillaic
acid substituted in the C-3 position.

For compound 1 signals for two anomeric protons
appeared at 64.49(J,, = 7.7Hz)and 6 4.40(J,, = 7.5
Hz). indicating two fi-pyranosides. The two spin-sys-
tems corresponded to a f-D-Galp-(1 — and a — 2)-f-
D-GlepA-(1 — residue. The p-glucuronic acid was 2-
substituted as indicated by the high chemical shift of
the C-2 signal relative to that of the monosaccharide
[15]. Compound 1 was thus composed of a disac-
charide [#-D-Galp-(1 - 2)--D-GlepA-(1 — )]  sub-
stituted to the 3-position of quillaic acid as evident
from the molecular mass, the sugar and methylation
analyses and the 'H and ""C NMR chemical shifts
(Table 1).

For compound 2 the anomeric proton signals
appeared at § 5.02 (J,, = L.6 and 'J.yy = 173 Hz). o
449 (J,-=7.1 and ‘Jo, =158 Hz) and & 4.42
(J1-=72 and 'Jo = 158 Hz). respectively, indi-
cating one x- and two f-pyranosides. The results
showed that the 1-rhamnose had the z-configuration
and the other sugars the fi-configuration. The sub-
stitution positions of the p-glucuronic acid residue
were indicated by the high chemical shift of the sub-
stituted carbon signals relative to those of the mono-
saccharide [15] and those of the ( — 2)-f-D-GlepA-
(1 —) residue in compound 1. As evident from the
molecular mass, the sugar and methylation analyses
and the 'H and "*C NMR chemical shifts compound
2 was composed of a branched trisaccharide (x-1-
Rhap-(1 - 3)-[f-D-Galp-(1 — 2)]--D-GlecpA-(1 - )
substituted to the 3-position of quillaic acid. The sub-
stitution positions of the z-L.-rhamnopyranosyl and
p-p-galactopyranosyl groups were determined by a
NOESY experiment (Table 2) in which the inter-resi-
due NOE connectivities involving the anomeric pro-
tons were observed as cross-peaks An NOE between

H-1 of the fi-p-galactopyranosyl group and H-2 of the
f-D-glucopyranosyluronic acid residue and an NOE
between H-1 of the x-L-rhamnopyranosyl group and
H-3 of the f-p-glucopyranosyluronic acid residue
showed that these terminal sugars were linked to the 2-
and 3-position of the f-p-glucopyranosyluronic acid
residue, respectively.

The structure of compound 3 was evident from the
molecular mass, the sugar and methylation analyses,
and the similarities of the 'H and '"C NMR signals
(Table 1) with those of corresponding components in
the saponin QS-21 [3]. When the NMR spectra of 3
were obtained in the same solvent mixture (D,O and
CD,CN) as that used for analysis of QS-21 almost
identical chemical shifts were observed for all signals
except for those of the atoms close to the C-28 sub-
stituent in QS-21. These results show that 3 is com-
posed of a branched trisaccharide substituted to the 3-
position of quillaic acid, identical to the trisaccharide-
substituted prosapogenin previously obtained after
alkaline hydrolysis of some Quilluju saponins [1].

Compounds 1-3 are minor components found in
QH-A, which is a chromatographic fraction of a bark
extract of Q. saponaria Molina. The three saponins
were also components of the larger saponins in both
QH-A and QH-C and could be isolated from these
after alkaline cleavage of the ester-linked oli-
gosaccharide at C-28. The proportions of the three
oligosaccharide components in the saponin mixtures
could be determined by HPLC. Compound 3 has pre-
viously been obtained after alkaline treatment of sap-
onins from Q. saponaria Molina [1]. However, the
present study shows that the oligosaccharide in the 3-
position of quillaic acid consists of different structures
and thus that both the C-3 and C-28 oligosaccharide
substituents vary in structure. A previous mass spec-
tral study (4] of fifty Quillaju saponins indicated that
two different trisaccharides occupy the 3-position of
the quillaic acid, although no complete structure was
given.

Saponins containing the disaccharide of 1 could be
a product from a selective acid hydrolysis of the pen-
tose or 6-deoxyhexose of the two trisaccharides during
the extraction procedure (treatment with hot water).
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To test if this occurs a mixture of 2 and 3 in a water
solution of pH 3.5 was heated at 95"C for 3 hours and
the products were analysed by MALDI-TOF mass
spectrometry and HPLC. Only a minor amount
(~3%) of compound 1 was detected by MALDI-TOF
whereas no peak for 1 could be observed by HPLC.
This amount is less than that found after alkaline
hydrolysis of QH-A and QH-C indicating that the
disaccharide is a minor component of the natural sap-
onins. However, when the C-28 substituted saponins
were treated using the same conditions several degra-
dation products occurred, among these also com-
pounds 1-3. Thus different bark extracts were tested
for the content of compounds 1-3 by MALDI-TOF
mass spectrometry and minor amounts of these were
observed by MALDI-TOF and HPLC after removal
of the major components using silica gel chro-
matography. These results indicate that compounds
1-3 are new saponins found as minor components in
the bark of Quillaja saponaria Molina.

EXPERIMENTAL

General. Solns were concd under red. pres. at temps.
not exceeding 40°. A GC instrument fitted with an
FID was used. Sepn of the alditol acetates and the
partially methylated alditol acetates was performed on
an HP-5 fused-silica capillary column, using a temp.
program, from 140° (1 min) to 230" at 3” min~"'. Elec-
tron impact ionization (EI, 70 eV) GC-MS was per-
formed using the column and conditions mentioned
above.

FAB-MS spectra were recorded in both positive and
negative mode on a JEOL JMS-SX/SX-102A tandem
mass spectrometer by bombardment of the samples
(dissolved in a glycerol matrix) with Xe atoms of aver-
age translational energy of 6 keV. For the deter-
mination of the molecular masses the mass spec-
trometer was operated at an accelerating voltage of
10 kV, PEG-1000 was mixed with the sample for ref-
erence peaks and a resolution of 3000 was used.
MALDI-TOF mass spectra were recorded on a Linear
LDI-1700XS spectrometer using a 339 nm nitrogen
laser and 2,5-dihydroxybenzoic acid as matrix.

'H (400 and 600 MHz) and "“*C (100 MHz) NMR
spectra were obtained for CD,0D solutions or a mix-
ture of acidified D,O (brought to pH 4 by addition of
HOACc-d,) and MeCN-d; (7:3) at 30" . Chemical shifts
are reported in ppm, using TMS (4, 0.00) and Me,CO
(¢ 31.00) as internal references. 2D (COSY. relay
COSY, NOESY and HMQC) experiments were per-
formed according to standard pulse sequences. A 90
pulse was used in the correlation experiments, and in
the NOESY experiment mixing times of 0.2 and 0.5
sec.

TLC was run on silica gel (Merck) using CHCI,-
MeOH-H,O-HOAc (240:175:30:1) as solvent and
HPLC on a NOVA Pak C-18 RAD PAK cartridge
(8 x 100 mm), using a UV detector at 205 nm. For
analysis of the components 31% MeCN in aqg. 0.01 M

phosphate buffer, pH 2.8, was used at the flow rate
1.0 ml-min~'. For the preparative experiments each
injection was 15 ul containing 0.5-0.6 mg saponin
material using a flow rate of 1.0 ml-min~".

Materials. Quillaja saponin fractions QH-A and
QH-C were obtained from Iscotec AB (Uppsala,
Sweden).

Isolation of compounds 1-3. Dried QH-A (1.7 g) was
fractionated on a column (5.0 x 45 ¢cm) of silica gel 60
(Merck) using CHCI;-MeOH-H,0-HOAc
(240:175:30:1) as solvent. TLC, HPLC and MALDI-
TOF mass spectrometry were used to monitor the
eluate. Fractions containing a faster moving com-
ponent (1) were pooled, yielding 27 mg, and fractions
containing compounds 2 and 3 were pooled yielding
100 mg. Compound 1 was further purified by reverse
phase HPLC using MeCN and aq. 0.01 M phosphate
buffer, pH 2.8 (2:3) as eluent and pure 1 (5 mg) was
obtained. The component was analysed by MALDI-
TOF mass spectrometry and '"H NMR spectroscopy.
The fractions containing compounds 2 and 3 were
further separated by HPLC using MeCN and ag. 0.01
M phosphate buffer, pH 2.8 (31:69) as eluent. Com-
pound 2 {12 mg) was eluted between 16.6 and 18 min
and compound 3 (38 mg) between 19 and 20.5 min.

Alkaline hydrolysis of QH-A and QH-C. QH frac-
tions (40 mg) were treated with aq. | M NaOH (8 ml)
for 2 hr at 95° whereafter the reactions were stopped
by the addition of HOAc. The resulting saponins,
devoid of the oligosaccharides linked to C-28, were
first isolated as a mixture by reverse phase chro-
matography on a Sep-Pak C cartridge and then sep-
arated on HPLC using a gradient of MeCN and agq.
0.01 M phosphate buffer, pH 2.8 (33% MeCN in 11
min, decreased to 27% and then from 27 to 30%
MeCN in 8 min). Fractions containing pure com-
pound 2. 1 and 3, respectively, were obtained.

Sugar analysis. Samples (1 mg) were hydrolysed
with 2 M TFA (0.2 ml) at 120° for | hr whereafter the
solvent was evapd with a stream of N,. The product
was reduced with NaBD, (2 mg) in 0.5 M NH,OH
(0.4 ml) for 40 min at room temp. Excess NaBD, was
quenched with a few drops of HOAc and formed boric
acid removed by co-distillation with 10% HOAc in
MeOH (3x0.5 ml) and MeOH {3x0.5 ml). The
resulting alditols were acetylated with Ac,O-pyridine
(1:1,0.15ml) at 120" for 30 min and analysed by GC-
MS [9] using authentic samples as standards.

Methylation analysis. Dry samples (1 mg) in sealed
vials were dissolved in dry DMSO (0.25 ml), Na
methylsulfinyl methanide in DMSO (2 M. 0.25 ml)
was added and the soln stirred for 5 hr at room temp.
[t was then frozen and Mel (0.35 ml) was added fol-
lowed by stirring for 1 hr. The excess Mel was
removed by flushing with N, for 1 hr and the soln was
then diluted with H,O. The methylated products were
isolated using a Sep-Pak C,, cartridge [16] and treated
with “Superdeuteride™ (LiB(C.H}).D) according to
Bhat er a/l. [13]. The products were hydrolysed with 2
M aq. TFA at 120° for 2 hr. The partially methylated
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sugars in the hydrolysate were then reduced, ace-
tylated as described for the sugar analysis above and
analysed as described [12].

Analysis of bark extracts. Bark extract (1 g) was
dissolved in CHCI;-MeOH-H,0-HOACc
(240:175:30:1). Some insoluble material was removed
by centrifugation and the soln applied to a silica gel
column. The fractions containing components with
the same mobility as compounds 1-3 were concd and
the material analysed by MALDI-TOF mass spec-
trometry and NMR spectroscopy.
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