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Abstract

Background

Eyestrain is a serious quality of life problem, especially in the workplace. In particular, work at visual
display terminals (VDTs) is a common cause of eyestrain. Currently, there are many workers who work at
VDTs and tend to feel eyestrain. Rutin, derived from various food plants such as the Japanese pagoda
tree (Styphnolobium japonicum), is a known polyphenol compound. Monoglucosyl rutin (MGR) is a highly
water-soluble a-glucose adduct of rutin. Previous studies have demonstrated that rutin improved dry eye
and also affected the microvascular blood flow in animal experiments. Based on these findings, we
hypothesized that MGR could alleviate eyestrain caused by work at VDTs. In this clinical study, we
evaluated whether MGR could improve eyestrain in healthy adults.

Methods

This study was designed as a randomized, placebo-controlled, double-blind, crossover study. Twenty
healthy Japanese adults who tended to feel eyestrain were recruited to participate. During the first test
period, the participants were asked to drink either a test food containing 377 mg of MGR or a placebo
food without MGR. After the food intake, the participants did personal computer work at VDT for 30 min
and then relaxed for 20 min. We evaluated the participants’ eyestrain using an objective parameter (high-
frequency component 1, HFC1) and subjective parameters (visual analog scale). After 7 days, for the
second test period, the participants consumed an alternate food following the same protocol as during
the first test period.

Results

The objective parameter of eyestrain (HFC1) was significantly lower in the MGR group than that in the
placebo group. The subjective parameters of eyestrain and waist stiffness were improved in the MGR
group in comparison with those in the placebo group.

Conclusions

MGR supplementation has the potential to objectively and subjectively improve eyestrain symptoms due
to VDT use.

Background

Currently, many people use computing devices with visual display terminals (VDTs), not only for business
but also for private reasons. In particular, the number of smartphone users constantly grows worldwide.
The increasing use of computers and their related output devices causes a clinical condition called
computer vision syndrome [1]. Computer vision syndrome includes extraocular symptoms, which involve
the musculoskeletal system, peripheral nervous system, and skin. Although the VDT use is associated
with a large number of extraocular symptoms, eye symptoms are the most frequent complaints among

Page 2/13



users. Using VDTs involves a prolonged near-vision task, but the symptoms associated with their use,
such as blur, dryness, and eyestrain, are significantly more severe than those associated with similar
tasks without using VDTs. VDT use causes eyestrain, stiffness of the shoulder and neck, and therefore,
leads to a lower quality of life (QOL) [1-4]. VDT use also induces oxidative stress and excessive
activation of the autonomic nervous system [5]. Thus, it is very important to improve eyestrain caused by
work at VDT.

Rutin is one of antioxidant compounds, and its derivatives are contained in various food plants such as
the Japanese pagoda tree (Styphnolobium japonicum, formerly known as Sophora japonica) [6]. Rutin
shows antioxidant effects [7] and vasodilatation activity [8]. Monoglucosyl rutin (MGR) is a rutin
derivative in which glucose is conjugated to rutin (Fig. 1) [9]. MGR is better dissolved in water than rutin.
Previous reports have shown that administration of a rutin derivative (troxerutin) improved eyestrain in a
clinical study [10] and that rutin promoted the recovery of retinal function after ischemic insult in rats [11].
These reports suggested that MGR may contribute to the recovery from eyestrain.

Hence, we assumed that MGR could affect eyestrain in humans and investigated its effects on eyestrain
in a randomized, double-blind, placebo-controlled, crossover study. We also evaluated the safety of MGR
ingestion.

Methods

Ethics

This clinical study adhered to the ethical standards of the Declaration of Helsinki of 1964, as modified by
subsequent revisions, and to the ethical guidelines for epidemiological research of the Ministry of
Education, Culture, Science, and Technology and the Ministry of Health, Labor and Welfare of Japan. The
experimental protocol (no. 2016-009) was approved by the Institutional Review Board of Kirin Group
Japan Integrated Beverages, Kirin Company, Ltd. This study was registered with the University Hospital
Medical Information Network (UMIN) Clinical Trials Registry as UMIN000026566 and was conducted in
compliance with the protocol as registered. This clinical trial was conducted from March 2017 to May
2017 in Kirin company ltd, Kanagawa, Japan.

Participants

Healthy adult males and females aged 20 to 65 years old, who had subjective symptoms of eyestrain,
were enrolled, and written informed consent was obtained from each individual. The exclusion criteria
were as follows: a possible onset of allergy symptoms; treatment for or a history of drug addiction or
alcoholism; any history of a serious disease (e.g., heart disease, respiratory disorder, digestive
disturbance, endocrine disorder, metabolic disturbance, or food allergy); constant use of pharmaceuticals
for a chronic malady; any history of ophthalmic disease; a surgical history related to a digestive organ;
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donation of more than 200 mL of blood or blood components within a month prior to this study or over
400 mL of blood or blood components within three months prior to this study; constant use of
pharmaceuticals, dietary supplements, or functional foods affecting eyestrain; excessive alcohol
consumption; and possible pregnancy, pregnancy, or lactation. Also excluded participants were those
unable to stop drinking on the day before the experimental day; participants or possible participants in
another clinical study; those judged ineligible on the experimental day, prior to the beginning of the study,
by the site investigators for any reason.

Target sample size

Based on a preliminary human study, administration of aG-rutin PS 500 mg was expected to reduce HFC1
value by 0.8 with a standard deviation of 1.6 compared to the placebo group. Setting the significance
level at 5% by a paired t-test and the power at 0.95, the number of subjects required per group was
estimated to be 18. To account for an expected dropout rate of 10%, the number of subjects required per
group was estimated to be 20.

Test food

We used aG-rutin PS as an MGR-containing food ingredient which was purchased from Toyo Sugar
Refining Co.,Ltd (Tokyo, Japan), Ceolus® FD301 as microcrystalline cellulose which was purchased from
Asahi Kasei Corporation (Tokyo, Japan), hard gelatin capsule (capsule size 1) which was purchased from
Capsugel Japan company. (Kanagawa, Japan). We prepared active and placebo capsules using dark
brown capsuls. Table 1 shows prescription of test capsules. There was no significant difference in the
appearance and other properties between the active and placebo capsules. MGR was measured by high-
performance liquid chromatography using a previously described method [12]. The active capsule
contained 188.5 mg of MGR, and the placebo capsule did not contain MGR.

Study design

The present study was designed as a randomized, double-blind, placebo-controlled, crossover study. The
site investigator enrolled the participants. The participants were divided into two groups by stratified
randomization using table of random numbers by the assigning controller, and each group was assigned
either the active or placebo capsule before the first trial period. Randomization block size was 2. The
assigning controller kept the assignment list in a sealed container until the trial was completed. The
participants, investigators, and any persons concerned with the study, excluding the assigning controller,
remained blinded.

During the test period, the participants were forbidden to take a pharmaceutical for eyestrain, drink
alcohol excessively, vigorously exercise, take food containing ingredients affecting eyestrain, participate
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in another clinical study, and participate in blood donation or sampling.

On the day before the experimental day, the participants were forbidden to have a drink, vigorously
exercise, consume food containing food ingredients affecting eyestrain or blood flow, as well as drink and
eat after 22:00. The participants were asked to maintain a daily life as usual; keep a diary every day and
submit it on the experimental day; contact the site investigator immediately if they felt ill during or after
the test period; contact the clinic immediately if they were unable to visit the test room on the
experimental day; and keep the test information confidential.

On the experimental day, the participants were forbidden to take food or beverage without water, have
VDT such as that on a smartphone or personal computer (PC) working, and smoke.

First, the subjects acclimated to the test room conditions for 20 min. Before the sample intake, we
measured the eye status as the pre-intake data (0 min). Then, the participants took the test food (two
capsules) with 100 mL of water. After the test food intake, the subjects did work at VDT with PC for 30
min and relaxed for 20 min. Eyestrain was measured after relaxing. We evaluated the primary endpoint;
high-frequency component 1 (HFC1) as an objective eyestrain parameter, measured by AA-2
accommodometer (Nidec Corp., Tokyo, Japan) according to the manufacturer’s instructions [13]. We also
evaluated the secondary endpoint; subjective symptoms of eyestrain, dry eye, and sleep, stiffness of the
neck and shoulder, and waist stiffness using a visual analog scale (VAS) questionnaire [14], with the left
side of VAS showing worse feelings and the right side showing better feelings. The VAS score was
calculated as a distance from the left (worst) side. The study protocol is accessed in Kirin company.

Statistical analysis

Results were calculated as the mean * standard deviation using the Ekuseru-Toukei 2010 statistical
software (Social Survey Research Information Co., Ltd., Tokyo, Japan). Significance of the differences in
HFC1 or VAS between the groups taking the placebo and active compound was estimated using paired
tests.

Results
Participants

Participants were recruited in March 2017. Twenty-six individuals were evaluated for the eligibility to
participate, and 20 healthy adults were enrolled. Figure 2 is a flow diagram of the study from the
assessment until the final analysis. Table 4 provides the information on the participants’ background. No
participant dropped out of the study, and all underwent analysis for safety evaluation. Two participants
were excluded from the efficacy evaluation by the site investigator before the study became un-blinded, in
accordance with the exclusion criteria. All, except these excluded participants (n = 18), entered the
efficacy evaluation (Fig. 2).

Efficacy endpoints
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Table 4 shows the results of objective evaluation. HFC1 in the active group was significantly lower than
that in the placebo group for the right eye, dominant eye, and both eyes There were no time effect and
carryover effect.

Table 5 shows the results of subjective evaluation. The eyestrain and waist stiffness scores were
significantly higher in the active group than those in the placebo group.

Safety endpoint

There were no adverse events in this study.

Discussion

We conducted a randomized, placebo-controlled, double-blind, crossover study to evaluate the efficacy
and safety of MGR ingestion for eyestrain in healthy people.

VDT causes eyestrain and stiffness of the shoulder and neck, thereby leading to a lower quality of life [1-
4]. Generally, the ciliary muscle in the eye is the key muscle to focus the lens adjustment for clear viewing.
VDT causes a high-tension state of the ciliary muscle in the eye, and a continuous stress state of the
ciliary muscle causes eyestrain [15]. HFC1 represents the activity of the ciliary muscle. Kajita et al. [13]
have reported that the eyestrain caused by VDT use is associated with an increase of the HFC1 value.

In our study, ingestion of MGR lowered HFC1 after VDT work compared to that in the placebo group.
Based on this result, we confirmed that MGR provided a rapid recovery from the heavy ciliary muscle
contraction caused by VDT use.

MGR is a rutin—glucose conjugate, which is decomposed to rutin or quercetin by digestive enzymes in the
small intestine and absorbed as quercetin in the serum [16]. In previous studies, rutin or quercetin showed
neuroprotective effects on the rat retina [17, 18], retinal function recovery [11, 19], and ocular blood flow in
animals [11, 20]. In particular, quercetin improved dry eye symptoms in mice [21]. Based on this evidence,
we assumed that MGR is absorbed as quercetin in the serum and modulates the ocular blood flow,
especially in the ciliary muscle, and induces the relaxation of the ciliary muscle. Thus, we believe that the
mechanism of MGR effects on eyestrain is related to the microvascular blood circulation through nitric
oxide (NO) production.

The continuous restricted status of the ciliary muscle constriction causes subjective feelings of the
eyestrain, shoulder stiffness, and waist stiffness [22]. In this study, we observed that subjective eyestrain
symptoms were improved by MGR administration. Blood flow circulation is related not only to eyestrain
but also to waist [1]. We assumed that blood flow modulation by MGR is systemic and that MGR affects
not only eyestrain but also waist stiffness.

We confirmed that MGR improved the eyestrain caused by work at VDT, and the results obtained from the
VAS questionnaire supported the MGR efficacy for eyestrain.
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In addition, some food ingredients, such as anthocyanins [23-25], crocetin [26, 27], astaxanthin [28, 29],
and lutein [30, 31], which have antioxidant activities and improve peripheral circulation, have been
reported to help recover eyestrain. MGR also has an antioxidant activity and improves peripheral
circulation. We believe that the mechanism of MGR involved in the improvement of eyestrain is similar to
those of antioxidant chemicals, which does not contradict our results.

In a previous clinical study, a rutin derivative (troxerutin) showed an effect on retinal vein occlusion [10],
and multiple rutin-containing food supplements reduced the ocular discomfort [32]. However, there have
been no clinical study on the MGR efficacy for eyestrain. We demonstrated for the first time that MGR
showed an effect on eyestrain in a clinical study.

In terms of safety evaluation, there were no adverse events in this clinical study, which indicated that
MGR-containing food is safe.

A limitation of this study was that it investigated only the MGR efficacy for eyestrain caused by work at
VDT on PC. In a future study, we plan to investigate the MGR efficacy for eyestrain caused by other
eyestrain situations such as driving.

In general, eyestrain symptom is related to working productivity. Thus, we assume that MGR might have
effect on working productivity in workin place.

In general, MGR is one of the safety food ingredient. In this study, we revealed that MGR have effect on
eyestrain with VDT work. We strongly believe that MGR is very useful food ingredient for people who are
suffered from eyestrain.

Conclusions

In conclusion, we confirmed that MGR contributed to a rapid recovery from the eyestrain caused by work
at VDT. Therefore, MGR is a beneficial substance for people feeling eyestrain.

Abbreviations

HFC: High-frequency component; MGR: Monoglucosyl rutin; PC: personal computer; QOL: Quality of life;
UMIN: University Hospital Medical Information Network; VAS: Visual analog scale; VDT: Visual display
terminal.
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Tables

Table 1 The test capsules (1 capsule)

Placebo Active

aG-rutin PS, mg. 0 250
Microcrystalline cellulose, mg. 280 30
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Table 2 nutrient components (2 capsule)

Placebo Active
Energy, kcal. 0.7 2.6
Protein, g. 0.2 0.2
Lipid, g. 0 0
Carbohydrate, g. 0.5 0.5
Sodium, g. 0.3 0.3
Monoglucosyl rutin, mg. 0 352

Table 3 Participants’ background (n = 20)

Characteristic

All subjects

Age, years
Body height, cm 166.89 + 7.48
Body weight, kg 62.89 + 9.39

Eyesight (right)

Eyesight (left)

40.3 = 9.87

0.43 £ 0.47
0.38 £ 0.48

mean + SD

Table 4 Objective evaluation (high-frequency component 1)

Site group HFC1 value 95% Confidence interval
Right eye Placebo 48.20 + 7.00 44.96, 51.43
Active 44,90 + 5.61* 42.30,47.49
Left eye Placebo 44.87 +5.57 42.29,47.44
Active 43.29 £ 5.76 40.62, 45.94
Dominant eye Placebo 46.80 + 6.45 43.83, 49.78
Active 43.99 + 5.85* 41.29, 46.69
Non-dominant eye Placebo 46.26 + 6.64 43.19, 49.33
Active 44.19 = 5.53 41.64, 46.75
Both eyes Placebo 48.20 + 6.46 45.21, 51.18
Active  44.09 + 5.61* 41.50, 46.68

Mean + standard deviation (n = 18)
*p < 0.05; **p < 0.01 (vs. placebo), paired t-test

Table 5 Subjective evaluation (visual analog scale questionnaire)
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Characteristic group  VAS score 95% Confidence interval

Eyestrain, mm Placebo 4.99 + 1.05 4.84, 5.91
Active 5.37 + 1.16* 4.50, 5.47
Dry eye, mm Placebo 5.36 + 1.10 4.85, 5.87
Active 5.79 = 1.33 5.17, 6.40
Sleep, mm Placebo 4.72 +1.19 4.16, 6.26
Active 4.74 + 1.58 4.01, 5.47
Stiffness of the neck and shoulder,mm Placebo 5.08 + 1.13 4.56, 5.61
Active 5.47 + 1.51 4.77,6.17
Waist stiffness, mm Placebo 5.36 = 1.13 4.84, 5.88
Active 6.06 £ 1.29%* 5.46, 6.65

Mean =+ standard deviation (n = 18)
*p < 0.05 (vs. placebo), paired t-test

Figures
OH
OH
HO 0]
? Rutin: R=ramnose
OH 0 R Monogulucosyl rutin: R=ramnose+glucose
Figure 1

Chemical structures of rutin (a) and monoglucosyl rutin (b)
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Assessed for eligibility (n=26)

Excluded (n=0)

* Notmeeting inclusion criteria (n=0)

* Declined to participate

(n=2)

’

‘ Lost to follow-up (n=0)

Lost to follow-up (n=0)

Enrollment
* Other reasons (n=4)
| Randomized (n=20) |
v
; Allocated to placebo Allocated to active
‘ Allocation intervention (n=10) intervention (n=10)
[ Follow-Up ‘ Lost to follow-up (n=0) ‘
Silent period (7 days) -
Allocated to active Allocated to placebo
intervention (n=10) intervention (n=10)
I
[ Follow-Up Lost to follow-up (n=0)

Analysis

Figure 2

b4

Analyzed (n=9)

Excluded from analysis
(n=1)

* Subjectnot suitable for
eligibility.

L 4

Analyzed (n=9)
Excluded from analysis
(n=1)

* Subject not suitable for
eligibility.

Flow diagram of the progress through the study
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