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HIGH PERFORMANCE LIQUID CHROMATO- 
GRAPHIC ANALYSIS OF THE BIOLOGICAL 

STRANDED RNA (dsRNA, AMPLIGEN) 
RESPONSE MODIFIER SYNTHETIC DOUBLE- 

Michael G. Rosenblum and Lawrence Cheung 
Department of Clinical Immunology and Biological Therapy 

The University of Texas 
M. D. Anderson Hospital and Tumor Institute 

6723 Bertner Avenue 
Houston, Texas 77030 

ABSTRACT 

A h i g h  performance l i q u i d  chromatographic  method was developed f o r  
a n a l y s i s  o f  t h e  a n t i t u m o r  agent  s y n t h e t i c ,  double-s t randed RNA 
(dsRNA, Ampligen) i n  plasma. In t h i s  procedure t h e  agent was 
e x t r a c t e d  f rom plasma by ion-exchange chromatography and then  
degraded t o  i t s  p r imary  components, i n o s i n e  and c y t i d i n e ,  by t r e a t -  
ment w i t h  nuc lease and a l k a l i n e  phosphatase. I n o s i n e  and c y t i d i n e  
d e r i v e d  f rom degrada t ion  o f  arnpligen were q u a n t i f i e d  by reversed 
phase HPLC. Standard curves f o r  q u a n t i t a t i o n  o f  i n o s i n e  d e r i v e d  
from ampligen were generated by a d d i t i o n  o f  v a r i o u s  amounts o f  arnpl i-  
gen t o  plasma. 
plasma was approx imate ly  70-80%. 
t h e  c o n c e n t r a t i o n  range o f  0.25 t o  100 ug/ml plasma. There were no 
peaks f rom plasma which i n t e r f e r e  w i t h  q u a n t i t a t i o n  o f  i nos ine .  
The approximate l ower  l i m i t  o f  d e t e c t i o n  o f  d rug  by t h i s  method was 
0.25 ug/ml plasma. I n t e r a s s a y  and i n t r a - a s s a y  mean v a r i a b i l i t y  o f  
s tandards was 9.6 and 3.2% r e s p e c t i v e l y .  
ob ta ined  f rom one p a t i e n t  a f t e r  i n f u s i o n  o f  ampligen (640 mg/m ) 
t h a t  t h i s  method i s  s e n s i t i v e  enough t o  m o n i t o r  plasma f o r  c l i n i c a l  
pharmacology s t u d i e s  o f  amp1 igen. 

U t i l i z i n g  t h i s  method, e x t r a c t i o n  o f  d rug  f rom t h e  
Standard curves were 1 i n e a r  ove r  

Ana lys i s  o f  plasma s mples h show 
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2870 ROSENBLUM AND CHEUNG 

INTRODUCTION 

The h i y h  mo lecu la r  we iyh t  b i o l o g i c a l  response m o d i f i e r  synthe-  

t i c ,  mismatched double-s t randed RNA (dsRNA, Ampligen) i s  a b i o l o g i -  

c a l l y  a c t i v e  b u t  l e s s  t o x i c  congener o f  t h e  i n t e r f e r o n  i nducer ,  

p o l y i n o s i n e :  p o l y c y t i d y l i c  a c i d  ( p o l y  1 : C )  ( 1 , 2 , 3 ) .  Ampligen has 

r e c e n t l y  rece ived  cons ide rab le  a t t e n t i o n  because o f  i t s  immunomodu- 

l a t o r y  and d i r e c t  a n t i p r o l i f e r a t i v e  a c t i v i t y  aga ins t  a v a r i e t y  o f  

human tumors b o t h  i n  v i t r o  and i n  v i v o  (4,5,6,7). 

mechanism o f  a n t i p r o l i f e r a t i v e  a c t i v i t y  i s  n o t  known, p a r t  o f  t h e  

e f f e c t  o f  Ampligen may be due t o  i n d u c t i o n  o f  endogenous i n t e r f e r o n  

p r o d u c t i o n  or  r e l e a s e  s i n c e  t rea tmen t  o f  c e l l s  w i t h  n e u t r a l i z i n g  

a n t i b o d i e s  t o  i n t e r f e r o n  can p a r t i a l l y  b l o c k  t h e  a n t i p r o l i f e r a t i v e  

e f f e c t s  o f  Ampligen. I n  i n  v i t r o  p r e c l i n i c a l  s t u d i e s ,  Ampligen 

shows impress i ve  s y n e r g i s t i c  a n t i p r o l i f e r a t i v e  a c t i v i t y  when com- 

b i n e d  w i th  human recombinant i n t e r f e r o n s  a g a i n s t  v a r i o u s  human 

tumor c e l l  l i n e s  (8,9,10). 

A l though t h e  

To a s s i s t  i n  t h e  pharmacologica l  a n a l y s i s  o f  Ampligen phase I 

c l i n i c a l  t r i a l s ,  we developed a s e n s i t i v e  h i g h  performance l i q u i d  

chromatographic  method f o r  q u a n t i t a t i o n  o f  t h i s  agent i n  plasma 

ob ta ined  f rom p a t i e n t s  t r e a t e d  w i t h  Ampligen. 

MATERIALS AND METHODS 

M a t e r i a l s  
A l l  reagents and s o l v e n t s  f o r  HPLC were reagent  grade or h igher .  

A l k a l i n e  phosphatase (TYPE 111-R f rom i. *) as w e l l  as t h e  i n o -  
s i n e  and c y t i d i n e  s tandards were purchased f rom Sigma Chemical 

Company. 

f rom Boehr inyer  Mannheim Biochemicals .  

Methods 

Nuclease P1 ( f r o m  P e n i c i l l i u m  c i t r i n i u m )  was purchased 

To 3 m l  o f  plasma i n  d i sposab le  g l a s s  t e s t  t ubes  (16  x 100 mm), 

1 m l  o f  0.9% s a l i n e  and v a r i o u s  c o n c e n t r a t i o n s  o f  double-s t randed 

RNA were added. The samples were mixed r a p i d l y ,  a l l owed  t o  s tand 
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f o r  5 minutes on i c e ,  and t h e n  

columns ( I s o l a b ,  Inc.) c o n t a i n  

(Whatman, Inc.) p r e v i o u s l y  equ 
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a p p l i e d  t o  smal l  ( 5  m l )  po l yp ropy lene  

ng 1 m l  o f  OE-52 i o n  exchange r e s i n  

l i b r a t e d  i n  a b u f f e r  c o n t a i n i n g  20 mM 

Hepes and 90 mM KC1 ( B u f f e r  G . )  and washed w i t h  1 m l  o f  0.1M KC1 

(pH 6.5) p r i o r  t o  sample l oad ing .  

t h e  columns were washed t h r e e  t i m e s  w i t h  3 m l  o f  0.1 M KC1 and t h e n  

s e q u e n t i a l l y  w i t h  1 m l  each o f  0.2M and 0.4M K C l .  The samples were 

f i n a l l y  e l u t e d  w i t h  0.8M KC1 d i r e c t l y  i n t o  16  x 100 mrn d i sposab le  

g l a s s  t e s t  tubes.  A 200 u l  a l i q u o t  o f  t h e  0.814 KC1 e x t r a c t  was 

added t o  a 1.5 m l  p l a s t i c  m i c r o - c e n t r i f u g e  t u b e  ( F i s h e r  S c i e n t i f i c ,  

Co.), t h e  samples were heated a t  95°C f o r  2 minutes and t h e n  coo led  

r a p i d l y  i n  an i c e  bath.  Then, 4 u l  o f  20 mM ZnS04, 10 u l  o f  a l k a -  

l i n e  phosphatase ( 1  mg/ml), and 40 u l  o f  nuc lease PI  (1 mg/ml i n  

30 mM NaOAc pH 5.3) were added, t h e  samples were mixed r a p i d l y  and 

incuba ted  f o r  1 hr. a t  37'C. A 30 u l  a l i q u o t  o f  0.5M T r i s ,  pH 7.5, 

A f t e r  t h e  samples were loaded, 

was added and t h e  samples were f u r t h e r  i ncuba ted  f o r  1 hr. a t  37'C, 

coo led  and chromatographed as desc r ibed  below. 

High Performance L i q u i d  Chromatography 

l e r ,  an au tomat i c  sample i n j e c t o r  (WISP Model 710B),  two M6000A 

pumps, a va r iab le -wave leng th  U.V. d e t e c t o r  (Model 481) and a Waters 

Model 730 da ta  module. Chromatographic separa t i ons  were performed 

u s i n g  a Waters Bondapack C-18 column (10 m ic ron  p a r t i c l e  s i ze ,  3.9 

mm x 30 cm). 

f l o w  r a t e  o f  2 ml/min. The column e f f l u e n t  was mon i to red  f o r  UV 

absorbance a t  260 nm. 

The HPLC system c o n s i s t e d  o f  a Water 's  model 721 system c o n t r o l -  

The mob i l e  phase was 0.5M NaOAc pH 6.5 w i t h  a cons tan t  

RESULTS AND D I S C U S S I O N  

The development o f  t h i s  HPLC procedure was based upon t h e  t o t a l  

enzymatic deg rada t ion  o f  Ampligen t o  i t s  major  p r imary  components 

namely c y t i d i n e  and inos ine .  As shown i n  F i g u r e  1, c y t i d i n e  and 

i n o s i n e  were we l l - separa ted  i n  t h i s  chromatographic  system e l u t i n g  

a t  4.4 and a t  13.4 m inu tes  r e s p e c t i v e l y .  Degradat ion o f  Ampligen 

t o  i t s  c y t i d i n e  and i n o s i n e  components by enzymatic d i g e s t i o n  and 
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FIGURE 1. 

1c 
Cytidine Ir le 

A .  Chromatogram o f  cytidine standard which represents 0.5 pg of 
Retention time for cytidine was 4.4 minutes injected material. 

at a f l o w  rate of 2 ml/rnin. 

8. Chromatogram of inosine standard which represents 0.5 pg o f  
injected material. Retention time for elution o f  inosine was 
approximately 13.4 minutes after injection. 

C. Chromatogram of Ampligen after enzymatic degradation (see 
methods) to its inosine and cytidine components. This chro- 
matogram represents 100 pg of Ampligen. 

subsequent chromatographic separation o f  the component showed the 
expected generation of the cytidine and inosine major components. 

generated by the method o f  addition of various amounts o f  drug to 
control human pl asma fol 1 owed by extraction, enzymat i c degradation 
and HPLC analysis o f  the resulting products. The concentration o f  

ampligen in plasma sample was based upon the generation o f  inosine 

Standard curves for quantitation of ampligen in plasma were 
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SYNTHETIC DOUBLE-STRANDED RNA 2873 

HPLC of Standard Plasma Samples 

Plasma Blank ~ Amp!igen in PlaSma ~ 

Time (Min) 

FIGURE 2. 

A. Chromatogram o f  e n z y m e - t r e a t e d  p lasma w i t h o u t  a d d i t i o n  o f  
Ampligen (plasma b l a n k ) .  

6. Chromatogram o f  p lasma w i t h  10 pg Ampligen a d d e d h l  o f  plasma, 
t r e a t e d  e n z y m a t i c a l l y  t o  p r o m o t e  a m p l i g e n  d e g r a d a t i o n  and 
chromatographed as desc r ibed  i n  method s e c t i o n .  

a f t e r  enzymat ic  d e g r a t i o n .  

c a l c u l a t e d  and peak areas were p l o t t e d  versus t h e  amount o f  Ampligen 

added. Standard curves f o c u s i n g  on i n o s i n e  generated were l i n e a r  

ove r  t h e  range o f  0.25 t o  100 ug Ampligen/ml plasma ( s t a n d a r d  
curves n o t  shown). 

i n t e r f e r e  w i t h  q u a n t i t a t i o n  o f  i n o s i n e  i n  plasma. 
method, e x t r a c t i o n  o f  ampligen f rom plasma was approx ima te l y  70-80% 

e f f i c i e n t .  I n t e r a s s a y  v a r i a b i l i t y  o f  s tandards (50 ug /m l )  was 
10.5, 14.7, 8.4, 11.6, 6.3, 10.7, and 5% (mean 9.6%) and t h e  

v a r i a b i l i t y  o f  i n t r a - a s s a y  s tandards was 2.0, 1.0, 9.5, 2.0, 3.0 , 
and 1.5% (mean 3.2%). The lower  l i m i t  o f  d e t e c t i o n  (LLD) o f  Ampligen 

was approx imate ly  0.25 ug p e r  m l  o f  plasma. 

Peak areas r e p r e s e n t i n g  i n o s i n e  were 

As shown i n  F i g u r e  2, t h e r e  were no peaks which 

U t i l i z i n g  t h i s  
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HPLC of Pettent PImsma Ssmples 
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FIGURE 3: 

3A - Plasma sample from a p a t i e n t  p r i o r  t o  a d m i n i s t r a t i o n  o f  Ampligen. 

3B - Plasma sample from a p a t i e n t  20 m in  a f t e r  end o f  a 1 h r  i n f u s i o n  
o f  A m p l i g e n  (640 mg/m2, 1280 mg t o t a l ) .  Peaks rep resen t  27.69 
u g h 1  o f  Arnpligen based upon generated i n o s i n e .  

3C - Plasma sample f r o m  A p a t i e n t  180 min a f t e r  end o f  a 1 hr i n f u s i o n  
o f  a m p l i g e n  (640 mg/m2, 1 2 8 0  mg t o t a l ) .  Peaks r e p r e s e n t  9.24 
pg/ml o f  Ampligen based upon generated i n o s i n e .  

3D - Plasma sample f r o m  a pa i e n t  250 m in  a f t e r  end o f  a 1 hr i n f u s i o n  
o f  A m p l i g e n  ( 6 4 0  mg/m i , 1280  mg t o t a l ) .  Peaks r e p r e s e n t  2.46 
pg/ml o f  ampligen based upon generated i n o s i n e .  
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FIGURE 4: 

Plasma disappearance cu rve  f r o m  a cancer p a t i e n t  t r e a t e d  w i t h  Ampligen 
(100 pg/rn2). Plasma samples were wi thdrawn a t  v a r i o u s  times a f t e r  t h e  
end (t ime=O) o f  a 1 h r  d rug  i n f u s i o n .  

Plasma samples were o b t a i n e d  f rom a p a t i e n t  p r i o r  t o  t h e r a p y  

20 minutes,  180, and 240 m inu tes  a f t e r  t h e  end o f  a 1 h r  Ampligen 

i n f u s i o n .  As shown i n  F i g u r e  3A t h e  p re the rapy  p a t i e n t  sample 

con ta ined  no peaks which i n t e r f e r e  w i t h  Ampligen q u a n t i t a t i o n .  

a d d i t i o n ,  b o t h  i n o s i n e  and c y t i d i n e  were generated by  enzymatic 

deg rada t ion  ( F i g .  3B). A n a l y s i s  o f  t h i s  p a t i e n t  sample c o n t a i n i n g  

Ampligen p r i o r  t o  i n  v i t r o  enzymat ic  d e g r a d a t i o n  showed no endogen 

ous f r e e  i n o s i n e  o r  c y t i d i n e  which would be i n d i c a t i v e  o f  i n  v i v o  

metabolism o f  Ampligen. 

I n  
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2876 ROSENBLUM AND CHEUNG 

A p p l i c a t i o n  o f  t h i s  a n a l y t i c a l  method t o  plasma samples 

ob ta ined  f rom a p a t i e n t  a t  v a r i o u s  t i m e s  a f t e r  a d m i n i s t r a t i o n  of 

Ampligen (dose - 640 mg/m2) as a 1 h r  i n f u s i o n  a r e  shown i n  

F i g u r e  4. 

ampligen c o n c e n t r a t i o n s  i n  plasma f o r  up t o  6 h rs .  a f t e r  t h e  end o f  

d rug  i n f u s i o n  thus  demons t ra t i ng  t h e  u t i l i t y  o f  t h i s  method f o r  

c l i n i c a l  pharmacology s tud ies .  However, a l t hough  t h i s  method f o r  

q u a n t i t a t i o n  o f  Ampligen i n  plasma appears t o  be s e n s i t i v e ,  a c c u r a t e  

and rep roduc ib le ,  i t  does n o t  account f o r  p o s s i b l e  i n  v i v o  metabol ism 

o f  t h e  d r u g  s i n c e  s m a l l e r  mo lecu la r -we igh t  components o f  Ampligen 

shou ld  behave i n  t h i s  a n a l y t i c a l  method i d e n t i c a l l y  t o  s m a l l e r  

amounts o f  pa ren t  drug. At tempts t o  develop a method f o r  s e n s i t i v e  

q u a n t i t a t i o n  o f  ampligen based upon gel  permeation HPLC and molecu- 

l a r  weight  a n a l y s i s  have been unsuccessfu l .  However, f o r  a complete 

unders tand ing  o f  t h e  c l i n i c a l  pharmacology o f  Ampligen, a method f o r  

a n a l y s i s  o f  p o s s i b l e  l ower  m o l e c u l a r  we igh t  m e t a b o l i t e s  o f  t h i s  

agent may be e s s e n t i a l  t o  complement t h e  c u r r e n t  assay. 

A t  t h i s  dose, t h e  HPLC method a l l owed  q u a n t i t a t i o n  of 

1. 

2. 

3 .  

4. 

5. 

6. 
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