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A transdermal. therapeutic system (TTS) containing nitroglycerin (NTG) was
applied to 12 healthy male volunteers for 24 hours and 48 hours.

Plasma NTG concentration was measured by capillary gas chromatography with
electron capture detection using butane-1, 2, 4-triol-trinitrate as the internal
standard.

The mean plasma concentration over the intervals of 1-24 hours and 1-48 hours after
application maintained a steady level throughout the application. The mean plasma
level in the steady-state phase for the 48-hour application was similar to that for 24

hours.
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The notable subjective symptoms of TTS-NTG were generally reported as headache

and/or heaviness of the head, but in the 48-hour application study, the incidence and

intensity of these symptoms were reduced on the second day.

The local irritation was well acceptable. Several subjects showed mild rubefaction at

the margin of the covered area of skin, but there was no difference between the 24-hour

and 48-hour applications in the local irritation index.

The residual amount of used system was analyzed by HPLC. The release rate of the
system was 15.8%+1.19 yg/cm?*-h (meantS.E.) for the 24-hour, and 14.9+£0.79
ug/cm?*h (mean+S. E.) for the 48-hour application.

Key words : TTS-NTG, healthy volunteer, 48 hours application, local irritation,

plasma NTG level
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Nitroglycerin (LAF : NTG) FTEENL, Fod
EREOHRBEEL L TELS P LEHAIN TS,
UMD U, A TOHEESIRS THEOZH, i
FERIEDTEITILES T2 59, NTG AR
H5HERPIBNINZIZ ENDbIAY, ZOR
ZRALZZNTG KRB OPHEIN, FOER
EDFRRLARICENTH S EPBESNT

AT UL, NTG B, REDRER
BB (EYE)DAERS, BRAEOHEM XD
FORRDIZY, ERKHERERE»Z V.

DL BRBEOREER -1 NTG 2 &URKF
BYE¥E Y AT 4 (Transdermal Therapeutic Sys-
tem- Nitroglycerin, LLF | TTS-NTG & #&9)
D IICERMARE I A, KA 3KIC, H
RABEEFZIRICMBER NTG RE ORSFE
IKDWTRRE 21TV, SO Y AT AD—TERBIC
—EBO NTG 2HH U, ZhHEFH» SR
WK S B E S —E IR 2T, NTG
DOHROFFESEERIICOHIFTE 2 & 2R
U729,

BRIRCDFERICH 12> T, 24hr TREVE X
SNFICHEICERME, MEPRIONE I ELH
0, 48hr i L712354, 24 hr IRICH ZDHEH
MDD IND0BEP AR T 5120, KEHE%E

L 7z,

B, BMS9EL2 A 20 H L VEEM60 41
A20 Bizhzv, EEEFEAS RSN
WWHBWTERBLL.

B &

HHERE D&

BERFNATAF—-ROBTHE,» SHELIE
FE#FE I, TTS-NTG OHHIZNREH, NTC OF
YR, BIfEA, AEANS S CICHAATOE]
HRBERS IOV THBA L 2k, MK—RIRE,
MEELERE, FRED JOLENRE (K#
B2 6 CICRFR) 21TV, REROS» -1
WERE 12 228B U, #ERE I, BHEICL
DEEZB. WREDOFHERIE 4.8, F
BHEREIZ172.7cm, F9EEIL66.8kg TH -1
(Tab.1).
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1Y AT AHIZ25mg @ NTG 2&%F LU NTG
DOMEEZEES 10 cm?® TTS-NTG (LLF :
TTS-NTG 25 mg/10 cm?) B L OE—HEE%ZH
3% TTS-Placebo (LIF placebo) % aHEREE &
Uiz,

EhAHE

B, SIS, 51 24 hr B
BOHIE 48 hr it 21To 7. BIH, FIHO
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EIE, BaER (136 CHBRE ORI Z
HEWkHcERLLDS, 6#icix, AR
TTS-NTG 25 mg/10 cm?, HMERIC placebo %,
fthd 6 FlIZ I EFH DB IZZ N ENELT L 72,
R Z 24 hr & U, BEfSHR7s 5 ITBR AR 24
hr ZABR BB s ES 2L U, B IRIERS
ALz Mz U, REATRER 2 48 hr ICEER L 2.
BIREERE, R 5 OITkRZER 24 hr 4,
AR s EEh 2 5k U 7z,

% LI, Rhfdwn, A1, 2, 4, 6, 20,
22BF024hr, BREROSBLTF1hriz, 5§
M3, REAHRE, AR 1, 2, 4, 6, 24, 30,
44, 46 B LU 48hr, FrER 0.5 B LT 1 hr ITH
BRE 0 8ml ZERIM L 72, #RMmi%, mIEHHE,
HAEE TORBIEIBER IR - 12,

BRI & FRFZNICHSREOME (REMES LU
RARMAE) B & COAEUE SIS S CIZBAL TRl
EL, MBZRiVAREREF v L. Y
TERDS 5, RLRBAEFEEOTNEEZ HNDHE
O HERORKAICH L TR D 3 BEEIZS
g, FORELENL. Tabb, OHPLHY,
@b0, QWA X5IZ, FEE - EERH
REL, HREVSKD2H AL, aspirin DR
EulL Uiz,

RIS OHE R, SRBEORER0.5, 2
BLO24hr D3MMERL 2. HIEREKEIL, KIF
Ny FTAXANARMDOED 12 FEOIZHE-12.
o DHERERDOREGEREIZD &, DTOF S
w5 %, RERBEER2EH L. :
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— RSB UL 0
+ I BVKH 0.5
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H# DAL IRE+ B E
| EB % 213N k8 3.0
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Tab.1 Subjects Participated in the Study
No. Age Height Weight
(years) (cm) (kg)
A 37 164 64
B 36 179 72
C 35 176 81
D 27 184 » 70
£ 37 170 66
F 31 190 64
G 37 166 68
H 27 181 ' 74
I 30 160 63
J 52 159 53
K 36 167 54
oL 33 176 73
Mean 34.8 172.7 §6.8
+S.D. 6.6 9.8 8.1
+S.E. 1.9 2.8 2.3

M4 NTG EBEDRATE

MEEH NTG BEOHRIE 1L, Sioufi 5 DFE?
IZHEVY, butane 1, 2, 4-triol-trinitrate (BTN) %
PEREEEME & LB TR EMA - v
¥ V-Arza<w 75 7ETH L. KR
Erikix, RO TH WO GC-MS E™E s h

B 128, EINEUGEER B & OERED MERER % 5

Fri, ROMBIZRY C LRI TS,
AERBEIE, M1 ml I PIERERERK 100 41 (5
ng) EANFH Y 5ml 2INA, ke D, BOSHER,
NFHVBESBMUERT AKIERAR, 20CTH
100 Ll ICS 2 TRIES H. ZDO—FEHT A7
uw I 7IEALL. BB, KEBKICE
BB 50 pg/ml TdH - 1z,

BITE 12 F /54 4 ¥— CRB (Biopharmaceutical
Research Center, France) THEMELU 7.

ERRD Y 27 LNFETFE NTG BORITE

24 hr F1X B LY AT A, BRE
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BEHL, ST 5% TLCTRELL.
LNETE NTG =0 HIE 1 HPLC 2 A
ISHA E—RTHIT L1z
BR AR E
BRI, REM RS S OICRE
IR B BRI - RIR ATV, FHE
M%%E&U%@Hﬁw '

VAT
WAKF

BHEH
Uiz,

5 T (24 hr BS(S) 2B NT, #HERE H IS8

HE’:P IZ TTS-NTG B &V placebo 7
WHIBE L 7o, EPIRESIE U7z

=% 10k
mEERE

E(E‘JEL‘L ﬁ&]ﬁ{ﬁ 6 hr ¢, ME - LEAEESS

WEBEERIIEMG% Shr FTOT—
EEHICHAW. -7, FREBEDY A
FERBBIELU L1,

7 %
T AP
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Tab. 2 75 % O Fig. 212 TTS-NTG 25 mg/10
em?% % DT T HIREHER 2 R U 12,
B, EIMELMAEZ LI ICHEs»2m
MABED R %201, $£17, 2HBREORE
EAT (5 I AR5 24 hr, 265 [T RS(S 7% 48
hr) OMBHBE &, EFHROEZBRIMESTOMm
RABELZRAGOD S t-BRECHET S &, &
THIDREA#% 22 hr B L OB THADREAT% 2 hr
P, BREBERIOM LV BETH - 12 LIS, SRS
THEEZ (P<0.05) 2R3 MEHREIL—
Tho1z.

VAT ABRER, MAAPREEILERL 2 ICED U
%i%lh?d,ﬁth&@ﬁ%%fﬁmm%
DTFtcH-1.

Tab.2 Mean Plasma Concentration of Nitroglycerin after
Application (ng/ml, £SE)

Time 24 hrs application 48 hrs application
(hr) (ng/m1) (ng/m1)
0.0 nd* nd*
1.0 0.118 + 0.032 0.093 + 0.024
2.0 0.139 £ 0.042 0.131 + 0.028
4.0 0.118 + 0.029 0.109 + 0.029
6.0 0.101 £ 0.026 0.112 + 0.026
20.0 0.089 + 0.017 -
22.0 0.130 + 0.019 -
24.0 0.086 + 0.019 0.093 + 0.025
(24.5) 0.027 + 0.015 -
(25.0) 0.009 + 0.009 -
- .;‘OTO— S - 0.096 + 0.020
44.0 - 0.089 + 0.019
46.0 - 0.098 + 0.015
48.0 - 0.075 + 0.023
(48.5) - 0.022 + 0.012
(49.0) - nd

*nd : not detected
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(ng/m1)
0.3+

Trx

Plasma NTG concentration
*
*

P
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0 2 4 6 20 22 24 26 28 30 44 46 48 50
Time after application(hr)

Fig.2 Mean plasma concentration of nitroglycerin during 24hrs and 48hrs application.
O ! 24hrs application, @ : 48hrs application, T @ £SE ; * : P<0.05, ** : P<
0.01, compare to just removal point

Tab.3 Mean Plasma Concentration of Nitroglycerin over the
Interval of Time 1-24hrs or 1-48hrs after TTS-NTG

Application
Volunteer 24 hrs application 48 hrs application
(ng/m1) (ng/m1)
A 0.224 + 0.024 0.239 + 0.030
B 0.034 + 0.016 0.040 + 0.015
c 0.213 + 0.031 0.148 + 0.009
D 0.044 + 0.016 0.091 + 0.020
E 0.176 + 0.018 0.156 * 0.017
F 0.100 + 0.005 0.087 + 0.011
G 0.093 + 0.017 0.087 + 0.013
H - 0.160 + 0.020
I 0.243 + 0.034 0.103 + 0.016
J 0.069 + 0.014 0.053 + 0.016
K 0.017 + 0.008 0.020 + 0.012
L 0.019 £ 0.014 0.011 + 0.011

Mean + SE 0.112 +£ 0.026 0.100 + 0.019




24
1

removal

dinner breakfast
Subjective bt t t bt
mild 2 4 6 5 ] 5
Headache
and/or moderate 1 1 2
Heaviness of severe
the head
Aspirin administration t t Total
Ad. (Sub)
(n) 1 1 2(2)

Fig.3 The relationship between headache and aspirin (500 mg) during 24 hrs application

of TTS-NTG.
0 5 10 20 . 45 48
| S— L 1 )} 1 L 1 ] 7;1" 1 1 L 1 J. 1 1 L 1+ 1 1 1 1 1 1 J
[ et p—> : —p—> A
application sleep sleep removal
t t t t
dinner breakfast dinner breakfast Tunch
Subjective A S B t t t LA S S S A O
mild 3 3 4 5 3 3 4 4 4 3 3 2
Headache
and/or moderate 2 5 2 1
Heaviness of
the head severe
Aspirin administration t t Total
Ad. (Sub)
(n) 2 1 3(2)

Fig. 4 The relationship between headache and aspirin (500 mg) during 48hrs application.
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Tab.4 Judgement of Local Irritation Test after Removal of TTS-NTG

and TTS-Placebo

Sample TTS-NTG 25mg/10cm2 TTS-Placebo
Time after removal 0.5hr 2hrs 24hrs 0.5hr 2hrs 24hrs
- 1 9 11 6 7 10
24 hrs
+ 10 2 0 4 4 1
application
+ 0 0 0 1 0 0
- 3 6 12 4 4 8
48 hrs
+ 8 6 0 8 8 4
application
P + 1 0 0 0 0 0

Tab.5 Local Irritation Index after Removal of TTS-NTG and TTS-Placebo

Application

Samples - S + > + L +{ Volunteers Total Irritation

Time (0) (0.5) (1.0) (0.5) (1.0) Number Score Index
TTS-NTG 1 10 0 0 0 mn 5.0 45.5

24 hours

TTS-Placebo 6 3 1 1 0 11 3.0 27.3
TTS-NTG 3 8 1 0 0 12 5.0 4.7

48 hours 5
TTS-Placebo 4 4 0 4 0 12 4.0 33.3

> I Maximum judgement after 30 minutes removal

< ! Maximum judgement after 24 hours removal or equal after 30 minutes and 24 hours removal

Tab. 3 IZ&HERE DRSS 1 hr o 5 REER]

ETORRRDOTEEMBPFRRELZR L. 5 1H
(A% 1-24 hr) OFHMABFEEIL0.112+
0.026 ng/ml(Ft5+ S. E., \FEHE) T4 I #7 (RS
4% 1-48 hr) 13 0.100£0. 019 ng/ml D %R L
1z.

BEER ,

Fig. 3 5 £ O Fig. 4 12 ¥ 2 7 A jifHeh, #ER
FISHRAIR - HERBORE &5 U 12 aspi-
rin DRI OVWTRU .

H 1T, 5% 2he » 555 - SHER
R UKD, Mift% 4~8hr T3 12 4% 6 Hld
WERENFZ, ZON2PPEE “©H0" L5
Ziz. ULh L, BRZHIBETIEZL, MRE
20 hr BB R 2 13500 728, BB 55

2. Aspirin lRFIBIZ, RS 6 B LU 8hriZ&
188> &5t2plTcH -1z,

BN THIHEF - HERZ, BN%2hr »5
HIR LAY, BEfH% 4~8 hr T1d 12 il 10 Hl
WEREDERA, ZOASHD “@Qb0” &FA1:
», BIHERER, EBRLAGTHETIESL, B
1% 20 hr BLIRE 48 hr DIpER T THRfEL 12 B
DD, BEEMT1IABD 6~8hr LVBRET
H -1z, Aspirin WS 4 hr 12 2 4, 20 hr i
LBIDEE 3B (28) IS UA5, 20hr Ll
B 1B &RAL -1z,

ZOMOBERERE UTIZE [ HICEL(IEH)
BLUOBOWEARNSE 1 ZICH 1.

B RFAE

REfFHARI A, TTS-NTG 25 mg/10 cm?b L O



placebo & & IZBERFERALICEE # MSELER S N1z A3,
ZOREIIBETH 1.

BrFE 1% O FERIMIISHIERER % Tab. 4 1IT7R
T, BE® 30 min O¥IE T, TTS-NTG 25
mg/10 cm?$ & U placebo & &, BEFHERAIICERE
DRHEPRD sz, TTS-NTG 25 mg/10
cm*OBFMBEFShr-1. BEHZ2hr T, B1
BT 28l (DB VEEE)” 2RDIZDITHL
ENHTIZ6HIZ “27 PFoOLN. U UK
EhoahrTid, BIH, BIHLELL2<HERL

foo “4 (KI38)” Blix, 25 1THAT placebo Br#ER
Tab.6 Residual NTG Contents of Used System
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30 min, FEN#AT1E TTS-NTG 25 mg/10 cm?fR
£#% 30min K& 4 LBIRD 2T THY “H7
DlEa@Rnd, RER#MLRED ongr o1,

Tab. 5 IZEERIBIEH 2R U 2. TTS-NTG
25 mg/10 cm2l% placebo & H#E U THLRIEZ R
Ureds, SB1H, BIHEbICFRBEOEKTH
0, 48 hr fE{FIC K AR OEMEED 5 N2 h -
1z,

mES L ER

B, FIMESL, Y AT AR, A,
IMABICIZEAE R L ZRD 3o 1.

24 hrs application 48 hrs application
Subject Released Release Released Release
NTG NTG
No. Amounts rate Amounts rate
(mg) (ug/cm2<h) (mg) (ug/cm?+h)

A 3.7 15.4 7.8 16.3

B 4.1 17 9.0 18.9

c 4.9' 20.4 8.2 17.0

D 2.8 1.7 5.8 121

E 4.0 16.7 7. 14.8

F 3.9 16.3 6.8 14.2

G 3.7 15.4 6.6 13.8

W - - 8.3 17.3

1 5.6 23.3 9.1 19.0

J 2.9 12.1 5.6 11.7

K 3.3 13.7 6.2 12.9

L 2.8 n.7 5.4 11.3
Mean 3.8 15.8 7.2 14.9
+S0 0.88 3.96 1.30 2.72
+SE 0.26 1.19 0.38 0.79

removal system

*k

in the first period.

Released NTG amounts estimated from residual NTG contents of

Volunteer H was taken off the system unconsciously during sleep
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EHEBDY AT LNEENTG

Tab. 6 1 24 hr 72 & O'IT 48 hr B RGTARIC K
Haht: NTC@ZRUT.

BRERDY 2T ANEFENTCEZREL, b
1RO NTG &FE (BBIHfLrLY 2T 008
B —MHBREE CEEEF R 26.1mg) LDE
ZA RIS I N NTGEE L.

MH it NTG fEid, B IHIT 3.8420.26
mg, BIH T2 7.220.38mg THY, FHIH
WE IO 2 & n -1, =75, BAURE, 3
AMEREH 0D NTGC OBHEEE L, #hEh,
15.8+1.19 yg/cm?-h, 14.9+0.79 yg/cm**h T
FIEFHE ULt 25T, B, FTHOKH
WEIC, WEREBTIESDXERD I, WEE
HTIIEFE L -1,

BRRREENZEE

VAT LRGSR S & OBRERICER U 2 ERRIR
BECE, B, FIHEL VAT AR
He5LEBZOLNBERREBOLENLRD b
otz

Z 5

Bedkic, BRABFEHRICLT, TTS-
NTG 1Y AT L% 24 hr 553 5 &, RAfTRERE
@ UT NTG OMFFBRENS—FEIKIZND
ERBEL 2.

4 [a)1E, 48 hr AE{F #2470\, 48 hr BT & 24 hr
JEfT & D&, BRI & O BRI 0 2 % BRE
ut.%w%%,wm%ﬁvemmﬁﬁ,%
% T hr IS EFMBEPRRECHEL, 0%
VAT LEBET HE CMBEREEZ—F ISR
T EERERLT.

TTS-NTG 1R 1E»HAHNIZSHIZ, 2H
1B T, £ OBRSIES IS T
%, BFOBIENTHLEZDRIENTELEEL S
N5, 351, XY AT AITEFMEERELE AL
4% 1 hr TH# L, ISDN 7 — 7O & m#Ed
WERERM (6hr)k0HEL, 248 T
—EIKROIENTETHD, THBEEEZOD
NTG D%k, ISDNLOHERHTHB &M D

b, BRICHPBEB THHLEELD.

BEERTIE, 5% BERORAFKLS S
Mot B LD S B E T aspirin AR
BB LD 5T THISEREDBRIHDE
EBdbDEEZONS. 17, BN (48 hr
BEAE) 1ICBOTE T & RN % 6~10 hr 1<
S - HERORIUEE M E < 15 - 1 A HER 13 7]
BETH -1z, S HICEADIERE 20 hr LIRE, “©
HYUHY” OFAIIFNY, ZOREIX1HE
EHBUTEETHY, NTGIZH T 5 BAMH
EULLOD»BHNZD., F1, YATLBRER,
FORZERPICERL 2.

VAT LG, BESEROLICEE A R BR A 1B &
KBB4, BRER0.57%2 5 I 2hr ITER
L RERBORR TR, T BEOMHIEE
AET, 24 hr BROFFRTIIERBERMEZRD 5> -
fz. TTS-NTG 25 mg/10 cm?id, placebo IZH~
T OBRE 2/ % 2 < Bavfz. Thid,
NTG ORMMELBEHICERT 2 E-BbN
5. KB ORIBAEHEIE, 45.5 (B THA), 41.7 (5
1) T, MERRICL2ZERDHNT,
HEDDME L1 46.4 EIZEFRCMETH - 1.
>, FE—EBALISES L TS 5 2 & %8G
niE, 48 hr B LT b A Y X 7 L DR R B
WWRIETNEEZB.

BELEY AT LARNTGBEELSBH LI
MR, BIHHTEEIHoN2ETHY, B
(LRERS - AR S 72 0 OHB RS U 1o,
FEAN T DR E & AR ORI I3 BRI s ]
BB IERD 5 NS, o oFidkEhote. o
g, MEERRESIEOERRRICS IR
TH5EEDbNS.

TEH

1) BRABFREA12 4 (F19FH 34. 8 5%,

FIH R 172.7 cm, FHIKE 66.8 kg) % WH
IZ TTS-NTG 25 mg/10 cm® 1 A7 AD 24 hr
55N 48 hr T R FE L 72,

2) TTS-NTG &, Bift1hr %5 5 48 hr D&
£9 5% T, M NTGEREEZ—EICHEO
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