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Background & objectives: Cataract is one of the leading causes of blindness in the world. The aim of the
present study was to investigate anticataractogenic effect of betaine in chick embryo hydrocortisone
(HC)-induced cataract model.

Methods: The study included 60 fertilized eggs divided into six groups each having 10 eggs: one group
treated with only HC (HC group); three treated with both HC and different doses of betaine (HC/B 1.00,
HC/B 0.50 and HC/B 0.25 groups) and two non-HC groups treated with only phosphate-buffered saline
(PBS group) or betaine (B group). After the injections, lenses of the embryos were removed and classified
into five stages according to the lens opacification. The amounts of reduced glutathione (GSH) in the
removed lenses were measured.

Results: All the lenses in non-HC-treated groups were clear, whereas in the HC-treated group, 90 per
cent of the lenses had cataract (stages 4 and 5). The mean score of lens opacity was significantly lower in
all HC/B groups compared to HC group (2.4-3.5 vs. 4.4, P<0.05). Among HC/B groups, the HC/B 0.25
group had significantly lower mean score of lens opacity compared to remaining HC/B groups treated
with higher doses of betaine. In addition, the mean reduced GSH level was significantly higher in HC/B
0.25 group compared to HC, HC/B 1.00 and HC/B 0.50 groups (P<0.001).

Interpretation & conclusions: The present results show beneficial anti-cataract and anti-oxidant effects of
0.25 pmol/egg betaine on HC-induced cataract in the chick embryo.
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It has been long known that prolonged
glucocorticoid therapy leads to some ocular
complications such as posterior subcapsular
cataract!. Many experimental studies have been
conducted on steroid-induced cataract (SIC) with
various animal models such as rat, mouse, rabbit

and chick embryo SIC models!-. Although the exact
molecular events causing SIC are not known, there
have been many theories about aetiopathogenesis
of SIC such as metabolic changes, osmotic failure,
gene transcription events and oxidative stress in lens
epithelial cells®’.
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Betaine  (N,N,N-trimethylglycine) is an
organic osmolyte found in humans with important
physiological functions such as assisting cell
volume regulation, providing methyl group for
the remethylation of homocysteine to methionine
and taking a role in cellular antioxidant defence®'°.
Previously, positive effects of betaine on many
diseases such as diabetes, obesity, cancer and autism
have been reported'!"'*. Tt is hypothesized that betaine,
as an antioxidant, may prevent the onset of oxidative
stress in the lens leading to cataract formation. For
this purpose, in the present study, preventive effects
of betaine were investigated on cataract formation
using chick embryo SIC model.

Material & Methods

This study was carried out for one year from June
to November 2017 in the department of Anatomy of
Afyon Kocatepe University, Afyonkarahisar, Turkey.
Sixty fertilized specific pathogen-free eggs were
included in this experimental study. The study protocol
was approved by the Ethics Committee for Animal
Experiments of the University.

In this study, chick embryo SIC model was used
which was first reported by Lee et a/®. Several studies
have shown that the anatomy and histology of the chick
embryo lens tissues are similar in size and appearance
to human lens tissues'>!7.

Alleggs were placed in the incubator and monitored
at 37.5°C and 65 per cent relative humidity. The eggs
were randomly divided into six groups each having
10 eggs: one group treated with only hydrocortisone
(0.5 umol/0.1 ml) (HC group); three groups
treated with both HC and different doses of betaine
(both procured from Sigma-Aldrich, USA, HC/B 1.00,
HC/B 0.50 and HC/B 0.25 groups) and two non-HC
groups treated with only phosphate-buffered saline,
pH 7.4 (PBS group) or betaine (B group). Betaine was
dissolved in PBS at the following concentrations: 1
umol /0.1 ml in group HC/B 1.00; 0.5 umol/0.1 ml
in group HC/B 0.50 and 0.25 pmol/0.1 ml in groups
B and HC/B 0.25. Injections were given on day 15 of
incubation and into the air sac (AS) of the eggs. In
HC/B groups, 0.1 ml of betaine solution was injected
to the AS 3 h after the injection of HC. After injection,
the puncture was sealed with sterile cellophane tape,
and the eggs were further incubated for 48 h in the
incubator.

Evaluation of opacity of removed lenses: On day 17 of
incubation (48 h after the injection), the lenses were

removed from chick embryos under the dissecting
microscope (Carl Zeiss, OMPI Pico, Germany) with
corneal limbus incision. The states of the lenses were
determined under a stereoscopic microscope (Zeiss,
Stemi 2000-C, Germany), and their photographs were
taken. Two lenses of each chick embryo served as one
sample.

A previously described staging system'> was used
to score the lenses on a five-grade scale: (i) clear lens
(no lens opacity); (ii) lens with a faint opaque ring
between the cortical region and the nuclear region;
(iii) lens with a distinct opaque ring between these
regions; (iv) lens with a pinhole-sized clear area in an
opaque nucleus; and (v) lens with an opaque nucleus.

Measurement of reduced glutathione (GSH) levels
in the removed lenses: The removed lenses were
immediately frozen and stored at —80°C until the
measurement of the reduced glutathione (GSH) level.
The sample was sonicated in ice with 0.1 M (pH 7.4)
phosphate buffer. The homogenates were centrifuged
at 10,000xg for 15 min. GSH levels were determined
by Glutathione Assay Kit (Chromsystems Diagnostics;
Munich/Germany) with high-performance liquid
chromatography (HPLC) method using Ultimate 3000
HPLC device with a HPLC fluorescence detector (Ex:
385, Em: 515 nm) supplied by ThermoFisher Scientific,
USA.

Statistical analysis: The statistical analysis was
performed with SPSS software v18.0 (SPSS Inc.,
Chicago, IL, USA). Continuous variables were
presented as a mean+standard deviation and categorical
variables as frequencies and percentages. Differences
between groups were determined using one-way
analysis of variance test.

Results

On day 17 after injection, it was observed that
three eggs in group HC/B 1.00 and two in group HC/B
0.50 did not develop; so, these eggs were excluded
from the study. Development of the remaining eggs
in these groups was not compatible with that of day
17 showing development retardation in these groups.

Lens evaluation in all groups on day 17 showed
that all the lenses (100%) were clear (stage 1) in groups
only injected with PBS or betain, whereas cataractous
lenses of stages 4 and 5 were seen in 90 per cent of the
cases in HC group (Figure). In HC/B groups, the lens
opacity score more than stage 3 was seen in 57.1 per
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Table. Opacity scores of removed lenses and mean reduced glutathione levels in study groups

Group (sn) Opacity scores of removed lenses’ GSH levels

1 2 3 4 5 Mean (minimum-maximum) (umol/l), mean+SD
HC/B 1.00 (7) 1 1 1 1 3 3.5(1-5) 45.4+13.9
HC/B 0.50 (8) 1 1 2 1 3 3.5(1-5) 106.3+48
HC/B 0.25 (10) 2 3 4 1 0 2.4 (1-4) 424.3+132
HC (10) 0 0 1 4 5 4.4 (3-5) 229.1£71
PBS (10) 10 0 0 0 0 1 294.9+62
B (10) 10 0 0 0 0 1 523.3£219
In each group, two lenses of each chick embryo served as one sample; "Numbers show the numbers of lens samples with each opacity
score. HC, hydrocortisone succinate sodium; PBS, phosphate-buffered saline; B, betaine; GSH, reduced glutathione; sn, sample number;
SD, standard deviation

A

Figure. (A) Lens image with grade 1 cataract in the group treated
with betaine, (B) lens image with grade 5 cataract in the group treated
with hydrocortisone.

cent (HC/B 1.00), 50 per cent (HC/B 0.50) and 10 per
cent (HC/B 0.25) of the removed lenses, respectively.
The mean score of lens opacity was significantly
lower in all HC/B groups compared to HC group
(2.4-3.5 vs. 4.4, P<0.05). In addition, the mean score
of lens opacity was significantly lower in HC/B 0.25
group compared to HC/B 1.00 and HC/B 0.50 groups,
P<0.05). However, the mean scores of lens opacity did
not significantly differ between HC/B 1.00 and HC/B
0.50 groups.

The mean GSH level in lenses was significantly
higher in HC/B 0.25 group compared to HC, HC/B 1.00
and HC/B 0.50 groups (P<0.001). Significantly lower
mean GSH levels in HC/B 0.50 and HC/B 1.00 groups
compared to remaining groups were in consistence
with observed developmental retardation of the eggs in
these groups. Mean lens opacity scores and GSH levels
within each study group are shown in the Table.

Betaine treatment with 0.25 pmol/egg prevented
cataract formation without any developmental
problems in chick embryos, whereas treatment with
higher dosages (0.50/1.00 pmol/egg) of betaine

caused developmental retardation with lower GSH
levels.

Discussion

The present study was aimed to examine the
preventive effects of different doses of betaine on
cataract formation using in vivo chick embryo SIC
model. Chick embryo SIC model has been used as an
efficient animal cataract model to study the anti-cataract
potential of several agents'6-2.

Betaine is one of the several organic osmolytes
involved in cellular antioxidant defence, protein
stabilization and stress responses. Moreover, the level of
betaine is known as a dominating osmolyte in placenta
and renal medulla tissue®'. The lenticular role of betaine
is not exactly known?. The exact metabolic changes
and repair processes occurring in the lens cells after an
injury are not known. However, it has been shown that
some osmolytes, especially methylamines like betaine,
may have stabilizing effects on macromolecules. This
effect is of crucial importance to the lens fibre cells
which have limited capacity of damage repair*. Some
previous studies evaluating metabolic changes in the
lens tissue after ultraviolet radiation (UVR)-induced
damage have shown that absorbed UVR photons
excite lens molecules and create free radicals which
increase the oxidative stress on the lens?*%. In addition,
studies evaluating metabolic profile of the lens tissue
under normal and cataractous conditions using nuclear
magnetic resonance spectroscopy have shown a
significant decrease in the concentrations of lactate,
succinate, taurine, betaine and myoinositol after UVB
irradiation®*?’. A significant decrease in osmolytes such
as taurine, myoinositol and betaine has been reported
to indicate a loss of homeostasis and osmotic stress**.
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The anti-cataract effects of betaine shown in
our study may be explained by functions of betaine
in cellular osmotic homeostasis and anti-oxidant
defence in lens fibre cells. The present study findings
also showed that anti-cataract effect of betain was
associated with lenticular GSH levels, suggesting
that the betaine might suppress lens opacification via
anti-oxidant functions.

One of the major findings of the present
study was that betaine showed anti-cataract effect
when given in optimum dosage. Treatment with
0.25 umol/egg betain prevented cataract formation
without any developmental problems in chick
embryos, whereas treatment with higher dosages
(0.50/1.00 pmol/egg) of betaine caused developmental
retardation with lower GSH levels. It is known that
overexpression of anti-oxidant systems leads to
excess reducing capacity that can deplete reactive
oxidative species, driving the cells to reductive
stress. Furthermore, it has been shown that chronic
consumption of anti-oxidant supplements may have
pro-oxidant effects that can alter the cellular redox
balance®. Betaine is an important human nutrient
obtained from a variety of foods including wheat,
shellfish, spinach and sugar beets?**. Small sample
size and the technical difficulties with the small chick
embryo eyes were the major limitations of our study.

In conclusion, administration of a dose of
0.25 pmol/egg betaine showed a significant anti-
cataract effect in chick embryo SIC model. This
finding is significant as it shows betaine as a potential
anti-oxidant agent preventing cataract formation.
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