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The in f lo rescences  of M a t r i c a r i a  chamomi l l a  L.  (German  camomile} have long been used  as a raw 
m a t e r i a l  fo r  the product ion of e s sen t i a l  oils [1]. The other  biological ly act ive subs tances ,  inc lud ingcarbo-  
hydra tes ,  have been studied inadequately.  

We have invest igated the monosacchar ide  composi t ion of the wa te r - so lub l e  po lysacchar ide  of this 
plant i which, accord ing  to the r e su l t s  of pha rmaco log ica l  t e s t s  p e r f o r m e d  in the l abora to ry  of the p h a r m a -  
cology of phys io logica l ly  ac t ive  subs tances  of KhNIKhFI [Khar 'kov Sc ien t i f i c -Resea rch  Inst i tute of P h a r m a -  
ceut ical  Chemis t ry ]  (G. V. Obolentseva) p o s s e s s  pronounced an t i - in f l ammato ry ,  emoll ient ,  and enveloping 
p r o p e r t i e s .  

The nondeminera l ized  po lysacchar ide  was hydrolyzed with 1 N sulfur ic  acid, and the hydrolyzate  was 
ch romatographed  on pape r  in s e v e r a l  solvent s y s t e m s .  It was found that  the po lysacchar ide  contains seven 
monosaccha r ide  components  (Table 1). 

The po lysacchar ide  was demine ra l i zed  by t r e a t m e n t  with KU-2 ca t ion-exchange r e s in  (H~ and AV-17 
anion-exchange r e s in  (HCO3-}. A g ray-whi te  powder  was obtained which had the p r o p e r t i e s  of an organic  
acid with pH 3.35. The amount of ga lac turonic  anhydride in it was 457o by poten t iomet r ic  t i t ra t ion  [2]. Since 
the po lysacchar ide  complex contains a cons iderable  amount of galacturonic  acid, we used ext rac t ion  with a 
mix tu re  of 0.257o solutions of ammonium oxalate and oxalic acid (equal volumes} as  p roposed  by Bishop for  
the isolat ion of ac ids  of the glycuronoglycan type of pect ins  [3]. A po lysacchar ide  differ ing only very  slightly 
in i t s  content of uronic  and hydride  (51.37O} was obtained. 

To es tab l i sh  the quanti tat ive ra t io  of the neut ra l  sugars  p re sen t  in this po lysacchar ide  and to inves t i -  
gate the op t imum conditions for  the i r  isolation,  we studied the hydro lys i s  of a sample  to monosaccha r ides  
by taking f rac t ions  of the subs tance  that  had r ema ined  unchanged af ter  definite in terva ls  of t ime .  The f r a c -  
t ions  we re  pur i f ied and were  then decomposed  with acid.  The resu l t ing  hydro lyza tes  we re  chromatographed  
(see Table  1}. The f igures  in the table  show that  the spli t t ing off of the neut ra l  suga r s  of the po lysacehar ide  
was comple te  between the 8th and 9th hour .  
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TABLE 2 

Value of Rin ~uantitative c o m p o * ~  
relation to Ioligouronidea in the hydrolyzates as 
galactutonic [~fI~WD.QjI_Q~he t ~  of hy0rolysis 
acid for the | time, h . . . . . . .  
oli~ouronides I . . . . .  inv'b.,Iti.gatexi | 8 12 16 20 34 

0,19 -- _-- 0, 0 ++ ++ +: + 
0,80 
,00 + ; + 

Note. The R va lues  for  the inves t i -  
gated compounds were  obtained in 
s y s t e m  3. 

The products  of pa r t i a l  hydro lys i s  a f t e r  t r ea tmen t  with 
1 N sulfuric  acid for  8 h were  found to contain galacturonlc  
acid and oligouronides (Table 2). In the nature  of the dynamics  
of hydro lys i s  (see Table 2), the po lysacchar ide  complex of the 
camomi l e  is hydrolyzed by a s t rong  mine ra l  acid in the s ame  
way as known pect ins [4]. 

The amounts of neu t ra l  monosacchar ides  in the hydro lyz-  
a te  of the polysacchar ide  were  de te rmined  by the method of G. N. 
Za i t seva  and T. G. Afanas ' eva  [5] (Table 3). 

To isolate and identify the individual monosacchar ides ,  the 
de te rmined  complex of the po lysacchar ides  was hydrolyzed with 
sulfur ic  acid, the react ion  mix tu re  was neut ra l ized  with ba r ium 
carbonate ,  and the bar ium sa l t s  of the galacturonides  were  sepa -  

ra ted  off and galacturonic  acid was then obtained f r o m  them.  The neutra l  hydro lys i s  products  were  sepa-  
rated on a column containing a powder of degraded cel lulose using w a t e r - s a t u r a t e d  b u t a n - l - o l  as  eluting 
solvent [6]. The phys icochemica l  p r o p e r t i e s  of the monosaechar ides  isola ted a r e  shown in Table  3. 

Substance (VII) is p resen t  in the hydrolyzate  in the fo rm of t r a c e s  (0.25%) and its R value r e f e r r e d  to 
rhamnose  is 1.13 ( sys tem 1). 

For  a s t r ic t  identification of the uronic acid,  the po lysacchar ide  was pa r t i a l ly  hydrolyzed with 1 N 
sulfuric acid.  F rom the hydrolyzate  was i so la ted  the product  of pa r t i a l  hydro lys i s  - degraded polyuronic 
acid - and this was conver ted  into the methyl  e s t e r  and reduced with sodium t e t r ahydrobora t e  [7]. The de-  
graded polyuronic  acid was conver ted  into an a lmos t  neut ra l  glycan. The l a t t e r  was  hydrolyzed with 1 N 
sulfur ic  acid,  and galactose ,  a uronic acid, and an aldobiuronic acid were  detected by chromatography .  The 
act ion of concentra ted ni t r ic  acid on the mix tu re  of these acids [8] gave c ry s t a l s  of mucic  acid (see Table  
3). Af ter  the appropr ia te  working up, c r y s t a l s  of D-ga lac tose  fo rmed  f rom the D-galacturonic  acid were  
isola ted f rom the hydrolyzate .  

Thus, the r e su l t s  of a chemica l  invest igat ion of the po lysacchar ides  of the in f lorescences  of the Ger -  
man camomi le  have shown that  they contain seven monosacchar ides ,  D-galac turonic  acid being the main 
component.  

E X P E R I M E N T A L  

The polysaccharides were extracted from a standard raw material corresponding to the requirements 
of the State Pharmacopeia of the USSR (X-thed., Moscow, 1968). They were ehromatographed on paper in 
the following solvent systems: 1) butan-l-ol-pyridine-water (6 : 4 : 3); 2) butan-l-ol-ethanol-water (4 : 
1:5); 3) ethyl acetate-formic acid-water-acetic acid (18:1:4:  3), and 4) butan-l-ol-acetic acid-water 
(4 : 1 : 5). Paper of type "M" ["slow"] from the Volodarskii Leningrad mill.No. 2 was used. The optical ac- 
tivities of the carbohydrates were determined on a SPU-M spectropolarlmeter. 

The polysaccharides were dried in vacuum (12 h, residual pressure 0.03 mm Hg, 60-65°C). The ash 
content was determined on combustion as samples of the polysaccharides in a muffle furnace at 600°C. 

Isolation of the Polysaccharides. The comminuted camomile flowers were extracted with ethanol con- 
taining 5% of ether (1 : 15) for 2 h. Purification was performed twice. 

TABLE 3 
l mp's of the 

Component %2~ n°unt' mp,'C I[-}o.de: Sugar deriv ativ es [ deriv ative~, 
I 'c 

Galactutonic acid 45 154--156 

Galactose (II) 
Glucose (IH) 
Arabinose (IV) 
RX~alOSe (V) 

mnose (VI) 
Substance (VII) 

12,2 
2,3 

10,2 
20,8 
5,3 
0,25 

164--165 
144--145 
157--159 
143--145 
90--92 

+83,0 
+52,7 
+I04,0 
+93,6 
+8,1  

:D-Galactose 

Mucic acid 

Osouiazole 

Benzimidazole 
Osazone 

163--164 

108--110 

II0--III 
194--196 
68--70 

221 --223 
179--181 
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A. The polysacchartdes were extracted with hot wate r  (1 : 20) fo r  1.5 h. The ex t rac t  was f i l t e red  and 
t r e a t e d  with 96% ethanol (1.5 volumes) .  The prec ip i ta te  of po lysaccha r ides  was sepa ra t ed  off and was 
washed with ethanol and acetone .  Yield 5% on the weight of the raw ma te r i a l ;  ash  content 25%. 

B. The raw m a t e r i a l  was  ex t rac ted  with a mix ture  of equal volumes of 0.25% solutions of ammonium 
oxalate and oxal ic  acid (1 : 20). The remain ing  opera t ions  were  s i m i l a r  to those in method A. The yield of 
po lysaccha r ide  was 5.5%. 

P r e l i m i n a r y  Invest igat ion of the Products  of Acid Hydro lys i s  of the Po lysaccha r ide .  A solution of 
1 g of the nondeminera l ized  po lysacchar ide  in 50 ml  of 1 N sulfur ic  acid was heated in the boiling wa te r  bath 
fo r  8 h. The hydro lyza te  was neut ra l ized  with ba r ium carbonate ,  f i l te red,  and evapora ted  in vacuum to 2 
ml .  The hydro lys i s  p roduc t s  were  ch romatographed  on pape r  in s y s t e m s  1, 2, and 4 which led to the de-  
tec t ion  of galacturonic  acid,  ga lac tose ,  glucose,  a rab inose ,  xylose,  and rhamnose  and an unidentified mono-  
saccha r ide  (VII) (see Table  1). 

The monosacchar ide  composi t ions  of the wa te r - so lub le  po lysacchar ide  and that obtained by e x t r a c -  
t ion with 0.25% solutions of am m on i um  oxalate and oxalic acid were  the s ame .  

P repa ra t i on  of the Deminera l i zed  Po lysaccha r ide .  A solution of 10 g of the nondeminera l ized  poly-  
sacchar ide  in 100 ml  of wa te r  was pa s s ed  succes s ive ly  through columns (20x 180 ram) of KU-2 ca t ion-ex-  
change r e s in  (H'~ and AV-17 anion-exchange r e s in  (HCO~-). The m a t e r i a l  was  eluted with water .  The poly-  
s accha r ide s  were  p rec ip i t a ted  with ethanol (four volumes) .  The p rec ip i t a t e s  were  centr i fuged and were  
washed  with ethanol and a c e t o n e .  Yield 4 g, ash  content 0.5%, [a]}~° +158 ° (c 0.2%; water) ,  amount of ga lac -  
turonic  acid 45% according  to po ten t iomet r i c  t i t ra t ion  and amount of methoxy groups 3.8% by the Ze ise l  
method [9]. 

Stepwise Hydro lys i s  of the Po lysaccha r ide .  A. A solution of 4 g of the po lysacchar ide  in 200 ml  of 
1 N sulfur ic  acid was  heated in the boiIing wa te r  bath for  2 h. The hydrolyza te  was neut ra l ized  with b a r i u m 
carbonate  and f i l t e red .  The f i l t r a te  was evapora ted  to 20 ml,  the products  of pa r t i a l  hydro lys i s  were  p r e -  
cipi tated with 100 ml  of ethanol, and the p rec ip i t a te  was sepa ra ted  off. Then the f i l t ra te  was evapora ted  
to sma l l  volume and ch roma tog raphed .  The res idue ,  consis t ing of the products  of the pa r t i a l  hydro lys i s  
of the po lysaccha r ides  and the ba r ium sa l t s  of the galacturonic  acid, was th r ice  r ep rec ip i t a t ed  with ethanol 
and was used for  r ehydro lys i s .  These  opera t ions  were  repea ted  each 2-4  h (see Table  1). 

B. Four  0.1-g s amples  of po lysacchar ide  were  hydrolyzed as  desc r ibed  above for  8, 12, 16, 20, and 
24 h. The p rec ip i t a t e s ,  cons is t ing  of the products  of pa r t i a l  hydro lys i s  of the po lysacchar tde  and the bar ium 
sa l t s  of the ga lac turonic  acid,  were  sepa ra t ed  off and were  reprec ip i t a t ed  with ethanol.  The purif ied p r e -  
c ipi ta tes  were  each dissolved in 5 ml  of wa te r  and the solution was t r e a t ed  with KU-2 r e s in  (H ~) and f i l tered.  
The f i l t r a t e s  we re  evapora ted  and were  ch romatographed  on p a p e r  in s y s t e m  3 (see Table  2). 

Quantiat ive Determinat ion  of the Neutra l  Monosacchar ides .  A solution of 0.2 g of the po lysacchar ide  
in 10 ml  of 1 N sulfur ic  acid was hydrolyzed for  9 h as  desc r ibed  prev ious ly .  The hydrolyzate  was neu t ra l -  
ized with ba r ium carbonate  and f i l te red .  The f i l t ra te  was evapora ted  to 2 ml  and prec ip i ta ted  with 20 ml  
of 96% ethanol.  The prec ip i ta te  of ba r i um  sa l t s  of ol igouronides that  had f o r m e d  was f i l t e red  off, washed 
with 80% ethanol, and twice r ep rec ip i t a t ed  with ethanol f r o m  aqueous solution. The aqueous ethanolic f i l -  
t r a t e s  were  combined and evapora ted  in vacuum to d ryness .  The d ry  res idue was t r a n s f e r r e d  to a 5 -ml  
m e a s u r i n g  f l a sk  and wate r  was added up to the  m a r k .  This  solution was used fo r  the quanti tat ive d e t e r m i n a -  
t ion of the neut ra l  m onos accha r i de s .  The monosaccha r ides  were  sepa ra t ed  in s y s t e m  1 (see Table  3). 

Isolat ion of the Monosacchar ides .  The deminera l i zed  po lysacchar ide  (10 g) was hydrolyzed with 1 N 
sulfur ic  acid  as  desc r ibed  above.  The ba r ium sa l t s  of galacturonic  acid and of the ol igouronides were  used 
to i so la te  the galacturonic  acid, and the combined neutra l  monosacchar ides  (3 g) were  s epa ra t ed  on a column 
fi l led with a powder  of degraded cel lu lose .  

Isolat ion of Galacturonic  Acid. The ba r ium sa l t s  of  the galac turonides  (2.5 g) were  hydrolyzed with 
1 N sul fur ic  acid (1 : 50) in the boiling wa te r  bath fo r  20 h. The hydrolyzate  was neut ra l ized  with ba r ium 
carbona te  and was  f i l tered,  and the f i l t r a te  was evapora ted  to 12 ml .  The b a r i u m  sal t  of the galacturonic  
acid was prec ip i ta ted  with ethanol and was twice r ep rec ip i t a t ed  f r o m  aqueous solution and was then dr ied.  
The res idue  (2 g) was d isso lved  in 50 ml  of water  and the solution was p a s s e d  through a column of KU-2 
ca t ion-exchange  r e s in  (H+). The e luates  were  evapora ted  to d rynes s  and d isso lved  in 2 ml  of ethanol.  The 
galac turonic  acid that s epa ra t ed  out f r o m  the ethanolic solution was r e c r y s t a l l i z e d  f rom wa te r  (see Table  3). 
The oxidation of this subs tance  with concent ra ted  ni t r ic  acid gave mucic  acid with mp 208-210°C. 
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Separation of the Neutral  Sugars.  Mixtures of the neutral  sugars  (3 g in each case) were  each dis-  
solved in 3 ml of water  a~d deposited on a column containing a powder of degraded cel lulose (40x 900 mm).  
The sugars  were  separa ted  by elution with wa te r - sa tu ra t ed  butan- l -o l .  Fract ions  of 100 ml were  col lected 
and were  evaporated to dryness ,  and the qualitative composition of the monosacchar ides  in them was ana-  
lyzed by paper  chromatography in sys tem 1. Frac t ions  containing mix tures  of sugars  were  used for  r e -  
separat ion under s imi la r  conditions (the p roper t i e s  of the monosaccharides  isolated and the i r  derivat ives 
a re  given in Table 3). 

Identification of the Uronic Acid in the Fo rm of the Corresponding Hexose.  A. Isolation of a Pol~- 
sacchar idic  Acid. The polysacchar ide  (20 g) was hydrolyzed with 1 N sulfuric  acid for  9 h. The precipi ta te  
was separated f rom the liquid by centrifuging and it was washed with 1~ sulfuric acid, water,  ethanol, and 
acetone.  

B. Ester i f icat ion of the Polysacchar idic  Acid. The acid (8 g~ was es te r i f ied  in 200 ml of a 1 M solu- 
tion of sulfuric acid in methanol at +2°C for  16 days with periodic s t i r r ing .  The es ter i f ied  acid was f i l tered 
off and washed with ethanol until the react ion for  sulfate ion was negative and was then washed with e ther  
and dried at room t empera tu re .  Yield 7.2 g, [~]D +205°; proportion o f - O C H  3 groups 14.6%. 

C. Reduction of the Es ter i f ied  Acid. A suspension of 7~2 g of the acid in 180 ml of 80% aqueous etha- 
nol was t r ea ted  with 3 g of sodium te t rahydrobora te  with constant s t i r r ing .  The mixture  was left  at room 
t empera tu re  fo r  12 h, and the polysacchar ides  were f i l te red  off and were  washed with acidified methanol 
and then with methanol until f r ee  f rom chlorides,  and, finally, with e ther .  Yield 4 g. 

D. Isolation of D-Galactose .  The glycan (4 g) was hydrolyzed with 1 N sulfuric acid as descr ibed  
above for  4 h. The hydrolyzate  was neutra l ized with bar ium carbonate.  Then it was evaporated to small  
volume and the bar ium sal ts  of the acidic sugars  were precipi ta ted with ethanol and f i l tered off. On oxida- 
tion with concentrated ni tr ic  acid, the f i l t ra te  gave mucic acid (see Table 3). The f i l t ra te  contained only 
D-galactose,  which was c rys ta l l i zed  f rom ethanol, [~]D+83° (c 0.2%; water) ,  mp 163-164°C. 

CONCLUSIONS 

1. A polysacchar ide  has been isolated f rom the inf lorescences  of Mat r tcar ia  chamomll la  L.  It has 
been established that it is composed of D-galacturonic  acid (45%), D-galactose  (12.2%), D-gincose (2.3%), 
L - rhamnose  (5.3%), L-a rab inose  (10.2%), and D-xylose (20.8%). 

2. The information obtained pe rmi t s  the polysacchar ide  of the camomile  to be assigned to the class  
of pectin substances.  
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