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Abstract Present investigation evaluates the effect of daidzin in dry eye rat model through the sup-

pression of inflammation and oxidative stress in the cornea. Briefly, electron spine resonance was

used for the estimation of radical scavenging activity of daidzin and COX Fluorescent Activity

Assay Kit was used for the estimation of PGS activity. Dry eye rat model was developed by remov-

ing the lacrimal gland and effect of daidzin was evaluated in dry eye rat model by estimating the

fluorescein score, tear volume and expressions of heme oxigenase (HO-1), TNF a, Interlukin 6

(IL-6), matrix metallopeptidase 9 (MMP-9) and PGS-2. Result of the present study suggested that

daidzin possess tyrosyl radical scavenging activity and thereby decreases the oxidative stress. Activ-

ity of PGS significantly increases in dry eye which was inhibited by daidzin treatment due to com-

petitive inhibition of PGS. It also recovers the tear volume in dry eye rat model in which lacrimal

gland was removed. Thus corneal erosion was improved by daidzin in dry eye rat model. Thus pre-

sent study concludes that treatment with daidzin protects the cornea in dry eye rat model by sup-

pression inflammation and oxidative stress.
� 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Keratoconjunctivitis sicca is a pathological condition com-

monly called as Dry eyes characterized by alteration in tears
secretion quantity and quality wise (Nakamura et al., 2005).
It is clinically manifested by infection, irritation, ulceration

and blurred vision (Schaumberg et al., 2002). In dry eyes integ-
rity of ocular surface was changes due to several factors such
as age, airflow, UV radiation, temperature, chemical com-
pound, humidity and hormonal changes (Cekiç et al., 2002;

Chen et al., 2008; Craig et al., 2000; Zuclich and Connolly,
1979). All these changes generate the free radical that induces
inflammation and oxidative stress (Higuchi et al., 2011).

Reported literature confirms that tear contains several antiox-
idants such as lactoferrin, tyrosine and glutathione that protect
epithelial cells of the cornea (Fujihara et al., 2000). Lack of
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tear and dehydration of ocular surface causes dry eyes syn-
drome (Tsubota and Higuchi, 2000). Thus increased inflamma-
tion and oxidative stress are involved in the dry eyes induced

corneal ulcer (Antonisamy et al., 2015). So, the drugs that inhi-
bit these factors could be a treatment option for the manage-
ment of dry eyes.

Estrogen and its derivatives were reported to possess strong
antioxidant and anti-inflammatory property (Rifici and
Khachadurian, 1992). Moreover study performed by Higuchi

et al., proves that 2-hydroxyestradiol significantly decreases
inflammation and oxidative stress in dry eye syndrome rat
model (Higuchi et al., 2016). Isoflavones are known to produce
strong antioxidant and anti-inflammatory activity, moreover

isoflavones like daidzin and genistein reported to have similar
effect as that of estrogen (Xie et al., 1994). Daidzin is a isofla-
vones isolated from Pueraria lobata (Fabaceae) (Osman and

Fett, 1983). In the recent years many medicinal plants and
their metabolites were used as alternative for the treatment
of many antibiotics and therapeutic agents (Balamurugan,

2015; Rathi et al., 2015; Nandhini and Stella Bai, 2015;
Puthur, 2016; Sreeshma et al., 2016; Serasanambati and
Chilakapati, 2016). Literature suggested that daidzin was used

for the management of alcohol dependence and neurodegener-
ative disorders on the basis of its antioxidant and anti-
inflammatory property (Rezvani et al., 2003; Zhao et al.,
2002). Daidzin inhibits the proinflammatory mediators by

inhibits the activation of NF-jB and STAT-1 (Hämäläinen
et al., 2007). Thus present investigation evaluates the effect
of daidzin in the management of dry eyes.
2. Material and methods

2.1. Animals

Healthy male wistar rats (250–300 g) at about 8 weeks of age

were used for the pharmacological screening in the present
study. The animals were housed at 25 ± 2 �C temperature,
12 h light/dark cycle and 60 ± 5% of relative humidity. Rats

were feed with standard diet and water ad libitum. Protocols
of the present investigation for all the animal studies were
approved by the Institutional Animal Ethical Committee
Jiangxi provincial people’s hospital, Nanchang 330006, China

(19/2015).

2.2. Assessment of radical scavenging activity of daidzin

Daidzin was procured from Sigma (USA). Estimation of tyro-
sine radicals was performed as per the previously reported
study using electron spin resonance (Miura, 2012a). The mix-

ture was used in this study contained 5,5-dimethyl-1-
pyrroline-N-oxide (DMPO; 100 mM), H2O2 and myoglobin
(400 lM) in PBS with (pH 7.4) ethanol. All the steroids were

poured into the above given reaction mixture and thereafter
H2O2 was added to start the reaction. The ESR spectra were
taken in flat cell at room temperature.

2.3. Effect of daidzin on activity of PGS

The concentration of daidzin was estimated for the further
experiments by evaluating the effect of daidzin on cellular
viability by using human corneal epithelial cell line CEPI-17-
CL4 (Sharif et al., 1998). Epilife media which was supplemented
withHCGSused to culture theCEPI cells in 96well plates. CEPI

cells were incubated in the medium with daidzi for the duration
of one day. Later 10% Alamar Blue containing fresh medium
was used to replace the medium of plates. This reagent was used

for the estimation of cellular viability. These plates were incu-
bated for the period of 1 h and ARVO SX multilabel reader
was used for the determination of fluorescence Alamar Blue.

Evaluation of PGS inhibition activity confirms the anti
inflammatory activity of drugs like catechols. CEPI cells cellu-
lar extract was used to evaluate the PGS inhibition activity of
daidzin. Cellular extract was prepared by homogenizing the

CEPI cells with Tris-buffer (5 mM and pH 7.4) that contains
DTT and EDTA for the duration of 5 min at 10000 RPM.
COX Fluorescent Activity Assay Kit was used for the estima-

tion of activity of PGS. Activity of COX1 and COX2 enzyme
was estimated by fluorescence-based method using the given
assay kit in crude and purified preparations of enzyme. COX

component, peroxidase was utilized in the assay used in
this study. Prostaglandin G2 and resorufin was estimated at
530–40 nm wavelength for excitation and 585–95 nm for emis-

sion. ARVO SX multilabel reader was used for the estimation
of resorufin.

2.4. Effect of daidzin on dry eye

Effect of daidzin was evaluated on by eye using dry eye rat
model. All the rats were anesthetized and surgically lacrimal
glands were removed to develop dry eye rat model. Experiment

was started a day after the removal of lacrimal glands and
daidzin was used with 0.1, 1 or 10 lM concentration. 10 mM
concentration of daidzin was prepared by dissolving it into

ethanol and in PBS at 0.1, 1 or 10 lM. In each rat 5 ll of daid-
zin was administered for the duration of 2 week four times a
day and in vehicle control group vehicle was administered to

the lacrimal glands removed rats. After the treatment period
tear volume and fluorescein score was evaluated as given in
previous study. Moreover, ocular surface was stained with flu-
orescein to evaluate degree of dry eye. Cornea photographs

were separated into nine different areas and depending upon
the degree of staining every area was scored between 0 and
3. Score of each area was added together to get total score

called as fluorescein score. There are various factors like air
stream, temperature, humidity viz. alters the fluorescein score
and thus normal rats score considered as a reference

(Higuchi et al., 2010).
Total RNA was isolated from the corneas of the entire

groups for real time PCR. TRIzol was used to extract total
RNA from the cornea and SuperScript III was used to perform

reverse transcription. RT-PCR was performed for the estima-
tion of gene expressions of heme oxigenase, TNF a, Interlukin
6 (IL-6), matrix metallopeptidase 9 (MMP-9) and PGS-2.

DDCt method was used to analyzed all the data. COX Fluores-
cent Activity Assay Kit was used to estimate the PGS activity
in the extract of the corneas of normal and vehicle groups.

2.5. Statistical analysis

All the values of these experiments were articulated as

mean ± SEM and the data was statistically analyzed by



Figure 1 Effect of steroids on ESR signals of hydroxyl radicals. (A) Effect of 1 mM steroid (B) effect of 0.1, 0.3, 0.5 mM of daidzin and

E2.

Figure 2 Effect of daidzin on inhibition of PGS activity. (A) Effect of daidzin on Viability of cells. (B) PGS activity of cellular extract in

presence or absence of different steroids. UT: Untreated, E2: estradiol and T: testosterone.Value are expressed as Mean ± SD, *p< 0.05

compared to untreated.
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one-way ANOVA with Dunnett post hoc test and student t
test. p < 0.05 was considered statistically significant.

3. Result

3.1. Estimation of radical scavenging activity of daidzin

ESR study suggested that ESR signal of tyrosyl radical were

reduced by 1 mM esterdiol and 1 mM of daidzin as shown in
Fig. 1A. Moreover 0.3–0.5 mM concentration of daidzin also
significantly reduces the signals and esterdiol reduces ESR sig-
nals weekly at the same concentrations as shown in Fig. 1B.

3.2. Effect of daidzin on PGS activity

The effect of daidzin on viability of cell was estimated as

shown in Fig. 2A. It was observed that viability of cell up to
10 lM found to be 90% and thereafter on further increase in
concentration it declines significantly. Thus for the further

study concentration of daidzin was used below and up to
10 lM. Moreover daidzin at a concentration of 10 lM was sig-



Figure 3 Effect of daidzin on dry eye in lacrimal gland removed rats. (A) Treatment with PBS (B) treatment with daizin (C) fluorescein

score and (D) tear volume.Value are expressed as Mean ± SD (n= 10), *p< 0.05, **p< 0.01 compared to Vehicle treated group.

Figure 4 Effect of daidzin on the fold change of mRNA in the

cornea of dry eye. Value are expressed as Mean ± SD, (n= 10).
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nificantly inhibited the PGS activity as shown in Fig. 2B.

Whereas, other steroid used in this study were not alters the
PGS activity. Thus, on the basis of its free radical scavenging
activity and inhibition of PGS activity daidzin was used for the

treatment of dry eye.

3.3. Effect of daidzin on dry eye

Effect of daidzin on dry eye was shown in Fig. 3. Photo of
cornea stained by fluorescein reveals that in PBS treated slide
fluorescein-stained areas was bigger compared to the slide
treated with daidzin (Fig. 3A and B). Fluorescein score was
also observed in this study. There were significant increases

in the fluorescein score of vehicle treated group than normal
group of rats. Treatment with daidzin significantly
(*p < 0.05, **p < 0.01) decreases the score compared to vehi-

cle treated group. Moreover, result of tear secretion suggested
that there were approximately 45% decrease in the tear secre-
tion in vehicle treated group after removal of lacrimal gland

and this decrease in the tear secretion was recovered after
the treatment of daidzin as shown in Fig. 3D.

Effect of daidzin on the fold change of mRNA in dry eye
was shown in Fig 4. and from DCt value was calculated fold

change (Table 1). Treatment with daidzin suppresses the
expression of MMP9 & IL6 which was found to be increased
in vehicle treated group. Whereas, there were no alteration in

the expressions of TNF-a in daidzin and vehicle treated group
than normal rat. Although there was weakly increase in the
expressions of HO-1 and PGS-2 in daidzin and vehicle treated

group than normal rat.

3.4. Assessment of cornea for PGS activity

Tear secretion was decreased and cornea was erosed in the rat

without lacrimal gland. There were significant increase in the
fluorescein score in dry eye in compared to normal side. It
was observed that PGS activity found to be higher in dry eye

than normal side. Moreover treatment with daidzin on signif-
icantly inhibited PGS activity compared to dry eye side (Fig 5
A–C).



Table 1 Effect of daidzin on the expressions of mRNA in cornea of dry eye.

Sr. No. MMP-9 HO-1 PGS-2 IL-6 TNF-a

1. 11.4 ± 1.7 10.2 ± 1.1 9.3 ± 0.5 18.3 ± 2.9 9.1 ± 0.6

2. 8.2 ± 1.3 9.3 ± 0.6 9 ± 0.7 15.4 ± 2.3 9.5 ± 0.7

3. 9.1 ± 0.3 9.3 ± 0.6 8.8 ± 0.4 16.3 ± 2.4 9.2 ± 0.7

Value are expressed as Mean ± SD (n= 10).

Figure 5 Assessment PGS activity on the cornea of dry eye. (A) Fluorescein score, (B) PGS activity and (C) effect of daidzin on PGS

activity. Value are expressed as Mean ± SD (n= 10), *p< 0.05, ***p< 0.01 compared to normal or dry eye.
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4. Discussion

Present investigation evaluates the protective effect of daidzin
on cornea in dry eye rat model and postulates the possible

mechanism of daidzin for its action. Dry eye rat model was
developed by removing the lacrimal gland. Various report sug-
gested that this model used for the production of dry eye is
simple and no chemical is given for the induction of dry eye

(Higuchi et al., 2010; Kalaiselvi et al., 2016; Neelamkavil and
Thoppil, 2016). Literature suggested that in dry eye there is
increase in the expressions of IL-6, MMP9 & PGS2 in the cor-

nea cells (Li et al., 2010; Valsan and Raphael, 2016;
Noorudheen and Chandrasekharan, 2016; Santhosh et al.,
2016; Sreeshma et al., 2016). Treatment with daidzin

suppresses the expressions of IL6 and MMP9, which was
increased in the dye eye. These result suggested that daidzin
improves the dry eye syndrome.
Effect of daidzin was not suppresses the expression of PGS2
in CEPI cells. This suggested that in cellular extract daidzin
was dissociated from PGS. Thus the study concludes that daid-

zin inhibits the activity of PGS through competitive inhibition.
Its effect on tyrosine radicals were also assessed in the investi-
gation. It was observed that daidzin posses tyrosine radical
scavenging activity and tyrosine radical was essential for the

activity of PGS (Miura, 2012b). Hence, there was a relation
between tyrosine radical scavenger and PGS inhibitor con-
firmed. It means that daidzin inhibits the activity of PGS on

the basis of its tyrosine radical scavenging activity. Moreover
there were no alteration in the expressions of TNF-a found
with vehicle and daidzin treatment than normal. Treatment

with daidzin was partially recovers the tear secretion in dry
eye rat model. These effects were observed probably due to
enhanced secretion of intraorbital lacrimal glands or in ocular

surface retention of water get recovered.
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5. Conclusion

Thus present study concludes that treatment with daidzin pro-
tects the cornea in dry eye rat model by suppression inflamma-

tion and oxidative stress.
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