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ABSTRACT

Objectives: This study was conducted to verify the efficacy of the stress transdermal drug delivery system(patch)developed in

the previous study.

Methods: A total of 85 people were targeted to confirm the changes in theautonomic nervous system and brain wave index
before and after the application of the patch. An electroencephalograph to measure brain wave activity in the frontal lobe
and a finger sensor to measure electrocardiogram, heart rate, and arterial oxygen saturation were attached to the patient.
After attaching the sensor to a subject who did not have a patch attached, a stabilization period of 5 minutes was allowed and

biosignals were collected for approximately 2 minutes.

Results: After applying the patch, the stress index was confirmed to decrease by approximately 31.9% + 4.2% comparedto
before the experiment. After applying the patch, the ratio of alpha waves in the brain wave was found to increase by 94% + 53%
and the heart rate variability index increased from 8.6 + 1.3 points to 9.3 + 1.8.

Conclusion: Considering these research results, it is thought that the patch used in this study has the efficacy ofstabilizing the
autonomic nervous system, and is related to the stabilization of brain function accordingly.
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Table 1. Ratio of baseline electroencephalogram, before
and after patch application

. B o 0 o)
s wave wave wave  wave
Group
Before patch 452+11.6 478+70 52+10 1.8+04

After patch  35.8+14.2** 572+£9.1** 54+15 1.6+£09

Paired test was used. All parameters are expressed as mean +
standard deviation.
**P <0.01.

https://doi.org/10.15616/BSL.2024.30.4.317

319



BS L Kyung-Yae Hyun and Gil-Hyun Lee

ey

T T L T

0OHz 5Hz 10Hz 15Hz 20Hz 24Hz 29Hz 34Hz 39Hz d4Hz 49Hz

OHz 5Hz 10Hz 15Hz 20Hz 2aHz 29Hz 34Hz 39Hz a4Hz 49Hz

Fig. 1. Assessment of brain activity. (A) Spectral edge frequency 90% (SEF 90%) showed 22.4 Hz before patch applica-
tion, (B) while it changed to 13.6 Hz after patch application. It was found that changes in brain activity tended to result
in fast wave components being replaced by slower alpha wave components.

A) yPower
HBPower
MPBPower
LAPower
aPower
BPower
0 5 10
B) vPower
HBPower Fig. 2. Changes in brainwave
power ratio. (A) Before patch ap-
MBPower plication, (B) while it changed to
LBPower after patch application. This is
the result of brain wave power
aPower ratio changes after the patch
B8Power was applied to the same person.

The most notable point in this
result is that the ratio of alpha
0 5 10 waves increased significantly.
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1400 (ms)

Fig. 3. Result of heart rate
variability (HRV) histogram.
This is the result of the HRV
histogram. Before applying the
patch (A), the width was narrow
and the amplitude was high,
and after attaching the patch
(B), the width was widened and
the amplitude was reduced.

1400 (ms)
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HRV Tachogram : mean RR : 699 (ms) / =& &%=+
A)
HRV Tachogram : mean RR : 860 (ms) / =& &8k

B)

: 86 (bpm)

72 (bpm)

Fig. 4. Result of heart rate variability (HRV) tachogram. The tachogram result is before applying the patch (A), and the
tachogram result is after applying the patch (B). You can see that the amplitude is relatively lower after applying com-
pared to before applying. This is the same result as the X-axis length of the histogram.

4) AEYA
AERA it IfR| M2 64,8 + 14 5HOIM K| B8
r %83

= 9
A0IM AFEE XIS THROA R270t = QIUE dHst
Off oot A2AEA S| BTt O 2ISHAIH, SAI0 kel £}

20| E20F2 2 £ JAACH 221, 7[2OLTHIH | HIZ0]
S7totH SEF 90%7t E0iF= & & URULL 0| &2 ZUE
ol & I MHE WX = AFZAY X2ild EdEs
goz AE AN CHS HSHE S7IAA Ehie ARRE
QALY
T AEHA 2A3l2
|

CHEH=O|TY.

1l

}_I‘I

I-_I

at
=

[

[eX=F o T
TE_O—|FE

T oA
> TH =

1
»~ 0
uer rjo J

CRF2t CRF +=8#|9| TSt 2 %*Hlolﬂq OI01I CHSt
25| 23 Zo|ct 9. SX|P F1t 20| 0] X|=

r
T 1
_$'_
d

= &

or
>

Feot BAEO= QI XEHQ! X|zg o] 82 =/ksott
A N UM F= YIS o FEo| 52t AEH A0 et
MAI= 2EET UL

= AT0IMC] SR8 B2 LS YHUN EHot= 2B A=
YA XEEEZ, FI[2 AEY A0 ot XEHQ1 XS
2 QA= YOl et 22I0IACE 104 tiet sfiZHAlez St
=20 H8= 7R LA Uil JUHE=EMA, 29 WX
2l == R0 20M 2EE A7 YH2= Mo
= AOIU. oM QLMIEE M= L=l E4+80| =
1 X[ZAIZH0] 21 micro needle@t 22 HA(0] JHLERAOLE 0,
= A70M= TSR YAo| EA=EE 23T HXIE Al8o
ALt T S0lA SfQlTh 2 S0 ATt THX|2| X|EAIZH2
E|O§ Of 24A[710|0, & 12417} O[LHO| &5t §50| X&ES
=QlotACt

A AEH AL ZY2 HEX|2 et dEE SollA T
= el EO| S LHOIUM. SiMis HHH0I= HME 28
of AEMEA 7ISEHIE G 58 & UM J=H0|1= 4
A= AlEfs 1249] HatE £ot0 Lt AE| A0 & S
ofal A=Al M tBAE MBS HSotil U=XE §FH2
2 HQISH 4 Q= ZAJO|CH O, S M| F2 50| AER
AS AL TS I 2deltl=0 0l oY ES+E S/

322

BSL 2024;30(4):317-324



The Stress-relieving Effect of Natural Substances

BSL

711 I8 Y, 25 A, & +5 S5 R B2 20
U2 02 TEHEOA Sdet=lt 4T e g4, S
S5, 28 I, IR YOS TRENHDT LM QT o8t
HO|=7h 2LF & A 79| w0l H Hen OtF AEL
AN E XSO HOLZE AES 20[5HH, H=f#H0|=7t
RE BR0= AEHEA 20dez AEH AN HHE| St
X| 23t AEHS SEBITH . AEHHO |7 WOEY Qs A9E T
F 20| O|RY = UL} DFIAE A, M S DG MR
S ¥ 255E S0| HEAHQ 0|R0|H = S0 8 B
I Do MNESS ot e Y ER UHRIOIA] BHRIGHRAC.
0[2{3t &HIHO| A= HARE AEH AN EE AHES
AEA HJEHOY CHer g Fefot 218 HEHEMH=E UM 2
&t GAIOIL. otX|Zh HEf#H0[et= d2|XEe 28 Het 3
WX S50 et Chdtth= HoA &2 AlZh YEfR#H0|o] &
St AEY A0 Ot BHS-40] Hafgittl HotE 4 glth= of
A7ZE UALE. T2efM 2 HAUME HIet H8fH0IE H 58
YO= HEHO|0| M2 AEA 2Al0f| et AS=72 A =t

c| | d
9| Z1tE HEoIALt. = AN TA| AL S
SOl CHEXOIA 2| =Ipe] FEPMQI Hak= 7| Iyt
If) Ib{H|7F S7kok, £MHER0| HAMHO R E0FE = - U
UL}, Ol AEY ALl 2A35HE L|Ofe| CIE H IR} YX|
10|H, = S0lA S I[H IQ’E = AEYA Plafentof Of
o 2GS DFfoh=
LTHA SEF 90%2 oéil
S| H2t HIEHIO] &
O] #x17t o 20{=H1
2SS

& 2o e Hso

AEY A 25}

2ts

5
mw oy s

A
= 11.7-19.5 HzO0|Ct. O|=
% "o|'|:F| 7|EI—IO§ '—0
UM UCH oMY, 2+, =
=4 2 Lo LolH, 520
M 7KE 2 TIZS ZH=OrD UA QUCH®, UTIH= OFYE A
EHOIM O 20| HoiEH, =2 *'*lOI P HilgE0| Mg
SOXESS o If Ynit=
| AERA %:*%FOHML Y7L O M| LA
T+, 2 HT0l|A = THX| B} F0f| CHREO| A
XIS0| AL AEYA grérow(orzzlez)Ola’iQD# Ol ut

N
§
o
:'F

IR B2 & CHARLQ| LTI HME0| S5t &
710 0] 2435| 2=, 0] Z1t SEF
90% ==/t HO[X|= 21E
a2 0| EARCR

=
=
m
E,'_
S
oy

E
|0
0x
FIII

2 QUICK, T3 Fie| AEY A

=)
=
QOUSPH HAT} KOS B 4

IFH|Of #3t HIE2 EA X017} iz W2t
GEO 9|5“é'_“51 BHas X Héfxl O*O*Ef.
=t OH—IEf of

K2 AEYA HEHU
X9 high HIEfIIO| §=20| &
AEZ|A AEHOIA = =
TOIlA IHR| M0 IjX| ME £ HHH0|7 S7ol0] A2
27 E0EE FR0| I G20iA LTSIt HIEHI
T S =l 4~ AMCH, 02fet

1

SuAEdAS SHET & 4 A0k 8 0
A

B
I
=

| ME & AEYA A3 HHE U= B
b2 2 UG

AEAIHX|O| HEC= Hatkl= V1Y F3iet 82 A2t
A & wytEo| Y=t FOoM ROMHt= HOIoh AE
dAE Be ekt ugtldel 290 RugtgdEn =20,
= XS] 82 Ol={et =rds Z8diFres 2Vt US=S ¥
= UL WALHO| Kfohet FuAMAO| go| F HEHX|0f
gebo| et F== 0f={eh 217} UEfLt=X= g% AR
Ot T2, 2 Xl= AgtldangL 2 Zot= T
b A= MEOA S =2 4 Us B2 AEY 5 Us 7t

Acknowledgement

None.

Conflict of interest
No potential conflict of interest relevant to this article was re-

ported.

Funding
This paper was supported by Wonkwang Health Science Uni-
versity in 2024.

Authors’ contribution
Conceptualization: all authors. Data curation: all authors. Formal

analysis: all authors. Funding acquisition: all authors. Investiga-

K01l & tion: all authors. Methodology: all authors. Project administra-
QIQICH ot IHX| 22 M H42| HIFEO| HIE2| X{0|= 0 tion: all authors. Resources: all authors. Software: all authors.
FHOXI7F A EOIXIO|| H|SH0] IR T (14-30 Hz)Ql jmt Supervision: all authors. Validation: all authors. Visualization: all
7t =22 Y 4 UACE SfX|2E THX| F2&F TS MEEOI LI} authors. Writing — original draft: all authors. Writing — review

323

https://doi.org/10.15616/BSL.2024.30.4.317



BSL

Kyung—Yae Hyun and Gil-Hyun Lee

and editing: all authors.

ORCID
Kyung-Yae Hyun, https://orcid.org/0000-0003-3786-2643
Gil-Hyun Lee, https://orcid.org/0000-0002-8757-3359

10.

REFERENCES

. Jaremko M, Meichenbaum D. Stress reduction and preven-

tion. Springer Science & Business Media; 2013.

. Chi X, Bo A, Liu T, Zhang P, Chi I. Effects of mindfulness-

based stress reduction on depression in adolescents and
young adults: a systematic review and meta-analysis. Front

Psychol. 2018;9:1034.

. Habib KE, Gold PW, Chrousos GP. Neuroendocrinology of

stress. Endocrinol Metab Clin North Am. 2001;30:695-728;

vii-viii.

. Chrousos GP. Stress and disorders of the stress system. Nat

Rev Endocrinol. 2009;5:374-81.

. Kaur B, Durek JJ, O'Kane BL, Tran N, Moses S, Luthra M, et

al. Heart rate variability (HRV): an indicator of stress [Inter-
net]. Society of Photo-Optical Instrumentation Engineers;
2014 [cited 2024 Nov 28]. Available from: https://doi.
org/10.1117/12.2051148

. Horner SM, Murphy CF, Coen B, Dick DJ, Harrison FG, Ves-

palcova Z, et al. Contribution to heart rate variability by
mechanoelectric feedback. Stretch of the sinoatrial node

reduces heart rate variability. Circulation. 1996;94:1762-7.

. Stein PK, Kleiger RE. Insights from the study of heart rate

variability. Annu Rev Med. 1999;50:249-61.

. Kristal-Boneh E, Raifel M, Froom P, Ribak J. Heart rate vari-

ability in health and disease. Scand J Work Environ Health.
1995;21:85-95.

. Russell G, Lightman S. The human stress response. Nat Rev

Endocrinol. 2019;15:525-34.
Slominski AT, Zmijewski MA, Zbytek B, Tobin DJ, Theoha-
rides TC, Rivier J. Key role of CRF in the skin stress response

system. Endocr Rev. 2013;34:827-84.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Bale TL, Vale WW. CRF and CRF receptors: role in stress re-
sponsivity and other behaviors. Annu Rev Pharmacol Toxi-

col. 2004;44:525-57.

. Spierling SR, Zorrilla EP. Don't stress about CRF: assessing

the translational failures of CRF1antagonists. Psychophar-
macology (Berl). 2017;234:1467-81.

Bhattacharya J. Complexity analysis of spontaneous EEG.
Acta Neurobiol Exp (Wars). 2000;60:495-501.

Srinivasan R, Winter WR, Nunez PL. Source analysis of EEG
oscillations using high-resolution EEG and MEG. Prog Brain
Res. 2006;159:29-42.

de Kloet ER. Stress in the brain. Eur J Pharmacol. 2000;405:
187-98.

Vanhatalo S, Voipio J, Kaila K. Full-band EEG (FbEEG): an
emerging standard in electroencephalography. Clin Neu-
rophysiol. 2005;116:1-8.

Tomari R, Hassan RRA, Zakaria WNW, Ngadengon R. Analy-
sis of optimal brainwave concentration model for wheel-
chair input interface. Procedia Comput Sci. 2015;76:336-41.
Li L, Li K, Cheng S, Liu C, Liu C. Five-class density histogram
and its application in short-term heart rate variability. J
Med Biol Eng. 2012;32:287-92.

Shalev U, Erb S, Shaham Y. Role of CRF and other neuro-
peptides in stress-induced reinstatement of drug seeking.
Brain Res. 2010;1314:15-28.

Li J, Zeng M, Shan H, Tong C. Microneedle patches as
drug and vaccine delivery platform. Curr Med Chem.
2017;24:2413-22.

Cygankiewicz |, Zareba W. Heart rate variability. Handb Clin
Neurol. 2013;117:379-93.

Schwabedal JT, Riedl M, Penzel T, Wessel N. Alpha-wave
frequency characteristics in health and insomnia during
sleep. J Sleep Res. 2016;25:278-86.

Chiu HC, Lin YH, Lo MT, Tang SC, Wang TD, Lu HC, et al.
Complexity of cardiac signals for predicting changes in
alpha-waves after stress in patients undergoing cardiac

catheterization. Sci Rep. 2015;5:13315.

324

BSL 2024;30(4):317-324


https://doi.org/10.1117/12.2051148
https://doi.org/10.1117/12.2051148

