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Primary prevention of metabolic syndrome through physical activity and exercise:
recent evidence from physical activity epidemiological review

AUTHOR: Ken’ ichi EGAWA, Master of Science (Human Sciences)
AFFILIATION: Physical Fitness Research Institute, Meiji Yasuda Life Foundation of Health and Welfare

SUMMARY

Metabolic syndrome is clinically defined as a cluster of abdominal obesity, atherogenic dyslipidemia, elevated blood
pressure, insulin resistance. The possible mechanism of the syndrome has been suggested by clinical and epidemiological
researches on each component (i.e. obesity, diabetes, dyslipidemia and hypertension). However, primary prevention of
the syndrome has not fully documented. This paper summarized recent epidemiological evidence on primary prevention
of metabolic syndrome through physical activity and exercise. Epidemiological studies were searched on Medline
(January 2000 to April 2006) using medical subject headings (MeSH) terms. Publication type (original, review); language
(Japanese or English) and human studies were included. Thirty two articles were found after reviewers screened the titles
and abstracts of the eighty six articles. They included 13 cross—sectional studies, 11 cohort studies and 3 randomized
controlled trials (RCTs). Observational studies found lower fitness and physical inactivity are risk factors of metabolic
syndrome. The subject populations of the RCTs were overweight postmenopausal women, metabolic syndrome patients and
obese adolescents. There was limited and indirect evidence to support the effectiveness of exercise therapy on metabolic
syndrome. In healthy population, epidemiological studies were needed to determine risk factors and to prevent metabolic
syndrome through physical activity and exercise promotion.

Keywords .« :apolic syndrome, diabetes, physical therapy, primary prevention, physical activity epidemiology
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HT, =X VF—HEERRI TH> TH, HIKEE)
DTARXNF —HEBEOHE N AR FRIEHEORE
FEEZRFETLHZ ENRFRIZRZ DL Bbh 50,

ZOXDBRFEORMEEKIZE > TPADES T
HEMEOM BT =2 EG5 N TEL I,

Flo, TE, MR REEAE IS KT BB OIS
EICE KL TW5D, [FH#H (Xinternational Physical
Activity Questionnaire (IPAQ) &\ 9 FIiiEZ#E N L T
l/\%) 1])0

i)

During the last 7 days, on how many days did you do
vigorous physical activities?
HRINTZO—HEETAA, MLV (FRED) Hik
&8 GEE)) 21TV EL72h?

(___)B/# Days per week [VDAY; Range 0-7, 8,9]

DPLRNG LI RN E X138 LETATS
8. Don’t Know/Not Sure
BEIE LS 2N EEZITILTATD 9. Refused

CHRARBIEE T O RIEB R A KIRETTE), +
SREETEEN, @IRETEEIO 3K /3ICEIV BT, ZOiEH)
Z1BAROMIATRIT o 7o &z, Z0¥EHNT
HIREEREAKEEL L ORTHIETHY , EFE AV
M & B RESLH AR WREZ MBS IRE SN T
W5, SRAHMRESBIREE TR D&



PREEFRE O [ R LA

Fe TR S RTEB & 2 HEHl 2
LNDFRENLH D,

ABRZAT O BRIV

V &0

BE PRI OEENIE BT D20 & BRI IE 0 R &
D AZSHTHEOREE LT, FIRIGEN RO
BETHLZ LEm LT,

BERIEOZMR L L C2ABRFBAEOR%S
MFEDRIEITFE O G20, RHIR R EENFREO BT
FAZOWNTIE, FEYEIE L TR m RIT 720
LEphb,

1 BUBE PRI BE CII RN 2 F IRIEB O FRITA
2ZY OB HEICEESRITTZEIIRINTND
2, FRREREDRILRD LTV,

INDOMEEMIT H-DIE, FERIEERD
~ v F U T EEEICATo - BT, EEEREORIZD
WTATONTZ A Z BTG ETH 5, EEFIEOZR
ORI IO, BIREBEOKH 21T -7~ ETRCT
TV, SEIEREBTOREEED T, mTI L
BDHETHA I,

8%

AR T, BAEFETRE L N5 KRERORIE
HERIZOWTER LTV RNV Z Z TR,
UFORGEERZ > TWD Z ERFiEE 2D, 5
F TR T D,

R OBIFICSLE 25 OO ENTFETH D, ZD
EIAEICRED, HEZTRT,

1. Temporal Sequence fERFH:

2. Strength of Association BEE M D FE X

3. Consistency @M

4. Dose Response f & - it

5. Biological Plausibility 445/ A B

FENEUCHIET 2 BB A = A v MIZERR T 5,

1. Temporal Sequence #kR5 4 ICESE T 2 WA

EEND D VT FERTEEN L, 2RBERIFORIEY R 7
DIET &, MHEFEREHE COMmMBEDRIEIZOWTEH
ghe &b, LavL., BREISRIERTD O IEE-CH IKIE
Bhx oy ha— )L CEREFRITDRN,

Al & 2R — MFZER e FRERBR O T R
EROT-HETHW & 725, 24, LLTHELAH, &
MAZ. Fhn, ERDRBERLEEZZET D,

1) British Men Study. 515944 . 40-59#. 3 1716.8

ok — k. 1964 O DMRJE % ft 58, Lifestyle
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Ti#1% PAIZFBS. DM BJE & A E 72 B#E%EH 0,
(Heathfth'®, 1983)

2) Physicians’ s Health Study. 2100044 . 40-847%.
105414 NAEH 28544 D DM J8JiE % ffEdd 1Y,

1[E LT /wk > 3694 /100 F A4, 5081 BL E /wk >
2144, RR:0.77 (18] /wk) + 0.62 (2-4[F] /wk) + 0.58 (5
Bl /wk) & O I - BEEE « HT - BMI T % > BMI
D FPA &ST L THEMT,

2. Strength of Association B &M D3

i & =4 — b « RCT >

LRI TS A TE B3 2 BUBE BRI O HEAT O i1 %)
R LT25%N650%DHFH TR bl LTWD,

JERCT 2>RCT >

FATEENC X 5 IGT OMmMPFEE LT 10%458

B ARTEEN 1T 2 BB JRIE O HbAlc % 0.5 5> 5 1.0% 8D,

( '+ Physicians’ Health BFZ21 « X LN =7 KAF
7219 o S ZFFZE D)

3. Consistency FEf# 4%

CS (Case Control) * PC (Prospective Cohort) * RCT >

BRTEE) & 2BE R IZ I\ T, ARln, MERI. iPE
RE. P OEEBMARE, A, RIEOEWICEADL LT,
BIERISKEZBD S LV IHER LI TND,
(Mayer-Davis it ', 23 DWFFEAFLY)

4. Dose Response B & - Rt

2TRERIF BT IZRT 2 MbE = > b e — L OYEER
FRIEB O & LIRE L OIS THE - RISEEZ R LT
ET DA+ TRV, FIZ, RCTIZEBWTEZD
F O RBRgRIE RV a3 D, (Kellyffi?, 2001)

5. Biological Plausibility £ ¥ 20 £ E

72 & 21X, HbAlc DR BAEEICA U D HEFEEHO
BRI VO2max60 2> 5 80% T 5 ? ITAEMFAE
EERFDLIDN?

1% 58 JE (low) 7 B H & & (Moderate) . VO2max/
min50 — 60% T IBENE L IZ BV TR OB 234 C
57>? (Trovati fhh'”, 1984)

B2, aerobicsIEEN T 1 7T ADRIZ, RKEREE
BENEMLTHOGTT, mfEF—A > AU L~Ld
BESEME 2N B0 L 722 W (Wilmore fl11®, 2001) 472 b,
BRERFZBEE SN L2\ G8E OES), HAEET
HoThA R VEEMHITELT D,

PERDOIMBAORE LN BLNDAREHE DG ETE A
VW, Fo. BERIORE L TA R SERFERLD AL
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of physical in epidemiologic research: Problems and
prospects. Public Health Reports 100:131-146, 1985

7) Montye HJ,SB Servais, JG Webster:Estimation of
energy expenditure from a force platform and an
accelerometer.In Sports Science, J] Watkins,T Reilly,
L Burwitz (Ed.) . London, Spon, pp375-380, 1986

8) Paffenbarger RFJr, AL Wing, RTHyde: Physical
activity as an index of heart attack risk in college
alumini.American Journal of epidemiology 108:
165-175, 1978
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ﬁlg

gll!l‘:

BRI 2 R & U T8V 2 L L 52
— IR BIEAE 12 0 3 2 B FE DRI R —

TR (%Y, A
SWAKTY, L&

¥ —v—F  EERCLEDZE (RCT)

I. EZC&Iic

gk P B E FE L T AHIRENN AR
M2 BTV AZRAET DD, WIH ETH2eESE
MFEEBAWZEERFIE TH D, FRICTBEDR (T8
) LV o mET RV, I AR BUEATH D
ZEdENTH D, L, BFEAROREERE W
IS ZEDOMEFEERD & TFLilkEs | TH
LOFLR &l L CEFIRER A R ET D 5 — B (8]
Wit Ie 72 EB 2T H T2 b)), Fe F B [53Hr
T TR AERE L., RRBREHEE T 5 GEA -
XPHRERER, ak— MF%E), LT, &EBEBE T
ARRZE | 24TV, RRBEREZRET D LWV RndH
BV, EEMFRORENL, R BE T 5 fEREA
FERLNCL, PHHRICHEGTHI L THD, fi
BRIKFZ2B 6Nt 50Rak— MMIETHY., F
PhohRu EiET 2 OB AMETH DY, TobbHIT

D) il MR e — AT F 5

CRIHRAT H1 77 7 T 2-16-1)

Nobuyoshi NAKAMURA, RPT

TEL : 042-336-5775

FAX : 042-336-5785

E-mail : nakamura.nob@jcom.home.ne.jp
2) BRI AL 7 B P A B R IE A
3) FLFG H Al R P A B R R R
4) F RS E R EAN BB AR R
5) AW IYHEBE Y ~EY T —a VR
6) BAH R N % B R A S5 36 R A 1 0 9E BT
) HIRKFEMY AT LTLFE

%k A randomized controlled trials in orthopedic disease-
effectiveness of therapeutic exercise for knee osteoarthritis.

(ZftB 2007412 H27H =¥ H 200842H19H)

—gn?, REE—ERY, MEEH—EY,
FILY, FEH

1757

 ZICAVERRBIEE - SHE)E L - BN

AR LNTEFORKFETHY . REBARERE
LPBihREFEA T 2 & B RMEHIETH D &
W2 %, FES EBM (Evidence Based Medicine) #ii{T D H
T, e ik EXBR (Randomized Control Trial:
RCT) TAAFAUIHZCIZH BT & W o - B & 5205,
RHL BT AERIZED Z LIRS 22T id e
BV, SAMFEIL, EFEEROTWISHEN, TR
RO HBEHN SN TR ONTITRbN DR E
HDTHD, RCTOMESIT, EEMEEZIEL < FHE
L7zn2,

TEFEORT, FICHAZHELTESH(H D WVWIT
FIRIEEY) ) &3 2 WF 9855 BF 03 [ B &) 7 5 (exercise
epidemiology) | T %, ZIVLIEESH MAIE B) O LR
MEFFHEERI R 2 | WFOFIEE AW CERMICHEIE S
HRFHIFIETHY . EFEOPR T, BEERIE L OBE
DR OBFEWSETH DY, bivbivi, EEEFEOT
b, ERMHERESE (LT OA) 2 b DHiUlk A Sz
FERE T A IEERIEO R ERIEL T& 72, AR
Tl BOADEFMREL L E2— L, bitbhi(T
72 5 7= RCT DfE R ZABIT L, EERIEOZRIZHOWN
TEHETOBLEEZMA D,

0. BOA LEFHELDIE
OBENARERESBFOIELET VR

MEGE THETE - SKEAMVRL X, TEEEAVRHRIRICRIT
TETFT R EBELTRES ATV D (200544
AE)Y, ZoHhT, BEEIIFKAT, 4#TFLboe
FUABELN TSI Tt/ H#ES L — R
A F 7213 B CKEERBORM 7EHT AHCPR,1993 O = &7
VAL L1, 1bIZHY) Db DT E A ER N

R ZIOBETCIET UAOER/RBNAE THHL _ -
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WD THNTN D,

I A BRI BT D EERE O RICE T
HTET U ADRRE R R TR L H D, Nynke
Smidt & 9 (%, 19854205 2002 4F F T L &2 X812,
BENEIEONRICOWVWTDI AT YT 4 v 7 L Ea—
L DAS T FH Y RAEToTND, REIZERR
INTZ104FHmID 5B, “Bf « BRI L OHERHAR”
W2 B340 % 50 DFm L& b LIk R, EEFRIEDOZ)
DA B D2 o 7= OISR O AR K OME ML,
Z L THOADATH D LEmftTronTnd, Zo
I, BRI (SR, AP, RAEE. B
I THIANAEY T —a CElTAEHA RTA
T3 %” Philadelphia Panel” Ot 58 11X FEAE T, &
ERE CHER LU b D L L (LULA) O
OIXBMED IR, dAME, B KX OFH% OISR,
ZLTHOADATHLEENTNDSY, HHTIOD
FHTOZET U ARDRN ENBERTE LS, 2
DX RO T, BOAIZKT HiEEEIE T L
TUABFOLN TV DD WS TH D Z &b
Do

QBOAICK T 2 EENEEDE

f OA DIRFERI I AT R & < RIFIRIE & T L
NHDHHMB, MELY OWETIE, BOADBW 21T,
EERIES 6 HUL BT 5723114 (EH4ER68.0 £ 6.9
%) OBMFAEOHKER, FIRICEST2/r— R X255
(18.6%) ThH o1z, 1L A EOBEIIRFBRIEDORTS
L7 TWAHZ ERb)D, RIFFEEIIIEIER
LONRHDHN, TOMRERFELIZHRERH D,
CTIHBIRENZ497T7m 3 X 0 i S 7= 103 8R D A
AFERBHENIC L Ea—ENTW5D, ZORE, &
EIE & 5 072 33 FEM (AR O FinEiE = &) DR
FIENRE SN, ZORELRFHNET 2D L
SIS LTS ORI PR ENTWD, TO—E%
Hizrd (K1), ZHuZ Xk s L EESEREONRIT,
x%m%P?ﬁ'ﬁ%@@mﬁ@ﬁ%i& ERI% T
HDHZERDLND, MW, ARICBWTHWS IRE
(effect size) J 1X, §~XT, Jlkﬁic‘:Xﬂ@ﬁiODfJJ%?ﬂ%
DB 7 A KL U 72 TAEHE(L -2 fE 2 (standardized
mean difference :SMD) | TH B9, T K-> TV
HIANEBHEBNRAIREL 70D, ZIREOBEZIZ, 0.2
EEECH/ N Z U 0.5 3 EE, 0.8l Rl RE Ve X
nso,

B OAIZ X9 2 EENRIE DR EIZ OV TOHRE I
T TAT T —|ZHMO 5Lz Fransen 5 1V D
VATT A4V Ea—RELE4LTHD (ZONER
IZOWTIE, TGS 2 B EEMICIRE L TWD DTSR

-
—

21

FRFOAFREON ; (range)

T RIFE :

FEEENSAID(130) o .g 0.47-0.96 A

BT FINSAID (9) 0——0 -0.05-1.03 A
FLatsy ® —e 0.43-1.02 A
avrkaqFy (5 [ 2 ] 1.23-1.5 A
EHAE (40) - 0.57-1.0 A
BEHAAD) () 0.28-0.35 A
i ®) *— =0 0.25-1.74 B
TENS (7) [ J 0.76 B
E7IILOUERIEA OO 0-0.90 B
S5t (35)
ZTFAAREEA [ ] 1.27 A
SE5% (9)

-1.0 0 1.0 2.0
Effect size
E1 BOAICHT 2REFEEDHMR

EULAR Recommendations (2003) (275 & N2 RAFHRIE DR R
7 (effect size) 705, EHZEN N OENT T 7T,

( VTR, ADOABITEEDRE 2T, %@%&@w
RIXSITEREODRLEE LN ERIND, BB, 22
IRENTHRBIEIHE SN LOTII ARV LICEE,

STV, BEHIX196641 H 25 2002412 A £TO
XD, BRI ITRXERIR LR 21772 C
W5, Bellamy & (Z X % Western Ontario and McMaster
Universities OA Index WOMAC) ¥ @ g 215Gk 1. B
FONTHEBER R 2 FREE & L. xt4%52562 A (F
FER607% — 737%) T, [ THERE) & HICH &7z
RN D D LiERAT TS (K2, 3), A SN
%ai A 1F.0.39, BRES R 031 ThHoT2, &H

CVEBNADOED LIZHREEREG LIER,
@J_wawﬁ%gﬂ\%WﬁUfwufﬁim
T0.47, THEA) T0.28, THAE DX R E TEH]
R C0.39, T#=A) T0.32, THER! T0.27ThHo
TtHEINTEY, Wb EBERDIRELZRD TN
DM, MADHREIZ L > THREIENRH D Z L IR
STz (M4), BENSHFEEOBOAIZK T 5 IEH)
WiED = ey 23, HREIIZIEFLA TS &
Wo TEVIRIICH D, LarL, EEBEMLTVD
WY NgE (EAEE) ORI, £5, EHHEOHE
RE, FEEEALGRABEIN TS W,

CEMEMAA K54 >

THOLEEZET VAR ESWTER E 72 EOA
T HIEBEAA RT A izBW T, EHEEIR
PRAFHRIEO LEE R L 72 » T 5 (European League
Against Rheumatism : EULAR? . American Collage of
Rheumatology : ARCY®), F7-. BEHIEEIZOWVWTD
#) % (recommendation) H V< D E LTV 5D
T TAIV D EFEESES

-~
—

-
o =

(American Geriatrics
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Effect size

EHE (HIEE) A HEBB(N) PR B (95%1= R
Baker(2001) 22,22 ¢ 0.64[0.03—1.25]
Bautch(1997) 15 /15 ¢ 1.20[0.41—1.98]
Deyle(2000) 33 /36 —— 0.93[0.43—1.43]
Ettinger(A)(1997) 14475 —— 0.53[0.24—0.81]
Ettinger(B)(1997) 146,775 -t 0.36[0.08—0.64]
Fransen(2001) 83./43 —— 0.62[0.24—0.99]
Hopman-Rock(2000) 45,737 —— 0.20[-0.23— 0.64]
Kover(1992) 47,45 —— 0.59[0.17—1.01]
Maurer(1999) 49,749 —— 0.19[-0.21— 0.58]
Minor(1989) 49719 —— 0.27[-0.27— 0.80]
O’Reilly(1999) 108 /72 —— 0.32[0.02—0.62]
Feloquin(1999) 59765 —— 0.40[0.04—0.76]
Rogind(1999) 11712 ¢ 0.50[-0.33—1.34]
Schilke(1998) 10710 9 1.06[0.11—2.01]
Thomas(2002) 4677316 —— 0.22[0.08—0.37]
Topp(2002) 67 / 35 —— 0.48[0.07—0.90]
van Baar(1999) 54,/ 59 —— 0.55[0.17—0.92]
total 1409.7985 0.39[0.30—0.47]
2 -1 0 1

X2 EBEEEDOWONAC“EABHR"IZxT 252
BHOEWRCTITHIXD WOMACTHRAB A OMBERE L, HELIZDRELTRT, M. WOMAC OFIEITRVVESIT SBRIE 4 =
T RBITADMEE D, MOXEE bbEA-D, 2 I TIXEAZHIZ L TRLTH S, Fransen(’ 03) L V) —ERKZE,

FE A (HERE) AE HEBBEA) BB OSUEHER)
Baker(2001) 2 /22 _j:e— 0.49[-0.11— 1.09]
Bautch(1997) 15 / 15 -0.08[-0.80— 0.63]
Deyle(2000) 33 ./ 36 —— 0.82[0.32—1.31]
Ettinger(A)(1997) 144 ./ 75 —— 0.37[0.09—0.66
EttingerEB)(1997) 146 / 75 — 0.33{0.05——0.61}
Fransen(2001) 83 /43 L — 0.39[0.01—0.76]
Hopman-Rock(2000) 37 ./ 34 — -0.18[-0.65— 0.28]
Kover(1992) 47 / 45 —_— 1.10[0.66—1.54]
Maurer(1999) 49 / 49 —— 0.05[-0.35— 0.44]
Minor(1989) 49 /19 ¢ 0.48[-0.05— 1.02]
O’Reilly(1999) 108 ./ 72 —— 0.29[-0.01— 0.59]
Peloquin(1999) 59/ 65 40— 0.38[0.02—0.74]
Petrella(2000) 91 ./ 88 4— 0.22[0.07— 0.52]
Rogind(1999) 1112 ¢ 0.22[-0.60— 1.04]
Schilke(1998) 10 /10 0 0.91[-0.02— 1.84]
Thomas(2002) 467 ./ 316 < 0.24[0.10—0.39]
Topp(2002) 67 ./ 35 —— 0.39[-0.02—0.81]
van Baar(1999) 54 / 59 —T— 0. 14&-023—— 0.51]
total 149271070 0.31[0.23—0.39]
2 1 0 1 2
Effect size

X3 EENEEDWOMAC “Hae” B aIcx T 258
HOBEBWRCTITFHRXOWOMACKKRERSROMREREL, KA LLEYREZTT, DREBFLEAZHEIZLTRLTH S,
Fransen(’ 03) X ¥ —&# k%,

22
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—— 0.39i [0.30-0.47]
2K 17 —— 0.31: [0.23-0.39]
- —%— 052: [0.32-0.72]
@A (5 —— 0.32: [0.12-0.52]

_ —— 047} [0.34-0.60]

BER (8) e 0.39; [0.25-0.52]

—— 0.28: [0.16-0.40]
pidl

BEREO) —— 0.27; [0.16-0.38]

bhbho

RCTOD#ER 058

-0.5 0 0.5 1.0

Effect size

K4 NAFEDEWVNZKDEBEEONEEDLLE
Fransen® ( "03) I LA A Z « 7F VU 2 (n=2562) DF5HE
L. PRONORCTOFREZRT, BEHTOHREN
INEV, E2, DO ORERIT ARG ROR) FEE
T, RIFERNE, BHERERRESHD bbb, LB
WOMACYEA55, TE : WOMACHERERS S () NITsa T3

&1 BROADESHEEICEET 5 ACGS DEYE (2001)

1. EHMEE
s B EERMES)
BAPDRINEERT Y EHEIICEDS ALy
FRICUSvIRTE/BEEDo D, PRERER
C28E T,/ B&E T10~30seciRiF, /B ACEE D
KEIDH B & S FBT B,

I. BAHBRLES

- SRM/HEIER

2HDOEILHEIRIC/RE BER. ZANHED 30%
Do, BRLICTE%E T/ & : 6seciifiF. FCOHIK1E1
E~B4I&H8~10RME T/ BE% 28T, 20sec DD
REEZ AMND / 10secBZ 2 UURIZIME% LT3 D THE
73 /58  KESHEI1B 20, %4ic5~10E/day
T/ B4 IcBHAEZT 20, BAEEOLTWV,
- SRMH DR EED

8~ 10%EH DIEILEE)

BE D IRM D 40%, BAT80%%E T,

Bty M~6RE. HEFEETE BE20H7F.
20sec DDRE % ANB,

PEE BIC2BEE T/ 4 IcEBE GBI5~10%1). B
P LTV,

I. EMFEH

B AGE KX BEFOI7Z7OES R (HT.5 > X,
KiEER L), BREEFE-7-db(bLy FI v, o—A
VORI =) R E, KPESHTRFICHRING, /&
B E~FZ%E. OHmmax50~75%@RPE10~13Q
talk test(Z7 L 2 2B L R W) 21 H&1E1 H20~30min(1
E5min 4, 5ENCDHITTHA), /HRE HIEBEIR.
LHrLBARE T/ #itE Bic25%8E. B2 LEF3/
SFEEAZTELRVLDISER

AGS:American Geriatrics Society ACSM: American
College of Sport Medicine American Geriatrics Society
Panel on Exercise and Osteoarthritis ('01) & h —Zp&RZ,

* KIREIZ ACSM DEBNAL 5 ICB B
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#x2 FROAMDEEE%XIZEIT S MOVE consensus ( ‘05)
—Evidence Based 7z 10 D &hss

1. Bhib L BREESHE. B LUOBREHOARE
DRATER L. BIFEELBERRETRET S
L TE B, (1B/A)

. BREE - BRI OAICK T 25 hiEft L BERRED)
DEENVLF 720 L T “BRX"IZEE Y % evidence
PEEAERL, (4/C)
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Transdermal delivery of fluorescein to Wistar rats using ultrasound

Yoshitaka OHNO, RPT, Takahiro KIYAMA, RPT
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Department of Pharmacy and Pharmacokinetics, Aichi Medical University School of Medicine

Abstract

Ultrasound—enhanced transdermal drug delivery (TDD) is termed sonophoresis. A few studies have indicated that
ultrasound frequency is associated with TDD. However, other ultrasound parameters involved in high—frequency
sonophoresis and the mechanism of the effects have not been investigated in detail. The present study examines whether
or not high—frequency ultrasound and its non—thermal properties enhance the transdermal delivery of fluorescein to Wistar
rats. Glass diffusion cells were attached to the abdominal skin of rats and then a topical formulation containing fluorescein
was applied to the cells. An ultrasound element was fixed at the superior end of the cell and ultrasound was applied to
the skin. Blood samples were then collected from the jugular vein and blood fluorescein concentrations were measured.
The drug and the ultrasound element were applied to control rats without generator power. The blood fluorescein
concentration was slightly increased in control rats, but significantly increased in the rats treated with ultrasound. We
found that the same energy density of ultrasound induced similar blood fluorescein concentrations, indicating that the
non-thermal properties of ultrasound enhance transdermal delivery of fluorescein to Wistar rats.

Keyword: sonophoresis, high—frequency ultrasound, transdermal drug delivery
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