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ABSTRACT 

has been demonstrated with a newly developed analytical high speed planet 
centrifuge system (HSCCC). 
mass spectrometry (MS) provides a new analytical methodology which integrates 
the advantages of countercurrent chromatography with the low detection 1 imi t 
and identification capability o f  mass spectrometry. 
spray HSCCC/MS has been successfully demonstrated in the identification of 
plant alkaloids and lignans. In this paper, the technique proved useful in 
identifylng and validating the bio-active and structural closely related tri- 
terpenoid carboxylic acids from a crude extract of Boswellia carterii (Bur- 
seraceae). Thermospray HSCCC/MS can become a useful and c o m p l y  method 
to thermospray HPLC/MS for the analysis of nonvolatile or thermally unstable 
molecules. 

The versatility and high resolving power of countercurrent chromatography 

Interfacing countercurrent chromatography with 

The capability of thermo- 
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INTRODUCTION 

The separation of multicomponent mixture by differential partition 

In spite of the between two immiscible solvents has long been recognized. 

limitations of traditional countercurrent distribution methods which prevailed 

in the late 1950's and early 1960's, its remarkable ability to resolve mix- 

tures was clearly demonstrated in the fractionation o f  commercial insulin 

(molecular weight 6000) into two subfractions which differ only by an amide 

group [I]. 

In recent years, significant improvements have been made to enhance the 

performance and efficiency of countercurrent methods [Z] . 
high speed CCC (HSCCC) utilizes a particular combination of coil orientation 

and planetary motion which produces a unique hydrodynamic phenomenon of a 

unllateral phase distribution of two immiscible solvents in a coiled column. 

This hydrodynamic behavior can be effectively applied to perform a variety of 

countercurrent chromatographies, including true countercurrent [3] and foam 

countercurrent methods [4]. Recently, development of high speed CCC (2000 

rpm) has provided the CCC system with the higher efficiency required for ana- 

lytical work. The separation achieved is approaching HPLC in terms of resolu- 

tion and speed [5]. We have successfully applied the HSCCC system in the 

separation of plant alkaloids, plant indole hormones, herbicides and bioactive 

lignans. One distinct advantage of HSCCC is that no complications arise from 

solid supports, such as adsorptive sample loss, deactivation and contamina- 

tion. 

The newly developed 

Because of the two phase solvent system commonly employed in HSCCC often 

consists of organic phase and aqueous phase, it is well suited to thermospray 

mass spectrometry (HSCCC/MS). 

a versatile and widely applicable detection technique. 

detectlon rather than more conventional detectors such as UV for HSCCC is Its 

independance of a UV chromophore and its ability to identify peaks. 

Mass spectrometry (MS) is generally regarded as 

The advantage of MS 
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TRITERPENOIC ACIDS FROM BOSWELLIA CARTER11 2391 

I n teg ra t i on  o f  the HSCCC t o  the  mass spectrometer a l lows spectra t o  be 

acquired continuously. I n  add i t ion ,  I nd i v tdua l  chromatographic peak need no t  

be pure t o  acquire mass spectra f o r  i d e n t i f i c a t i o n .  

e x p l o i t s  t h i s  advantage i s  t o  use reconstructed s ing le - ion  p l o t s  i n  which a l l  

o f  t he  ions  o f  a given m/z value a re  p l o t t e d  against  r e t e n t i o n  time. I f  the  

i n t e n s i t y  o f  a reconstructed s ing le - i on  p l o t  f o r  a g iven m/z does no t  r i s e  and 

f a l l  i n  accordance w i th  a peak i n  the  t o t a l  i o n  cu r ren t  chromatogram ( T I C ) ,  

then o the r  components are present. 

v ides data on t race  components t h a t  a re  not e a s i l y  obtained i n  the  o f f - l i n e  

techniques due t o  l i m i t e d  reso lu t ion .  

One technique t h a t  

Also the  on - l i ne  HSCCC/MS technique pro- 

I n t e r f a c i n g  countercurrent chromatography w i t h  thermospray [6] mass spec- 

t rometry appears incompatible due p r i m a r i l y  t o  the  back pressure(500-1000 p s i )  

generated by the  heated thermospray vaporizor, which exceeds the  pressure 

1 i m i t a t i o n  o f  the countercurrent system. 

system provided no t  on ly  the  e f f i c i e n c y  b u t  a l s o  the  pressure to le rance 

requ i red  f o r  the  HSCCC/MS coupling. 

cond i t i on  w i t h  a v o l a t i l e  b u f f e r  (e.g., ammonium acetate) used i n  HSCCC p ro-  

v ides the  best thermospray MS s e n s i t i v i t y  [7] and the  minimum losses i n  chro- 

matographic reso lu t i on  t y p i c a l l y  observed i n  HPLC when the  mobi le phase i s  

switched t o  higher aqueous percentages. 

U n t i l  r cen t l y ,  development o f  HSCCC 

I n  add i t ion ,  t he  h igh  percentage aqueous 

The HSCCC/MS technique has been success fu l l y  app l ied  i n  the ana lys is  o f  

b io -ac t i ve  p l a n t  a l ka lo ids  [8] and l ignans [9]. 

app l i ca t i on  o f  thermospray HSCCC/MS i n  the i d e n t i f i c a t i o n  o f  b io -ac t ive  tri- 

terpenoic acids from Boswellia c a r t e r i i ,  a t r a d i t i o n a l  Chinese herbal medicine 

f o r  treatment o f  rheumatoid a r t h r i t i s  and cancers. 

This paper descr ibes the  

EXPERIMENTAL SECTION 

Reagents and Mater ia ls  

Ethanol and n-hexane used f o r  p repara t ion  o f  the  two phase so lvent  sys- 

tems were g lass  d i s t i l l e d  chromatographic grade purchased f rom Burdick and 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



2392 LEE ET AL. 

Jackson Laboratorles,  Inc. , Muskegon, MI. 

two phase solvent system composed of n-hexane, e thanol ,  and water with a 

volume r a t i o  of 6:5:1. 

oughly equ i l ib ra t ing  t h e  solvent mixture i n  a separa tory  funnel a t  room tem- 

pera ture  followed by f i l t r a t i o n  and degassing with a 5 pm f i l t e r .  

Analytical High Speed CCC: 

Experiments were performed w i t h  a 

The two phase solvent system was prepared by thor -  

A newly developed ana ly t ica l  high speed p l ane t  cen t r i fuge  equipped with a 

The system is  

A Waters 6000A HPLC 

mul t i layer  co i l  column of 0.85 mm i.d PTFE tubing was employed. 

capable of revolution a t  2000 rpm with a 5 cm radius  [3]. 

pump (Waters Associates,  Milford, MA) was used f o r  t he  mobile phase. 

de tec t ion  was achieved w i t h  an ISCO Model 1840 (Lincoln, Nebraska) Variable 

Wavelength UV-Vis absorbance de tec tor .  The column was f i r s t  f i l l e d  w i t h  t h e  

s t a t iona ry  phase (upper phase): then the  mobile phase (lower phase) was pumped 

a t  0.7 mL/min while t h e  column was spun a t  1500 rpm. 

In jec ted  when the  HSCCC system had reached equi l ibr ium a s  ind ica ted  by a 

clean mobile phase e lu ted .  

Thermospray HSCCC/MS 

U V  

The sample so lu t ion  was 

The e f f luen t  from the  HSCCC (0.8 mL/min) was introduced i n t o  a Waters 

6OOOA pump through a zero  dead volume t e e  f i t t e d  with a reservoi r .  

pump was necessary t o  achieve the  solvent pressure  required f o r  thermospray. 

Also, s ince  the  HSCCC showed flow r a t e  va r i a t ions ,  the  thermospray Waters pump 

was operated a t  0.7 mL/min with the  reservoi r  providing e i t h e r  e x t r a  so lvent  

o r  venting excess so lvent  from t h e  HSCCC system. 

pump was mixed coaxia l ly  w i t h  0.3 M ammonium ace ta t e  added a t  0.3 mL/min t o  

provide the v o l a t i l e  buf fer  f o r  ion evaporation ion iza t ion  [lo]. T h i s  com- 

bined e f f l u e n t  ( t o t a l  of 1 mL/min) f i r s t  passed through a UV de t ec to r  (254 nm) 

then i n t o  the thermospray in te r face .  A t  lower HSCCC flow r a t e s  (0.3-0.6 

mL/min) the  pressure drop across the thermospray vaporizer was s u f f i c i e n t l y  

low t o  permit d i r e c t  coupling of the HSCCC e f f l u e n t  t o  the  thermospray in t e r -  

The Waters 

The e f f l u e n t  from t h e  Waters 
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TRITERPENOIC ACIDS FROM BOSWELLIA CARTER11 2393 

face w i thou t  the  use o f  the  booster HPLC pump. 

and UV de tec t ion  o f  the  HSCCC e f f l u e n t  was maintained as descr ibed above. 

Post column a d d i t i o n  o f  buf fer 

The thermospray i n te r face  (Vestec, Houston, TX) was i n s t a l l e d  on a F inn i -  

gan 4500 quadrupole mass spectrometer. 

c o n t r o l l e r  and read-out. 

source and aerosol ( j u s t  past  t he  i o n  e x i t  cone). 

heaters were used i n  the  source and the  vapor izer  was d l r e c t l y  heated. The 

thermospray i n t e r f a c e  was operated a t  a source temperature o f  250°C and a 

vapor izer  temperature t o  maximize the  HPLC so lven t  c l u s t e r s  (about 17OOC). 

The so lvent  c l u s t e r  has been shown t o  co-maximize w i t h  the  ana ly te  being ana- 

lyzed.7 This i n t e r f a c e  d i d  not requ i re  any s p l i t t i n g  o f  t he  HSCCC e f f l u e n t .  

The la rge  volume o f  solvent was pumped out  o f  t h e  source wi th a l i q u i d  n i t r o -  

gen c o l d  t r a p  p r i o r  t o  the  mechanical rough pump. Both negat ive  and p o s i t i v e  

i o n  de tec t i on  us ing  i o n  evaporation i o n i z a t i o n  and chemical i o n i z a t i o n  ( C I )  

were employed f o r  the analysis.  The f i l amen t  was operated a t  1000 V w i t h  a 

0.15 mA emission current.  

w i t h  polypropylene g l yco l  (AMW 1000). 

The i n t e r f a c e  inc luded a temperature 

The temperature zones monitored were the  vapor izer,  

E l e c t r i c a l  c a r t r i d g e  

The mass c a l i b r a t i o n  o f  the  quadrupole was v e r i f i e d  

RESULTS AND DISCUSSION 

The HSCCC/UV chromatogram f o r  the  crude t r i t e r p e n o i c  ac ids  from Boswel l ia 

c a r t e r i i  shows the  th ree  d i s t i n c t  peaks (Figure 1). 

used t o  a i d  i n  t h e i r  i d e n t i f ' c a t i o n s  and f u r t h e r  i d e n t i f i e d  the  minor compo- 

nents present i n  the  ex t rac t .  

(Figure 2) was h e l p f u l  i n  de tec t i ng  seven t r i t e r p e n o i c  ac ids  from Boswel l ia  

c a r t e r i i .  

on the  thermospray p o s i t i v e  and negat ive ton spectra (Table 1). 

HSCCC/UV s igna ls  were i d e n t i f i e d  as BC-2, BC-3 and the  unresolved mix tu res  o f  

BC-4 and BC-5 uslng HSCCC/MS. 

the  d i f f e r e n t i a t i o n  o f  BC-4 from BC-5 (Table 1) as we l l  as enabled the  detec- 

Thermospray HSCCC/MS was 

The HSCCC/MS selected i o n  chromatograms 

The t e n t a t i v e  i d e n t i t y  of  each t r i t e r p e n o i c  ac id  was assigned based 

The major 

The use o f  negat ive i o n  MS de tec t i on  enabled 
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Apparatus: Analytical HSCCC (5 cm rev. radius) 
Column: Multilayer coil (0 = 0.5 - 0.8) 

0.85 i.d., 38 mL capacity 
Solvent 
System: Hexane:Ethanol:H20 (6:5:1) 
Revolution: 1500 rpm 
Flow Rate: 
Sample: crude triterpenoic acids 

1.0 mLlmin (lower phase) 

0 -  dh 0 r ,  2 4 , 6 , 8 , 10 , 12 , 14 , 16 , _ .  18 20 2> 24 26 28 

Fraction (1.5 minlfraclion) 

Figure 1: Ana ly t i ca l  High Speed Countercurrent Chromatogram 

t i o n  o f  a t race  component--2 da l tons  lower than BC-4 and BC-5. The a d d i t i o n  

o f  a double bond t o  BC-4 and BC-5 appears t o  be resu l ted  from dehydrat ion of 

the  C - 1 1  hydroxyl group. 

o f  these fou r  components accounts f o r  t h e i r  c lose  r e t e n t i o n  t imes by HSCCC, 

r e s u l t i n g  i n  one broad peak using UV detect ion:  and the  r e l a t i v e l y  long re ten-  

t i o n  accounted f o r  the  wide peak w id th  f o r  the  components a t  the  end o f  t he  

i o n  chromatogram. Add i t i ona l l y ,  t he  small ea r l y  e l u t i n g  peak (BC-1) was 

detected by CCC/MS and i d e n t i f i e d  as 11-keto d e r i v a t i v e  o f  BC-5 (Table 1). 

This was confirmed by NMR analysis.  The s i m i l a r i t y  

The thermospray spectra o f  t h e  t r l t e r p e n o i c  ac ids  were r e l a t i v e l y  simple 

(Table 1).  They exh ib i t ed  [M + NH4]+ and [M +HI+  i o n  and fragment i o n  from 
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m h  455 BC-2 

100 - 
- 

.$ 100- 
C 

C 
2 - -  
,$ 
c - 

100 - I 

[M+HI+ MW 454 

-. ".ha - i- 

m h  467 B c-3 
[M + NH4 - OAcl + 

MW 520 

L 

Figure 2: CCC/MS Selected Ion Chromatograms 

- 

losses of H20, CO2 and acetate (OAc). The negative ion spectra exhibited [M + 

OAc]- and [M - H I -  ions with no significant fragmentation. While negative ion 

detection sensitivities were significantly lower than positive ion detection 

(factor of 10 lower), the acquisition of negative ion spectra for BC-4 and 

BC-5 proved vital for this identification. The positive ion spectra of BC-4 

and BC-5 were similarly due to clustering of BC-4 with acetate and BC-5 with 

[NH4]+, while the negative ion spectra resulted in two ions for confirming 

molecular weight (e.g., [M -HI- and [M + OAc]-). 

B c-4 mlz 514 

[M - H+ OACI - 
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+ + + B I w  BZkss 
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CONCLUSION 

The coupl ing of HSCCC t o  MS i s  i n  i t s  e a r l y  stages and new ref inements 

are con t inua l l y  being made. Thick-wal led tub ing  and connections t h a t  w i th -  

stand t h e  h igh  back pressure (roughly 600 p s i  a t  1.0 ml/min) o f  thermospray MS 

w i l l  make HSCCC/MS m r e  convenient and easy t o  use. 

capable of operat ing a t  4,000 rpm has been developed i n  the  Laboratory o f  

Technical Development a t  the U.S. Nat ional  I n s t i t u t e s  o f  Heal th which should 

ra i se  the  separat ion c a p a b i l i t i e s  o f  t he  technique. 

An a n a l y t i c a l  CCC system 
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