
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 18(16), 1799-1812 (1992) 

ERYTHROCYTES AS C A R R I E R S  O F  METRONIDAZOLE : 

IN-VITRO CHARACTERIZATION 

Naresh T a l w a r  a n d  N .  K .  J a in  * 
Department of P h a r m a c e u t i c a l  Sciences 

Doctor Har i s ingh  Gour V i s h w a v i d y a l a y a ,  
(Formerly Un ive r s i ty  of S a u g a r )  

SAGAR (M.P . )  470 003 INDIA 

ABSTRACT 

Rat e r y t h r o c y t e s  w e r e  l oaded  with metronidazole  by a 

method b a s e d  on hypotonic  p r e s w e l l i n g ,  hcmolysis ,  isotonic  

r e s e a l i n g  a n d  r e a n n e a l i n g  . The e n c a p s u l a t i o n  eff ic iency of 

42-56% w a s  a c h i e v e d .  The loaded  ce l l s  e x h i b i t e d  e l e v a t e d  

osmotic f r a g i l i t y  a n d  lower r e s i s t a n c e  to t u r b u l e n c e  shock as 

compared to t h e  normal  ce l l s  a n d  were found to r e l e a s e  

e n c a p s u l a t e d  d r u g  s lowly.  The g l u t a r a l d e h y d e  t r ea tmen t  of 

t h e  ce l l s  r e s u l t e d  i n  t h e  s t a b i l i z a t i o n  of l oaded  c e l l s ,  which 

were found to  b e  h i g h l y  r e s i s t a n t  t o  t h e  osmotic a n d  

t u r b u l e n c e  s h o c k s .  I n - v i t r o  r e l e a s e  of metronidazole  w a s  a l s o  

r e t a r d e d  upon t r e a t m e n t ,  a n d  w a s  dependen t  upon t h e  concen- 

t r a t i o n  of g l u t a r a l d e h y d e  . The loaded e r y t h r o c y t e s  were 

ob ta ined  i n  powder form, r e a d y  for  r econs t i t u t ion ,  with a view 

to improve the shelf  l i f e .  On the  b a s i s  of i n - v i t r o  s t u d i e s  

g l u t a r a l d e h y d e  t r e a t e d  e r y t h r o c y t e s  a p p e a r e d  to be promising 

c a r r i e r s  of metronidazole .  

* To whom correspondence shou ld  be  d i r e c t e d .  
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1800 TALWAR AND JAIN 

INTRODUCTION 

Metronidazole is a ni t ro- imidazole  which i s  used as a n  

an t ip ro tozoa l  a n d  a n t i m i c r o b i a l  a g e n t  for many y e a r s .  I t  is 

t h e  p r i m a r y  d r u g  used i n  t h e  t reatment  of e x t r a - i n t e s t i n a l  

involvement of amoeba ( h e p a t i c  a b s c e s s )  ( 1 ) .  

L a b h a s e t w a r  a n d  Dorle (2 )  h a v e  r epor t ed  t h e r a p e u t i c  i n -  

eff icacy of metronidazole  i n  t h e  t r ea tmen t  of e x t r a - i n t e s t i n a l  

( h e p a t i c )  amoeb ias i s ,  which they  a s c r i b e d  to the  ine f f ec t ive  

d r u g  concen t r a t ions  i n  t h e  l i v e r .  They h a v e  proposed a n d  

c h a r a c t e r i z e d  i n - v i t r o  a n a n o p a r t i c l e  b a s e d  c a r r i e r  system for 

s e l ec t ive  loca l i za t ion  of d r u g  to t h e  l i v e r .  

E ry th rocy te s  h a v e  been recognized as b i o d e g r a d a b l e  a n d  

biocompatible c a r r i e r s  fo r  a v a r i e t y  of b ioac t ive  a g e n t s .  Low 

molecular weight  d r u g s  a n d  h igh  molecular weight p ro te ins  

c a n  be e n c a p s u l a t e d  i n  e r y t h r o c y t e s  by r e v e r s i b l e  hypotonic  

l y s i s  (31, e l e c t r i c a l  b reakdown (41, chemicals  mediated 

membrane p e r t u r b a t i o n  ( S )  or endocytosis ( 6 ) .  Drug c a r r i e r  

e r y t h r o c y t e s  c a n  be u t i l i zed  for t a r g e t i n g  of e n c a p s u l a t e d  

a g e n t s  to t h e  r e t i cu lo -endo the l i a l  system ( 7 ) ,  to p rov ide  

s u s t a i n e d  r e l e a s e  of e n c a p s u l a t e d  a g e n t s  i n  c i r c u l a t i o n  ( 8 )  or 

to funct ion as c i r c u l a t i n g  b io - reac to r s  e s p e c i a l l y  for 

enzymes (9). Ery th rocy te s  offer  v a r i o u s  a d v a n t a g e s  o v e r  

o the r  d r u g  c a r r i e r s  with r e spec t  t o  biocompatibi l i ty  , which 

c a n  be optimised by  t h e  use  of au to logous  e r y t h r o c y t e s  a n d  

l a r g e  amounts  of material c a n  be e n c a p s u l a t e d  i n  r e l a t i v e l y  

small volume of ce l l s  ( 3 ) .  

I n  the  p r e s e n t  r e p o r t  w e  propose a n d  i n - v i t r o  c h a r a c -  

t e r i z e  e r y t h r o c y t e s  as c a r r i e r s  of metronidazole  for i t s  

s e l e c t i v e  loca l i za t ion  to t h e  l i v e r  i n  the  t r ea tmen t  of h e p a t i c  

a m o e b i a s i s .  The l i v e r  l oca l i za t ion  of d r u g  is a n t i c i p a t e d  to 

improve its t h e r a p e u t i c  performance a n d  may r e s u l t  i n  
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ERYTHROCYTES AS C A R R I E R S  OF METRONIDAZOLE 1801 

minimization of toxic  m a n i f e s t a t i o n s  b y  r e d u c i n g  t h e  e x p o s u r e  

of d r u g  to  non- t a rge t  t issues .  

- MATERIALS AND METHODS 

- Materials 

Metronidazole (Unique L a b s ,  Bombay, I n d i a )  a n d  

G l u t a r a l d e h y d e  (25% a q u e o u s  so lu t ion ,  F l u k a ,  S w i t z e r l a n d )  

were used .  A l l  o the r  chemicals  were of A R  g r a d e .  Solvents  

for HPLC w e r e  of Lichrosolv g r a d e  (E.Merck, I n d i a ) .  

Methods 

1. I s o l a t i o n  of e r y t h r o c y t e s  from blood 

Blood w a s  d r a w n  from male a l b i n o  r a t s  ( w e i g h i n g  a r o u n d  

250 g )  b y  c a r d i a c  p u n c t u r e  a n d  w a s  a n t i c o a g u l a t e d  with 

h e p a r i n .  F r e s h l y  collected blood w a s  cen t r i fuged  a t  2000g for 

5 min i n  a r e f r i g e r a t e d  c e n t r i f u g e  ( E l t e k ,  SICO, I n d i a )  a t  4 C .  

The plasma a n d  t h e  bu f fy  coat  were c a r e f u l l y  p ipe t t ed  off a n d  

t h u s  o b t a i n e d  packed  e r y t h r o c y t e s  were washed t h r i c e  with 

p h o s p h a t e  bu f fe red  s a l i n e  (PBS; NaC1, 150m mol/l, 

K2HP04/KH2P04, 5m mol/l , pH 7 . 4 ) .  The e r y t h r o c y t e s  o b t a i n e d  

a f t e r  t h i r d  wash were mixed with su f f i c i en t  PBS to  o b t a i n  a 

hematocri t  of 50%. 

0 

2. E n c a p s u l a t i o n  of metronidazole in e r y t h r o c y t e s  

Metronidazole w a s  e n c a p s u l  3 ted i n  e r y t h r o c y t e s  by 

following t h e  ' preswe l l  l o a d i n g  p rocedure  ' d e s c r i b e d  b y  

Field e t  a l .  ( l o ) ,  with minor modif icat ion.  The e r y t h r o c y t e  

suspens ion  ( 2  m l )  w a s  cen t r i fuged  a t  2OOOg for 5 min a t  4OC 

to o b t a i n  1 m l  of packed  c e l l s .  To the  packed  c e l l s ,  4 m l  of 

0.65% sodium ch lo r ide  solut ion w a s  a d d e d  a n d  t h e  contents  

were g e n t l y  mixed.  The suspens ion  w a s  cen t r i fuged  a t  600g 

for 5 min to recover  t h e  swollen c e l l s  a n d  the  s u p e r n a t a n t  

w a s  d i s c a r d e d .  The c e l l  hemolysate  (100 JAL; p r e p a r e d  by  
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1802 TALWAR AND J A I N  

l y s i n g  packed  e r y t h r o c y t e s  with water, 1: l)  w a s  l a y e r e d  over  

t h e  top of t h e  c e l l s  a n d  metronidazole solut ion ( 5  mg/ml i n  

w a t e r )  w a s  added i n  100 M L  por t ions ,  u n t i l  t h e  c e l l s  reached  

t h e  point  of l y s i s .  Three  h u n d r e d  microl i t res  (300 pL) of 

d r u g  solut ion was found to be suff ic ient  to b r i n g  t h e  c e l l s  to 

t h e  point of l y s i s ,  f u r t h e r  a d d i t i o n  resu l ted  i n  complete l y s i s  

of t h e  ce l l s .  Calcu la ted  amount of hyper tonic  s a l i n e  w a s  

a d d e d  to  res tore  t h e  i so tonic i ty .  The suspens ion  w a s  

i n c u b a t e d  a t  37 C for 15 min to allow a n n e a l i n g  of t h e  c e l l s ,  

following which t h e  ce l l s  were washed t h r i c e  with PBS to 

remove t h e  re leased  hemoglobin a n d  t h e  u n e n t r a p p e d  d r u g .  

0 

The cells were f i n a l l y  suspended  i n  PBS. 

3. Determination of d r u g  en t rapment  

A high  performance l i q u i d  chromatographic  (HPLC) method 

developed b y  t h e  a u t h o r s  (11) w a s  employed for the  est imat ion 

of rnetronidazole. The packed  e r y t h r o c y t e s  ( 0 . 1  rn l )  ob ta ined  

a f t e r  l o a d i n g  were l y s e d  by d i l u t i n g  with d i s t i l l e d  water  

( 2  m l )  a n d  methanol (5 m l )  w a s  added  for depro te in iza t ion .  

The suspens ion  w a s  kept  i n  d a r k  for l h  a n d  w a s  cen t r i fuged  

a t  30009 for 1 0  rnin. The clear s u p e r n a t a n t  w a s  withdrawn 

a n d  f i l t e red  t h r o u g h  0.45 11 filter (Whatman).  Samples (20  m L )  

w e r e  in jec ted  i n  t h e  HPLC a p p a r a t u s .  The chromatographic  

condi t ions were as  repor ted  (11). 

4. G l u t a r a l d e h y d e  treatment of loaded cells 

Loaded ce l l s  were s t a b i l i z e d  b y  t reatment  with g l u t a r a -  

l d e h y d e .  The effect of g l u t a r a l d e h y d e  concent ra t ion  upon 

v a r i o u s  p a r a m e t e r s  of l o a d e d  ce l l s  was i n v e s t i g a t e d .  Aliquots 

(1 ml, 50% hematocr i t )  of d r u g  loaded ce l l s  were i n c u b a t e d  

with 5 volumes of 0.1, 0 . 3  a n d  1% solut ions of g l u t a r a l d e h y d e  

( v / v  i n  PBS) a t  37OC for 10 min. After i n c u b a t i o n ,  the  

suspens ion  w a s  d i l u t e d  with 25 volumes of PBS to s top t h e  

r e a c t i o n ,  a n d  t h e  ce l l s  were washed t h r i c e  with PBS. 
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ERYTHROCYTES AS CARRIERS OF METRONIDAZOLE 1803 

5. In-vitro characterization of loaded erythrocytes 

a .  Metronidazole a n d  hernoslobin release 

I n - v i t r o  leakage of d r u g  a n d  hemoglobin were monitored 

from d r u g  loaded  a n d  drug- loaded  g l u t a r a l d e h y d e  t r e a t e d  c e l l s .  

The c e l l  suspens ions  (5% hematocri t  i n  PBS, 5 m l )  were s tored  

at 4 O C  i n  amber  colored g l a s s  bo t t les .  Per iodica l ly  the  c l e a r  

s u p e r n a t a n t s  were wi thdrawn,  depro te in ized  u s i n g  methanol 

a n d  were est imated for metronidazole  content by HPLC, as 

descr ibed  earlier.  The hemoglobin l e a k a g e  w a s  monitored by 

record ing  t h e  a b s o r b a n c e  of t h e  s u p e r n a t a n t  at  540 nm on a 

spectrophotometer (Shimadzu UV-150-02, J a p a n ) ,  The percent  

hemolysis w a s  determined b y  comparison of a b s o r b a n c e  of 

s u p e r n a t a n t  with t h e  a b s o r b a n c e  obta ined  after hemolysis of 

same number of ce l l s  i n  d i s t i l l e d  water  ( 1 2 ) .  

b .  Osmotic f r a q i l i t y  s t u d i e s  

Osmotic f r a g i l i t y  s t u d y  w a s  performed for normal  a n d  

d r u g  loaded  e r y t h r o c y t e s  following t h e  method descr ibed  b y  

S p r a n d e l  a n d  Zollner (13). Ery throcytes  ( 0 . 5  m l  packed  c e l l s )  

were i n c u b a t e d  i n  sodium chlor ide  solut ions of d i f fe ren t  

s t r e n g t h s  (0 .9 ,  0.85, 0 . 8  ...... 0 . 1  g%) for 10 min a t  37 C .  

The suspens ions  w e r e  cen t r i fuged  a n d  t h e  s u p e r n a t a n t s  were 

est imated for hemoglobin l e a k a g e  spectrophotometr ical ly  . 

0 

c. Osmotic a n d  t u r b u l e n c e  shock s t u d y  

For osmotic shock s t u d y  e r y t h r o c y t e  suspens ions  (1 ml, 

10% hematocri t )  were d i l u t e d  i n  d i s t i l l e d  water  (5  m l )  a n d  

cent r i fuged  a t  2500g for 5 min. The s u p e r n a t a n t  w a s  

es t imated for hemoglobin conten t .  

Turbulence  shock s t u d y  w a s  performed as descr ibed  by 

DeLoach e t  a1 ( 1 4 ) .  The e ry throcyte  suspens ion  (5  m l ,  10% 

hematocri t )  w a s  p a s s e d  through a 22 g a u g e  needle s e v e r a l  
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1804 TALWAR AND J A I N  

times at a flow rate of 10 ml/min a n d  release of hemoglobin 

after different numbers  of p a s s i n g s  w a s  de t e rmined .  

d .  Morphological examina t ion  a n d  c e l l  c o u n t i n q  

The morphological examina t ion  of c e l l s  w a s  performed on a 

l i g h t  microscope (Le i t z ,  Biomed, Germany) .  The c e l l  coun t ing  

w a s  performed on a hemocytometer. 

6. Drying of g l u t a r a l d e h y d e  treated e r y t h r o c y t e s  

The e r y t h r o c y t e s  (0.3% g l u t a r a l d e h y d e  t r e a t e d )  were 

col lected on a s i n t e r e d  g l a s s  f u n n e l  ( G - 4 ,  Borosi l ,  I n d i a )  by 

f i l t e r a t i o n  a n d  d r i e d  i n  vacuum ( a t  200 m m  of Hg) for 10h. 

A l t e rna t ive ly  t h e  e r y t h r o c y t e  suspens ion  w a s  f i l l ed  i n  vials 

a n d  lyoph i l i zed  at -4OOC t o  0 .01  t o r r  u s i n g  a l a b o r a t o r y  

l y o p h i l i z e r  (SICO, I n d i a ) .  The d r i e d  powder w a s  f i l l e d  i n  

amber  colored g l a s s  v i a l s  a n d  s to red  a t  4 C fo r  a month.  
0 

RESULTS AND DISCUSSION 

A method b a s e d  on hypotonic  p re swe l l ing ,  hemolysis ,  

isotonic  r e s e a l i n g  a n d  r e a n n e a l i n g  w a s  employed for t he  

e n c a p s u l a t i o n  of metronidazole  i n  e r y t h r o c y t e s .  Swollen 

e r y t h r o c y t e s  were b r o u g h t  to t h e  point  of l y s i s  by 300 u L  of 

aqueous  d r u g  so lu t ion .  The point  of l y s i s  w a s  obse rved  

convenient ly  i n  t h e  manner  d e s c r i b e d  by L e w i s  a n d  Alpar  (15 ) .  

A t h i n  l a y e r  of white  ghos t s  w a s  obse rved  on t h e  top of t h e  

packed  c e l l s .  Various e n c a p s u l a t i o n  p a r a m e t e r s  are recorded 

i n  Table-1.  The e n c a p s u l a t i o n  of 0.71 - + 0.095 mg of metro- 

n idazo le  p e r  m i l l i l i t r e  of packed e r y t h r o c y t e s  w a s  recorded 

which r e p r e s e n t e d  42-56% eff ic iency of e n c a p s u l a t i o n .  

Sa t i s f ac to ry  cel l  r ecove r i e s  were o b t a i n e d .  

The l i g h t  microscopic examina t ion  of t he  d r u g  loaded  c e l l s  

r e v e a l e d  no a p p r e c i a b l e  difference i n  ce l l  morphology as 

compared to t h e  normal  c e l l s .  The loaded  c e l l s  were found of 
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ERYTHROCYTES AS CARRIERS OF METRONIDAZOLE 1805 

TABLE 1 

E n c a p s u l a t i o n  P a r a m e t e r s  

Pa rame te r  Value 
(mean - + S.D.; n=4)  

Metronidazole e n c a p s u l a t i o n *  0.71 - + 0.095 mg 

Percent  cel l  r ecove ry  90 - + 3 . 7 8  

75.6 + 4 . 6 1  Pe rcen t  ce l lu la r  hemoglobin - 

* E n c a p s u l a t i o n  p e r  m i l l i l i t r e  of p a c k e d  e r y t h r o c y t e s .  

9 

biconcave-discoid s h a p e  l i k e  the normal c e l l s .  Few of the 

loaded  c e l l s  (-2%) e x h i b i t e d  sphe rocy t i c  t r ans fo rma t ion .  

Metronidazole l o a d e d  e r y t h r o c y t e s  were c h a r a c t e r i z e d  for 

v a r i o u s  p a r a m e t e r s  v i z .  d r u g  a n d  hemoglobin r e l e a s e ,  osmotic 

f r a g i l i t y ,  t u r b u l e n c e  shock a n d  osmotic shock to g e t  a n  

i n s i g h t  i n t o  s t a b i l i t y  of t h e  c a r r i e r  e r y t h r o c y t e s .  The v a r i o u s  

c h a r a c t e r i z e d  p a r a m e t e r s  are recorded i n  Table-2.  

The osmotic f r a g i l i t y  c u r v e s  of t he  normal a n d  d r u g -  

loaded  e r y t h r o c y t e s  are shown i n  F ig . -1 .  The normal 

e r y t h r o c y t e s  r e l e a s e d  50% of c e l l u l a r  hemoglobin a t  sodium 

c h l o r i d e  concen t r a t ion  of 0.38g%, whereas  the  d r u g  loaded 

e r y t h r o c y t e s  r e l e a s e d  t h e  same a t  e l e v a t e d  s a l t  concen t r a t ion  

i .e .  0.53g%. The d r u g  loaded  e r y t h r o c y t e s  e x h i b i t e d  dev ia t ion  

from t h e  osmotic f r a g i l i t y  c u r v e  of t h e  normal  e r y t h r o c y t e s .  

The l o a d e d  ce l l s  r e l e a s e d  h i g h e r  amounts  of hemoglobin a t  all 

concen t r a t ions .  The l o a d e d  e r y t h r o c y t e s ,  t h u s  e x h i b i t e d  

h i g h e r  osmotic f r a g i l i t y  as compared to normal c e l l s .  Such 

ce l l s  of e l e v a t e d  f r a g i l i t y  may be des t royed  r a p i d l y  i n  

c i r c u l a t i o n  a n d  may r e s u l t  i n  reduced shelf  l i f e  (13 ) .  
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TABLE 2 

TALWAR AND JAIN 

Charac ter iza t ion  of normal ,  d r u g  loaded  a n d  d r u g  loaded  

g l u t a r a l d e h y d e  t r e a t e d  e r y t h r o c y t e s  

Parameter  Normal ce l l s  Drug loaded  Drug loaded  
ce l l s  t r e a t e d  ce l l s  

Shape Biconcave Biconcave Biconcave 

Osmotic f r a g i l i t y *  0.38 - + O.O2g% 0.53 - + 0.017% - 
d i s c s  d i s c s  d i s c s  

Turbulence  
f r a g i l i t y *  * 20 13 - 

* Sodium chlor ide  concent ra t ion  producing  50% hemoglobin l o s s .  

* *  Number of p a s s e s  through a 22 g a u g e  needle  producing  50% 
hemoglobin loss .  
Values represented  as mean - + S . D .  ( n = 4 ) .  

100 4 

Sodium chlor ide  concent ra t ion  (9%)  

FIGURE 1 

Osmotic f r a g i l i t y  c u r v e s  of normal (0) a n d  metronidazole 
loaded  ( 0 )  ery throcytes .  
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ERYTHROCYTES A S  C A R R I E R S  OF METRONIDAZOLE 1807 

100- 

80 - 
x 
2 60 - 

40 - c 

.I+ 
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Q 
c) 5 20 - 
a, 
PI 

I I I I 
10 20 30 40 
Number of p a s s e s  

F I G U R E  2 

Turbulence  shock s t u d y  of normal  ( 0 )  a n d  metronidazole 
loaded  (A) e r y t h r o c y t e s  

Turbulence-shock s t u d y  of t h e  loaded  c e l l s  w a s  performed 

to e v a l u a t e  t h e  s t a b i l i t y  of t h e  loaded  ce l l s  a g a i n s t  t h e  

t u r b u l e n c e  stress exer ted  b y  t h e  ce l l s  upon s h a k i n g  of d r u g  

loaded  cells in-v i t ro  a n d  a g a i n s t  in-vivo c i r c u l a t i o n  

t u r b u l e n c e .  The cells were subjec ted  to t u r b u l e n t  flow b y  

p a s s i n g  t h e  suspens ion  s e v e r a l  times through a 22 g a u g e  

needle. The normal e r y t h r o c y t e s  re leased  50% of c e l l u l a r  

hemoglobin upon 20 p a s s e s ,  whereas  t h e  d r u g  loaded  ery thro-  

cy tes  took 13 p a s s e s  to r e l e a s e  the same amount ( F i g . -  2 ) .  

The drug- loaded  c e l l s  t h u s  a p p e a r e d  l e s s  r e s i s t a n t  to the  

turbulence  shock ,  i n d i c a t i n g  t h a t  the  des t ruc t ion  of ce l l s  may 

resu l t  on s h a k i n g  t h e  sedimented ce l l s  to r e d i s p e r s e  them a n d  

cel l  des t ruc t ion  may a l s o  t a k e  p lace  d u r i n g  c i rcu la t ion .  

I n - v i t r o  release prof i les  of metronidazole a n d  hemoglobin 

from loaded  c e l l s  are shown i n  Fig.-3.  Slow r e l e a s e  of the  
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F I G U R E  3 

I n - v i t r o  release of metronidazole ( 0 )  a n d  hemoglobin ( 0 )  
from drug- loaded  e r y t h r o c y t e s  

d r u g  w a s  recorded .  I n  12h, 60% of t h e  e n c a p s u l a t e d  d r u g  

w a s  found i n  t h e  e x t r a c e l l u l a r  media .  Similar ly  34% of hemo- 

g lobin  was found e x t r a c e l l u l a r  . 

The d r u g  loaded  c e l l s  t h u s  e x h i b i t e d  poor s t a b i l i t y  as 

ev ident  from t h e  osmotic f r a g i l i t y ,  t u r b u l e n c e  shock s t u d y  

a n d  i n - v i t r o  r e l e a s e  p r o f i l e s .  Glu tara ldehyde  t reatment  of 

loaded ce l l s  f a c i l i t a t e d  s t a b i l i z a t i o n .  The osmotic shock 

s t u d y  r e v e l a e d  t h a t  t h e r e  w a s  n e g l i g i b l e  to n i l  hemoglobin 

l o s s  when drug-loaded g l u t a r a l d e h y d e  t r e a t e d  c e l l s  were 

a d d e d  to  water ( h y p o t o n i c ) ,  i n  c o n t r a s t  to t h e  non-treated 

c e l l s ,  which, e x h i b i t e d  complete l y s i s .  The g l u t a r a l d e h y d e  

t r e a t e d  ce l l s  t h u s  e x h i b i t e d  complete r e s i s t a n c e  to t h e  osmotic 

s tock .  

The t u r b u l e n c e  shock s t u d y  of t h e  g l u t a r a l d e h y d e  t r e a t e d  

c e l l s  (0 .1 ,  0 .3  a n d  1% t r e a t e d )  e x h i b i t e d  the  r e l e a s e  of 5 1 2 %  
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ERYTHROCYTES AS CARRIERS OF METRONIDAZOLE 1809 

i .: 20 m 
x 

1 I I 1 I 
I 10 20 30 40 50 

Number of p a s s e s  

FIGURE 4 

Turbu lence  shock s t u d y  of g l u t a r a l d e h y d e  t r e a t e d  
e r y t h r o c y t e s  ( 0 )  0.1%, (a) 0.3%, ( 0 )  l'% treatment  

of c e l l u l a r  hemoglobin upon 50 p a s s e s  ( F i g . - 4 ) .  The c e l l s  

t r e a t e d  with h i g h e r  concen t r a t ions  of' g l u t a r a l d e h y d e  a p p e a r e d  

to be  more r e s i s t a n t .  

I n - v i t r o  r e l e a s e  of metronidazole  from g l u t a r a l d e h y d e  

t r e a t e d  c e l l s  is shown i n  F ig . -5 .  G l u t a r a l d e h y d e  t reatment  

r e s u l t e d  i n  r educ t ion  i n  e f f l u x  r a t e  of t h e  d r u g .  The r a t e  of 

r e l e a s e  of metronidazole  w a s  dec reased  as the  concen t r a t ion  

of g l u t a r a l d e h y d e  used for t r ea tmen t  i n c r e a s e d .  G l u t a r a l d e h y d e  

t reatment  of e r y t h r o c y t e s  r e s u l t s  i n  c r o s s l i n k i n g  of t he  

membrane p r o t e i n s  ( 1 4 ) .  The obse rva t ion  of d e c r e a s e  of d r u g  

e f f lux  upon i n c r e a s i n g  t h e  g l u t a r a l d e h y d e  concen t r a t ion  c a n  

be a s c r i b e d  to t h e  deg ree  of c r o s s l i n k i n g ,  which i n c r e a s e s  

upon exposure  of c e l l s  t o  h i g h e r  concen t r a t ions  of 

g l u t a r a l d e h y d e .  The 0 . 1 ,  0 .3  a n d  1% t r e a t e d  ce l l s  e x h i b i t e d  

the  r e l e a s e  of 32%, 20% a n d  9% r e spec t ive ly  of e n c a p s u l a t e d  

d r u g  i n  1 2  h .  Negl igible  to n i l  e f f lux  of hemoglobin was 

recorded from t r e a t e d  c e l l s .  
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F I G U R E  5 

I n - v i t r o  release of metronidazole from g l u t a r a l d e h y d e  t r e a t e d  
e ry throcytes  ( 0 )  1%, (4) 0.3% a n d  (0) 0.1% t rea tment .  

The g l u t a r a l d e h y d e  t reatment  of the  d r u g  loaded  ce l l s  

t h u s  resu l ted  i n  improved s t a b i l i t y  of t h e  c a r r i e r  e ry thro-  

cy tes .  The g l u t a r a l d e h y d e  t rea tment  of e ry throcytes  is a l s o  

reported t o  target them to the  ret iculo-endothel ia l  system 

(RES) ( 7 ) .  The t r e a t e d  c e l l s  are  c l e a r e d  from c i r c u l a t i o n  

r a p i d l y  b y  l i v e r  a n d  sp leen  recogni t ion.  Thus  t h e  admini-  

s t r a t i o n  of g l u t a r a l d e h y d e  t r e a t e d  metronidazole loaded  

e r y t h r o c y t e s  is a n t i c i p a t e d  to r e s u l t  i n  r a p i d  u p t a k e  of t h e  

d r u g  by t h e  l i v e r  t i s s u e .  The e leva ted  concent ra t ion  of d r u g  

i n  t h e  liver is a n t i c i p a t e d  to improve the  t h e r a p e u t i c  

eff icacy of metronidazole.  

Maximum shelf  l i fe  of 2 weeks h a s  been repor ted  for 

d r u g  c a r r i e r ,  non-g lu ta ra ldehyde  t r e a t e d  e ry throcytes  (15 1 .  
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ERYTHROCYTES AS CARRIERS OF METRONIDAZOLE 1811 

With a view to improve shelf  l ife of t h e  c a r r i e r ,  a n  at tempt  

w a s  made to o b t a i n  loaded  c e l l s  i n  powder form, r e a d y  for 

r econs t i t u t ion .  The g l u t a r a l d e h y d e  t r e a t e d  c e l l s  were e a s i l y  

collected on a s i n t e r e d  g l a s s  f u n n e l  a n d  d r i e d  to o b t a i n  a 

powder.  The ce l l s  were a l s o  o b t a i n e d  i n  powder form by 

lyoph i l i za t ion  . The powdered c e l l s  upon l i g h t  microscopic 

examina t ion  e x h i b i t e d  no c h a n g e  i n  morphology of t h e  c e l l s ,  

as compared to the  normal  c e l l s .  Some c e l l  a g g r e g a t e s  were 

however found ,  which w e r e  e a s i l y  r e d i s p e r s e d  by  p a s s i n g  t h e  

suspens ion  t h r o u g h  a 26 g a u g e  need le .  The powdered ce l l s  

were s to red  at  4 O C  fo r  a month i n  amber  coloured g l a s s  

c o n t a i n e r ,  following which i n - v i t r o  r e l e a s e  of t he  d r u g  was 

i n v e s t i g a t e d .  No a p p r e c i a b l e  c h a n g e  i n  i n - v i t r o  r e l e a s e  

p ro f i l e  of metronidazole  w a s  de t ec t ed .  F u r t h e r  e x t e n s i v e  

s t u d i e s  are r e q u i r e d  to i n v e s t i g a t e  t h e  bio-chemical c h a n g e s  

t h a t  may t a k e  p l a c e  i n  c e l l s  upon s t o r a g e  to accoun t  for 

t h e i r  s u i t a b i l i t y  as c a r r i e r s  of metronidazole .  

The y l u t a r a l d e h y d e  t r e a t e d  e r y t h r o c y t e s  are r epor t ed  to  

be  w e l l  t o l e r a t e d  b y  t h e  l i v e r ,  no damage  r e s u l t s  from t h e i r  

e x t e n s i v e  a n d  prolonged u p t a k e  ( 7 ) .  On the  b a s i s  of 

i n - v i t r o  s t u d i e s ,  g l u t a r a l d e h y d e  t r e a t e d  e r y t h r o c y t e s  t h u s  

a p p e a r e d  as promising c a r r i e r s  of metronidazole .  The shelf  

l i f e  of t h e  loaded  e r y t h r o c y t e s  may be  improved by s t o r i n g  

then i n  powder form. 
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