
SUMMARY 

The effects of various grades af polyvinylpyrrolidone (PVP), sodium 
ce&klose @c!MC), acid and alkaline g&tins and hydroxypr~yi~thyl~ 
on the ele~tropho~t~~ rnu~~ty of polystyrene fatex, and partied of the 
and ~u~pha~id~e, have been examined. in ail cases, particle mobility was in 
the adsorbed poiymer rnol~~es with the observed effect being de~n~t 
type, grade and concentration. The non-ionic polymer, PIP* resulted in an a 
decrease in particle mob~ity* the effect being greater for the h&ber modecuiru 
tions. However, with the anionic polymer, SCMC, the mobility of partieka was cOnt 
by the ionization of the polymer carboxylic groups. The effect of adsorbed gelatin on 
particle mobility was dependent upon the ionization of the amino acid groups ad thug 
enabled the isoelectric point of the gelatins to be determined from pH-particle mobility 
plots. HPMC adsorption resuIted in a Xow negative mobility which was India 
PH. 

The micr~~e~tropho~tie examination of sus~nded drug partict 
extensively to study the ~~uence of ~~a~~d~r~d adjuvant 
the subsequent effect on suspension stabtity. The relationship 
and the flocculation behaviour of suspended drug particle 
trolled flocculation approach to suspension formulation fi 
Martin (1961a, b and c) and later by Matthews and Rh 
et al. (19%) a4 Short and Rhodes (1973). En thQ work 
weight fractions GP po~y~y~py~ol~done @VP), turn c 
hydroxypropy~e~y~e~u~o~ (~~) and acid- and a~~~ 
ele~t~pho~tic mob~ity of po~sty~ne latex, ~p~~d~e and nys 
been exited. The ad~~ffon of these polymers onto ~1~s~ la&x 
been reported ~Ke~away and N#jib, 1980). 



M QTERIALS AMD METHODS 

The samples of polystyrene latex, WP and SCMC were as described pre~ou~y (Kella- 
w#~y and Najib, 1980). The sulphadbr~id~e was obtained from ICI, ~$ccles~eld~ U.K. 
alid nystatin from Squibb, Moreton, U.K. The HP’MC 450 was obtained from British Gel- 
la ~ese Chemicals, Derby, U.K. 

All solutions and dispersions were, unless otherwise stated, made in 1 mM NaCl as a 
s~lpporti~g electrolyte and to keep ths ionic strength as constant as possible. Tfie pH was 
acjusted by the ad~t~on of 1 mM NacIW or HCl, Elec~ophore~c nlob~it~es at 25’C were 
measured at the upper stationary level in a cylindrical cell of a Rank Mark II microekc- 
trophoresis app~atus (Rank, ~otti~arn, U.K.). The particles were timed ~cce~ively in 
opposite directions to rn~irn~e polarization effects. At least 20 particles were timed in 
each direction and the mean velocity from 40 observations was calculated. 

RESULTS AND DISCUSSION 

The effect of pH on the electrophorc?tic mobility was determined fur polystyrene latex 
(Fig. I), sulphadimidine (Fig. 2) and nystatin (Fig. 2). The mobility plot for polystyrene 
latex exhibits 3 distinct regions when examined in 1 and 100 mM N&l. The mob~ity at 
the low pH is due to the ionization of the sulphate groups adsorbed at the latex surface 
from the pota~ium persulphate used in the polyme~ation process. These groups are 
only ionized in strong acid conditions. It has been noted @ayes, 1972) that if the sul- 
phate groups were not present, the mobility would fall sharply below pH 5 and become 

zero at pH < 2. Ottewill and Shaw (19’67) found that the mobility decreased very slowly 
and would not be zero if the sulphate groups were present on the surface, The observed 
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Fii. 2. The pH-electrophomtic mobility (U) plots for sulphadimidine (a) and nystatin (0) particles at 
25°C in 1 mM NaCX 

increase in mobility as the pH increases to 5.5 is due to the partial ionization of the car- 

boxylic acid groups. For pH > 6.0, the mobility remains constant indicating complete 
ion~ation of the carboxylic acid groups. ~lphadimidine in contrast (Fig. 2) exhibited a 
positive mobility at low pH, zero mobility at pH 4.4 and negative mobility aa higher pHs. 
The positive mobility at the low pH is due to the ionization of the basic amino and imino 
groups which are only ionized in strong acid conditions. The negative mobility at higher 

pHs is due to the ionization af the sulphonic acid groups and is probably due in part to 
the adsorption of hydroxyl ions. The two ~producible steps obtained at pH 5-5.5 and 
6-6.25 may be attributed to pH-dependent ion adsorption. Nystatin (Fig. 2) showed 
similar behaviour to sulphadimidine with positive mobility at low pH (amino group ioni- 
zation), zero mobility at pH 4.5 and negative mobility at higher pHs (carboxylic acid 
group ionization). 

The mobility of the latex in 0.1% solutions of PVP was examined and the results for 
PVP 10,~ and 24,500 shown in Fig. 1. Latex mob~ity was reduced and zero mub~ity 
obtained for PVP of molecular weight X4,000 over the pH range examined, This 
reduced or zero mobility is due to the masking of the charge on the latex surface by the 
adsorbed, nonmcharged PVP molecules. The thickness of this adsorbed film (A) has previ. 
ously been determined (Kell;dway and Najib, 1980) and shown to be a function of PVP 
molecular weight. A increased rapidly up to a molecular weight of ~,~, thereafter only 
a relatively small increase was observed over an extended molecular weight range. 

The effect ofPVP on the mobility of sulphadimidine particles was not as great (Fig. 3). 
The adsorption of PVP from 0.1% (w/v) solutions resulted in a reduction in the mobility 
of the dispersions and caused a shift of approximately one unit in the pH of zero charge. 
There was no clear difference in the profties of the PVP 10,~, 24,SOO, 4~,~ and 



44,tX.M and hence the results are represented as a hatched area (Pi. 3). PVP ~~~~~~ and 
?~,~, in contrast, completely abo~j~ed the positive mobifity at low pHs and resulted 
in low negative mobility for pH > 5.0. This further demonstrates the differences in 
adsorbed film properties obtained with the longer chain, i.e, h&her molecular weight, 
PVPs. The latter were more effective in masking the surface charge on’the sulphadimidine 
particles, a result similar to that found with PVP adsorption on latex. 

The effect of PVP on the electrophoretic mobility of nystatin (Fig. 4) was to reduce 
particle surface charge. For pH > 6, the reduction in mobility increased with increasing 
PVP molecular weight. No such relationship was found for pH < 6.0, although the shape 
of the curves were similar and ali PW fiction produced a lowering of the mob~~ty com- 
pared with untreated nystat~ particles for pE < 4. 

The effect of acid and alkaline gelatins OIR the e~e~trophoreti~ rn~b~ity of polystyrene 
latex and sulphad~idine particles is showln in Fig. 5. The alkaline gelatin showed a 
greater negative mobility than the acid for both latex and drug particles suggesting a 
greater net molecular charge. The point of zero mobility was that of the isoelectric point 
of the gelatins showing that the mobility of the latex and the drug with adsorbed gelatin 
was determined by the ionization of the constituent amino acids and therefore estimates 
of the isoelectric points can be madle from the mobility-pH curves. As previously noted 
by Robinson et al. (1975), this was at pH 4.5 for the alkaline gelatin and 6.25 for the 
acid gelatin. The a~eemen~ between data for both latex and s~pha~~idine particles 
citing adsorbed gelation was good for particles with nega~~e mob~ities~ Le. pH > iso- 
electric point, Armour deviations were noted for pH < isoelectric point, 
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Fig. 4. The effect of 0.1% (w/v) PVP on the electrophoretic mobility (U) of nystatin particles at 
25°C in 1 mM NaCl. Key: nystatin (0); nystatin * PVP 10,000 (e); nystatin f PVP 24.500 (=I; 
nystatin + PVP 44,000 (a); nystatin + PVP ~60,000 (A); nystatin + PVP 700.0~ (A). 

u 

Fig. S, The electrophoretic mobiiity (U) of latex and aulphadimldbte particles in 0.1% (W/V) 
solutions at 25°C. Key: Latex (A); latex + alkaline gelatin (0); htex * acid gelatin (a); siphon 
(e); ~pha~i~e + aWine gelatin (m); ~lpha~i~ne + acid gelatin Co). 
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Fig. 6. The effect of 0.1% w/v SCMC and WPMC sobtions on the e~ctropho~etic ~ob~ties (U) of vari- 
pus particles at 25°C. Key: ~lpha~~idi~~ in SCMC P20 (v); sulpha~~i~~e in SCMC P40 (ml; sui- 
phad~i~~e in SCMC P75 (a); su~phad~nid~e in SCMC PlOOO f*); polystyrene latex in SCMC P20 
(0); nystatin in SCMC P20 ([J): polystyrene latex in HPMC 450 fx). 

The mobility of the latex in WPlW solution is shown in Fig. 6. The adsorption resulted 
in a low negative mobility which was independent of pH. In contrast, the adsorption of 
SCMC imparted a greater negative mobility to the latex compared with a sample without 
added polymer. This increased negative mobi&y is due to the ionization of the carboxylic 
acid groups on the SCMC molecules. In the case of su~phadimid~e and nystatin there was 
a complete e~m~ation of the positive mob~ty indicating good surface coverage of the 
particles by the polymer. In all cases the mobility rises with a decrease in acidity to pH’6 
above which little change in mobility was noted. This behaviour is characteristic of ioni- 
zation of the carboxylic acid groups as shown by the mobility-pH curve for polystyrene. 
This increas’ed mobility of the latex and drugs as a result of SCMC adsorption may be due 
to the fact that SCMC is an anionic polymer, the adsorption of which onto a negatively 
charged surface such as polystyrene latex must be hydrophobic in nature. The negative 
charges will therefore be directed away from the surface into the diffuse layer which will 
result in an increase in potential at the shear plane and hence an increase in mobility. 

The negative mobility resulting from SCMC adsorption onto the latex and drug par- 
ticles was found to show a dependence on SCMC molecular weight, with greater mob~ity 
resulting from higher mo~ec~r we%ht fractions (see results for sulphad~~e in Fig. 6). 
This probably arises due to larger quantities of higher molecular weight fractions being 
adsorbed per unit area of surface. The following relationship (PerkelI and Ullman, 1961) 
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describes the amount of polymer required to saturate a surface (4,) as a function of mo- 
lecular weight(M) 

where K and a are constants. This relationship had previously been found to hold for 
both the PVP and XMC fractions adsorbed onto latex (Kellaway and Najib, 19809. The 
influence of surface characteristics in determining polymer adsorption is also demon- 
strated in Pig. 6, where it can be seen that widely differing mobilities were found for 
SCMC P20 adsorbed onto latex, sulphadimidine and nystatin, although the shape of the 
pH-mobility plots were similar. 

Although all data have been presented as the experimentally determined value of the 
electrophoretic mobility (U), it is a simple matter to convert these values into the corre- 
sponding zeta potentials (5) using the Smoluchowski equation 

and substituting appropriate values for the dielectric constant (E) and the viscosity (n)_ 
This equation does not, however, allow for retardation effects arising as a consequence of 
the ion-atmosphere around the particle. To correct for the retardation effect, the particle 
radius (a) and the Huckel double-layer thickness (l/K) is required. It was therefore con- 
sidered that in the present context, nothing would be gained by using estimates of K, in 
order to convert the data to zeta potentials. 

In conclusion, this study has shown that the adsorption of hydrophilic polymers onto 
drug particles greatly modifies the zeta potential, which controls the flocculation state and 
hence stability of suspensions. The presence of the adsorbed polymer may well be a 
pharmaceutical factor influencing drug-particle dissolution rates and hence bioavailabihty. 
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