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A BS TK ACT 

A novel technique fo r  J epyrogena t ion  of high molecular  weight  

d rugs  sens i t ive  to h e a t ,  ac ids ,  a lka l ies  and  chemica l  a g e n t s  was developed  

o n  labora tory  scale using s t e r i l e  immobilized a -amylase.  Pyrogenic  

solution of d rug  w a s  asept ica l ly  t r e a t e d  with immobi l ized  e n z y m e  

in t h e  p re sence  of 0.05 % v/v ch lo ro fo rm as a p rese rva t ive  for spec i f ic  

period of t i m e  under op t i rnum '  condi t ions  of t e m p e r a t u r e ,  pH and 

ag i ta t ion .  A f t e r  a de f in i t e  period, t h e  d rug  solution w a s  s e p a r a t e d  

f r o m  inirriobilized enzyine  asept ica l ly  and  h e a t e d  under vacuum to  

rernove t h e  volati le preserva t ive .  S igni f icant  d e c r e a s e  in the  pyrogcnic  

c o n t e n t  of d rug  solution was observed  when tested in r abb i t s  for  t h e  

p re sence  of pyrogens  be fo re  and  af t c r  t r ea t rnen t  w i t h  s t e r i l e  immobilized 

enzyme .  The l i m e  requi red  for c o m p l e t e  depyrogenat ion  w a s  found 

to be a func t ion  of t h e  a m o u n t  of pyrogens  p r e s e n t  in t h e  drug. Dry, 
apyrogenic  drug  c a n  be  r ecove red  f r o m  drug  solution by su i tab le  means .  
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INTRODUCTION 

CHAWLA ET AL. 

'Pyrogens' a r e  subs t ances  c a p a b l e  of producing pyrexia.  When 

in jec ted  in to  human body in su f f i c i en t  amoun t s ,  pyrogens  will c a u s e  
a va r i e ty  of adve r se  physiological responses  - t h e  most  c o m m o n  being 

a n  increase  in body t e m p e r a t u r e ,  f r o m  which, n a m e  'pyrogen'  i s  der ived  

(Greek  'Pyro' = f i r e  ; 'gen' = beginning) ' .  Pyrogens  c a n  t a k e  on d i f f e ren t  
2 shapes  and  sizes depending on t h e  c h e m i c a l  n a t u r e  of t h e  solution. 

Chemica l ly  pyrogens a r e  lipopolysaccharides w i t h  molecular we igh t  
of t h e  order  of 1-2 millions . The p r e s e n c e  of pyrogens  is most  se r ious  

in l a rge  volume in jec tab les  because  of t h e  following : 

* A large-volume in jec t ion  will con ta in  a cor respondingly  l a r g e  

3 

amoun t  of pyrogens ; 

L a r g e  volume in jec t ions  a r e  usually g iven  in t ravenous ly ,  a n d  

consequent ly ,  t h e  pyrogens  will have  a more  r ap id  e f f e c t  ; 

* P a t i e n t s  receiving infusion f lu ids  a r e  o f t e n  dangerously ill a n d  

t h e  effect of t h e  r i s e  in t e m p e r a t u r e  could  be disastrous.  

Therefore ,  it is of u t m o s t  impor t ance  t o  e l imina te  pyrogens  

f r o m  injections,  espec ia l ly  those  admin i s t e red  in l a r g e  volumes  

intravenous1 y. 
The sources  of pyrogens  in in jec t ions  m a y  b e  t h e  so lvent ,  t h e  

med icamen t ,  t h e  appa ra tus  or t h e  me thod  of s t o r a g e  b e t w e e n  p repa ra t ion  

and  steri l ization. Possibly,  t h e  mos t  impor t an t  a r e  the solvent and  

the medicament. 
Solvent ,  which  in most cases is w a t e r ,  c a n  b e  m a d e  pyrogen 

f r e e  by  numerous  sti l ls4 such  as Manesty water still, AMSCO still, 
Mascarini thermocompression still, Santasolo-Sohlberg Finn-Aqua still 
etc. Water c a n  b e  depyrogena ted  a l so  b y  ion-exchange resins,  u l t r a  

f i l t r a t ion  a n d  o t h e r  methods.  So, production of low cost, high purity, 
pyrogen free distilled water is  not a problem. Non-aqueous oily so lvents  

c a n  be depyrogenated  b y  hea t ing  at 250°C f o r  30 minutes.  Moreover,  

non-aqueous vehicles a r e  normal ly  used  f o r  sma l l  vo lume pa ren te ra l s .  

Many methods  ava i lab le  f o r  depyrogenat ion  of drugs a r e  based  
e i t h e r  on hea t ing  or t r e a t m e n t  of drugs  w i t h  ac ids ,  a lka l ies  and  s t rong  

oxidising agents .  Drugs  c a n  b e  depyrogena ted  b y  dissolving t h e m  in 
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DEPYROGENATION OF DRUGS USING IMMOBILIZED ENZYMES 393 

pyrogen f r e e  solvent a n d  heating t h e  result ing solution t o  250°C fo r  

30 minutes  b u t  th i s  method is not  applicable to thermolabi le  drugs. 

rong  oxidising 

hese  chemica l  

Depyrogenat ion  b y  t r e a t m e n t  w i th  ac ids ,  a lka l ies  and  s 

agen t s  is not  applicable to drugs which  a r e  sens i t ive  to 

agents .  

Adsorptive methods  fo r  removal  of pyrogens 

demons t r a t ed  to remove  s o m e  level of pyrogens f r o m  

have  been  

solutions,  b u t  
2 in genera l ,  adsorp t ive  methods  a r e  not  cons is ten t ,  e.g. a c t i v a t e d  ca rbon  

showed a depyrogenation effect when t h e  ca rbon  w a s  ove r  5% w/v  

in concen t r a t ion  a n d  if t h e  pyrogen concen t r a t ion  w a s  below 500ng/ml. 

However,  adsorbent  may  a l so  adsorb  s igni f icant  quan t i t i e s  of a c t i v e  

cons t i tuent (s )  f r o m  t h e  solution. Moreover,  pyrogens  adsorbed  on t h e  

absorbent  ma te r i a l  c a n  unload at a n y  t i m e ,  t hus  increasing t h e  

concen t r a t ion  of pyrogens in t h e  f ina l  solution. 

Aqueous solutions exposed  to a s te r i l i za t ion  dose of 2.5 h/l r a d  

of rad ia t ion  f r o m  cobalt-60 a l so  did not  i nac t iva t e  t h e  500 ng/ml 

leve l  of pyrogens . 2 

Another  method fo r  depyrogenation of drugs is b y  ultraf i l tration. 

This method, though developed r ecen t ly ,  has  ga ined  wide  popularity.  

In th i s  method,  t h e  drugs to b e  depyrogenated  a r e  dissolved in a su i tab le  

so lvent  a n d  then  sub jec t ed  to u l t ra f i l t ra t ion .  This me thod  has  g o t  

advan tage  t h a t  t h e  pyrogens a r e  physically s e p a r a t e d  f r o m  t h e  drug 

solution and  consequent ly ,  degraded  products  of pyrogens a r e  not  l e f t  

behind in t h e  product  as in t h e  case of o t h e r  methods. However,  t h e  

u s e  of th i s  method is l imi t ed  to drugs w i t h  low molecular weight.  

Moreover,  u l t ra f i l t ra t ion  is no t  a f eas ib l e  method f o r  l a r g e  s c a l e  
5 processing . 

I t  is, the re fo re ,  ev ident  t h a t  t h e r e  a r e  s t i l l  d i f f icu l t ies  in 

removing pyrogens f r o m  high molecular weight  drugs l ike immunoglobulins, 
interferons, enzymatic casein hydrolysates, albumin preparations, 
heparin, streptokinase, urokinase, L-asparginase, bacterial hyaluronidase 
a n d  cocarboxylase hydrochloride etc. Obviously, a fo remen t ioned  c a t e g o r y  

of drugs c a n  not  b e  depyrogenated  b y  t h e r m a l  appl ica t ion  o r  b y  

t r e a t m e n t  w i t h  acids,  a lka l ies  and  o t h e r  chemica l  agents .  
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6 In 1947, Pingert F.P. -- et al. p a t e n t e d  a p rocess  f o r  depyrogenat ion  

of high molecular weight  drugs sens i t ive  to h e a t  a n d  c h e m i c a l  a g e n t s  

by  t r e a t m e n t  w i t h  amylo ly t ic  enzymes .  The me thod  compr i sed  of 

t r e a t m e n t  of t h e  drug solution w i t h  a - a m y l a s e  at 43-70°C f o r  a spec i f i c  

per iod  in t h e  p re sence  of su i tab le  vola t i le  p re se rva t ive  s u c h  as 

chloroform,  fo l lowed by  des t ruc t ion  of t h e  e n z y m e  b y  hea t ing  t h e  

solution and  f i l t e r ing  under  apyrogenic  conditions.  This t echn ique  

necess i a t ed  t h e  use  of f r e s h  e n z y m e  e v e r y  t i m e  resu l t ing  in high cost 

and  was  consequent ly ,  industrially unviable. The  whole  p rocess  is 

r ep resen ted  schemat i ca l ly ,  in figure 1 .  

In t h e  p re sen t  s tud ies ,  t h e  p rocess  deve loped  b y  P i n g e r t  F.P. 
- _  et al. has been  r e inves t iga t ed  b y  using s t e r i l e ,  immobi l ized  0: -amylase  

so as to p e r m i t  t h e  r epe t i t i ve  use  of s a m e  e n z y m e  resu l t ing  in s t e e p  

dec l ine  in t h e  overa l l  cost of t h e  process.  Number  of techniques  of 
immobilization have  a l r eady  been  r e p o r t e d  in t h e  l i t e r a t u r e  which  

could  f a c i l i t a t e  s t e r i l e  product .  In t h e  p re sen t  process ,  g lu t a ra ldehyde  

w a s  used as a b i func t iona l  cova len t  c r o s s  linking a g e n t  to f o r m  s t e r i l e  

insoluble chemica l  aggrega te s  w i t h  a -amylase .  

Apar t  f r o m  a - a m y l a s e ,  number  of o t h e r  e n z y m e s  s u c h  as 
r i b ~ n u c l e a s e ~ ,  lysozyme8 a n d  pepsin 9p'09 a r e  a l so  r e p o r t e d  to possess 

t h e  an t ipyrogenic  ac t iv i ty .  So, th i s  p rocess  o f f e r s  a vas t  po ten t i a l  

for depyrogenat ion  of wide  r ange  of t h e  drugs using immobi l ized  enzymes .  

MATERIALS AND METHODS 

(1) Chemicals and Reagents  

(r-Amylase and Bovine serum albumin w e r e  ob ta ined  f r o m  S igma  

C h e m i c a l  Co. (St.Louis, MO); Maltose  w a s  p rocured  f r o m  DIFCO; 
3,5 Dinitrosalicylic acid w a s  supplied b y  E. Merck (F.R. Germany)  

whi le  Glutaraldehyde (25%) w a s  ob ta ined  f r o m  Riede l  D e  Haen AG 
(Seelze-Hannover).  All  t h e  o t h e r  c h e m i c a l s  a n d  r e a g e n t s  u sed  w e r e  

of ana ly t ica l  g r a d e  a n d  ob ta ined  f r o m  var ious  s t a n d a r d  sources.  

(2) A. Preparation of Sterile immobilized a-amylase : 
I gm. of e n z y m e  powder  a n d  1 g m  of bovine s e r u m  albumin 

(BSA) w e r e  shaken  wi th  20ml of w a t e r  fo r  in jec t ion  ( t o  m a k e  f ina l  
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Pyrogenic 
Drug 

I 
I 

Solubilisation in 

Volatile Soluble 
preservative Enzyme 

water for injection -lk Treatment for specific period at Temperature 43OC-7OoC 

I 
1 

I 

I 
I 

Destruction of enzyme by beating at 95OC 

Volatilisation of preservative by heating 
under reduced pressure 

Separation of enzyme by filtration under 
apyrogenic and sterile conditions 

Drug solution free from pyrogens 

Removal of liquid to obtain 
Dry Apyrogenic Drug 

FIGURE - 1 

F.P. PINCERT'S PROCESS FOR DEPYROGENATION O F  
DRUGS 

c o n c e n t r a t i o n  5 0 m g / m l )  in  a c l e a n ,  dry ,  p y r o g e n  f r e e  g l a s s  t u b e  f o r  

10 minutes .  I t  w a s  c e n t r i f u g e d  to get  a r e s i d u e  a n d  s u p e r n a t a n t .  

S u p e r n a t a n t  w a s  s e p a r a t e d  a n d  t r a n s f e r r e d  to a n o t h e r  c l e a n ,  d r y  a n d  

p y r o g e n  f r e e  g l a s s  tube .  T o  t h i s  s o l u t i o n ,  s o l u b l e  s t a r c h  w a s  a d d e d  

to m a k e  t h e  f i n a l  c o n c e n t r a t i o n  of 0.01% w/v. T h i s  w a s  k e p t  f o r  o n e  

hour .  

A f t e r  o n e  hour, g l u t a r a l d e h y d e  w a s  added to m a k e  f i n a l  

c o n c e n t r a t i o n  of 2% v/v. T h e  r e a c t i o n  m i x t u r e  w a s  l e f t  at r o o m  

t e m p e a t u r e  u n d i s t u r b e d  for 30 m i n u t e s  to  assist f o r m a t i o n  of ge l .  

This  g e l  w a s  c u t  w i t h  a b l e n d e r ,  h o m o g e n i z e d  a n d  w a s h e d  w i t h  w a t e r  

f o r  i n j e c t i o n  long  e n o u g h  to r e m o v e  f r e e  m o l e c u l e s  of g l u t a r a l d e h y d e  

a n d  p r o t e i n  ( b o t h  w e r e  c h e c k e d  in t h e  washings) .  This  h o m o g e n i z e d  

m a s s  w a s  s u s p e n d e d  in 2 0 m l  of 0.02M s o d i u m  p h o s p h a t e  b u f f e r ,  p H  

7.0 a n d  a n a l y s e d  for its a c t i v i t y .  T h e  p r o d u c t  w a s  tested f o r  its s t e r i l i t y  

also. 
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3 98 CHAWLA ET AL. 

8. Determination of Enzymatic Activity: 
One of t h e  most a c c u r a t e  a n d  commonly  used method fo r  

measuring ac t iv i ty  of a - a m y l a s e  is t h a t  of Bernfeldl' w h i c h  i n v o l v e s  

de te rmina t ion  of reducing sugars  l i be ra t ed  b y  t h e  enzyme.  The mal tose  

l i be ra t ed  f r o m  s t a r c h  is measured  by  its ab i l i ty  to r educe  3,5 dinitro 

salicylic acid. The s t anda rd  cu rve  for  mal tose  de te rmina t ion  is shown 

in Figure 2a. A unit  of a -amylase ac t iv i ty  is t h a t  which l i be ra t e s  

1 micromole of mal tose  p e r  minute at 25°C f r o m  1 %  soluble s t a r c h  

in 0.02 M sodium phosphate buf fer ,  pH 7.0. 

i) Dinitrosalicylic acid colour reagent: I t  w a s  p repa red  by  dissolving 

1.0 g m  of 3,5 dinitrosalicylic ac id  in 20ml of 2N sodium hydroxide. 

30 gms. of sodium-potassium t a r t a r a t e  w a s  added  to it slowly a n d  

diluted wi th  g lass  disti l led w a t e r  to  make  f ina l  volume to 100 ml. 

I t  w a s  p r o t e c t e d  f r o m  C 0 2  and  w a s  not  used beyond t w o  weeks. 

ii) 1 % Soluble starch solution : I t  w a s  p repa red  b y  dissolving 

1.0 g m  soluble s t a r c h  in 100ml of 0.02 ki sodium phosphate  buf fer ,  

pH 7.0. I t  w a s  gen t ly  boiled to dissolve, cooled  a n d  made  up t h e  volume 

to 100ml wi th  disti l led wa te r .  I t  w a s  incubated  at 25°C for 4-5 minutes 

prior t o  assay. 

iii) A se r i e s  of dilutions 

of e n z y m e  ranging f r o m  20-60 mcgs/ml e n z y m e  powder w e r e  prepared .  

0.5 rnl of various e n z y m e  dilutions was t r ans fe r r ed  in to  a se r i e s  of 

numbered  test tubes. A blank w a s  included wi th  0.5ml glass disti l led 

wa te r .  The tubes  w e r e  incubated  at 25°C for  4-5 minutes  to achieve  

t e m p e r a t u r e  equilibrium. A t  t i m e d  intervals,  0.5ml of 1 %  soluble s t a r c h  

solution was  added  at 25°C. These w e r e  incubated  e x a c t l y  fo r  3 minutes  

and  I ml of DNSA colour r eagen t  w a s  added  to e a c h  tube  at t i m e d  

intervals. All tubes  w e r e  incubated  in boiling w a t e r  b a t h  for 5 minutes  

and  cooled  to room t empera tu re .  10ml of disti l led w a t e r  w a s  added  

to e a c h  tube  a n d  mixed well. Absorbance w a s  measured  at 540nm 

agains t  a blank using CE 5% CECIL double beam spectrophotometer. 
Micromoles of mal tose  l i be ra t ed  w e r e  d e t e r  mined f r o m  s t a n d a r d  c u r v e  

of maltose. The ac t iv i ty  w a s  expressed  as unitslmg of e n z y m e  powder. 

Enzymatic activity of native a -amylase : 

Micromoles maltose liberated 
mg. enzyme in reaction mixture x 3 minutes. Units/% = 
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DEPYROGENATION OF DRUGS USING IMMOBILIZED ENZYMES 399 

iv) Enzymatic activity of Immobilized Enzyme : The a c t i v i t y  w a s  

de t e rmined  using t h e  s a m e  technique  as fo r  t h e  na t ive  enzyme .  The 

homogenized mass w a s  suspended uni formly  in su i t ab le  volume of 

0.02 M sodium phosphate  bu f fe r ,  pH 7.0. A def in i te  a l iquot  (0.5ml) 

of t h e  suspension w a s  p i p e t t e d  o u t  (in order  to f a c i l i t a t e  sampling, 

t h e  t i p  of t h e  p i p e t t e  w a s  c u t )  and  w a s  sub jec t ed  to as say  at 25°C 

using I %  soluble s t a r c h  as subs t r a t e  and  DNSA as colouring reagent .  

A f t e r  t h e  deve lopment  of co lour  a n d  dilution w i t h  w a t e r ,  t h e  

solution w a s  sub jec t ed  to cen t r i fuga t ion  to s e p a r a t e  t h e  insoluble 

suspended  enzyme.  Absorbance  w a s  measured  at 540 n m  agains t  a 

blank using CE 594 CECIL double beam spectrophotorneter. 

C. Determination of Activity Yields after Immobilization: 
The a c t i v i t y  of a -amylase  w a s  de t e rmined  b e f o r e  a n d  a f t e r  

immobilization using t h e  s a m e  p rocedure  as out l ined  ear l ie r .  Ac t iv i ty  

yields w e r e  c a l c u l a t e d  as t h e  r a t i o  of t h e  a c t i v i t y  of an  a l iquot  of 

insolubilized e n z y m e  t o  t h e  s a m e  a l iquot  of init ial  a c t i v e  solution 

(i.e. solution prior to immobilization).  I t  t a k e s  in to  accoun t  bo th  t h e  

chemica l  yield of immobilization a n d  t h e  spec i f i c  a c t i v i t y  of t h e  

insolubilized enzyme '*  a n d  is expressed  as : 

Overall activity of the insolubilized enzyme x 100 
Overdl activity of initid enzyme solution Activity yield (%) = 

This process  w a s  r e p e a t e d  t w i c e  a n d  t h e  resu l t s  a r e  compi led  in Table 1 .  

D. Sterility Testing : 
In order  to de te rmine  whe the r  t h e  a fo remen t ioned  immobilization 

technique  yielded s t e r i l e  immobilized e n z y m e  or no t ,  immobi l ized  

e n z y m e  w a s  sub jec t ed  to s t e r i l i t y  t e s t ing  fo r  b a c t e r i a  a n d  fungi. The 

media  used  f o r  t h e s e  w e r e  Nu t r i en t  Bro th  a n d  Flu id  Sabourand  media  

f o r  b a c t e r i a  a n d  fungi respectively.  The  tubes  w e r e  incubated  at 25°C 

f o r  fungi a n d  at 37°C f o r  b a c t e r i a  f o r  a per iod  of 14 days. The  resu l t s  

a r e  r eco rded  in Table-2. 

E. Depyrog enation activity of Immobilized a -Amylase and Testing 

for reprochcibility : 

In o rde r  to s impl i fy  and  quan t i fy  t h e  resu l t s ,  it w a s  necessa ry  

t h a t  t h e  source  should con ta in  a def in i te  and  p re fe rab ly  known amoun t  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



4 00 CHAWLA ET AL. 

TABLE I 
ACTIVITY YIELDS AFTER IMMOBILIZATION OFa-AMYLASE 

Parameter Set  Number 

I I1 I11 
~ ~ _ _ _ ~ ~  

pH of immobilization 7.0 7.0 7.0 

Activity before 16.3 16.3 16.3 
immobilization 
Activity after 6.20 6.52 6.34 
immobilization 
Percentage of remaining 38.04 40.0 38.9 
activity 
Mean Activity Yield (%) 38.98 

TABLE 2 
STERILITY TESTING OF IMMOBILIZED ENZYME 

S.No. Test tube number Growth observed after I4 days 
Nutrient Broth Fluid Sabwrand 

media media 

1. 
2. 
3. 

4. 

5 .  

6. 
7. 

8. 

Positive control 

Negative control 

One 
Two 

Three 
Four 

Five 

Six 

Positive 

Negative 

Negative 
Negative 

Negative 

Negative 

Negative 
Negative 

Positive 

Negative 

Negative 
Negative 

Negative 

Negative 

Negative 

Negative 
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DEPYROGENATION OF DRUGS USING IMMOBILIZED ENZYMES 40 1 

of pyrogens. S ince  a -amylase,  an  amylo ly t ic  e n z y m e  is a c t i v e  aga ins t  

pyrogens as wel l  as soluble s t a r c h ,  t he re fo re ,  t h e  a c t i v i t y  of a - a m y l a s e  

aga ins t  soluble s t a r c h  c a n  b e  cons idered  as an  ind i rec t  measu re  of 

its ant ipyrogenic  activity.  Soluble s t a r c h  w a s  s e l e c t e d  fo r  de t e rmina t ion  

of e n z y m a t i c  ac t iv i ty  of na t ive  as well  as immobi l ized  enzyme.  

Bacter ia l  vacc ines  f r o m  g ram-nega t ive  b a c t e r i a  a r e  highly pyrogenic 

a n d  s ince  t h e  number of microorganisms pe r  unit  vo lume a r e  

s tandard ised ,  t he re fo re ,  t h e s e  vacc ines  c a n  act as a n  exce l l en t  s u b s t r a t e  

f o r  de t e rmina t ion  of an t ipyrogenic  ac t iv i ty .  

Typhoid - Para typho id  Vacc ine  (T.A. Vaccine) w a s  used  as a 

s o u r c e  of pyrogens fo r  f ina l  conf i rma t ion  of an t ipyrogenic  a c t i v i t y  

of immobi l ized  enzyme.  E a c h  ml of T.A. Vacc ine  (CRI, Kasauli) used  

con ta ined  Salmonella typhi - 1,000 million a n d  S-paratyphi A-500 million. 
Convent iona l  rabbi t  method as descr ibed  in Indian Pha rmacopoe ia ,  

1985 w a s  used  to  d e t e c t  t h e  p re sence  of pyrogens in t h e  sample .  The 

r i se  in body t e m p e r a t u r e  of r abb i t s  a f t e r  injection of s a m p l e  w a s  
t;:ken as c o m p a r a t i v e  c r i t e r i a  i.e. g r e a t e r  r i se  in t e m p e r a t u r e  w a s  

t a k e n  as indica t ive  of higher amoun t s  of pyrogens and  v i ce  versa. 

i) Preparation of Pyrogenic Sample: A single, 30ml vial  of Typhoid- 

Pa ra typho id  vacc ine  w a s  s te r i l i sed  by autoc lav ing  at 121°C for  30 

minutes. S ince  autovlaving under t h e s e  condi t ions  is known to  des t roy  

only b a c t e r i a  and  not  pyrogens,  t h e  s a m e  vial w a s  used  as a source  

of pyrogens. F o r  prepara t ion  of t h e  pyrogenic  sample ,  1 .Om1 of c o n t e n t s  

of vial w e r e  mixed wi th  99ml of pyrogen f r e e  normal  sa l ine ,  pH 7.0, 

under a sep t i c  conditions.  

ii) Treatment of Pyrogenic Sample with Immobilized Enzyme: 
100ml of above  sample  w a s  a sep t i ca l ly  t r e a t e d  w i t h  approx ima te ly  

I.Ogm of immobi l ized  e n z y m e  in a well  closed, s t e r i l e  a n d  pyrogen-f ree  

con ta ine r ,  capab le  of re ta in ing  s te r i l i ty ,  fo r  a per iod  of 12 hours at 
25OC in t h e  p re sence  of ch loroform (0.05% v/v) as a preserva t ive .  

iii) Separation of Immobilized Enzyme: The immobi l ized  e n z y m e  

w a s  s e p a r a t e d  f r o m  t h e  r eac t ion  mixture  b y  means  of f i l t r a t ion  under 

a sep t i c ,  pyrogen-free condi t ions  using pyrogen-f ree  Whatman f i l t e r  

pape r  (pre-treated with hydrogenperoxide to remove pyrogens). The 

s e p a r a t e d  e n z y m e  was  s t o r e d  in apyrogenic  sodium phosphate  buf fer ,  
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402 CHAWLA ET AL. 

TABLE 3 
DEPYROGENATION ACTIVITY OF IMMOBILIZED ENZYME 

- 
S.No. Description of Maximum Summed 

observed in three ("C) 
rabbits ("C) 
(1) (2) (3) 

Sample Temperature rise Response 

1 .  Blank 

2. s-1 
3. s-2 
4. s-3 

2.0 2.2 I .9 6.1 

0.3 0.4 0.2 0.9 

0.5 0.1 0.3 0.9 

0.2 0.2 0.3 0.7 

pH 7.0, in t h e  p re sence  of chloroform in a concen t r a t ion  of 0.05% 
v/v as a preservative.  The  s e p a r a t e d  solution w a s  h e a t e d  to remove  

preserva t ive ,  au toc laved  a n d  t e s t e d  for  i t s  pyrogenic ac t iv i ty  in rabbits.  

The  test was  c a r r i e d  out  as pe r  spec i f ica t ions  of IP.'85. The r abb i t s  

w e r e  in jec ted  w i t h  a dose of 5ml pe r  kg body weight.  

The s e p a r a t e d  immobilized e n z y m e  used  fo r  ea r l i e r  expe r imen ta t ion  

w a s  r e t r e a t e d  wi th  ano the r  pyrogenic sample  of normal sa l ine  under 

similar conditions as descr ibed  previously. This w a s  r e p e a t e d  t w i c e  

a n d  t h e  t r e a t e d  samples  w e r e  c h e c k e d  fo r  t he i r  pyrogenic ac t iv i ty  

in rabbits.  The following samples  w e r e  t e s t e d  for the i r  pyrogenic ac t iv i ty  

in rabbi t s  as p e r  1 9 . W  specifications:  

Sample no. 1 : Blank conta in ing  1 .Om1 of vacc ine  c o n t e n t s  in 100ml 

of normal saline. 

Samples no. 2J and 4 6 - 1 ,  S-2 and S-3): Pyrogenic  samples  t r e a t e d  

w i t h  immobilized e n z y m e  as per  modified process  a n d  t e s t e d  fo r  pyrogens  

The  samples  w e r e  t r e a t e d  wi th  immobilized e n z y m e  fo r  a per iod  of 

12 hours. This w a s  r e p e a t e d  twice .  The resu l t s  a r e  r epor t ed  in Table 3. 
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DEPYROGENATION OF DRUGS U S I N G  IMMOBILIZED ENZYMES 403 

RESULTS AND DISCUSSION 

OC -Amylase,  as ment ioned  ea r l i e r ,  has  got t h e  depyrogenation 

ac t iv i ty .  The na t ive  e n z y m e  has g o t  op t imum pH approx ima te ly  at 

7.0 Enzymat i c  ac t iv i ty  increased  wi th  increase  in t h e  t e m p e r a t u r e  

up to 70°C in case of u - a m y l a s e  f r o m  bac te r i a l  origin. The immobi l ized  

e n z y m e  o f fe r s  t h r e e  distinct advantages '  o v e r  t h e  soluble enzyme: 

Reusabili ty,  G r e a t e r  s t ab i l i t y  a n d  D e c r e a s e d  suscept ib i l i ty  to in te r fe r ing  

substances.  

In t h e  p re sen t  process  of immobilization, g lu t a ra ldehyde  w a s  

used as a bifunctional cova len t  c ros s  linking agen t  to f o r m  insoluble 

aggrega te s  of a -amylase. In th i s  process,  bovine s e r u m  albumin w a s  

chosen  as an  auxi l la ry  soluble pro te in  t o  t h e  e n z y m e  solution because  

of its lysyl res idue  conten t .  Soluble s t a r c h  w a s  used  as a p r o t e c t i v e  

thus  prevent ing  t h e  ac t ive  s i t e s  of t h e  e n z y m e  to c o m e  in t h e  d i r ec t  

c o n t a c t  w i th  g l u t  a r  a1 de h y de. 

Usually t h e r e  is s o m e  loss of ac t iv i ty  of e n z y m e  o n c e  it is 

immobilized. With t h e  a fo remen t ioned  process  of immobilization of 

-amylase,  activity yields of the order of 38-40% were obtained (Table 1). 

The process  of immobilization w a s  a l so  t e s t e d  fo r  its e f f i c a c y  

to yield a s t e r i l e  product.  The chemica l  aggrega te s  of a - a m y l a s e  

obta ined  a f t e r  c r o s s  linking wi th  g lu ta ra ldehyde  w e r e  t e s t e d  f o r  t h e  

p re sence  of living microorganisms (bo th  b a c t e r i a  and  fungi) in t h e  

p re sence  of the i r  r e spec t ive  g rowth  supporting media  i.e. Nu t r i en t  

b ro th  fo r  b a c t e r i a  a n d  Fluid sabourand media fo r  fungi. I t  w a s  found 

t h a t  t h e  process could yield sterile product as ev iden t  f r o m  t h e  resu l t s  

compi l ed  in Table 2. 

A f t e r  immobilization of enzyme ,  t h e  various p a r a m e t e r s  a f f ec t ing  

t h e  a c t i v i t y  of a - amylase  l ike  pH, t e m p e r a t u r e ,  p re sence  of p re se rva t ive  

etc. w e r e  a l so  s tud ied  using soluble s t a r c h  as s u b s t r a t e  t o  get op t imum 

conditions fo r  depyrogenation. Based on t h e  resu l t s  of a c t i v i t y  yields 

a f t e r  immobilization, a suspension of immobilized e n z y m e  possessing 

about  60 units/ml ac t iv i ty  was  p repa red  in w a t e r  f o r  injection a n d  

used f o r  t h e  opt imiza t ion  of various expe r imen ta l  conditions.  
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404 CHAWLA ET AL. 

Influence of pH : The e n z y m e  suspensions w e r e  p repa red  at d i f fe ren t  

pH ranging f r o m  5.8 to 8.0. Likewise,  1 %  soluble s t a r c h  solutions,  

t a k e n  as subs t r a t e ,  w e r e  p repa red  in t h e  above  ment ioned  pH range. 
The ac t iv i ty  of immobilized e n z y m e  w a s  de t e rmined  at d i f f e ren t  pH 

taking e v e r y  reading in t r ip l ica te .  I t  w a s  found t h a t  t h e  optimum pH 
remained approximately at 7.0. The resu l t s  a r e  i l lus t ra ted  in Fig. 2b. 

Effect of temperature : The a c t i v i t y  of immobi l ized  e n z y m e  was  

de t e rmined  at d i f f e ren t  t e m p e r a t u r e s  ranging f r o m  10°C to 75°C. 

It w a s  found t h a t  t h e  immobilized e n z y m e  w a s  f a i r ly  s t a b l e  in wide  

t e m p e r a t u r e  r ange  (Figure 2c). Since  t h e  p re sen t  process  dea ls  w i t h  
thermolabi le  drugs, t he re fo re ,  t h e  idea l  working r ange  in which t h e  

e n z y m e  a lso  possesses f a i r ly  good a c t i v i t y  w a s  s e l e c t e d  as 20-40°C. 

Influence of preservative : Although except iona l ly  high an t imicrobia l  
ac t iv i ty  of g lu ta ra ldehyde  yielded s t e r i l e  immobi l ized  e n z y m e  bu t  

t h e  need  of a su i tab le  p re se rva t ive  to re t a in  t h e  s t e r i l i t y  cou ld  no t  
b e  ignored. The p rese rva t ive  should be such  t h a t  i t  does  not  i n t e r f e re  

w i t h  t h e  e n z y m a t i c  a c t i v i t y  of a -amylase  a n d  its removal  f r o m  t h e  

f ina l ,  t r e a t e d  product  is easy. Taking t h e s e  f a c t o r s  i n to  cons idera t ion ,  

ch loroform w a s  chosen as preserva t ive .  The effect of t h e  various 
concen t r a t ions  of ch loroform ( f rom 0.02% to 0.1 % v/v) w a s  inves t iga ted  

as a func t ion  of t i m e  on  t h e  a c t i v i t y  of immobi l ized  e n z y m e  tak ing  

e v e r y  reading  in t r ip l ica te .  I t  w a s  found t h a t ,  chloroform in a 
concentration of 0.05% v/v has insignificant inhibitory ef fect  on the 

activity of a -amylase and maintains sterility effectively. The  r e su l t s  

a r e  i l lus t ra ted  in Figure 2d. 
P r e s e n c e  of pyrogens in pa ren te ra l s  is  no t  desirable. But the i r  

removal  f r o m  a drug is a l so  not  e a s y  owing t o  some  of the i r  typ ica l  

p rope r t i e s  l ike - 

i) Thermostability : to des t roy  s o m e  types, t e m p e r a t u r e s  much 

higher t han  those  used in t h e  of f ic ia l  s te r i l i za t ion  processes  a r e  necessary.  

ii) Water-solubility : t he re fo re ,  t h e y  a r e  not  removed b y  t h e  usual 

types of bacteria-proof f i l t e rs .  

iii) 
iv) Non-volatility : which  f a c i l i t a t e  the i r  s epa ra t ion  f r o m  w a t e r  

Unaffected by t h e  common  bac ter ic ides .  
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DEPYROGENATION OF DRUGS USING IMMOBILIZED ENZYMES 40 5 

b y  distillation. 'Disti l lat ion sti l l '  designs a r e  su i t ab ly  modified a n d  

a r e  provided w i t h  e n t r a i n m e n t  s epa ra to r s  which  do  n o t  allow w a t e r '  

d rople t s  to go along w i t h  s t e a m  and  thus  providing apyrogenic  disti l late.  

But t h e  s a m e  canno t  b e  applied t o  drugs. In f a c t ,  on t h e  c a t e g o r y  

of drugs of in t e re s t  (i.e. high molecular weight  drugs sens i t ive  to h e a t  

and  chemica l  agents),  no  convent iona l  method l ike  hea t ,  ac id /a lka l i  

t r e a t m e n t ,  t r e a t m e n t  w i t h  s t rong  oxidising agen t  or f i l t r a t ion  is appl icable  

in order  to r ende r  t h e m  f r e e  f r o m  pyrogens. F o r  such  a c a t e g o r y  of 

drugs, t h e  p re sen t  process  m a y  provide useful w a y  to g e t  r id  of pyrogens.  

The process  is  i l l u s t r a t ed  schemat i ca l ly  in Figure 3. 
The process consists of the following steps : 
* 
s t e r i l e  product.  

* Bringing s t e r i l e  pyrogenic drug solution in c o n t a c t  w i t h  

immobilized e n z y m e  in t h e  p re sence  of a su i tab le  vola t i le  p re se rva t ive  

in a n  appropr i a t e  concent ra t ion .  
* Incubating under op t imum condi t ions  of t e m p e r a t u r e  a n d  pH 

fo r  spec i f ic  period. 
i e  Separa t ion  of drug solution f r o m  immobi l ized  e n z y m e  b y  means  

of f i l t r a t ion  under s t e r i l e ,  apyrogenic  conditions. 

* Heating t h e  drug solution under reduced  pressure  to volati l ise 

preserva t ive .  

* Remova l  of so lvent  f r o m  drug solution b y  su i t ab le  means  to 

obta in  dry  apyrogenic  drug. 

Immobilizing t h e  e n z y m e  b y  su i t ab le  t echn ique  capab le  of yielding 

One of the major drawbacks of Pingert's process was its high 
cast. In t h a t  process,  a -amylase used  f o r  depyrogenat ion  could be 

used only once  a n d  then  i t  had to b e  des t royed  b y  h e a t  coagula t ion  

in order  to s e p a r a t e  i t  f r o m  drug solution. But in t h e  p re sen t  process ,  
t h e  a -amylase  w a s  immobi l ized  b y  chemica l  aggrega t ion  using 

g lu ta ra ldehyde  and  thus ,  t h e  s a m e  e n z y m e  c a n  b e  r eused  t i l l  i t  r e t a ins  

its ac t iv i ty .  However,  it has  to b e  per iodica l ly  c h e c k e d  f o r  t h e  r e t a i n e d  

a c t i v i t y  a n d  is t o  b e  supp lemen ted  w i t h  a f r e sh  immobi l ized  e n z y m e  

or t h e  t i m e  per iod  for  r eac t ion  c a n  b e  increased  t o  c o m p e n s a t e  

t h e  loss of a c t i v i t y  on s torage .  But a l l  t h e s e  p a r a m e t e r s  have  to be 

op t imized  be fo re  adopting i t  commerc ia l ly .  
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I 
Solubilisation in 

FIGURE - 3 

PROPOSED TECHNIQUE FOR DEPYROGENATlON OF 
DRUGS 

The depyrogenation capab i l i t y  of immobi l ized  e n z y m e  w a s  

c h e c k e d  by  using previously au toc laved  TyphoidParatyphoid (TA) Vaccine - 
a vacc ine  f r o m  gram-negat ive  bac ter ia .  This w a s  s e l e c t e d  as a source  

of pyrogens because  vacc ines  a r e  s tandard ised  p repa ra t ions  a n d  known to 

con ta in  a def in i te  amoun t  of microorganisms. To f u r t h e r  ru l e  out  

t h e  possibilities of a n y  var ia t ion  on th i s  a spec t ,  t h e  c o n t e n t s  of t h e  

s a m e  vial w e r e  used. 1 ml of vial c o n t e n t s  w a s  mixed w i t h  99ml of 
s t e r i l i zed  normal  sa l ine  and  th i s  mix ture  w a s  t a k e n  as a pyrogenic 

sample.  This w a s  t r e a t e d  wi th  s t e r i l e  immobi l ized  e n z y m e  f o r  a per iod  

of 12 hours wi th  cons t an t  ag i ta t ion .  A f t e r  comple t ion  of th i s  per iod ,  t h e  

sample  w a s  t r e a t e d  as p e r  t h e  process.  Both t r e a t e d  a n d  u n t r e a t e d  

samples  w e r e  t e s t e d  in rabbi t s  for  pyrogenicity.  The  s a m e  e n z y m e  

w a s  a l so  t e s t e d  f o r  t h e  reproducib i l i ty  i.e. it w a s  t r e a t e d  r epea ted ly  

w i t h  pyrogenic normal sa l ine ,  s amples  w e r e  processed  a n d  t e s t e d  in 
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rabbits.  The observa t ions  a r e  compi led  in Table 3. The hype r the rmia  

produced  a f t e r  injection w a s  t aken  as c r i t e r i a  f o r  pyrogenicity.  G r e a t e r  

r ise in body t e m p e r a t u r e  w a s  t aken  as indicative of higher pyrogenic 

leve l  in t h e  s a m p l e  tested and v i ce  versa.  From t h e s e  observations,  

i t  i s  q u i t e  c l e a r  t h a t  t h e  pyrogenic content has been substantially 

reduced after treatment with the immobilized enzyme. 

CONCLUSIONS 

Depyrogenation of high molecular weight  drugs sens i t ive  to 

hea t ,  acids,  a lka l ies  a n d  chemica l  a g e n t s  w a s  discovered as e a r l y  as 
in 1947 b y  P i n g e r t  F.P. et at. Though th i s  method had  l o t  of poten t ia l ,  

it could  not  b e  adop ted  commerc ia l ly  because  t h e  process  involved 

des t ruc t ion  of e n z y m e  result ing in s t e e p  increase  in t h e  cost. 

In order  to lower t h e  cost, t h e  above  ment ioned  p rocess  w a s  

inves t iga ted  a f t e r  immobilization of e n z y m e  thus  allowing t h e  r epe t i t i ve  

use of t h e  s a m e  enzyme.  Immobilization of a - a m y l a s e  w a s  c a r r i e d  

out  b y  chemica l  aggrega t ion  using glutaraldehyde. The  product  ob ta ined  

w a s  a l so  s t e r i l e  owing to t h e  except iona l ly  high an t imicrobia l  a c t i v i t y  

of g lu ta ra ldehyde .  S t e r i l i t y  of t h e  product  p reven ted  f u r t h e r  fo rma t ion  

of pyrogens. Ac t iv i ty  yields of t h e  o rde r  of 38-40% w e r e  obtained. 

The  various f a c t o r s  a f f ec t ing  t h e  e n z y m a t i c  a c t i v i t y  of 

immobilized e n z y m e  w e r e  studied. I t  w a s  found t h a t  t h e  immobi l ized  

e n z y m e  possess op t imum a c t i v i t y  at pH 7.0, in t h e  p re sence  of 0.05% 

v/v ch loroform as a p rese rva t ive  in t h e  t e m p e r a t u r e  r ange  of 20-40°C. 

There  w a s  c o m p l e t e  depyrogenation of pyrogenic sample  of normal  

sa l ine  when brought in c o n t a c t  w i th  immobilized e n z y m e  fo r  twe lve  

hours, under t h e s e  conditions. In f a c t ,  t h e  t i m e  requi red  f o r  c o m p l e t e  

depyrogenation w a s  found to b e  a func t ion  of t h e  amoun t  of pyrogens  

p re sen t  in t h e  sample.  

This process  has g o t  d i s t inc t  advan tage  over  t h e  P inge r t ' s  p rocess  

because  of non-destruction of enzyme ,  t h e r e  will b e  no  necess i ty  to use  

f r e sh  e n z y m e  as a raw ma te r i a l  f o r  e v e r y  b a t c h  result ing in s t e e p  dec l ine  

in t h e  overall  cost of t h e  process. S t e e p  reduct ion  in t h e  cost is l ikely 

to render  th i s  process  commerc ia l ly  compet i t ive .  A p a r t  f r o m  a -amylase ,  
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408 CHAWLA ET AL. 

o t h e r  enzymes  such  as ribonuclease, lysozyme a n d  pepsin too, have  been  
repor ted  to possess depyrogenating ac t iv i ty .  

Though t h e  process  has been  opt imized  using pyrogenic sample  

of normal sa l ine  at l abora to ry  sca l e ,  t h e  work using t h e  a c t u a l  high 

molecular weight  drug sens i t ive  to h e a t  and  chemica l  agents is s t i l l  

in progress. 
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