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Abstract: Background: To investigate the therapeutic efficiency of Bidens bipinnata L. eye drops on moderate and 
severe dry eye in postmenopausal women. Methods: In this prospective random-controlled study, 60 postmeno-
pausal patients diagnosed with dry eye in two hospitals from August 6th 2011 to August 6th 2013 were divided into 
two groups (30 cases in each group). One group (A) was treated with Bidens bipinnata L. forte eye drops and the 
other (B) was treated with artificial tears as a control. We compared these two groups by evaluating visual acuity, 
subjective symptoms of the ocular surface, Ocular Surface Disease Index (OSDI), tear film function tests, tear pro-
tein, and confocal scanning microscopy at before treatment and at 1, 2, 4, and 8 weeks after treatment. At 8 weeks 
after treatment, all patients were examined with systolic pressure, diastolic pressure, glutamic-pyruvic transami-
nase, glutamic oxaloacetic transaminase, urine creatinine, and blood urea nitrogen to determine the safety of the 
trial. Results: There were no significant differences for the symptoms of ocular surface, OSDI, tear protein, and tear 
film function between the two groups before the start of treatment (P > 0.05). After treatment, although all indices 
of patients in Group A were improved with the prolonged treatment time, the clinical curative effect in Group B was 
not significantly different. At 8 weeks after therapy, all indices of patients in Group A had improved, compared with 
pre-therapy (P < 0.05), while there was no improvement in Group B (P > 0.05). At postoperative week 8, all indices 
were significantly different between the two groups (P < 0.05). In addition, the mean number of corneal epithelium 
basal cells and inflammatory cells of Group A were greater than Group B (P < 0.05); the number in Group A were 
3066±269 mm-2 and 52±18 mm-2, compared with Group B 4102±324 mm-2 and 194±62 mm-2, respectively. All 
safety values for all patients showed no change at 8 weeks after treatment. Conclusion: Bidens bipinnata L. eye 
drops can significantly alleviate the symptoms of moderate and severe dry eye in postmenopausal women.
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Introduction

Dry eye can affect people’s work and life by 
causing a notable decline in comfort and sight. 
Over the years, the prevalence of dry eye has 
increased and an epidemiological survey 
revealed that the prevalence is greater than 
10% [1]. For postmenopausal women, dry eyes 
are primarily caused by decreased androgen 
levels [2]. This takes place over a prolonged 
period of time and symptoms may be severe, so 
this has become an important research topic. 

In current therapies, androgen supplement is 
the only treatment for dry eye, but prolonged 
use of this therapy inevitably causes many side 
effects. Bidens bipinnata L. is a natural Chinese 
medicine for hepatitis and is often used to treat 
eye diseases due to its flavonoid content. Both 
as heterocyclic polyphenol compounds, andro-
gens and flavonoids are similar in chemical 
structure and can be used to treat dry eye 
caused by gonadal hormone level imbalance. 
The aim of the present study was to investigate 
the therapeutic efficiency of Bidens bipinnata 
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L. eye drops in moderate and severe dry eye of 
postmenopausal women. From August 2011 to 
August 2014, 60 postmenopausal women diag-
nosed with moderate to severe dry eye in the 
ophthalmology department of our hospital were 
selected. The selected women were randomly 
divided into two groups: one group treated with 
a combination of Bidens bipinnata L. eye drops 
and artificial tears (Group A), and the other 
treated with artificial tearsonly (Group B). The 
results are given below. 

Materials and methods 

Preparation of the Bidens bipinnata L. eye 
drops

Bidens bipinnata L. dry leaves were purchased 
from a crude drug market in Nanchang, Jiangxi 
Province, China. The leaves were cut into small 
pieces and extracted twice in hot 80% alcohol, 
followed by centrifugal filtration; the filtrate 
passed through anHPD-l00 macroporous resin 
column, and was eluted with 70% ethanol. 
Elution was collected, dried and crushed as  
the Bidens bipinnata L. extract. Columns: 
Phenomenex × Gemini C18. Mobile phase: 
Methanol-0.1%phosphoric acid 55:45, (v/v); 
Rate: 0.8 mL/min; Detection wavelength: 326 
nm; Column temperature: 300°C; Injection vol-
ume: 10 μl. Linarin standard solution was pre-
pared as a control, using an external standard 
method for calculation. This control was pre-
pared to establish the standard UV curve, and 
the total flavonoids in Bidens bipinnata L. were 
measured by UV spectrometry. Bidens bipinna-
ta L. eye drops were made as previously 
described [3]. Briefly, extract of Bidens bipin-
nata L. was dissolved in distilled water (the 
quality ratio of water vs. extract was 1:0.1). The 
control solution was diluted in the eye lubricant 
carboxymethyl cellulose to the concentration of 
1.5%, and further diluted to 0.1% or less with 
the supplement of potassium bicarbonate and 
potassium chloride buffer. Physical and chemi-
cal properties were adjusted to the following: 
pH value: 7.3-7.8; osmotic pressure: 311-350 
mOsm; weight approximately equal to l; refrac-
tive index: 1.336. Finally, 0.005% of the preser-
vative benzalkonium bromide was added.

Study design

A prospective randomized control study was 
conducted. Important non-experimental fac-
tors, such as age, were allocated randomly to 

minimize the unbalance index. Case history 
study and complete ocular surface examination 
were performed to determine participant eligi-
bility. Female dry eye patients aged 50 to 56 
years (average age 55.4±2.8 years) with mod-
erate to severe symptoms were randomly divid-
ed into two groups. A combination of Bidens 
bipinnata L. eye drops and artificial tears-
Hypromellose 2910, Dextran 70, and Glycerol 
Eye Drops (Alcon Corporation, USA) was used in 
Group A, whereas in Group B, only artificial 
tears were used. Both groups were treated 3 
times per day for 8 weeks. Patients did not 
have other ocular medication histories, holo-
gathy measurement histories, or histories of 
taking anti-hypertensive or anti-depressant 
medication. Furthermore, none of the patients 
were pregnant or lactating. Visual acuity, sub-
jective symptom, OSDI, the tear film test with 4 
terms, tear protein, and corneal confocal scan-
ning were conducted at 1, 2, 4, and 8 weeks 
before and after treatment, respectively. 
Sample size was set to 30 based on the equa-
tion n = 15.6R + 1.6 under 80% confidence.  

Ethical considerations

The study was conducted in accordance with 
the principles of the Declaration of Helsinki. 
The study protocol and procedure was fully 
explained to each patient, and consent was 
obtained according to the Ethical Committee of 
our hospital.

Patients

In order to be selected for this study, the post-
menopausal women had to meet the following 
criteria: (1) had undergone bilateral oophorec-
tomy; or (2) 50-56 years old, had been meno-
pausal for more than 12 months, no chemo-
therapy, no tamoxifen or toremifene treatments, 
no any other treatments that sought to sup-
press ovarian function, and the FSH and estra-
diol levels were within the postmenopausal 
range (basic FSH > 40 IU/L, estradiol: 40~100 
pmol/1); or (3) 50-56 years old, had tamoxifen 
or toremifene treatments, and the FSH and 
estradiol levels were within the postmenopaus-
al range(basic FSH > 40 IU/L, estradiol: 40~100 
pmol/1). 

The dry eye recruitment criteria [4]

In this study, the postmenopausal women had 
to meet the following criteria: (1) chronic symp-
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toms (> lterm): visual tiredness, dry and 
unsmooth sensation, foreign body sensation, 
burning sensation, photophobia, pain, red eye, 
and tears; (2) fluorescein staining (FL): the cor-
nea was divided into four quadrants, and the 
pigmentation/staining of each quadrant was 
classified into non-staining, mild, moderate, 
and severe (scored 0-3 points, respectively), so 
the entire corneal fluorescent pigmentation/
staining would have a score of 0-12 points; (3) 
tear film break-up time (TFBUT): positive < 10 s; 
and (4) Schirmer I test (SIT): SIT values ≤ 10 
mm/5 min. Patients with positive dry eye symp-
toms and any two positive results from criteria 
(2), (3), and (4) were diagnosed as dry eye. 
Patients who had only one positive result from 
criteria (2), (3), and (4) were considered for a 
subsequent check of tear lactoferrin concen-
tration. Patients with positive dry eye symp-
toms and tear lactoferrin < 100 mg% were diag-
nosed as dry eye. 

The dry eye exclusion criteria

In this study, postmenopausal women meet the 
following criteria were excluded from the study: 
(1) no obvious symptoms; (2) cornea fluores-
cent pigmentation/staining was 0 points; (3) 
BUT ≤ 1 s or > 10 s; and (4) SIT ≤ l mm/5 min or 
> 10 mm/5 min. For each patient, the eye with 
less severe symptoms was chosen as the con-
trol eye. Patients were evaluated at 1 week, 1 
month, and 2 months before and after the 
administration of drugs. For classifying moder-
ate to severe dry eye, dry eye patients were 
stratified according to the evaluation and clas-
sification standard of dry eye that was pro-
posed by Jacobi. Mild dry eye was classified as 
follows: the dry eye symptom score was 0-2 
points (0 and 2 were both included), the cornea 
fluorescent pigmentation/staining score was 
0-4 points, BUT was 5-10 s, and SIT value was 
5-10 mm/5 min. Moderate to severe dry eye 
was classified as follows: dry eye symptom 
score of 2-3 points (2 and 3 were both includ-
ed), cornea fluorescent pigmentation/staining 
was 5-12 points, BUT < 5 s, SlT value < 5 mm/5 
min. All measurements were conducted at 
9:00-11:00 h on the test-day. 

Efficacy evaluation

Subjective symptom score of the ocular sur-
face: The patients were asked whether they 
had discomfort from dryness, abnormal sensa-
tion, orasthenia: 0 points represented asymp-

tomatic, 0.5 points represented occasional 
symptoms, 1 point represented intermittent 
mild symptoms, and 2 points represented sus-
tained obvious symptoms. To assess symp-
toms, patients also completed the Chinese ver-
sion of the Ocular Surface Disease Index (OSDI) 
questionnaire [5, 6]. This 12-item, self-adminis-
tered questionnaire assessed ocularsymptoms 
(photophobia; gritty sensation; eye pain; blurred 
vision; poor vision; difficulty in reading, driving 
at night, working with a computer or automatic 
teller machine, or watching television; discom-
fort under windy conditions, in places with low 
humidity, or in air-conditioned areas) during the 
2- to 4-week period before the examination. 
Scores range from 1 to 100, with higher scores 
representing greater disability. OSDI questions 
included: 1. Have you experienced the following 
conditions in the last week: eyes sensitive to 
light? 2. · · · · · · 12. Have your eyes felt uncomfort-
able in the following situations in the last week: 
in an air-conditioned place? In the scoring, 4 
points represented always, 3 points represent-
ed most of the time, 2 points represented half 
of the time, 1 point represented sometimes, 
and 0 points represented seldom. Patients 
were not required to answer questions if they 
were uncertain. OSDI = sum of the scores of all 
questions/number of answers × 25. 

Tear film test with four terms 

For the corneal fluorescein staining procedure, 
the patients had fluorescent strips inserted 
into the fornix conjunctivae inferior, followed by 
blinking. Then, a 0 to 12 point scale was used 
to record staining. The cornea was divided into 
four quadrants, and 0-3 points were scored 
according to the degree and area of the stain-
ing of each quadrant. The ratings were then 
classified into four levels based on the National 
Ophthalmology Research Clinical Dry Eye Score 
[7]: 0: No staining; 1: Few disseminated stains; 
2: moderate stains (between class 1 and class 
3); and 3: severely fused stains. The height of 
the tear meniscus in the central lower eyelid 
was measured by a ruler under a slit-lamp 
microscope. Tear stability was assessed by per-
forming a TFBUT evaluation. This measures the 
time interval between a blink and the appear-
ance of a break in the tear film. A fluoresceins 
trip was placed in the fornix of the lower eye lid 
and then removed. The patient was instructed 
to blink three times and then to look straight 
ahead without blinking. The tear film was 
observed under as lit-lamp microscope with a 
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cobalt-blue filter. Three measurements were 
taken in each eye, and the overall average of 
each eye was used for analysis. In the 
SchirmertestI, athins trip of filter paper (35 × 5 
mm) was used to quantify tear production over 
a period of 5 min. The strip was placed at the 
junction of the middle and lateral thirds of the 
lower eye lid. The patient was instructed to look 
forward and blink normally during the test.

Tear protein measurements: All tear samples 
were collected from 9:00 to 11:00 am. About 
20 μL of non-irritating tears were collected 
from the patients’ tear meniscus by a capillary 
pipette and were then stored in a 0.5 ml EP 
tube (Eppendorf, Fremont, CA) at -80°C. The 
total tear protein concentration was measured 
by the Brandford method using bovine serum 
albumin as the standard. Lactoferrin concen-
trations were measured by radioimmunoassay. 
First, a 10 μL tear sample was collected and 
then diluted 100 times with saline. Sub- 
sequently, the lactoferrin concentration was 
calculated in accordance with the standard 
curve. Finally, the lysozyme concentration was 
measured with a turbidimeter. Following the 
manufacturer’s instructions in the lysozyme 
test kit, the staining broth, lysozyme standards, 
and standard curve were all prepared. The pro-
tocol for Lipocalin concentrations was carried 
out as previously described [8]. 

Corneal confocal microscopy: Confoscan 4 slit-
lamp scanning confocal microscopy (Nidek Cor. 
Ltd, Japan) was used as described [9]. After 
ocular surface anesthesia, the patient’s eyes 
were fixed staring straight ahead under the 
microscope. The examiner slowly pushed the 
objective forward to focus on the corneal epi-
thelial cells. Full-tomography was obtained 
from the central cornea. Valuable images and 
videos were selected and saved, and the den-
sity of the corneal epithelial basal cells and 
inflammatory cells was counted. 

Safety evaluation: All adverse events that 
occurred during the study and details of their 
nature, occurrence, duration, severity, signifi-
cance, and the relationship to the study drug 
were recorded. Safety indicators included: sys-
tolic pressure (SDP), diastolic pressure (DBP), 
glutamic-pyruvic transaminase (GPT), glutamic 
oxaloacetic transaminase (GOT), urine creati-
nine (UCr), blood urea nitrogen (BUN).

Statistical analyses

All values are expressed asmeans ± standard 
deviation (SD). ANOVA was used for all indexes 
in subjective symptoms before and after treat-
ment comparisons; Dunnett’s-test was applied 
for multiple comparisons. Differences between 
two groups in subjective symptoms, age, spher-
ical equivalent refractive error, interval between 
onset of symptoms and treatment, duration 
time, BMI, SDP, DBP, GPT, GOT, UCr, BUN were 
performed using the paired t-test. A value of P 
< 0.05 was considered statistically significant. 
Calculations and statistical analyses were per-
formed using the 19.0 software package for 
Windows (SPSS, China).

Results 

Clinical outcomes

There was no significant difference in age, BMI, 
spherical equivalent refractive errors, interval 
between the onset of symptoms and treatment, 
and duration time between the two groups (P > 
0.05). The details of these results are present-
ed in Table 1.

Visual acuity

As shown in Figure 1, there were no significant 
differences in dry eye visual acuity between the 
two groups before therapy (P > 0.05). After 8 
weeks of treatment, visual acuity improved 
from baseline by an average of 1.3 lines in 
Group A and 1.1 lines in Group B (Table 2). The 

Table 1. Participant characteristics
Variables A B t (χ2) P
Age (range, years) 55.98±7.29 (50-56) 54.96±8.91 (50-56) 0.421 > 0.05

Spherical equivalent refractive error (diopters)

    Mean ± SD (range) -1.28±2.25 (-3.5-3.75) -1.14±1.96 (-3.75-3.75) 0.126 > 0.05

Interval between onset of symptoms and treatment (weeks)

    Mean ± SD (range) -45.69±21.32 (27-64) -42.94±23.79 (28-62) 0.225 > 0.05

    Duration time (months) 10.56±3.34 (3-40) 11.19±3.48 (4-36) 0.916 > 0.05

    BMI 23.19±4.76 23.62±4.97 0.822 > 0.05
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improvement level of visual acuity was no dif-
ferent between the groups (P = 0.20: Figure 
1A, 1B).

Subjective symptoms of the ocular surface

As listed in Table 3, there was no significant dif-
ference for the subjective symptom of dry eye 
between the two groups before therapy (P > 
0.05). After 1 week of treatment, Group A 
showed no significant improvement in their 
symptoms compared with pre-therapy (P > 
0.05). The subjective symptoms of moderate 
and severe dry eye in Group A were improved at 
8 weeks after therapy (P < 0.05). In Group B 
there was no significant improvement (except 
for photophobia and pain) at 8 weeks after 
therapy compared with pre-therapy (P > 0.05). 

The results of the OSDI questionnaire showed 
an improvement of symptoms in Group A, but 
not in Group B (P > 0.05). A summary of mean 
total OSDI scores is presented in Figure 2A. 

The results of the OSDI questionnaire showed 
an improvement of symptoms in patients treat-
ed with Bidens bipinnata L. eye drops and arti-
ficial tears but not with artificial tears only (P < 
0.05). The Mean Ocular Symptoms OSDI 
SubScore, Mean Vision Related Function OSDI 
SubScore, and Mean Environmental OSDI 
SubScore showed no significant difference 
between the two groups at 8 weeks after thera-
py (P < 0.05, Figure 2B).

Tear film test 

Figure 3 summarizes the results of tear film val-
ues in the 2 groups before therapy and at 1, 2, 
4, and 8 weeks after therapy. No difference in 
SIT, BUT, FI, and HTM was detected at pre-ther-
apy when comparing Group A with Group B, nor 
was a difference found at post-therapy week 1 
(P > 0.05). Although SIT was increased in Gro- 
up A, no difference was found at 2 and 4  
weeks after therapy in both groups (P > 0.05, 

Figure 1. Mean visual acuity in dry eyesfrom baseline to 8 weeks at each time point. The box on the left demon-
strates the distribution of dry eye visual acuity for Group A and the one on the right represents the data for Group B. 
The top andbottom of each box representthe 25th and 75th percentiles of the data and the lines in the box show the 
medians. The treatment group means are represented by a dot (Group A) or a square (Group B) and are connected 
across the visits with lines. The bars extending above and beloweach box represented 1.5 times the interquartile 
range (difference between the 25th and 75th percentiles), and the open circles are outlier values.

Table 2. Mean treatment group improvement in visual acuity at follow-up visits (lines)
Group n Before 1 wk (Lines) 2 w (Lines) 4 w (Lines) 8 w (Lines)
A 30 0.304±0.099 0.326±0.135 (1.1) 0.358±0.174 (1.1) 0.404±0.203 (1.3) 0.422±0.211 (1.3)
B 30 0.307±0.091 0.318±0.116 (1.0) 0.329±0.127 (1.0) 0.334±0.128 (1.1) 0.341±0.127 (1.1)
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Figure 3A). The FL of Group A decreased at 4 
weeks and 8 weeks after therapy (P < 0.05), 
while for Group B there was no significant 
change after therapy compared with pre-thera-
py (P > 0.05, Figure 3C). The BUT and TMH of 
Group A were improved at 4 weeks and 8 weeks 
after therapy (P < 0.05), while there was no sig-
nificant change at the time after therapy com-

pared with those of pre-therapy (P > 0.05, 
Figure 3B, 3D).

Tear proteins

Figure 4 shows tear proteins in the 2 groups at 
pre-therapy and 1, 2, 4, and 8 weeks after ther-
apy. Before treatment, there was no significant 

Table 3. Comparison of the symptoms of the ocular surface in both groups before and after therapy
Group/subjective 
symptom n (%) pre- 

therapy post-therapy F1 F2 P

1 w 2 w 4 w 8 w 
Group A
    Eye fatigue 30 (100) 2.82±0.76 2.72±0.64 2.48±0.57 1.45±0.41 1.34±0.28 12.6 2.16 < 0.05
    Dryness 30 (100) 2.73±0.64 2.61±0.58 2.34±0.49 1.43±0.53 1.29±0.39 15.2 3.35 < 0.05
    Abnormal sensation 30 (100) 2.36±0.99 2.21±0.73 2.06±0.56 1.36±0.59 1.27±0.42 18.8 3.51 < 0.05 
    Burning sensation 24 (80) 2.61±0.55 2.53±0.52 2.34±0.39 1.76±0.38 1.51±0.31 21.7 1.99 < 0.05
    Photophobia 24 (80) 2.57±0.49 2.42±0.41 2.29±0.35 1.67±0.72 1.43±0.57 15.9 3.29 < 0.05
    Pain 18 (60) 2.63±0.56 2.49±0.45 2.37±0.39 1.24±0.52 1.14±0.35 28.6 2.64 < 0.05
    Redness 15 (50) 2.58±0.47 2.51±0.39 2.23±0.36 2.12±0.29 1.99±0.34 11.3 2.02 < 0.05
    Tear 6 (20) 2.43±0.31 2.33±0.24 2.17±0.29 1.96±0.39 1.71±0.23 12.8 3.91 < 0.05
Group B
    Eye fatigue 30 (100) 2.87±0.69 2.78±0.76 2.61±0.61 2.56±0.53 2.53±0.45 0.98 0.13 > 0.05
    Dryness 30 (100) 2.69±0.54 2.62±0.51 2.51±0.38 2.46±0.36 2.39±0.31 1.38 0.21 > 0.05  
    Abnormal sensation 27 (90) 2.39±0.96 2.32±0.53 2.25±0.49 2.17±0.57 2.12±0.45 1.06 0.09 > 0.05
    Burning sensation 27 (90) 2.68±0.57 2.57±0.46 2.48±0.33 2.39±0.41 2.34±0.39 2.02 0.28 > 0.05 
    Photophobia 24 (80) 2.62±0.51 2.51±0.59 2.41±0.49 2.36±0.39 2.33±0.45 4.19 8.13 < 0.05
    Pain 18 (60) 2.59±0.61 2.42±0.57 2.37±0.41 2.29±0.47 2.19±0.54 5.78 6.81 < 0.05
    Redness 15 (50) 2.49±0.46 2.35±0.39 2.19±0.47 2.06±0.56 2.01±0.49 1.39 0.19 > 0.05
    Tear 6 (20) 2.39±0.28 2.25±0.19 2.18±0.16 2.12±0.21 2.05±0.18 2.91 0.38 > 0.05
Note: F1, MD of the symptom of ocular surface pre-therapy; F2, MD of the symptom of ocular surface at 8 weeks post-therapy.

Figure 2. A. Time course of the Mean Total OSDI scores of eyes ofpostmenopausal patients who underwent treat-
ment with Bidens bipinnata L. eye drops with artificial tears or with artificial tears only. The results showed an 
improvement in the symptoms of the ocular surface in patients treated with Bidens bipinnata L. eye drops and 
artificial tears, but not with artificial tears only (P < 0.05). B. The Mean Ocular Symptoms OSDI SubScore, Mean Vi-
sion Related Function OSDI SubScore, and Mean Environmental OSDI SubScore surface between the two groups at 
8 weeks after therapy. Data are mean ± SD of values from all eyes per group. *P < 0.05 (Dunnett’s test). OS-OSDI, 
Mean Ocular Symptoms OSDI SubScore, VER-OSDI, Mean Vision Related Function OSDI SubScore, E-OSDI, Mean 
Environmental OSDI SubScore, *P < 0.05.
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difference in total tear proteins, lactoferrin, 
lysozyme, and lipocalin of both groups (respec-
tively, P > 0.05). However, after 8 weeks of 
treatment, the total tear proteins, lactoferrin, 
lysozyme, and lipocalin from Group A were all 
significantly different from those of Group B 
(respectively, P < 0.05). The total tear proteins, 
lactoferrin, and lysozyme of Group A began to 
increase at 4 weeks after therapy (P < 0.05, 
respectively, Figure 4A-C). The lipocalin in 
Group A was significantly greater than that of 

Group B at 8 weeks (P < 0.05, Figure 4D), while 
there were no significant changes at 1, 2, and 4 
weeks between the two groups (P > 0.05, 
respectively, Figure 4D).

Corneal confocal microscopy 

Normal female corneal epithelial basal cells are 
dark cells with clear cell borders (Figure 5A); 
however, in postmenopausal patients with dry 
eye, the corneal epithelial basal cells were 

Figure 3. The trend of schirmer I test, tear film break-up time, fluoresce in staining and height of Tear meniscus 
before and after treatment (A-D). The SIT showed no significant difference between Groups A and B until 8 weeks of 
treatment (P > 0.05, respectively, A). The SIT in Group A was significantly greater than that of Group Bafter8 weeks 
of treatment (P < 0.05). The BUT and HTM of Group A were greater than those of Group B at 2, 4, and 8 weeks, 
while there was no significant difference at 1 week after therapy (P < 0.05, respectively, B, D). The FL of Group A 
was decreased below that of Group B at 2, 4, and 8 weeks, while there was no significant difference at 1 week after 
therapy (P < 0.05, respectively, FC). Thirty cases were tested in each study group.
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shrunken and were infiltrated by bright inflam-
matory cells (Figure 5B). Subsequently, after 
two months of treatment, Group A only had a 
few inflammatory cells that infiltrated the epi-
thelial basal layer; however, the density of cor-
neal epithelial basal cells was slightly decreased 
compared to normal levels in women (Figure 
5C). In contrast, in Group B, many bright inflam-
matory cells were found at the epithelial basal 
layer, and the density was significantly 
increased (Figure 5D). At 8 weeks after treat-
ment, the mean number of corneal epithelium 
basal cells and inflammatory cells in Group A 
were 3066±269 mm-2 and 52±18 mm-2, 
respectively; in Group B the same figures were 
4102±324 mm-2 and 194±62 mm-2, respec- 
tively; there were statistically significant differ-
ences between the two groups (P < 0.05, Figure 
5E, 5F).

Clinical safety

Compared with before therapy, all items (SDP, 
DBP, GPT, GOT, UCr, BUN) showed no obvious 
change at 8 weeks after therapy in Group A (P > 
0.05, Table 4).

Discussion 

Bidens bipinnata L. is a well known traditional 
Chinese medicine [10], and it is widely used in 
the treatment of malaria, diarrhea, dysentery, 
hepatitis, acute nephritis, and other diseases. 
We previously reported that Bidens bipinnata 
L. water-extract liquid can be used to treat dry 
eye of menopausal women [11]. In this study, 
we investigated the effects of Bidens bipinnata 
L. eye drops on moderate and severe dry eye of 
postmenopausal women.

Figure 4. Total tear proteins, lactoferrin, and lysozyme of Group A were greater than those of Group B at 4 weeks and 
8 weeks, while there was no significant difference at 1 week and 2 weeks after therapy (P < 0.05, respectively, A-C). 
The lipocalin in Group A was significantly greater than that of Group B at 8 weeks (P < 0.05, D), while there were no 
significant change at 1 week, 2, and 4 weeks between the two groups (P > 0.05, respectively, D). *P < 0.05 vs. group 
A. The sample size was 30 cases for Group A and 30 cases for Group B throughout the study. 
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Despite dry eye being one of the most common 
eye diseases, effective treatments are lacking 
[12]. Sex hormones regulate the body and local 
immune function, morphology, development, 
differentiation, and secretion of the lacrimal 
and meibomian glands. Moreover, they also 
regulate the tear stability, inflammation, and 
apoptosis. The post menopausal decline in 
androgen levels leads to tear film instability, 
local inflammatory responses, and increasing 
apoptosis of glandular tissue, such as the lacri-
mal gland, which subsequently results in a high 
incidence of dry eye [13]. Currently, close rela-

tionship between androgens and dry eye has 
been widely acknowledged. It has been report-
ed that androgens, estrogens, progesterone, 
and prolactin receptors are widely present in 
the lacrimal gland, meibomian gland, cornea, 
and other ocular tissues of humans, rabbits, 
and rats, with which the biological effects of 
androgen replacement drugs are associated. 
However, long-term usage of androgens pro-
duces severe side effects in both men and 
women, such as male prostate enlargement, 
development of cancer, and masculinized 
women, which causes obvious distress to 

Figure 5. The effects of Bidens bi-
pinnata L. eye drops and PBS on the 
morphology of female corneal epi-
thelial basal layers. Representative 
in vivo confocal images of the cor-
neal epithelium in different groups. 
A. Normal females. B. Moderate and 
severe dry eye of the postmenopaus-
al females. C. Moderate and severe 
dry eye of postmenopausal females 
treated with Bidens bipinnata L. eye 
drops and artificial tears. D. Moder-
ate and severe dry eye of the post-
menopausal females treated with 
artificial tears. E. The mean corneal 
basal cell densities in four groups. 
Data are mean ± SD of values from 
all eyes per group. *P < 0.05 (Dun-
nett’s test). F. The mean inflamma-
tory cell densities in the four groups. 
Data are mean ± SD of values from 
all eyes per group. *P < 0.05 (Dun-
nett’s test).
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patients. Given the aforementioned informa-
tion in conjunction with the lack of effective 
treatments, the need to develop effective  
male hormone replacement drugs becomes 
obvious. 

Bidens bipinnata L. is a natural Chinese medi-
cine that has been used for the extraction of 
luteolin, quercetin, isoquercitrin, hyperoside, 
and eight other types of flavonoids. It contains 
4.035% flavonoids that have a similar chemical 
structure to androgens [14, 15], so they can 
bind to androgen receptors on membranes to 
function as quasi-androgens. 

Results from the current study showed that 
vision acuity improved in Group A over Group B 
and confirmed the effects of Bidens bipinnata 
L. eye drops. Previous research has found that 
flavonoids are stimulants of membrane andro-
gen receptors by combining with cell-mem-
brane androgen receptors [16]. Mrukwa et al. 
detected the expression of estrogen receptor in 
the lacrimal gland and meibomian, suggesting 
that estrogen may directly affect their function 
[17]. Recently, some studies have found that 
many plants containing high levels of isofla-
vones including genistein [18], epimedium [19], 
mignonette [20], apigenin [21] and butterfly 
bush flower [22] have estrogenic effects, and 
these can interact with estrogen receptors. We 
previously discussed the role of Bidens bipin-
nata L. water decoction in dry eye disease, and 
this study shows that Bidens bipinnata L. drops 
can also significantly improve the symptoms of 
dry eye. Moreover, it also reduces the systemic 
side effects of decoction for gastrointestinal 
malabsorption patients. The OSDI question-
naire has 12 questions including ocular symp-
toms, vision-related function, and environmen-
tal stimuli. The score ranges from 0 to 100 
points with a good correlation with the severity 
according to the patient’s subjective feeling, 
Our experiment showed that a combination of 
Bidens bipinnata L. with artificial tear eye drops 
can significantly improve the OSDI and symp-
toms of moderate to severe dry eye (eye fatigue, 
dryness, abnormal sensation, burning sensa-
tion, and redness) after two months of treat-

ment, whereas artificial tears alone did not 
show the improvement. This result may be 
related to the antibacterial function of Bidens 
bipinnata L. against multiple ocular microor-
ganisms, which secrete a large number of cho-
line to cause tears.  

SIT values were significantly lower in patients 
with dry eye [23]. Bidens bipinnata L. drops sig-
nificantly improved the SIT of menopausal dry 
eye and modified the composition of tear pro-
teins. Because the SIT reflects the basic 
amount of tear secretion and the tear protein 
reflects tear composition, this result was much 
more significant than BUT. The main mecha-
nism of this result is likely due to the ability of 
Bidens bipinnata L. to act as a quasi-androgen 
to stimulate eyelid gland (lipid layer composi-
tion from the meibomian gland and tears secre-
tion from lacrimal gland) secretion, which can 
significantly improve the results of SIT and par-
tial tear proteins.

The methods of corneal topography (surface 
regularity index), wave front aberration analy-
sis, and visual sensitivity measurement can 
reveal abnormal corneal surfaces caused by 
dry and unstable epithelial cells in patients with 
dry eyes [24]. In our study, Bidens bipinnata L. 
effectively reduced inflammatory cell infiltra-
tion and the shrinkage of the corneal basal 
cells of dry eye disease caused by the reduc-
tion in male hormone levels. This could be relat-
ed to the ability of Bidens bipinnata L. to 
improve the secretion of the lacrimal gland and 
meibomian gland as well as its ability to par-
tially inhibit the apoptosis of the cornea. Unlike 
other eye drops, there were no differences 
between the two treatments compliance and 
the adverse effects on subscales were not 
seen at 8 weeks after treatment. 

Limitations

Bidens bipinnata L. eye drops produce fewer 
side effects, which encourages patients to con-
tinue the treatment for an extended period of 
time. Therefore, these drops are valuable in 
terms of clinical application and popularization. 
However, Bidens bipinnata L. eye drop treat-

Table 4. The clinical safety surface in Group A before and after therapy
SDP (P/kPa) DBP (P/kPa) GPT (μmol·L-1) GOT (μmol·L-1) UCr (μmol·L-1) BUN (μmol·L-1) 

Before therapy 132.6±10.7 86.2±8.6 22.48±6.69 29.14±6.45 61.36±15.29 3.38±0.58
After therapy 133.8±11.6 88.7±9.4 23.66±7.08 30.72±6.92 59.94±16.76 3.29±0.79
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ment did not meet our pre-specified vision cri-
terion to local artificial tears when initiating 
treatment of moderate and severe dry eye. We 
believe that failure to meet the pre-specified 
criterion was largely influenced by several sub-
jects in Group A, who showed no improvement 
during the study; this was likely due to poor 
sight at this age. Otherwise, there were some 
limitations to our study, such as the relatively 
small sample size, the classification as a sin-
gle-center study, and the lack of comparison 
between patients before and after treatment. 

Conclusions

In summary, for postmenopausal dry eye 
caused by a decline in hormone levels, Bidens 
bipinnata L. eye drops can quickly and signifi-
cantly improve symptoms and maintain tear 
protein composition in situations where local 
artificial tears, glucocorticoid eye drops, and 
lacrimal duct embolization treatments show 
poor effects. Because the average difference 
in visual acuity improvement between the two 
groups was less than half a line, and there was 
less burden of treatment on the patients and 
family, Bidens bipinnata L. eye drop treatment 
is a reasonable option to consider when initiat-
ing treatment of moderate and severe dry eye. 
In the future, clinical trials should be conducted 
with larger samples, and studies on the inter-
vention mechanism would provide a new means 
of exploring possible ocular anti-inflammation 
and its benefit on neovascular diseases. 
Further investigation will elucidate novel thera-
peutic strategies for ocular degenerative 
diseases.

Acknowledgements

This study was supported by the Natio- 
nal Natural Science Foundation of China 
(81160118 and 81400372); Clinical Medicine 
Research Special-purpose Foundation of China 
(L2012052); Jiangxi Province Voyage Project 
(2014022); Jiangxi province Degree and 
Postgraduate Education Reform Project (2015); 
Science and Technology Platform Construction 
Project of Jiangxi Province (2013116); Youth 
Science Foundation of Jiangxi Province 
(20151BAB215016); Technology and Science 
Foundation of Jiangxi Province (20151BBG- 
70223); Jiangxi Province Education Department 
Scientific Research Foundation (GJJ14170); 
Health Development Planning Commission 

Science Foundation of Jiangxi Province 
(20155154); Scholor Project of Ganjiang River 
(2015).

Disclosure of conflict of interest

None.

Address correspondence to: Yi Shao, Department of 
ophthalmology, The First Affiliated Hospital of 
Nanchang University, No. 17, YongWai Zheng Street, 
DongHu District, Nanchang 330006, Jiangxi, 
People’s Republic of China. Tel: +86 791-88692520; 
E-mail: freebee99@163.com

References

[1] Sahai A, Malik P. Dry eye: prevalence and at-
tributable risk factors in a hospital-based pop-
ulation. Indian J Ophthalmol 2005; 53: 87-91.

[2] Sullivan DA, Block L, Pena JD. Influence of an-
drogens and pituitary hormones on the struc-
tural profile and secretory activity of the lacri-
mal gland. Acta Ophthalmol Scand 1996; 74: 
421-435.

[3] Shao Y, Yu Y, Yu J, Pei CG, Gao GP, Tu P. [Ex-
perimental study on efficiency of Spanishnee-
dles Herb eye drops in treating perimenopaus-
al xerophthalmia in rabbits]. Zhongguo Zhong 
Yao Za Zhi 2015; 40: 1151-1155.

[4] Liu Z. The diagnosis of dry eye. Chinese Jour-
nal of Ophthalmology 2002; 38: 318-320.

[5] Schiffman RM, Christianson MD, Jacobsen G, 
Hirsch JD, Reis BL. Reliability and validity of 
the Ocular Surface Disease Index. Arch Oph-
thalmol 2000; 118: 615-621.

[6] Lin C, Yang MM, Zhang Q. Development and 
evaluation of Chinese version questionnaires 
of ocular surface disease index. Rec Adv Oph-
thalmol 2013; 33: 38-40.

[7] Sakane Y, Yamaguchi M, Yokoi N, Uchino M, 
Dogru M, Oishi T, Ohashi Y, Ohashi Y. Develop-
ment and validation of the Dry Eye-Related 
Quality-of-Life Score questionnaire. JAMA Oph-
thalmol 2013; 131: 1331-1338.

[8] Srinivasan S, Joyce E, Boone A, Simpson T, 
Jones L, Senchyna M. Tear lipocalin and lyso-
zyme concentrations in postmenopausal wom-
en. Ophthalmic Physiol Opt 2010; 30: 257-
266.

[9] Chen W, Li Z, Hu J, Zhang Z, Chen L, Chen Y, Liu 
Z. Corneal alternations induced by topical ap-
plication of benzalkonium chloride in rabbit. 
PLoS One 2011; 6: e26103.

[10] Wang XY, Chen GR, Deng ZY, Zhao J, Ge JF, Li N, 
Chen FH. [Chemical constituents from Bidens 
bipinnata]. Zhongguo Zhong Yao Za Zhi 2014; 
39: 1838-1844.

mailto:freebee99@163.com


Bidens bipinnata L. eye drops on dry eye

5654 Int J Clin Exp Med 2016;9(3):5643-5654

[11] Shao Y, Yu Y, Huang GD, Tan G, Pei CG, Liu XH. 
[Clinical study on spanishneedles leaves in 
treatment of middle and severe xerophthalmia 
of menopausal females]. Zhongguo Zhong Yao 
Za Zhi 2012; 37: 2985-2989.

[12] Lin MC, Polse KA. Improving Care for Patients 
with Dry Eye Symptoms: See What the Experts 
Say. Optom Vis Sci 2015; 92: e342-349.

[13] Sullivan DA, Yamagami H, Liu M, Steagall RJ, 
Schirra F, Suzuki T, Krenzer KL, Cermak JM, 
Sullivan RM, Richards SM, Schaumberg DA, 
Dana MR, Sullivan BD. Sex steroids, the mei-
bomian gland and evaporative dry eye. Adv Exp 
Med Biol 2002; 506: 389-399.

[14] Feng T, L Q, Li J. Antitumor Effect of 90% Etha-
nol Abstract of Bidens bipinnata L. On U14 Tu-
mor Bearing Mice. Journal of Anhui Agricultural 
Sciences 2007; 35: 1037-1038.

[15] Wang L, Cui DA, Zhou XZ. Chemical constitu-
ents and pharmacological effects of Bidens 
bipinnata L. Drugs and Clinic 2009; 24: 147-
149.

[16] Nifli AP, Bosson-Kouamé A, Papadopoulou N, 
Kogia C, Kampa M, Castagnino C, Stournaras 
C, Vercauteren J, Castanas E. Monomeric and 
oligomeric flavanols are agonists of membrane 
androgen receptors. Exp Cell Res 2005; 309: 
329-339.

[17] Mrukwa-Kominek E, Rogowska-Godela A, Gier-
ek-Ciaciura S. [Effect of anti-inflammatory ther-
apy on the treatment of dry eye syndrome]. 
Klin Oczna 2007; 109: 79-84.

[18] Lei HZ, D Z, Tang XC. The research develop-
ment of genistein in ophthalmology applica-
tion. Ournal of Clinical Ophthalmology 2004; 
12: 282-284.

[19] Zhang SQ, Cai WJ, Huang JH, Wu B, Xia SJ, 
Chen XL, Zhang XM, Shen ZY. Icariin, a natural 
flavonol glycoside, extends healthspan in mice. 
Exp Gerontol 2015; 69: 226-235.

[20] Du Y, Feng J, Wang R, Zhang H, Liu J. Effects of 
Flavonoids from Potamogeton crispus L. on 
Proliferation, Migration, and Invasion of Hu-
man Ovarian Cancer Cells. PLoS One 2015; 
10: e0130685.

[21] Zhao J, Xu F, Huang H, Ji T, Li C, Tan W, Chen Y, 
Ma L. Evaluation on bioactivities of total flavo-
noids from Lavandula angustifolia. Pak J 
Pharm Sci 2015; 28: 1245-1251.

[22] Peng QH, Yao XL, Wu QL. [Effects of extract of 
Buddleja officinalis eye drops on androgen re-
ceptors of lacrimal gland cells of castrated rats 
with dry eye]. Zhongguo Zhong Xi Yi Jie He Za 
Zhi 2012; 32: 72-75, 114.

[23] Nichols KK, Mitchell GL, Zadnik K. The repeat-
ability of clinical measurements of dry eye. 
Cornea 2004; 23: 272-285.

[24] Koh S, Maeda N, Hirohara Y, Mihashi T, Bessho 
K, Hori Y, Inoue T, Watanabe H, Fujikado T, 
Tano Y. Serial measurements of higher-order 
aberrations after blinking in patients with dry 
eye. Invest Ophthalmol Vis Sci 2008; 49: 133-
138.


