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EFFECTS OF SOME METABOLIC INHIBITORS UPON THE
FORMATION OF THE AQUEOUS HUMOUR IN RABBITS*

BY

D. F. COLE
Ophthalmological Research Unit (Medical Research Council), Institute of Ophthalmology, London

PREVious investigations of the intra-ocular pressure (I.O.P.) and of sodium
flux from plasma to aqueous humour suggested that the mechanism res-
ponsible for secretion of the aqueous humour was, at least in part, subject to
inhibition by 2: 4-dinitrophenol (Cole, 1959; 1960). The most direct way of
verifying this suggestion was to measure the rates of entry of water and
solutes into the aqueous compartment whilst the drainage channels from the
angle of the anterior chamber were obstructed by means of paraffin (Lang-
ham, 1959; Cole, 1960). In order to estimate the entrance rates of solutes,
not only was it necessary to know the rate of flow of the aqueous humour,
but also to remove samples of the aqueous, from time to time, for chemical
analysis. Although the procedures required offered a number of technical
difficulties, it has been possible to study the rates at which water, sodium,
potassium, and chloride entered the aqueous humour from the plasma over
periods of about 2 hours' duration and to determine the effect on these entry
rates of two metabolic inhibitors, 2: 4-dinitrophenol and fluoracetamide.

Methods
The essential feature of the aqueous humour collecting system used in these experiments

is shown in Fig. 1. It consisted of a glass capillary (D), graduated 0-01 ml., one end of
which (E) was attached by "Portex" tubing to a system containing air at a pressure of
25 mm. Hg, whilst the other end was fastened to a No. 15-gauge needle (A) inserted
through the cornea into the anterior chamber of the eye. The needle was fastened to the
capillary by means of a tapered "Perspex" rod (B); fluid which had collected in the
capillary (D) could be removed through a side-tube (C). The side-tube was kept closed
except when the contents of the capillary were being removed (a procedure which lasted
some 30 seconds) and the pressure of air in the collecting system was sufficient to empty
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FIG. I.-Deyice for collecting and measuring rate of formation of aqueous humour (not to scale).
A. Hypodermic needle (No. 15 gauge) for insertion through cornea into anterior chamber.
B. Perspex connecting segment.
C. Side-tube for removing fluid collected in measuring capillary.
D. Glass measuring capillary, 0-0 1 ml. graduated in IAI.
E. Perspex connector.
F. Tubing to air reservoir maintained at a pressure of 25 mm. Hg.
Perspex to metal and Perspex to glass joints cemented with Araldite-D (Ciba).

* Received for publication March 19, 1960.
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the capillary as soon as the side-tube was opened. By this means it was possible to remove
samples of the collected fluid without any apparent ill-effects on the experimental eye and
with minimal changes in the intra-ocular pressure.
The constant pressure of 25 mm. Hg was maintained by a system similar to that des-

cribed in a previous paper (Cole, 1960; Fig. 3) with a detailed account of the method
used for ob3tructing the drainage channels at the angle of the anterior chamber.

In order to estimate the influx rates of the solutes it was necessary to determine the
volume of fluid in the anterior chamber at the end of each experiment. This was done
by withdrawing the contents of the chamber into a 1-ml. tuberculin syringe containing
a weighed quantity (about 0-2 ml.) of a solution of Pontamine Sky-Blue (B.D.H.) (74 4 mg.
in 100 ml. phosphate-buffered saline at pH 7 4). The mixture in the syringe was then re-
injected into and withdrawn from the anterior chamber two or three times to ensure
satisfactory mixing and the dilution of the dye was determined from the optical density
of the mixture measured at 6,200 A. The volume of aqueous was then calculated from
the degree of dilution of the dye.

Chemical Methods.-The total volume of aqueous which had accumulated in the
graduated capillary during the preceding collection period was noted and the fluid
expelled into a stoppered, polythene specimen tube. Sodium and potassium concentra-
tions were estimated with a "Unicam" Flame Spectrophotometer (SP 900), in the ranges
0 1-0-3 ,uEq/ml. and 0-02-005 ,Eq/ml. respectively. Chloride concentrations were esti-
mated by a modification of the method of Bergmann and Sanik (1957): 10 PI. of fluid for
analysis was added to 3 ml. de-ionized water in a stoppered tube. To this diluted fluid
was added 1 ml. of a saturated aqueous solution of mercuric thiocyanate (Hg (SCN)2) and,
after shaking the mixture, 0 5 ml. of 0-25 M ferric ammonium sulphate (Fe2(SO4)3(NH4)2
S04) in 9 N nitric acid. The red colour due to ferric thiocyanate was proportional to the
amount of chloride in the specimen and the optical density of the solution was measured
at 4,780 A using 1-cm. cell thickness. Calibration curves for each series of estimations
were obtained by carrying out the above procedure using standard solutions of sodium
chloride containing 60, 80, 100, and 130 ,uEq. Cl/ml. respectively. Plasma concentrations
were determined from blood samples obtained from the central artery of the ear half-way
through each experiment. Plasma protein was estimated by the method of Phillips, van
Slyke, Dole, Emerson, Hamilton, and Archibald (1945), and the value obtained was used
to express electrolyte concentrations in terms of ml. plasma water (Sunderman and
Boerner, 1949).

Experimental Material.-Adult rabbits (weighing between 2 and 3 kg.) of the New
Zealand White strain were used in these experiments. They were fed on Diet 18 ("Blue
Cross" Animal Foodstuffs, Associated London Flour Millers, Ltd.) and allowed free
access to water. All experimental results refer to animals anaesthetized with urethane
given intravenously as a 25 per cent. (w/v) solution in physiological saline, 1-75-2 g/kg.
body weight.
A few drops of 1 per cent. amethocaine (B.P.) were instilled into the eye before inserting

the needle. Each animal was killed at the end of the experiment.
In all the animals a polythene cannula was implanted in the lingual artery on one side

(Cole, 1959); animals in the control series received an infusion of buffered, isotonic saline
through this cannula at a rate of 0 05-010 ml./min.

2: 4-dinitrophenol (DNP).-This was infused at a rate estimated to yield a concentration
of 0-2-0-3 mM/I. in the blood reaching the eye, the carotid blood-flow being taken as
3 ml./min. (Winterstein, 1935). In the present experiments a 20-mM solution of DNP
in buffered isotonic saline (pH 7-4) was infused at 0 0009-0-0012 mM/min.

Fluoracetamide (FA).-This was dissolved in buffered, isotonic saline (pH 7 4) to give
a concentration of 20mM and was infused at a rate of 00001-0 0015 mM/min. By means
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FORMATION OF AQUEOUS HUMOUR 741

of this lingual artery cannula, it was possible to obtain a relatively high concentration of
inhibitor in the blood supply to the experimental eye without the need for giving large
doses systemically.

Results
The experimental findings fall into three groups according to the nature of the

infusion given via the lingual artery: animals which had received isotonic saline
(controls), animals given DNP, and animals given FA. In all cases the collection
of aqueous lasted for 2 hours. The first hour was used as a control period and the
intra-arterial infusion was not commenced until the beginning of the second hour.
Once the chemical composition and volume of aqueous humour leaving the eye

was known for each successive collection period in an experiment, the efflux rates
at successive 10-minute intervals could be calculated. From these values, a mean
for the first hour of the experiment (control period) was calculated, and the results
for each entire experiment were then expressed as differences from the mean
during the control period. In each of the three groups of animals the mean of
these differences was tabulated (together with its standard error) for successive
10-minute intervals from 50 minutes before until 60 minutes after starting the intra-
arterial infusion (Table I).

TABLE I
CHANGES IN INFLUX RATES OF SODIUM, CHLORIDE, POTASSIUM, AND WATER IN

CONTROL EXPERIMENTS AND IN ANIMALS GIVEN DNP OR FA
The figures show the difference between the control period mean and the influx rates at each time

interval. In each case the mean difference and its standard error are shown.

Before Infusion After Infusion Mean
Time (min.) -during

-50 -40 -20 - 10 0 + 10 +20 +40 +50 Period

Changes in Control +0 004 -0-018 +0 097 +0-117 +0155 +0-147 +0 034 -0-203 -0-143 1 150
Sodium' Series ±011 ±010 ±0-08 ±011 ±0-11 ±012 ±010 ±013 ±009

Influx Rate
(pEq/min.) Animals given +0-030 +0-048 -0-103 +0-031 +0-031 -0479t -0-590t -0-606t -0-743t 1-023

DNP ±0-08 ±0-10 ±0-17 ±007 ±007 ±0-10 ±007 ±0-08 ±009

Animals given -0-113 -0 009 +0-046 +0-038 -0-006 -0-558t -0-676t -0-562t -0-664t 0 970
FA ±018 ±0-23 ±014 ±0-13 ±0-19 ±0-15 ±0-15 ±0-14 0-09

Changes in Control -0-07 -0-01 +0-04 +0-09 +0-13 + 0-13 + 0-03 -0-14 -0-10 0-87
Chloride Series ± 0-05 ± 0-06 ± 0-04 ± 0-05 ± 0-08 ± 009 ± 0-08 ± 0-07 ± 0-06

Influx Rate
(t-Eq/min.) Animals given +0-03 +0 01 -0-03 0 0 -0-43 -0-56 -0-51t -0-65t 1-00

DNP ±0-11 ±0-06 ±0-71 ±0-72 ±091 ±0-29 ±0-86 ±0-15 ±0-15

Animals given -0-04 -0-01 +0-03 +0-04 -0-03 -0-27 -0-30 -0.31* -0-33t 0-88
FA ±0-05 ±0-06 ±0-10 ±0-12 ±0-07 ±0-20 +0-21 ±0-10 ±0-07

Changesin Control +0-16 -0-41 +5-38 -3-89 -2-20 +2-84 +2-26 -2-19 -1-51 30 65
Potassium Series ±5-16 ± 5-71 ±6-89 ±5-18 ± 2-39 ±7-24 ±5-58 ±5-21 _129
Influx Rate

(tsjsEq/min.) Animals given +0-31 -0-20 -1-60 -1-61 +2-20 _ 19-61 -23-1t -18-5* -23-2t 32-70
DNP ±0-38 ±0-27 ±2-0 ±1-8 ±1-2 ± 3-1 ± 3-5 ± 5-1 ±40

Animals given -3-93 -1-21 +4 14 -1-94 -0-03 -12-81t -15-08t -14-68t -15-60t 24-15
FA ±2-2 ±1-2 ±3-7 ±1-7 _1-1 ±3-2 ±3-3 ±3-1 ±3-6

Changes in Control +0-94 +0-32 +0 71 -0-92 + 0-32 +0-30 +0-45 -0-37 +0-43 5 49
Water Series ±0-42 ± 0-25 ±050 ±0-59 ± 0-45 ±0-51 ±0-28 ±0-37 ±0-40

Influx Rate _ _-

(,-l./min.) Animals given +0-40 +0-47 -095 -0-73 +0-72 -3-24 -3-34 -2-99 -4-36 6-51
DNP ±0-27 ± 0-25 ±0-64 ±0-47 ±0-28 ±0-44 ±0-32 ±0-32 ±054

Animals given -0-74 -0-14 -0-38 +0 10 +0-04 -3.10* -3-83t -3-94t -3-86t 6-15
FA ±0-54 ±0-32 ±0-41 ±0-12 ±0-24 ±0-58 ±0 40 ±0-31 0-52

Values differing significantly from zero are indicated by asterisks and daggers: the range 0 05>P>0 01 is shown by *, and
0-01 > P by t.
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Mean values for the efflux rates for all animals during the entire control period
are shown in Table IIA.

TABLE HA
MEAN EFFLUX RATES OF SODIUM, CHLORIDE, POTASSIUM, AND WATER FOR

ALL ANIMALS DURING CONTROL PERIOD

Efflux Rate Mean Standard Error of the Mean

Sodium (EcEq/min.) 1-041 ±0-07

Chloride (pEq/min.) 0 777 ±0 04

Potassium (,u,Eq/min.) 29-17 ±2-9

Water (,ul./min.) 6 05 ±0-7

The symbols used in describing and discussing these results are based upon those
suggested by Duke-Elder and Maurice (1957):
mae represents the net amount of solute moved from aqueous humour to effluent in

,uEq.
Vae represents the net amount of water moved from aqueous humour to effluent in ml.
t (or tn) as subscripts represent times from the start of the experiment in minutes.
n (or n -1) as subscripts designate the nth (or the (n - 1)th) time-interval of 10 minutes.
Ce represents the concentration in the effluent fluid of some previously specified

solute in p&Eq. or ,u,uEq/ml.
Fe represents the rate of flow of effluent in ml./min.
RES represents the Einstein-Stokes radius of a solute molecule in A.
Ca represents the concentration of a specified solute in the aqueous humour of the

anterior chamber in uEq/ml.
Va represents the volume of fluid in the anterior chamber in ml.
mha represents the amount of a solute moved from the posterior to the anterior chamber

in jEq.
Mph represents the amount of a solute moved from the plasma to the posterior chamber

in pEq.
Vph represents the volume of water moved from the plasma to' the chamber in ml.
cEp represents the mean equivalent plasma concentration (all solute species being

taken into account), in,Eq/ml.
ka.ha represents the transfer coefficient, with respect to the anterior chamber, of a sub-

stance moving from the posterior to the anterior chamber (in min-1).

The drainage channels at the angle of the anterior chamber being obstructed
and fluid from the eye being collected against a steady pressure, the rate of efflux
of water, as measured in the collecting system, could be regarded as equal to its
rate of influx into the eye.
The total volume of the anterior chamber (which was known) was regarded as

constant during the course of the experiment, and it thus became possible to calcu-
late the quantity of the ion present in the anterior chamber at the end of each time
interval: and consequently the net gain or loss during the previous 10 minutes:

[Net Loss](t( - t) Va{[a]t - [C.t} . . . Equation 1
But the net gain (or loss) was equal to the difference between the total influx and
efflux of the ion, i.e.:

t= tn
f (dt .ma)M dt - {[Cejt x 10. [Fe]t} . Equation 2

t = t(n-1)

742 * D. F. COLE
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FORMATION OF AQUEOUS HUMOUR

and hence the total influx,
t= tn

J d(dti4dt,
t =t(p.-.)

could be estimated for each time interval. The influx rate in ,uEq. (or ,u,tEq.) per
minute was obtained by dividing the figure so obtained by the duration of the time
interval.
The concentration of sodium potassium or chloride in the aqueous humour at

the end of each 10-minute time interval was estimated by calculating values of:

[Cat[t Mae]tn + [ Vae]tn * . Equation 3

which were plotted against time for each ofthe three electrolytes in each experiment.

The most evident feature of these results was a sharp fall of influx rate of
all the constituents studied which occurred very shortly after infusion with
DNP or FA had been started. The low rates of influx persisted for at least
60 min., until the end of the experiment (Tables I and IIB; Figs 2 and 3, over-
leaf). In contrast, no statistically significant changes were observed when
the infusion consisted only of phosphate buffered saline, as in the control
series (Fig. 4, overleaf). These findings reveal that the onset of action of
both inhibitors is rapid, significant decreases of aqueous flow often being
observable 5 min. after starting the intra-arterial infusion of DNP or FA,
and there seems little reason to doubt that the effect commences as soon as
the inhibitor reaches the ciliary epithelium. In support of this it may be
recalled that intracarotid administration of DNP causes a rapid ipsilateral
fall in I.O.P. (Cole, 1959).

TABLE IIB

MEAN INFLUX RATES OF SODIUM, CHLORIDE, POTASSIUM, AND WATER 1 HOUR
AFTER STARTING INTRA-CAROTID INFUSION
In each case the mean and its standard error are shown

Group (nline Animal given DNP Animals given FA

Sodium 1-007 0-280** 0-306**
(,Eq/min.) ±0-10 ±0-08 ±0 09

Chloride 0*770 0.300* 0*350*
(,uEq/min.) ±0-07 ±0-15 ±0-10

Potassium 29*14 9*50** 8-55**
(PPEq/min.) ±1-5 ±3-0 ±2-8

Water 6-20 2.15** 2-29**
(AId./min.) ±0-7 ±0-6 ±0 5

Values differing significantly from those of the control group are indicated by asterisks; thus the range 0 05>P>00 I
is shown by *, and 0-01 > by **.
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FIG. 2.-Rates of entry of water, sodium, potassium, and chloride into the
aqueous humour of animals given fluoracetamide (FA) at t =0. The gap in
the continuous line for each substance indicates the start of the FA infusion.

The production of the aqueous humour may be regarded as comprising
three processes: diffusion, either direct or indirect, from the plasma; ultra-
filtration across the blood-aqueous barrier from the blood in the ciliary body;
and active transport of at least one constituent across the blood-aqueous
barrier dependent upon the metabolic activity of certain regions of the ciliary
epithelium. Any change of the influx rates should be explicable in terms of
one or more of these processes.
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FORMATION OF AQUEOUS HUMOUR
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O3 x 0*2 FIG. 3.-Rates of entry of water, sodium, potassium, and
I O chloride into the aqueous humour -of animals given 2:4
U dinitrophenol (DNP) at t =0. The gap in the continuous line

for each substance indicates the start of the DNP infusion.
In an intact eye in steady state, the rate of entrance of a solute by diffusion,

whether directly from the plasma or indirectly through the vitreous or
cornea, is very largely offset by diffusion from the aqueous into the plasma.
The net influx by passive diffusion is approximately proportional to the con-
centration difference between aqueous and plasma and, in the case of sodium
and potassium, this concentration difference did not change significantly
during the course of the experiments. Similar considerations apply to the
net diffusion of sodium and potassium into the aqueous from the vitreous
and cornea.
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0 u 0 FIG. 4.-Rates of entry of water, sodium, potassium, and
Xi ,_ 0X2- chloride into the aqueous humour of animals given
3O infusions of buffered (pH 7 4) isotonic saline.

Chloride ion behaved similarly to sodium, except that the reduction of
influx after DNP and FA was not quite so pronounced and occurred more
slowly (Table I). Since, however, the rate of turnover of the constituents in
the anterior chamber had decreased in the treated animals, it is possible that
the exchange of aqueous bicarbonate for plasma chloride was more extensive
than in the untreated control animals.

Studies of isolated lenses have shown that loss of K"ion is accompanied by
uptake of Nation from the suspending fluid (Harris and Gehrsitz, 1951), and
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FORMATION OF AQUEOUS HUMOUR

a process of this nature in the present experiments would have increased the
Na' loss from the fluid in the anterior chamber.

There was no indication that either DNP or FA caused any significant
loss of potassium from the lens, as this would have raised the potassium con-
centration of the effluent. Furthermore, the total efflux of potassium is so
small compared with the total Na efflux that the quantity of sodium involved
in an exchange for lenticular potassium would not have materially altered the
findings.

Adverting now to the contributions of active secretion and of ultra-
filtration to the sodium influx, it would appear that some 75 per cent. of the
transport of sodium is subject to inhibition by DNP or FA. If these inhi-
bitors completely arrest active secretion of sodium there remains a net influx
of 0 200-0 300 ,uEq/min., representing the contribution resulting from ultra-
filtration. This compares favourably with a rate of 0-304 ,Eq/min. observed
in transfusion experiments with animals treated with DNP (Cole, 1960), and
accords with the view that the influx of Nation in the presence of either
inhibitor is due mainly to ultrafiltration.
An hypothesiswhich accounts for the present observations may be expressed

more fully in the following terms. Suppose an electrolyte, common to
plasma and aqueous humour, to be actively transported across the blood-
aqueous barrier by a carrier system situated in the barrier which resembles the
Na'-carrier system described by Ussing (Ussing and Zerahn, 1951; Koefoed-
Johnsen and Ussing, 1958; Ussing, 1960); in the case of active sodium trans-
port, electrical equilibrium could be maintained by inward diffusion of an
anion, chiefly Cl-ion, from the plasma but also by the formation of bi-
carbonate ion in the barrier, which would migrate preferentially into the
aqueous humour on account of the electrochemical gradient. This view
would go some way to explaining the excess of HCO3 in the aqueous of
certain species, since the entry of HCOQ would be inversely related to the
permeability of the blood-aqueous barrier to Cl-.

Since the barrier is readily permeable to water (Kinsey, Grant, and Cogan,
1942; Friedman, Newell, LeRoy, and Okita, 1957), entry of solutes and water
approximates to isosmotic transfer so that:

d
dt (2mP)
d cp. . . Equation 4

In addition to the "active formation", a net influx of water and solutes
may also be brought about by ultrafiltration, maintained by the hydrostatic
pressure difference between the blood in the ciliary vessels and the I.O.P.
The theory, developed by Pappenheimer, Renkin, and Borrero (1951);
Chinard (1952); and Pappenheimer (1953), suggests that, at the rates of flow
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encountered in the present experiments, there would not be any marked
molecular sieving of the smaller solute molecules (RES < IOA), and that hence
the electrolyte composition of plasma and filtrand would be very similar.
The chief difference would be the relative absence of protein molecules
(RES > 30A) in the filtrand. A rough estimate of the filtration constant of the
blood-aqueous barrier may be calculated from the present experimental
results. The influx rate of water in eyes treated with DNP was between
2-0 and 2 5 ,l./min. (Table IIB). Taking the hydrostatic pressure difference
between the capillaries of the ciliary body and the I.O.P. as being not greater
than 10 cm. 1420 (cf. Davson, 1956, p. 340; Tada, 1953), and the area through
-which ultrafiltration occurs as lying between 2 cm.2 and 6 cm.2 (cf. Baurmann,
1930), the filtration constant for the blood-aqueous barrier would be of the
*order of 80-100 x lo-8 ml./sec./cm. H20/cm.2. This is of the same order of
magnitude as the values calculated for capillary membranes in other regions
of the body by Pappenheimer (1953). Both "active transport" and ultra-
filtration can contribute to flow from the posterior to the anterior chamber
and both are included in the transfer coefficient ka.ha.
The entrance rates of sodium and potassium in control eyes (Table IIB),

as measured in the present experiments, are considerably greater than those
observed in transfusion experiments, a greater proportion of the influx being
subject to inhibition by FA, or DNP. This may be due in part to the greater
size of the eyes (Va =0 300 ±0 02 ml.), which would cause the difference of
the transfer coefficients (ka ha) to be much less noticeable (ka ha =0 018 min.-1
in the transfusion experiments and 0 023 min.-1 in the present series). Since
this difference of influx rate was only found in the control groups, it is
reasonable to suppose that active transport was occurring more rapidly than
in the transfusion experiments where it seems possible that the rapid rate of
transfusion has cooled the tissue and reduced the rate of secretion.
The experiments referred to above, in which the entrance rates of ions

were estimated by transfusing the anterior chamber with isotonic mannitol,
had demonstrated a reduction of sodium influx after treatment with DNP
but yielded no information concerning the influx of water. Elsewhere (Cole,
1959) it was suggested that DNP acted primarily on the rate of transport,
rather than on the concentration of the solutes secreted across the blood-
aqueous barrier, and from the findings in the present experiments (Table III,
opposite) it is evident that neither DNP nor FA alters significantly the con-
*centration of sodium or chloride in the aqueous humour. From this it
follows that, so far as these two solute species are concerned, net transfer
from plasma to aqueous is approximately isotonic (cf. Equation 4). Under
these circumstances the diminution of the rate of flow of the aqueous after
administration ofDNP or ofFA may be accounted for in terms of inhibition
of active transport of solutes in conformity with the hypothesis suggested
above.
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FORMATION OF AQUEOUS HUMOUR

TABLE III
CONCENTRATIONS OF SODIUM, CHLORIDE, AND POTASSIUM IN AQUEOUS
HUMOUR AND PLASMA WATER 1 HOUR AFTER STARTING INTRA-CAROTID

INFUSION
In each case the mean and its standard error are shown

Saline Animals given Animals givenconcentration (Control Series) DNP FA
I,

Aqueous
Humour

Sodium 162-0 159.0 155-1
(,uEq/ml.) ±4-2 ±5-2 ±5 0

Chloride 103-1 104 7 1015
(,uEq/ml.) ±4-5 ±5-1 ±3-1

Potassium 4-7 4-4 3-8
(pEq/ml.) ±0-4 ±0-3 ±0-3

Sodium 165-3 162-0 158 0
(pEq/ml.) ±1-2 ±1 2 ±1-1

Plasma Chloride 100-8 1061 97*2
Water (IAEq/ml.) ±2-9 ±3-2 ±2.7

Potassium 4-8 4-4 4 0
(,Eq/ml.) ±0-2 ±0-2 ±0-3

Summary
Using rabbits in which the outflow channels from the anterior chamber

had been obstructed with mineral oil, aqueous humour was continuously
collected, against a pressure of 25 mm. Hg, through a hypodermic needle
lying in the anterior chamber. The volume of fluid collected was measured
and, from time to time, removed for analysis. Concentrations of sodium,
potassium, and chloride were determined and, knowing these values and the
volume of effluent fluid, influx rates from plasma to aqueous for water and
for the three solute species were estimated at different times during the
course of the experiment.
The action of two metabolic inhibitors: 2:4-dinitrophenol (DNP) and

fluoracetamide (FA), upon influx rates was then investigated, making use
*of the method described above.
The following values were obtained for influx rates in control eyes:

Water = 6-20 ±07 pl./min.
Sodium = 1H007 ± 0.10 ,Eq./min.
Chloride = 0 770 ±0'07 1zEq./min.
Potassium = 29-14 ± 1P5 ,uKEq./min.

The influx rates decreased promptly when either DNP (c. 0-001 mM/min.)
or FA (c. 0 0013 mM/min.) was infused into the carotid artery through an
indwelling cannula. The fall was significant after 10 min., and after an hour
the influxes had reached about one-third of their original values.
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These findings are discussed and it is suggested that:
(a) The solute influx after administration of DNP or FA indicates the

rate of entrance due to ultrafiltration from plasma to aqueous across.
the blood-aqueous barrier.

(b) Normal aqueous formation depends upon active solute transport
into the eye, which, in turn, causes approximately isotonic transfer
of water from plasma to aqueous. DNP and FA are known to
inhibit sodium transport in other tissues and the possibility that
Na-ion is the actively transported solute is considered. An hypo-
thesis relating the entry of sodium into the eye to the influx of chloride
and bicarbonate is briefly discussed.

The author wishes to express his thanks to Sir Stewart Duke-Elder for his advice and,
encouragement and for the facilities afforded to make this investigation possible.
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