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suspensions of three drugs a t  three concentrations (0.1, 1.0 
and 10.0% w/w) , prepared using five amnnon mqendmg agents, have 
been evaluated for their suitability i n  drug safety studies. The 
suspending agents (methylcellulose, sodium carboxymthylcellulose, 
hydmxyethylcellulose, hydroxypropylmethylcellulose and gum 
tragacanth) were  used in  gels of similar viscosity. Sodium 
carboxymthylcellulcse and hydmxyethylcellulcse proved t o  be 

unsatisfactory in  that drug assays for six of the nine suspension 
saqles were outside the demrding limits set (25% of theore- 
tical). Methyl cellulose and hydmxypropylmethylcllulose were 
both considered to be equally satisfactory as the agent of f i r s t  

choice. Gum tragacanth p e r f 0 4  slightly less well w i t h  the 
cationic drug used than the cellulose based agents. It is 

concluded that * agent gels should be of adeqyate 
viscosity to obtain satisfactory suspensions and that anionic 
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1894 JOHNSTON ET AL. 

suspending agents w i t h  the potential to interac;.t with drugs are 

best avoided. 

tion of drugs t o  animdls for drug safety ordlac&um&m 
evaluation is an essential part of drug devdoypnent. % form- 
lations used for this type of study are selected on the basis of 
(i) toxicolcgicdl. inertness of fonrollating agent (ii) absence of 
potentiation of drug toxicity by foxnulating agent (iii) adequacy 
of absorption of d m g  under test (iv) simplicity of preparation 
(v) suitability for a w i d e  range of test substances (vi) mysical 
and chemical stability of fonmlation (vii) h a q e i t y  of 
foxmilation and (vii i)  low level of mic=robiologicdl. organisms. 

Formulations are lllDst ccanrronly aqueous suspensions although 
suspensions in vegetable oi ls  are also used. 

The factors affecting the wetting of solids and the stability 
of the resulting suspensions to sedimentation have been 
extensively studied . 'Ihe initial wetting of the solid is likely 
to be poor in the case of hydrophobic materials result- i n  poor 
dispersion. Both surfactants and hydmphobic polymers such as the 

agents used in the study reported here can be used t o  
aid the dispersion of hythqhcbic solids. 

To a first approximation the sedimentation rate of moderately 
dilute suspensions (up to ca 10s solids per looml 
liquid) can be taken to aepend primarily on particle diameter, 
the difference in density between solid and liquid phases and the 
visccffity of the liquid (2) .  For suspensions of <2g solids per 
looml liquid, sedimentation rate is proportional to the square of 
particle size. Solid surface4mqe and particl- ' agent 
interactions may also affect sedimentation xate. 

The relationships between the rheological properties of some 
suspending agents and the fiysical stability of individual drug 
suspension have been investigate3 , as has the effect of these 
a g e  on the rate of drug dissolution in suspensions . H m e v e r ,  

. .  
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E V A L U A T I O N  O F  F I V E  COMMON S U S P E N D I N G  A G E N T S  1895 
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Pirtenidine 

FIGURE 1 

structure of Drugs 

caparison of different agents w i t h  a selection of drugs covering 

a range of differing physicochemical properties does not appear to 
have been reported previously. A survey of the literature fram 
1967 to 1988 by u s  shuws that rnost recent studies of susperding 
agents have been concerned with their performane in  pharma- 
ceutical suspensions, where physical and chemical stability of 

nary months is rquired, as ocnnpared to the 7 days stability often 
requird in early stage toxicity testing. 

It w a s  therefore decided that it would be useful to ccnnpare 
the perfox-mmce of supndmg agents mst oommonly used i n  the UK 
pharmaceutical industry (C.S. Reed, unpublished data) with 
selected drug substances. This paper reports the comparison of 
the five mt ccnrrmonly used s m p e n k q  agents with three drug 
substances, using three concentrations of tach drug substance. 
The drug substances (Fig. 1) selected w e r e  ciprofibrate , an 
arallcyl propionic acid of fairly l o w  water solubility and 
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1896 JOHNSTON ET AL. 

8 
relatively high l i e i c i t y ,  nivamrbl , a steroid With very 
low water solubility and high lipcphilicity, ard pirtenidine , a 
lipophilic h r t  w a t e r  soluble hydrochloride of a hetemcyclic base. 
The  densities of these drugs range f rm 0.98 t o  1.38 g/m , thus 

are given in Table 1. 

9 

3 

spannhqthedensityofi2'hesuqmduq ' gel. physicocherm 'cdl data 

susperding agents w e m  -lied as follms: 
Methylcellulose (MC) (batch no. T60643; grade M 450BP), 

Sodi-ylcellulc6e (SCMC) (batch no. HICO876; grade 

p75P), Hydmxypropylxrethylellulose (H€M2) (batch no. T50973; 

grade rn 450Bp) - CoUrtdLds chemicals, UK; Hydmxyethylcellulose 
(HEC) (batch no. D148; grade 25OGR) - Hescules, UK; Gum tragacanth 
(a) (batch no. m545; grade M/R) - Red carnation Gum CO., UK. 

mug substances were synthesised by Sterling Resear& Group, 

Rensselaer, New York, USA and had a purity of >99.5%; m2l t i . q  
points are given in Table 1. 

Determination of Density 

Agpmximately 3g of drug sanp?le or reference material 
(benzoic acid) w a s  accurately weighed into a 25ml volumetric 
flask. U s i n g  a burette the flask was then filled to  volume w i t h  
cyclahexane (HPLI: grade) ~ c h  had previously been saturated w i t h  
drug sanple or reference material and filtered. ?he volume of the 
solid was calculated as 25 m l  - (volume of cyclahewne add&). 

Determinations mde in duplicate and agreement w i t h i n  1% 

w a s  obtained. Us- this method the density of benzoic acid w a s  
found t o  be 1.265 wcm a t  22 C as cdlpared t o  a reported value of 

1.266 a t  15 C . 
3 0 
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1898 JOHNSTON ET AL. 

Determination of Partition Coefficient 

partition coefficients (l-cctanol/water) wm calculated for 
cipmfibrate an3 nivacortal using the MEwIEM program (version 
3.530; PcPrroM College, Clarenucurt, California, U.S.A.). The 

partition coefficient for pirtenidine was lneasured between 
l-odanol and mte buffer (pi 7.0) using the shake-flask 
method and SpectraFhOtcarretric analysis. l'k initial concentration 

-3 
of pirtenidine in the 0ctanol was 1.lxlO M; the measulpment was 
made in duplicate. %suits are reported in Table 1. 
Measmmmt of Particle Size 

The  particle size distribution of cipmfibrate was determined 
using a TA-I1 C o u l t e r  Counter fitted with a 140 um orifice tube. 

The Isaton I1 electrolyte (supplied by caulter Electronics) w a s  
adjustea to @I 3.0 with dilute hydrochloric acid, presaturated 
with ciprofibrate and filtered before use. 

"he particle size distribution of nivacortol was estimated 
visually lhrmgh a mi- of a magnification of X200-X400. 
Pirtenidine was a waxy solid forming crystalline aggregates and it 
was inpractical to de- the particle size distrihtion. 
mewration of s u m m d i m  aa ent uels 

All * agent gels w e r e  prepared in distilled water 
using a Silverson Blender. cmcatrations of sqenduq ' agents 
w e r e  selected to give visaxities rn- thcse of a 0.25% w/w 
solution of gum tragacanth. Viscosities of 2OOml batches of 
so1utioazs at fcur coT1ceJTtTatons of ea& of these Suspenaing 

agents were measured using a Rdwoad No.1 Vismmeter which 

measures viscosity under lcrw shear canditions and plots of 
conaentration against log (10) (viscosity) wen= found to be almost 
linear in each case. concentrations required to give viscosities 
equal to those of the 0.25% w/w gum tragacanth solutions were 
derived using the 1- regression equations relating concen- 
trations to visaosity (Table 2 ) .  'Itm hurdred ml batches of 
solutions of these calculated concentrations were prepared and 
visoosities wlere faund to be as expcted (Table 2 ) .  nJ0 litre 

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

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



E V A L U A T I O N  O F  F I V E  COMMON S U S P E N D I N G  A G E N T S  1899 

batches w e r e  then prepared for the susperd.ulg ' agent test and 

viscosities recorded (Table 2) .  

mewration of m rug suspens ion 
A l l  drug suspensions w e r e  prepared using the appropriate 

swpedhq agent gel using a Silverson Blender. 'I!he correct drug 

andEupmLng ' agent weights were blended for three minuteS in a 
glass beaker prior to being dispensed into Beatson jars. It is 
reccgnised that the use of a Silverson B l e x l e r  may have led t o  a 
reduction in drug particle size a t  this stage. 

HPLIC: Analysis 

Hewle t t -Fackard  1081B and W a t e r s  WISP 710B autmated HPLC 

systems w e r e  used with 10 x 0.4- i.d. colunms and 2Oul 

injections. In a l l  cases linearity of peak height with sample 

concentration was determined using a reference solution (100%) and 
solutions of 50 and 150% of the reference concentration. A l l  

quantitation was based on the use  of an extemal standard. 

C i w o f  ibrate 
HPLC analysis w a s  on a 5um Hypersil OD6 column using a 

2ml/mh f l m  rate and W detection a t  233nm. T h e  mobile @rise w a s  
acetonitrile : water (25 : 75 v/v) containing 5g/l ammonium 
acetate, adjusted to pH 6.0 by dropwise addition of acetic acid. 

The injection solvent was mabile phase. The ref- solution 
aontairaed 10 q / m l  ciprofibrate; the retention t i m e  was ca 4 min. 
Pirtenidine 

HPLC analysis w a s  on a 5 m  spherisarf3 nitrile column using a 
mil/min flm rate and W detection a t  28Onm. The mobile phase was 
tetrahmfuran : water (40 : 60 v/v) containing 5g/l ammonium 
acetate, adjusted to pH 6.0 by dropwise addition of acetic acid. 

The injection solvent was acetonitrile : w a t e r  (30 : 70 v/v) and 
the reference solution contained 10 ug/ml pirtenidim in this 
solvent. 
Nivacortol 

The retention tk of pirtenidine was ca. 5-6 min. 

Hpu3 analysis was on a 5um Hypersil CNX column using a flow 
rate of 2ml/min and W detection a t  262nm. The mobile phase was 
acetonitrile : ammonium acetate buffer (60 : 40 v/v) where the 
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E V A L U A T I O N  OF F I V E  COMMON S U S P E N D I N G  A G E N T S  1901 

acetate buffer was 5g/l amonium acetate adjusted to pH 5.0 by 

addition of acetic acid. 'Ihe injection solvent was mile phase 

and the reference solution contained 10 ug/ml in this solvent. 
R&ention time of nivacodl was ca. 5 min. 

Samlk of Formulations 
Each foxmilation anal- w a s  shaken vigoruusly by hand and 

then sampled in duplicate whilst being stirred by means of a 
magnetic flea. speed of rotation of the magnetic flea was 
sufficient to  produce a vortex in the q l e  and was held constant 
for the sampling of each formulation. -1s were taken, using a 
miL glass syringe fi t ted w i t h  a veterinary needle, from the 
junction of the base and w a l l  of each formulation container (100 
ml glass Beatson jars) t o  maintain consistency of sampling. 
Sanples w e r e  dispensed into previously weiaed volumetric flasks 

of the appropriate volume w h i c h  w e r e  re-weighed to determine an 
accurate sample weight. samples w e r e  then analysed using the 
methcds given aJmve. Dupl ica te  samples repmt ing  100% of 

theoretical drug concentrations a t  the 0.1% w/w ard 10.0% w/w 
strengths for each drug/- ' agent cabination were 

Practical experiene w i t h  gum tragacanth has shwn that the 
grade of material puxbsed gives a suitable viscosity for 
formulating drug suspensions when used a t  a concentration of 0.25% 

w/w. merefore this concentration, corresponding to a viscosity 

agents w e r e  used at  concentrations expected t o  give this 

viscosity. suspensions were considered satisfactory with regard 
to drug assay when assay results were w i t h i n  _+ 5% of the 

theoretical value. 
Smxmdim Merit Viscosity 

TIE differences in viscosities of swpedmg ' agents recorded 
(Table 2) on the pilot 20Oml batches (63-65 secs) and those 

of 63-70 me, w a s  used h this Study and ather suspendh~~ 
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1902 JOHNSTON ET AL. 

recorded on the main 21 batches prepared at the same concen- 

trations (66-70 secs excluding hydroxyethylcellulcse) are probably 
due to the higher ambient tenperatme when the latter w e r e  
prepared. U n l i k e  the other cellulose based ' agents, HEC 

was difficult to dissolve and prolonged heating was to 
prepare the 21 batch of gel. ' Ihis probably caused same deqrada- 
tion, resulting in a lower viscosity (48 secs) for the 21 batch 
than anticipated. 
Analytical Methods and DruQ R e m v e r y  

Recoveries of the three drugs f m  the four cellulose-based 
suspending agents were determined in duplicate fram 0.1% and 10% 
w/w suspensions. In only one case (pirtenidine at 0.1% w/w in 
SCMC) was the average recovery outside the range 99.0-100.9%, 
namely 97.1%. 

Analysis of reference samples of each of the thme drugs on 
each day of analysis mde at the beginning, middle and end of each 
analytical run gave results within the range 97.8-101.4% of 
theoretical for ciprofibrate, 96.8-101.4% for pirtenidine and 
99.5-100.7% for nivamrtol. 
Cmmrison of s w w m d i m  24 ents 

Table 4 shms the nunber of formulations for each drug and 
suspending agent for w h i c h  unsatisfactory assay results w e r e  
obtained.  ram this it can be seen that Mc gave no unsatisfactory 
results and m c  only one. caparable results might have been 
cxpecbd for €EPIC and HEC which have similar structures but, as 
mentioned above, the viscosity of the HM: solution used was 

inadvertently lower than intended. This resulted in less stable 
suspensions which gave lcrw assays in several cases (Table 4). 

Results using Mc and HFMC were essentially equivalent in that 
both gave acceptable formulations for all three drugs at each 

concentration, with the exception of 0.1% w/w pirtenidine in HHTC 

where an assay of just below 95% was obtained at day 1. 

leading to agglcnneration is typical of that occurring between 
The strong interaction &served between SCMC and pirtenidine 
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!CABLE4 

of Fonmilations Fail- to Meet Assay Criteria at  day 1 

and/or Day 7 

A(;ENT 

Methylcellulose 
sodium carbxymthyl- 
CellUlOSe 

 ethylc cellulose 

Wd=WPWX-=Y1- 

Gum tragacanth 
Tota l  number of 
formilations prepared 

CellUlOSe 

Ciprof ibrate 
~ 

0 

1 

2 
0 

0 

15 

0 

3 

2 

1 

2 

15 

Jivamrtol 

0 

2 

2 
0 

1 

15 

anionic t s u q m h q  ' agents and cationic drugs. Since many drugs 

are prwtonated a t  neutral w, anionic ' agents, inc1udi.q 
SaC,  are not suitable as dandazd ' agents for preparing 
drug fonnilations. 

Gum bgacanth is a q l e x  mixture of plysaccharides 
containing PgalacturOnic acid and varicus neutrdl species. The 
acid cmpnent could lead t o  interaction w i t h  basic drugs and may 
-lain the results with pirtenidine, whem GT proved to be a less 
satisfactory a q e n d m g  ' agent than Mc or m. Further t r i a l s  
w i t h  a range of basic dxugs would be needed t o  establish whether 

this is a typical result. 

Rre microbiological status of drug suspensions is another 
factor influencing the selectian of suqen%g ' agents. Reflllts 
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E V A L U A T I O N  O F  F I V E  COMMON S U S P E N D I N G  A G E N T S  1905 

are to be report4 in detail separately and c o n f h  the widely 
held view that it is more difficult to achieve sterility or near 
sterility in GT suspensions than those based on semi-synthetic 

cellulose. However, it is demonstrated that with approriate 
treatment microbial populations can be reduced to acceptable 
levels. 
conmarison of Drug S 

i) Ciprofibrate 
Tfie 0.1% and 1.0% w/w formulations with HEC were both 

particularly unsatisfactory, with assays of <go% of theoretical, 
although the 10% formulation gave assays close to 100% at both day 
1 and day 7. The low assays (86.0, 81.9%) with the 1% formula- 
tions w e r e  probably cause3 by sampling difficulties follawing very 
rapid settling caused by the low viscosity of the HEC solution. 

Ciprof ibrate at 0.1% w/w w a s  campletely solubilised by SCMC, 
as judged from visual inspection. 

There were fewer unsatisfactory suspensions with ciprofibrate 
than the two other drugs showing that the high density of this 
canpod (Table 1) w a s  of no significance over the 7 day period of 
the test. This may have been partly related to the laryer 
particle sizes of the other CC)IPIPOUndS. 
iil Pirtenidine 

Pirtenidine at 0.1 and 1.0% w/w was completely solubilised by 
MC and HPMC and there€ore satisfactory assays would have been 
e x p e c t 4  for all four formulations but in fact the 0.1% w/w 
solutions in HFMC gave assays of ca 95% at day 1 and day 7. The 
solubilisation of the drug is related to its high water solubility 
and possibly to a strong dipolar interaction with the suspending 

agents. Agglcrmeration of pirtenidine caused by interaction with 
SCMC lead to totally unsatisfactory fonmilations and assays of 
only 10-16% were obtained with the 10% formulations. 

3 
The low density of pirtenidine (0.98g/an ) lead to concen- 

tration of the drug at the surface, rather than sedimentation in 
four of the five suspensions at 10.0% w/w. J a w  assays of ca 85% 
of theoretical were obtained with 0.1% w/w pirtenidine in both HEC 

and GT although visually these suspensions appeared to be 
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Mc 
SCMC 
HM: 
HFMC 
Gr 

TABT%5 

Visual Assessllent of Fbnnulations 

(0.1) (1.0) (10) 

S S , D  S , D  

C u s  
S U S , D  

S S , D  S , D  

S s u  + 

(0.1) (1.0) (10) 

C C 0 

A A A 

S S 0 

C C 0 

S A U 
+ 

(0.1 

S 

S 

S 

S 

S 

S , D  S,D 

A,,D S , D  
U S,D 
U D  

s s  

S = Satisfactory suspension 
c = clear solution 
U = Unstable suspension - rapid settling out 
A = Agglcmxation 
D = D i f f i c u l t  to s u s p e d  a t  7 days 
U = Suspended material came to surface 
o = oily layer of pirtenidine on surface 

+ 

satisfactory visually but only the 1.0% w/w concerrtration gave lm 

-ys- 
i i i l  Nivamrtol 

Althauqh a l l  the nivacortol suspensions a t  0.1% w/w cc~ncen- 
tration appeared to be satisfactory, those with SCMc and HEC gave 
low assays. A t  7 days the suspension w i t h  SmC needd vigorous 
manual agitation to adeve resuspension and the assay result 
raMined lcrw with precipi taw solids, whi& account for the lm 
assay obtained. 
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EVALUATION OF FIVE COMMON SUSPENDING AGENTS 1907 

All of the 10% w/w suspensions a m  to be satisfactory by 
visual inspection, and gave acceptable assays. However resus- 
pension after 7 days proved very difficult by manual agitation, 
except for GT w h i c h  was difficult and at this the low assays were 
obtained for the SCMC and GI' suspensions. 

3 
The relatively high density of nivamrtol (l.Zg/cm ) would be 

expe&ed to contribute to its sedimentation and lipqhilic drugs 
of lmer density would be e>rpected to give more stable 
suspensions. 
Visual Assessment of Formulations 

In addition to drug assays, all fonmilations were examined 
visually at day 1 ard day 7 and the min findings are summarised 
in Table 5. It can be seen that only a small proportion were 
considered satisfactory, with vigorous or very vigorous shaking 
being required to resuspend most formulations at 7 days. AS 
discussed further below, visual impressions were not a very 
reliable guide to suspensions giving satisfactory assays. 

It is important to select a concentration of suspending agent 

to give an adequate viscosity, particularly if the drug substances 
to be suspended have a density significantly different fmm 1.0 
g/m . The viscosity of 66-70 sec used in this study represents a 

reasonable compromise for drug safety test- in that at 7 days 
sedirrrented material could be resuspended, albeit with vigorous 
agitation, while this viscosity is sufficiently low to allow the 

use of a syringe for -ling ard -ing doses of suspensions. 
Heating during the preparation of the suspending medium is 

undesirable, at least for the cellulose based agents, as judged 

f m  the result obtained with HEC. Because of the practical 
difficulty of preparing a gel from the HEC, MC and HFMC were  
considered to be preferable alternatives. The use of anionic 
suspending agents such as SCMC is best avoided since neutral 

3 
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1908 JOHNSTON ET AL. 

cellulose based and natural agents such as GT are readily 
available. From the limited data available it would appear that 
the MC and H€MC shauld be the agents of first choice since both 

perfom& well w i t h  all three drug substances, whereas there was 

evidence of an interaction between GI? and the cationic pirtenidine 
at higher concentsations. 

A- 

The technical assistance of S. Will~amscm and J. McRaberts is 
gratefully acknmledged. 'Ihanks are due to A.J. Goodwin for the 
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