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The application of field desorption and fast atom bombardment mass spectrometry for 

molecular weight determination and structural elucidation o f spirostanol and furostanol saponins 
isolated from Paris Polyphylla Sm. (Liliaceae) is reported. The capacity and limitations o f  these 
methods for sugar sequencing, differentiation o f isomers and purity control o f  oligoglycosidic 
natural products are discussed.

Introduction

The structural elucidation o f a num ber o f Poly- 
phyllins which were isolated from Paris polyphylla 
Sm. tubers have been reported [1 -4 ].

The application of analytical techniques for the 
molecular weight determ ination and structure 
elucidation in the field of these free saponins has 
been ham pered due to their m olecular weights, 
complexity of structure and highly polar nature. 
The isolation of the saponins in pure state and suf­
ficient quantity was thus very crucial in the studies 
o f natural products. Investigations with electron 
impact (El) mass spectrom etry (MS) using high 
resolution and accurate mass m easurem ents o f the 
permethylated and peracetylated saponins have 
been reported [5]. The mass spectra o f such derivates 
showed no peak for [M]+\  particularly  for o ligo­
saccharides with more than four sugar units, in the 
case of furostanol glycosides with even less than  
four sugars. To overcome these difficulties, the 
application of field desorption (FD ) for saponins 
and some other glycosides has been studied [6 -1 3 ]  
which gave inform ation, not only regarding the 
molecular weight, but also for sequence d e term in a­
tion of sugars. The utility o f FD-M S in the e lucida­
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tion of the structure o f some new spirostanol and 
furostanol saponins is illustrated in the present 
investigation. In addition, the fast atom  b o m bard ­
ment [14-16] (FAB) mass spectra o f the saponins 
were recorded and their use as a com plem entary 
analytical tool evaluated. Thus the purpose o f this 
paper is to dem onstrate the potential o f com bined 
FD /FA B  investigations of oligoglycosidic saponins.

Results and Discussion

Polyphyllin C

The FD mass spectrum  of polyphyllin C (dios- 
genin-3-0-[oc-L-rhamnopyranosyl (1 -*■ 3)]-/?-D-gluco- 
pyranoside, 1), displayed in Fig. 1 shows a signal at 
m /z  745 for the base peak and one at m /z 761 
(low abundance) assigned to the [M + N a]+ ion and 
[M +  39K]+ ion respectively. It has been reported for 
FD-M S that in most cases of polar molecules, the 
mass peaks appear in association with either N a+ or 
K+ cations [6 ], The high abundances o f these m olec­
ular clusters are due to the fact that sodium  an d /o r  
potassium salts are invariably introduced during the 
processing/isolation o f the com pound and this 
favours cationization. This process produces also a 
[2M  + Na]+ ion at m /z  1467 with 6 % relative ab u n ­
dance. Thus three types of ion confirm  the correct 
assignment o f the m olecular weight: [M +  C at]+, 
[M +  2C at]:+ and [2M  +  Cat]+, where the cation 
(Cat) can be a proton or metal cation. C om pound 1
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Fig. 1. FD mass spectrum o f polyphyllin C.

shows a signal at m /z  599 due to the loss o f 146 
mass units from the [M +  N a]+ cluster, a result o f 
cleavage of the term inal rham nose unit from  the 
molecule by a protonation m echanism  analogous to 
acidic solvolysis [8 ]. In this proton induced cleavage 
of the glycosidic bond, specific proton attack on the 
glycosidic oxygen and charge localization can 
induce a characteristic electron shift from  the ring 
oxygen resulting in the form ation o f a glycosyl ion. 
This type of ion is alm ost always found in the 
FD-MS of sugars and their derivates [9 -  13].

A weak intensity fragm ent ion at m /z  437 also is 
observed due to the loss o f the rham nosyl-glucoside 
unit from the [M +  N a]+ cluster and this reveals the 
steroid aglycone (mol. wt. 414). The low intensity is 
probably due to the strong /^-linkage o f the glucose 
to the diosgenin. As with acid hydrolysis, w here 
D-glucose is hydrolysed 5 - 1 0  tim es slower than  the 
L-rhamnose [17, 18], it was difficult to cleave the 
disaccharide from the point o f this /M inkage in 
FD-MS. Furtherm ore, for steroid sapogenins, the 
stabilization of the glycosidic bond in 3-position o f 
the aglycone is a generally observed phenom enon in 
FD-MS.

The FAB mass spectrum  of 1 is shown in Fig. 2. 
In the recorded mass range, chem ical noise from  the 
glycerol matrix gives background ions w ith relative

abundances between 0.5 and 6 %. N evertheless the 
most significance features o f the FD  results are 
clearly seen in this FAB spectrum . At m /z  723, the 
[M + H]+ ion is registered with 46% relative ab u n ­
dance. Cationization by m etal cations is not o b ­
served using the authentic specim en w ithout any 
alkali salt as additive. The loss o f the term inal 
rhamnose unit is indicated by a prom inent 
[(M + H ) -  146]+ ion at m /z  577. W ater elim ination  
from the steroidal aglycone (m/z  415) produces the 
base peak at m/ z  397.

Polyphyllin D

The FD mass spectrum  of polyphyllin D (dios- 
genin-3-0-a-L-rham nosyl(l —>• 3)[a-L -arabinofurano- 
syl(1 -> 4)]-/?-D-glucopyranoside, 2) in Fig. 3 gener­
ates the base peak by the [M +  N a]+ ion at m /z  877. 
The [M +  39K]+ ion also found at m /z  893. The 
following information can be obtained from FD-MS.
(1) The presence of two signals at 745 and 731 
signifies the loss of arabinose and rham nose units 
from the [M + N a]+ cluster by the protonation  
mechanism, described in the literature thus as­
signing the loss to that o f the term inal sugars. The 
former signal at m /z  745 is m ore intense than the 
latter at m /z  731, which may be due to the furanose
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Fig. 3. FD mass spectrum of polyphyllin D.

structure of arabinose being more susceptible to 
elim ination than the pyranose structure of the 
rhamnose. This faster elim ination of furanose sugar 
is also evident from acidic hydrolysis [19, 20]. The 
signal at m / z ! 6 \  shows the loss o f arabinose from 
the [M +  39K]+ cluster, again via proton transfer 
mechanism. The ion due to the loss of the tr i­

saccharide unit was not found in the FD-M S. U nder 
the experimental conditions employed for soft 
ionization, the loss of w ater from the saponin gave 
only a weak [ (M + N a ) -H 20 ] + signal at m /z  859.

The presence o f a doubly-charged ion at m /z  450 
for [M +  2N a]2+ is in good agreem ent w ith the 
assignment of the m olecular weight o f the saponin.
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Another doubly-charged fragm ent also is present in 
this FD spectrum at m /z  458 and can be assigned to 
the attachment o f one N a+ and one 3 9K + to the 
intact molecule, e.g. [M +  N a +  3 9K ]2+.

Using FAB-MS, the spectrum  in Fig. 4 is o b ­
tained. Similar to 1, the FAB process generates very 
intense ions for the protonated aglycone at m /z  415 
and its water elim ination (base peak at m /z  397). 
Although the abundance is relatively low, the 
characteristic signals for m olecular w eight and 
sugar sequence are detected as dem onstrated  above 
for FD-MS. Nevertheless, p ro tonation  again p re ­
vails, as can be derived from the [M +  H]+ ion at 
m /z  855 and the losses for the arabinosyl (m/ z  723) 
and rhamnosyl (m/ z  709) m oieties. O bviously, one 
difference between FD and FAB is that the cleavage 
at the glycosidic oxygen at C-3 of the sapogenin  is 
observed in FAB but not in FD . On the o ther hand, 
doubly-charged m olecular clusters are generally 
prominent in FD-M S but were not detected w ith 
FAB.

Polyphyllin E

FD-MS o f  p o ly p h y ll in  E ( d io s g e n in -3 -O -a -L -  

rh a m n o p y ra n o sy l(l ->  2 ) -a -L -r h a m n o p y r a n o s y l( l  - * 4 )  

[a -L -rh a m n o p y ra n o sy l(l -»  3 )]- /? -D -g lu c o p y r a n o s id e  3 
sh o w s th e  b a se  p e a k  for  th e  [M + N a]+ io n  at

m /z  1037 and an intense ion for [M +  3 9K]+ at 
m /z  1053 (Figure 5).

The signals at m /z  891 for [(M + N a)—146]+ and 
m /z  907 for [ (M + 3 9K ) -  146]+ indicate the loss o f 
one of the two term inal rhamnosyl residues. This 
direct bond cleavage together with hydrogen tran s­
fer, is similar to the fragmentation pathway reported 
for FD-M S of oligosaccharides [21, 22], The ions at 
m /z  745 for [(M + Na) -  292]+ and m /z  761 for 
[(M +  39K) -  292]+ are produced by the fission o f a 
dirhamnosyl residue of the molecule accom panied 
by hydrogen transfer. These signals can be ob ta ined  
also by the loss of both term inal residues, which is 
less probable although such a process cannot be 
excluded and would give isomeric ions as end 
products. In addition, a signal o f 12% relative 
abundance is found at m /z  599 which clearly in ­
dicates the loss of all three term inal rham nose 
moieties. As observed in the FD spectra o f com ­
pounds 1 and 2 the fission at C-3 of the aglycone 
and loss o f the com plete glycosidic chain is d is­
favoured. The corresponding signal, however, w hich 
gives the inform ation for the aglycone, is detected 
with 5% relative abundance at m /z  437 when h igher 
em itter heating currents are employed. Also it has 
been possible to find the doubly-charged ion 
clusters at m /z  530 for [M +  2N a]2+ and m /z  538 for 
[M +  N a +  3 9K]2+ which support the correct assign­
ment o f the molecular weight. In this FD  mass
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spectrum are some other doubly-charged ions which 
also were obtained due to the loss o f sugar units viz. 
m /z  465 [(M + Na + 3 9K) — 146]2+ and m /z  393 for 
[(M +  Na +  39K) -  292]2+. W ith these results FD-M S 
is thus in complete agreem ent with the correct 
assignment o f the m olecular weight o f 3 as well as 
providing useful inform ation about its structure. 
FAB-MS of this compound gives inform ation sim ilar 
to that described above for 1 and 2 .

Polyphyllin F

Investigations of polyphyllin F (diosgenin- 
3-a-L -rham nopyranosyl(l -> 4)[oc-L-rhamnopyrano- 
syl(1 -> 3)][/?-D-glucopyranosyl(l -*■ 2)]oc-L-rhamno- 
pyranoside, 4) by FD-M S (Fig. 6 ) show very intense 
ion formation due to association o f potassium  
cations instead of N a+. This deviation from  the 
normal situation is probably due to the fact tha t this 
com pound was obtained by alkaline hydrolysis w ith 
potassium hydroxide o f the corresponding acetate. 
As usual, the m olecular cluster at m /z  1037 for 
[M +N a]+ and m /z  1053 for [M + 39K]+ is ob ta ined  in 
the FD spectrum, but in this case the la tte r quasi- 
molecular peak is more intense (base peak) than  the 
former. Fragments are obtained at m /z  891 for 
[(M +N a) -  146]+ and/or [(M +  39K) -  162]+, m /z  907

for [(M + 3 9K) -  146]+, resulting from the loss 
o f a monorham nosyl residue and at m /z  875 
[(M + N a) -  162]+, due to loss of the glucose resi­
due. The fragments generated by the loss o f two 
rhamnosyl residues are also present at m /z  745 for 
[(M + N a)-2 9 2 ]+ and m /z  761 for [(M +  39K )-2 9 2 ]+. 
In this case, these signals were certainly due to 
cleavage of the two term inal rham nose units, 
probably in the sam e way as the FD -M S o f poly­
phyllin E. Ions at m /z  599 and 583 also are p ro ­
duced which can be explained by [ (M + 39K ) - 2 x  
146 -  162]+ and [(M + N a) — 2 x 146 — 162]+ signals. 
These are formed by the loss o f all term inal m ono­
saccharides leaving diosgenin m ono-rham noside as 
residue. In this m anner the attachm ent o f rham nose 
to the diosgenin at C-3 is confirm ed. This type o f 
signal is sim ilar to that in the FD  of 3. The aglycone 
ion was obtained by a very weak signal at m /z  421 
due to cleavage o f the molecule at C-3. H ydrogen 
transfer and subsequent N a+ attachm ent gives 
the [(M +  Na) -  616]+ ion. F urtherm ore, the 
[(M +  H ) - 6 1 6 ] + ion is observed at m /z  399 and 
clearly indicates the protonated aglycone. The 
doubly-charged ions were obtained in this case 
at m /z  530 for [M +  2 N a ]2+ and m /z  538 for 
[M + N a +  39K]2+, again the latter ion peak was 
more intense (base peak) than the former. This once



206 H.-R. Schulten et al. • Field D esorption and Fast Atom  B om bardm ent Mass Spectrom etry

V T " -  0 - 4 - H  0  i

h° ^ y
OH

100-,
80

6 0 -

4 0 -

20

v 7 ^ o-7 > '„

OH I 
OH

[M . 2 Na]** 

530

[(M »Nq.39K )-162]*‘ ^  

457 522 

[(M* 2 N a)-162]** j  [(M t 2 39K )-162j 

<-----------465
399

333 349 384

-V/J -y Ifr. k 1
340 380 400

495

, , ^ —r 
500

Mol. wt. = 1014.540

[M ♦ Nq»39k]**

538

[(M . N a)- 2x 146 -162]*  

583

545

-g 1 0 0 -, 
cDn
< 8 0 -  «
o  60
a<er

4 0 -

2 0 -

450

[(M* Na)- 146]*

[(M -39 K) -16 2] *
891

|[(M «39K)- 146]*

[(M .N a)-2x 146]*[|M* Nq |-162] ^ 9°?

745

■ i—r 
550

563I
L

599

675

o 
— J

C"-

0 650
1 1 1 1 

700

|[ m * 39k]*  
1053

875

729 i u t t ,,;. j  i U . T
918

720 750 800 900

Fig. 6 . FD mass spectrum of polyphyllin F. m/ z
1050 1100

again supports the correct assignm ent o f the m olec­
ular weight. O ther doubly-charged ions were also 
present as in the FD spectrum  of 3 at m /z  457 for 
[(M +2N a) -  146]2+, m /z  465 for [(M + N a +  39K)
-  146]2+ and at m /z  392 for [(M + N a +  39K) -  292]2 + 
and at m /z  384 for the [(M + 2N a) — 292]2 + ion. At 
higher em itter heating currents (3 0 -3 2  mA), a 
second saponin with mol. wt. 1060 was detected in 
this specimen of 4. Initially, this accom panying 
substance, with an [M +  N a]+ ion at 1083, looses 
methanol to give m /z  1051. The loss o f one (m /z  937) 
and two (w /r7 9 1 ) rhamnosyl residues is observed 
and, in addition, cleavage o f a term inal hexose at 
m /z  921. Since the [M +  2 N a]2+ ion at m /z  553 is 
clearly discerned, the presence o f this m inor adm ix ­

ture is reliably detected and dem onstrates the 
potential of FD-M S for purity control.

Polyphyllin G

Polyphyllin G (3-0-{-a-L-rham nopyranosyl(l ->• 3)- 
[a-L-arabinofuranosyl(l -*■ 4)]-/?-D-glucopyranosyl} 
26 - O - [ß- d - glucopyranosyl] - (25 R) - 22 - a-m ethoxy - 
furost-5, en-3/7, 26-diol, 5) is a furostanol saponin. 
The FD mass spectrum  of this com pound in Fig. 7 
shows that the N a+ and K+ ions are attached, as 
usual, to the com plete molecule as well as to its 
fragments. The [M +  N a]+ ion at m /z  1071 is not 
obtained as base peak. The relatively low ab u n ­
dance of this peak is due to the very easy elim ina­
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tion of MeOH from the 22-a-position o f the sapo- 
genin, producing a base peak at m /z  1039 cor­
responding to [(M +  N a) -  M eOH]+ ion. This type 
of loss of MeOH or EtOH from the 22-a-position is 
a very feasible elim ination in EI-MS of the m ethyl­
ated as well as acetylated derivates o f furostanol 
saponins, in which case, M +’ ions did not appear at 
all [5]. Thus, in FD-M S of pennogenin glycosides, 
the elimination of H20  from the 17-OH group was 
responsible for producing the base peak for the 
[(M + H ) —H 20 ] + signal rather than [M +  H]+ [8 ]. 
The assignment of m olecular weight 1048 is suppo rt­
ed also by the presence o f a signal for [M +  2 N a ]2+ 
at m /z  547. O ther doubly-charged ions are also 
present at m /z  531, and 539 corresponding to

[(M + 2N a) — M eOH]2+ and [(M +  N a + 3 9K ) -  
MeOH]2+ respectively; these too are in close agree­
ment with the assigned m olecular weight. The 
following structural inform ation has been obtained 
from the other fragments: (1) An intense fragm ent is 
obtained at m /z  907 due to the loss o f 132 mass 
units from the [(M +  N a) — M eOH]+ ion via the 
described protonation process, which suggests that 
arabinose is a terminal sugar. The very high intensity 
o f this signal with respect to o ther sugar losses also 
gives some inform ation regarding the furanose 
structure of the arabinose. Since the sugars having 
furanose structure are m ore easily hydrolysable than 
the pyranose sugars, this also supports the above 
observation. The cleavage m echanism  for the glyco-
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sidic linkage of the sugars in FD-M S is alm ost sam e 
as that in the acid solvolysis which proceeds by 
protonation as described recently by Komori et al. 
[9]. The signal at m /z  923 is due to 3 9K+ attachm ent
i.g. [(M + 39K) -  MeOH -  132]+.

(2) The cleavage of the molecule 5, losing one 
terminal rhamnose and producing a peak at m /z  893 
corresponding to ion [(M +  Na) -  M eOH -  146]+.

(3) Loss of 162 units from the parent fragm ent fur­
nishes an ion at m /z  877 [(M +  N a) -  M eOH  — 162]+ 
and can be explained by the elim ination of a term inal 
glucose unit attached at C-26. The intensity o f this 
signal is weak as com pared to the above two signals, 
probably due to /7-linkage.

(4) Following the elim ination o f M eOH, the 
signals obtained by the loss o f two sugar units at 
m / z l 6 \ ,  745 and 731 can be explained by the 
cleavage of 5 and give [(M + N a) — M eOH — 278]+, 
[(M +  N a ) -  MeOH -  294]+ and [(M +  N a ) -  
MeOH -  308]+ ions, respectively. Sim ilarly weak 
signals for potassium attachm ent are detected, 
e.g. m /z 111 for the [(M + 39K) -  M eOH -  278]+ ion.

(5) Two weak signals corresponding to mass 
units 576 and 560 represent the cleavages at C-3 of 
the sapogenin with and w ithout the adjacent glyco- 
sidic oxygen. In the form er cleavage, the steroidal

moiety is with the glycosidic oxygen as usual reac­
tion, whereas in the latter case, the steroidal m oiety 
looses its bridging oxygen of the ether linkage.

On the basis o f above data, the presence o f one 
glucose unit at a position other than C-3 o f the 
aglycone is evident. The only other position avail­
able in the diosgenin molecule for glycosidation is 
C-26. Thus, the glucose unit m ust be present at 
C-26 of diosgenin, forming a furostanol derivatives 
with the methylation of the 2 2 -hydroxy group. 
It is noteworthy that even after careful purification , 
the sample still contains traces of other saponins 
with mol. wts. o f 1030 and 1044, which can easily be 
detected using FD-MS.

In Fig. 8 , a survey of the ions generated by FAB- 
MS of 5 is given. In the recorded mass range 
between m /z  300 and m /z  1100, a great p lurality  o f 
signals is detected. However, taking into account the 
FD results the interpretation of the FAB mass 
spectrum is straightforward:

(1) An intense fragm ent is obtained at m /z  885 
due to the loss o f 132 mass units from the 
[(M + H) — MeOH]+ ion and this indicates the loss 
o f the terminal arabinose. A lthough sodium  
chloride was added to the glycerol/m ethanol m atrix 
o f 5 and an intense [M +  N a]+ ion at m /z  1071 was

397 U\ 5

Fig. 8. Original plot o f the FAB mass spectrum o f 5 obtained by accumulation on a multichannel analyser in the mass 
range 300 to 1100.
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Fig. 9. Original plot o f  the FAB ions in the molecular ion region o f 5, recording conditions as described for Fig. 8.

detected in this FAB mass spectrum , the sequence- 
specific signals in the oligosaccharidic chain are 
derived from the protonated  com plex after 
elim ination of m ethanol. The corresponding 
[(M + H ) -  MeOH]+ ion is the m ost abundant type 
o f ion in the mass range above m /z  415.

(2) The cleavage of the m olecule 5 losing the 
terminal rhamnose, produces a peak at m /z  871 for 
the [(M +H ) -  M eOH -  146]+ ion.

(3) Loss of 162 mass units from the parent 
fragment gives an ion at m /z  855 corresponding to 
elim ination o f the glucose m oiety attached at C-26. 
As shown in Fig. 8 , the relative abundances o f these 
ions for the three term inal sugar cleavages are quite 
sim ilar in FAB-MS.

(4) Following the elim ination of M eOH and 
protonation of the rearranged molecule, the 
loss of two sugars can be derived from the 
[(M +H ) -  MeOH -  278]+, [(M +  H) -  M eOH -  294]+ 
and [ ( M + H ) -  M eOH -  308]+ ions at m /z  739, 
m /z  723 and m /z  709, respectively. Their intensity, 
however, is fairly close to the chem ical noise level

produced in the FAB process and the ir assignm ent 
for an unknown com pound would be difficult.

(5) In contrast to FD-M S, the FAB mass spectrum  
shows very intense signals generated by cleavages at 
the C-3 of the sapogenin with and w ithout the 
adjacent glycosidic oxygen. This loss o f the tri- 
saccharidic chain is clearly revealed at m /z  577 and 
m /z  561. Furtherm ore, very high abundances for the 
aglycone and ist product after w ater elim ination  are 
shown at m /z  415 and 397, respectively. This o bse r­
vation is consistent w ith the results described above 
for compounds 1 -3 .

In order to confirm  the m olecular w eight d e te r­
mined by FD-MS, it was o f interest to have a closer 
look at the m olecular region of 5 by FAB. As show n 
in Fig. 9, selection o f a sm aller mass range (m /z  997 
to m /z  1054), repetitive m agnetic scanning and 
recording of the FAB ions on a m ultichannel 
analyser gives a sim ple overview. The prom inent 
ion is the [(M + H ) -  M eOH]+ at m /z  1017, w hich 
has been described above as starting point for sugar 
sequencing. The [M +  H]+ ion at m /z  1049 is ju s t
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detectable above the noise level. If the accom pany­
ing com pounds of 5 detected by FD -M S are furo- 
stanol saponins (mol. wts. 1030 and 1044), their 
products after MeOH elim ination could be derived 
from the ions at m /z  999 and m /z  1013.

In sum m arizing these prelim inary results of 
FD- and FAB-MS of saponins, it appears that the 
dilution o f sample molecules in the glycerol m atrix 
is a crucial effect. The results are firstly, a reduction 
of the influence of surfaces secondly, reduction of 
bimolecular (or biionic) reactions and thirdly, 
sample supply to the actual target area by diffusion 
and thermal convection. W hereas in FD-M S of sapo­
nins m ultiply-charged ions are generally prom inent, 
for instance [M + 2N a]2+, this type o f ion could not 
be detected by FAB.

Experimental

The FD and FAB m easurem ents were perform ed 
on a type 731 Finnigan MAT double-focusing mass 
spectrometer equipped with a com bined com mercial 
E I/FD /FA B  ion source.

For FD-MS the emitters used were 10 |am tungsten 
wires activated at high tem perature. The length of 
the carbon microneedles was 40 (.tm on average. The 
molecular ion of acetone (m/z  58) was used for 
adjustment and calibration o f the em itter. All 
spectra were produced using d irect heating o f the 
emitter by a heating current. The sam ple was trans­
ferred to the em itter by the m odified syringe 
technique and in general 1 to 3 jag o f sam ple 
material were deposited on the center o f the front 
side of the em itter. The applied potentials were 
+ 8 kV for the field anode and - 4 k V  for the 
opposing cathode plate. The FD  ion currents were 
recorded electrically in com bination with the 
Finnigan SS 200 data system. All spectra were 
acquired at a mass resolution o f about 2 0 0 0  ( 1 0 % 
valley definition).

For FAB-MS the instrum ent was equipped  with a 
FAB pushrod introduction system and a saddle field 
ion gun and power supply (Ion Tech Ltd.. Tedding- 
ton. England) m odified by F innigan MAT for

neutral beam production. The atom  gun was 
mounted on the laser port o f the ion source housing
[23] resulting in an atom beam  perpendicu lar to the 
beam of FAB ions leaving the ion source. X enon o f 
a purity ^  99.99 vol% (M esser G riesheim , D üssel­
dorf. FRG, article nr. 816078) was used as collision 
gas. The Xe+ current ou tpu t on average was 
0.05 m A  The samples were supplied to the copper 
target in methanol solution and mixed w ith glycerol 
under optical control w ith a stereom icroscope 
(magnification ~  x 30). The recording o f the FAB 
ions was as described above for FD -M S with the 
exceptions of Figs. 8  and 9 which were accum ulated  
on a multichannel analyser (C anberra Industries, 
Inc., Meriden, CT 06450, USA).

Conclusion

The role o f FD-M S in determ inations o f the 
molecular weights of the therm ally labile saponins
[24] is further enhanced by elucidating the sequence 
of sugar units and also the characteristic behav iour 
of furastanol saponins. The relative abundances of 
the peaks suggest the configuration and ring size of 
the sugar units. Studies o f the fragm entation  pattern  
obtained in FD-MS thus assist structural work on 
saponins.

The additional use of FAB-MS as a confirm atory  
and supporting method puts our results on a second 
footing. Unambigeous m olecular weight de te rm in a­
tion and elucidation o f the sugar sequence of 
saponins appears feasible. A lthough m atrix  and 
sample effects play an im portan t role [25], the com ­
bination of FD /FA B is thought to be an efficient 
analytical tool for natural p roduct analyses.
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