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Natural antibiotics are produced as part of the innate immune response in plants and 

animals. Defensins are important biological antibiotics that are regulators of 

inflammation and play important roles in the immune response. Additionally, defensins 

contribute to the antimicrobial action of granulocytes and mucosal host defense in the 

skin against foreign bodies. Defensins are divided into many types according to their 

structures. One type known as human neutrophil peptides (HNPs) has a broad spectrum 

of antimicrobial activity and a high abundance in mammalian epithelia and granulocytes, 

especially in inflamed or infected tissues. This study explores the distribution and 

physiological mechanisms of HNPs in human tears. 

In order to explore HNP distributions and physiological mechanisms in human tears, 

the tear sampling method was the most important concern, since HNP release is 

dependent on the sampling method. Schirmer strips and microcapillaries are major tear 

sampling methods. The former is also a method to determine whether the eye produces 

enough tears to keep it moist in the clinic, but causes irritation and increase fluid flow. 

The latter is much less invasive. In order to monitor the distribution of HNPs in human 

tear at different time of the day, we collected tear from healthy volunteers five times a 

day every 2 hours using four tear sampling methods (Fig. 1). The tear sampling methods 

we chose involved the use of Schirmer strips, Kimwipes, microcapillaries, or eye 

flushing (Fig. 2). The less invasive tear sampling method – eye flushing is applied. After 

simple pretreatment, the relative ion intensities of HNPs in human tears were monitored 



using MALDI-TOF/MS. In order to confirm our results, the number of samples was 

increased. 

Our preliminary data showed that more than 70% of tear samples contain HNPs 

despite normal or patient status. Interestingly, tear samples from babies than a year old 

also had an abundance of HNPs. These results indicate that the roles of HNPs in human 

tears are more than just inflammation markers. Thirty one of thirty eight subjects had 

higher relative intensities for HNPs in the morning than in the afternoon. HNP levels in 

tear samples from 3 men and 4 women were monitored overnight without sleep. 

Analyses of these samples indicated that HNPs appeared at 1:00 am and decreased with 

time (Fig. 3). Our data suggests that HNPs in human tears are regulated by the circadian 

clock as well as by inflammation. Using low-irritation sampling methods, we 

successfully monitored the relative ion intensities of HNPs in human tears at different 

time of the day. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Fig.1 Analysis of tears collected with Schirmer strip from the sample person in one day. 

Results are presented as (a) left eye and (b) right eye, and at different time: (i) 10:00 am, 

(ii) 12:00 pm, (iii) 02:00 pm, (iv) 04:00 pm, (v) 06:00 pm. (● HNPs, ◎ doubly charged 

lysozyme ions.) 

 

 

 

 

 

 

 

 

 

 



 

Fig.2 Compared with four tear sampling methods involved the use of (a) Schirmer strip, 

(b) Kimwipes, (c) induced with peppermint oil, (d) eye-flushing. (△  lipocalin, ◎ 

lysozyme, ■ calgraulin A, ▼fragment of unknown protein contains abundant of proline, 

●HNPs.) 

 

 

 



 

Fig.3 Analysis of tears collected with eye flushing from the sample person without sleep. 

Results are presented as (a) left eye and (b) right eye, and at different time: (i) the 1
st
 day; 

10:00 pm, (ii) the 2
nd

; 07:00 am, (iii) 10:00 am, (iv) 01:00 pm, (v) 07:00 pm, (vi) 10:00 

pm, (vii) the 3
rd

; 01:00 am (viii) 04:00 am, (ix) 07:00 am. 


