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AbstractÐReaction of 20 aromatic/heterocyclic sulfonamides containing a free amino, imino, hydrazino or hydroxyl group, with 8-
quinoline-sulfonyl chloride a�orded a series of water-soluble (as hydrochloride or tri¯ate salts) compounds. The new derivatives
were assayed as inhibitors of the zinc enzyme carbonic anhydrase (CA), and more precisely of three of its isozymes, CA I, II
(cytosolic forms) and IV (membrane-bound form), involved in important physiological processes. E�cient inhibition was observed
against all three isozymes, but especially against CA II (in nanomolar range), which is the isozyme known to play a critical role in
aqueous humor secretion within the ciliary processes of the eye. Some of the best inhibitors synthesized were topically applied as
2% water solutions onto the eye of normotensive and glaucomatous albino rabbits, when strong and long-lasting intraocular
pressure (IOP) lowering was observed with many of them. This result prompted us to reanalyze the synthetic work done by other
groups for the design of water soluble, topically e�ective antiglaucoma sulfonamides. According to these researchers, the IOP
lowering e�ect is due to the intrinsic nature of the speci®c heterocyclic sulfonamide considered, among which the thienothiopyran-
2-sulfonamide derivatives represent the best studied case. Indeed, the ®rst agents developed for such applications, such as dorzola-
mide, are derivatives of this ring system. In order to prove that the tail (in this case the 8-quinoline-sulfonyl moiety) conferring
water solubility to a sulfonamide CA inhibitor is more important than the ring to which the sulfonamido group is grafted, we also
prepared a dorzolamide derivative to which the 8-quinoline-sulfonyl moiety was attached. This new compound is quite water
soluble as hydrochloride salt, behaves as a strong CA II inhibitor, and fared better than the parent molecule in lowering IOP in
experimental animals. Thus, the tail conferring water solubility to such an enzyme inhibitor is more important for its topical activity
as antiglaucoma drug than the heterocyclic/aromatic ring to which the sulfonamido moiety is grafted. # 1999 Elsevier Science Ltd.
All rights reserved.

Introduction

The sulfonamides represent an important class of bio-
logically active compounds, with at least ®ve di�erent
classes of pharmacological agents that have been

obtained from the sulfanilamide structure as lead, the
derivative initially studied by Domagk2 as the ®rst
modern chemotherapeutic drug. Indeed, the anti-
bacterial sulfonamides3 continue to play an important
role in chemotherapy, alone or in combination with
other drugs,4 the sulfonamides that inhibit the zinc
enzyme carbonic anhydrase (CA, EC 4.2.1.1) possess
many applications as diuretic, antiglaucoma or anti-
epileptic drugs among others,5±8 the hypoglycemic sul-
fonamides are extensively used in the treatment of some
forms of diabetes,9 whereas the thiazides and high-ceiling
diuretics might be considered as a fortunate development
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of the CA inhibitors,10 but these compounds possess a
di�erent pharmacological pro®le, independent of CA
inhibition.11,12 Finally, some antithyroid drugs have
also been developed starting from the sulfonamide
structure as lead molecule.13

The second class of the above mentioned pharmacolo-
gical agents (i.e. the sulfonamides with CA inhibitory
action) have thoroughly been investigated in the last 10
years, mainly in the search of a topically e�ective anti-
glaucoma drug.14±29 The possibility of administering a
sulfonamide via the topical route directly into the eye,
although investigated in the 1950s,30,31 has been totally
unsuccessful, whereas the systemic administration, quite
useful in lowering intraocular pressure (IOP), was gen-
erally accompanied by undesired side e�ects, due to CA
inhibition in other tissues than the eye.31 In 1983,
Maren's group14 postulated that a water-soluble sulfon-
amide, possessing a relatively balanced lipid solubility,
and strong CA inhibitory properties, might be an e�ec-
tive IOP lowering drug via the topical route, but at that
moment no inhibitors possessing such physicochemical
properties existed, as the organic chemistry of this class
of compounds remained relatively little studied. Water-
soluble sulfonamide CA inhibitors started to be devel-
oped in several laboratories soon thereafter,14±29 and in
1995 the ®rst such pharmacological agent, dorzolamide 1
entered in clinical use in the USA and Europe.32 A sec-
ond compound, brinzolamide 2, quite similar structurally
with dorzolamide has also recently been approved for
the topical treatment of glaucoma in the USA.33

Thus, in a series of papers,18,34±41 the Merck, Sharp and
Dohme group has developed the synthesis of a large
series of generally bicyclic heterocyclic sulfonamides
(derivatives of benzothiazole-,34,35 benzofuran-,36,37 in-
dole-,38 benzo[b]-thiophene-,39,40 thieno-thiopyran18,40),
which were then tested as IOP lowering agents, and
which led to the above mentioned drug (dorzolamide).
Still, the greatest majority of the synthesized com-
pounds proved to be potent allergens in vivo, since their
sulfonamido group was nucleophilically displaced by
reduced glutathione or other nucleophiles present in the
reaction medium. More than that, the only compounds
with acceptable water solubility proved to be hydro-
chlorides of amino-derivatives of the thienothiopyran-
sulfonamides of dorzolamide type.18,40 Obviously, the
approach followed by this group was to explore as
many as possible heterocyclic ring systems on which the
sulfonamido moiety should be attached, and this
approach was extremely bene®cial for the chemistry of
heterocyclic sulfonamides. Still, this approach seemed to
us not a very fortunate one for the design of topically
active IOP lowering agents, and we decided to explore
the opposite one, i.e. to graft moieties that would ensure
water solubility (as salts of a strong acid for instance) on
the classical ring systems of the aromatic/heterocyclic
sulfonamides possessing CA inhibitory properties.

In this paper we report the reaction of 20 aromatic/het-
erocyclic sulfonamides containing a free amino, imino,
hydrazino or hydroxyl group, with 8-quinoline-sulfonyl
chloride, which a�orded a series of water-soluble (as
hydrochloride or tri¯ate salts) sulfonamides with strong
CA inhibitory properties. Moreover, dorzolamide has
been derivatized similarly, at its secondary amino
group, and the obtained compound also possessed good
water solubility as hydrochloride salt. The new com-
pounds reported here were tested for the inhibition of
three CA isozymes, hCA I, hCA II and bCA IV
(h=human, b=bovine isozymes). A�nities in the
nanomolar range were detected for some compounds
for isozymes II and IV. The most active derivatives
were assayed in vivo in normotensive and glaucoma-
tous rabbits, for their IOP lowering properties. Very
strong IOP lowering was observed for many of them.
Our conclusion is that the water-solubilizing tail
seems to be more important for the topical e�ective-
ness than the ring on which the sulfonamido moiety is
grafted, and that topically-acting antiglaucoma drugs
might be obtained from many other classes of sulfona-
mides than the thienothiopyran-sulfonamides and their
derivatives.

Results

Synthesis

Compounds prepared by reaction of 8-quinoline-sulfo-
nyl chloride with aromatic/heterocyclic sulfonamides 1
and 3±22, of type 23±43, are shown below.
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Non-exceptional routine synthetic procedures were
employed for the reaction of amines/alcohols/phenols
with sulfonyl halides, as reported previously by
Wolin's41 or our22±29 groups.

Carbonic anhydrase inhibitory activity. Inhibition data
against three CA isozymes, hCA I, hCA II and bCA IV
with compounds 1±43 are shown in Table 1. The ester-
ase activity of CA against 4-nitrophenyl acetate has
been used in this assay (see Experimental for details).

Some physicochemical properties of the new com-
pounds, relevant for their pharmacological activity,
such as bu�er solubility, chloroform-bu�er partition
coe�cient, rate constant of transfer across the cornea
(kin) are shown in Table 2.

IOP measurements

In vivo IOP lowering data with some of the most active
CA inhibitors reported here, in normotensive and glau-
comatous rabbits, after topical administration of the
drug, are shown in Tables 3 and 4, respectively.

The full time dependence of the IOP after dorzolamide
and the some of the new compounds reported here in
normotensive albino rabbits is shown in Figure 1.

Distribution of drugs in ocular ¯uids and tissues

Ex vivo distribution data of some active compound in
ocular tissues and ¯uids after the topical administration
in normotensive rabbits are shown in Table 5.

Discussion

Reaction of sulfonamides 3±22 or 1 with 8-quinoline-
sulfonyl chloride a�orded the new compounds 23±43.
The reaction has generally been performed in acetone or
acetonitrile as solvents, in the presence of triethylamine
as base, by the procedure previously reported by this
and other groups22±29,41 for arylsulfonyl halides and
di�erent nucleophiles. In the case of compounds 15 and

16 the above procedure led to very low yields of sulfo-
nylated derivatives, and Schotten±Baumann condi-
tions29 had to be applied for obtaining 35 and 36 in
good yields. Mention should be made that the reaction
of 8-quinoline-sulfonyl chloride with this type of nucleo-
philes has not been studied previously. Only its reaction
with ammonia has been investigated by us, and a Zn(II)
complex of the obtained ligand (8-quinoline-sulfon-
amide) was characterized by means of X-ray crystal-
lography.28 Hydrochlorides of the new derivatives were
then prepared by reacting the free bases 23±43 with a
methanolic HCl solution. Similarly were obtained the
tri¯ate salts, by reaction of bases 23±43 with tri¯ic acid
in water as solvent. Aromatic sulfonamides such as
sulfanilamide, metanilamide, which is known20±29 that

Table 1. Carbonic anydrase (CA) inhibition data with dorzolamide

1, the parent sulfonamides 3±22 and the new derivatives 23±43 repor-

ted in the present study, against isozymes I, II and IV

Inhibitor KI
a (nM)

hCA Ib hCA IIb bCA IVc

Dorzolamide 1 50,000 9 45
3 45,400 295 1310
4 25,000 240 2200
5 28,000 300 3000
6 78,500 320 3215
7 25,000 170 2800
8 21,000 160 2450
9 8300 60 180
10 9800 110 320
11 6500 40 66
12 6000 70 125
13 6100 28 175
14 8400 75 160
15 8600 60 540
16 9300 19 355
17 455 3 125
18 70 9 19
19 55 8 17
20 50 7 15
21 24,000 125 560
22 18,000 110 450
23 21,200 294 277
24 20,000 270 335
25 15,500 134 176
26 22,000 300 380
27 1240 75 124
28 1100 60 103
29 545 32 97
30 620 44 79
31 605 45 83
32 610 40 75
33 500 32 69
34 600 39 62
35 33 2 9
36 29 3 12
37 18 3 8
38 12 4 10
39 10 2 10
40 15 3 9
41 2150 70 125
42 2000 66 115
43 170 5 10

a Standard error for the determination of KIs was of 5±10 % (from
two di�erent assays).
b Human (cloned) isozyme.
c Isolated from bovine lung microsomes.
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would lead to relatively weaker CA inhibitors (as com-
pared to the heterocyclic derivatives) were also included
in this study, in order to prove that the approach pro-
posed by us here is a general one, being possible to
apply it for the design of very e�cient as well as weak
enzyme inhibitors.

The obtained salts possessed good water solubility,
generally in the range of 2±5% (by weight), that is, in
the range of 50±80 mM (Table 2). Tri¯ates and hydro-
chlorides possessed quite similar water solubilities
(data not shown), so that the largest majority of studies
with the cationic derivatives has been performed with
hydrochlorides. The pH of such solution was in the

range of 5.0-6.0, making them appropriate for topical
application directly into the eye. As seen from the data
of Table 2, some of the newly obtained compounds for
which detailed pharmacological data were obtained,
possessed a relatively moderate lipid solubility, similarly
or slightly less than that of dorzolamide 1. In fact,
Maren13 noted in his classical review that one of the
conditions needed for a sulfonamide to act as an e�ec-
tive IOP lowering agent is to possess a modest lipid
solubility (attributable to its unionized form), accom-
panied by a good water solubility (conferred by the
presence of ionizable groups of appropriate pKa).

13 As
seen from data of Table 2, the compounds reported here
possessed just this type of physicochemical properties.
Their accession rates across the cornea were thus of the
same order of magnitude as those of dorzolamide.

Compounds 3±43 were characterized by standard che-
mical and physical methods that con®rmed their struc-
ture (see Experimental for details) and were assayed for
the inhibition of isozymes hCA I, hCA II and bCA IV
(Table 1).

Inhibition data against three CA isozymes, hCA I, hCA
II and bCA IV with the new derivatives (Table 1) prove
that the 8-quinoline-sulfonyl-derivatives 23±43 reported
here generally behave as strong inhibitors, with greatly

Table 4. Fall of IOP of glaucomatous rabbits (33.6�2.2 mm Hg),

after treatment with one drop (50 mL) solution 2% of CA inhibitor (as

hydrochloride salt, with the pH value shown below) directly into the

eye, at 30, 60, and 90 min after administration

Inhibitor pH �IOP (mm Hg)a

t=0 t=30 min t=60 min t=90 min

1 5.5 0 3.6�0.20 6.7�0.30 4.2�0.15
35 5.0 0 9.0�0.10 15.5�0.15 19.0�0.12
36 5.5 0 7.4�0.13 12.8�0.11 20.3�0.15
43 5.5 0 4.8�0.10 6.0�0.10 7.9�0.15

a �IOP=IOPcontrol eyeÿIOPtreated eye; mean�SEM (n=3).

Table 2. Solubility, chloroform±bu�er partition coe�cients and in

vitro corneal permeability of some sulfonamide CA inhibitors

Compound Solubilitya mM Log P b kin�103 (hÿ1)c

Cornea
intact

No
epithelium

1 (Dorzolamide) 60d 2.0e 3.0 5.2
35 70e 0.395 2.8 7.9
36 85e 0.490 3.4 8.5
37 69e 0.356 3.0 8.0
43 54e 1.924 3.9 6.3

a Solubility in pH 7.40 bu�er, at 25�C.
b Chloroform±bu�er partition coe�cient.
c Determined as described in ref 13, 58, 59.
d As hydrochloride, at pH 5.8, from ref 56.
e As hydrochloride salts.

Table 3. Fall of IOP of normotensive rabbits (23.1�2.5 mm Hg),

after treatment with one drop (50 mL) solution 2% of CA inhibitor (as

hydrochloride salt, with the pH value shown below) directly into the

eye, at 30, 60, and 90 min after administration

Inhibitor pH �IOP (mm Hg)a

t=0 t=30 min t=60 min t=90 min

1 (Dorzolamide) 5.5 0 2.2�0.10 4.1�0.15 2.7�0.08
35 5.0 0 4.7�0.12 9.8�0.15 7.2�0.13
36 5.5 0 5.5�0.10 11.0�0.14 14.1�0.10
37 5.5 0 4.8�0.10 8.2�0.13 7.0�0.12
39 5.9 0 2.0�0.05 4.4�0.10 4.7�0.09
40 5.5 0 2.4�0.05 4.7�0.11 3.9�0.10
43 5.5 0 2.5�0.06 4.4�0.10 3.8�0.12

a �IOP=IOPcontrol eyeÿIOPtreated eye; mean�SEM (n=3).

Figure 1. E�ect of topically administered sulfonamide inhibitors (2%
water solutions) on the intraocular pressure (IOP) of normotensive
albino rabbits. Curve 1: dorzolamide 1 (hydrochloride salt, pH 5.5);
curve 2: compound 37 (hydrochloride salt, pH 5.50); curve 3: com-
pound 35 (as hydrochloride salt, pH 5.0); curve 4: compound 36 (as
hydrochloride salt, pH 5.5).

Table 5. Ocular tissue concentrations (mM) after one and two hours,

following corneal application of one drop (50 mL) of 2% solution of

compounds 35 and 37 in normotensive albino rabbits

Compound Time (h) Drug concentration (mM)

Cornea Aqueous humor Ciliary process

35 1 h 156�7 274�12 50�3
2 h 49�5 36�3 13�1

37 1 h 163�6 280�10 47�5
2 h 52�5 46�4 17�2
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increased e�ciencies as compared to the parent com-
pounds from which they were prepared (the sulfon-
amides 3±22). The e�ciency of the obtained inhibitor
generally varied in the following way, based on the
parent sulfonamide from which it was prepared: the
derivative of p-hydrazino-benzenesulfonamide 26< the
orthanilamide 23 � the metanilamide 24< the sulfanil-
amide 25< the homosulfanilamides 27< the p-amino-
ethyl-benzenesulfonamides 28< the 1,3-benzene-di-
sulfonamides 33 and 34 � the halogeno-substituted sul-
fanilamides 29±32 < the 1,3,4-thiadiazole-2-sulfon-
amides 35 and 37 � 4-methyl-d2-1,3,4-thiadiazoline-2-
sulfonamide 36 � the dorzolamide derivative 43<
the benzothiazole-2-sulfonamides 38±40. All three CA
isozymes investigated here were susceptible to inhibition
with this type of sulfonamides, with hCA II and bCA IV
the most inhibitable, followed by hCA I, generally less
susceptible to inhibition as compared to the ®rst two
isozymes.

The promising in vitro CA inhibitory activity of some of
the newly prepared compounds prompted us to investigate
their e�ect in vivo, on the IOP, after topical application
directly into the eye, in normotensive and glaucomatous
rabbits, frequently used as an animal model of glau-
coma.3±18,32,33 Some of these results are shown in Tables
3 and 4.

The compounds selected for in vivo studies were among
the most active inhibitors against hCA II and IV, in the
prepared series, such as 35±40, and 43. The following
facts should be noted regarding the data of Tables 3 and
4. Some of the new compounds assayed in vivo, such as
35±37, and 43, showed much more e�ective IOP low-
ering e�ects as compared to dorzolamide 1, both after
30 min from the administration of the inhibitor within
the rabbit eye, as well as at other times (1, 1.5 and 2 h,
respectively), in normotensive as well as glaucomatous
animals. A second group of inhibitors, such as 39 and
40, showed IOP lowering e�ects of the same order of
magnitude as those of dorzolamide, both after half an
hour or longer periods after the administration. Men-
tion should be made that the pH of the solutions
administered in these experiments was in the range of
5.0±5.9 for all inhibitors used.

But one of the most interesting ®ndings is that IOP
remains low for longer periods (3±6 h) after the topical
administration of the new type of compounds reported
in this paper, as compared to the standard drug
dorzolamide (Fig. 1). As seen from Figure 1, com-
pounds such as 35, 36, or 37 possessed maximal IOP
lowering e�ects at 1 h after administration, similarly to
dorzolamide. The main di�erence between them was
that the new compounds acted as much more potent
IOP lowering agents, and that at 3 or 4 h after admin-
istration (when the e�ects of dorzolamide completely
vanished) they still diminished eye pressure appreciably
(4.8±6.2 mm Hg). IOP generally returned at the baseline
values after 5±6 h after administration of the drug.
Thus, all these derivatives are longer lasting IOP low-
ering agents as compared to the clinically available drug
dorzolamide.

The above ®ndings also apply for the glaucomatous
rabbits experiments (Table 4) but the IOP are much
more important as compared to those of normotensive
rabbits. Thus, IOP reductions of around 9 mm Hg were
generally observed after 30 min, whereas at longer peri-
ods, these amounted to 12±20 mm Hg. The long-lasting
e�ect mentioned above has also been evidenced for the
glaucomatous rabbit experiments (data not shown).

As seen from the data of Table 5 (obtained ex vivo in
normotensive rabbits after the topical administration of
two of the most active topical inhibitors in the prepared
series, i.e. compounds 35 and 37) at 1 and 2 h after topi-
cal administration of the drug, high levels of inhibitors
were found in the cornea, aqueous humor and ciliary
processes. Based on the inhibition constant of these
compounds (2 nM for CA II for 35, and 3 nM for CA II
for 37, respectively), the fractional inhibition estimated
in these tissues/¯uids is of 99.5±99.9%, indicating the fact
that the IOP decrease is indeed due to CA inhibition.

Conclusion

We report here a general approach for the preparation
of water-soluble, topically e�ective antiglaucoma sulfon-
amides, by attaching water-solubilizing moieties (such as
8-quinoline-sulfonyl) to well-known aromatic/heterocyclic
sulfonamides. By applying simple chemical reactions
between a heterocyclic sulfonyl chloride with aromatic/
heterocyclic sulfonamides containing free amino, imino,
hydrazino or hydroxy groups, a series of new com-
pounds was prepared. Ring systems which have been
derivatized by the above mentioned procedure included:
2-; 3- or 4-aminobenzenesulfonamides; 4-(o-aminoalkyl)-
benzene-sulfonamides; 3-halogeno-substituted-sulfani-
lamides; 1,3-benzene-disulfonamides; 1,3,4-thiadiazole-
2-sulfonamides; benzothiazole-2-sulfonamides as well as
thienothiopyran-2-sulfonamides among others, and
were chosen in such a way as to prove that the proposed
approach is a general one. The obtained compounds
formed water-soluble salts by reaction with strong
acids, such as hydrochloric or tri¯uoromethanesulfonic
acid, with protonation of the pyridine nitrogen atom.
These salts possessed good water solubility, in the range
of 2±5%, whereas their lipid solubility, hydrophobicity
(Log P) as well as accession rates across the cornea were
those appropriate for acting as e�cient topical IOP
lowering agents. Many of the reported inhibitors pos-
sessed a�nities in the nanomolar range for isozymes
hCA II and bCA IV, acting as e�ective enzyme inhibi-
tors in vitro. Some of the most active inhibitors strongly
lowered IOP pressure in normotensive and glauco-
matous rabbits, showing a highly prolonged duration of
action as compared to dorzolamide. The new com-
pounds reported here might lead to the development of
more e�cient and inexpensive antiglaucoma drugs.

Experimental

Melting points: heating plate microscope (not corrected);
IR spectra: KBr pellets, 400±4000 cmÿ1 Perkin±Elmer
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16PC FT-IR spectrometer; 1H NMR spectra: Varian
300CXP apparatus (chemical shifts are expressed as d
values relative to Me4Si as standard); Elemental analy-
sis: Carlo Erba Instrument CHNS Elemental Analyser,
Model 1106. Analytical and preparative HPLC was
performed on a reversed-phase C18 Bondapack column,
with a Beckman EM-1760 instrument. Sulfonamides 3±
22 used in synthesis were either commercially available
compounds (from Sigma, Acros or Aldrich) or were
prepared as described previously: 4-hydrazino-benzene-
sulfonamide 6 by diazotization of sulfanilamide fol-
lowed by reduction of the diazonium salt with tin(II)
chloride;42 halogenosulfanilamides 9±12 by halogena-
tion of sulfanilamide as reported in the literature;43

compound 17 from 5-amino-1,3,4-thiadiazole-2-sulfon-
amide (obtained from acetazolamide)44 by acylation
with the phthalimido-derivative of b-alanine, followed
by hydrazinolysis,45 whereas imine 16 by deprotection
of methazolamide with concentrated hydrochloric
acid.45 The benzothiazole-2-sulfonamide derivatives 18±
20 were prepared as described in ref 17, whereas the
alcohols 21 and 22 from the corresponding amines by
diazotization followed by hydrolysis of the diazonium
salts.45 Dorzolamide 1 was from Merck or was prepared
as described in the literature.46 8-Quinoline-sulfonyl
chloride, tri¯ic acid and triethylamine were from Sigma
Chemical Co. Acetonitrile, acetone (E. Merck) or other
solvents used in the synthesis were doubly distilled and
kept on molecular sieves in order to maintain them in
anhydrous conditions.

Human CA I and CA II cDNAs were expressed in
Escherichia coli strain BL21 (DE3) from the plasmids
pACA/HCA I and pACA/HCA II described by Fors-
man et al.47 (the two plasmids were a gift from Pro-
fessor Sven Lindskog, Umea University, Sweden). Cell
growth conditions were those described by Lindskog's
group,48 and enzymes were puri®ed by a�nity chroma-
tography according to the method of Khalifah et al.49

Enzyme concentrations were determined spectro-
photometrically at 280 nm, utilizing a molar absorptiv-
ity of 49 mMÿ1 cmÿ1 for CA I and 54 mMÿ1 cmÿ1 for
CA II, respectively, based on Mr=28.85 kDa for CA I,
and 29.30 kDa for CA II, respectively.50,51 CA IV was
isolated from bovine lung microsomes as described by
Maren et al., and its concentration has been determined
by titration with ethoxzolamide.52

Initial rates of 4-nitrophenyl acetate hydrolysis cata-
lysed by di�erent CA isozymes were monitored spec-
trophotometrically, at 400 nm, with a Cary 3 instrument
interfaced with an IBM compatible PC.53 Solutions of
substrate were prepared in anhydrous acetonitrile; the
substrate concentrations varied between 2.10ÿ2 and
1.10ÿ6 M, working at 25�C. A molar absorption coe�-
cient e of 18,400 Mÿ1 cmÿ1 was used for the 4-nitro-
phenolate formed by hydrolysis, in the conditions of the
experiments (pH 7.40), as reported in the literature.53

Non-enzymatic hydrolysis rates were always subtracted
from the observed rates. Duplicate experiments were
done for each inhibitor concentration, and the values
reported throughout the paper are the mean of such
results. Stock solutions of inhibitor (1 mM) were prepared

in distilled±deionized water with 10±20% (v/v) DMSO
(which is not inhibitory at these concentrations) and
dilutions up to 0.01 nM were done thereafter with dis-
tilled±deionized water. Inhibitor and enzyme solutions
were preincubated together for 10 min at room tem-
perature prior to assay, in order to allow for the for-
mation of the E±I complex (for all CA isozymes used).
The inhibition constant KI was determined as described
by Pocker and Stone.53 Enzyme concentrations were
3.5 nM for hCA II, 12 nM for hCA I and 36 nM for
bCA IV (this isozyme has a decreased esterase activity54

and higher concentrations had to be used for the
measurements).

General procedure for the preparation of 8-quinoline-
sulfonyl derivatives of the aromatic/heterocyclic
sulfonamides, 23±43

An amount of 1 mM sulfonamide 3±22 or 1 was dis-
solved/suspended in 25 mL of anhydrous acetonitrile or
acetone and then treated with 0.227 g (1 mM) of 8-
quinoline-sulfonyl chloride. The stoichiometric amount
(20 mL) of triethylamine was then added and the reac-
tion mixture was magnetically stirred at 4�C for 4±10 h.
By means of TLC the conversion of all the sulfonamide
to the corresponding 8-quinoline-sulfonyl derivatives
has been monitored. When the reaction was completed,
the solvent was evaporated until a small volume of the
reaction mixture was obtained. Generally the new com-
pounds crystallized spontaneously by leaving the above
mixture at 4�C overnight. In some cases, the con-
centrated liquor obtained after the evaporation of the
solvent was poured into 50 mL of cold water, when the
reaction products precipitated and were ®ltered. The
prepared compounds were recrystallized from ethanol
or ethanol:water (1:1, v/v). Yields were in the range of
70±90%. Hydrochlorides of derivatives 23±43 were
obtained from the free bases and a methanolic HCl
solution, in methanol as solvent. The hydrochlorides
precipitated by leaving the above mixtures at 4�C over-
night. The hydrochlorides were analyzed for the pre-
sence of Clÿ by potentiometric titrations. The obtained
data were �0.5% of the theoretical data calculated for
the proposed formulas (data not shown). Tri¯ate salts
were similarly obtained from the free bases 23±43 and
the stoichiometric amount of tri¯ic acid, in water as
solvent.

2-(8-Quinoline-sulfonylamido)-benzenesulfonamide 23.
White crystals, mp 265±266�C; IR (KBr), cmÿ1: 1140
and 1166 (SO2

sym), 1320 and 1370 (SO2
as), 3090 (NH);

3360 (NH2).
1H NMR (DMSO-d6) d 7.15±7.69 (m, 4H,

ArH, 1,2-phenylene), 7.50 (br s, 2H, SO2NH2), 7.66±
7.80 (m, 4H, H2, H3, H6, H7 from quinoline), 7.99 (d,
1H, H4 from quinoline), 8.10 (d, 1H, H5 from quino-
line), 8.21 (br s, 1H, SO2NH). C15H13N3O4S2 (363.42)
calcd C, 45.58; H, 3.61; N, 11.56; found: C, 45.80; H,
4.00; N, 11.48.

3-(8-Quinoline-sulfonylamido)-benzenesulfonamide 24.
White crystals, mp 279±280�C (dec.); IR (KBr), cmÿ1:
1135 and 1166 (SO2

sym), 1320 and 1370 (SO2
as), 3080

(NH); 3360 (NH2).
1H NMR (DMSO-d6) d 7.10±7.50
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(m, 4H, ArH, 1,3-phenylene), 7.56 (br s, 2H, SO2NH2),
7.66±7.80 (m, 4H, H2, H3, H6, H7 from quinoline), 7.99
(d, 1H, H4 from quinoline), 8.10 (d, 1H, H5 from quin-
oline), 8.15 (br s, 1H, SO2NH). C15H13N3O4S2 (363.42)
calcd C, 45.58; H, 3.61; N, 11.56; found: C, 45.43; H,
3.74; N, 11.36.

4-(8-Quinoline-sulfonylamido)-benzenesulfonamide 25.
White crystals, mp 289±291�C (dec.); IR (KBr), cmÿ1:
1150 and 1166 (SO2

sym), 1320 and 1345 (SO2
as), 3060

(NH); 3360 (NH2).
1H NMR (DMSO-d6) d, dA 7.18, dB

7.75 (AA0BB0system, 4H, JAB=7.9 Hz, ArH from 4-
sulfamoylphenyl), 7.56 (br s, 2H, SO2NH2), 7.66±7.80
(m, 4H, H2, H3, H6, H7 from quinoline), 7.99 (d, 1H, H4

from quinoline), 8.10 (d, 1H, H5 from quinoline), 8.19
(br s, 1H, SO2NH). C15H13N3O4S2 (363.42); calcd C,
45.58; H, 3.61; N, 11.56; found: C, 45.54; H, 3.60; N,
11.42.

4-(8-Quinoline-sulfonylhydrazido)-benzenesulfonamide 26.
White crystals, mp 283±284�C; IR (KBr), cmÿ1: 980 (N±
N), 1150 and 1166 (SO2

sym), 1320 and 1365 (SO2
as), 3090

(NH); 3360 (NH2).
1H NMR (DMSO-d6) d 7.05±7.39

(m, AA0BB0, 4H, ArH, 1,4-phenylene), 7.59 (br s, 2H,
SO2NH2), 7.66±7.80 (m, 4H, H2, H3, H6, H7 from
quinoline), 7.99 (d, 1H, H4 from quinoline), 8.10 (d, 1H,
H5 from quinoline), 8.36 (br, 2H, SO2NHNH). C15H14

N4O4S2 (378.43); calcd C, 47.61; H, 3.73; N, 14.81;
found: C, 47.76; H, 4.05; N, 14.80.

4-(8-Quinoline-sulfonylamidomethyl)-benzenesulfonamide
27. White crystals, mp 281±282�C (dec.); IR (KBr),
cmÿ1: 1166 and 1175 (SO2

sym), 1320 and 1372 (SO2
as),

3090 (NH); 3360 (NH2).
1H NMR (DMSO-d6) d 4.90

(s, 2H, CH2), dA 7.22, dB 7.79 (AA0BB0system, 4H,
JAB=7.9 Hz, ArH from 4-sulfamoylphenyl), 7.67 (br s,
2H, SO2NH2), 7.66±7.80 (m, 4H, H2, H3, H6, H7 from
quinoline), 7.99 (d, 1H, H4 from quinoline), 8.10 (d, 1H,
H5 from quinoline), 8.26 (br s, 1H, SO2NH). C16H15

N3O4S2 (377.44); calcd C, 50.92; H, 4.01; N, 11.13;
found: C, 50.87; H, 4.12; N, 11.04.

4-(8-Quinoline-sulfonylamidoethyl)-benzenesulfonamide
28. White crystals, mp 291±293�C (dec.); IR (KBr),
cmÿ1: 1150 and 1166 (SO2

sym), 1320 and 1359 (SO2
as),

3080 (NH); 3360 (NH2).
1H NMR (DMSO-d6) d 3.10

(t, 2H, aCH2 from the CH2CH2 bridge), 3.70 (t, 2H,
bCH2 from the CH2CH2 bridge), dA 7.15, dB 7.62
(AA0BB0 system, 4H, JAB=7.9 Hz, ArH from 4-
sulfamoylphenyl), 7.67 (br s, 2H, SO2NH2), 7.66±7.80
(m, 4H, H2, H3, H6, H7 from quinoline), 7.99 (d, 1H, H4

from quinoline), 8.10 (d, 1H, H5 from quinoline), 8.25
(br s, 1H, SO2NH). C17H17N3O4S2 (391.47); calcd C,
52.16; H, 4.38; N, 10.73; found: C, 52.40; H, 4.31; N,
10.65.

3-Fluoro-4-(8-quinoline-sulfonylamido)-benzenesulfonamide
29. White crystals, mp 255±256�C. IR (KBr), cmÿ1:
1150 and 1166 (SO2

sym), 1320 and 1348 (SO2
as), 3060

(NH); 3360 (NH2).
1H NMR (DMSO-d6) d 6.60 (br s,

2H, SO2NH2), 7.05±7.89 (m, 3H, ArH from the F-sub-
stituted ring), 7.66±7.80 (m, 4H, H2, H3, H6, H7 from
quinoline), 7.99 (d, 1H, H4 from quinoline), 8.10 (d, 1H,

H5 from quinoline), 8.25 (br s, 1H, SO2NH). C15H12

FN3O4S2 (381.41); calcd C, 47.24; H, 3.17; N, 11.02;
found: C, 46.97; H, 3.30; N, 10.85.

3-Chloro-4-(8-quinoline-sulfonylamido)-benzenesulfonamide
30. White crystals, mp 260±261�C. IR (KBr), cmÿ1:
1155 and 1166 (SO2

sym), 1320 and 1339 (SO2
as), 3090

(NH); 3360 (NH2).
1H NMR (DMSO-d6) d 6.70 (br s,

2H, SO2NH2), 7.05±7.76 (m, 3H, ArH the 2-Cl-sub-
stituted ring), 7.66±7.80 (m, 4H, H2, H3, H6, H7 from
quinoline), 7.99 (d, 1H, H4 from quinoline), 8.10 (d, 1H,
H5 from quinoline), 8.28 (br s, 1H, SO2NH). C15H12

ClN3O4S2 (397.86); calcd C, 45.28; H, 3.04; N, 10.56;
found: C, 45.11; H, 3.32; N, 10.51.

3-Bromo-4-(8-quinoline-sulfonylamido)-benzenesulfonamide
31. White crystals, mp 241±243�C. IR (KBr), cmÿ1:
1151 and 1166 (SO2

sym), 1320 and 1356 (SO2
as), 3060

(NH); 3360 (NH2).
1H NMR (DMSO-d6) d 6.65 (br s,

2H, SO2NH2), 7.05±7.86 (m, 3H, ArH the 2-Br-sub-
stituted ring), 7.66±7.80 (m, 4H, H2, H3, H6, H7 from
quinoline), 7.99 (d, 1H, H4 from quinoline), 8.10 (d, 1H,
H5 from quinoline), 8.24 (br s, 1H, SO2NH). C15H12

BrN3O4S2 (442.31); calcd C, 40.73; H, 2.73; N, 9.50;
found: C, 40.95; H, 2.54; N, 9.50.

3-Iodo-4-(8-quinoline-sulfonylamido)-benzenesulfonamide
32. White crystals, mp 224±226�C (dec.). IR (KBr),
cmÿ1: 1145 and 1166 (SO2

sym), 1320 and 1360 (SO2
as),

3070 (NH); 3360 (NH2).
1H NMR (DMSO-d6) d 6.60

(br s, 2H, SO2NH2), 7.08±7.70 (m, 3H, Ar H the 2-I-
substituted ring), 7.66±7.80 (m, 4H, H2, H3, H6, H7

from quinoline), 7.99 (d, 1H, H4 from quinoline), 8.10
(d, 1H, H5 from quinoline), 8.24 (br s, 1H, SO2NH).
C15H12IN3O4S2 (489.31); calcd C, 36.82; H, 2.47; N,
8.59; found: C, 36.91; H, 2.35; N, 8.35.

4,5-Dichloro-6-(8-quinoline-sulfonylamido)-benzene-1,3-
disulfonamide 33. White crystals, mp 277±278�C. IR
(KBr), cmÿ1: 1140 and 1166 (SO2

sym), 1320 and 1370
(SO2

as), 3080 (NH); 3360 (NH2).
1H NMR (DMSO-d6)

d 7.54 (s, 1H, ArH from the pentasubstituted benzene
ring), 7.60 (br s, 4H, 2 SO2NH2), 7.66±7.80 (m, 4H,
H2, H3, H6, H7 from quinoline), 7.99 (d, 1H, H4

from quinoline), 8.10 (d, 1H, H5 from quinoline), 8.30
(br s, 1H, SO2NH). C15H12Cl2N4O6S3 (511.38) calcd C,
35.23; H, 2.37; N, 10.96; found: C, 35.19; H, 2.31; N,
10.88.

6-Chloro-4-(8-quinoline-sulfonylamido)-benzene-1,3-di-
sulfonamide 34. White crystals, mp 290±292�C (dec.). IR
(KBr), cmÿ1: 1150 and 1166 (SO2

sym), 1320 and 1334
(SO2

as), 3060 (NH); 3360 (NH2).
1H NMR (DMSO-d6) d

7.35 (s, 1H, ArH from disulfamoylphenyl), 7.59 (s, 1H,
ArH from disulfamoylphenyl), 7.75 (br s, 4H, 2
SO2NH2), 7.66±7.80 (m, 4H, H2, H3, H6, H7 from
quinoline), 7.99 (d, 1H, H4 from quinoline), 8.10 (d, 1H,
H5 from quinoline), 8.33 (br s, 1H, SO2NH). C15H13

ClN4O6S3 (476.94); calcd C, 37.78; H, 2.75; N, 11.75;
found: C, 37.90; H, 2.67; N, 11.69.

5-(8-Quinoline-sulfonylamido)-1,3,4-thiadiazol-2-sulfon-
amide 35. White crystals, mp >300�C; IR (KBr), cmÿ1:
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1166 and 1180 (SO2
sym), 1320 and 1340 (SO2

as), 3060
(NH), 3375. 1H NMR (DMSO-d6) d 6.94 (br s, 2H,
SO2NH2), 7.66±7.80 (m, 4H, H2, H3, H6, H7 from
quinoline), 7.99 (d, 1H, H4 from quinoline), 8.10 (d, 1H,
H5 from quinoline), 8.45 (br s, 1H, SO2NH). C11H9

N5O4S3 (371.42) calcd C, 35.57; H, 2.44; N, 18.86;
found: C, 35.29; H, 2.60; N, 18.74.

5-(8-Quinoline-sulfonylimido)-4-methyl-2-sulfonamido-
�2-1,3,4-thiadiazoline 36. White crystals, mp >300�C;
IR (KBr), cmÿ1: 1166 and 1182 (SO2

sym), 1320 and 1366
(SO2

as), 3080 (NH), 3380 (NH2).
1H NMR (DMSO-d6) d

3.90 (s, 3H, Me), 6.96 (br s, 2H, SO2NH2), 7.66±7.80
(m, 4H, H2, H3, H6, H7 from quinoline), 7.99 (d, 1H, H4

from quinoline), 8.10 (d, 1H, H5 from quinoline).
C12H11N5O4S3 (385.44) calcd C, 37.39; H, 2.88; N,
18.17; found: C, 37.32; H, 2.79; N, 18.05.

5 - (8 -Quinoline - sulfonylamidoethylcarboxamido) - 1,3,4 -
thiadiazol-2-sulfonamide 37. White crystals, mp 295-
297�C (dec.), IR (KBr), cmÿ1: 1150 and 1166 (SO2

sym),
1290 (amide III), 1320 and 1334 (SO2

as), 1570 (amide II),
1710 (amide I), 3090 (NH); 3360 (NH2).

1H NMR
(DMSO-d6) d 2.25±2.60 (m, 4H, CH2CH2), 6.88 (br s,
3H, CONH+SO2NH2), 7.66±7.80 (m, 4H, H2, H3, H6,
H7 from quinoline), 7.99 (d, 1H, H4 from quinoline),
8.10 (d, 1H, H5 from quinoline), 8.44 (br s, 1H,
SO2NH). C14H14N6O5S3 (442.50); calcd C, 38.00; H,
3.19; N, 18.99; found: C, 37.96; H, 2.94; N, 18.70.

6-(8-Quinoline-sulfonylamido)-benzothiazol-2-sulfonamide
38. White crystals, mp >300�C; IR (KBr), cmÿ1: 1154
and 1166 (SO2

sym), 1320 and 1344 (SO2
as), 3060 (NH);

3360 (NH2).
1H NMR (DMSO-d6) d 6.94 (dd, 1H, J=9,

J=3 Hz, H-5 of benzothiazole), 7.10 (d, 1H, J=3 Hz,
H-7 of benzothiazole), 7.66±7.80 (m, 4H, H2, H3, H6, H7

from quinoline), 7.78 (d, 1H, J=9 Hz, H-4 of ben-
zothiazole), 7.99 (d, 1H, H4 from quinoline), 8.10 (d,
1H, H5 from quinoline), 8.22 (br s, 2H, SO2NH2), 8.49
(br s, 1H, SO2NH). C16H12N4O4S3 (420.49); calcd C,
45.70; H, 2.88; N, 13.32; found: C, 45.90; H, 2.65; N,
13.09.

6-(8-Quinoline-sulfonyloxy)-benzothiazol-2-sulfonamide
39. White crystals, mp >300�C, IR (KBr), cmÿ1: 1160
and 1174 (SO2

sym), 1333 and 1350 (SO2
as), 1450, 3360

(NH2).
1H NMR (DMSO-d6) d 6.90 (dd, 1H, J=9, J=3

Hz, H-5 of benzothiazole), 7.11 (d, 1H, J=3 Hz, H-7 of
benzothiazole), 7.79 (d, 1H, J=9 Hz, H-4 of ben-
zothiazole), 7.66±7.80 (m, 4H, H2, H3, H6, H7 from
quinoline), 7.99 (d, 1H, H4 from quinoline), 8.10 (d, 1H,
H5 from quinoline), 8.19 (br s, 2H, SO2NH2). C16H11

N3O5S3 (421.48) calcd C, 45.60; H, 2.63; N, 9.97; found:
C, 45.54; H, 2.71; N, 9.69.

6-(8-Quinoline-sulfonyloxyethyloxy)-benzothiazol-2-sul-
fonamide 40. White crystals, mp 278±279�C, IR (KBr),
cmÿ1: 1170 and 1184 (SO2

sym), 1332 and 1345 (SO2
as),

1450, 3360 (NH2).
1H NMR (DMSO-d6) d 2.89 (t, 3H,

CH2), 3.14 (t, 3H, CH2), 6.95 (dd, 1H, J=9, J=3 Hz,
H-5 of benzothiazole), 7.10 (d, 1H, J=3 Hz, H-7 of
benzothiazole), 7.66±7.80 (m, 4H, H2, H3, H6, H7 from
quinoline), 7.79 (d, 1H, J=9 Hz, H-4 of benzothiazole),

7.99 (d, 1H, H4 from quinoline), 8.10 (d, 1H, H5 from
quinoline), 8.18 (br s, 2H, SO2NH2). C18H15N3O6S3
(465.53); calcd C, 46.44; H, 3.25; N, 9.03; found: C,
46.28; H, 3.50; N, 9.00.

4-(8-Quinoline-sulfonyloxymethyl)-benzenesulfonamide 41.
White crystals, mp 259±261�C; IR (KBr), cmÿ1: 1155
and 1176 (SO2

sym), 1325 and 1334 (SO2
as), 3310 (NH2).

1H NMR (DMSO-d6) d 4.90 (s, 2H, CONHCH2), 7.08±
7.41 (m, AA0BB0, J=7.2 Hz; 4H, ArH, phenylene), 7.49
(s, 2H, SO2NH2), 7.66±7.80 (m, 4H, H2, H3, H6, H7

from quinoline), 7.99 (d, 1H, H4 from quinoline), 8.10
(d, 1H, H5 from quinoline). C16H14N2O5S2 (378.43)
calcd C, 50.78; H, 3.73; N, 7.40; found: C, 50.54; H,
3.62; N, 7.25.

4-(8-Quinoline-sulfonyloxyethyl)-benzenesulfonamide 42.
White crystals, mp 254±255�C. IR (KBr), cmÿ1: 1157
and 1176 (SO2

sym), 1321 and 1332 (SO2
as), 3300 (NH2).

1H NMR (DMSO-d6) d 3.10 (t, 2H, aCH2 from the
CH2CH2 bridge), 3.70 (t, 2H, bCH2 from the CH2CH2

bridge), 6.95 (br s, 2H, SO2NH2), 7.05±7.52 (m,
AA0BB0, J=7.3 Hz, 4H, ArH, phenylene), 7.66±7.80 (m,
4H, H2, H3, H6, H7 from quinoline), 7.99 (d, 1H, H4

from quinoline), 8.10 (d, 1H, H5 from quinoline).
C17H16N2O5S2 (392.46) calcd C, 52.03; H, 4.11; N, 7.14;
found: C, 52.31; H, 4.24; N, 7.08.

5,6-Dihydro-4-[N-8-quinoline-sulfonylamido-(ethylamido)]-
6-methyl-4H-thieno-[2,3-b]thiopyran-2-sulfonamide 7,7-
dioxide 43. White crystals, mp >300�C; IR (KBr),
cmÿ1: 1133 and 1166 (SO2

sym), 1320 and 1345 (SO2
as),

3360 (NH2).
1H NMR (DMSO-d6) d 1.29 (d, 3H, Me),

1.39 (t, 3H, Me from ethyl), 2.55 (m, 1H, CH), 2.80 (m,
1H, CH), 3.05±3.20 (m, 2H, CH2 from ethyl), 4.37 (m,
2H, CH2), 7.66±7.80 (m, 4H, H2, H3, H6, H7 from
quinoline), 7.99 (d, 1H, H4 from quinoline), 8.10 (d, 1H,
H5 from quinoline), 8.03 (s, 1H, CH, ArH from thienyl),
8.25 (br s, 2H, SO2NH2). C19H21N3O6S4 (515.65) calcd
C, 44.26; H, 4.10; N, 8.15; found: C, 44.39; H, 4.41; N,
8.10.

Measurement of tonometric IOP

Adult male New Zealand albino rabbits weighing 3±3.5
kg were used in the experiments (three animals were
used for each inhibitor studied). The experimental pro-
cedures conform to the Association for Research in
Vision and Ophthalmology Resolution on the use of
animals. The rabbits were kept in individual cages with
food and water provided ad libitum. The animals were
maintained on a 12 h: 12 h light/dark cycle in a tem-
perature controlled room, at 22±26�C. Solutions of
inhibitors (2%, by weight, as hydrochlorides, tri¯ates or
sodium carboxylates) were obtained in distilled deio-
nized water. The pH of these solutions was in the range
of 5.5±8.4.

IOP was measured using a Digilab 30R pneumaton-
ometer (BioRad, Cambridge, MA) as described by
Maren's group.55,56 The pressure readings were matched
with two-point standard pressure measurements at least
twice each day using a Digilab Calibration veri®er. All
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IOP measurements were done by the same investigator
with the same tonometer. One drop of 0.2% oxybupro-
caine hydrochloride (novesine, Sandoz) diluted 1:1 with
saline was instilled in each eye immediately before each
set of pressure measurements. IOP was measured three
times at each time interval, and the means reported. IOP
was measured ®rst immediately before drug administra-
tion, then at 30 min after the instillation of the phar-
macological agent, and then each 30 min for a period of
4±6 h. For all IOP experiments drug was administered
to only one eye, leaving the contralateral eye as an
untreated control. The ocular hypotensive activity is
expressed as the average di�erence in IOP between the
treated and control eye, in this way minimizing the
diurnal, seasonal and interindividual variations com-
monly observed in the rabbit.55,56 All data are expressed
as mean �SE, using a one-tailed t test. Ocular hyper-
tension was elicited in the right eye of albino rabbits by
the injection of a-chymotrypsin (from Sigma) as descri-
bed by Sugrue et al.57 The IOP of operated animals was
checked after approximately 4 weeks, and animals with
an elevated pressure of 30±35 mm Hg were used at least
1 month after the injection of a-chymotrypsin.

Drug distribution in ocular ¯uids and tissues

The general procedure of Maren's group has been fol-
lowed.55,56 The animals were killed with an intracardiac
air injection. Aqueous humor (both posterior and ante-
rior chamber ¯uids) were withdrawn. Then, the cornea
and anterior uvea (iris plus attached ciliary body) were
dissected, rinsed well with water, blotted, weighed and
put into 1±2 mL of water. For isolation of the ciliary
processes, intact anterior uvea rings were placed on a
para®lm covered piece of polystyrene foam in a Petri
dish. The tissue has been wetted with normal saline and
dissected under a microscope, when ciliary processes
were liberated from their attachment to the iris, cut,
weighed and put in 0.5 mL of distilled water. The tissue
from four eyes (average weight of 8 mg/eye) was pooled
for drug analysis. Samples were boiled for 5 min (in
order to denature CA, and free drug from the E±I com-
plex), diluted and then incubated with a known amount
of enzyme. The activity of the free enzyme and in the
presence of the inhibitor were determined as described
above. A calibration curve has been used in order to
determine the fractional inhibition in the di�erent tis-
sues, as described in refs 55 and 56.

Determination of water (bu�er) solubility

A standard solution was prepared by dissolving a pre-
cisely weighted amount (generally 1 mg) of inhibitor in
10 mL of methanol. The UV absorption maximum of
each compound has been determined (with a Cary 3
spectrophotometer) eventually diluting the solution
(with MeOH) as necessary. A saturated solution of each
compound was then prepared by stirring magnetically a
small volume of 0.039 M phosphate bu�er (pH 7.4) in
the presence of excess inhibitor for 3 h. The obtained
saturated solution was ®ltered in order to remove solid
compound through a Millipore 0.45 mm ®lter and
scanned by UV at the wavelength of the absorption

maximum previously determined. Total solubility was
determined by the relationship: C0=A0C/A, where
C=concentration of standard solution (mg/mL);
A=absorbance of standard solution; A0=absorbance
of the saturated solution; C0=concentration of the
saturated solution (mg/mL).29

Partition coe�cient determinations

Chloroform±bu�er partition coe�cients were obtained
by equilibrating the test compound between chloroform
and 0.1-ionic strength pH 7.4 phosphate bu�er. The
concentration in each phase was determined by UV
spectrophotometry or HPLC.7,8,29

Transcorneal penetration of drugs

The method of Maren et al.14 with the modi®cations of
Pierce's group58,59 (for the HPLC assay of sulfona-
mides) have been used. Excised rabbit corneas with
either intact or denuded epithelium were used in these
experiments. The pH was 7.4 and exposed area was of
1.2 cm2. Concentrations of drug of 40±2000 mM were
placed in the epithelial chamber and samples of ¯uid
were collected from the endothelial chamber at di�erent
intervals, up to 4 h. Both chambers contained 6 mL.
Drugs present in these ¯uids were assayed both by the
HPLC method of Pierce et al.,58,59 or enzymati-
cally.7,8,14 The results of the drug analyses were used to
calculate the rate constant of transfer across the cornea
(kin). As described by Pierce,58,59 this value was deter-
mined by using the formula:

kin:��103 hÿ1� � �drug�endo=�drug�epi � 60=t� 1000

where [drug]endo=concentration of drug on endothelial
side; [drug]epi=concentration of drug on epithelial side;
t=time (in min).
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