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AND PARENTERAL SOLUTIONS 
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S c h o o l  o f  Pharmacy , Kaohsuing  Medical Col lege,  

Kaohs iung ,  Ta iwan,  R.O.C.  

ABSTRACT 

The c o u n t s  o f  m i c r o s p h e r e s  i n  20  t e s t i n g  s o l u t i o n s  
were d e t e r m i n e d  u s i n g  2 C o u l t e r  C o u n t e r s  ( e l e c t r i c a l  

r e s i s t a n c e )  a n d  2 HIAC/Royco ( l i g h t  b l o c k a g e )  p a r t i c l e  
a n a l y s e r s .  The mean c u m u l a t i v e  number o f  m i c r o s p h e r e s  (22u 

m )  i n  u n i t  volume o f  t h e  s o l u t i o n s  d e t e r m i n e d  u s i n g  t h e  

C o u l t e r  C o u n t e r s  was h i g h e r  t h a n  those d e t e r m i n e d  by 
HIAC/Royco p a r t i c l e  a n a l y s e r s .  The mean c u m u l a t i v e  c o u n t s  

o b t a i n e d  by  t h e  two C o u l t e r  C o u n t e r s  a r e  s i m i l a r ;  however ,  
t - t es t  a n a l y s i s  shows s i g n i f i c a n t  d i f f e r e n c e  f o r  t h e  

c o u n t s  of 8 d i f f e r e n t  t y p e s  o f  s o l u t i o n s .  The mean 
c u m u l a t i v e  c o u n t s  o b t a i n e d  by t h e  t w o  HIAC/Royco C o u n t e r s  
var ied  g r e a t l y  and  t - t e s t  a n a l y s i s  showed t h a t  18 o u t  of 

2 0  of t h e  s o l u t i o n s  g a v e  s i g n i f i c a n t  d i f f e r e n c e .  

INTRODUCTION 

Due t o  t h e i r  a d v a n t a g e s ,  a u t o m a t i c  e l e c t r o n i c  
p a r t i c l e  c o u n t e r s  a re  p r e f e r r e d  f o r  c o u n t i n g  p a r t i c l e s  i n  
p a r e n t e r a l  s o l u t i o n s .  The commerc ia l  i n s t r u m e n t s  are 
e i t h e r  based on e l e c t r i c a l  r e s i s t a n c e  p r i n c i p l e  ( C o u l t e r  
C o u n t e r  ) o r  l i g h t  b l o c k a g e  p r i n c i p l e  ( HIAC/Royco ) .  
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2442 CHAM, YU, AND TUNG 

During t h e  p a s t  decade a number of p u b l i c a t i o n s  concern ing  
wi th  t h e  de t e rmina t ion  of p a r t i c l e s  i n  p a r e n t e r a l  

s o l u t i o n s  showed g r e a t  d i s c r e p a n c i e s  between t h e  r e s u l t s  

ob ta ined  by t h e s e  t w o  t echniques .  

I n  a comparision s tudy  Groves and Wand showed t h a t  t h e  

p a r t i c l e  count  i n  normal s a l i n e  ( 2  2 Urn ) ob ta ined  us ing  
t h e  Cou l t e r  w a s  h ighe r  than  t h a t  ob ta ined  us ing  t h e  H I A C .  

They a t t r i b u t e d  t h e  d i f f e r e n c e s  t o  t h e  shape f a c t o r  of t h e  

p a r t i c l e s  p r e s e n t  i n  t h e  s o l u t i o n s .  The p a r t i c u l a t e  m a t t e r  
p re sen t  i n  amino-acid s o l u t i o n s  was s t u d i e d  by Dawes e t  

a12 . They found t h a t  t h e  counts  ob ta ined  w i t h  a H I A C  

would be much lower than those  ob ta ined  wi th  a C o u l t e r  

Counter.  This  d i f f e r e n c e  was a t t r i b u t e d  t o  t h e  e longated  
shape of t h e  p a r t i c l e s  and t h e  d i f f e r e n t  parameters  
measured by t h e  two methods. 

However, Haines-Nutt  and Munton3 po in ted  o u t  t h a t  

shape f a c t o r  might n o t  be t h e  on ly  reason  r e s p o n s i b l e  f o r  
t h e  d i f f e r e n c e s  i n  p a r t i c l e  count  ob ta ined  by t h e s e  two 

techniques .  They b e l i e v e d  t h a t  t h e  r e f r a c t i v e  i n d i c e s  of 

t h e  p a r t i c l e s  and of t h e  medium would a l s o  be r e s p o n s i b l e  
f o r  t h e  lower count  of  p a r t i c l e s  ob ta ined  by t h e  H I A C .  

To minimize t h e  e f f e c t s  of shape f a c t o r  and 

r e f r a c t i v e  index of t h e  p a r t i c l e s  i n  e l e c t r o l y t e s  and 

p a r e n t e r a l  s o l u t i o n s ,  s t anda rd  l a t e x  sphe res  (nominal  

d i ame te r ,  5 .96  U r n ,  microspheres  l a t e x  suspens ion ,  Cou l t e r  
E l e c t r o n i c s  L td . )  were added t o  20  d i f f e r e n t  s o l u t i o n s .  
The number of microspheres  i n  each  s o l u t i o n  was determined 
by two Cou l t e r  Counters  (model TA I1 and M u l t i s i z e r )  and 
two HIAC/Royco p a r t i c l e  a n a l y s e r s  r e s p e c t i v e l y .  The 

purpose of  t h i s  s tudy  was t o  e v a l u a t e  t h e  count ing  and 
s i z i n g  a b i l i t y  of t h e  two techniques .  T - t e s t  a n a l y s i s  of 

t h e  r e s u l t s  enabled  us t o  unders tand  t h e  ins t rument  t o  

ins t rument  v a r i a b i l i t y  f o r  t h e  two techniques .  
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COUNTING OF MICROSPHERES 

MATERIALS 

2443 

P.D.V.B.  m i c r o s p h e r e s  l a t e x  s u s p e n s i o n  ( n o m i n a l  

d i a m e t e r ,  5.96 pm ) a n d  I s o t o n  I1 (1% w / v  s a l i n e ) ,  

( C o u l t e r  E l e c t r o n i c s  L t d . ,  U . K . ) ;  s od ium c h l o r i d e  a n d  

sodium a z i d e  ( O s a k a  H a u a s h i  P u r e  Chemica l  I n d u s t r i e s ,  

L t d . ,  J a p a n ) ;  l a r g e  volume p a r e n t e r a l  ( L V P )  s o l u t i o n s :  

Compd. sodium l a c t a t e ,  0 .9% S a l i n e ,  V e l i p ,  R i n g e r  

s o l u t i o n ,  5% G l u c o s e ,  1 0 %  G l u c o s e ,  50% G l u c o s e ,  X y l i t o l ,  

M a l t o s e ,  Gurocan ,  F r u c t o s e ,  2 .5% G l u c o s e  i n  0 .45% S a l i n e ,  

5% G l u c o s e  i n  0 .33% S a l i n e ,  5% G l u c o s e  i n  0.9% S a l i n e ,  

Promin ,  Aminol -k ,  Amino l - s ,  Conamin a n d  Aminogen-x (Nan 

Kuang P h a r m a c e u t i c a l  C o . ,  L t d . ,  Ta iwan ,  R . O . C . ) ;  0 .22 and  

0 .45  urn diameter f i l t e r  membranes (Mi l l i po re  C o r p o r a t i o n ,  

U.S.A. 1 .  

METHODS 

P r e p a r a t i o n  of T e s t i n g  S o l u t i o n s  C o n t a i n i n g  M i c r o s p h e r e s  

1% sodium c h l o r i d e  was added  t o  p o o r  o r  n o n - c o n d u c t i v e  

LVP s o l u t i o n s  a n d  t h e n  0 . 1 %  sodium a z i d e  w a s  added  t o  a l l  

20 s o l u t i o n s  wh ich  were t h e n  f i l t e r e d  t h r o u g h  f i l t e r  

membranes ( p o r e  s i z e  0 .45  and  0.22 p m ) .  The background  

c o u n t  o f  t h e s e  s o l u t i o n s  w a s  n o t  more t h a n  50 p a r t i c l e s  

p e r  m l  a t  2 lm~ l e v e l ,  when examined  w i t h  a C o u l t e r  

C o u n t e r  model TA 11. 

A p p r o x i m a t e l y  6-8 d r o p s  o f  m i c r o s p h e r e  l a t e x  

s u s p e n s i o n  ( n o m i n a l  d i a m e t e r ,  5 .96 prn) w e r e  added t o  e a c h  

o f  t h e  f i l t e r e d  s o l u t i o n s  and  t h e n  s t i r red v i g o r o u s l y  t o  

e n s u r e  t h a t  t h e  d i s t r i b u t i o n  of m i c r o s p h e r e s  w a s  u n i f o r m .  

The s u s p e n s i o n s  were t r a n s f e r r e d  t o  500 m l  c o n t a i n e r s  and  

u l t r a s o n i c a t e d  f o r  1 min t o  e l i m i n a t e  t h e  a i r  b u b b l e s  

p r e s e n t  i n  t h e  s o l u t i o n s  s u b s e q u e n t l y .  
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2444 CHAM, YU, AND TUNG 

Counting of Microspheres in the Testing Solutions 

(i) Electrical Resistance Principle 

Coulter counters model TA I1 and Multisizer fitted 
with a 70 pm orifice tube and calibrated with the 5.96 pm 
microsphere latex suspension were used. 

(ii) Light Blockage Principle 

Two HIAC/Royco (NTUH and CCPC) analysers fitted with 
HR-12OHA and HR-60HA Sensors respectively were used. Their 
flow rates were set at 20 * l o %  and 9 + 1 0 %  ml/min 
respectively. The calibration of these two instruments was 
done by the distributor (Sunway Corporation, Taipei, 
Taiwan. ) . 

(iii) Each bottle of the testing solutions containing 
microspheres was sampled by the four instruments. 
Procedures and precautions stated in B.P? for the 
determination of particulate matter in LVP solutions were 
used. The counting by an instrument was repeated 6 times 
for each solution and made at four size ranges 2 25, 2 10 
, 25 and 22 pm. 

Scanning Electron Microscope Examination 

Electronic micrographs of the microspheres latex 
suspension which was filtered through a filter membrane 
and allowed to air dry in a laminar flow hood were made 
using a scanning electron microscope (JEOL JSM-35CF SEM, 
Japan.). Prior to examination, the samples were dried in a 
vacuum and coated with a sputtering device. 
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COUNTING OF MICROSPHERES 

RESULTS AND DISCUSSION 

2445 

S c a n n i n g  E l e c t r o n  M i c r o g r a p h s  o f  P.D.V.B. M i c r o s p h e r e s  

The P.D.V.B. m i c r o s p h e r s  h a v i n g  a nomina l  diameter 

5.96 pm a re  shown i n  t h e  s c a n n i n g  e l e c t r o n  m i c r o s c o p e  
p h o t o m i c r o g r a p h s  i n  p h o t o g r a p h s  l a ,  b a n d  C .  The 

p h o t o m i c r o g r a p h s  c l e a r l y  show t h a t  t h e  m i c r o s p h e r e s  a re  
s p h e r i c a l  i n  s h a p e .  Only a few o f  them a re  i n  s l i g h t l y  

e l l i p s o i d a l  s h a p e .  Based on t h e  l o n g e s t  d i m e n s i o n  t h e  s i z e  
o f  t he  m i c r o s p h e r e s  i s  e s s e n t i a l l y  i n  t h e  r a n g e  3 - 7  p m .  

Some o f  t h e  m i c r o s p h e r e s  are s l i g h t l y  l a r g e r  t h a n  1 0  pm.  

Comparison o f  C o u l t e r  C o u n t e r s  a n d  HIAC/Royco A n a l y s e r s  

T a b l e s  1, 2 and  3 show the  c u m u l a t i v e  c o u n t s  o f  

m i c r o s p h e r e s  i n  20 t e s t i n g  s o l u t i o n s  d e t e r m i n e d  u s i n g  2 
C o u l t e r  C o u n t e r s  and  2 HIAC/Royco a n a l y s e r s  a t  f o u r  s i z e  

l eve ls .  T h e  C o u l t e r  C o u n t e r s  i l l u s t r a t e d  t h a t  t h e r e  was 
n o t  any m i c r o s p h e r e  a t  2 25 pm l eve l .  A t  h i g h e r  s i z e  

l eve ls  ( 2 10 a n d  225 pm) t h e  c u m u l a t i v e  c o u n t s  o b t a i n e d  
u s i n g  t h e  HIAC/Royco a n a l y s e r s  are  h i g h e r  t h a n  t h o s e  

o b t a i n e d  u s i n g  t h e  C o u l t e r  C o u n t e r s .  

The C o u l t e r  C o u n t e r s  s i z e d  p a r t i c l e s  i n  3 d i m e n s i o n s  
and  e x p r e s s e d  as t h e  e q u i v a l e n t  volume s p h e r i c a l  d i a m e t e r .  

On t h e  o t h e r  hand  t h e  HIAC/Royco a n a l y s e r s  s i z e d  t h e  
l a r g e s t  l i g h t - o b s c u r a t i o n  ( s h a d o w )  c a u s e d  by t h e  p a r t i c l e s  

p a s s i n g / r o t a t i n g  t h r o u g h  t h e  s e n s o r  . For a n  e l l i p s o i d a l  
m i c r o s p h e r e  t h e  HIAC/Royco a n a l y s e r  w i l l  g i v e  a l a rge r  

p r o j e c t e d  area diameter.  However, t h e  e l l i p s o i d a l  s h a p e  
f a c t o r  may n o t  a f f e c t e d  t h e  e q u i v a l e n t  volume diameter 

d e t e r m i n e d  by t h e  C o u l t e r  C o u n t e r  . The m i c r o p h o t o g r a p h s  

showed t h a t  some of t h e  m i c r o s p h e r e s  are  i n  s l i g h t l y  
e l l i p s o i d a l  s h a p e .  T h i s  may e x p l a i n  t he  h i g h e r  c u m u l a t i v e  

c o u n t s  o b t a i n e d  by t h e  HIAC/Royco a n a l y s e r s  a t  t h e  h i g h e r  
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PHOTOGRAPH 1 

Photomicrographs of P.D.V.B. microspheres  l a t e x  suspens ion  

Magni f ica t ion :  ( a )  x 500 ( b )  x 1300 ( c )  x 3000 
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COUNTING OF MICROSPHERES 

PHOTOGRAPH 1C 
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s i z e  l e v e l s  (210 and 225 p m ) .  Another p o s s i b l e  cause  of 

t h e  h i g h e r  counts  a t  t h e s e  t w o  s i z e  l e v e l s  might be due t o  

"co inc idence  e f f e c t " .  The co inc idence  i s  d e f i n e d  a s  t h e  

presence  of  t w o  o r  more p a r t i c l e s  i n  t h e  o p t i c a l  view 

volume of a p a r t i c l e  a n a l y s e r  a t  t h e  same t i m e .  Chra i  e t  

a 1  have expressed  t h a t  t h e  accuracy of t h e  d a t a  

determined by HIAC/Royco a n a l y s e r s  can be a f f e c t e d  by 

"coinc idence  e f f e c t " .  

Groves and Wanal demonstrated t h a t  p a r t i c l e  count  i n  

normal s a l i n e  ( > 2 urn) ob ta ined  us ing  t h e  Cou l t e r  was 

h ighe r  than  t h a t  ob ta ined  us ing  t h e  H I A C .  They a t t r i b u t e d  

t h e  d i f f e r e n c e s  t o  t h e  shape f a c t o r  of t h e  p a r t i c l e s  i n  

t h e  s o l u t i o n s .  Dawes e t  a12 a l s o  showed t h a t  t h e  Cou l t e r  

would g ive  a much h ighe r  count  than  t h e  H I A C  f o r  
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2448 

TABLE 1 

CHAM, YU, AND TUNG 

Cunulative Particle Count per ml ( mean of 6 determinations 
and standard deviation ) and t-Test analysis. 

Solution Size Coulter Coulter t- HIACI HIAC/ t- 
Range Counter Counter Test Royco Royco Test 
2; p TA I1 Multisizer (W) (CCX) 

carrpd. 2 
sod. 5 
Lactate 10 

25 

0.9% 2 
NaCl 5 

10 
25 

Velip 2 
5 
10 
25 

Ringer 2 
Solution 5 

10 
25 

Isoton 2 
I1 5 

10 
25 

5% 2 
Glucose 5 

10 
25 

10% 2 
Glucose 5 

10 
25 

2328( 40) 
2011( 52) 

9( 4) 
O( 0) 

2515( 96) 
2232( 94) 
11( 5) 

O (  0 )  

2619( 48) 
2213( 42) 
16( 7) 

O (  0)  

2581( 108) 
2337 ( 102 ) 
lo( 3) 

O( 0)  

3437( 91) 
2635( 36) 
31( 6) 

O( 0)  

2462( 58) 
2157( 0) 
lo( 5) 

O( 0)  

2380( 65) 
2074( 38) 
16( 5) 

O( 0)  

2338( 133) N 
2065( 76) N 
12( 4) N 

O( 0)  N 

2622( 82) N 
2185( 30) N 
17( 7) N 

O( 0)  N 

2653( 63) N 
2118( 48) N 
17( 9) N 

O( 0)  N 

2562(101) N 

17( 9) N 
O( 0) N 

1969( 40) - 

3355( 58) N 

28( 7) N 
2459( 40) - 

O( 0) N 

2386( 52) - 
2055( 44) - 

7( 3 )  N 
O( 0)  N 

2545( 79) - 
2125( 49) N 
22( 13) N 

O( 0) N 

1652( 16) 1789(39) 
1517( 19) 1639(23) 
55( 2) 45( 2) 
2( 1) 1( 1) 

2014( 19) 1395(42) 
1885( 18) 1239(39) 
56( 5) 94( 4) 
2( 1) 2( 0)  

1461( 23) 1927(10) 
1192( 6) 1611(13) 
157( 5) 60( 5) 
1( 1) 1( 1) 

1531( 30) 1484(20) 
1416( 24) 1393(10) 
171( 4) 203(13) 
2( 2) 2( 1) 

2432( 187) 2285( 36) 
2116( 99) 2101(19) 
308( 35) 160( 8) 

8( 3) 2( 1) 

1597( 23) 1595(35) 
1512( 21) 1405(14) 
38( 1) 103( 2) 

8( 4) 1( 1) 

1945( 11) 1880(18) 
1808( 10) 1633(12) 
45( 4) 107( 9) 
2( 1) 2( 1) 

- 
N 

N 
N 

N:P>3.05; -:P<0.05; "UH:National Taiwan University Hospital: 
CCX:China Chemical & Pharmaceutical Co., Ltd. 
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TABLE 2 

2449 

Cumulative Particle Count per ml ( mean of 6 determinations 
and standard deviation ) and t-Test analysis. 

Solution Size Coulter Coulter t- HIAC/ HIAC/ t- 
Range Counter Counter Test Fbyco ROYCO Test 
2: 1 ~ m  TA I1 Multisizer (rn) (CCK) 

50% 
Glucose 

Xylitol 

Maltose 

GUr0CaI-l 

Fructose 

2.5% 
Glucose 

0.45% 
NaCl 
5% 
Glucose 

0.33% 
NaCl 
5% 
Glucose 

0.9% 
NaCl 

+ 

-t 

+ 

2 
5 
10 
25 

2 
5 
10 
25 

2 
5 
10 
25 

2 
5 
10 
25 

2 
5 
10 
25 

2 
5 
10 
25 

2 
5 
10 
25 

2 
5 
10 
25 

2335( 49) 2309( 102) 
2066( 60) 1857(134) 

8( 2) 21( 4) 
O (  0)  O (  0) 

2505( 42) 2439( 53) 
2161( 50) 2157( 63) 
22( 6) 8( 4) 

O( 0)  O( 0)  

2474( 55) 2544( 50) 
2122( 64) 2266( 44) 

6( 3) 7( 4) 
O (  0)  O (  0)  

2537( 56) 2574(101) 
2158( 64) 2265( 61) 

8( 5) lo( 4) 
O( 0 )  O( 0)  

3428( 72) 3314( 69) 
3105( 58) 2960( 52) 
13( 5) 11( 3) 

O (  0) O( 0)  

2696( 52) 2683( 76) 
2333( 37) 2214( 75) 
21( 7) 12( 0) 

O( 0)  O( 0)  

2578( 47) 2461( 51) 
2169( 34) 2066( 63) 
11( 6) 15( 2) 

O (  0)  O( 0)  

2790( 35) 2781( 53) 
2473( 3) 2412( 56) 
lo( 4) 7( 4) 

O (  0 )  O (  0)  

1732( 14) 
1607( 70) 
52( 5) 
1( 1) 

1848( 15) 
1615( 17) 
133( 6) 
3( 1) 

1905( 25) 
1744 ( 14 ) 
51( 2) 
2( 1) 

1373( 13) 
1287 ( 20 ) 
183( 9) 
1( 1) 

2210( 8) 
1946( 10) 
194( 7) 
3( 1) 

1538( 24) 
1407( 11) 
152( 3) 
3( 1) 

2194( 49) 
2028( 25) 
57( 6) 
2( 1) 

1847( 14) 
1629( 23) 
109( 2) 
2( 1 )  

1682 ( 15 ) 
1588( 10) 
29( 3) 
1( 1) 

1997( 11) 
1817( 8) 
89( 5) 
2( 1) 

2063( 30) 
1905( 15) 
71( 6) 
1( 1) 

1857 ( 17) 
1807( 15) 
124( 4) 
1( 1) 

2053( 25) 
1904 ( 10 ) 
138( 8) 

1( 1) 

1758( 19) 
1635( 19) 
73( 8) 
2( 1) 

1870( 10) 
1799( 12) 
91( 12) 
2( 1) 

2191 ( 25 ) 
1995( 22) 
37( 2) 
1( 1) 

N:P>0.05; -:p<0.05; NIU4:National Taiwan University Hospital: 
CCPC:China Chemical & Pharmaceutical Co., Ltd. 
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2450 CHAM, YU, AND TUNG 

TABLE 3 

Cmulative particle Count per ml. ( mean of 6 determinations 
and standard deviation ) and t-Test analysis. 

~~~~ ~ 

Solution Size Coulter Coulter t- HIAC/ HIAC/ t- 
Range Counter Counter Test Royco Royco Test 
2; pm TA I1 Multisizer (m) (CcX) 

PIUllin 2 
5 
10 
25 

Aminol-K 2 
5 
10 
25 

Aminol-s 2 
5 
10 
25 

Conamin 2 
5 
10 
25 

Aminqen 2 
-X 5 

10 
25 

3069( 44) 3039( 51) N 

11( 3) 10( 3) N 
2613( 67) 2698( 46) - 

O( 0) O( 0) N 

2539( 65) 2703(171) - 
9( 7) 20( 6) - 
O (  0)  O( 0)  N 

2295( 56) 2260(106) N 

2721( 64) 2861(151) N 
2419( 68) 2321( 40) - 
11( 5) 12( 4) N 

O( 0)  O( 0)  N 

2875( 52) 2876( 87) N 
2662( 45) 2341( 50) - 

6( 3) 21( 7) - 
O( 0)  O( 0)  N 

3691( 55) 3882(116) - 
2839( 64) 3111( 73) - 
45( 12) 68( 13) - 

O( 0)  O(  0) N 

1869( 21) 
1763( 14) 
138( 5) 
1( 1) 

1452(33) - 
1376(33) - 
91( 7) - 
2( 1) N 

1459( 10) 
1342( 10) 
180( 6) 
4( 1) 

1328( 11) 
1257( 12) 
94( 5) 
1( 1) 

1220( 11) 
1142( 8) 
184( 3) 
1( 1) 

1865( 13) 
1777( 13) 
226( 4) 
1( 1) 

1704(17) - 
1549(12) - 
185( 8) N 
2( 1) N 

2254(27) - 
1949(19) - 
97( 8) N 
4( 2) - 

2013(26) - 
1920(18) - 
123(13) - 
1( 1) N 

2188( 16) - 
2119(14) - 
88( 9) - 
1( 1) N 

N:P>0.05; -:Pt0.05; NTUH:National Taiwan University Hospital; 
CC€C:China Chemical & Pharmaceutical Co., Ltd. 

determining elongated particles (crystals) in amino-acid 
solutions. 

Haines-Nutt and Munton3 also showed that the counts 
of particulate matter in a number of parenteral solutions 
by HIAC are lower than those obtained by Coulter. They 
believed that other than particle shape factor, the 
refractive indices of the particles and the medium would 
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COUNTING OF MICROSPHERES 2451 

a l s o  be r e s p o n s i b l e  f o r  t h e  lower count  of  p a r t i c u l a t e  
m a t t e r  by t h e  H I A C .  

Tables  1, 2 and 3 i l l u s t r a t e d  t h a t  t h e  Cou l t e r  
Counters  saw more of  t h e  t o t a l  microspheres  than  t h e  

HIAC/Royco d id .  Th i s  i s  q u i t e  s u r p r i s i n g .  S ince  t h e  

microspheres  were e s s e n t i a l l y  i n  s p h e r i c a l  shape.  The 
microspheres  added t o  t h e  20 d i f f e r e n t  s o l u t i o n s  w e r e  come 

from t h e  same b o t t l e  of l a t e x  sphe re  suspens ion .  The 
microsphere concen t r a t ion  of t h e  t e s t i n g  s o l u t i o n s  was 

below t h e  maximum concen t r a t ion  set  by manufacturer  f o r  

t h e  two s e n s o r s  used i n  t h e  p r e s e n t  s tudy .  The re fo re ,  i t  
is b e l i e v e d  t h a t  t h e  e f f e c t s  of  p a r t i c l e  shape f a c t o r ,  

p a r t i c l e  r e f r a c t i v e  index and co inc idence  e f f e c t  s h a l l  not  
be r e s p o n s i b l e  f o r  t h e  lower counts  ob ta ined  by t h e  

HIAC/Royco a n a l y s e r s  a t  t h e  lower s i z e  l e v e l s .  
However, S e v i l l e  e t  a19 expressed  t h a t  t h e  response  

of a s i n g l e  p a r t i c l e  coun te r  i s  s e n s i t i v e  t o  b o t h  

r e f r a c t i v e  index  and shape of t h e  p a r t i c l e s  sampled. The 
r a t i o  of t h e  cumulat ive counts  ob ta ined  by t h e  HIAC/Royco 

( N T U H )  t o  t h o s e  ob ta ined  by t h e  Cou l t e r  Counter ( T A I I )  

ranged from 0 .4 -0 .8 .  These v a r i a t i o n  could be due t o  t h e  

e f f e c t s  of r e l a t i v e  r e f r a c t i v e  i n d i c e s  be tween  t h e  

microspheres  and t h e  s o l u t i o n s .  

Comparison of  Two Cou l t e r  Counters  

Comparatively l i t t l e  d a t a  have been  publ i shed  on t h e  

comparison s tudy  between Cou l t e r  Counters .  Johnston and 

Swanson8 r e p o r t e d  t h e  r e s u l t s  of m u l t i - l a b  tests on t h e  
p a r t i c l e  s i z e  d i s t r i b u t i o n  i n  a t es t  d u s t  sample by 3 
d i f f e r e n t  i n v e s t i g a t o r s  u s ing  Cou l t e r  Counters .  The cu rves  
of t h e  cumulat ive count  p e r  m l  v s  p a r t i c l e  d i ame te r  f o r  
t he  3 sets of r e s u l t s  a r e  v i r t u a l l y  superimposable .  Th i s  

i n d i c a t e s  t h a t  t h e  cumula t ive  counts  ob ta ined  us ing  
Cou l t e r  Counters  i n  t h e  t h r e e  d i f f e r e n t  l a b o r a t o r i e s  a r e  

i n  good agreement.  
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2452 CHAM, YU, AND TUNG 

Tables  1 ,  2 and 3 showed t h a t  t h e  cumulat ive counts  
ob ta ined  by the  2 Cou l t e r  Counters  a t  4 d i f f e r e n t  s i z e  
levels a r e  s i m i l a r .  t - T e s t  a n a l y s i s  showed t h a t  8 o u t  of 
t h e  2 0  s o l u t i o n s  gave s i g n i f i c a n t  d i f f e r e n c e  f o r  t h e  

cumulat ive counts  a t  2 pm l e v e l .  These might be a t t r i b u t e d  
t o  t h e  d i f f e r e n c e s  i n  p r e c i s e  s i z e  l e v e l s  se t  f o r  t he  TA 

I1 and M u l t i s i z e r  a f t e r  c a l i b r a t i o n .  

Comparison of Two HIAC/Royco Analysers  

Groves and Wanal confirmed t h a t  a H I A C  PC 320 gave a 
h ighe r  count  t han  a Royco model 345 a t  4 d i f f e r e n t  s i z e  

l e v e l s  when a s t anda rd ized  D.V.B. l a t e x  suspension was 
p re sen ted  t o  t h e  two ins t rumen t s .  They expressed  t h a t  i t  
was d i f f i c u l t  t o  e x p l a i n  t h e  d i f f e r e n c e s  because t h e  tes t  
m a t e r i a l  was a s p h e r i c a l  D.V.B. l a t e x .  The type  of f low,  
t u r b u l e n t  o r  laminar  can a f f e c t  t h e  HIAC/Royco 
de te rmina t ion  of p a r t i c u l a t e  matter i n  s o l u t i o n s .  Only 
s p h e r i c a l  p a r t i c l e s  a r e  una f fec t ed .  Based on t h i s  ground 
it is a l s o  d i f f i c u l t  t o  e x p l a i n  t h e  d i f f e r e n c e s  between 
t h e  cumulat ive counts  ob ta ined  by t h e  two HIAC/Royco 
a n a l y s e r s  a t  t h e  22 u m  l e v e l .  

Chra i  e t 7  a 1  had c l a s s i f i e d  t h e  l i m i t a t i o n s  i n  t h e  
use  of HIAC/Royco a n a l y s e r  i n  f i v e  d i f f e r e n t  c a t e g o r i e s .  
They s t r e s s e d  t h a t  t h e  s e n s i t i v i t y  of sensors v a r i e d  from 
model t o  model and u n i t  t o  u n i t .  I n  t h e  p r e s e n t  s tudy  t h e  
main d i f f e r e n c e  between t h e  use  of t h e  two HIAC/Royco 
a n a l y s e r s  was t h e  t w o  d i f f e r e n t  s e n s o r s .  W e  be l i eved  t h a t  
t h i s  d i f f e r e n c e  would be r e s p o n s i b l e  f o r  t he  v a r i a t i o n  of 
t h e  cumulat ive counts  ob ta ined  by t h e  two HIAC/Royco 
a n a l y s e r s .  

SUMMARY AND CONCLUSION 

The purpose of t h i s  s tudy  was t o  compare t h e  a b i l i t y  
of 2 Cou l t e r  Counters  and 2 HIAC/Royco a n a l y s e r s  i n  s i z i n g  
and count ing  of t h e  microspheres  (nominal  d i ame te r ,  5 . 9 6  
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COUNTING OF MICROSPHERES 2453 

pm) in parenteral solutions. The lower cumulative counts ( 

22 p m )  obtained by the HIAC/Royco analysers could be 
attributed to instrumental limitations of this technique. 
Therefore, it may be said that HIAC/Royco analyser is not 
good for the determination of absolute count of 
particulate matter in LVP solutions. On the other hand a 
Coulter Counter seems to be more suitable for the 
determination of absolute count of particulate matter in 
LVP solutions and also the comparison of results obtained 
between different laboratories. 

ACKNOWLEDGEMENTS 

This work is partially financed by the Department of 
Health, Executive Yuan (DOH-77-67) and National Science 
Council (NSC 77-0606-B037-05). The authors wish to thank 
the Department of Dispensing Pharmacy, National Taiwan 
University Hospital and China Chemical and Pharmaceutical 
Co., Ltd. for the use of their HIAC/Royco particle 
analysers; Research Center, Yuen Foong Yu paper MFG. Co., 
Ltd. for the use of their Coulter Counter Multisizer; and 
Miss L.J. Lee for typing the manuscript. 

REFERENCES 

1. M.J. Groves and D. Wana, Powd. Technol., 18, 215, 
( 1977). 

2 .  V.H. Dawes, J. Erawati and J. Eluemuno, J. Pharm. 
Pharmacol., 35, suppl. 53p ,  (1983). 

3. R.F. Haines-Nutt and T.J. Munton, Ibid., 36 , 534, 
( 1984). 

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 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2454 CHAM, YU, AND TUNG 

4. British Pharmacopoeia, Volume 11, Appendix XII, A 120, 
( 1980). 

5. H.G. Schroeder and P.P. Deluca, J. Parenter. Drug 
ASSOC., 34, 1983, (1980). 

6. Personal Communication, Joung Y.H., Sunway corporation, 
Taipei, Taiwan, April, (1988). 

7. S. Chrai, R. Clayton, L. Mestrandrea, T. Myers, R. 
Raskin, M. Sokol and C. Willis, J. Parenter. Sci. 
Technol., 41, 209, (1987). 

8. P.R. Johnston and R. Swanson, Powd. Technol., 32, 119, 
(1982). 

9. J.P.K. Seville, J.R. Coury, M. Ghadiri and R. Clift, 
Part. Charact., 1, 45, (1984). 

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 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


