
nicmbrane. allowing hydrogen-ion back-diffusion, which results in irritation, 
bleeding. and possible ulceration. I f  this mechanism is correct, then the rapid 
onset of absorption obtained with unbuffered solutions or solutions with less 
than 16 mEq of antacid buffering may not reduce the incidence of untoward 
effects as effectively as those containing a greater quantity of antacid buf- 
fering. 
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Abstract 0 A specific high-performance liquid chromatographic method is 
described for ethoxzolamide following the extraction of the material from 
iris/ciliary body eye tissue in rabbits. The steps consist of base extraction and 
protein and enzyme deactivation, followed by acid treatment, extraction into 
ethyl acetate. evaporation, and solubilization with a 50% aqueous methanol 
solution. Thesamples werechromatographed on a reverse-phase phenyl col- 
umn with a mobile phase consisting of 50% methanol in I %  acetic acid. The 
recovery was 74.3% over a 10-fold range of tissue concentrations. The sensi- 
tivity was 0.03 pg/mL, and the response was linear over the concentration 
range (0.03 -0.5 pg/mL) used in the study. Intravenous (2.0- and 6.0-mg/kg) 
and topical ( I %  suspension) doses of ethoxzolamide were administered to 
rabbits. Iris/ciliary bcdy tissues were excised 45 min after drug administration. 
The tissue levels after a dose of 6 mg/kg were statistically greater than the 
levels obtained after a dose of 2 mg/kg. The smaller intravenous dose repre- 
sented the lowest dose for which a reduction in intraocular pressure could be 
measured. An initial transitory drop in intraocular pressure was detected for 
the topical dose. Iris/ciliary body levels in  the treated cye could be detected 
for the 2-mg/kg iv and topical doses. 

Keyphraws 0 Ethoxzolamide-determination in the iris/ciliary body, rabbits, 
HPLC, GC 0 Dosage forms---intravenous and topical administration of  
ethoxzolamide, iris/ciliary body of rabbit eyes, IIPLC, G C  

Ethoxzolamide, a carbonic anhydrase inhibitor used in 
glaucoma to lower intraocular pressure (IOP), is effective 
orally but not when administered topically to the eye, pre- 
sumably due to inadequate drug levels at the active site. In 
recent studies, the anatomical location of carbonic anhydrase 
wi th  the anatomical location of aqueous humor formation in 
the ciliary body have been identified ( I ,  2). Friedlander and 
Muther (3)  have utilized the high binding affinity of [3H]- 
acetazolamide for carbonic anhydrase to demonstrate the 
distribution of carbonic anhydrase in  the epithelium of the 
ciliary body. The greater specificity of ethoxzolamide for the 
enzyme was shown by displacing [3H]acetazolarnide wi th  a 
high concentration of unlabeled ethoxzolamide. 

Although Maren (4) have devised a sensitive method for the 
determination of carbonic anhydrase and its inhibitors, the 
assay measures drug activity; therefore, specificity is always 

in doubt. I t  is also tedious and time consuming. I t  was the 
purpose of this study to develop a high-performance liquid 
chromatographic (HPLC) procedure for the determination 
of ethoxzolamide in the iris/ciliary body tissue of rabbit eyes. 
Data are also presented which compare tissue concentrations 
after administration by the topical and intravenous routes. 

EXPERIMENTAL SECTION 

Chemicals --Ethoxzolamide. a gift from a commercial source’, was used 
as received. The substances used in the preparation of the various buffers and 
vehicles were of analytical or USP quality. and included monobasic sodium 
phosphate2, dibasic sodium phosphate3, sodium carbonate2, hydrochloric acid2, 
sodium chloride4, polysorbatc SO5, and N,,V-dimcthylacetamide2. Ethyl ac- 
ctate6 was used as the organic phase in the extraction procedure. Acetic acid’. 
methanols, and distilled deionized water were used to prepare the chromo- 
tographic mobile phase. Thc distilled deionized water was also used to make 
all aqueous dilutions. 

Apparatus--The chemicals and tissues were weighed on an electronic9 or 
analyticallo balance. Thc pH values of the various solutions were measured‘‘ 
when neccssary. 

The HPLC system consisted of a solvent delivery pumpt2. a syringe-loading 
sample injector’? fitted with a 100-pL loopt4, a reverse-phase phenyl column’s, 
and a fixed-wavelength U V  detectorIh operating at  31 3 nm. Chroniatograms 
were recorded on a chart recorder" operating a t  0.5 cm/min. Thc mobile 
phase consisting of methanol-1% aqueous acctic acid (50:SO. v/v) was 
deacrated before use; the flow rate was 1.5 ml./min. 

I The Upjohn Co. 
Certified ACS; Fisher Scientific Co.. Fair Lawn,  N.J. 
Baker Analyied Reagent; J .  T. Raker Chemical Co., Phillipsburg. \ .J .  
USP grade; J. T. Baker Chemical Co. 
USP grade; Ruger Chemical Co.. Inc., Irvington, K.J. 
Analytical Reagent ACS: Mallinckrodt Inc.. Paris. K ) .  

IlPLC grade: Burdick & Jackson Laboratories. Inc.. Vuskegon, Mich. 
Model 4100; Cahn Instruments. Paramount. Calif. 

’Certified ACS; Mallinckrodt Inc. 

lo Model B6; Mettler Instruments COT. Hightstown. N.J .  
‘I Model 701; Orion Kesearch Corp., ambridge. Mass. 
l 2  Model 6000A: Waters Associates. Milford. M a s .  
l 3  Model 7125; Rheodyne Inc.. Cotati. Calif. 
I d  Catalog no. 724; Kheodync Inc. 
I 5  I’/N 27198, S /N  p-Rondapak Phenyl: Waters Associates. 
16 Model 440 absorbance detector; Waters Associates. 
1’ Model A521 1 - 1 ;  Omniscribe. Houston Instruments. Austin.  Tex. 
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Figure I-Typical standard curue for ethoxzolamide ouer a concentration 
range of 0.03-0.5 pg/mL (single determinations). 

Drug Administration--New Zealand White rabbitsI8 of either sex (age, 
3-4 months; weight 2.0-3 S kg) were administered ethoxzolamide by intra- 
venous injcction into the arginal ear vcin or by topical application to the 
conjunctival sac of the I :, Because of the limited aqueous solubility of 
cthoxzolamide, a mixed solvent consisting of 60% N,N-dimethyl- 
acctamide-40% water was used for intravenous administration. With this 
vehicle. concentrations of up to 20 mg/mL could be injected. The intravenous 
dose of ethoxzolamide was either 2 or 6 mg/kg. The formulation was prepared 
immediately before use. 

Ethoxzolamidc was applied topically as a 1% suspension in Sbrensen’s 
modified phosphate buffcr ( 5 ) .  to which 0.5% polysorbate 80 was added as 
a wetting agent. The pH of this vehicle was 7.2. The formulation was prepared 
-8 h before use and was stirred continuously on a magnetic stir plate. A 50-pL 
volume of the suspension was applied every 2 min to one eye for a total of three 
doses; the blank vehicle was similarly applied to the other eye. 

The rabbits were sacrificed 45 min after either intravenous or topical in- 
stillation by injecting a bolus of air into the marginal ear vein. The iris/ciliary 
tissue was immediately excised and weighed. This time interval was chosen 
to represent nearly the maximal IOP response. Preliminary studies in which 
ethoxzolamide was administered intravenously showed that a maximal 
pharmacological response (lowering of intraocular pressure) occurred at 45 
min. 

Tissue Extraction Procedure-Although the ciliary body has been identified 
as the active site (2,3), it is difficult to excise precisely in  the rabbit. The iris 
is easily removed, and the ciliary body remainsattached toit whcn the iris is 
excised from the rabbit eye. Consequently, tissue levels, as reported here, 
represent an average level of the combined tissues. The wet tissue was cut into 
smaller segments and homogenized (30 rpm for 1.5 min) in centrifuge tubesI9 
with dry ice; the latter disrupted cellular structure to facilitate extraction. A 
total of  5 ml. of 0.025 M sodium carbonatc solution was added to the tubes 
containing the homogenized tissue. The mixture was vigorously shaken?” for 
I h at room temperature. The high pH and hypotonicity of the sodium car- 
bonate solution promoted dissociation of the drug from carbonic anhydrase 
(6) and partitioning into the aqueous phase. The homogenate was thcn heated 
to l00OC for 5 min to denature and prccipitate the tissue proteins. Identical 
treatment without iris/ciliary body tissue showed that the drug did not de- 
compose. The mixture was cooled to room temperature, and I mL of 0.5 M 
HCI containing an additional 75 mg of NaCl/mL was added. The acid con- 
verted drug to the un-ionized form, and the salt aided in  phase separation. 
Ethyl acctate ( 3  mL) w dded to thc mixture, which was shaken on a vortex 
rnixcr2’ and for 0.5 h. After centrifugation, thc top layer. con- 
sisting of nearly 3 ml. of ethyl acetate and containing drug, was transferred 
to a 5-mL vial23. The extraction was rcpcated twice with 3 mL of ethyl acetate 
cach time; the ethyl acetatc phases wcrc then combined. The ethyl acttatc 
solution was subsequently ~ a r m c d ~ ~  to 30°C and cvaporated to dryness under 
a stream of nitrogen. To the residue was added I ml. of 50% methanol to 
solubilize the drug. The 50% methanol solution containing drug was refrig- 
erated u n t i l  just before assay by HPLC. To assess the validity of the assay, 

~~~ ~ ~~ 

Morrimn Rabbitry; West Branch. Iowa. 
l9 Tissue grinder (I0 mL); Potter-Clvehjcm. 

Model E-I. Vibrornixer; Chemapec Inc., Hoboken, N .J .  
z ’  Vortex Geni Mixer; American Hospital Supply, M&aw Park, 111. 
22 Model CS; International Equipment Co., Needhdm Heights, Mass. 
23 ReactiVials; Pierce Chemical Co., Rockford, 111. 
24 ReactiThcrm: Pierce Chemical Co. 

RFSULTS AND DISCUSSION 

The standard curve (Fig. I )  was found to be linear over theconcentration 
range (0.03-0.5 pg/mL) used in the study. The sensitivity of the assay was 
determined by analyzing progressively lower concentrations until the coeffi- 
cient of variation for multiple determinations reached 10%. This occurred at 
a concentration of 0.03 pg/mL. This value also represented about five times 
the height of the baseline noise at 0.005 AUFS. 

Figures 2 and 3 represent typical chromatograms for the analysis of 
ethoxzolamide in iris/ciliary body tissue. As shown in the chromatogram (Fig. 
3). good separation was achieved from cndogenous tissue components. When 
no drug was present, the baseline was observcd (Fig. 2). A metabolite was not 
apparcnt in  any of the observcd chromatograms. The retention time for the 
drug was 7 min. 

To determine the recovery and reproducibility of the assay procedure. 
iris/ciliary M y  tissue from the rabbits was spiked with known amounts of 
ethoxzolamide. The amount of drug was varied from 0.05 to 0.6 pg (Table 
I) ;  the tissue weight also varied. The known amount of drug was first dissolved 
in 4 mL of distilled water, to which a freshly extracted tissue sample was 
added. A 12-mL test tubecontained the mixture, which was incubated for 2 3  
ha t  room temperature. Longer incubation periods (up to 72 h) did not increase 
thc percent recovery. After incubation, I mL of 0. I 2 5  M sodium carbonate 
solution was added to the mixture to produce a final concentration of 0.025 
M. The extraction prmdure was continued from this step as described above. 
Identical extraction cxperiments wcre also conducted without the addition 

25  Applanation Pncurnaronograph: Alcon Labs. Fort Worth. Tcx. 

1262 I Journal of Pharmaceutical Sciences 
Vol. 73, No. 9, September 1984 



T 

0 2 4 6 0 10 12 14 
MINUTES 

Figure 3-Chromaiograms of 100 p L  of tissue exiraci coniaining eihoxzo- 
lamide (AUFS = 0.00.5);peak I is eihoxzolamide. 

of iris/ciliary body tissue but with varying amounts of drug (0.05-10 pg). 
Without added tissue, 85.8 f 4.97% of the added drug could be extracted. 
When tissue was added, 74.3 f 7.83% of the drug could be recovered. The 
presence of tissue was responsible for a significant increase in  the extraction 
variability. 

Without the presence of drug but including tissue, no ethoxzolamide peaks 
were observed in the chromatograms. A linear increase in the amount of drug 
recovered was detected by: 

(Eq. 1 )  

where x is the nanograms of drug added per milligram of tissue. and y is the 
nanograms of drug recovered pcr milligram of tissue. Although the mean 
percentage of drug extracted in  the recovery experiments could be used to 
correct for the fraction of drug unavailable for extraction, its use would be 
somewhat less precise than the use of Eiq. 1. This occurs because the calibration 
equation incorporates the weight of the tissue on a per-unit basis and because 
the variance can be expressed at every point on the regressed line. 

Assay Application-The method described above was developed to compare 
iris/ciliary body concentrations of ethoxzolamide after intravenous and topical 
dosing to the eye. 

lnfraocular Pressure-Before tissue was extracted, a minimum dose was 
established which produced a significant reduction in IOP. This was accom- 
plished by linear and quadratic regression analysis. I f  the IOP dropped below 
baseline values, a negative statistically significant slope from zero indicated 
a drug effect. Baseline measurements were made by measuring IOP repeatedly 
over 20 min just before dosing. Two intravenous doses were given. At 2 mg/kg, 
only 3 of 10 rabbits showed a response over 2 h, whereas at 6 mg/kg, 6 of 10 
rabbits yielded a response. which at 45 rnin was 1.5 to 2 mm Hg lower than 
from 2 mg/kg. The maximum response occurred at 45 min after intravenous 
administration and at 40 min after topical administration (Table I I ) .  

When a 1% suspension of ethoxzolamide was administered topically to the 
eyes of 24 rabbits. a small but statistically significant drop in  IOP was observed 
at 20-60 min. The criteria for observing a change in responsc was based on 
a statistical difference in IOP between the treated and untreated eyes at each 
time interval. Equation 2 expresses a change in IOP brought about by corneal 
penetration only. The responses measured for the two routes of administration 
are not directly comparable. For the topical route, a diffcrencc in response 
in treated and untreated eyes was measured over time, whereas by the intra- 
venous route, both eyes responded so that changes were made relative to the 
baseline (ix.. I = 0): 

IOP Changes = (IOPDFT - IOPCET) - ( I O P D E ~  - IOPc1.o) (Eq. 2) 

where IOPl)F<T is the 1Op measurement (mm Hg) of the dosed or treated eye 
a t  time I.  IOP1~l:o is the IOP measurement (mm IHg) of the treated eye at  i 
= 0 but before receiving the dose. lOPce~ is the IOP measurement (mm tig) 
of the control (nontreatcd) eye at time I ,  and lOPc~o is the IOP mcasurcment 
(mm Hg) of the control (nontreated) eye at time i = 0. By subtracting the IOP 
responsc from the nontrcated eye at  each time interval, the reduction in  IOP 
occurring from systemic absorption is subtracted. 

Interestingly, various manufacturers of carbonic anhydrase inhibitors have 
repeatedly been unable to detect a lowering of IOP from direct application 
to the eyez6. These studies were often conductcd with single doses in a small 

y = 0.099 t 0 . 7 0 6 ~  (n = 31, r2 = 0.995) 

Table I-Recovery o f  Ethoxzolamide With the Addition of Known Amounts 
of Drug to Iris/Ciliary Body Tissue 

Ethoxzolamide Tissue Weight, Mean Recovery f SD, 
Added, pg mg % 

~ ~~~~ 

0.1- 10.00 0 85.8 f 4.97 
0.05 -O.6Ob 40.9 f 12.4 74.3 f 7.83 

Increments added are 0. I ,  0.2.0.4. 2.0.4.0. and 10.0 pg; n = 2 4 for each determi- 
Increments added arc 0.05.0. I .  0.1 5 , O . Z .  0.3.0.4.0.5, and 0.6 wg; n = 2 -4 for nation. 

each determination. 

Table 11-lntraocular Pressure Measurement Changes after Topical 
Administration' of 1% Ethoxzolamide to Rabbit Eyes 

Time Postdose, Change, 
min mmc pb.  d 

._ _ _  0 
20 -0.795 (0.63) 0.019 
40 -1.085 (0.68) 0.00 I2 
60 -0.955 (0.8 I )  0.0 10 
no -0.295 (0.72) 0.2 I 

I20 0.085 (0.76) 0.5Y 
100 0.085 (0.75) 0.59 

140 0.625 (0.79) 0.94 
I60 0.045 (OM) 0.54 
I no 0.085 (0.71) 0.59 

50pL q 2 min X 3 ( n  = 24). b p  < 0.02. See Eq. 2 in tcxt:  values in  parentheses 
represent the 95% confidence interval. Probability determined from paired f test. 

number of rabbits that had not been maintained on a diet sufficient in sodium 
chloride. This latter factor is most important in attempting to measure a small 
but detectable IOP response. These results. along with previously published 
reports (8.9). have prompted researchers to conclude that intravenous doscs 
ofcarbonic anhydrase inhibitors, including cthoxzolamidc. were actingonly 
centrally. More recently ( 1 .  2. 10. 1 I ) ,  it has been shown that carbonic an- 
hydrase inhibition occurs at the ciliary body. Neverthelcss, studies ( I  2, 13) 
have indicated that systemic acidosis, another effect or carbonic anhydrase 
inhibitors, contributes to a reduction in IOP. Marcn rr a/. ( I  2) have proposed 
that the acidotic effect of the lowering of the IOP and the direct effect on 
aqueous humor secretion are additive. 

Tissire f.el;els--Tissuc levels were determined in  both eyes after either 
intravenous or topical administration (Tables I l l  and IV, respectively). At 
each intravenous dose, the right and left eyes showed similar concentrations 
of cthoAzolamide. At 2 and 6 mg/kg (10 replications wcrc conducted at each 
level). a statistically significant higher concentration was mcasured for 6 
mg/kg. 

Table Ill-lris/Ciliary Body Levels of Ethoxzolamide after Intravenous 
Administration to Rabbits 

Ethoxzolamide Level. ng/mg' 
Dose, mn/kn iv nh Left Eve Right Eve Pooled -. - I _  

2.0 10 2.67 f 1.91 2.27 f 1.00 2.48 f 1.50 
6.0 10 io.on A 1.84 10.43 f 1.94 10 .26f  1.83 

~ ~~ 

Nanograms of drug per milligram of iris/ciliary body tissue: mean f SD. Number 
ofdeterminations for either the left or the right eye. Pooled data for the left and right 
eyes ( n  = 20). 

Table IV-lris/Ciliary Body Levels of Ethoxzolamide after Topical 
Administration 

Ethoxzolamide Level, ng/mg" 
Rabbit Treated Eve Untreated Eve 

I 5.64 2.08 
2 3.50 0 
3 I .60 0 70 

I .x7 
2.20 
1.83 
0.444 

0.29 
0 
0 
0 

8 0.544 0 
9 I .94 0 

10 1.76 0 
2. I3 f ( I  SO) 0.27 f (0.65) Mean f SD 

26 Unpublished results a Nanograms of drug per milligram of iris/ciliary body tissue 
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The results for the topical dose (Tables I I  and IV) show that ethoxzolarnidc 
could be detected in the untreated eye in 3 of I0 rabbits and in the treated cye 
in all of the rabbits. An outlier value of 2.08 ng/mg was determined for rabbit 
I in the untreated eye (Table 111). The measurement in the untreated eye likely 
represents systemic absorption. The pooled treated eyes yieldcd iris/ciliary 
body levelsof 2.13 f I .5 ng/mg (n = 10). The mean level is statistically lower 
(p < 0.05) than the mean value obtained for dosing at 6 mg/kg iv but not 
statistically different from tissue levels obtained at 2 mg/kg iv. 

For an average-sized rabbit (2.5 kg), the minimum intravenous dose to 
produce a response (2 mg/kg) represents a 3.3-fold higher dose than that 
administered by the topical route. Thus, the nearly equal tissue levels shown 
in Tables 111 and IV for the two routes of administration suggest that the tissue 
levels detected from the smaller topical dose are, at least in part, a consquencc 
of corneal transport and not primarily systemic absorption. Although our 
results do not differentiate between the direct and systemic effects of the drug, 
they do add credence to the possibility of a contribution from the corncal 
pathway. 
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Abstract 0 The free (unbound) concentration of drug in plasma is often an 
important determinant of pharmacological and toxicological effects. Unfor- 
tunately, studies examining the factors influencing the frce fraction of quin- 
idine in plasma have yielded inconsistent results. It is probable that differences 
in the type of blood collection tubes utilized and the analytical procedure 
employed biased some of these estimates of quinidine binding. The present 
study was executed in a manner free of factors now known to introducearti- 
facts into estimates of the frec fraction of quinidine. In healthy volunteers, 
thcfreefractionofquinidine(l.Opg/mL) was0.129 f 0 . 0 1 9  (mean * S D )  
and was constant throughout the therapeutic range. A high-affinity, low- 
capacity binding site ( K  = 1.17 X lo5 M-I; nP = 3.49 X M) and a 
low-affinity, high-capacity binding site ( K  = 1.33 X lo3 M-I; nP = 3.11 X 
lo-) M)  were identified. The characteristics of quinidine binding in a 4.S-g/dL 
wlution of human serum albumin ( K  = 3.05 X lo3 M-I; nP = 1.36 X lo-) 
44) suggestcd that the low-affinity, high-capacity binding site was on this 
protein. I n  the presence of tris(butoxyethy1) phosphate (75 pg/mL). the 
quinidine free fraction increascd from 0.1 14 to 0.231. A lidocaine concen- 
tration of 250 pg/mL caused a similar increase. Patients suffering traumatic 
injury had a significant increase in al-acid glycoprotein concentration (I97 
mg/dL) and a decrcasedquinidine free fraction (0.075 f 0.019). Patients with 
hyperlipidemia had frce fractions similar to those observed in healthy indi- 
viduals (0.1 18 f 0.019). These data suggest that the high-affinity, low-ca- 
pacity binding site is on cul-acid glycoprotein and that lipoproteins are of little 
importance in the protein binding of quinidine. 

Keyphrases 0 Protein binding-quinidine, humans 0 Quinidine--- protein 
binding, humans 

Despite the recent development of a number of new agents, 
quinidine continues to be a mainstay of oral antiarrhythmic 
therapy. Effective concentrations of quinidine in serum range 
between I and 5 pg/mL (1,2). However, much interindividual 

variability in the concentration necessary for arrhythmia 
suppression has been noted ( 2 ) .  Studies with other antiar- 
rhythmic drugs, such as disopyramide (3)  and propranolol(4), 
have demonstrated that the free drug concentration in plasma 
correlates better with the pharmacological effect than does the 
total concentration. These observations support the principle 
that free drug in plasma is in equilibrium with drug at receptor 
sites (i .e. ,  that which is responsible for the pharmacological 
effect). Furthermore, alterations in the degree of protein 
binding can also affect the pharmacokinetic properties of a 
drug. Fremstad er al. (5) have demonstrated a significant 
positive correlation between the free fraction of quinidine and 
both volume of distribution and total body clearance. For these 
reasons, a thorough understanding of the determinants of the 
protein binding of quinidine is important. 

Unfortunately, studies in which the factors influencing 
quinidine protein binding have been examined have yielded 
inconsistent results. The mean free fraction in studies with 
healthy volunteers has been reported to be 0.10 (6), 0.105 (7)* 
0.141 (8), 0.246 (9), and 0.288 (10). Albumin, a,-acid gly- 
coprotein, and lipoproteins have all been reported to be im- 
portant for quinidine binding, but their relative roles have been 
disputed ( 10- 12). Some of the discrepancies between studies 
may have been due to methodological differences, as several 
factors have been found to influence quinidine binding in oitro. 
Quinidine free fraction is two- to thrce-fold higher when blood 
is collected in evacuated blood collection tubes’ rather than 
glass syringes (6). Other factors influencing estimates of 
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