Ascorbic Acid Content of Human Corneal Epithelium
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PURPOSE. To measure the concentration of ascorbic acid in the human corneal epithelium.
METHODS. Corneal epithelium was removed from postmortem eyes 4 to 16 hours after death and
ascorbate measured by high-performance liquid chromatography.
RESULTS. The concentration of ascorbate was 1.33 ⫾ 0.48 mg/gm wet weight (mean ⫾ SD),
estimated to be 14 times its concentration in the aqueous humor.
CONCLUSIONS. Ascorbate can protect the basal layer of the epithelium by absorption of incident
ultraviolet radiation. (Invest Ophthalmol Vis Sci. 2000;41:1681–1683)

T

he corneal epithelium of animals has been known to
contain very high concentrations of ascorbic acid, first
reported by Pirie1 in rabbits and oxen. Pirie’s observations were consistent with the notion that ascorbate enters the
aqueous humor, diffuses through the endothelium into the
stroma, and then is concentrated by the epithelial cells. This
idea was supported by the work of Reim et al.2 who found the
concentration of ascorbate in the epithelium of rabbits to be as
high as 2 mg/gm wet weight, 8 times the concentration in the
aqueous humor.
The dynamics of ascorbate in the anterior segment have
been the subject of investigation since the discovery by Birch
and Dann3 of the high concentration in the aqueous humor.
Mueller and Buschke4 and, later, Kinsey5 showed that the
aqueous humor concentrations were increased even more after parenteral administration of ascorbic acid, and Reim et al.2
demonstrated the same effect in the corneal epithelium. Kinsey
showed it was the reduced form rather than the oxidized form
that was transported.6 A number of authors have since determined that an active transport system demonstrating saturable
kinetics is present in the ciliary body and moves ascorbic acid
from the plasma into the posterior chamber.7–19 Excellent
reviews of ascorbic acid metabolism in the eye have been
published by Rose and Bode20 and by Delamere.21
Recently, two specific ascorbate transport proteins have
been discovered and sequenced.22 One of these proteins,
termed by the authors “sodium-dependent vitamin C transporter 2,” is expressed both in the ciliary epithelium and in the
corneal epithelium of the rabbit eye. The identification of this
transporter confirms what had been the putative mechanism
responsible for the high concentrations of ascorbic acid in the
eye. The histologic localization of this transporter suggests that
the very high concentration of ascorbic acid in the corneal
epithelium results from a two-stage transfer process, first from
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the plasma to the aqueous humor and second from the aqueous humor to the corneal epithelium. This was Pirie’s original
hypothesis.
Recently, Ringvold et al.23 measured ascorbate in the
corneal epithelium of different animals and found the highest
concentrations in diurnal species that encounter the highest
environmental levels of ultraviolet radiation. Ringvold et
al.24,25 emphasized that ascorbic acid is an excellent absorber
of UV radiation between 280 and 310 nm and that it has an
absorption curve that roughly matches the absorption curves
of protein and nucleic acids in this region of the spectrum. Pitts
and Tredici26 show that the absorption spectrum of ascorbic
acid is the inverted action spectrum of UV damage to the
cornea. These findings, coupled with the finding that diurnal
animals have the highest concentrations of ascorbic acid in the
anterior chamber,27,28 suggest that the eye is able, either
through evolution or physiological adaption, to create its own
“sunscreen” to protect itself from the deleterious effects of
ambient UV radiation.
Humans, like diurnal mammals, have a high concentration
of ascorbate in the aqueous humor, but the concentration of
ascorbic acid in the corneal epithelium of humans has not been
reported. The purpose of this article is to report that human
corneal epithelium contains very high concentrations of ascorbic acid and to speculate on its role in the health of the cornea.

METHODS
Eighteen human eyes were obtained at autopsy of 9 subjects
and transferred to a laboratory for processing. The lapse of
time between death and collection of epithelium and aqueous
humor was recorded, and in most instances was less than 10
hours. Corneal epithelium was scraped off with a glass knife
and placed in preweighed 1.5-ml microcentrifuge tubes. The
tubes were reweighed to determine the weight of the epithelial specimen. Cooled meta-phosphoric acid, 200 l, was then
added to the tube. The epithelial specimen was then homogenized in its tube with a matching pestle. Aqueous humor was
drained from the anterior chamber and diluted 1:1 with cooled
10% meta-phosphoric acid in a 1.5-ml microcentrifuge tube.
Both tubes (epithelium and aqueous humor) were then stored
at ⫺70°C.
Within 10 days the specimens were warmed to room
temperature, and the epithelial specimen was centrifuged at
12,000g for 10 minutes. Twenty-microliter aliquots were in1681
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TABLE 1. Data from Measurement of Ascorbate in Epithelium and Aqueous Humor
Eye

Age/Sex

Subject 1
OD
OS
Subject 2
OD
OS
Subject 3
OD
OS
Subject 4
OD
OS
Subject 5
OD
OS
Subject 6
OD
OS
Subject 7
OD
OS
Subject 8
OD
OS
Subject 9
OD
OS
Mean ⫾ SD

80/F

Corneal Epithelium,
mg/gm

Aqueous Humor,
mg/ml

Ratio* C/A

2.30
2.50

0.23
0.19

14.4
18.6

1.00
1.04

0.09
0.12

15.1
12.2

1.61
(0.46)

0.12
—

19.0
—

1.04
0.86

0.04
0.04

40.1
32.3

1.50
1.66

0.33
0.30

6.4
8.0

(1.11)
1.21

—
0.18

—
9.7

1.27
0.97

0.20
0.18

9.1
7.7

0.87
1.10

0.36
0.35

3.4
9.4

1.28
1.06
1.33 ⫾ 0.48

0.25
0.17
0.20 ⫾ 0.10

7.3
8.9
13.6 ⫾ 10.0

Elapsed Time†,
hours
4

82/F

6.5

83/M

16

30/F

6

91/F

6.7

46/F

4

79/M

9

44/M

10

50/F

12

Data in parentheses were measured, but not included in mean.
* Water content of epithelial cells assumed to be 70% of wet weight.
† Time between death of patient and processing of eye.

jected into the high-performance liquid chromatography
(HPLC) system. All specimens were measured in triplicate and
compared with standards of 0.01, 0.1, 0.25, and 0.5 mg/ml
prepared from analytical grade ascorbic acid dissolved in 10%
meta-phosphoric acid.
A Beckman Gold HPLC system with a photodiode array
detector was used. A Supelcosil LC-18, 250 ⫻ 4.6 mm, 5-m
particle size column was used with a guard column containing
the same material. The mobile phase was HPLC grade water
acidified to a pH of 2.2 with sulfuric acid. The flow was set to
1.0 ml/min. The wavelength of the detector was set to 243 nm.
The study was approved by the Institutional Review Board
of Mayo Clinic.

RESULTS
In two eyes, adequate aqueous humor samples could not be
obtained. In 16 eyes, successful measurements of epithelial and
aqueous humor ascorbate were made (Table 1). The concentration of ascorbate in the corneal epithelium of these 16 eyes
was 1.33 ⫾ 0.48 mg/gm wet weight (mean ⫾ SD) and in the
aqueous humor was 0.20 ⫾ 0.10 mg/ml. If the water content of
the corneal epithelium is assumed to be 70% of the wet weight,
the ratio of ascorbate in the epithelium to that in the aqueous
humor was 13.6 ⫾ 10.

DISCUSSION
If the ascorbate were uniformly distributed in epithelial water,
its concentration would be 1.9 mg/ml of cell water, nearly 14
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times higher than its concentration in the aqueous humor. If
the concentration in the aqueous humor were 20 times that in
plasma,21 the overall concentration gradient between the epithelium and the plasma can be nearly 300:1.
Humans lack the enzyme L-gulonolactone oxidase, rendering them unable to carry out the final step in the synthesis of
ascorbic acid.29 Consequently, the very high concentration in
the corneal epithelium cannot be explained by synthesis in
situ. Instead, the enormous concentration gradient between
the plasma and the eye must be created by the action of the
recently discovered transporter protein, sodium-dependent
transporter protein 2, that is present in the ciliary epithelium
and in the corneal epithelium.22
The concentration of ascorbate in the corneal epithelium
is the highest of any known tissue concentration in the eye and
higher than any other reported tissue in the body. Its molarity,
11 mM/l, approaches that of many key components of cytosol.
At this concentration, for example, ascorbic acid is 50 times
more concentrated than oxygen in water in equilibrium with
atmospheric air at room temperature. Ascorbic acid alone
would account for approximately 4% of the molarity of all the
solute molecules in the cytosol!
The age of our subjects, their terminal condition, and the
delay between death and tissue processing all favor the idea
that the concentrations of ascorbic acid reported here are
lower than those found in healthy, living humans. At such high
concentrations, ascorbic acid could serve to protect the deeper
layers of the cornea from radiation damage, such as the basal
epithelial layer, the stromal keratocytes, and the corneal endothelium. Ascorbic acid could carry out an energy-absorbing
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FIGURE 1. Calculated transmittance of a 50-m-thick layer of fluid
containing 1.6 mg/ml ascorbate, simulating the epithelial layer of the
cornea, and a 3-mm-thick layer of fluid containing 0.2 mg/ml ascorbate,
simulating the combined stromal layer of the cornea and aqueous
humor of the anterior chamber. The concentration in milligrams of
ascorbate per milliliter cell volume has been calculated to be 1.6 based
on an assumed density of corneal epithelium of 1.2 g/ml.

function for the central area of the cornea, a function that can
be carried out by melanin pigment in the interpalpebral region
of the limbus, an area that is often pigmented, especially in
darker races.
It is not clear what role ascorbic acid might play in protecting the cornea from radiation. However, if ascorbate is
evenly distributed throughout the corneal epithelium, ascorbate alone would absorb 77% of the incident radiation at
wavelengths likely to be most dangerous to the genetic material of the basal layer. Ascorbate could also protect the epithelium of the lens. Before reaching the lens, 99.96% of radiation
at 260 nm would have been absorbed by ascorbate in the
intervening structures. These absorbances are derived from the
expected transmittance of a layer of fluid 50-m-thick containing ascorbate at the concentration found in epithelium and the
expected transmittance of a layer of fluid 3-mm-thick containing ascorbate at the concentration found in the aqueous humor
(see Figure).
Ocular ascorbate would rate as having a Sun Protective
Factor (SPF) of 4 (at this wavelength) for the basal layer of the
cornea and 2500 for the lens epithelial layer. Thus, Ringvold’s
hypothesis about ascorbate’s role in the eye as an absorber of
ultraviolet radiation is certainly correct.24,25
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