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Abstract

Background: To measure ascorbic acid concentration in aqueous humor of patients with cataract after oral or

intravenous vitamin C supplementation.

Methods: Forty-two eyes of 42 patients with senile cataract who underwent uncomplicated cataract surgery were
enrolled. Patients (n = 14 each) were administered oral vitamin C (2 g), intravenous vitamin C (20 g) or no treatment
(control group) on the day before surgery. Samples of agueous humor (0.1 cm?) were obtained by anterior chamber
aspiration at the beginning of surgery and stored at —80 °C. Ascorbic acid concentration in agqueous humor was

measured by high-pressure liquid chromatography.

Results: The mean age at surgery was 62.5 years, with no difference among the three groups. The mean + standard
deviation concentrations of ascorbic acid in agueous humor in the control and oral and intravenous vitamin C groups
were 1347 + 331 umol/L, 1859 + 408 umol/L and 2387 + 445 pmol/L, respectively. Ascorbic acid concentration was
significantly lower in the control than in the oral (P < 0.01) and intravenous (P < 0.001) vitamin C groups and was
significantly higher in the intravenous than in the oral vitamin C group (P < 0.05).

Conclusions: Ascorbic acid concentration in aqueous humor is increased by systemic vitamin C supplementation, with
intravenous administration being more effective than oral administration.
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Background

Vitamins are essential nutrients required for various bio-
logical processes in the body. Because they cannot be
synthesized in the body, vitamins must be ingested in
foods. Vitamin C (ascorbic acid) facilitates the con-
version of cholesterol into bile acids and increases the
absorption of iron in the gut. Vitamin C is also an anti-
oxidant, protecting the body from the deleterious effects
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of free radicals, pollutants and toxins [1]. Deficiencies in
vitamin C have been associated with anaemia, infections,
bleeding tendency and delayed wound healing [2].

The concentration of ascorbate is about 15 times
greater in the aqueous humor of the eye than in plasma,
suggesting that vitamin C may protect against harmful
factors within the eye [3]. However, the concentration of
vitamin C in aqueous humor of patients with age-related
cataract decreases with age of the patient (from 50 to
70 years old), suggesting that this decrease may play a
role in susceptibility to cataract formation in older
people [4, 5]. Vitamin C concentrations in aqueous
humor are also lower in patients with various ophthal-
mic diseases. For example, the concentration of vitamin
C in the anterior chamber has been reported lower in
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patients with Lowe’s syndrome and exfoliation syndrome
than in age-matched controls [6—8]. Moreover, reduced
levels of vitamin C in aqueous humor may be associated
with glaucoma [8, 9]. Thus, measuring vitamin C con-
centrations in aqueous humor may be useful for study-
ing the pathogenesis of several ocular diseases.

Systemic oral administration of 2.0 g of vitamin C re-
sulted in saturation of aqueous humor, with additional
vitamin C, up to 5 g, not further increasing its concentra-
tion [10]. That study, however, did not assess whether
intravenously administered vitamin C resulted in higher
concentrations in the anterior chamber. This study there-
fore investigated ascorbic acid concentration in aqueous
humor, as measured by high-pressure liquid chromatog-
raphy (HPLC), after systemic (oral and intravenous) vita-
min C supplementation in patients with cataract.

Methods

This study was approved by the Institutional Review
Board of the Gyeongsang National University Hospital
(no. 2016-04-012-002) and complied with the guide-
lines of the Declaration of Helsinki. All subjects pro-
vided written informed consent.

Patients and sampling of aqueous humour

This study prospectively enrolled cataract patients with
no previous ocular morbidities who had not undergone
previous intraocular surgery or procedures. Patients with
chronic systemic diseases (e.g., of the liver or kidneys),
uncontrolled diabetes mellitus or hypertension, history
of renal calculi or gout, hypersensitivity to vitamin C or
history of vitamin C supplements were excluded, as were
pregnant or lactating women. Participants were classified
into control, oral vitamin C and intravenous vitamin C
groups. The latter two groups were administered oral
vitamin C (2 g/day) or intravenous vitamin C (20 g/day)
on the day before cataract surgery. To minimize the
effect of time on ascorbic acid concentration, 1 g
(oral group) or 10 g (intravenous group) of vitamin C
was administered twice at 8 h interval to complete the
total dose of 2 g or 20 g to the patients on the day before
surgery. And, on the day of surgery, the collection of
aqueous humor was completed within at least 2 h from
8 am. Samples of aqueous humor (0.1 cm®) were obtained
by anterior chamber aspiration into a syringe using a
26-gaugeze needle at the beginning of the surgery,
prior to the injection of viscoelastic. All samples were
stored at —80 °C in amber tubes.

Materials

L-Ascorbic acid and metaphosphoric acid (MPA) were
purchased from Sigma-Aldrich Co. (St Louis, MO, USA)
and Kanto Chemicals Co. Inc. (Tokyo, Japan), respect-
ively. HPLC-grade acetonitrile and water were purchased
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from Fisher Scientific (Pittsburgh, PA, USA). All other
chemicals were of analytical grade.

Measurement of ascorbic acid in aqueous humour
Ascorbic acid concentrations in aqueous humour were
measured by HPLC, as previously described with slight
modifications [11]. Briefly, 100 uL of cold 10% MPA so-
lution was added to a 100 uL aliquot of sample, vortexed
and kept at 4 °C for 10 min for protein precipitation and
ascorbic acid stabilization. The samples were centrifuged
at 4 °C for 5 min at 10,000 g, and 20 pL of supernatant
was transferred to a clean tube and diluted with 180 pL
of 0.9% MPA. A 10 pL aliquot of each sample was
injected into the HPLC. All solutions were carefully pro-
tected from light during sample preparation and ana-
lysis. Ascorbic acid was determined using an Agilent
1260 HPLC system (Agilent, Singapore) and a Synergi
Hydro-RP column (4 um, 4.6 x 150 mm; Phenomenex,
CA, USA) maintained at 20 °C. The mobile phase con-
sisted of 0.9% MPA (A) and acetonitrile (B), with gradi-
ent elution at a flow rate of 0.7 mL/min. The initial
composition of 100% A was kept for 5 min, increased
from 0% to 90% B for 3 min and maintained at 90% B
for 2 min. The gradient was then changed back to the
initial condition over 1 min and kept at the initial condi-
tion for 6 min. The total run time was 17 min. Effluent
was monitored using a UV detector set at 265 nm. Rep-
resentative HPLC chromatograms after stabilization of
vitamin C are presented in Fig. 1. The calibration curves
of ascorbic acid were linear over the ranges studied, with
> 0.995.

Data were summarized using mean and standard
deviation. Statistical analyses comparing three groups
were performed using a one-way analysis of variance
(ANOVA), and post hoc analysis with Bonferonni cor-
rection was used to evaluate the difference between the
two groups using SPSS ver 18.0 (SPSS Inc., Chicago, IL,
USA). Statistical significance was set at 0.05.

Results

Table 1 shows the baseline characteristics of the 42 study
subjects (42 eyes) enrolled from February to July 2015.
The mean age of this cohort was 62.5 + 10.1 years. Mean
age, gender and status of cataract (Lens Opacities
Classification System III, LOCS III) were similar
(P > 0.05) in the three groups.

Ascorbic acid concentrations in aqueous humour are
presented in Fig. 2. The mean + standard deviation con-
centrations of ascorbic acid in the aqueous humor of the
control, oral vitamin C and intravenous vitamin C
groups were 1347 + 331 pumol/L, 1859 + 408 umol/L
and 2387 + 445 pmol/L, respectively. Ascorbic acid con-
centration was significantly lower in the control than in
the oral (P < 0.01) and intravenous (P < 0.001) vitamin
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Fig. 1 Representative HPLC chromatograms after stabilization of vitamin C. a vitamin C standard solution (1000puM) (b) human aqueous sample
collected after intravenous administration of vitamin C. The arrows indicate vitamin C. UV absorption at 265nm is shown in milliabsorption

C groups and was significantly higher in the intravenous
than in the oral vitamin C group (P < 0.05).

Discussion
To our knowledge, no previous study has investigated
the effects of oral and intravenous vitamin C supplemen-
tation on ascorbic acid concentrations in aqueous
humor. Our results indicate that both types of systemic
vitamin C supplementation increased ascorbic acid con-
centrations in aqueous humor, with intravenous admin-
istration being more effective than oral administration.
Previous studies show that ascorbic acid concentra-
tions are much higher in aqueous humor than in plasma
[12, 13]. This concentration gradient is a result of active
transport in the ciliary epithelium [14]. In eyes, ascorbic
acid protects against the effects of ultraviolet rays and
oxidants, thereby preventing cataract formation [5, 15].
Lower than normal ascorbic acid concentrations in aque-
ous humor have been reported in various ophthalmic
diseases. For example, the concentration of vitamin C was

Table 1 Clinical characteristics of the study population

reported to decrease with age in patients with age-related
cataract, suggesting that reductions in ascorbic acid may
play an important role in cataract formation [4, 5]. Lower
levels of vitamin C in aqueous humor may be associated
with glaucoma, including in patients with primary open
angle glaucoma and secondary glaucoma [8, 9, 16]. Finally,
patients with Lowe’s syndrome and exfoliation syndrome
have significantly lower levels of ascorbic acid in aqueous
humor than age-matched controls [6, 8]. These
findings suggest that vitamin C concentrations may
provide clues to the pathogenesis and treatment of
several ocular diseases.

High ascorbic acid concentrations in aqueous humor
may protect the lens against the cataractogenic effects of
UV radiation [17, 18]. Moreover, oral, topical or intra-
venous application of vitamin C lowers intraocular pres-
sure in glaucoma patients [8, 9, 19]. The Age-Related
Eye Disease Study (AREDS) found that long-term sup-
plementation with vitamin C (500 mg/day) and other
vitamins was effective in retarding the progression of

Intravenous vitamin C Oral vitamin C Control P value Total

Number of patients 14 14 14 42
Age, yr (mean+SD) 64 =109 626+ 103 605 + 6.7 0.541 625+ 10.1
Sex (M/F) 7/7 6/8 8/6 0.741 21/21
Grade of Cararact (LOCS Il NO2NC2 0 1 1 2

NO3NC3 8 8 9 25

NO4NC4 5 4 4 13

NO5NC5 1 1 0 2

LOCS Lens Opacities Classification System, NO Nuclear Opalescence, NC Nuclear Color
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Fig. 2 Ascorbic acid concentrations in the agueous humor of the
control, oral vitamin C and intravenous vitamin C groups. *P < 0.05,
**P < 0.01

age-related macular degeneration (AMD) [20] and in
delaying the progression of lens opacities [4, 18]. Supple-
mentation with low- and high-dose vitamin C was found
to be associated with decreased risk of glaucoma [21].
However, the optimal concentrations and routes of
administration remain unclear.

Our findings are largely consistent with those of earlier
studies. A 10% increase in plasma ascorbate concentra-
tion was found to increase ascorbate concentrations in
aqueous humor by 48% [13] and 66% [22]. Oral adminis-
tration of 2.0 g of vitamin C was found to saturate the
aqueous humor, with further vitamin C supplementation
having no effect on its concentration in aqueous humor
[10]. By contrast, this study showed that intravenous ad-
ministration was more effective than oral administration
at increasing the ascorbic acid concentration in aqueous
humor. Intravenous supplementation with high-dose
vitamin C and its increased concentration in aqueous
humor may protect normal ocular structures against
harmful reactive oxygen radicals and may treat diseases
associated with these radicals. Our previous study found
that systemic (oral or intravenous) vitamin C supple-
mentation reduced the size of corneal opacities resulting
from infectious keratitis, with intravenous vitamin C be-
ing more effective than oral vitamin C [23]. Additional
studies are needed to determine the effect of vitamin C
in patients with severe uveitis, glaucoma, cataract and
other inflammatory diseases.

This study had several limitations, including its small
sample size. In addition, serum concentrations of vita-
min C were not measured. And, the subjects were not
randomly divided into three groups, so there could be a
selections bias. Finally, there is no standardization of as-
corbic intake of the individual patients, so, it can affect
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ascorbic acid level in the aqueous humor. Future studies
assessing the impact of vitamin C on various ocular
diseases should include direct administration of various
concentrations of vitamin C and measurements of vitamin
C in aqueous humor. Large, long-term clinical studies are
warranted to establish the optimal dose, route of adminis-
tration, duration of treatment and frequency of adminis-
tration of vitamin C for various ophthalmic diseases.

Conclusion

In conclusion, the results of this study suggest that sys-
temic administration of vitamin C increased ascorbic acid
concentration in aqueous humor, with intravenous admin-
istration being more effective than oral administration.
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