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The impact of acidification and alkalinization of the urine on the pharmacoki-
netics of cinoxacin was examined after single 500-mg oral doses were aminis-

tered to nine healthy male volunteers. Acidic and alkaline conditions were
achieved by repeated orl doses of ammoum chloride or sodium bicarbonate,
respectively. Plasma cinoxacin levels in all subjects were adequately described in
terms ofone-compartment-model kinetics with first-order absorption and elimina-
tion. Acidification and alkalinizati treatment had no effect on cinoxacin
absorption or distribution. The mean eliminaon half-life of cinoxacin in plasma
was 1.1, 2.0, and 0.6 h in control subjects and with acidification and aanization

Of urine, respectively. Recovery of intact cinoxacin in samples of urine collected 0
to 36 h after cinoxacin administration represented 65% of the dose in control
subjects and urine acidification and 80% of the dose with alikainization of urine.
The mean renal clearance of cinoxacin was 76, 118, and 278 ml/min with
acidificaton, control, anda, respectively, and renal cleaance was
highly correlated with urinary pH. Urine concentrations of cinoxacin were
significantly higher with alkalinization compared with control values during the
first 4 h after drug administration. Urine cinoxacin concentrations were reduced
somewhat by acidification, but these tended not to be significandy different from
control values. Changes in cinoxacin elminaton owing to urine pH are less
pronounced inhu s than in dop. The andbacterial activity ofcinoxacin against
some common urinary tract pathogens was pH dependent. A four- to eightfold
reduction in cinoxacin activity was generally observed at pH 8 compard with
lower pH values. However, in view of the high levels of cinoxacin which are
obtained in both acidic and basic urine, the impact of urine pH on cinoxacin
antibacterial efficacy would be of minor clinical importance.

Cinoxacin has been shown to exhibit antibac-
terial activity against most gram-negative orgn-
isms commonly encountere in urinary tract
infections (4, 11). It is well absorbed from onl
doses and is rpidly excreted from the body
under normal conditions with an eliminaton
half-life of 1 to 1.5 h (2, 13).

It is well e hed that renal el n of
weak acids or weak bases may be urinary pH
depen t (8). Cinoxn is a weak orWic acid
(pl,, 4.7) and has low aqueous soubility under
acidic coditions. Experiments in dogs have
shown that urinary excretion of cinoxacin is pH
dependent (12). Under indued alk coni-

the elimination half-life was reduced fiom a
normal vaue of 3.8 to 0.87 h, whereas in acidotic
dogs the half-lfe was ieased to 15.8 h.

In view of the importance of urinary concen
trations ofcimoxacin for the treatment of urinary

t Peent aUm: Bristd Laboraries, Syracuse, NY.

trat infections (4, 11, 16) and of the major role
exerted by the kidneys in cnoxac elimination
(2,7, 13), it is nessary toexm the effect of
uinary pH on the _ : and antibac-
terial p ies of cinoai in humans.

In this study, a new dbwt or r asay
procdue was used to exa ethe hmacoki-
netics of in bealhy mle volunteers
under nomal (coWrl), ka , and cidic con-
ditions. The bia activity of cinoin
was also measurd agailt common urinary tract

s at various pH vahles.
MATUIB AND PATHODS

C~emI nini. S IWeb Nin heathy male volun-
teers, 22 to 32 years ofaW (meant 26 yean) wing
66 to 91 kg (mm, 80 kg), prtiipsd in the sdy
after pasing a e physical e n d
gving written conset. woe in-
sucted to take no other mdation for 2 weeks
before or during the study.
Medleha. Cinoxacin (500-mg capsules; lot CT-
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2969-7K), ammonium chloride (500-mg enteric coated
tablets; lot 3 NY 82A), and sodium bicarbonate (650-
mg tablets; lot 4 AE 40A) were supplied by Eli Lilly &
Co., Indianapolis, Ind.

Protocol. The nine subjects were divided into three
groups of three, and the groups received single oral
doses of 500 mg of cinoxacin as three different treat-
ments by a Latin square design. Treatments were
administered 1 week apart. On one occasion, cinoxa-
cin was administered alone, whereas on the other two
occasions, subjects received cinoxacin with ammoni-
um chloride to acidify the urine or sodium bicarbonate
to alkalinize the urine.
For the ammonium chloride treatment, subjects

received 2 g of ammonium chloride at 8 a.m., noon, 4
p.m., and 8 p.m. on the day preceding the cinoxacin
dose. The next day subjects received 4 g of ammonium
chloride with 240 ml of water at 6 a.m. At 8 a.m., 500
mg of cinoxacin was administered with 120 ml of
water. Additional 2-g doses of ammonium chloride
were given with 40 ml of water each hour from 9 a.m.
to 8 p.m. of that day and also at 8 a.m., noon, and 4
p.m. of the next day. In all, subjects received 42 g of
ammonium chloride in 3 days and 28 g on the day of
cinoxacin administration.
For the sodium bicarbonate treatment, subjects re-

ceived 2.6 g of sodium bicarbonate at 8 a.m., noon, 4
p.m., and 8 p.m. on the day preceding the cinoxacin
dose. The next day, subjects received 3.9 g of sodium
bicarbonate with 240 ml of water at 6 a.m. At 8 a.m.,
500 mg of cinoxacin was administered with 120 ml of
water. Additional 1.95-g doses of sodium bicarbonate
were given with 40 ml of water each hour from 9 a.m.
to 8 p.m. of that day and also at 8 a.m., noon, and 4
p.m. of the next day. In all, subjects received 45.5 g of
sodium bicarbonate in 3 days and 27.3 g on the day of
cinoxacin administration.
On the occasions when cinoxacin was administered

alone, the frequency and volume of water ingestion
were identical to those in the other treatments. For all
three treatments, subjects were not permitted to eat
food from 8 p.m. on the day before until noon on the
day of cinoxacin administration.
Blood samples (10 ml) were taken from a forearm

vein into heparinized glass tubes (Vacutainer) immedi-
ately before and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12,
and 24 h after cinoxacin administration. Plasma was
separated by centrifugation and stored at -20°C until
assayed. Complete urine collections were obtained at
-ltoO,Otol,lto2,2to3,3to4,4to6,6to8,8to
12, 12 to 24, and 24 to 36 h after cinoxacin administra-
tion. Urine volumes and pH values were recorded
immediately after each collection period, and 10 ml of
both undiluted and 1:10 diluted (water) urine was
stored at -20°C until assayed. Urine pH values were
determined with an analog pH meter (model 301,
Orion Research, Inc., Cambridge, Mass.). Assays
were uniformly carried out within 1 week of sampling,
and there was no discernible degradation of cinoxacin
during that period.

Analytical procedures. Cinoxacin concentrations in
plasma and urine were determined by a direct fluori-
metric method developed in this laboratory. The meth-
od is more simple than previously described fluorimet-
ric procedures which involve solvent extraction (1, 9).
Plasma (0.5 ml) or urine, diluted 1:10 or 1:25,

respectively, with distilled water (0.5 ml) and 10%o

trichloroacetic acid (4.5 ml), was blended in a Vortex
mixer for 1 min and centrifuged at 3,000 x g for 5 min.
The fluorescence of the supernatant was determined at
excitation and emission wavelengths of 358 and 422
nm (uncorrected), respectively (Perkin-Elmer Corp.
MPF 4 spectrophotofluorimeter). To compensate for
day-to-day variation in fluorimeter response, cinoxa-
cin standard curves were run in heparinized plasma
and in urine, together with each batch of unknown
samples, and all values were normalized to the fluores-
cence of a standard solution of 1 Fg of quinine sulfate
per ml in 0.1 N sulfuric acid.

Assay validation. The plasma and urine cinoxacin
levels obtained by the above method were compared
in three individuals who received single 500-mg oral
doses of cinoxacin with those obtained by a solvent
extraction method (1).

In a separate study, the fluorescence was deter-
mined of plasma containing cinoxacin alone and also in
the presence of therapeutic concentrations of acet-
aminophen, aspirin, chlorothiazide, hydrochlorothia-
zide, levodopa, phenobarbital, phenytoin, probenecid,
sulfadiazine, and sulfisoxazole. Fluorescence was de-
termined also in plasma containing approximately dou-
ble-normal concentrations of creatinine and four to
five times normal concentrations of urea after addition
of exogenous creatinine and urea to normal plasma.

Pharmacokinetic analysis of data. Individual cinoxa-
cin plasma profiles were analyzed by using a single-
compartment kinetic body model with first-order drug
absorption and elimination and an absorption lag time
(15). Estimates of pharmacokinetic parameters were
obtained by using the nonlinear regression computer
program NREG (6) on a Univac 1100 digital computer.
For the regression analysis, all cinoxacin concentra-
tions were weighted according to their reciprocals.
Areas under cinoxacin concentrations curves in

plasma from zero to infinite time (AUC) were mea-
sured by trapezoidal rule, with end correction where
necessary. Renal clearance (ClR) was calculated by
dividing the total quantity of cinoxacin voided in urine
by the AUC.
Cinoxacin absorption efficiency from the different

treatments could not be measured directly because of
the induced changes in cinoxacin elimination rates.
Absorption could be determined indirectly however by
taking advantage of pH-related perturbations in CIR
(5). The method is summarized as follows:

F = [CR] [(AUC') (AUC)]
LD -(AUC') -(AUC)J

where F is the fraction of dose D which is absorbed
into the systemic circulation, AC1R iS the treatment-
related change in CIR, and AUC and AUC' are the
areas under cinoxacin plasma curves after different
treatments.

Statistical analysis. Plasma and urine concentrations
at each sampling time and pharmacokinetic parameter
values were compared by analysis of variance for
cross over design. When a significant treatment effect
was observed, differences between individual treat-
ments were examined by Tukey's test (10). The F
values, calculated from the three pairs of treatments
by means of the equation above, were compared by
Student's t test.

In vitro antimicrobial studies. Organisms. Escherich-
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ia coli ATCC 25922 was the main study organism; 33
clinical isolates of E. coli, 15 isolates of Klebsiella
pneumoniae, 11 strains of Enterobacter species, 12
isolates of Proteus mirabilis, 18 strains of Pseudomo-
nas aeruginosa, 4 strains of Morganella morganii, 2
isolates of Providencia stuartii, 2 strains of Serratia
species, and 2 strains of Citrobacterfreundii were also
used.
Media. Mueller-Hinton broth (Difco Laboratories,

Detroit, Mich.), and Mueller-Hinton agar (Difco) were
used for minimum inhibitory concentration (MIC) de-
terminations. The pH of the media was adjusted to 5,
6, 7, and 8 by dropwise addition of 1.0 N hydrochloric
acid or sodium hydroxide.

Inocula. For MIC determinations on agar plates, 10-
ml bacterial cultures were diluted with isotonic sodium
chloride solution, based on optical density determina-
tion, to yield 104 to 105 organisms per spot. For MIC
and minimal bactericidal concentrations in broth, the
optical density-adjusted cultures were diluted into a
broth of the appropriate pH to produce a final inocu-
lum of 105 to 106 colony-forming units per ml. For
urine dilution tests, the organisms were diluted into
Mueller-Hinton broth adjusted to the pH of the test
subject's urine.

Determination of MIC and minimal bactericidal con-
centrations. The agar dilution method (Steers replica-
tor) was used (14). Some bacterial strains were also
tested by the microtiter broth dilution method (3). The
minimal bactericidal concentration was determined by
streaking 10 ,ul of clear wells onto octants of Mueller-
Hinton agar plates. Three or less colonies from these
subcultures, representing a -99.9o killing, were taken
as the breakpoint.

Urine dilution tests were done on Millipore-filtered
urine from one subject with alkaline urine and two
individuals with acidic urine. The subject's urine void-
ed before cinoxacin administration was used as dilu-
ent. Serial twofold dilutions of the test urines were
performed in microtiter plates, with E. coli ATCC
25922 and a clinical isolate each of P. mirabilis and K.
pneumoniae as indicator organisms.

All MIC and minimal bacterial concentration deter-
minations and urine dilution tests were done in dupli-
cate, the higher value of duplicate determinations
being taken as the breakpoint.

Killing curves of E. coli ATCC 25922 at pH 5, 6, 7,
and 8 were obtained at cinoxacin concentrations of 1,
2, 4, 8, 10, 100, and 1,000 p.g per ml, using cultures in
the logarithmic growth phase. Cultures were sampled
for colony-forming unit determination at zero time and
at 1- to 2-h intervals thereafter by plating in duplicate
10 pJ of appropriate dilutions onto octants of Mueller-
Hinton agar plates.

Materials. Cinoxacin powder (lot S1-73-8c) for assay
standardization and microbiological procedures was
reference standard quality, and was supplied by Eli
Lilly & Co., Indianapolis, Ind. Compounds used in the
assay validation studies were obtained from various
sources and were of reference standard quality. All
other chemicals and solvents used were analytical
reagent grade and were used as received.

RESULTS
Assay for cinoxacin in plasma and urine. The

direct fluorimetric assay for cinoxacin was lin-

early sensitive for drug concentrations between
0.1 and 30.0 ,ug/ml in plasma and between 1 and
lo, ,ug/ml after the appropriate dilution in urine.
The standard deviation from multiple replicate
determinations was within 6% of the mean at the
higher drug concentrations and within 10% at
the lowest concentration. The fluorescence in-
tensity of cinoxacin in plasma was unaffected by
the presence of the other drugs examined and
also by the presence of increased levels of
creatinine or urea.
No differences were observed in the plasma

and urine concentrations of cinoxacin as mea-
sured by the direct fluorimetric assay or by the
solvent extraction method (1, 9) in three individ-
uals. The excellent agreement between the two
methods is illustrated for one individual in Fig.
1.

Clinical studies. Urine pH values. The mean
urine pH values obtained after the three treat-
ments are summarized in Fig. 2. Under control
conditions, the mean pH varied between 5.8 and
6.2. After ammonium chloride treatment, the pH
decreased to 5.1 to 5.3, whereas sodium bicar-
bonate treatment resulted in an increase in pH to
7.4 to 7.9.
Plasma levels and urinary excretion of cinoxa-

cin. The mean concentrations of cinoxacin in
plasma and urine are shown in Fig. 3 and 4, and
cumulative recovery of cinoxacin in urine is
summarized in Fig. 5. The pharmacokinetic val-
ues obtained from the plasma and urine data are
given in Table 1.
The rate of cinoxacin absorption from the oral

doses, peak drug levels in plasma, and times of
peak levels were independent of treatment. Af-
ter sodium bicarbonate treatment plasma levels
of cinoxacin declined rapidly and were below
the limit of detection at 6 h after the administra-
tion of the doses (Fig. 3). After ammonium
chloride treatment, cinoxacin levels declined
more slowly and were detectable at 12 h in eight
subjects. Cinoxacin was still detectable in six of
nine control subjects at 10 h. The mean cinoxa-
cin elimination half-life increased in the order of
0.6, 1.1, and 2.0 h after the alkali, control, and
acid treatments, respectively, and the differ-
ences between all treatment pairs were signifi-
cant (P < 0.05). Areas under cinoxacin plasma
curves were also significantly increased by acid
treatment and decreased by alkali treatment,
relative to control values, but the value ofFDIV,
which is equivalent to AUC-ke1 (Table 1; 15) was
treatment independent. The high coefficients of
determination (Table 1) indicate that plasma
cinoxacin profiles from all treatments were ade-
quately described by simple one-compartment
model kinetics.
The concentration of cinoxacin in urine was

high during the first 4 h after the sodium bicar-
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FIG. 1. Plasma and urine levels of cinoxacin measured by direct fluorimetry and by fluorimetry after solvent
extraction (1) in a male subject after a 500-mg oral dose of cinoxacin. Symbols: 0, direct fluorescence; 0, solvent
extraction.

bonate treatment compared with the other treat-
ments (Fig. 4). After the ammonium chloride
treatment, urine cinoxacin levels were lower
initially, but were more prolonged. Statistical
comparison of the data showed that urine cinox-
acin levels were significantly higher under alka-

line conditions compared with both other condi-
tions during 0 to 4 h, whereas the reverse was
true during most subsequent sampling periods.
Mean total urinary recovery of cinoxacin under
alkaline conditions was 80% of the dose, this
value being significantly higher than the 65%
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FIG. 2. Mean urine pH values after administration
of cinoxacin alone (control; 0) and after cinoxacin
plus ammonium chloride (U) and sodium bicarbonate
(A) treatments. Error bars indicate one standard devi-
ation (n = 9).
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FIG. 3. Mean concentrations of cinoxacin in plas-
ma after control (0), ammonium chloride (U), and
sodium bicarbonate (A) treatments. Error bars indi-
cate one standard deviation (n = 9).
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FIG. 4. Mean concentrations of cinoxacin in urine
after control (0), ammonium chloride (U), and sodium
bicarbonate (A) treatments. Error bars indicate one
standard deviation (n = 9).
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FIG. 5. Mean cumulative urinary recovery of cin-
oxacin after control (0), ammonium chloride (U), and
sodium bicarbonate (A) treatments. Error bars indi-
cate one standard deviation (n = 9).
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recovery from the other treatmei
correlated highly with urine p}
high ClR of cinoxacin (mean 27
sodium bicarbonate indicates re
cretion, whereas the low clearan
min) after ammonium chloride
sive tubular reabsorption. Tubul
also occurs in control subjects
individuals was only one-half of
um bicarbonate treatment.

Bioavallability and dLstributio
Since ClR and AUC values were
three different conditions, three c
eter combinations could be us4
fraction F by means of the equat
acidic versus control, alkaline
and acidic versus alkaline. Incor
appropriate values from the t]
combinations into the equation
values of 0.78 ± 0.20 (standard d
0.27, and 0.88 ± 0.18, respectiv

o ues were not significantly different from each
other by t test (P > 0.05), so the values from the

o three treatment pairs were combined to yield an
0

0 overall F value of 0.89 ± 0.24 (n = 27). These
calculations show that cinoxacin was approxi-
mately 90%o absorbed from oral doses and that

70 its bioavailability was not significantly influ-
,,' 0 enced by the acidification or alkalinization treat-

ments. The values of FDIV in Table 1 indicate
also that cinoxacin distribution was unaffected
by either acidification or alkalinization.

In vitro antimicrobial studies. Influence of pH
on cinoxacin MIC values. The 50% MIC (MIC50)
and MIC90 values for strains of E. coli, K.
pneumoniae, Enterobacter species, Proteus mi-
rabilis, P. aeruginosa, M. morganii, P. stuartii,
Serratia species, and C. freundii at pH 5, 6, 7,

70 8.0 and 8 are shown in Table 2. A twofold increase
in MIC values was observed for most species

xacin renal clear- with each unit increase in pH. Thus, an eightfold
- 354 (r = +0.851; reduction in cinoxacin activity was generally

found at pH 8 compared with pH 5. The increase
in pH had its greatest effect on the cinoxacin
susceptibility of strains of P. aeruginosa. Al-

nts (Fig. 5). ClR though the strains tested were uniformly suscep-
i (Fig. 6). The tible at pH 5 to 8 ,ug of cinoxacin per ml, the
8 ml/min) after MIC50 and MIC90 at pH 8 were 16-fold and at
anal tubular se- least 64-fold higher, respectively. The increase
ce (mean 76 ml/ in MIC values at higher pH values was indepen-
suggests exten- dent of the base-line MIC. The MIC for E. coli
lar reabsorption ATCC 25922 was determined also in 50% urine,
as ClR in these pH 6, of a normal volunteer. The values found
that after sodi- from multiple determinations (1.6 to 6.3 ,ug/ml)

were siminlar to those obtained in Mueller-Hinton
n of cinoxacin. broth at the same pH (2 to 4 jig/ml).
obtained under Urine dilution tests. The results of the urine
iifferent param- dilution tests in one alkaline and two acidic
ed to calculate urines are given in Table 3. Although the urinary
Lion above, i.e., concentration of cinoxacin was highest in the
versus control, alkaline urine, the activity was reduced at least
rporation of the fourfold compared with that in acidic urine. The
hree treatment minimal bactericidal concentration (>99.9%o kill-
yielded mean ing by 18 to 24 h) was barely reached for E. coli

eviation), 1.0 ± ATCC 25922, but not for the other two test
rely. These val- organisms in either acidic or alkaline urine.

TABLE 2. Effect of pH on the susceptibility of gram-negative bacilli to cinoxacina
No. of pH 5 pH 6 pH 7 pH 8

strains tested MIC50 MIC,, MIC50 MIC90 MIC50 MIC90 MIC50 MICgo
E. coli 33 2 8 4 8 8 16 16 32
K. pneumoniae 15 4 8 8 16 16 32 16 64
Enterobacter sp. 11 4 8 4 16 16 16 32 32
P. mirabilis 12 2 4 4 4 8 8 16 16
P. seruginosa 18 8 8 16 32 64 256 128 >256
Other" 10 2 4 4 8 8 32 16 64

a MIC is expressed in micrograms per milliliter.
b Includes four strains of M. morganji, two strains of P. stuartii, two strains of Serratia species, and two

strains of C. freundii.
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TABLE 3. Urine dilution tests from three subjects after a single 500-mg dose of cinoxacin

Urine collection Cinoxacin Reciprocal of maximum inhibitory dilution for':
Subject Treatment perinod(h) pH

concn(ctg/ml) E. coli P. mirabilis K. pneumoniae
ATCC 25922 486 1575

1 NaHCO3 2-3 7.9 1,261 32 (2)b 4 (<2) 32 (<2)
5 NH4Cl 2-3 5.9 558 128 (2) 128 (<2) 64 (<2)
9 NH4Cl 2-3 5.2 783 64 (ND)C 128 (ND) 128 (ND)
I MIC (MBC) determinations in broth at pH 7 for E. coli ATCC 25922, P. mirabilis 486, and K. pneumoniae

1575 were 4 (>128), 8 (>128), and 8 (32) ,ug/ml, respectively.
b Reciprocal of maximal bactericidal dilution is given in parentheses.
c ND, Not determined.

Effect of pH on cinoxacin killing curves. The
killing pattern for cinoxacin against E. coli
ATCC 25922 at pH 5, 6, 7, and 8 is shown in Fig.
7. An initial inoculum of I055 colony-forming
units per ml was used. At a drug concentration
of 8 ,ug/ml, killing was rapid at all pH values,
resulting in 90 to 99% cell death at 1 to 2 h. In
contrast, at cinoxacin concentrations close to
the MIC (2 to 4 jig/ml), there was a marked pH
effect, the bactericidal action of cinoxacin ob-
served at acidic or neutral pH being partially or
completely abolished in alkaline medium.

Figure 8 shows the killing curve of E. coli
ATCC 25922 when a 10-fold-higher inoculum
(106.6 colony-forming units per ml) was exposed
to cinoxacin concentrations between 1 and 1,000
,ug/ml at pH 7 and 8. At cinoxacin concentra-
tions of 100 and 1,000 ,ug/ml, the rate of cell
death was independent of pH but was slower
than with the smaller inoculum. Erradication of
the test organisms was not obtained at 24 h. The

8

7-

6

5-

4

3

E1 2
LA.

-A

o 3 4 5 6 7 2

cinoxacin activity was pH dependent at a con-
centration of 10 F.g/ml, the killing rate being
faster at the lower pH value with evidence of
bacterial recovery at later sampling times. The
cinoxacin concentration at 1 ,ug/ml was without
bactericidal effect at both pH values.

DISCUSSION
One of the original objectives at the onset of

this study was to develop a simple yet sensitive
assay for cinoxacin in biological fluids which
would be suitable for routine laboratory use.
The method which was finally used takes advan-
tage of the natural fluorescence of cinoxacin at
acidic pH (1, 9). The deproteinizing agent added
to plasma thus serves the dual purpose of dena-
turing plasma proteins and providing an acidic,
aqueous environment in which to determine
cinoxacin fluorescence. Negligible fluorescence
was observed with drug-free plasma and with

O5

I'3 56 8 240: C- I - I - - --
9 D

8 8- C-J

7-

6-

5-

4- /
3--02
2L I E 1,A0 2 3 4 5 6 7 8 24 O 2 3 4 5 6 7 87

HOURS
24

FIG. 7. Killing pattern of E. coli ATCC 25922 at pH 5 (O), 6 (0), 7 (A), and 8 (A) for cinoxacin concentrations
of 2, 4, and 8 utg/ml (panels C, B, and A, respectively) and an inoculum of 10 ' colony-forming units per ml
(control; panel D).
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FIG. 8. Killing pattern for cinoxacin concentrations of 1 (0), 10 (A), 100 (A), and 1,000 (0) p.g/ml against E.
coli ATCC 25922 at pH 7 and 8 and an inoculum of 1066 colony-forming units per ml (control; 0).

plasma containing several other drugs or elevat-
ed levels of creatinine or urea. It was convenient
to use the same method for plasma and urine,
and no interference was noted from urinary
components at the dilutions used.
The direct fluorimetric assay is faster than,

and equally sensitive to, assays which incorpo-
rate a solvent extraction step (1, 9). However, if
other substances with fluorescing capability
were present in plasma or urine, an appropriate
separation step would be necessary for accurate
cinoxacin determination.

Before the clinical phase of the study was
initiated, a pilot study was conducted to deter-
mine the doses of ammonium chloride and sodi-
um bicarbonate necessary to maintain urine pH
during the sampling period. In all, 42 g of
ammonium chloride and 45.5 g of sodium bicar-
bonate were required during a 3-day period.
These doses are almost identical on a gram per
kilogram per day basis to those used previously
to maintain similar urine pH ranges in dogs (12).
Calculated values for cinoxacin absorption effi-
ciency (see the equation above) and the FDIV
values in Table 2 indicate that the doses of
ammonium chloride and sodium bicarbonate had
little or no effect on cinoxacin absorption or
distribution.
Changes in urinary pH had a marked effect on

cinoxacin elimination. The drug half-life in plas-
ma increased from a mean normal value of 1.1 to
2.0 h with acidification and decreased to 0.6 h
with alkalinization. The pharmacokinetic values
for cinoxacin in control subjects were in good
agreement with those reported previously (2,
13).
Urinary levels of cinoxacin during alkali treat-

ment were significantly higher during the initial 4
h than those after the other treatments. During
subsequent collections, however, acidified urine
contained higher drug levels which were in ex-
cess of 100 ,g/ml for 8 h compared with only 6 h
after aLkalinization. After all three treatments,
urine levels of cinoxacin generally exceeded

effective values against susceptible organisms
foratleast6to8h(4, 11, 16).
Changes in urinary pH appear to influence the

elimination rate of cinoxacin to a smaller degree
in humans than in dogs (12). In this study, the
cinoxacin elimination half-life was increased ap-
proximately 3-fold under acidotic compared
with alkalotic conditions, whereas in the dog the
difference in cinoxacin half-life between these
conditions was 18-fold.
Why cinoxacin elimination should be less sen-

sitive to urine pH in humans is not clear. Cinox-
acin is a weak acid (pKa, 4.7). At a unrnary pH of
5.5, approximately 13.7% of the drug is in the
un-ionized form. At pH 6, this value drops to
4.8%, and at pH 7, this value drops to 0.5%.
There is thus a marked decrease in the un-
ionized fraction, which is presumably the form
capable of undergoing kidney tubular reabsorp-
tion with increasing pH. It appears that cinoxa-
cin excretion in humans is less sensitive to these
changes than in the dog. However, the slower
elimination of cinoxacin in dogs compared with
humans under normal conditions (elimination
half-life of 3.8 h versus 1.1 hY suggests that renal
handling of cinoxacin may be different in the two
species.

4 The in vitro studies supplement an earlier
report (4) and show that the activity of cinoxacin
against some common urinary tract pathogens is
reduced at alkaline pH. This finding was not
unexpected and is possibly related to the very
small percentage of un-ionized drug present at
alkaline pH. The impact of pH on cinoxacin
activity could only be demonstrated at drug
concentrations close to the MIC of the orga-
nisms.
The in vitro results for P. aeruginosa were not

expected. This organism is generally considered
resistant to cinoxacin (4). Although our in vitro
studies at pH1 7 and 8 support this conclusion,
the MIC of cinoxacin for the strains tested was
only 4 to 8 ,ug/ml at pH 5. Whether acidification
of the urine would be useful in the treatment of
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P. aeruginosa urinary tract infections with cin-
oxacin can only be properly evaluated in clinical
trials.
We conclude that the pH effect on the antibac-

terial activity and therapeutic efficacy of cinoxa-
cin would be of minor importance in most clini-
cal situations, since cinoxacin concentrations far
above the MIC for common urinary tract patho-
gens can readily be obtained in alkaline and
acidic urine. Alkalinization may nevertheless be
a useful measure to increase cinoxacin elimina-
tion in cases of overdose or of undue drug
accumulation in patients with compromised re-
nal function (7).
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