Method accuracy was checked by analyzing some samples with the
GLC method and with a previously described UV method (17). The re-
sults were plotted against each other and correlation analysis revealed
a correlation coefficient, r, of 0.9960 (regression line: y = 1.028x +
0.203).

Plasma samples collected at different time intervals from six cancer
patients to whom 1 g of fluorouracil had been administered intravenously
were analyzed. Control runs with plasma blanks, collected before the drug
administration, showed no major interfering peaks eluting in the regions
corresponding to the drug or to the internal standard.

Figure 2 shows data obtained from three representative patients. In
all cases, the fluorouracil concentration leveled off rapidly, with no
measurable plasma levels occurring after 60 min and for three patients
after 90 min. After an extremely short distribution phase, the drug ap-
pears to be eliminated by a logarithmic linear phase. The applicahility
of the method to these patients indicates that the procedure is suitable
for clinical pharmacological studies on fluorouracil.
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Abstract O The epithelial surface or the deepithelialized anterior
stromal surface of isolated rabbit corneas was perfused for 3 hr with
14C-penicillin in 25 mM Ringer-bicarbonate solution with or without
1% albumin and with or without 0.02% cetylpyridinium chloride. The
intact epithelium acted as a barrier to penicillin and impeded the flux
rate by 66% when compared to the flux rate across the deepithelialized
cornea. The presence of 0.02% cetylpyridinium chloride increased the
penicillin flux rate across corneas with an intact epithelial layer to that
of deepithelialized corneas. Cetylpyridinium chloride, 0.02%, had no effect
on penicillin flux across deepithelialized corneas. The penicillin flux rate
across corneas, with or without epithelium, was increased slightly fol-
lowing the inclusion of 1.0% albumin in the bathing solution. The flux
rates across deepithelialized corneas in the presence of albumin, with or
without cetylpyridinium chloride, were similar to fluxes found in the
absence of albumin. Albumin-penicillin “binding” was not a significant
factor in impeding penicillin flux, and this binding apparently was not
altered by cetylpyridinium chloride. The surfactant appeared to alter
epithelial permeability physiologically.

Keyphrases O Cetylpyridinium chloride—effect on corneal permeability
to penicillin, effect on epithelium O Surfactants—cetylpyridinium
chloride, effect on corneal permeability to penicillin, effect on epithelium
O Benzylpenicillin—corneal permeability, effect of cetylpyridinium
chloride

The penetration efficiency of most topically applied
drugs is very small, but penicillin penetration is especiaily
poor (1, 2). Poor intraocular drug levels have been attrib-
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uted (3) both to rapid drug removal by tears and to drug
binding to the tear protein, thus rendering the drug bio-
logically unavailable. Inclusion of 0.02% cetylpyridinium
chloride with pilocarpine nitrate when applied topically
to the rabbit eye caused 10 times the miotic effect of the
same amount of pilocarpine without cetylpyridinium
chloride. Previous investigators (4) hypothesized that
cetylpyridinium chloride was a competitive inhibitor of
pilocarpine protein binding and that the cetylpyridinium
chloride allowed a higher percentage of drug to be unbound
and bioavailable.

Cetylpyridinium chloride, when applied to the cornea,
increased fluorescein penetration across the cornea;
transmission electron microscopy revealed increased in-
tercellular spaces in the superficial epithelial layer and lysis
of the outermost cell membranes (5). Scanning electron
microscopy revealed a loss of epithelial microvilli and
microplicae, a process accompanied by surface pitting,
which exposed deeper epithelial cells (6).

The purpose of this investigation was to delineate fur-
ther the mechanism of cetylpyridinium chloride in in-
creasing drug penetration into the eye by examining its
effects on the corneal flux rate of a known albumin-bound
drug.
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Table I—Penicillin Fluxes across Rabbit Cornea #

Group I
Intact epithelium (n = 6, 36) 0.043 £ 0.001%.¢
Deepithelialized (n = 6, 36) 0.126 £ 0.004%.
Group 11
Intact epithelium (n = 5, 30) 0.053 £ 0.004%.¢
Deepithelialized (n = 5, 30) 0.179 £ 0.016%¢
Group II1
Intact epithelium (n = 5, 30) 0.130 £ 0.005
Deepithelialized (n = 5, 30) 0.130 £ 0.005
Group IV
Intact epithelium (n = 6, 36) 0.123 + 0.004
Deepithelialized (n = 6, 36) 0.133 £ 0.004

@ Values (10~° mole/cm?2/hr) are the means + SEM; n = number of corneas,
number of experimental determinations. ¢ p < 0.001, comparing flux rate of corneas
with epithelium intact to flux rate of deepithelialized corneas within a given group.
¢ p < 0.05, comparing flux rate of epithelialized corneas in the presence and absence
of albumin (cf., Groups I and I); also comparing flux rate of deepithelialized corneas
in the presence and absence of albumin (cf., Groups I and II).

EXPERIMENTAL

Forty-four adult albino rabbits of either sex, ~3 kg, were sacrificed with
an overdose of pentobarbital sodium. Each eye was proptosed, and the
epithelium was removed from one eye by scraping with a Giil corneal
knife. The epithelium of the opposite eye was left intact and protected
from abrasions during mounting. The corneas were removed and
mounted in corneal flux chambers, using the specular microscope
mounting system; this system permits the mounting of corneas without
trauma to the corneal epithelium (7, 8).

Ringer-bicarbonate (2.5 X 1072 M) solution (pH 7.35) containing re-
duced glutathione (0.092 g/liter) and adenosine (0.134 g/liter) with an
osmolarity of 300 mOsm bathed both corneal surfaces (7-10). The volume
of the endothelial (posterior) chamber was 0.45 ml, and that of the stromal
or epithelial (anterior) chamber was 1.20 ml. The anterior chamber
contained a polytef-coated magnetic stirring bar driven by an external
magnet at 400 rpm.

Four epithelial surface perfusion solutions containing !4C-penicillin
G potassium! were prepared in Ringer solution to make a final concen-
tration of 8 X 1072 M 14C-penicillin/ml. Group I corneas were perfused
with penicillin in Ringer solution. Group II corneas were perfused with
penicillin and 1% bovine serum albumin in Ringer solution; the mixture
was stirred with a magnetic bar for 30 min prior to instillation into the
flux chamber to allow maximal penicillin protein binding to occur
(11).

Group III corneas were perfused with a Ringer solution containing
penicillin, 1% bovine serum albumin, and 0.02% cetylpyridinium chloride
(also stirred for 30 min prior to use). The penicillin and cetylpyridinium
chloride were added simulitaneously to allow any competitive inhibition
of the protein binding sites by cetylpyridinium chloride to occur. Group
IV corneas were perfused with penicillin and 0.02% cetylpyridinium
chloride in Ringer solution.

All groups contained paired corneas, one epithelialized and the other
deepithelialized. The endothelial surface was bathed with normal Ringer
solution at all times.

The anterior flux chamber was filled with one of the radioactive pen-
icillin solutions (Group I, I, I1], or IV) immediately after mounting and
allowed to equilibrate for 1 hr. Sample collection and quantitation of the
penicillin flux by a liquid scintillation technique were performed as de-
scribed previously (7) every 30 min over an additional 3-hr period, thus
providing six sample periods for each cornea.

RESULTS

In Group I, the penicillin flux across deepithelialized corneas was three
times greater than across corneas with an intact epithelium, indicating
that the intact epithelial membrane provided a very significant barrier,
p < 0.001 (Table I). This finding was confirmed by the data for Group
11 in the presence of 1% bovine serum albumin. In Group II, a small but
significant increase in penicillin flux across both epithelialized and
deepithelialized corneas also was noted in the presence of 1% bovine
serum albumin when compared to the respective epithelialized and
deepithelialized corneas in Group I that were perfused without albumin,
p < 0.05 (Table I).

Penicillin penetration was the same for corneas in the presence or

1 Amersham Corp., Arlington Heights, Ill.

absence of epithelium when cetylpyridinium chloride was present
(Groups III and 1V). Cetylpyridinium chloride increased the penicillin
flux across epithelialized corneas so that it equaled the flux across un-
treated deepithelialized corneas (Groups I and 1V). This finding dem-
onstrated that cetylpyridinium chloride converted the cornea with an
intact epithelium into a physiologically deepithelialized cornea. The
presence or absence of albumin made no difference in the cetylpyridinium
chloride-evoked response (Table I, Groups I and IV versus Groups II and
II).

Comparison of penicillin fluxes in Groups I and II reveals some puzzling
trends. In both the epithelialized and deepithelialized corneas, penicillin
penetration was increased by approximately one-fourth (p < 0.05) by
the presence of 1% albumin. Such a difference was not noted between
Groups IIT and IV, where again the only differénce was the presence or
absence of albumin,

DISCUSSION

The corneal epithelial barrier impeded the penicillin flux rate to one-
third that of the flux rate across deepithelialized corneas. Cetylpyridin-
ium chloride chemically converted the penetration characteristics of the
epithelialized cornea into those of a deepithelialized cornea; i.e., it in-
creased its permeability so that both deepithelialized corneas and
cetylpyridinium chloride-perfused epithelialized corneas showed equal
penicillin fluxes.

An unexplained finding was that the penicillin flux significantly in-
creased when 1% bovine serum albumin was present in the solutions
perfusing the anterior corneal surface. Albumin apparently enhances the
corneal permeability (across both the normal and deepithelialized cor-
neas) in the absence of cetylpyridinium chloride, despite the known
60-65% binding of penicillin by albumin (11). Such a difference was not
noted in the presence of cetylpyridinium chloride. The reason for this
albumin-enhanced permeability is unknown.

The penicillin fluxes across deepithelialized corneas (Groups I and II)
and cetylpyridinium chloride-treated normal and deepithelialized corneas
(Groups III and IV), with and without bovine serum albumin, were of the
same general magnitude. These results illustrate that cetylpyridinium
chloride increases corneal permeability to penicillin by its action on the
epithelium and that albumin does not retard penicillin flux across the
cornea. The permeability increase induced by cetylpyridinium chloride
in the normal cornea is similar to that found in the deepithelialized cor-
nea. There was no indication of either an increased or decreased penicillin
protein binding caused by cetylpyridinium chloride.

These findings are in contrast to the findings of Mikkelson et al. (3,
4), especially to their hypothesis that competitive inhibition of protein
binding of drugs by cetylpyridinium chloride makes more drug bio-
available in the unbound form. The current experiments confirm the
concept that cetylpyridinium chloride increases drug penetration by
reducing the epithelial barrier effect. In view of the present findings and
those noted previously that indicated an effect of cetylpyridinium chlo-
ride on the epithelial ultrastructure (5, 6), it is not surprising that drugs
placed on the surface of the eye in the presence of cetylpyridinium
chloride would penetrate the cornea better and have a greater pharma-
cological effect.

In summary, cetylpyridinium chloride apparently enhances penicillin
penetration across the cornea in a manner similar to that found for
benzalkonium chloride both in vitro and in vivo (5, 12, 13); there is a di-
rect effect on the epithelium, which causes disorganization of the normal
structure and breakdown of the physiological barrier.
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Renal Actions of Oxyphenbutazone
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Abstract 0 Oxyphenbutazone decreased the renal excretion of sodium
and water in anesthetized dogs. As these excretions decreased, the drug
also produced a decrease in renal blood flow and in the glomerular fil-
tration rate. Blood pressure increased slightly. These changes are con-
sistent with an inhibition of renal prostaglandin synthesis and could
explain why oxyphenbutazone is reported to produce weight gain and
edema when used clinically.

Keyphrases O Oxyphenbutazone—effect on renal sodium and water
excretion, renal blood flow, glomerular filtration rate, blood pressure,
prostaglandin synthesis B] Anti-inflammatory agents—oxyphenbutazone,
renal effects O Kidney —effect of oxyphenbutazone

Oxyphenbutazone! is an analog of phenylbutazone? and,
like the latter compound, is employed as an anti-inflam-
matory agent. Both agents produce edema and weight gain
as side effects (1). A possible renal mechanism has been
suggested for phenylbutazone since this agent markedly
reduced renal blood flow and decreased the glomerular
filtration rate at the time that urinary volume and sodium
excretion were reduced (2). In this study, the effect of ox-
yphenbutazone on several renal functions was deter-
mined.

EXPERIMENTAL

Mongrel dogs of either sex, 13-16 kg, were anesthetized with pento-
barbital sodium (30 mg/kg iv}, and the trachea was intubated to maintain
an open airway. Mean arterial blood pressure was monitored with a
pressure transducer® via a femoral artery catheter. A femoral vein was
catheterized for administration of a 0.9% NaCl infusion (4 ml/min) during
preparation of the animals and throughout the experiments. Inulin was
added to the infusion to estimate the glomerular filtration rate.

The left kidney was exposed via a retroperitoneal flank incision, and
a Now probe was placed around the renal artery and connected to a square
wave electromagnetic flowmeter® to monitor renal blood flow. Blood
pressure and renal blood flow were recorded” continuously. Urine was
collected at timed intervals by a cannula placed in the left ureter. Arterial
blood samples were obtained from the femoral artery catheter. After
stahilization of the preparation, control urine collections (10-min periods)
and blood samples at the midpoint of alternate urine collection periods
were obtained. Oxyphenbutazone was administered intravenously over
3 min, and urine collections were continued for several periods.
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Table l—Effect of Oxyphenbutazone (5 mg/kg iv) on Renal
Function

Oxyphen-
Control  butazone
Parameter Period® Period® Difference
Blood pressure, mm Hg 115 128 +13 + 5¢
Renal blood flow, m!/min 262 220 —42 £ 5¢
Urine volume, ml/min 1.1 0.4 ~-0.7+0.2°
Glomerular filtration rate, 33 23 —10 + 4¢
ml/min
Sodium excretion, uEa/min 136 77 —-59 £ 1.9¢

9 Values are from the clearance period preceding oxyphenbutazone adminis-
tration. » Values are from the clearance period 10-20 min after oxyphenbutazone
administration. < Significant difference (p < 0.05); Student paired ¢ test; n = 7.

Urinary and plasma inulin levels were determined by a reported
method (3). Urinary sodium concentrations were measured with a flame
photometerS. Data were analyzed using the Student paired ¢ test (4); a
p < 0.05 was the significance criterion.

RESULTS AND DISCUSSION

The effect of oxyphenbutazone on rena! blood flow and blood pressure
ts shown in Fig. 1. Following oxyphenbutazone administration, 5 mg/kg
v, blood pressure increased slightly while renal blood flow decreased
gradually. These effects, as well as effects on other renal functions, are
summarized in Table [. At 20 min after oxyphenbutazone administration,
blood pressure was increased while renal blood flow, the glomerular fil-
tration rate, urinary volume, and sodium excretion were decreased. All
changes were statistically significant. These changes also were present
at 60 min.

Since similar changes were reported with phenvlhutazone (2) and since
both agents are similar structurally, it seems reasonable that these two
agents act by the same mechanism. Both oxyphenbutazone and phe-
nylbutazone have been reported to be inhibitors of prostaglandin syn-
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Figure | —Effect of oxyphenbutazone, 5 mg/kg iv, on blood pressure
and renal blood flow.
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