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Transdermal Delivery of Triamcinolone acetonide Gel by Ultrasound
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ABSTRACT-This study is to enhance drug penetration via skin and investigate anti-inflammation effect following adoption
of ultrasound. For this goal gel containing triamcinolone was prepared and the skin penetration rate and the change effects
of blood plasma ingredients and serum enzyme were investigated. Using Franz type diffusion cell and the skin of hairless
mouse, the permeation enhancing effect of ultrasound was tested. After the injury by direct trauma, the blood test was per-
formed by measuring WBC, lymphocyte, and neutrophyl, and by analyzing CPK and LDH. The ultrasound transducer
whose technical specification is geometric area(GA) 1.4 cm?, effective radiation area(ERA) 0.8 cmz, and beam non-uni-
formity ratio(BNR) 6.0 max was used. The influence of frequency having an effect on skin permeation rate was higher in
the case of using 1MHz and continuous treatment. The temperature of receptor phase was not influenced in skin permeation
by phonophoresis. Skin permeation increase attended by intensity of ultrasound, the permeation of triamcinolone was accel-
erated at 2.5 w/cm? than 1.0 w/cm?. Following muscle injury phonophoretic group the number of WBC, neutrophil and lym-
pholyte were decreased significantly as compared with both control group and ultrasound group. The result of variation of
serum CPK and LDH activity conformed to the phonophoretic effect as same pattern with the variation of WBC, neutrophil

and lymphocyte.

Keywords-Triamcinolone acetonide, 'Phonophoresis, Skin permeation, WBC, CPK, LDH, Lymphocyte, Neuirophil

B2 A% Seie e
3 ojRe ok B
gto] uf

]L..

#e 2 sdgele 2ol
e 749 Fabge) e S48 a2
Fsto) Quislshsd) Algte) wham %) &
g BAAA B Fabgst AR S
£ 7ol Btk ARNFFE F7MY) Aste] ARES
SA7E AEIT gloml, BRE F90 oI 21 BuE

83 oleEUES 7MY Bol &&

_IH', 0%,

N

=

i

%-4 t”-r]‘)ﬂ xﬂﬁ} =] o}
F3457F 5cm 78‘_‘.:& A3 X FAIZe] Btk A
T 499 o=t FREeY e HE Ve
o2 Zevta} 3}, 229 Pierre CurieZ} &
7 5 polycrystalline ZZo] }He] Wstel wa} HA oF-

W

i
o

A5t 7

\__\_l..

2 =5 o] AAplA =
Tel : 063)290-1570, E-mail : jhyang@core.woosuk.ac.kr

87

-3y 4 Bl |

Sgom Qe 22Y, ¥
Aol Uehted 1§ A

o Asprt HAEE d¥e 244
A, Az FoxMe e
A sl 2SIt AESHQ] S Adske 99
o] gk 3t o b A= polycrystalline 2ol
9 Z/E ERANIE £53 o] wfske AFol
32 goju} 2295 WA e B
2 el disl 9L, -, A, {5, §2
./: 011:]( 4)
237t A l e G| gt

) F5oll 223 s EAEE 1
Ao &3S ’:EF— 7ol ‘éh%ﬁonﬂ 2o3p) N\5A 25
o2 AReE7] AR AL 1930dthoth Z&ue] 71AIF
e 29 vA) RJ%Oﬂ o3 71AR aAE Q3 ¥
ZAMNA 2L 7| EE0] 23] Fe 23
Z= 3AYNA AEE 253 A4 HZRA). g
TEske Az 2 B4 858 IR B9
FTEIE 2R ST B3 FEsk s B Ehs

Z
aF
A
E
4L

goz

=
=

= Q0
o =

B4 A7 1920
A A =

ol wl
-1 X



88 $7% -

2 AR ol AFHE 7k= Polz] 2A Y= AE
2719 At $Fo) A =Fde] $EL HA
kY AAHoE 230 ¥ dF sl 21dL & W
Fom 5=A sl o B, o]2eF L AEEsE
7MFE 7t dedt. ole@ J1Ad G B
T, 9 Tk, S FAA HoslEy 2guke) @
282 Azt 249 o RS HIAA oEe] o)
B3 £28 M7 23 O BHlE E240E 5 g
Ao 7€t

= Agolt i 5 Z5o] & o ¥ a4
o] BYErt SAsA Akl wEel] YidellA AsletE
Aoz {854 E8Erh 7P dE3 84 gh=2=
creatine phosphokinase(CPK)$} lactate dehydrogenase(LDH)
7F Jem, drkao g ol FAELS TR HTE Pl
A e w2 EAE| Wl Qo EET S
7t A2 gRle] SR AR 4% Wt
7t Ik 2 ouEn? 28 &z AEee] T34
Hale} WA, FAplgt aAE Sol 7198k CPK}
LDHS] 8457t 71| witol] Aol T2 &4
skt Fa8 A7 Aokd

Epbgol S 02 ke 28 Ulg] &8 2 ISAE
o] o] TS, 52 AFHE, FME B} F39
O A7 ¥ ST 9% Axe A St
1 A2} bl swellingS @433} Microtraumad]] )
FEHEoRE A9E 2% €% S50 54 2%
F37o] 1o ol gt microtraumadl] T3 £A4HS
creatine phophokinase(CPK), WBC, neutrophil, myoglobin
3 malondialdehydeoll thate] Y mIxIh? = F4F
Foht EdHA, Aot 5& WBC,'” lymphocyte!”
5! neutrophil'” 5 B§zge] W3tE st o1& o
$31e] 930 AEE FHY 5 Ut

wEr B AFME 28T AEol in vio WF T2
=9 o)A 9L BASTA gk o1& 9t B
AEES T AAE AxSYCR AET FEoI9A 1)
RE olgat] YREHTE Hla 2R B3 289
A7} AFRE F Uit g9 zgusiel YFEL0)
HAE EgelEgs G348 F70E & A e

o d¥siitt.

¢
ok

A

o K& ool o

ol

oft ok

Ay

Alef & 717
EER SHIEHE(TARE 31 oFdA U3

J. Kor. Pharm. Sci., Vol. 32, No. 2(2002)

HIL - FAE

o, diethyleneglycol monoethyl ether(Transcutol®)e= Gatte-
fosse(France)A}oll A, HPLCE oM EVEE-S Merck(Dar-
mstadt, FRG)eIM T4 3IFeH, 2 99 Aok 25 5
T 2 15 Aok ARSI

717125 HPLC(LC-10AT, Shimadzu, Japan), ultrasound
unit(Sonopulse 590, Enraf-Nonius, Netherlands), skin permea-
tion tester(DST 600A, Fine Scientific Co. Seoul, Korea),
hemocytometer(Superior Marienfeeld, Germany)s A8-3{t}.

AEEE

et dFFEANM B T2 AT 20129 4
hairless mouse 57E & O Z 3o HEE FE3|] H
REaade) ARg-alath. 3 AR Hals g Ag
ol 200£20g9) SDA 4 rag AT AEFE
S BY T 4Fd7 AT F AR

ERYA=Ee HY

TA®] £8]& HPLCE 3Iem, 2342 2= p-Bonda-
pak Ci3(3.9x 300 mm)S AME-3IAL ©]5/d- water : ace-
tonitrile : formic acid(59.9 : 40.0: 0.1)E FAsIFew ZHY
10pLE FY3lY ¥4 12mL/min® g {FE3A1A UV A&
7] 4 238 nmoll A A&t

Axe] M=

TAY o] 1% wiw %t 0.1 wiw %7t HESE Az
s9Ed 94 homomixerdl] & 6.71 mLE W3l carbopol®
940 0.08 g T3t A& LA w2 &3 BHEA
transcutol® 3.0 mLell TA 0.01gS §3jA]7] & A2 pH7}
6.5-7.57F HEE 10% FAESPEES 92 the R4
W7 2,500 pmO2 wHkste] AS AZ3HTHTable D).

OFEL og :
TAS] ¥F T3S A7) 5] modified Franz
diffusion cell(area: 1.77 cm?, effective vol.:11.5mL)Z ©]

Table I-Preparations of gel containing various amounts of
triamcinolone(g)

Preparation 1% 0.1%
Triamcinolone 0.10 0.01
Carbopol 940 0.08 0.08
10%-NaOH 0.20 0.20
Transcutol 3.00 3.00
Water 6.62 6.71
Total 10.00 10.00
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4315937, hairless mouse T EXRE As)slw AskAW
9 BA Gas 2ASEA AATS T gog A&t
AN pH 7.4 =893} 20% wanscutol®>S FTF EF
8lod AME-EFITh. Franz diffusion cellel] F-5rhe-s 3iE
FEEL A NRE 05g8 =ET T AH AR
100 pLA HH3 M2 A FAS TF 25t A g
B2 350+£02°CE FAES 2™ cell Yo ks
& 600pmo AT

255 8L continuous modex 108 A& £ 5027}
o] FAZIE 7o, pulsed modes HE FHE/HA| FX
7] flo] 4-8-33dt}. Pulse mode®] 7% ZS9E £
T 102 RAEHES o] o] F 25T RAMZ
F 2oM s s

= [+

O

o

o o

AR 2292 AR oligt dzZ, TATH AL
Agdte] 255 ZARE A4 AA F(continuous mode)

2 H|AE XX F(pulsed mode)© & UFo] AAsigch =
3 2%, 2O T, T AV 9 AE 289 A=
| ol R vAe F3FL Frlsidn.

o
=
N

PYERLY ¥ MR

AP FEEA SDAl HEEA, Uit P22 A3}
KL FF TS Y5t QA Aoz mFHAR] 3 4
Z YEH-E 200g 32 80 cm HoldlA 13] 718K

e 71 5 dEEA R ould A= A ¢
Rom A8 AEHFE A3 hzetsdt 5Y3 =
702 HAAY. XNEZ F 2SIEA S 28w
A (Da-Yo medical Co.y& AMHE3I oM, SEEEFH M)
# SF T VTS triamcinolone acetonide gel(0.1%)
< ALY NEE URES AT BE A8 ZoA
A AT, 2487 F, 48X7F, 72X T m) e A A
|3t F 33 AArET

87 T 259 7+ FUNPFTLS 259 B TR
712 Abefo| geometric area(GA)7} 1.4cem?, effective
radiating area(ERA)7} 0.8 cm?, beam non-uniformity ratio
BNR)X| 60max?] A& ARSI em, X vwi/idss A
EFHoR FAGE | MHz, AEEHS 1.0W/em® SAI
(spatial average intensity) 2. B} om X B AL ERAY
g, A JATRE: 6870 R ST T 9] XFE Ale ¢
1.0g% Z5%) Aoy}t triamcinolone acetonide gels M-
o Hlg %, 253 AREAE IIPhee] EdsA &S
RAER 7PEA FERslAA] XExEAte] ZHH HREFEHe 2
Z}e o]FEE HES 239 ¥l(beam)o] YA} 2 FHH
o] U] $4o] o] GE= st X|FEeAl H47)

FXE Al 7HE Bl AMgskE o
=2l 1inch/secE -5 Ao A}
=2 FARcz 98 a3y 288 £
oD Ew X Z& o] XFE Alult) oF g9 triamcinolone
acetonide gel T3-S ©]-83fed $Hof| vlEWA JPEA 5
3 A= 28 FAULh

gl ME BN

ol ke WEZ(WBC) 2 @3 (lymphocyte), 571
(neutrophil)?] &3 7} B3 HA(serum enzyme)?] CPKS}
LDHE #4J319ith. AR EL 7F AAFHE A7 244)
7, 4877, 12X AN syringeE o183t o Smf
=2 AYsdt Y 5ml F WYL S L w7 7hH

AHWBC differential count)el] 2§ 43Fe] dilg A9}
ERe] galo CPK9 LDHY BAEE 24shr] 95
1 A1 8- 2) 7 (centrifugen)S ©1-8-31 3000 ipmo 2 <F 1587}
AaEEsle] @3S EeAREsidTh Al A7kl gag
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HE o83ty 5 Ao, €% E4) CPK ¥
LDH=UV-Kinetic methodS ©]-8-3l £413131 .19
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EoNEEL WUgAolm R R HZAE transcutol®S
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Figure 1-Effects of Triamcinolone contents in skin permeation
through excised hairless mouse skin 4 : 1%, Il : 0.1%, A : oint-
ment (commercial) Each bar represents the mean £ SD from 5 ex-

Figure 3—Effects of continuous and pulse treatment of ultrasound in
skin permeation through excised rat skin 4 : pulse, ll : continuous
Each bar represents the mean+SD from 5 experiments.

periments.
60' 7
£ 50 & 6
5 5
2 2 5
= 40 =
2 s ,
3 T
o} i i}
& =%
S ks}
2 20 22
2 3
E 10 g 1
a
% 2 4 6 8 10 % 2 4 6 8 10
Time (hrs.) Time (hrs.)

Fioure 2-Effects of various fr ltrasound in ski _ Figure 4-Effects of temperature of medium in skin permeation
megation through excis‘é?lriZ?Zkine qOue:n;:}Il\ﬁgzu- :(;ulri/lHl; i(m nI:)i-e through excised rat skin 4 : 30°C, A : .350C’ M : 40°C Bach bar
ultrasound Each bar represents the mean® SD from 5 experiments. represents the mean+SD from 5 experiments.

60
1ONZE 5 ti22olA 4.91612.143 ug/em™l] B8k 225}
1 MHz8t 3 MHzE 283 ZollA Z2h 42.065+7.779 png/ ‘E %0
cm®$} 12.198+2.184 pg/em’E D53 B FE Ve 2 40
AchFigue 2). thZToIMe] ge] Fohe gnelA A% &
oM 3MHRINE 22T §ARE B3 g ugle g X
g £ SEE 10402 F 2o gadeh ol Wy &
IMHzE 288 FoX= AE 117 o] FH 348 % €
Fe) F7h dEhken] 202k olFole 1MHz H8TH  E 10
iz Hste] wi$ =A Jelt 1087 ¥ continuous A
mode”} 42.065+7.779 pgfom?E  pulsed mode 11,079+ % 2 4 6 8 10
1794 ug/em? B} £ £3-8-2 Vel AckFigure 3). I Time (hrs.)

tjxEe exo] gL 2 o] = Figure 5-Effects of intensity of ultrasound in skin permeatlon con-
TRl FIAE 25l ¥ doh] A3 recep tor taining tnamcmolone through excised rat skin 4 : 1.0 wiem?, R

celld] 2=F 30°C, 35°C, 40°CE 8+ A3} 10/7F & zFzF 2.5 wiem? Each bar represents the mean+ SD from 5 experiments.
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Z29 FAW 9% EZREE oklEUE A gy o1

5.120£0.601 pg/em?, 5.560-£0.912 pg/em® 2 594120410
pgfem’® 2ol ¥ sle] B3t Frlshe S Ve
Yo f94 e ZolE Holx LUTh(Figure 4). &
=3 A8 Ao B HEEARE 1M F 2.5 wiem?
E 283 oA 4206517779 uglem? 1.0 wiemPE A&
g 2ol 15.193£3.637 pg/em’E UER} 27w H]
gleks e eI CHFigure ). '

HelMe 223 2yt 2418 2@ 1)) Hlske

(Table II).

42 F neutrophil S 25.1+1.9(%) R} 244 7H
43112%)2 F7HINoM T2A 75l 353+ 1.6(%)2
2 Ut 2899520 E 24, 48, T2 700X 2t
31.5+2.9(%), 28.0£1.9(%), 26.6+ 1.6(%)22 thzgtol v
sl oA U 744 RSTHTable IID).

o

Table II-Variation of WBC in plasma ingredients following
adoption of ultrasound with triamcinolone gel on muscle
injured rat

Time(h)

Preparation 0 2
P 24 43 7
| 82.3+2.3 118.0+6.2 110.8%5.6 99.8+5.0
i 82.1+24 115.8%6.3 110.0£3.9 97.313.7
TII 83.0£1.9 108.1%2.0 99.51+2.9 90.3+4.5
v 81.8+1.4 96.5+3.1%™ 916433+ g4.5+2 3+t

Each data represents the mean SE from 6 experiments
* : Significantly different from group I (P<0.05)

1: Significantly different from group II (P<0.05)

*: Significantly different from group IIT (P<0.05)

Table III-Variation of lymphocyte (%) in plasma ingredients
following adoption of ultrasound with triamcinolone gel on
muscle injured rat.

. Time(h)
P t 0
reparation Y 23 72
i 68.143.4  90.142.1 87.5+1.7 81.3+0.8
il 68.012.9 90.5+2.0 86.611.4 793%15
I 68.613.4 85.5123 82.142.0 75.141.7*
v 68.543.0 76.583.0%™"  753%2.5+T 71 1+1.8%f

Table IV—Variation of neutrophil (%) in plasma ingredients
following adoption of ultrasound with triamcinolone gel on
muscle injured rat

Time(h)

Preparation 0 a e 72
I 251419  443+12 406117  353%l6
I 243413  43.6£0.9 401408  34.5t12
il 245412  41.5+1.1 346822  27.8%1.5%
v 248416 31.542.9*™ 280+1.9*" 26.6+1.6%

Each data represents the mean SE from 6 experiments
*: Significantly different from group I (P<0.05)

T Significantly different from group II (P<0.05)

#: Significantly different from group II (P<0.05)

Lymphocyte 3FH-2 7] 68.11£3.4(%)I21} 2447 &
90.142.1(%)% Z71510.0M, 7247 5 813+£08(%)% 7
20 2EHGEFME 2417 T 76.5E3.0(%) 0%
ERtel Blale] @ ZUHE Bew, 72X F /94
= 70 Vel 28uke] ZALE Q18 triamcinolone] &
FEOR QA3 FF9 /HAEIHNTE ERATHTable 1V).

CPK= 9% 52 2407 F tixdtolMe 43 353t
o] 1030.1+101.5TU/L)E YERA 3 48A17H 11325+
104.4IU/L), 7277rll= 1008.51 77 8(IUML)E 27} Holx
= A% Uehligloy ATl E 2447 3 8976+
45.6(IU/L), 727N17F Foll&= 598.5+62.3IUM)E thFrdl] H]
sl 9%53] ol om A4FolEs 22 351.1+141.5(00/
L) ¥ 323046 9(IU/ML)E HZEES 2 A3z dsir=
994 e AAasE eI tH(Table V).

LDH 9A] CPKS} +AFSH 49E Jed=T 54
Z 24N 74 384.6+24.0(IULE 7 B8 FX&
Wokrt 7241780 320.6% 11 4QULYRR] XA 3] Zashe &
& BTk 373 Al4ollA LDH °%]¢] 7avt T2

Kl

Table V—Varigtion of CPK (IU/L) in plasma ingredients
following adoption of ultrasound with triamcinolone gel on
muscle injured rat

Time(h)

Preparation 0 72
24 48
1 140.8+6.3 1030.1£101.5 1132.5£104.4 1008.5+77.8
I 144.143.8 1046.5+107.6 1191.1+76.5  1065.1196.0
I 141.844.3 897.6£45.6  906.6+66.2  598.5162.3*

v 143.6£3.4 351.1+41.5*™ 405.5+40.0%™ 323.0+46.9*%

Each data represents the mean SE from 6 experiments
* : Significantly different from group I (P<0.05)

T: Significantly different from group II (P<0.05)

#: Significantly different from group TII (P<0.05)

Fach data represents the mean SE from 6 experiments
*: Significantly different from group I (P<0.05)

*: Significantly different from group II (P<0.05)

#: Significantly different from group 1T (P<0.05)

J. Kor. Pharm. Sci., Vol. 32, No. 2(2002)
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Table VI-Variation of LDH (IU/L) in plasma ingredients
following adoption of ultrasound with triamcinolone gel on
muscle injured rat

Time(h)
24 48 72
I 173.5+15.2 384.6+24.0 369.0+13.8 320.6t11.4
I 170.3+20.1 380.0+27.7 357.3%+16.7 328.0+12.0

m 1743+18.5 318.1+18.5 286.0+13.0%" 239.1+12.0%"
v 168.5+17.8 294.8+30.57 273.8+12.8*" 222.8+13 4%

Each data represents the mean SE from 6 expenments
Significantly different from group I *, I  and IIT *. (P<0.05)

Preparation

e 48717k 72A17t ol F oA Tl
A AaE UERAATHTable V).

EESEDE

o #
LHARE QM= A7 A 9%
9] A7l AGARZ glucocorticoidsAl B 2] 2FE<Q] hydrocor-
tisone, dexamethasone, triamcinolone acetonide S| T3+
7395 &7 WHO R jontophoresis®t phonophoresis”} &
o] ARg-Eo] it} 3] glucocorticoidsll tE phonopho-
resise= ZAA)0] 43} gelo|ly cream FEIE A4 &
%15, iontophoresis Bt} ¢t 2718 Fohe HolM Hx}
Fo R A go] F7HEL Yot A T2 A2
247 954 HHoEA & ey, d o 2, 4,
A, B, Addd, Y, AHE Soldh
2AZZAA 454 W e glucocorticoidse] 7
£ ad= 7Ee AgEgolt). o] FEEL prostaglandins
(PGs) 2 leukotrienes 5 ¥= ATEEE 4 AL A
T AR el WETES] o|FE Aalslx, &4
A 14101]7\1 lysosomal membraneS- ?}7@/\]7]—: 8L 7}
Hom, AFE oy FZgio] #Hj9} HES ‘3"?‘]3}‘-"1 2t
THIZ2IAE AAAIY, 95 S48 BAAT =
glucocomcmds-J g S gYsh) 2aer 9o
EAZ 2, Z(endon), F 5 2P ZF gt o]
ﬁ’-‘}%_i 3k o, F7|7F o A] FAEA A=
Qlaf o] T WA Aido] JAED ozt HAg-
S A7) AR I £FE AEHeE 013}?‘; YERA|
=™, phonophoresisE ©]-§3% 3 AHFS WY &
SaZAe JFoR e 3o HL57] uid o
15} Aol ZaE & e FHe] Utk
JJ“ A& g8 W F9<4 1 MHz’t 3 MHz
H‘:} 2 HRRAEE e, 2500 o3 d3e ¢l
= Aoz Jvehter TE s 1.0wem? 2ob 25w/

2 gakzy, 2

L o

F‘!ﬂ Fl
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A E& F3HEE eI

UukH o pgole] L& B WHF = F] RF
o] & F= A= ¢4 ME}. :LEM 30°C, 35°C,
40°cE Zzt 2= WshAZle o B 2 ARlE B

o)A st & TRE) et 2eue) EHE Do o
@ Bl The A A0S NRA, 2 R
el GEle i, £ 89 e C I L

5 RaNPomn AR el e . Y B

Aol ojsie] AE W 717k sAsie] FE8 Byl U
SRR
ojol) wah 2AYe] $5o] FUHo] B TIPS AN

oM EINEEY AFRHEI} S7H JOE AlR
At} 2879 Fo4E | MHzF 3ol ol 4
AHoRE P A Bl AR dEiA glow A=
Al 2,500 wiemt BB} SR 437 ZA Vet o4
olg} fAHE A7S UERhT
Direct contusiond ©]-&3lo] 4358 FdAZ A% &

ZZRoNAN FA4% 52 el I54EE ZH;P‘#-QE
wgsigon, ESYAERA] AXe} 283 A F A
A3 MAEE AES Vet A8 wsielA
WBC, neutrophil 2 lymphocyte 257} F5-F F 244]
ZrollA H3e) @3l9em 7227 AX8] ZAaEA
223 ZARZIME 2487, 48A1IZIA TRE A 2ol T
slo] o)A e WBCEY ZAvE BEEHJSH lympocyte
9} neutrophilo\ME 248174004 722 AFE JERSITE &=
£ BE ARz HE 2832 FAE 2447, 484
2y, TN BE X9 o4 e A7 Ve
a2l CPKe LDHIAME FARE & JYeRils
tl, CPKAX] A 24,448,720 700 2+ 28 ZARE
o] YR Mz foA U=

zpolE YeEY e LDH
FAe YREY 289 &5 A s f9A U
= A8 Yepisigh

J?Ld

AR SEoF furE 2G Ao R Q) @: g 9=
ol 83 CPK, LDH, myoglobin®] &4 5 32, 4

A7A] §-9A4 AA Z7ksltt 15 F9 baseline level2
3BT dFA7 Hu) S84, 98 RN F 2
&4 2 dF dhgd tigk IEE 3] g AT =
CPK, LDH, GOT= o4 A ¥3iey Hd7 9
Halolls FoAde] gtk 8 2EEESTNE 83
CPK, LDH, GOT #4do] Z7I8l=Hl, 53] muscle sore-
ness®] 557 CPK S4=x el i sttt 584
HoNE 54U = &40y SPYART 4ol
CPK 849 5718 Basi;?
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