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Sunuuary 
.-- 

The dissolution profiles of two different commercial formulations of controlled 
release 324 mg quinidine gluconate tablets were investigated and their bioavailability 
differences were associated with in vitro results. One of the marketed brands which 
IV;;S not approved by the Food and Drug Administration was alleged by some 
patients to have no therapeutic effect when taken orally. Dissolution profiles using 
the paddle method at 100 rpm in different dissolution media revealed wide dif- 
ferences between these two products. The dissolution rates of the two products were 
significantly different in water, acetate buffer pH 5.4 and phosphate buffer pH 5.4. 
However. the dissolution profiles were similar for the two products with respect to 
rate and extent in simulated gastric fluid (no enzymes) and pH 7.4 phosphate buffer. 
Bioavailability data far these two products showed significant differences among 
various in vivo parameters. A reformulated product with comparable bioavailability 
to the FDA-approved product also had similar dissolution profiles in the systems 
studied earlier, These findings confirmed the importance of the screening and 
judicious selection of dissolution medium as well as the predictive usefulness of a 
J’ c olution test in the quality control of sustained (or controlled) released quinidine . . . . . 

gluconate formul: tions. 

lutroductiou 

Quinidine salts such as quinidine gluconate and sulfate are used clinically for 
their anti-arrhythmic activity. To obtain better patient compliance these drugs are 
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formulated as sustained release tablets and are marketed under several brand names. 
Towards the end of 1980, a particular controlled release quinidine gluconate tablet 
was introduced into the market without the preclearance of the Food and Drug 
Administration (FDA). Because of several consumer complaints about the efficacy 
of this brand, the product was recalled. An investigation was initiated to establish in 
vivo and in vitro differences, if any, that existed between the approved, therapeuti- 
cally effective product and the unapproved product. 

Materials and methods 

The samples of approved 324 mg quinidine gluconate tablets (Berlex Laborato- 
ries. ,Cedar Knolls, NJ-Brand BE-(lot no. B1209) and the unapproved product 
(B&r Pharmaceuticals, Copiague, NY-Brand BO- 1 -(lot no. 0907 16) were col- 
lected by the FDA. The reformulated product BO-2 (lot no. 011885) was submitted 
by the firm for validation of the dissolution methodology (ANDA 1981). The s:‘mc 
lots were used for both the in vivo and in vitro studies. 

Th;e dissolution tests were carried out using a &gang unit of the dissolution 
equipment meeting U.S.P. specifications and available comn ercially ‘. The paddle 
method (Apparatus II - at 100 rpm was used (USP, 1980a). The pH 5.4 phosphate 
(0.067 M) and acetate buffers (0.1 M) (Documenta Geigy. 1973). simulated gastric 
and intestinal fluids without enzymes (USP, 1980b) were prepared as described. 

Di:;solution rate profiles were determined at 37.0 -t 05°C in 900 ml of each of the 
dissolution fluids. Dissolution rate in all 6 dissolution vessels was monitored 
contir’?Jously by circulating filtered dissolution medium through 1 mm cells of the 
spcctrophotometer ’ and recording :he absorbance at 235 nm. Sampling times 
included 0. I, 2, 3, 4. 5, 6, 7 and 8 h after the introduct’on of the tablet into the 
dissolution medium. In the experiment where the dissolution tnedium was changed. 
the t:tblets were stirred in simulated gastric fluid for one hour, the stirring was 
stoppcsd. and the cements of the vessel were decanted 0~ siphoned off taking care 
that none of the drug particles were removed. The simulat.ed intestinal fluid (without 
cnzym!es) was added and stirring contiilued for an additional 7 h. The amount of 
quinidine gluconate in solution was calculated by comparing the absorbance c\f the 
hampit: with a quinid’nc glucnnate reference standurcl solution prepared in the test 
dissolution medium. 
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Bioavaiiahilit_v studies 

A two-way cross-over bioavailability study was carried out in 12 h:althy maie 
volunteers using product BE and BO-1, the dose being two tablets. Blood samples 
were withdrawn at 0, 1, 2, 3, 4, 5. 6, 7, 8, 12 and 25 h after dose administration. 
plasma was separated and kept frozen until tte time of analysis. The amount elf 
quinidine in the plasma was determined by a HPLC procedure. Details of the 
bioavailability study are reported elsewhere (Meyer et al., 1982). 

In another study, a reformulated product of BO (BO-2, lot no. 011885) was 
compared with the BE product (lot no. B1254) in a 20 subject cross-over study. In 
this study, a single 324 mg tablet of each product was administered to each subject. 
The blood samples were drawn at 0, 1, 2, 3, 4, 5, 8, 12 and 24 h and analyzed by 
HPLC. Both products were administered. Details of this study are reported elsewhere 
(ANDA Summary. 1981). 

Results and discussion 

Properly formulated controlled release dosage forms offer the possibility of 
smoother blood level-time profiles with longer intervals between doses. Since 
bioavailability studies involving healthy human subjects are costly and involve 
certain risks, it is highly desirable to carry out in vitro screening of different 
formulations. This in vitro screening can be achieved by a change in the pH of the 
dissolution medium or change in the stirring rate or change in the dissolution 
methodology itself. When the dissolution test is carried out under these conditions. 
the results may enable one to select a formulation which could be used in a 
bioavailability study. Such a formulation selection on the basis of in vitro results 
u.ld~r various exl,erimental conditions would minimize in vivo trials. Furthermore. a 
formulation exhibiting superior dissolution profile under the majority of the experi- 
mental conditions used is less likely to result in puor bioavailability. The comparison 
of dissolution rate profiles of two different brands of quinidine gluconate controlled 
release tablets presented here substantiates the value of such in vitro studies. 

it is known that pH can influence dissolution rate. and it has recently been 
demonstrated that buffer composition can also have a significant effect on the 
dissolution rates of furosemide tablet formulations (Prasad et al.. 1982). Thus 
disJolution studies were initiated using water, simulated gastric fluid, and phosphate 
(pH 7.4 and pH 5.4) and pH 5.4 acetate buffer solutions as the dissolution media. 
The quinidine gluconatc sustained release products used in this study did not 
di+ integrate (in the conventional sense) under any of the dissolutior?. test conditions. 
The pH of the dissolution medium was checked at the end of each hour during the 
dissolution run. No significant change in the pH of the test medium occurred when 
buffers or simulated gastric fluids were used as dissolution media. However. wheu 
distilled water was the dissolution medium, its initial pH was 6.05 and the final pH 
\V;IS 6.75 for tbe brand BE and 7.40 for brand BO. The results of these studies are 
i!lustrated in Fig. 1. It is clear from Fig. 1A that substantial differences exist between 
the dissolution of the two tablets in distilled water. In this medium, product BO-1 
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DISSOLUTION OF OUINIDINE CLUCONATE 
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-o- BE-B fN 5.4 ACETFITE BUFFER 
-o- BO-8 OLD IN 5.4 CICEt(5tE SUFFER 
-6- 80-S NEW IN 5.4 WETFITE BUFFER 

Fig. 2. The dwolution profile of 3 quinidine gluconals products in pH 5.4 acetate buffer (paddle method 

at 100 rpm). Kev: 0, pr&tcr BE: 0. product BO-I : A. Product 30-2. 

achieves only 60% dissolution after 8 h, compared to essentially 100% dissolutio.1 in 
4 h for product BE. While prolonged dissolution is to be anticipated for controlled 
release formulations, too slow a dissolution process may result in incomplete 
bioa\Glability. With simulated gastric fluid (Fig. IB), little difference in dissolution 
was noted between the two dosage forms. Fig. 1C illustrates the dissolution in pH 
7.4 phosphate buffer. which is commonly employed as a simulated intestinal fluid in 
dissolution studies. While in this medium differences in dissolution between BE and 
BO- i did result, neither product achieved greater than 50% dissolution after 8 h. Fig. 
ID shows an attempt to simulate an initial one hour exposure of the tablets to 
gastric fluid (simulated), followed by exposure to intestinal fluid (simulated). Both 
f~~rn~~ilati~ns exhibited better dissolution in this system than in the pH 7.4 phosphate 
buffer alone, although after 8 h the difference between the products was only 15% 
Since the pH of the upper region of the intestinal tract of man can be mildly acidic, 
dissolution studies were also conducted with pH 5.4 phosphate buffer, as illustrated 
in Fig, 1E. It is clear that this medium has a significant effect on the ldissolution 
prcroess, At the end of 8 h, product BE is 87% dissolved, while product B0-i is only 
25% dissolved. In order to evaluate any effect of buffer composition, a pH 5.4 
acetate buffer was also employed. Fig. IF demonstrates that both dosage forms 
dissolve to a greater extent in this buffer compared to pH 5.4 phosphate buffer. 
Although the cnu~e for this difference is not definitely known, a possible explanation 
is an interaction of the acetate or phosphate ions with constituents of the dosage 
forms, resulting m either retardation of dissolution by phosphate, or an enhanse- 
ment of dissolution by acetate ions. The results of these studies illustrate not only 
that buffer composition can affect the degree to which in vitro systems can discern 



BE BO-1 80-Z 

Fig. 3. !n vitro/in viva relationship for quinidine glucnnate. Key: Cl. dissolution in pH 5.4 acetate buffer 

in 4 h; q . Cm_; B. AUC. 

differences among dosage forms. but they also indicate the importance of pH. Thus 
product BO-1 appears relatively insensitive to pFI differences over the range of 
5.4-7.4, while the dissolution of product BE is significantly improved at pH 5.4 

TABLE 1 

IN WV0 DATA FOR QUINIDI;JE GLUCONATE TABLXTS 

Parameter Products 

BE 

DOW 

C mas (pg/ml) 
I mil*. th) 
AUC ( pg,/ml X h) 

648 nlg 64X mg 

1.26.‘0.34 0.47 *- 0.13 3s’F 
3.18% 1.20 3.5 I *. 0.67 

15.5 - 4.8i 6.38 * :.3s 41%. 

E&h value is the mean L S.D. of I? subjects. 

TABLE 2 

IN WV0 DATA FOR QUINIDINE GLUC‘ONATE TABLETS 

!‘aramelrr Products 

BE HO-2 
_ ___ _____-_-_. -.-. _--_- ._~_ 

Ijose 324 mg 324 lug 

c. mdr (a: ml) O.! + 0.X 0.56 + 0. IX 

T (h) rnil. 6.1 ’ l.hS 5.5 * 1.27 

AUC (pg,‘ml> h) 6.23 ’ 2.87 6.31 ’ 2.67 

FAch value is the nxan + S.D. of 20 subjects. 
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compared to pH 7.4. Thus dissolution studies conducted in either acid media or pH 
7.4 phosphate buffer are much less effective In detecting differences between these 
two formulations. 

Biouvaiiability 

The bioavailability results from the fir?* study are summarized in Table 1 where 
product BE was considered as the reference product. It is quite evident that product 
BO-1 was only 41% bioavailable in extent (Area Under Curve) (AK) and 35% in 

maximum concentration achieved (C,,,) in comparison to product BE. It is not 
surprising to note these in vivo differences in view of the dissolution behavior of 
both products. It is also quite obvious that dissolution at pH 5.4 in both acetate and 
phosphate buffer relates quite well to the in vivo performance of both products. For 
example. product BO dissolved to the extent of only 47% in the acetate buffer and is 
also bioavailable to similar extent (AUC = 41%) when compared to product BE. 
Subsequent to these studies, the BO brand of quinidine gluconate controlled release 
tablet was reformulated. A bioecjuivalency study of this product (BO-2) and product 
BE was performed, and the results of this study are summarized in Table2. In vitro 
dissolution in pH 5.4 acetate buffer using the same experimental conditions (i.e. 100 
rpm-paddle) was also carried out with BO-2. The dissolution profile for BO-2, 
compared to that of BO-I and BE in pH 5.4 acetate buffer. is shown in Fig. 2. The 
buffer was selected for comparison because of the previously discussed close 
agreement between the relative dissolution data. and the extent of absorption, as 
measured from the area under the plasma level-time profiles. 

The relative in vivo and in vitro performance of the 3 dosage forms is summarized 
in Fig. 3. It is evident from this figure, as well as Fig. 2, that the reformulated 
product BO-2 is bioequivalent to the reference product BE. Furthermore. product 
BO-I is bioinequivalent with either of the two products. BE and BO-2. This in vivo 
performance is supported by the in vitro results at the 4 h time point in pH 5.4 
acetate buffer. The mean percent dissolution and the standard deviation at four 
hours are: BE, (100 2 1.2) (100 I 1.21, BO-I (32.7 2 1.7) and BO-2 (98.4 2 4.3). 

Cemclrrsions 

These findings subst;mtiate that the pH and composition of dissolution medium 
are quite important to make an in vitro test meaningful and consistent with in vivo 
results. Further, the use of the USP paddle method, at 100 rpm, with pH 5.4 
phosphate or acetate buffer provided an in vitro dissolution test which was usefill in 
distinguishing between two quinidine gluconate formulations which differed greatly 
in their in vivo performance. 
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