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RELATIONSHIP BETWEEN THE pH OF THE DIFFUSION LAYER AND 
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ABSTRACT 

Sodium bicarbonate and ascorbic acid. tJotli highly water-soluble materials, 

were uscd to modify the initial dissolulioi, rate of furosemide from tablet 

lormulations in various dissolution media. Tlin observed differences in the 

initial dissolution rates of the drug have lxer, correlated with changes in fhe 

pH of the diffusion layer brought ahout b y  the dilunnts. The initial dissolution 

rate of furosnmide was shown to be depe/?drnl on and controlled hy the pH of 

the diffusion layer while the bulk exerted only a secondary effect by controlling 

the magnitude of the pH-change through its bulfci- capacily. 

INTRODUCTION 

Accordiiig to Nelsoti”’ the pH of tlie dilfitsioti lilyer sitrroiiridirig a soluble 

acid or sall will he relatively indepwitlr.!rit of tlir h t l k  pti because of the buf- 

fering action of the material. The soliitinri rntP of the acid or salt would be 

rnainly cotitrolled by the pH of the diffrtsiori layer rathw than the h l k  pH. 

Researchers have itsed this hi~ffwii ig aclioti of rlissolving sLtlxtarices to 

iriiprove the dissolution rates of low watrv-soliitdr! acidic drugs hy including 

various basic cotripou rids3”’ or buffer systrriis5 i ti plrartiiaceutical formulations. 

The use of such systetris .lies i r i  providitig an etivirotitiieiit tiear the dissolving 

drug in which it woirld be inow soliihle than IIic? b i l k  merliuni i t1  which 

dissolution was taking place . 8 

The purpose of l l i is study was lo i t ivesl ig~te tlie effect of highly water- 

soluble dillletits on the clissolutioti ra te  of fitrosernirlc? formulations arid to 

relate these effects to changes in l l ie ptt of tlic diffusion layer during 

dissolution. 
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1716 MARAIS AND VAN DER WATT 

MATERIALS AND METHODS 

Materials 

Furosemide was obtained from Propati Pharrnaceuticals (Pty) Ltd., 

Germiston, RSA (Lot A17333) arid sodium bicarbonate and ascorbic acid from 

BDH Chemicals, Poole, England. Al l  otlier clieniicals were of analytical grade 

and all water used were double distilled. 

Preparation of the tablets 

Tablets containing 375 nig furoseinide, 110 nig diluent (sodium bicarbonate 

[formulation A] or ascot IAc acid [forniulatioti B]), Ac-Di-Sol@ as disintegrant, 

magnesium stearate as lubricant and starch mucilage as binder were 
prepared by wet granulation. 

Compression 

Tablets, each weighing approximately 150 m y .  were compressed in a 

Beckmanri hydraulic press fitted with a calibrated pressure gauge. 

Compression was done at 1500 KPa for 15 seconds between concave-faced 

punches in a 7 mm die. The tablets were manually pushed from the die with 

a punch. 

Dissolution studies 

Dissolution studies were done according to the inethod of the USP XXI  

(apparatus 2) using a six-station dissolution apparatus (Erweka, Model GDTR). 

The dissolution medium consisted of 0.1 M HCI (pH 1,2): potassium acid 

phosphate/NaOH buffer (pH 5,8) or potassir! ti1 acid pliospliate/NaOl-l buffer (pH 

7,4). All dissolution media were prepared according to the method of the USP 
XXI. Samples of 10 ml were willidrawti Ilirotigh a pre-filter (Sartorius, 

Gbttigen, West Gerniany) at 1, 2, 4. 8.  16. 32, 64 and 90 rriinutes. The medium 
lost through satnpling was itnnisdiately replaced with 10 nil fresh medium at 

37 “C. The aniount of furoseinide dissolved at each sample time was 

determined at 271 nm against fresh iiiettiatn as blank iisitig a digital 

spectrophotometer (Hitactii. Model 100-10). Prcseiiteti data are the mean of 
two runs on each fortnulation. 

Determination of the pH of the diffusion layer (pH,) 

According to the definition”’, the diffusion layer is saturated with dissolving 

solids, which irnplies tliat i t  also contains other dissolved substances besides 

the drug. In this study it was assumed tliat the dilucnts, rather than 
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DISSOLUTION RATE OF FUROSEMIDE 1717 

frirosemide, would determine the ptia sitice they have higher water 

solubilities, more pronounced acidic or has i r  properties and made up 70% of 

the tablet weight compared to only 25% of furosemide. 

Saturated solutions of each di lumt werP prpparwl by adding an excess of 

the diluent to 200 nil of rriedia at 37 "C. The samples were rotated until 

saturation was evident. The solutions wnrp filtrated and the pH of the 

supernatants were measured using a digital pH-inder (Zeiss, Model 300). 

Determination of the initial dissolutiori rate ( ldr) 

The rate at which furosemide dissolved was estiniatecl by calrulatirig the 

slope of a straight line through the data poitits Imtweori 0 arid 8 minutes. The 

slope, called the initial dissolution rate. was calculated from the least square 

fit of the amount of furoseniide dissolved agairist tiriie. The calculations were 

done with a Lotus 123 computer prograni. 

Statistical comparison 

The mean Id, of the forrriulatioris in the niedia were compared for significant 

differences at a 95% confidence level with the Student-Newnian-KeuIs 

multiple-range test. The calculations wern done with a BMDP7d program 

(BMDP Statistical Software, California, USA). 

RESULTS AND DISCUSSION 

The effect of sodium bicarbonate arid ascorbic: acid 011 the pHd and the Id, 

of furosernide frorn the two formulatiotis in the dilfeietit tiietlia are sitmrnarized 

in table I. 

The Id, froin formulation A was siyriificanlly Iiicjlicr than frotii fot rnulation B 

in both 0,l  M HCI and the pl-1 5,8-hiiffer, wtiilr! 110 sigtiificnrit rlifferr.nce existed 

between the I,, in the alkaline mediutri (pH 7,4). 

It was expected that the Id, coitlcl be correlated with tlie pHd and that these 

pH,'s were determined by tlie tia~idac-idic p rop r t i cs  of thv dissolving 

diluents. The pH,'s in the preserice of ttin ctiluerits it1 each mediitm were 

determined as described under rriatorials and nidhods. The effect of the 

diluents on the pH, in the various media are sliowii it1 table 1. 

The high Id, fromi formulation A in 0.1 M HCI atid the p H  5,8-buffer could be 

attributed to a rapid increase in tlie pHd of 0,lM HCI and the pH 5,E-buffer. This 

increase was brought aboiit by the highly watcr-solrihle sodiiitri bicarbonate. 
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1718 MARAIS AND VAN DER WATT 

TABLE 1 

The pH of fhe diffusion layers (pHd in the presence of soditrm bicarbonate and 

ascorbic acid and the initial dissolution rates (Idr) of furosemide from 
formulations A and 8 in the various dissolutiorr media. 

- 
Medium Fnrtiiii Iation 

A B 

Sodium hicar boiiate Ascorbic acid 

I,, x lo -?  OH, ltlr pHd 
(tiig/inl/nii t i )  (nigl nil/ mi n) 

0,I  M HCI (pH 1,2) 3,397 (0,982)" 8.2 0.224 (0.953) 0.9 

Phosphate buffer (pH 5,8) 6,645 (0.998) 8.4 2,645 (0.992) 1.7 

Phosphate buffer (pH 7,4) 6,096 (0.999) 8.3 7,246 (0.907) 5,3 
__ .. 

a Values in parerttheses ore /lie corrs/n/iori cocfricinri/s of ~ / I F ?  s/ri-tig/it / i r m  / / ]rough 
the dissoluliori data poirrls Befweari t, arid t, itiiiwles. 

Ascorbic acid, on the other hand, caused a decrease in the pH, in the to rne- 

dia, resulting in a retardation of the Idr of fiirosetiiicle from forniulation 8. 

The results suggested that the diliieiits changed tlie pH,, to such and extend 

that the I,, of furosernide were mainly deterniiticrl by tlie pH,, wliile the bulk 

pH (pHbulk) exerted only a secondary effect. 

This hypothesis however, does not fully accorint for the significant slower 

I,, from formulation A in 0.1 M HCI cotnparntl to tlie rate in tlie p H  5,8 buffer 

wliile tlie pti,'s were alirlnst similar (Table 1). 
I\ Accortliiig tn Iloener Rc Reiiet tlin solitlinii rate of parlic:les frntii a regioti 

where they are ioiiizetl (pHd 8,2) to a tiirlk wliorc? IIiey woiild become 

noriioriized (pHbulk 1,2) woiild be slow coti1pflrr-d to Ilic ratri of a process 

where ionized particles in tlie cliffusioii laypi (pti,, 8.4) dillrise to a region with 

a high capacity for ioni7ecl pat-ticles 5.8) .  sitice the solubility for the 
ionized species (salt forin) are niucli Iiiglier tlinri for the rionionized molecules. 
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DISSOLUTION RATE OF FUROSEMIDE 1719 

TABLE 2 

The effect of the buffer capacities (PI of the phosphate buffers on the 

pH-change in the diffusion layer. 
-- 

Medium Buffer capacity PHhi ilk L3 PH 

(PI Formulation 

A 6 
~ ~~~~ 

Phosphate buffer 0,005 5.8 -t 2,6 -4,f 

Phosphate buffer 0,020 7.4 + 0,9 -2, I 

A significant difference was obsnrvcd between the Idr. froni formulation B in 

the two phosphate briffers, althoiigti the PH,,,,,~ would suggest favorable 

dissolution in both media. 

In the pH 5J-buffer furoseniido worild he 99,37% ionized (pKa of 

furosemide taken as 3,6) compared to 99.9896 in the alkaline medium (pH 7,4). 
Both these media would therefore favor tlie dissolution of furosemide. The 

Id, in the pH 5,a-buffer however was almost 3 times slower than the rate in the 

pH 7,4 medium because of the significant difference between the pHd’S in the 

media. These results emphasized that the solution rate was 

governed/controlled by the pHd rather than tt is pHbul,,. 

The large difference between the pHd’s of formulation B (ascoibic acid) in 

the two phosphate buffers could be explained by the differences in the buffer 

capacities of the media. 

The differences (ApH) between pHbulk and pH, for both forinulations in the 

phosphate buffers are shown in table 2. 

In the pH 5,8-buffer ascorbic acid coiiltl overcor7ie the buffer capacity of the 

bulk rnediurn in the diffusion layei, carisitig a large decrease iii the pHd. The 

higher buffer capacity of the alkaliiie irictliutii i iwtrali7ed the pH-lowering ef- 

fect of the ascorbic acid which rcsullotl iii a smaller difference between the 

pH, and the pHbulk. It is safe to presririie that the differences between the 

pH,’s arid the pHbulk were iiifluenccd Iiy the hulfnr capacities of the dissolution 
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1720 MARAIS AND VAN DER WATT 

mwlia. These differences were tl ie main rcasoti for the variations between the 

I,, from forrnulation B in these media (Tal i l~!  1). 

The pH-increase caused by sodiiirn I>ic:ar-l)oiiate was niiich more evident in 

the pH 5,8-buffer because of the low biiffer capacity of the medium, while a 

snialler pH-difference was observed iii the pH 7,4-hiiffer with the higher buffer 

capacity. Since the pH,’s were almost equal, tlie Id, froni the tahlels in the two 

media did not differ significantly (Table 1). 

An increase in the buffer capacity of tlie dissoliitiori media iiriproved the 

I,, of furosemide in the presence of an acidic diliietit because of a depression 

of the pH-lowering (negative) effect of ll ie diliietif whicli woi.iI(I retard the 
dissolution rate. For an alkalirie diliieiit a higher buffer capacity of the hulk 

medium would minimize or neutralize the positive effecl (pH-increase) of the 

diluent on the dissolutioii rate. 

CONCLUSIONS 

The results of the sludy showed that tlie: 

initial dissolution rate of furosemide, a poorly water-soliiblt? acid, was 

dependent on the pH, rather ltiari the PH,,,,,~; 
type of pH-change caused by the tlissolvirig tliliients depended on their 

basic or acidic properties; 
magnitude of the change in the pHCI was itifluaticcd by the buffer capacity 

of the hulk medium. 

The resiitts of the study confirmed tlie fiticliiigs of Dolierty and York5 which 

showed that by governing the pH of fhe tliffiision layer 11ie dissolittion rate of 
drugs could be controlled in a predictable way. 
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