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The an t i - i n f l ammato ry  act ivi ty  of co r t i eos te ro ids  incorpora ted  into the lipid phase  of l iposomes  is known 
to  be apprec iab ly  enhanced [6, 9], but the toxic i ty  of the p repa ra t ions  is significantly reduced [4, 8]. The t h e r a -  
peutic effect of i n t r aa r t i cu l a r  injection of l iposomes  with hydrocor t i sone  (HC) is linked with in t race l lu la r  uptake 
of v e s i c l e s  by synovial  cel ls  [10]. Inject ion of HC incorpora ted  into l iposomes  has  been shown to be effect ive 
both in the initial acute phase of inf lammat ion and during a f l a r e -up  of acute inf lammat ion against  the back-  
ground of chronic a r th r i t i s  [4, 8]. 

Prolongat ion of the an t i - i n f l ammato ry  act ivi ty  of HC has rece ived  much l e s s  study, although for  in t ra -  
a r t i cu l a r  the rapy  this p a r a m e t e r  is no less  important  than increased  activity,  for  it allows p repa ra t ions  to be 
admin is te red  in much s m a l l e r  doses .  

This  pape r  g ives  informat ion  on the influence of the lipid composi t ion of l iposomes ,  differing in memb ran e  
mel t ing point over  a wide range  of t e m p e r a t u r e s  (from 23 to 58~ on the duration of an t i - in f l ammato ry  act ivi ty 
of HC encapsulated in ves i c l e  m e m b r a n e s .  

EXPERIMENTAL METHOD 

A model of exper imenta l  a r th r i t i s  was produced in rabbi t s  by a single i n t r aa r t i cu l a r  injection of po ly -D-  
lysine (mol. wt. 175,000 daltons) and hyaluronic acid (7.5 mg of each per  injection), as in [10]. On the 3rd day 
af ter  induction of a r th r i t i s  and at the height of the in f l ammatory  react ion,  HC aceta te  incorpora ted  into l ipo-  
somes  (0.2 mg) or  a c o m m e r c i a l  p repa ra t ion  of HC suspension in a dose of 2.5 mg in a volume of 0.4 ml was 
injected into the joint. Control  an imals  rece ived  injections of 0.4 ml physiological  sal ine at the same t ime  (all 
groups  consis ted of f ive animals) .  L iposomes  were  p r e p a r e d  by the emuls ion method [3]. F o r  th is  purpose  
phospholipids - egg phosphatidylcholine (PC) f r o m  Khar 'kov  Bac te r i a l  P r epa ra t i ons  Combine,  d imyr i s t o y l -PC  
(DMPC), d ipa lmi toy l -PC (DPPC}, or  d i s t ea roy l -PC  (DSPC) (from Sigma, USA), and choles tero l  in the ra t io  
(molar) of 7 : 2, were  introduced into a round-bot tomed f lask  in doses  of 21 and 6 t tmoles respec t ive ly ,  in chloro-  
form,  andHC in ch lo ro fo rm (10 mg) and 1 ~Ci of [3H]-HC (specific act ivi ty 48 Ci /mmole ) ,  f r o m  Isotop (USSR), 
were  added. The solvent was evapora ted  to d rynes s  on a r o t a ry  vapo r i ze r ,  the lipid f i lm was f reed  f r o m  t r a c e s  
of ch lo ro fo rm at 5 m m  Hg in an exs i cca to r  for  1 h, and it was then emuls i f ied with 2 ml of physiological  sal ine.  
The emuls i f ica t ion was ca r r i ed  out at 37~ for  egg PC and DMPC, at 50~ for  DPPC,  and at 60~ for  DSPC, for  
30 rain. The mic roemul s ions  were  kept at the s a m e  t e m p e r a t u r e s  for  2 h to allow hydration and sedimentat ion 
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Fig. i. Anti-inflammatory effect of hydrocortisone immobilized in liposome membrane, i)Untreated 
control; 2) free HC (2.5 rag); 3) HC incorporated into egg PC liposonaes (0.2 nag). Here and in Fig. 3, 
arrow indicates time of addition of preparations. Abscissa, time after intra-artieular injeetionof 
poly-D-lysine and hyaluronie acid (in days); ordinate, relative thermometric index. 

Fig. 2. Correlation between thermometric index and area of hyperthernaia. 1) Thermometric index 
after incorporation of HD into egg PC liposomes; 2) index of area of inflammation. Abscissa, time 
after induction of arthritis (in days); ordinate (left), thern:iometric index; (right), index of area of 
inflammation (in relative units). 

Fig. 3. Prolongation of anti-inflammatory effect of HC in liposome menabrane with different phase 
transition temperature, i) Liposomes from egg PC, 2) from DMPC, 3) DPPC, 4) DSPC. All lipo- 
somes contained 20 moles % of cholesterol. Designation of axes of coordinates the same as in Fig. i. 

of the l iposomes at 10,000g for  1 h. P re l iminary  experiments  showed that 96-98% of HC is incorporated into the 
lipid phase of l iposomes.  Liposome res idues  were resuspended in physiological saline up to an HC concentra-  
tion of 0.5 mg /ml  (about 2 mg lipids in 1 ml) and they were used in the course of 1 week. The s ter i l i ty  of the 
l iposomal prepara t ions  was verif ied microbiologically,  and whenever possible,  work with lipids was done under 
argon. 

The inf lammatory react ion in the joint was recorded with a thermal  imaging system.  To determine quanti- 
tat ive values of t empera tu re  above the joint, a standard source with t empera tu re  of 32~ was used. Both the 
intensity of hyper thermia  and the area  of the hyperthernaic regions,  calculated planimetr ical ly  f rom negatives,  
were analyzed. The resul ts  were subjected to s tat is t ical  analysis.  

EXPERIMENTAL RESULTS 

Free HC in a dose of 2.5 mg caused a marked fall of temperature above the joint 24 h after injection, but 

it reached its initial value 24 h after falling (Fig. i). HC introduced into the lipid phase of PC of the liposonaes 
(0.2 nag) also induced an effect after 24 h, but the temperature continued to fall and reached a minimum after 
48 h (Fig. i). The effect of prolonging the action of HC in liposomes lasted 2 days, compared with free HC, and 
in a dose i0 times less than the HC suspension. Antiinflammatory effect, calculated both with respect to the 
severity of hyperthermia and the area of inflammation, gave results that were in good agreement (Fig. 2). It is 
well known that in the zone of the phase transition temperature of lipids the structure and permeability of lipo- 
somes are changed [i]. This property of lipids is utilized to increase the rate of outflow of therapeutic sub- 
stances from the aqueous space in vesicles with the aid of hyperthermia [ii]. There are definite grounds in 
support of the view that approxinaation of the phase state of the vesicle membrane and the plasma membrane of 
target cells (in this case, synovial cells) can facilitate their interaction [2]. An attempt was made to test this 
hypothesis by using liposomes formed from lipids with different phase transition temperatures. It willbe re- 
called that the melting points of the lipids used, namely egg PC, DMPC, DPPC, and DSPC, are-10, +23, +41.5, and 
+58~ respectively. 

The most marked effect of prolonging the action of HC was observed when it was incorporated into DPPC 
liposomes (Fig. 3). The rate of fall of temperature over the joint was the same for all types of liposomes. How- 
ever,  when DPPC l iposomes were used the effect lasted until the 5th day and was still detectable even on the 
6th day (Fig. 3). An increase  in the melting point of the l iposomat lipids to 58~ (DSPC), and also a decrease  
to +23~ (DMPC) or to -10~ (egg PC), reducedthe  t ime of prolongation to 1-2 days compared with DPPC lipo- 
SOII]eS. 
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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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