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Fig. 1 Chemical structures of tritodothyronine (A) and levothyroxine (Monosodium
O-(4-hydroxy-3,5-diiodophenyl)-3,5-diiodotyrosinate hydrate) (B) .
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Table 1 Contents of levothyroxine (LT4) in LT4 suppository and LT4-G suppository

Content of LT4

Mean (%) SD CV (%)
LT4 suppository 107 6.80 6.37
LT4-G suppository 99.5 5.79 5.82

(n=10)
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Fig. 2 Contents of LT4 in LT4 suppository (e) and LT4-G suppository (a) after 3

months storage in 4 °C. Date represent mean + SD (n =4 ~ 5).
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Fig. 3 Contents of LT4 in each position (tip, middle, end) of LT4 suppository (L[])
and LT4-G suppository (). Date represent mean = SD (n = 4). N.D.: not detected.
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Fig. 4 Differential scanning calorimetry curves of LT4 suppository, LT4-G
suppository and Witepsol H-15.
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WK~ 777 4—130 175 (2 2 AR —Cig; 5 pm, 2.1 mm x 150 mm, Waters) .
BE#FEIX 0.1 % ¥/ 7 Eh=N/1=60:40 ZH >, FfiE#EIEL 0.2 mL/min (2% E LT, E &5
Hrik (Micromas ZQ, Waters) Id T4 (m/z, 777) . B> Ra—/ v (m/z, 249) Z 5 A4 & — R Tk
TELTz, REBICBITAMHRAIE 1 ng/mL, ZEHREUL 7.0 %R TH-7-,
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2-2-7. HEEHEMT

T 2T SR ME R B TR R LT, R AR AT UL EH MR AT 1X GraphPad Prism
software (version 5.0; GraphPad, San Diego, CA, USA) Z M\ TiT o7z, & 5-HE[E O3 &)
BRFHINNTA—Z DM FHA B ZDOHEIL t EICEVITV, p<0.05 ZH EEZHVELI,

B O3HT AR
2-3-1 HURBEFHET A7y ho g d T4 & O TSH 2 &

BT NTYNAER T HICHI-0 R AT e % 2 BEZICE 57y R E, i
HE T4 JEE B IO TSH 2 %~ L7z (Table 2), MLSE T T4 32 B 13 B R4 AT LS e~ H
H & I2IE 80 %A I Uiz, M TSH #E T HFRIRTE HICEY 17 A EICEAL
7o EHIT, IMHEH T4 B I ONTSH IR E O MIZITA E 7 (P<0.001) FHBI A5 D 57 (Fig.
6),

2-3-2. HLKIEY 5% o M #E R T4 O KN EYRE
HOIR AR5 7 o Mz B W T, R 0 B G- oS T4 38 B O EIT 8 5-% 24 FFE CThc
A~ L7z (Fig. 7A) . LT4 A A1 # 5% o i T4 R EOFEEIE I 10 FEf TRV T

Table 2 Body weight and plasma concentration of thyroxine (T4) and thyroid-stimulating
hormone (TSH) of rats before and 2 week after thyroidectomy.

Before thyroidectomy After thyroidectomy
Age of rats (week) 4-6 811
Body weight (g) 184 +19 233 £ 23%**
T4 (ng/mL) 59.9+54 12.2 £ 13.5%*
TSH (ng/mL) 1.30 £ 0.32 22.6 + 1.2%**

Value are mean £S.D. (n = 6).
**significant difference (P<0.01) compared to the value before thyroidectomy.

***significant difference (P<0.001) compared to the value before thyroidectomy.
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Fig. 6 Correlation between concentrations of thyroxine (T4) and thyroid-stimulating
hormone (TSH) in plasma of rats before and after thyroidectomy.

Each point represents the value for each rat. The points fit to the linear equation (r =
0.917, P<0.001).

Bl AR LTz, £7- LT4-G A B L O LT4B-G A% 5-#% Tl 24 BB W T @ i 2
L7- (Fig. 7B) . (KA LV 5 L7 LT4 O LW NI T 572012, ZNENDOTYMIBNT
M T4 REOEGAMENOOZEEZF L2, Fig. 8 (28 0 B L OV AIE 5% o i
T4 BEOE GRMENODZOHER 2R Uiz, M T4 REOHERE LTl LT, Fig. 8 (TR
L7 L0, Y B REFH T A—ZE R N ULTZEZ A, LT4 LB G RO Coax 1T 1 5
IR 71 %A B IR Z 7R L7z (Table 3) o [AIARIZ, AUC IZBWTH LT4 AAFNERE 0 & 51T
65 %iRfEE R L7z, LT4-G A HI B LN LT4B-G A H B 5% 1281F D Crnax 8L AUC
13 LT4 B FN L R EE THAHME I 2R L, LT4 BHNTEE R Coay 1TFNFN 13 E LD 1.7
fF.AUC ITENZEN 12 FERBLT 1.5 fFCThoT,

LT4 2K, LT4-G £ A B L O LT4B-G 2L H| O O # 5 O ) RA AT AT VT 41T
ZNZEI 355 %, 41.7 %BLN52.8 % THo72, 728 Taax (SIHENT O GHEIZBNTHA
BB IO nehoT,
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Fig. 7 Plasma concentration of thyroxine (T4) after oral administration of
levothyroxine (LT4) solution (O) and rectal administration of LT4 suppository (@)
(A), and after rectal administrations of LT4-G (A) and LT4B-G (/) suppositories
(B) in thyroidectomized rats.

Each point represents mean + S.D. (n =4 ~ 6).



~~
>
L
[
o
o
J

[}
o
|

(o2}
o
|

of T4 from baseline (ng/mL)

Difference of plasma concentration

T
0 24 48 72 96 120 144 168
Time (h) after administration

(B)

c 100 -
i)

1S

2 £ 804
32
5o

S 2 60-
S o
&E-E 40-
o Q
8%
él— 20—
§“5

=

T T T T l_l' T $
0 24 48 72 96 120 144 168

Time (h) after administration

Fig. 8 Differences of plasma concentration of thyroxine (T4) from baseline (the
values before administration) after oral administration of levothyroxine (LT4)
solution (O) and rectal administration of LT4 suppository (@) (A), and after rectal
administrations of LT4-G ( A ) and LT4B-G ( A ) suppositories (B) in
thyroidectomized rats.

Each point represents mean = S.D. (n =4 ~ 6).



Table 3 Pharmacokinetic parameters of plasma thyroxine (T4) concentration from the
baseline after oral administration of levothyroxine (LT4) solution and rectal administration of

LT4, LT4-G and LT4B-G suppositories in thyroidectomized rats.

o _ Suppository
Pharmacokinetic parameters Solution
LT4 LT4-G LT4B-G
Timax (hr) 19.3+7.23 14.8 £ 8.56 17.0 + 8.08 16.8 +9.86
Cmax (ng/mL) 52.6 £28.1 15.3 £7.85* 19.2+10.0 25.8+13.9
AUC (hreng/mL) 2023 £ 1473 719 + 557 844 + 549 1068 + 835
Relative bioavailability (%) - 35.5 41.7 52.8

Value are mean £S.D. (n = 4~6) .
Tmax, time to the peak plasma concentration; Cmax, the peak plasma concentration; AUC, the area
under the plasma concentration-time curve from 0 to 168 h after the administration.

*significant difference (P<0.05) compared to the value in oral administration of LT4 solution.

BAH B
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FTIEOICHIR R ET ATy hOAERRZAT 572, Ty hO FUR R A4 H L7 o M
T4 R EEIFPA L, fig 4% 2 ] CiX 12 ng/mL Tho7o, X HAJIZ TSH X 23 ng/mL 12 1
F-Uzo HOIR IR H 54 oo i B v T4 2 2 VA H T O 2 (60 ng/mL) @ 1/5 ToHY, HHR i
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IRRNT AR —F—TH5H MCT8 X° MCTI10 72E 73, T3 X° T4 @ VIR TIRVIAT TR
R—=H—ThHIENMONTE TS SV, UL, MCT8 I3 EITMTHRILTEY, ZhbDk
FGURAR—F— DAL THEBEL TOADIZ O WTITEE B LT 5 TV, - T, T4
D/ T 72 EEEALE NSO RIIZZNSDR I VAR =2 —=REDSHNE G LT
IZOWTEA R ORI BMETEEZ 25, HILEICHBLT ORI AR —F—DZ D)
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FESiLd,



%3 BrNRFIL AR T md o A HI OB R B A

1

=110
£

BEN AN, 28k DF) 2 LEAL T HBE DO ERL = — RITHRE I3 I TEDLAY v M
Ffo, —H. AERZEERLTLLHMBICIN TELT, 77— X SUE IR OH
EBIFEAEITON TV RNWEWI BB AR DD, #-o T, 2O LI 72BE N RIAI 2 8 R 46 5
2B 720 FEAIAILE M EEBICA DESRE BRI OV TR I TOZENEE LR D,

1 FEICBWT LT4 BLOLT4-G A FI O ATV 2O E A RFET D72 I A5
IR AT o7, HRIRAR B (B2 HOR IR RS LT4) & 33K &9~ 2 48 A 13 19 e 3K J= B A4
FHIE TN SN THD I D0 D gk THEAIN TSR D ZNO O IKRE R %
WA LTBNID 72 12D T ETIC, BRI R E A W TR LI AR o5 &I, L
RTFaX PR AOFEROR O G I XT K 2 HFREOREENRMLETHHIEER
L7-#i <0 LT4 AL AN i A B AR AR VB2 8 BE O T 285 & 45 72 BRI I OV &I F IR R
A OFEIBRZ LB 7220 Bl R 2 51T L7 E Bl 8 S D3RR E ThH D,

ZITARIETIE, 5 1 FCTHBU LT4 A FK 2B R L7 BIR IR R T iE 3 12k
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1%, ALK LT RE BN DWW TRFT LT,

w2 Hik
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LT4 OFORAILL T, F7—F > S S (b0 H)bod W\ I ARTF ki Na §E
(R (FUR, R O A LAV,

3-2-2 AN OFE R
3-2-2-1 LT4 A5 7 il
B EmORE G EICHERL,

3-2-2-2 LT4-G A #| o7
B EOFRELGIEICHEL-,

3-2-3. LT4 A H| o RAF 58
3-2-3-1 xS EE
2007~2013 EICRHEAT A BB —IZB W THIR IR E IR TIESRZEShZ 6 40
BEER G LT (Table 4) , & TOHRE L LT4 O 0 RA 2O TR I X2 R IRV E
VHIFIRIEEZ T QW S A OBREOID 4 IEFNITH RIS KD BN EZ T, LEMITA
BEROTM 22 T, BROICIZ2EABIORFOBBRMN AR Al fEL o7z, BET 22—
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YEEEITEBE IS LT, oA o BRSO FiEIC W CER
O+l HE T 57292 T, B AR ICHE AL, A RAIOF AICEL Cdé
HAT Vvt Z—RIRITEE A Z B X OKRObEFERM LT,

3-2-3-2 Ymaba—v
LT4 # 0 #AI B L LT4 A F O G HM TI2k175, LT4 &b &, {5 FT4, FT3 if
NZ TSH 1%, BRE OB EENORAE LT, LT4 R A O G- O F — %, LT4 £ 0 5A )
SAANCEEZ TEBRBIZTEFIREIGELTWHEEZLNLEE 6~14 H HIZBITHEE
Mz, ZeBRBIMFIC 2 8L EORENINTZGE X, T OO ¥ E%E H -, LT4
& 1RG5 HE R o7 —21%, BANZOIE Z TR RS RBIEVE FIRBREOH D2
AL,

3-2-4. LT4-G A7 2 ] LIZIE BIS SV TO R &

LT4 #% 0 BIFI 25 LT4 A5, S5 LT4 ALFI0E LT4-G BFNHK G E LT 75
DIEBN DN THES LT, JEBI O 5o, R R 7 D ONC B PR B B2 2V TR R Y
AL,

Table4  Demographics of patients with hypothyroidism enrolled in this study and the dose
of levothyroxine (LT4) tablets and suppositories

Patients  Gender Age Height Body weight LT4 dose (pg)
No. (cm) (kg) Tablet Suppository

1 M 54 169 51.0 75 113

2 M 61 173 n.d. 150 225

3 F 80 n.d. n.d. 200 300

4 F 73 154 53.8 50 50

5 F 86 148 45.8 100 150

6 F 55 165 56.0 125 125

Mean 68.2 162 51.7 117 161*
S.D. 13.5 10 4.4 54 89

n.d., not determined. Data of the height and body weight in patient 2 and 3 were not available
because they were not able to stand up for the measurements of these data.

*significant difference (P < 0.05) compared to the value of LT4 tablet
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IRF A (TSH, FT4, FT3) AR Uiz, SBEIXHME 2 4 L 4 £ DOEF 6 4 THY, FHF
1% 68.2 ik Tho7z, LT4 OF b &wiT, #% A RA I 5-RF Tk L CAAIR GRF T 14 (50 E
IZEEThoTz,
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+ 0.83 pg/mL vs. 0.657 + 0.183 pg/mL, P = 0.009), TSH % LT4 #& 1 fLH|# 58 (16.6 + 33.9
ulU/mL) & LT4 A AI# 585 (22.7 £ 36.6 ulU/mL) TH BE/RZERIRDLNR-T,

B OFINSLE~OE G BN —E TIERWZD, FT4 2% 58 THY, &5 5iEvE
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Fig. 9  Serum free thyroxine (FT4), free triiodothyronine (FT3), and thyroid stimulating
hormone (TSH) levels of patients with hypothyroidism during the period of treatment with

levothyroxine (LT4) tablets and suppositories. Each point indicates individual values.
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Fig. 10 The free thyroxine (FT4)/dose ratio for levothyroxine (LT4) tablets and

suppositories in patients with hypothyroidism. Each point indicates individual value.
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