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AN INVESTIGATION AND IDENTIFICATION OF POLYSACCHARIDES 

ISOLATED FROM ARCHEOLOGICAL SPECIMENS 

Vo Ya. B i r sh t e in  and V. M. T u l ' e h i n s k i i  UDC 547.941 

Carbohydra tes  may be p r e s e r v e d  undisturbed for  mil l ions and thousands of mill ions of y e a r s  in sed iment -  
a ry  rocks  and foss i l ized plant  and animal  res idues  [1-5]. Of the po lysacchar ides  in such spec imens  i t  is usually 
possible  to de te rmine  cel lulose,  chitin, and s ta rch  [1-4], but it  is not known how long the po lysacchar ides  of  
other groups,  especia l ly  gums,  r ema in  undisturbed.  P lant  gums were  widely used in antiquity for  p repa r ing  
pigments  [6], and therefore  the invest igat ion of an ex t remely  unusual m a t e r i a l -  po lysacchard ies  i so la ted  f rom 
f ragments  of paintings - will enable us to de te rmine  whether  gums r ema in  unchanged for  long per iods .  In the 
isolated exper imen t s  p e r f o r m e d  up to the presen t  t ime,  i t  has  not been poss ib le  to identify the po lysacchar ides  
found in ancient  paintings [7, 8]. 

Figure 1 shows the IR absorpt ion spec t r a  of compounds i so la ted  f rom spec imens  of wall paintings of the 
following Cent ra lAs ianbut ld ings :  a) Kara tepe ,  seeond- four theen tu r i e s ;  b) Pendzhikent ,  seventh-e ighth  cen tur ies ,  
c) Adzhinatepa, seventh century;  d) Toprakkal ,  th i rd- four th  centur ies ;  e) Khiva,  19th century.  A comparison of the 
spec t r a  has shown that they a r e  a l l  ve ry  s i m i l a r  and consis t  of typical  po lysaechar ide  spec t ra .  Thus,  in the 3400- 
cm -1 region there  is a broad and s t rong band of the s t re tching vibrat ions  of bound OH groups ,  and at 2800-3000 em-1 
the band of the s t re tching vibrat ions  of CH groups.  Two bands a re  obse rved  in the 1740 and 1620-1640 cm -1 
regions  in all the spec t ra .  The f i r s t  includes a band due to the s t re tching v ibra t ions  ofC ~ O g r o u p s  of unionized 
acids (some authors  assign them to hydrate  wa te r  [8]) and in the second there is the s t re tching vibrat ion of the 
carbonyls  of ionized acids forming complexes  with inorganic ions [9, 10]. In the 1400-1450 cm -1 region there 
is the band of the p lanar  deformat ion  vibra t ions  of CH groups,  but bands corresponding to the vibrat ions  of a 
carboxylate  ion may also p re sen t  he re  [10]. The s t re tching vibrat ions  of the skeleton of the molecule a re  
observed  in the 1000-1100 cm -1 region.  The dif ference of the spec t ra  in this region is probably due to inorganic 
impur i t i es  and, in pa r t i cu la r ,  to the p resence  of some t r aces  of gypsum (par t icular ly  the absorpt ion at  ~ 1000, 
1120, and 1140 cm -1) [11]. 

The cha rac t e r i s t i c  nature  of  the fea tures  of the spec t r a  for  po lysacchar ides  [7, 8, 10] emphas izes  their  
distinct s imi la r i ty  to the IR spec t rum of the gum of the apr icot  Armeniaca  vulgar is  (the gum was col lected in 
the town of Tashkent) which is also given in Fig.  l f .  The spec t r a  of the gums of the sour  che r ry  Prunus  c e r a -  
su___s, of  the m a z z a r d  che r ry  (Prunus avium),  and of the apr ico t  p roved  to be completely  identical ,  and therefore  
it is  imposs ib le  to distinguish the gums solely on the basis  of a compar i son  of  IR spec t r a .  

The s imi la r i ty  of compounds a and b was also conf i rmed by a study of the i r  composi t ion by pape r  and thin- 
layer  chromatography  (Table 1). The s a m e  main  components  - xylose,  mannose ,  and glucose  - were  detected in 
the two po lysacchar ides .  In g a s - l i q u i d  chromatography  (GLC) of der iva t ives  of a hydrolyzate  of compound b 
it  was found that i t  included, in addition to the monosacehar ides  a l ready mentioned,  considerable  amounts of 
galactose and glucuronic acid. Consequently,  in the cases  descr ibed  the gums of s imi l a r ,  but not identical ,  
plants were  apparent ly  used.  Since the spec t r a  of the sacchar ides  mentioned r e semble  the spec t r a  of the gums 
of f ru i t  t r e e s  (f) and are  given in the l i t e ra tu re  [7], hydrolyza tes  of  sour  che r ry  and apr icot  gums were  also 
analyzed by the GLC method. The composi t ions  of these gums proved  to be very  s im i l a r  (see Table  1), but the 
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Fig. 1. IR spectra  of polysacchar ides  isolated 
from paintings (a-eL and of apricot  gum (f). 

relat ive amounts of arabinose and galactose differed substantially: in a hydrolyzate of apricot  gum the rat io 
of the monosacchar ides  was 3.0 : 1.0, and in s o u r - c h e r r y  gum it was 2.3 : 1.0 (in the l i terature,  f igures of 1.0 : 
1.0 and 1.1 to 3.0 : 1.0, respect ively,  have been given [12-14]). These ra t ios  were calculated approximately 
f rom the areas  of the peaks of derivat ives of the monosacchar ides  on chromatographs.  Thus, the compositions 
of polysaechar ides  a and b are not s imi lar  to those of sour  cherry  and apricot.  At the same time, the gums 
of some t rees  of the genus Prunus consist  of xylose residues to the extent of more than 90% [12], and therefore  
it is  not excluded that polysacchar ides  a and b do nevertheless  represent  components of the gums of cer tain 
t rees of the family Prunoideae.  

Product  c is also a polysacchar ide ,  as is shown by its IR spectrum.  When a hydrolyzate of this poly- 
sacchar ide was chromatographed on paper ,  glucose,  xylose, and mannose were identified (see Table 1), the 
glucose spot having the s trongest  coloration. In this case,  also,  it is difficult to state which plant provided 
the gum used for the paintings. 

The spect ra  of polysacchar ides  d and e a re  par t icular ly  s imilar  to the spec t rum of apricot  gum. The 
s t ronger  absorption bands in the 1400-1420 and 1620-1640 cm -I regions in the spect ra  of these polysacchar ides  
are probably due to the presence of dissociated carboxyl ions [10], and the band at 1240 cm -1 to the presence  
of inorganic components.  When hydrolyzates  of these polysacchar ides  were chromategraphed in a thin layer  
of cellulose,  the monosacchar ides  present  in f ru i t - t ree  gums were found (see Table 1). Consequently, it can 
be stated that substances d and e most probably Consisted of s o u r - c h e r r y  or  apricot  gum. 

Thus, it is obvious that the polysaccharides  of plant gums are  capable under certain conditions of remain-  
ing largely undestroyed. This is shown by the s imilar i ty  of the composition and proper t ies  of the polysaccha-  
rides a and b, and also of d and e. In the f i rs t  case,  the polysacchar ides  were isolated from fragments  of the 
second-fourth and seventh-eighth centur ies ,  and in the second case from the th i rd-four th  and 19th centuries .  Po ly -  
saechar ides  a and b possess  s imi lar  p ropert ie s: In addition to the s imilar i ty  of their  IR spectra ,  both substances are  
poorly soluble in water  and they cannot be freed f rom inorganic impuritie s, with which they possibly form eomplexe s. 
Likewise, the proper t ies  of the polysacchar ides  d and e are  s imilar .  In par t icular ,  they are  readily soluble in 
water in spite of the fact that the age of one compound is more than 1500 y r  and that of the o ther  only 100 y r .  
The investigation of the composition of the polysacchar ides  isolated has shown that in some cases it is  possible 
to state f rom which plant gum the par t icu lar  polysaceharide derived. All the resul ts  mentioned once more 
emphasize the stability of carbohydrates  that has been reported by workers  in the analysis of palaeontological 
and geological specimens [1-5]. 

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

The polysacchar ides  were isolated in the following way. A fragment of a painting was ground, the resul t -  
ing powder was boiled with water for 10 min and the mixture was centrifuged, and the solid mat ter  was treated 
successively with 1 N HCI and 1 N NaGH. All these solutions were  combined, brought to neutrali ty,  and dialyzed 
against water  for 72 h. The dialyzate was evaporated in a ro tary  vacuum evaporator ,  and the IR spect ra  of the 
substances obtained were recorded on a P e r k i n - E l m e r  257 instrument,  1 mg of the sample being moulded into 
a tablet with 150 mg of KBr. 
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TABLE 1. 
f rom Archeological  Samples  and f rom Apricot  and 
Sour -Cher ry  Gums 

Composi t ions of Po lysaccha r ides  Isolated 

Polysaccharide ~rabinos~Rham~Xylose Man-iG1ucose balac-' 
l Jnose | nose I ~OSe I 

+ 
~,tro 

++ .+ ; 
+ 

:- + 
+ ,  + + 

a 

b 
C 

d 
e 

Apricot gum 
Sour=cherry gum 

o 

31ucu- 
~o~c 
acid 

+ 

+ 
÷ 

The po lysacchar ides  (samples  weighing 1-5 mg) were  hydrolyzed in 1 N H2SO 4 on the boi l ing-water  bath 
for 10-12 h [15]° The hydrolyza tes  were  neut ra l ized  with BaCG 3 and were  invest igated by descending paper  
chromatography  in the b u t a n - l - o l - p y r i d i n e - w a t e r  ( 6 : 4 : 3 )  sys t em [16] or  in a thin layer  of mic roc rys t a l l i ne  
cellulose (GDR) with three runs at  37°C in the ethyl a c e t a t e - p y r i d i n e - w a t e r  (100 : 35 : 25) s y s t e m  [17]. Aniline 
hydrogen phthalate was used to revea l  the reducing sugars° 

G a s - l i q u i d  chromatography  was p e r f o r m e d  on a Pye  Argon Chromatograph  using a column containing 
3% of EC NSS-M on G a s - C h r o m  Q at  180°C with argon as the c a r r i e r  gas; 5 pl of a 20% solution in ch loroform 
was introduced.  The monosacchar ides  of the hydrolyza tes  were  previous ly  reduced to polyols and conver ted  
into acetyla ted der iva t ives  [18]. To the dr ied,  neutra l ized hydrolyzate  of the polysacchar ide  (sample weight 
2 rag)was added 10-15 mg of sodium te t rahydrobora te  in methanol ,  and the mix tu re  was s t i r r ed  and was left  
for 1 h. Then the excess  of t e t rahydrobora te  was decomposed  with KU-2 cat ion-exchange res in  {H+), the solu-  
tion was  evaporated,  the res idue was t rea ted  with methanol and the methanol was evapora ted  off s eve ra l  t imes ,  
and the final res idue was carefu l ly  dried.  After  this, a mix ture  containing equal amounts of acet ic  anhydride 
and pyridine was added and the reac t ion  s y s t e m  was left for 4 ho (In the pe r fo rmance  of the g a s - c h r o m a t o g r a p h -  
ic separa t ion  of the hydrolyza tes  of the po lysacchar ides  the authors were  a s s i s t ed  by A. I. Usov.) 

S U M M A R Y  

P o l y m e r i c  compounds have been isola ted f rom archeologica l  spec imens  (fragments  of Central  Asian 
paintings of the 2nd-19th centur ies) .  A compar i son  of their  IR spec t ra  with the spec t r a  of plant gums has  shown 
that they are  po lysacchar ides  which have remained  undestroyed for  up to 1800 y r .  In some  cases  it has been 
possible  f rom the IR spec t r a  and composi t ion of the ex t rac ted  po lysacchar ides  to provis ional ly  identify sou r -  
che r ry  or  apr ico t  gum, of which these po lysacchar ides  were  components° 
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C O M P O S I T I O N  O F  T H E  P H O S P H O L I P I D S  O F  G o s s y p i u m  

b a r b a d e n s e  

K h .  K a r s h i e v ,  L .  A .  S h u s t a n o v a ,  
a n d  S. T .  A k r a m o v  

UDC 547.953~665.37 

We have p rev ious ly  [1] r epor t ed  the isolat ion of the total phospholipids f rom the seed ke rne l s  of  the 
f ine- f ibered  cotton plant of var ie ty  5904-I by Fo lch ' s  method [2] and their  pur i f icat ion by precipi ta t ion with 
acetone.  The phospholipids obtained in this way amounted to 1,6% on the absolutely dry  ke rne l s ,  and the 
amount of phosphorus  in them was 2.4%. 

Continuing an invest igat ion of these phospholipids,  we have de te rmined  their  qual i tat ive composi t ion by 
one-dimensional  ch romatography  in a thin l ayer  of s i l ica  gel in s y s t e m  1 [3]. The c h r o m a t o g r a m  showed 10 
spots of subs tances  which were  identified by chemical  tes ts  [4-5] and by compar i son  with m a r k e r s ;  the Rf  
values of the subs tances  were:  1 - 0 . 9 6 ;  2 - 0 . 9 2 ;  3 - 0 . 8 0 ;  4 - 0 . 7 8 ;  5 - 0 . 7 5 ;  6 - 0 . 5 5 ;  7 - 0 . 4 0 ; 8 - 0 . 2 0 ;  9 -  
0.10; and 10 - 0.05. Six spots (1, 3, 5, 6, 7, and 8) gave a posi t ive  react ion  for  phosphorus  [5]. We identified 
the se substances  as  Xl-polyglyeeropho sphatides (1), X~-polyglycerophosphatides (3),* pho sphat idylethanola-  
mines (5), phosphatidytcholines (6), phosphatidyl inosi tols  (7), and lysophosphatidylcholines (8). 

After  the c h r o m a t e g r a m s  had been sp rayed  with sulfuric  acid and slowly heated, the subs tances  with Rf  
0.92 and 0.78 gave a violet color ,  and then carbonized to black. These  subs tances  were  isolated p repa ra t i ve ly  
by chromatography  on a column of s i l ica  gel and were  cha rac te r i zed  qual i tat ively as  s t e ro ids  [6]. The sub- 
s tances  with Rf  0.10 and 0.05 were  identified as ca rbohydra tes ,  and visual ly  they amounted to a considerable  
pa r t  of the sample  studied. 

The r e su l t s  of the invest igat ion p e r f o r m e d  showed the complexity of the composi t ion of the total ma te r i a l  
isolated,  which contained as  accompanying components ,  in addition to the phospholipids,  two other  groups in 
each case  - s te ro ids  and ca rbohydra tes .  The p r e sence  of ca rbohydra tes  made fu r the r  exper iments  difficult ,  
since they in te r fe red  with the separa t ion  of  the total phospholipids into individual components  by column 
chromatography  on s i l ica  gel.  

The mos t  widely used method of purifying lipid ex t rac t s  f rom nonlipid impur i t i e s  is that given in our  
f i r s t  p a p e r  [1]. In this method,  wa te r  and aqueous solutions of sal ts  arc  used for  washing, but this is most  
effect ive for  lipid ex t rac t s  of animal  t i ssues  containing only slight amounts of wa te r - so lub le  i m p u r i t i e s .  Non- 
lipid components  can also be sepa ra ted  by gel f i l t ra t ion on Sephadexes G-25 [7-10] and LH-20 [11, 12]. 

To f ree  the total phospholipids f rom carbohydra tes  we used Molselekt  G-25. Fo r  1 g of  dry gel we used 
100-125 mg of total phospholipids.  After the gel had been swollen in a mix ture  of  ch loroform,  ethanol,  and wa-  
ter  (90 : 10 : 1) [10], it was charged  into a column, and then the sample  was deposited in the s a m e  mixture  of 
solvents  and it was eluted. The comple teness  of the f i l t ra t ion of the phospholipids was checked in a thin layer  
of s i l ica  gel in sys tem 1. Pur i f ica t ion  f rom carbohydra tes  was complete ,  and the yield of phospholipids was 
1.0% on the absolutely dry kerne ls  and 68.8% on the impure  ma te r i a l  applied to the column; i ts  phosphorus con- 
tent had r i s en  to 4.15%. The Molselekt  used was discharged f rom the column, and the ca rbohydra t e s  were  r e -  

*For  X 1 - and X~-polyglycerophosphat tdes ,  see  the following paper .  
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