
The effect of phosphatidic acid in a concentrat ion of 15 moles  % in the composi t ion of DPPC l iposomes  on 
prolongation of the action of HC was demons t ra ted  in [8]. This  prolongation las ted 3-4 days.  The authors cited 
in te rpre t  this  phenomenon as the effect of coincidence between the melt ing point of this  mixture  of l ipids and the 
t e m p e r a t u r e  of inf lammation,  namely  36~ Such an in te rpre ta t ion  of the r e su l t s  is evidently i n c o r r e c t b e c a u s e  
incorpora t ion  of phosphatidic acid in the lipid phase  of LPPC l iposomes  leads not to a dec rea se  in phase t r a n s i -  
t ion t e m p e r a t u r e ,  but to an i nc r ea s e  in it to 58-67~ depending on pH of the mic roemuls ion  [1, 5]. Incorpora t ion  
of 20 moles  % choles terol ,  which was done to inc rease  the s tabi l i ty  of the ves ic l e s ,  is ref lec ted  also in the me l t -  
ing point of DPPC and shif ts  the beginning of phase t rans i t ion  f r o m  41.5 to 37~ [1, 7], i .e. ,  to a t e m p e r a t u r e  
that is close to the t e m p e r a t u r e  of inf lammat ion.  

It can thus be postulated that  the effect of prolongation of the an t i - i n f l ammato ry  action of HC incorpora ted  
into DPPC l iposomes  is due to two c i r c u m s t a n c e s .  In the f i r s t  s tage,  because  of c loseness  of the phase s ta te  of 
the l iposomal  l ipids and cel ls  at the t e m p e r a t u r e  of inf lammation,  effect ive uptake of ves i c l e s  by the cel ls  t akes  
place.  La ter ,  because  of the appear ing  hypothermic  action of HC and the fall  of t e m p e r a t u r e  to 32~ the v e s i -  
c les  taken  up a re  conver ted into a s o l i d - c r y s t a l  state,  in which the i r  uti l ization t ime  is cons iderably lengthened.  
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Silicon has been showntobe  an essent ia l  t r a c e  e lement  for  higher an imals  and man [2]. Among compounds 
of this  e lement  many subs tances  with high biological  act ivi ty have been found. The s i l a t ranes ,  which s t imulate  
prote in  and nucleic  acid synthes is  in cel ls  [1, 12, 14] and a lso  the p r o l i f e r a t i v e - r e p a r a t i v e  function of connective 
t i s sue  [1, 8, 12, 14|, a re  pa r t i cu l a r ly  impor tant  in th is  r e spec t .  It was shown as long ago as in 1975 that cer ta in  
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TABLE i. Hydroxyproline and Tyrosine Concentrations in Gastric Ulcer Tissue of Rats 
Treated with MU, OFS, and CMS (in g/100 g dried, defatted tissue) 

Time, days 

3 
7 

I0 
20 
30 

H_ydmx_y2roline 

control MU 

1,39__0,22 1,21+-0,10 
1,31___0,29 0,70+-0,09 
1,37• 1,37• 
2,29+-0,12 1,50• 
2,03~0,3 1,66+-0,14 

(1,44 =hO, I3) 

OFS 

1,44_+0,17 
1,60+_+0,12 
1,91 +-0,26 
2,14+-0,15 
2,10• 

CMS 

1,36• 
1,73~+0,33 
1,97• 
2,08+__0,2 
1,77_0,28 

control 

2,12• 
2,06-+-0,3 
1,92+__0,16 
1,79-4-0,16 
1,87+-0,41 

rosine 12,75~0,50) 
MU OFS 

1,86+___0,3 2,39__+0,3 
1,63+-0,17 2,06• 
1,88• 2,0• 
1,67-4-0,22 2,11+___0,12 
1,66_____0,26 2,34-0,4 

CMS 

2,38:t::0,28 
1,76+_0,23 
2,03_+0,3 
i ,66::h0,11 
1,78+0,26 

Legend.  Content  of h y d r o x y p r o i i n e  and t y r o s i n e  in in tac t  ra t  s t oma c h  wall  shown in p a r e n -  

t h e s e s .  

TABLE 2. Effect  of MU, OFS, and CMS on 
Tota l  Content  of Hexuronic  Ac ids  (in g/100 g 
dr ied ,  defat ted t i s sue )  and D e t e r m i n a t i o n  of 
T h e i r  F r a c t i o n s  in G a s t r i c  U l c e r  T i s s u e  of 
Rats  (in % of to ta l  hexu ron ic  acid content)  on 
30th Day Af te r  T r e a t m e n t  

Experimental 
conditions 

Total content ~ractiom soluble in NaCt 
of hexuronic Ioluti~ n 
acids | 0,4M 1,2M 2,1M 

Intact 
animals 

Control 
MU 
OFS 
CMS 

0,66• 
0,85-4-0,15 
0,51_+0,2 
0,54• 
0,49+-0, I 1 

35 
45 
31 
45 
38 

27 
27 
45 
35 
24 

37 
28 
24 
20 
38 

TABLE 3. Effect of MU, OFS, and CMS on Content of Hexosamines, Hexoses, and SialicAcid 
in Gastric Ulcer Tissue of Rats (in g/100 g dried, defatted tissue) 

Preparation 

Control 
MU 
OFS 
CMS 

Control 
MU 
OFS 
CMS 

Control 
MU 
OFS 
CMS 

Time of observation, days 

7 I 10 20 i 30 

I, 15• 
0,84• 
0,80+-0,14 
0,80+-0,3 

2,58+_0,04 
1,75+-0,28 
2,03+-0,3 
2,72+-0,55 

0,83+-0,01 
0,56• 
0,63• 
0,76• 

Hexosamine (0,43• 
0,80--0,3 
0,77• 
0,70_+0,09 
0,59• 

Hexoses 
2,36• 
1,7~• 
2,13• 
2.18• 
SIalie acid 

0,89• 
0,68• 
0,63+-0,16 
0,64• 

0,824-0,3 
0,76• 
0,71• 
0,74• 

(1,78• 
2,86• 
1,88• 
2,11 • 
2,17• 

(0,37• 
0,8i+0,1 
0,59• 
0.78• 
0,66• 

0,85• 
0,76• 
0,73• 
0,67• 

3,33• 
2,0• 

2,19• 
2,13• 

0,48_+0,03 
0,62• 
0,57• 
0,74• 

0,85• 
0,89_+0,12 
0,58• 
0,72• 

%23• 
2,10• 
2,40• 
2,20+__0,46 

0,57• 
0,474-9,05 
0,48• 
0,67+0, l 1 

Legend.  Content  of hexosamine ,  hexoses ,  and s i a l i c  ac ids  in g a s t r i c  u l c e r  t i s s u e  of r a t s  
shown in p a r e n t h e s e s .  

s i l a t r a n e s  have a w o u n d - h e a l i n g  act ion [5]. In p a r t i c u l a r ,  t h i s  effect has been  found in the case  of 1 - ( c h l o r o -  
m e t h y l ) s i l a t r a n e  (CMS) and 1 - ( e thoxy ) s i l a t r ane ,  which subs t an t iMIy  i m p r o v e  b i o c h e m i c a l  p a r a m e t e r s  of g r a n u l a -  
t ion  and f ib rous  t i s s u e  deve loping  i n w o u n d  defec ts  [5, 6, 12, 14]. In e x p e r i m e n t s  on r a b b i t s  s i l a t r a n e s  i n -  
h ibi ted  the  deve lopmen t  of g a s t r i c  u l c e r s  [3, 4, 13]. 

This  pape r  g ives  the  r e s u l t s  of a quan t i t a t ive  b i o c h e m i c a l  s tudy of the d y n a m i c s  of c o n n e c t i v e - t i s s u e  c o m -  
ponen ts  in t i s s u e s  of the  s tomach  as an ob jec t ive  p a r a m e t e r  of the  r e p a r a t i v e  r e a c t i o n  unde r  the in f luence  of 
CMS. The effect of t h i s  compound was  c o m p a r e d  with that  of o the r  ant•  p r e p a r a t i o n s  used  in  c l i n i c a l p r a c -  
t ice :  m e t h y l u r a c i l  (MU) and o x y f e r r i s c o r b o n e  (OFS). The b i o c h e m i c a l  i nve s t i ga t i on  was s u p p l e m e n t e d  by a 
h i s to log ica l  s tudy.  
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EXPERIMENTAL METHOD 

Experiments were carried out on 228 albino rats weighing 150-180 g. Experimental gastric ulcer was 
produced by a modified method [ii]. After the operation the compounds for testing were administered for i0 
days: CMS in a dose of 50 mg/kg (orally), MU in a dose of 500 mg/kg (orally), and OFS in a dose of 30 mg/kg 
(intraperitoneally). The animals were sacrificed on the 3rd, 7th, 10th, 20th, and 30th days after the operation. 
The stomach was opened along the lesser curvature and the area of the ulcer was measured. Some stomachs 
in each group were investigated histologically, the remainder were used for biochemical analysis [7]. 

EXPERIMENTAL RESULTS 

The planimetric data show that all three compounds accelerated reduction in area of visible ulceration of 

the mucosa. A central place among the biochemical parameters of granulation and fibrous tissue is occupied 
by the collagen concentration (estimated as hydroxypyroline, a specific amino acid for this fibrfllary protein). 
In the absence of treatment, in the stage of ulcer formation, some collagen destruction takes place, and after 
the 20th day this is replaced by intensive collagen accumulation - a sign of fibrosis of the tissue (Table i). 
Destruction of noncollagen proteins was even more intensive and progressed until the end of the experiment, as 
a result of which the developing scar tissue was distinguished not only by excess of collagen, but also by de- 
ficiency of noncollagen proteins (with tyrosine as their indicator). During treatment with MU the initial fall in 
the hydroxypyroline concentration in the ulcer tissue was particularly rapid, but later, after the 10th day, the 
collagen concentration was restored to normal, and on the 30th day it was only a little higher than the concen- 
tration in intact stomach wall. In other words, MU significantly inhibits excessive accumulation of collagen 
although the deficiency of noncollagen proteins in this case was no less than in the untreated rats. Conversely, 
from the very beginning OFS prevents collagen destruction. Starting from the 7th day, destruction increased 
progressively, and the degree of fibrosis in this case was just as high as in the control group, the only dif- 
ference being that the scar tissue which formed was closer to normal in its content of noncollagen proteins. On 
treatment with CMS the dynamics of the collagen concentration until the 20th day coincided with that during 
treatment with OFS, but later the collagen level fell appreciably, the process of scar formation was accelerated, 
and regression of the scar tissue began, features which distinguish the effect of CMS advantageously fromthe 

effect of OFS. CMS has a weaker effect on the dynamics of noncollagen proteins than OFS. 

The total concentration of glycosaminoglycans (hexuronic acids, Table 2) in all series of experiments 
differed only a little from the control, but only when CMS was used was the ratio between glycosaminoglyean 
fractions characteristic of the intact wall restored in the ulcer tissue by the time of disappearance of visible 
ulceration of the mucosa; a characteristic feature of this ratio is a high content of the 3rd fraction (the fraction 

of heparin sulfate, heparin, and hypersulfated chondroitin sulfates) [9]. 

CMS has a more distinct effect than MU and OFS on hexosamine-containing glycoproteins in the ulcer tis- 

sue: Their concentration throughout the experiment was lower than in animals of the other series (Table 3). 

All three preparations reduced the reactive hypersecretion characteristic of gastric ulcer, and for which 
the anthrone-positive hexoses (Table 3) can be taken as an indicator, for glycoproteins of the mucous secretion 
of the digestive tract are distinguished by a high content of hexoses [i0], At the same time, depending on the 
dynamics of sialoglycoproteins (sialic acids, Table 3), MU and OFS have a stronger antiexudative effect, espe- 

cially in the early stage of ulcer development. 

The favorable action of CMS on healing of experimental gastric ulcer was confirmed by the results of 
histological investigations. On the 3rd day after ulcer formation, necrosis of all layers of the stomach wall was 
observed. In untreated animals, young granulation tissue was formed after 7-10 days, and by 20-30 days scar 
tissue with hyalinosis appeared. Full recovery of the epithelium does not take place and a chronic ulcer is 
formed: Its base is covered with granulation tissue with a zone of necrosis and is saturated with fibrin, whereas 
alongthe edges repair of the mucosa continues. During treatment with MU and OFS synchronization of repair of 
the connective-tissue structures of the stomach wall is improved and, because of this, the healing process is 
accelerated. However, normal repair of the glandular structures of the mucosa does not take place. Under the 
influence of CMS, by the 3rd day fibroblasts and newly formed capillaries appear in the region of the ulcer. By 
the 7th-10thday granulation and f ibrous t i ssue  with a concentration of large f ibroblasts  develop. By the 20th- 
30th day wel l - formed connective t issue is observed and the u lcer  defect is covered with epithelium, regenera t ion 
of which takes  place with the format ion of tubular  and adenomatous s t ruc tures ,  consisting of high pr i smat ic  cells. 

CMS thus not only acce le ra tes  healing of the ulcer ,  but also optimizes res tora t ion  of the s t ruc ture  of the 

s tomach wall. 

720 



LITERATURE CITED 

i. M.G. Voronkov and V. M. D'yakov, Silatranes, Novosibirsk (1978). 
2. M.G. Voronkov, G. I. Zelchan, and E. Ya. Lukevits, Silicon and Life [in Russian], Riga (1978). 
3. I.G. Kuznetsov, A. T. Platonova, S. K. Suslova, et al., in: Biologically Active Compounds of Group IVB 

Elements [in Russian], Irkutsk (1975), p. 34. 
4. I.G. Kuznetsov, M. S. Sorokin, and M. G. Voronkov, Khim,-farm. Zh., No. 2, 70 (1980). 
5. L.A. Mansurova, A. T. Platonova, I. G. Kuznetsov, et al., in: Biologically Active Compounds of Group 

IVB Elements [in Russian], Irkntsk (1975), p. 28. 
6. L.A. Mansurova, M. G. Voronkov, L. I. Slutskii, et al., Dokl. Akad. Nauk SSSR, 262, No. 6, 1505 (1982). 
7. L.I. Slutskii, Biochemistry of Normal and Pathologically Changed Connective Tissue [in Russian], Lenin- 

grad (1969). 
8. L.I. Slutskii, Izv. Akad. Nauk Lair. SSR, 408, No. 7, 94 (1981). 
9. R.B. Dean and W. I. Dixon, Anal. Chem., 23, 636 (1951). 

i0. T. Sekino, K. Murata, Y. Saito, et al.. Digestion, 16, 28 (1977). 
ii. K. Takagi, S. Okabe, and R. Sazaki, Jpn. J. Pharmacol., 199, 418 (1969). 
12. M.G. Voronkov (M. G. Voroncov), in: Biochemistry of Silicon and Related Problems, NewYork (1978), 

p. 395. 
13. M . G .  Voronkov (M. G. Voroncov),  M. S. Sorokin, and I. G. Kuznetsov,  in: Fif th Internat ional  Symposium 

of Organos i l icon  Chemis t ry ,  K a r l s r u h e  (1978), p. 152. 
14. M . G .  Voronkov (M. G. Voroncov),  Top. Cur r .  Chem.,  8__44, 77 (1979). 

ADRENERGIC STRUCTURES AND MONOAMINE OXIDASE 

ACTIVITY IN DYSTROPHIC SKELETAL MUSCLES 

L. O. Badalyan,* I. S. Severina, 
L. P. Grinio, P. A. Temin, Z. N. Amanova, 
M. V. Parshikova, and R. A. Kargina-Terent'eva 

UDC 616.892-009.54-092 : 
616.74-008.931 : 
577.152.143 

KEY WORDS: m us cu l a r  dys t rophies ;  adrenerg ic  s t ruc tu res ;  ca techolamines ;  mitochondria;  monoamine 
oxidase.  

The study of he r ed i t a ry  neu romuscu la r  d i seases  is becoming increas ing ly  urgent  in connection with the 
re la t ive  i nc rea se  in the contribution of genet ica l ly  de te rmined  d i s ea se s  to the genera l  s t ruc tu re  of human p a -  
thology. Impor tan t  advances  in clinical  neurogenet ics  have been achieved as a resu l t  of close col laborat ion 
with the bas ic  na tura l  sc iences :  molecu la r  biology, b iochemis t ry ,  etc.  However,  the absence  of adequate animal  
models  makes  the study of such a la rge  group of d i s ea se s  as the p r o g r e s s i v e  muscu la r  dys t rophies  much more  
difficult.  

In recent  y e a r s ,  skele ta l  musc l e s  f r o m  human pat ients  taken at b iopsy have been used on an increas ing  
scale  for  study. His tochemica l  invest igat ions  [4] have revea led  accumulat ion of ca techolamines  (CA) in the 
skele ta l  musc l e s  of pat ients  with Duchenne 's  p r o g r e s s i v e  muscu la r  dyst rophy.  More recent  invest igat ions [2, 6, 
7] have demons t ra t ed  the important  role  of biogenic amines  in the de te rmina t ion  of the muscu la r  dyst rophic  
p r o c e s s .  However ,  the causes  of pathological  accumulat ion of CA in the skele ta l  musc les  of such pat ients  have 
net yet been explained. 

The a im of this  invest igat ion was to study the c h a r a c t e r i s t i c s  of adrenerg ic  s t r u c t u r e s  and monoamine 
oxidase (MAO) act ivi ty in ske le ta l  musc les  of pat ients  with Duchenne 's  muscu la r  dyst rophy and with C h a r c o t -  
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