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ABSTRACT: The objective of this study was to test the three novel ester derivatives of
phenylephrone (isovaleryl, phenylacetyl, and pivalyl esters) as potential site-specific
chemical delivery systems. The mydriatic effect and ocular distribution/metabolism of
these compounds were studied by topical application to the eyes of normal rabbits. It
was assumed that a reduction–hydrolysis sequence could produce the active phenyl-
ephrine in the iris-ciliary body tissues. All the derivatives showed a more pronounced
mydriatic effect than that of phenylephrine, whereas phenylephrone was completely
devoid of any mydriatic activity. Phenylacetyl ester was the most potent drug, with
short duration of action, and showed maximum activity in the presence of 0.01% ben-
zalkonium chloride without causing any visible irritation to the rabbit eye. Adminis-
tration of the novel compounds to the eyes of the rabbits showed no traces of phenyl-
ephrine in the systemic circulation, contrary to topical administration of phenyleph-
rine. Phenylephrone was detected in different compartments of the eye, whereas
phenylephrine was present only in the iris-ciliary body tissues following administration
of phenylacetyl ester. The conversion of phenylephrone esters to the active drug, phen-
ylephrine, and thus their subsequent activity was dependent on the physicochemical
characteristics of the drugs. The results suggest the potential use of phenylacetyl ester
as a potent short-term mydriatic agent without systemic side effects. © 2001 Wiley-Liss,
Inc. and the American Pharmaceutical Association J Pharm Sci 90:12–22, 2001.
Keywords: phenylephrone derivatives; chemical delivery system; site-specific; myd-
riatic activity

INTRODUCTION

Phenylephrine HCl is a a1-selective adrenergic
agonist used in the eye for its mydriatic effect.

Because of its hydrophilic nature, it poorly pen-
etrates the epithelium of the cornea. Therefore, it
is typically administered at very high concentra-
tions (2.5 or 10%) to the eye to achieve a clinical
effect. As a result of applying a large dose that is
poorly absorbed, significant local and systemic
side effects are common in some individuals. The
systemic side effects after ocular administration
are due to the drainage of the applied drug into
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the nasolacrimal duct and subsequent systemic
distribution. Even a dosage as low as one drop of
0.125% phenylephrine HCl has been shown to
elicit an adverse reaction.1 Several systemic side
effects, such as severe hypertension, syncope,
subarachnoid hemorrhage, ventricular arrhyth-
mia, and myocardial infarction, have been re-
ported following topical ocular application of
phenylephrine HCl.2–5

Bodor et al. proposed and successfully applied
a novel chemical delivery system (CDS) concept to
overcome toxicity and transport-related problems
in the delivery of active compounds to the target
sites in the body.6–11 The CDS specific to iris-
ciliary body in the eye are obtained by molecular
modifications based on differential distribution of
metabolic enzymes, esterases and reductases, in-
herent to the eye; esterases are present ubiqui-
tously, whereas reductases are localized only in
the iris-ciliary body tissues.12 Because the iris-
ciliary body is considered to be the primary site of
drug action, targeting drugs selectively to this
site is highly desirable. Previous reports showed
that esters of adrenalone but not adrenalone itself
could be converted via a reduction–hydrolysis se-
quence by reductases and esterases to the active
adrenaline (epinephrine) only at the iris-ciliary
body, the site of action. However, adrenalone was
found to be an inactive species.13–15 This result
suggested that lipophilic ketones could be re-
duced in the iris-ciliary body. Accordingly, ketone
ester precursors of phenylephrine, which is also a
b-hydroxylamine like adrenaline, could then pos-
sibly be converted by the metabolic enzymes, re-
ductases and esterases, to active phenylephrine
by reductive–hydrolysis processes at the site of
action, thus avoiding systemic side effects due to
exposure of drug to nontarget sites. Thus, novel
bioreversible agents of phenylephrine were de-
signed in accordance with the adrenalone CDS.16

The structures of these compounds are provided
in Figure 1. We have previously reported the
physicochemical properties, enzymatic stability,
and the transport characteristics of these novel
compounds.17 Our studies have shown that these
compounds are converted to intermediates with
free phenol-ketone following ester hydrolysis, and
the transport characteristics were influenced by
the physicochemical properties of the drugs.17,18

The present paper reports the studies on the
relative mydriatic activities of novel phenyleph-
rone derivatives (isovaleryl, phenylacetyl, and
pivalyl esters; Figure 1) and their in vivo disposi-
tion studies to assess the site-specific delivery of

phenylephrine to the target tissues, based on the
CDS concept.

EXPERIMENTAL SECTION

Materials

Synthesis and characterization of the phenyleph-
rone CDS have been previously reported.16 Phen-
ylephrine hydrochloride was purchased from
Spectrum Chemical Company (St. Louis, MO).
Benzalkonium chloride was purchased from Al-
drich Chemical Company (Milwaukee, WI) and
triethylamine was obtained from Spectrum
Chemical Company (Gardena, CA). All other
chemicals used in the study were of analytical
reagent or HPLC grade and were used as received
without further purification. Male New Zealand
albino rabbits purchased from Myrtles Rabbitry
(Thompson Road, TN) weighing 2.0–2.5 kg were
used for the in vivo distribution–metabolism and
pharmacological activity studies.

Analytical Method

A high-pressure liquid chromatography system
(HPLC) was used for the determination of the
three phenylephrone esters and for the analysis of
the regeneration profile of phenylephrone. The
liquid chromatographic system consisted of ISCO
model 2350 HPLC pump, ISCO autoinjector with
a loop of 20 mL, and a PARC model 400 electro-
chemical (EC) detector. The EC detector with the
glassy carbon cell was operated in the d.c. mode at
+1150 mV versus an Ag/AgCl electrode. The col-
umn was kept under constant temperature condi-
tions using a waters TMC temperature control

Figure 1. Structures of phenylephrone CDS.
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system. A Microsorb-MV C18 column (4.6 × 150
mm, 5-mm particle size and 100 Å pore size) with
a similar 6-cm guard column and a mobile phase
(pH 3.6) consisting of acetonitrile:acetate buffer:
triethylamine (25:75:0.05) with a flow rate of 1
mL/min were used for the resolution of the phen-
ylephrone CDS. The mobile phase used for the
analysis of the time course of phenylephrone and
phenylephrine production consisted of 12% aceto-
nitrile, 0.1% triethylamine, and 0.2 M acetate
buffer (pH 3.6), and the flow rate was maintained
at 1 mL/min. To minimize the background noise,
the solvent mixture was pre-filtered with 0.45-mm
membrane and degassed using a magnetic stirrer
in vacuum. The injection volume was 20 mL. The
sensitivity of the assay of phenylephrone esters
was ∼0.2 ng/mL. The sensitivity of phenylephrine
HCl and phenylephrone HCl was 0.15 ng/mL.
Calibration curves were obtained by plotting the
peak area as a function of drug concentration.

Mydriatic Effect

Adult male New Zealand albino rabbits weighing
∼2.0–2.5 kg were used. Animals were kept in in-
dividual cages with free access to food and water.
The experiment was designed to compare the
mydriatic effects of phenylephrine HCl, phenyl-
ephrone, and esters of phenylephrone HCl. The
measurement was done using locally fabricated
and calibrated Haab’s scale (4–16 mm) with in-
crements of 0.2 mm. In a group of three rabbits,
50 mL of phenylephrine, phenylephrone, and es-
ters of phenylephrone were administered in one
eye. The esters were evaluated for mydriatic ef-
fect in isotonic phosphate buffer (pH 6.0) at con-
centrations 0.1, 0.5, 1.0, and 2.5% phenylephrone
in a light- and temperature-controlled room. The
formulations containing 0.1, 0.5, and 1% phenyl-
acetyl ester with 0.01% benzalkonium chloride
(BAC) in isotonic phosphate buffer (pH 6.0) were
also tested for pharmacological activity. The
mydriatic effects of phenylephrone and phenyl-
ephrone esters were compared with that 2.5% so-
lution of phenylephrine HCl. The untreated eye
served as a control and received vehicle only. Pu-
pillary changes were measured with Haab’s scale
held at a constant distance at time intervals of 0,
5, and 15 min, and 0.5, 0.75, 1.0, 1.5, 2.0, 2.5, 3.0,
4.0, 5.0, and 6.0 h. During the measurement, rab-
bits were placed in tabletop restraint box to mini-
mize head movement. All pupillary measure-
ments were obtained from restrained rabbits and
were carried out by the same operator. Values are

given as mean ± standard error of the mean
(SEM). Rabbits were also observed for any obvi-
ous manifestation of irritation caused by the com-
pounds under investigation, such as swelling,
redness, and lacrimation.

In Vivo Distribution–Metabolism Studies

Groups of at least three adult male New Zealand
albino rabbits weighing ∼2.0–2.5 kg were used for
the studies. A 50-mL volume of 0.5% phenylacetyl
ester in isotonic phosphate buffer (pH 6.0) solu-
tion was administered topically to both eyes of
each rabbit. After appropriate time intervals of
15, 45, and 150 min, the animals were sacrificed
by peripheral ear vein injection of 3 mL of sodium
pentobarbital (65 mg/mL), and the treated eyes
were removed and rinsed in a beaker of normal
saline. Aqueous humor was collected by making a
single puncture at the limbus with a 25-gauge ×
1.6-cm needle attached to a 1-mL syringe. Then,
the cornea and the iris-ciliary body were isolated.
The tissues were pooled and homogenized with a
tissuemizer in ice-cold perchloric acid (0.05 M),
which contained 0.05% sodium metabisulfite as
an antioxidant. Samples were re-homogenized in
methanol to prepare 10% homogenates, trans-
fered to microfilters (Millex units, Millipore Prod-
ucts Division), and centrifuged for 20 min at
10,000 rpm to precipitate proteins. Aqueous hu-
mor and plasma samples were analyzed as such
without any furthur dilution. Aliquots of 20 mL of
the 10% tissue homogenate samples were ana-
lyzed by HPLC using an electrochemical detector.
Quantitation was done by using a calibration
curve obtained by the addition of known amounts
of the compounds to aqueous humor, iris-ciliary
body, or cornea isolated from a control rabbit after
topical administration of the solution without the
drug.

The procedure to assess the plasma levels in
the rabbit after topical administration of the com-
pounds is as follows: The blood samples (1.0 mL)
were withdrawn from the marginal ear vein at 5,
10, 15, 45, and 60 min following drug instillation.
The samples were placed in citrated tubes and
centrifuged, and the plasma immediately frozen.
To 100 mL of sample (after equilibrating to room
temperature), 1 mL of acetonitrile was added to
precipitate the proteins. Following thorough mix-
ing and filtering through 0.2-mm filter unit, the
samples were centrifuged for 5 min at 6000 rpm.
The clear supernatant was then analyzed by
HPLC.
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RESULTS AND DISCUSSION

Mydriatic Activity

The effect of phenylephrone and the three esters
of phenylephrone on the pupillary dilation was
evaluated and compared with their parent com-
pound, phenylephrine HCl. The dose–response
curves for mydriatic effect were obtained by ad-
ministering drug at increasing concentrations.
The doses of the novel compounds administered
were at concentrations equivalent to 0.1, 0.5, 1.0,
and 2.5% phenylephrone. The mydriatic effect of
the compounds both in the treated and control eye
were compared with those that received 2.5%
phenylephrine. Phenylephrone at 2.5% concen-
tration was also tested for possible mydriatic ac-
tivity.

The maximum mydriatic activity (mydriat-
icmax), time to reach the maximum mydriatic ac-
tivity (tmax), and the area under the curve (AUC)
of the compounds tested at various concentrations
are listed in Table 1. Figures 2 and 3 represent
the change in pupil diameter over time in the

treated eye for the compounds under study at 0.5
and 1.0% concentrations, respectively. The maxi-
mal dilation was achieved 45 min after instilla-
tion of phenylephrone esters and 1 h after instil-
lation of phenylephrine HCl. The faster attain-
ment of maximal activity may be explained on the
basis of rapid corneal penetration of the phenyl-
ephrone esters compared with phenylephrine.
The ester derivatives of phenylephrone showed
significantly (p < 0.01) greater effect than phen-
ylephrine HCl at all concentrations except at
0.1% concentration. Phenylephrone showed no ac-
tivity in the treated or control eye. The higher
activity of the phenylephrone CDS may be attrib-
uted to their greater lipophilicity. The log octanol/
pH 7.4 buffer distribution coefficient for the es-
ters were in the range 1.92–2.3517 (in comparison
with 0.67 for phenylephrine), which is optimal for
rapid corneal absorption for many ophthalmic
drugs.19,20

The extent of pupillary dilation increased for
all the compounds under study with an increase
in concentration (dose equivalent to 0.1 to 1.0%

Table 1. Maximum Mydiatic Activity (mydriaticmax), Time to Reach the Maximum
Mydriatic Activity (tmax), and Area Under the Curve (AUC) of the Compounds
Tested at Various Concentrationsa

Compound
(Conc.)

Mydriaticmax

(mm) tmax (min) AUC (h mm)

Phenylephrine HCl
2.5% 7.8 (0.3) 60 4.27 (0.9)

Isovaleryl ester
0.1% 5.5 (0.8) 45 4.23 (0.7)
0.5% 8.7 (1.2) 45 4.71 (0.6)
1.0% 9.6 (1.3) 45 6.67 (0.9)
2.5% 9.7 (1.0) 45 7.01 (1.1)

Phenylacetyl ester
0.1% 6.8 (0.5) 45 4.55 (0.4)
0.5% 9.3 (0.7) 45 7.06 (0.5)
1.0% 11.2 (1.0) 45 12.75 (1.4)
2.5% 11.4 (0.9) 45 12.81 (1.9)

Pivalyl ester
0.1% 5.1 (0.4) 45 4.22 (0.6)
0.5% 8.1 (0.9) 45 9.08 (1.5)
1.0% 8.5 (1.1) 45 8.37 (1.4)
2.5% 8.5 (0.8) 45 9.28 (1.8)

BAC (0.01%) + Phenylacetyl ester
0.1% 8.0 (1.2) 45 3.97 (0.5)
0.5% 11.2 (1.5) 45 12.08 (2.1)
1.0% 11.3 (0.9) 45 12.88 (1.7)

a Concentrations are equivalent to percent phenylephrone. Figures in parenthesis are ± stan-
dard error of mean (n 4 3).
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phenylephrone). However, increasing the concen-
trations beyond 1.0% did not give rise to a propor-
tional increase in mydriatic activity. This result
probably could be due to reaching a maximum in
transport as well as enzymatic process rates and
also due the nature of the eye with regard to
maximum attainable dilation. Phenylacetyl and
isovaleryl esters, chemically and enzymatically
the most labile derivatives,17 were more potent
than pivalyl ester.

The eyes treated with phenylacetyl ester
showed maximum change in pupillary diameter
approaching 3.7 ± 0.3 and 5.5 ± 0.6 mm at 45 min
for concentrations of 0.5 and 1.0%, respectively,
compared with 2.1 ± 0.3 mm in eyes treated with
2.5% phenylephrine HCl. The rate of rise of the

peak pupillary dilation was also rapid for phen-
ylacetyl ester. At the 15-min time point, the test
drug treated eyes with 0.5 and 1.0% concentra-
tions achieved near maximal change in dilation of
3.4 ± 0.2 and 3.8 to 0.4 mm, respectively, in
contrast to only 0.7 ± 0.1 mm dilation obtained
by those eyes treated with 2.5% phenylephrine
HCl.

It is required by the Food and Drug Admin-
istration (FDA) that all multidose ophthalmic
preparations should contain preservatives such
as BAC. BAC was reported to increase the corneal
permeability of a number of compounds.21–25 Be-
cause phenylacetyl ester showed the highest ac-
tivity with relatively shorter duration of action,
this compound was further tested for its interac-

Figure 2. Mydriatic responses of phenylephrine HCl (2.5%) and esters of phenyleph-
rone HCl (0.5%) in the test eye. Each value represents average (±SEM) of three experi-
ments.
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tions with BAC, a commonly used preservative in
ophthalmic formulations. The mydriatic activity
of phenylacetyl ester at concentrations equivalent
to 0.1, 0.5, and 1.0% phenylephrone was studied
in the presence of 0.01% BAC (Figure 4, Table 1).
The rabbit eyes treated with the drug solution
containing BAC did not show any signs of visible
irritation, such as swelling, redness, and lacrima-
tion. Phenylacetyl ester at 0.1 (p < 0.05) and 0.5%
(p < 0.005) concentrations showed a significant
increase in activity in the presence of BAC com-
pared with that treated without BAC. But the
compound at 1.0% concentration showed compa-
rable mydriatic activity in the presence and ab-
sence of BAC (Table 1). The results also showed
no significant (p < 0.001) difference in the mydri-
atic activity between 0.5 and 1.0% concentrations
of phenylacetyl ester in the presence of BAC. Both
concentrations showed a maximum change in pu-
pil diameter of 5.6 ± 0.6 mm at 45 min, whereas

the eyes treated with 0.1% phenylacetyl deriva-
tive showed a maximum change in pupil diameter
of 2.4 ± 0.3 mm.

The time course of mydriatic activity of the
compounds under investigation in the control eye
is depicted in Figure 5. The control eye into which
only the vehicle was administered did not show
any significant dilation except for phenylephrine
HCl. At 45 min, phenylephrine HCl produced a
significant (p < 0.01) dilation in the control eye
compared with phenylephrone CDS. Unilateral
instillation of 2.5% phenylephrone into the rabbit
eyes did not show a significant change in pupil
diameter both in the test and control eye (Figures
3 and 5). This result strongly supports the hy-
pothesis that the rapid hydrolysis of esters of
phenylephrone leads to the production of inactive
compound, phenylephrone, which is devoid of any
local or systemic effects. For further confirmation,
the blood samples drawn at predetermined inter-

Figure 3. Mydriatic responses of phenylephrine HCl (2.5%), phenylephrone HCl
(2.5%), and esters of phenylephrone HCl (1.0%) in the test eye. Each value represents
average (±SEM) of three experiments.
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vals were analyzed for the presence of phenyleph-
rine after topical administration of the com-
pounds. Results of this study revealed that phen-
ylephrine was not detected as a biotransformation
product of phenylephrone CDS in blood. However,
significant amounts of phenylephrine were ob-
served in the blood samples after its topical ap-
plication (Figure 6).

The extent of mydriasis depends on the quan-
tity of the drug residing in the target tissue
(iris-ciliary body) and, hence, the time course of
the pupil response directly reflects the change
of drug in the iris-ciliary body.26 More than 90%
of topically administered drugs have been re-
ported to be drained into systemic circulation
through nasolacrimal duct without entering the
inner eye. This drainage results in high incidence
of systemic side effects after ocular administra-

tion of drugs. In the present investigations, the
control eye that received only the vehicle without
the drug served as an indicator of systemic ab-
sorption of the drug and its subsequent side ef-
fects. Pupillary dilation was observed in the con-
trol eye in phenylephrine HCl-treated animals
but not with phenylephrone CDS-treated ani-
mals. This result could be due to the persistence
of phenylephrine in systemic circulation in com-
parison with the rapid systemic inactivation of
phenylephrone CDS, which was further con-
firmed by testing the blood samples for the pres-
ence of phenylephrine.

In most of the clinical conditions, mydriatics
are used as diagnostics rather than for therapeu-
tic purposes. Hence, persistence of the mydriatic
action after a certain required period of time is
both unnecessary and inconvenient. The ubiqui-

Figure 4. Mydriatic responses of phenylacetyl phenylephrone HCl in the presence of
0.01% BAC at pH 6.0 in the test eye. Each value represents average (±SEM) of three
experiments.
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tous presence of esterases will aid in the metabo-
lism of the phenylephrone CDS to an inactive me-
tabolite, phenylephrone. In the present study
both the isovaleryl and phenylacetyl ester showed
shorter duration of mydriatic activity. The pres-
ence of the bulky group in pivalyl phenylephrone
HCl resulted in increased duration of action be-
cause of slower hydrolysis of pivalyl ester by es-
terases. All the compounds studied did not exhibit
any visible irritant action, such as swelling, red-
ness, or lacrimation, even at the highest concen-
trations tested. Phenylacetyl ester was extremely
potent in eliciting mydriatic activity of all the
compounds tested. Both isovaleryl and phenylace-
tyl esters showed a short duration of action (150
min). The reasons for these differences could be
that isovaleryl and phenylacetyl esters, being

more lipophilic, have greater permeation across
the corneal membranes, which results in delivery
of higher concentrations at the target site (i.e.,
iris-ciliary body). Furthermore, these derivatives,
which are highly labile to enzymatic activity, un-
dergo facile reduction–hydrolysis process to gen-
erate the active compound, phenylephrine, at the
site of action (iris-ciliary body). Pivalyl ester,
which is relatively more stable chemically and en-
zymatically, showed low mydriatic effect with a
prolonged duration of action.

In Vivo Distribution/Metabolism Studies

The results from the pharmacological activity
studies of the novel compounds indicate that
phenylacetyl derivative is a potent mydriatic

Figure 5. Mydriatic responses of phenylephrine HCl, phenylephrone HCl, and esters
of phenylephrone HCl at 2.5% in the control eye. Each value represents average (±SEM)
of three experiments.
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agent. To assess the site-specificity of this agent,
the in vivo disposition in different ocular tissues
of rabbits was investigated.

Tissue concentrations of phenylephrone and
phenylephrine following topical administration of
phenylacetyl ester are depicted in Tables 2 and 3,
respectively. The concentrations of phenyleph-
rone in the tissues increased and then decreased
rapidly. Higher levels of phenylephrone were
found in corneal and conjunctival tissues (Table
2). The reasons for these findings could be that
the cornea, being the major barrier to penetra-
tion, has the capacity to act as drug reservoir. On
the other hand, conjunctiva presents a larger sur-
face area to the tears than the cornea and was
reported to accumulate large number of drugs in
unusually large quantities due to binding in the

mucin granules of goblet cells.27,28 Phenyleph-
rone concentration in aqueous humor was signifi-
cantly lower compared with other tissues. This
result could be due to various reasons, including
continuous formation and drainage of aqueous
humor, low enzyme activity, and absorption into
the tissues of the anterior uvea, the blood circu-
lating through them, and the lens. In vivo studies
also showed that the peak concentrations of phen-
ylephrone in the iris-ciliary body tissues coincided
with those of cornea, conjunctiva, and aqueous
humor. As summarized in Table 2, phenylephrone
levels were higher in iris-ciliary body than in
aqueous humor. Phenylephrone is formed by the
hydrolytic cleavage of phenylacetyl ester by the
action of esterases. Thus, the higher levels of
phenylephrone in iris-ciliary body are due the
high esterase activity in the tissue. The most sig-
nificant finding in the present study was the pres-
ence of the active compound, phenylephrine, in
high concentrations in the iris-ciliary body (Table
3). Interestingly, phenylephrine could not be de-
tected in any other ocular tissues tested. The iris-

Figure 6. Plasma concentrations of phenylephrine
following topical application of phenylephrine HCl
(2.5%) to the rabbit eyes. Each value represents aver-
age (±SEM) of three experiments.

Table 2. Tissue Concentrations of Phenylephrone at Various Time Intervals
Following Topical Administration of Phenylacetyl Phenylephrone HCl (0.5% Solution)a

Location

Concentration of Phenylephrone

15 min
(mg/g)

45 min
(mg/g)

150 min
(mg/g)

Cornea 9.13 ± 2.17 21.85 ± 4.09 3.26 ± 0.96
Conjunctiva 17.41 ± 4.86 38.91 ± 5.37 11.53 ± 2.80
Aqueous humor 0.65 ± 0.14 2.10 ± 0.75 0.98 ± 0.23
Iris-ciliary body 0.97 ± 0.31 9.64 ± 2.29 1.94 ± 0.55

a Figures represent the mean ± SEM (n 4 6).

Table 3. Tissue Concentrations of Phenylephrine at
Various Time Intervals Following Topical
Administration of Phenylacetyl Phenylephrone HCl
(0.5% Solution)a

Location

Concentration of Phenylephrine

15 min
(mg/g)

45 min
(mg/g)

150 min
(mg/g)

Cornea — — —
Conjunctiva — — —
Aqueous humor — — —
Iris-ciliary body 0.23 ± 0.11 2.89 ± 0.57 0.07 ± 0.04

a Figures represent the mean ± SEM (n 4 6).
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ciliary body tissues appear to be one of the major
sites of drug metabolism because of high enzy-
matic activity. The presence of phenylephrine in
the iris-ciliary body tissues is indicative of the
bioactivation via a reduction followed by hydro-
lytic cleavage, suggesting the site-specificity of
novel CDS.

The tissue concentration of phenylephrone fol-
lowing topical instillation of 2.5% phenylephrone
is depicted in Table 4. Phenylephrone concentra-
tion was detected in all the ocular tissues includ-
ing iris-ciliary body. However, phenylephrine
could not be detected in the ocular tissues/fluids.
Furthermore, phenylephrone did not show any
mydriatic activity on topical administration, sug-
gesting an apparent lack of in vivo conversion of
phenylephrone to phenylephrine.

CONCLUSION

All the esters tested showed significant dilation of
the pupil in the treated eye on unilateral admin-
istration. A significant pupillary dilation was ob-
served in the untreated eye after unilateral ad-
ministration of phenylephrine. The absence of pu-
pil dilation in the control eye of the animals
treated with phenylephrone CDS indicates the
facile metabolism of these compounds in systemic
circulation. This result was further confirmed by
testing the presence of the active compound,
phenylephrine, in the rabbit blood after topical
instillation of phenylephrone CDS. Phenyleph-
rine was not detected in the blood after topical
administration of all the CDS studied. Phenylace-
tyl ester of phenylephrone exhibited greater ac-
tivity, yet it is metabolically more labile. High
concentrations of phenylephrone were observed
in cornea and conjunctiva followed by iris-ciliary

body and aqueous humor on instillation of phen-
ylacetyl ester, and the active compound, phenyl-
ephrine, was detected only in the iris-ciliary body
tissues. These results suggest the potential use of
phenylacetyl ester derivative as a short-acting
mydriatic agent.
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