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ABSTRACT 

mlecular weight is  an important determinant 

ethylene glycol (PEG) dissolution rate: the rate 

of p l y -  

decreasing 

as the mlecular weight is increased. 

equivalent nominal .mlecular weight had different di:;soluti.on 

properties, Intrinsic viscosity and different ia l  scrmning 

calorimetry suggested that the observed differences my  be 

related to  molecular weight variation between samples. The 

dissolution ra te  of PEG from solid dispersions is retarded, 

the effect  being d e l ~ d e n t  on the chemical nature of the drug 

and its concentration. 

potent i n  retarding PEG dissolution. 

ra te  w a s  retarded fxom dispersions of high phenobarbitone 

content. 

in  phenobarbitone w e r e  greater than tha t  of pure phenobarbitone. 

The 1.0w dissolution rates w e r e  explained in terms of formation 

PEG samples of 

Phenobarbitone w a s  particularly 

Phenobarbitone dissolution 

However &rug dissolution from solid dispersions :Low 

1 7 7 7  
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1778  CORRIGAN 

of the 2 : 1 PEG m n m r  : phenobarbitone complex during solid 

dispersion formation. At high PEG wight fractions (i.e. 30:1, 

50:l)  drug dissolution was carrier controlled and although PEG 

dissolution was greatly suppressed, it was sufficiently large 

to transport the drug into solution at a rate greater than that 

of pure phenobarbitone. 

INTRODUCTION 

Solid dispersions containing water soluble polymers, such 

as polyethylene glycol (Pa) and polyvinylpyrrolidone have 

successfully enhanced the dissolution rate of drugs of low 

solubility I f * .  Polyethylene glycols have an added techno- 

logical advantage, in that they are crystalline, have relatively 

low melting points and therefore dosage forms m y  be processed 

from the liquid phase . In many soluble polymer based solid 

dispersions, where the proportion of drug is less than 20% and 

where the drug is thought to be mlecularly dispersed, drug 

release is expected to become carrier controlled i.e. big 

dissolution rate becoms dependent on the product of the carrier 

dissolution rate and the proportion of drug dispersed . ?"nus 

drug dissolution rates in such systems may be predicted from 

2 

3 

q. 1: 

diere G 

A is the component concentration in the system and G 

dissolution rate of the carrier. 

is the dissolution rate of the drug from the dispersion, d 
is the 

P 
As a first approximation the drug 
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RETARDATION OF POLYMERIC CARRIER DISSOLUTION 1 7 7 9  

release rate may be e s t h t e d  by a s s m g  that  the dissolution 

rate of the plymr G 

However limited studies with such carriers as PVP , PEG , 

Renix and B-cyclodextrin8 have generally shown a decline i n  

3 ,4  is independent of the drug dispersed . 
P 

5 6 

7 

carrier dissolution rate.  

influencing polymeric carrier dissolution w i l l  be examined with 

particular reference t o  the PM; - phenobarbitone sys1:ems. 

In t h i s  paper sow of the factors 

MATERIALS AND "HODS 

Dissolution Rate and Solubility Determinations 

Dissolution rates  from constant surface area disjcs w e r e  de- 

l l  termined by the modified beaker method9' l o  as previously described 

The effect  of PM; 012 the apparent drug solubili ty was deteirmined 

by a method similar t o  that of Shefter and Kiguchi 

Assay Procedure2 

. 

12 . 

Polyethylene g:lycols ( 1000, 4000, 6000 as supplied :by 

Brome and Schimmer Iitd., B.D.H. Chemicals Ltd., Union Carbide and 

Sigm Ltd. ) were assayed colormetrically . Hydrof l.mthj.,azide (Leo 

Ldmratories Ltd. ) 273 mi, bendroflumethiazide (Leo Laboratories Ltd. ) 

273 nm, w b i t u r i c  acid (BDH Chemicals) 257 nm and phenobarhitone 

240 nml '(prepared from phenobarbitone sodium B.D.H. Chemicals) 

w e r e  assayed by u l t ra  violet  spectroscopy. 

Preparation of PEG -. drug systems 

6 

PEG-drug system of varying composition were prepared by the 

m e l t ,  coprecipitate and mechanical mix methods, as prleviously 

described . 14 
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1780 CORRIGAN 

X-Ray Diffraction and Differential Scanning Calorimetry (E) 

X-Ray diffraction patterns were obtained on powder samples 

using nickel filtered copper radiation (Philips FW 1050/26). 

Samples, 2-10 mg, were examined by DSC (Perkin E h r ,  bkdel DSC 1B) 

at scanning speeds of 2", 8" and 16' inin-'. 

Diffusion coefficients and viscosity masurements 

The diffusion coefficients of PM;; 1,000, 4,000 and 6,000 

were determined by a modification of the mthd of Goldberg & Higuchi 

as previously described . Estimates of intrinsic viscosities and 
reduced viscosities were obtained from flow tires masured in 

water at 37" using a calibrated Ostwald U - T u b e  visameter . 

15 

6 

16 

FESULTS AND DISCUSSION 

Physicochemical properties of PM; samples 

Previously we have shown that the intrinsic dissolution rate 

of PEG samples decreased as the nominal mlecular weight increased. 

The mlecular weight of poly(ethy1ene oxide) samples may be 

estimated from the intrinsic viscosity [ r~ ]I7 by an equation of 

the form 

rl 1 = 16.6 x M ~ * ~ ~  (2) 

where M is the molecular weight 18. 

aqueous diffusion ccefficients and corresponding dissolution 

rates are summrized in Table 1. The decrease in dissolution rate 

with increasing mlecular weight corresponds with a decrease in 

diffusion ccefficients. 

low melting pints and relatively constant heats of fusion of the 

Values obtained tqether with 

In view of the relatively high solubilities, 

macrogols' I diffusion rather than solubility considerations are 
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RETARDATION OF P O L Y N E R I C  C A R R I E R  D I S S O L U T I O N  1 7 8 1  

TABLE 1 

Wlecular weights, diffusion coefficients and dissolution rates of 

PM; samples a t  37°C:. 

Wlecular Weight: Diffusion Coefficient Dissolution Rates* 

G mg/cm2/h 2 Nominal E s t h t e d  D ~m /:;ec 

1000 1427 3.82 x 'I 0 1 8.2 

4000 3897 3.10 x 649.2 

6000 6328 2.47 x lod6 486.0 

259.7 ---- ---- 20,000 
-_ 

* From Ref. 6 

likely to  be dominant i n  determining the dissolution rate  of pure 

plyner samples. 

In polymers, dissolution is cr i t ica l ly  dependent on diffusion within 

the swollen surface layer and on the thickness of thi,s mil-en 

layer . Increaslng the polymer chain length reportedly decreases 

the velocity of dissolution due t o  increased entanglawnt of the 

mcromleculesl '. 
and dissolution ra te  of the form 

19 

An empircal relationship between rwlecular weight 

G = kM-A ( 3 )  

where G is the dissolution rate, M the molecular weight, k and A 

19,20 are constants, w a s  p r o p s 4  for polymers by U e b e r r e i t e r  

Using this relationship, the PEG dissolution ra te  ($kx) a n d l  

molecular weight data may be related by Equation 4. 

= 4.623 x lo4 M-0'52 %FG 
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1782 CORRIGAN 

Significant differences in intrinsic dissolution rate between 

different batches of PEG, nominally having the same molecular weight 

designation,were observed. 

molecular weight variations. 

A major cause of these differences is 

bblecular weight estimates obtained 

from viscosity data using Equation 2 for different swles of 

PEG 4000 and PEG 6000 are sunaMlrized in Table 2 .  

Differences between batches of PEGS were also observed by DSC. 

Scans for four different lots of PEG 6000 determined at a heating 

rate of 2" min-' are shown in Fig. 1. 

peaks were evident in these samples. 

reflect molecular heterogeneity. 

rarely evident at heating rates of 8" and 16' 

mlecular weight distribution affects rate of crystallization 

which in turn may influence the solid state characteristics of drugs 

in solid dispersions . 

T b  or three endothermic 

It is likely that these peaks 

Differences in DSC scans were 

per minute. Polymer 

, 21 

22,3 

Inhibition of PM; dissolution 

The dissolution profiles of PEG 4000 from solid dispersions con- 

taming 10% barbituric acid, phenobarbitone, bendrofluazide and 

hydroflmthiazide are compared to that of pure PEG 4000 in Figure 2 .  

Barbituric acid apparently does not complex in aqueous media with 

Pal3. 

while bendrof luazide and hydroflmth iaz  iiie form soluble 

complexes . 
PEG, the effect iric=z.sing in the order bendrofluazide, barbituric 

13, 23 Phenobarbitone forms a comp1.e~ oF rzduced solubility 

6 The presence of 10% drug retarded the dissolution of 

acid, hydroflumethiazide and phenobarbitone, the dissolution of 

polymer in the latter case being negligible. 

cOmpOunds Fq. 1 was used to estimate the release rate of the drug. 

For the first three 
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TABLE 2 

Batch variations in nrtlecular weight for PEG 4000 and 6000 samples 
~~ ~ 

* 
Nomina.1 mlecular Weight Estimated Values 

PEG 4000 3500, 4293 

I?= 6000 5126, 5756,, 6546, 

-- 

6910, 7301 
-- 

"Tkpation 2 

- 1 I I 
300 3 2 0  340 

TEMPERATURE ( O K )  

FIGURE 1 

DSC Scans-~ff3ur batches of PEG 6000 determined a t  a heating rate 
of 20 min . 
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1784 CORRIGAN 

1 2 0  

4 
0 
m 
m 
.rl a 
u w 
[4 40 

0 4 8 1 2  

TIME (MINI 

FIGURE 2 

Dissolution profiles of PM; 4000 from solid dispersions containing 
10% drug. Key= 0 Pure PM;:oPM;-bendrofluazide: A PIX- 
barbituric acid: r~ PEG-hydroflwthiazide, and+ PEG-pheno- 
barbitone. 

The predicted and experimental values were in gocd agreement 

(Table 3). 

effect on PM; dissolution, and drug release continued to obey Fq.1. 

Increasing the proportion of drug however ultimately leads to a 

cessation of carrier control3, the point at which this occurs being 

a function of the drug entity3t4. 

Decreasing the proportion of drug reduced the inhibiting 

h t a  on the extent of PEC 
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1786 CORRIGAN 

dissolution inhibition and on the theoretical and experirLEntal drug 

release rates are sumMlrized in Table 3.It is evident that failure 

to take into account the retardation of polymer dissolution may 

lead to a significant overestimation of drug release rate. 

Dubois and Ford presented release data for 10 drugs from 

PEG 6000 solid dispersions which strongly support the hypothesis 

tht drug dissolution is controlled by the carrier . mation 1 

was therefore used to estimate PEG dissolution from these systems. 

The results confirm retardation of PEG dissolution with increased 

drug content, the the mqnitude of the effect being highly de- 

pendent on the drug employed. 

4 

phenobarbitone: PEG 4000 systems 

In view of the dramatically reduced dissolution properties of 

phenobarbit0ne:PEG solid dispersions, this system was selected for 

more detailed study. 

from mechanical mixtures and solid dispersions over a range of 

weight fractions were determined. 

Table 4 . The dissolution rate of phenobarbitone decreased as the 
proprtion of PEGwas increased in the range 0 - 90% PEG. 

dissolution rates increased. At higher weight fractions, the discs 

of mechanical mixtures tended to disintegrate and intrinsic 

dissolution rates could not be determined. The dissolution rates 

of both compnents from the corresponding solid dispersions were 

lower than those of mechanical mixtures of similar weight fractions. 

At a PEGweight fraction of 0.23 the dissolution rate of phembar- 

bitone was less than 25% that of the pure drug. 

increasing the PEG content the phenobarbitone rate increased 

Dissolution rates of PEG and phenobarbitone 

The results are sumnarized in 

PIE 

On further 
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1788 CORRIGAN 

reaching a maximum 1 -53 

barbitone wight percentage of 3.2%. 

dissolution rate was 33.2% that of pure PEG. 

phenobarbitone content of the dispersion further to 2% resulted in 

an increase in dissolution rate of PEG to a value51.6% that of 

pure PEG. 

because of the lower content of drug in the solid dispersion. 

Interestingly the release of drug from the 30 : 1 and 50 : I PEGdrug 

systems was carrier controlled and the theoretical and experimental 

rates are included in Table 3 . 

times that of pure phenobarbitone at a phao- 

At this drug content the PEG 

Decreasing the 

The dissolution rate of phenobarbitone decreased however 

Tb shed further light on the nature of PEG - phenobarbitone inter- 
action, mechanical mixtures over a range of weight fractions were prepared 

and examined by DSC. 

pure mterials are included in Fig. 3. 

was increased, the endotherm at 324'K, corresponding to the melting of 

PEG, increased while the phenobarbitone peak at 448' 

came negligible at -30 - 40% PEG. 
peak developed at 422'. 

and 422' were irranediately followed by small 

content was further increased the peak at 422" decreasedin size, 

becoming negligible at about 80% PEG. 

The results obtained together with those of the 

As the content of PEG in the mix  

decreased and be- 

In this weight range a new endothermic 

In these mixtures both theerldOthermS at 324' 

exotherms. As the PEG 

The formation of a phenobarbit0ne:PEG complex in aqueous media, 

having a phenobarbitone to PM: mnomr ratio of the order of 1 : 2 

(i.eJ2% phen~barbitone)~~ 

been reprted13. 

w i d b e  solution by coprecipitation . It appears therefore that the 
endothem at 422' is due to the fomtion, follming melting, of the 

pknobarbit0ne:PEG conplex. 

and 1 : 2 .4(i.e, 68% phenobarbitone) has 

D-I addition jAis cmplex was also prepared from 
24 

This proposition was supported by the 
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T 
u 
I: 
p: w m 
E i  
0 a 

H 

3 

: o  

: 1  

5 : 2.5 

: 3  

4 : 6 

2.5 : 7.5  

n 

300 400 500 

TEMPERATURE ( OK) 

FIGURE 3 

DSC Scans of mechanical qxtures of phenobarbitone and PEG 4000 a t  
a heating rate of 8" min 
of phenobarbitone t o  FEG i n  the mixture. 

. K e y  = Ratios refer t o  the proportion 
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1790 CORRIGAN 

observed absence of the PEG endothem at 324" from mlts containing 

greater than 70% phenobarbitone, indicating that the PEG has fomd the 

complex. X-Fay diffraction scans of pure PEG, phenobarbitone, a PEG- 

phenobarbitonemechanical mixture  and m e l t  are shown in F i g  4 

scans also support formation of the PEG-phenobarbitone complex and are 

consistent with published X-Ray diffraction data ( 2 5 ) .  From these results 

. These 

an explanation can be offered for the very low dissolution rates frm 

systems containing a high proportion of phenobarbitone. 

persions containing up to - 30% PEG appear to consist of PEG-drug 

complex and phenobarbitone. 

plex controls dissolution, hence, the limiting dissolution rate of pheno- 

barbitone from these systems was less than that of pure phenobarbitone. 

The expected relative dissolution rate of the complex (R) 

Solid dis- 

During dissolution the less soluble com- 

26 

where G 

dissolution rate of pure phenobarbitone, was estimated from the data of 

Singh et a1 22 

is the dissolution rate of the pure complex and G 
C P is the 

to be 0.337 . Since the complex was 68% phenobarbitone, 
the expected phenobarbitone relative release rate is 0.23. 

is in agr-t with the minimum relative rate of 0 . 2 3  observed for 

phenobarbitone from the solid dispersions (Table 1 .  The higher, 

though still suppressed, release rates observed .Tor mchanical mixtures 

reflect the less complete formtion of complex during dissolution in 

these systems. 

This value 

Phenobarbitone : PEG solid dispersions containing mre than 30% 

all the free pheno- PEK consist of PEG and or pM;drug complex(es) 

barbitone having been converted to cmplex. The presence of the com- 
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RETARDATION OF POLYMERIC CARRIER DISSOLUTION 1 7 9 1  

30 20 10 

28 Degrees 

FIGURE 4 

11  

1 1 1  

X-Ray diffraction sc,ms of phmokbi tone  ( 1  I , phenobarbitone : 
PM; 4000 ( 7 :  3) wchanical mixture (1 1 ) , phenohrbitone : PEG 4000 ( 7 :  3) 
melt system ( 1 1  1 )  and pure PEG 4000 sample (1V) . 
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plex, having both a lower solubility and diffusion coefficient than 

phenobarbitone, w i l l  sh i f t  the c r i t i ca l  mixture ra t io  t o  a higher PEG 

weight fraction3, thus further limiting the weight fraction range 

over which PM; controls dissolution. 

spectral analysis24 that the factors responsible for complexation of 

phenobarbitone w i t h  PM; 4000 w e r e  hydrqen bonds formd between the N 

and N hydrogens ofthe barbiturate ring and tlie etheroxygen links of 

PEG. The retardation of PEG dissolution my be related t o  the hydro- 

phobic nature of the complex. In addition, since the complex involves 

two ether linkages per phmobarbitone molecule, phenobarbitone m y  form 

crosslinks between PM; polymer chains, thereby increasing the effective 

mlecular weight and retarding dissolution as indicated by Quation 3. 

Chang et  a1 inferred from IR 

1 

3 
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