Therapeutic Trials of Thyrotropin-Releasing
Hormone(TRH) and Its Analog, DN-1417 in
Lennox-Gastaut Syndrome
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thyrotropin-releasing hormone (L-pyroglutamyl-L-histidyl-L-prolinamide, TRH) &, Z®O®H
SHBER A 2 S0 iR (R 2 L, 2ot RIc BCHEE T3 S s T s, S
Lennox-Gastaut fEf#HE (LGS) DB IFIC TRH BLUTF 0¥, y- 79052 b vy A AR L-
EAFYN-L-70Y ;3 FF 77— (y-butyrolactone-y-carbonyl-L-histidyl-L-prolinamide citrate,
DN-1417) 285 L, TADAREIMRSR, MG i+ ee, ISR (CSHhox /7 2 »A_H
EWMTHHHRE/NZY) U (homovanilic acid, HVA), 32 b Fvdbtroxye> FL®B (3
methoxy-4-hydroxymandelic acid, VMA), 3-A ¥ > 4L FOF> 72207 Y a— (3-methoxy-
4-hydroxyphenylglycol, MHPG), 5-t Fu+ s 4 > F— LR (5-hydroxyindoleacetic acid, SHIAA)
BEAOBH, M thyroid-stimulating hormone (TSH), # 4 oy > (thyroxine, T,), FV3—F
¥4 1= (trilodothyronine, Ts) 70 F 7 #> (prolactin,PRL) fE%HEL, PISWMENSELRT
U7z, TRH BE, DN-1417 8O B D 40 pg/kg/H % 14 HE#EE%5 234 7. Wik, CSF, m
EEHREUSR SR, B, %, B 4BEBRCHTL . 208, TRH 34, DN-1417 84, £flicTA
i AFEVRIINIRIR 2 500 (FEVFHERE 50% A LA 1), % O4MAIR0R SEEEHART I e B8 10581 A2, i
BADOREL, —BIC BREN T TRAERD o XA o RENL, EIRME, 6 BERA~OEL, 1
FEAER CIRNMERMEROME, £l 20MIRBEEORY 28 wi:. CSF £/ 7 2 v RBEMEBEDOEL
T, HVA, VMA, MHPG, 5HIAA & b EFMHIZIR CFEL - —EEBERE B o7, POUWMEEE
~OR#IZ TSH, T, Ty, PRL & b IEEHEBNOERNICE 2 7. LLEX D, LGS o#tiat/NFEIElE
D¥EFIC TRH, DN-1417 3B TEMTH 0, 2OIEMEFERE L L TIR BV, TADLARIEEEDR
A& ki ataxia OB RFDEFAH 2 2 &, MBS KRIZTE L Y &C, THIH R, Mg, A
W% EF fi & 9 % neuromodulator T& 2 AREME AR X 417z,

Key words Lennox-Gastaut syndrome, thyrotropin-releasing hormone, TRH
analog, DN-1417, CSF monoamines

Lennox-Gastaut fEMREE (LGS) &, ZB2/\FEE
B, N Lo slow spike-wave complex (slow sp-
w), FIREREEE 3 EME L, BLOBRICERT 2
REETH 208, % O/PRIERII BREHUREB B
THdEINTEL, ZLINRERORTY, =
HH(ETdh 5 tonic spasm (brief tonic seizure) &

atypical absence ZB8L Tid, $HbL&E, L O
EEFNREIE 2R L, NEERETADAO T %
L, FOTADAFRIRE, HEOREEE 2§
fIREIZ &SN T & 72,

—7%, thyrotropin-releasing hormone (TRH) i3
WK FE &L € > & L T thyroid-stimulating

Abbreviations : CSF, cerebrospinal fluid; DHBA, dihyroxybenzylamine ; DN-1417, -
butyrolactone-y-carbonyl-L-histidyl-L-prolinamide citrate ; 5HIAA, 5-hydroxyindoleacetic
acid; HPLC, high-performance liquid chromatography; HVA, homovanilic acid; LGS,
Lennox-Gastaut syndrome ; MHPG, 3-methoxy-4-hydroxyphenylglycol ; PRL, prolactin;
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Sz zREEQEREREL, RINLREFLENT
Wb,
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ENFERNTD S, TNRNERIN TSI
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B AT E LRk B R & VTR EE LS EER
FEARBO LGS BIRIBITH 5.

LGS oz, Qe 2 R0, SH LGS O
BIBERTHIRY VT EECRES LV T oy
BB RECIER T 2 2 8, OBHREEERR 2D
22k, ®6HAUMIZRE L slow spw 235
D3 AL,

LGS BIRIFIDERERER L icE Lz, HERHIEE
185 @ZB 4l TH D, TRH &5 3, DN-1417 155K
8BIDEr1 14ITH 2. BEEARFOFEHEEIZ 2K
THR~IEE6 A (FWEeMESAA) ol &
FE % {F & T i tonic spasms % 9 fl F 8 #l iz,
myoclonic seizure % 9 Fl5 2 FlicFEo 7z, FEFpFEE
EBELAOBHOEHETIE, RERRED 9 Fl4 56
1z, ataxia 239 fld 2 Bl Red vtz & DFEIZD
W IE ataxia D 5 2 #l (AL 1 #iX Ramsay-
Hunt BEEIEREE L7 2R &, »h b FESRITRELC
T AMEE L E oz, B, BERIFRR QIR
KOBBEEERThbhahr o7z,

1. ERAEHNLEEHE

TRH 3EGEH 7o F v ) >~ (L-pyroglutamyl-L-
histidyl-L-prolinamide-L-tartrate, monohydrate &
HZER T# (#k) %M\ 7z, TRH, DN-1417 D{cst#
ERE®1CRLE,

TRH 177V (0.5mg) % 10ml EEREK
AR, DN-1417 13 1834 7V (1mg H 5 it 2mg
SHERBERAD 2 5% YV E b—LIESE 2ml i
L, BOBD 40 pg/kg/B %, TRH ix#, DN-
1417 3 AFEW CER 14 B S & Lz, %28, DN-
1417 B EFE AR 2 5 I A B A 10 ml B RE
Bl

. TADARME, ataxia ORI

T A AFIEIERE ISR, HRFIMART 4B/, B
2 R, BTH®ISEMO 4 BAMOBRELE:
fTo7z. %8, myoclonic seizure DFEIEMRERE D15
i, 1y ) —X1EE#z, 2RFEBUEEETS
BEINE L7, BEHRORERE L LT, BEH
4 BDEFH 50%B U EDRA 2 ERIE L.

ataxia O FHIIZ DV T i3, truncal ataxia % Hu{Z
4 BRIz, BERSBICHLIDERTE, bV

RMN, rolling mouse Nagoya ; slow sp-w, slow spike-wave complex; T,, thyroxine; Ts,
triiodothyronine ; TRH, thyrotropin-releasing hormone; TSH, thyroid stimulating
hormone ; VMA, 3-methoxy-4-hydroxymandelic acid.
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Table 1. Clinical features of nine patients with the Lennox-Gastaut syndrome
A . Age of start Clinical Previous Cognitive Etiological
Patient  Sex of therapy Therapy seizure type medication deficits factors
1 F 2yr7Tmo TRH myoclonic seizure NZP VPA CP MR ataxia unknown
3yr0mo DN-1417  tonic spasms
2 I 3yrOmo DN-1417  tonic spasms CZP CBZ VPA  mild MR unknown
PHT
3 F 4yrlmo DN-1417  tonic spasms CZP PHT PB CP MR anoxic
VPA encephalopathy
4 M 5yr6mo TRH tonic spasms NZP PB PHT CP MR unknown
8 yr 6 mo DN-1417 VPA

5 M 6 yr7 mo TRH myoclonic seizure CZP DZP VitB; MR ataxia Ramsay-Hunt
tonic spasms syndrome

6 M 8 yrd mo DN-1417  tonic spasms CZP CBZ PB CP MR subdural
myoclonic seizure PHT VPA hematoma

7 M 8yr7Tmo DN-1417  tonic spasms CZP PB VPA CP MR intracranial

hematoma

8 M 8 yr 9 mo DN-1417  tonic spasms CZP VPA CBZ MR unknown
(head drop attack)

9 F 11 yr6 mo DN-1417  astatic seizure CZP PB VPA MR unknown
atypical absence

Abbreviation used: NZP, nitrazepam; VPA, sodium valporate; CZP, clonazepam ; CBZ, carbamazepine; PHT,

phenytoin; PB, phenobarbital ; DZP diazepam, Vit.Bs; pyridoxal phosphate; CP, cerebral palsy; MR, mental retardation.
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A new TRH analog : DN-1417

Fig.1. The chemical structures of protirelin
tartrate (TRH) and TRH analog, DN-1417.
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ataxia 2RO HEEAGFC RS &3 % 2 &,

ataxia 2@ 5 4%, HEEREFICZEN 2 WA 1

E, ataxia Z88n\3% 0L USHIORRE - L7,
V. B

PO b SRRSO 3T 1AS7 % AV, BAE
ECIEE 10/20 3%, BEFEC T, £TOEER MY 2
o) =¥y 7 (monosodium trichlorethyl phos-
phate HA 272 Y (#R))1 ml/kg BHI2 & 2 BRISER
fl#k L L, Dement 59D X 77— [ REEX T L
7o, GCSRILIERBIIAATE, RTHRHE, 4BBEEHC
D& 3EENEKL 2.

V. IN¥8E%E (cerebrospinal fluid, CSF) o =T

ST I RBEYONT

RENZY B (homovanilic acid, HVA), 3-2
MFI4E FaFy = 7L (3-methoxy-4-
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& D CSF #HUE, B#ERICL Y, TRH 34, DN-
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ml T, E5 W —40°C THBEREL, 2 BRLIN Iz
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CSF2.0ml iz 6N HCI 2 @£ ¥EmL, 380 pH %
BRUERI & U, BEBIC 15~20 5B L, TSRS 3.
3 5IImEME, 3M HCLKCl RiEsE (pH1.0) 1.5



156 2

ml Nz, B #1 5.0 ml T 2 BT 5. 2 OFER
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% OFHR

FEG 4 TRH #vE, 2 2 1 DN-1417 #E, EA
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T R IF T AR £ 2 OB LLERET T B 7
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¥ % 88 suppression-burst /¥ —> £ 2> THY, i
Ve T IR SAMEN diffuse polyspike-wave O tHE % 7
T w3 (F2a). %5 % 30% T i3 suppression-
burst IS b, hEE» SEIRM o B, 6 B FRHZ
7L, diffuse polyspike-wave O HISEREEEH (K
9b), & B 7 BT, BRI EIRM 2 & PEER
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LRy (20). 30 %1 IFHURESRTEGRICER -
Tw3 (B2d).
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Fig.2. Serial changes in EEG pattern after an intravenous bolus (40 xg/kg) of TRH

a)before TRH (suppression-burst pattern), b) 30 seconds after

TRH, ¢) 7min after TRH and d) 30 min after TRH (reappearance of burst).
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Fig.3. Serial changes in EEG pattern after an intravenous bolus (40 ug/kg) of DN-1417
administration (case 3). a) before DN-1417 (diffuse spikes and sharp waves), b) 15 min
after DN-1417, ¢) 18 min after DN-1417 and d) 90 min after DN-1417 administration.
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Fig. 4. Effects of the treatment by TRH or DN-
1417 on seizure frequency in 9 patients with LGS.
TRH (- } or DN-1417 (—) was administered
at the dosage of 40 xg/kg daily for 14 days (il ).
Cumulative number of seizures in a week is
shown before, during and after the treatment.
(1), maen 50% reduction period in seizure
frequency (n=11).
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Table 2. Effect of TRH and DN-1417 therapy on electroencephalographic data
A. Basic activity and pattern

Patient

Therapy

Before therapy

After therapy

4 weeks after therapy

1

TRH
DN-1417

DN-1417

DN-1417

TRH
DN-1417

TRH

DN-1417

DN-1417

DN-1417

DN-1417

high voltage J activity
irregular high voltage &
activity

irregular high voltage § + 6
activity

high, moderate voltage 8
activity

high voltage & activity
suppression-burst

high voltage  + 8 activity
suppression-burst

high voltage J activity
irregular moderate high
voltage 8 activity

high voltage 8 activity
suppression-burst

moderate voltage 6 activity
suppression-burst

irregular high, moderate
voltage & + 8 activity

high voltage 8 + & activity
regular moderate voltage
activity

regular moderate, high voltage

8 activity

low, moderate 8 activity

moderate, high voltage &
activity
moderate, high voltage 6
activity

moderate voltage § + §
activity

regular moderate voltage §
activity

regular high voltage & activity

regular moderate voltage &
activity

regular moderate voltage 6
activity

high voltage 6 « § activity
irregular high voltage & - 4
activity

regular moderate, high voltage

d + 8 activity

high, moderate voltage 6
activity

moderate, high voltage 8
activity
moderate, high voltage 8
activity

moderate voltage 6 activity
regular moderate voltage 6
activity

irregular high voltage 4
activity

regular moderate voltage &
activity

regular moderate voltage 6
activity

B. Epileptic discharge

Patient Therapy Before therapy After therapy 4 weeks after therapy
1 TRH diffuse sharp wave slow 1.5—2 Hz rhythmic slow diffuse sharp wave slow
spike-wave spike-wave sporadic spike-wave
DN-1417  slow spike-wave 1—2 Hz rhythmic slow slow spike-wave
spike-wave sporadic
2 DN-1417  slow spike-wave disappeared disappeared
3 DN-1417  diffuse polyspike-wave slow diffuse spike diffuse sharp diffuse spike diffuse sharp
spike-wave wave sporadic wave sporadic
4 TRH diffuse polyspike-wave diffuse plyspike-wave diffuse polyspike-wave
sporadic sporadic
DN-1417  diffuse polyspike-wave diffuse polyspike-wave diffuse polyspike-wave
sporadic slow spike-wave
5 TRH diffuse polyspike-wave diffuse sharp wave sporadic diffuse sharp wave sporadic
8 DN-1417  slow spike-wave raqid rhythm 1.5—2 Hz rhythmic slow slow spike-wave
cluster spike-wave sporadic
7
DN-1417  cluster frequent slow spike-wave diffuse slow spike-wave diffuse
sharp wave sharp wave
8
DN-1417  diffuse polyspike-wave slow spike-wave slow spike-wave
9
DN-1417  diffuse spike diffuse spike sporadic diffuse spike sporadic
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Fig.5. Changes in EEG pattern before a) and after b) the TRH treatment for 14 days.
was followed by another 14 days’ course of DN-1417 treatment (case 1) :

after DN-1417.
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Fig.6. Monoamine metabolite levels in CSF before and after the treatment by TRH or DN-
1417. HVA, MHPG and 5HIAA were measured before, during, immediately after and 4
VMA was not detectable in CSF. Vertical bars, mean =

weeks after the treatment.

SEM.
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effects of TRH of DN-1417 treatment on the clinical signs of myoclonic seizures

(H), TRH, i.v, 40 xg/kg, daily for 14 days.
(8, TRH, i.v., 40 ug/kg, alternatively for 20 days. ([M), TRH, i.m., 40 ug/kg, daily

Frequency of seizures was showed at weekly interval and the severity of

ataxia was evaluated by the disturbance of daily activity.
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Fig.8. Improvement of drawing after the initial TRH treatment in case5. As for
the TRH treatment, see the legend in Fig. 7.
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Fig.9. Effects of a single injection of TRH or DN-
1417 on serum TSH levels. (®), TRH, iv., 40
ug/kg, (A), DN-1417, i.v., 40 ug/kg, (A),DN-1417,
im., 40 ,ug/kg
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Fig. 10. Effects of TRH or DN-1417 treatment on TSH, T,, T; and PRL. Screen
tone, normal range ; Vertical bars, mean = SEM.
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Fig.11. Effects of TRH or DN-1417 on throwing induced seizures in EI mice. Thirty
ug of TRH or DN-1417 was daily injected for 10 days (7). The number of mice free
from seizure by 100 throwing stimuli was shown in the upper panel and the mean
frequency of the stimuli needed to evoke seizure was plotted in the lower panel.
(@), TRH; (A), DN-1417; (©), control.

Table 3. Effects of TRH or DN-1417 on the brain cathecholamine contents in El mice
Midbrain

No. Forebrain (ng/meg-protein) Cellebellum Brain stem

Noradrenaline

TRH 5 12.2+4.2% 134+ 1.8% 15.6+1.8 16.8+2.0

DN-1417 5 8.0+1.2 158+ 1.0 20.9+2.3* 15.3+0.8

Control 5 6.91+0.8 16.8+ 0.8 17.0£3.1 16.5+0.9
Dopamine

TRH 5 51.85.6% 15.0L£ 4.4* 17.9+3.0 18.1+4.7

DN-1417 5 46.9+3.0 26.8£ 7.5 27.9£1.6% 10.7£2.4*

Control 5 43.3£5.6 26.5410.3 18.0+4.4 16.7+2.8

30 #g TRH or DN-1417 was intraperitoneally injected for 10 days and on the 13th day,
brain cathecholamines were determined. Values are mean=£SD. *p<0.01 vs control.
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— 7, BEECRETEZEC>LT, &5 K
Morimoto 5%, Sato 543 TRH, DN-1417 W&l &
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H B I ERSIFEIRE A DHE D D R FE ST RS £ 548
T22L, d-LHEERME, B UREMIER
BT 288 2Tl T0w3, &7
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Table 4. Effects of TRH or DN-1417 on the adrenal cathecheclamine contents in El mice

No Noradrenaline (NA) Adrenaline (A) NA+A
‘ (1 g/gland) (#g/gland) (1 g/gland)

TRH 5 2.04+0.28 2.76+0.40 4.8140.69
DN-1417 5 1.45+0.39% 1.86 £0.39* 3.264+0.79*
Control 5 1.91+£0.17 2.35+0.12 4.26-+0.30

The experimental protocol was the same to Table 3. Values are mean=£SD. *p<0.05 vs

control.



166 w

HRE L FRACRIEENE B L EL5R, #HS
DHEFEH O fragmentation, MERGIDOEBINEI% & 3
L3 LEZONS,

& T, TRH,DN-1417 \xfr b, FHgoRaL,
EiRML, BEAL, MEE DRk ED RIS
1, —FHECPLEFERE 2 ME L, RGO neuro-
modulator D&E| %R T aIgeMEsRE S NIH, ZO
IRPEER TR OGAU LR b > THET2 20
BB EHETH o1z,

22 L7 TRH OFUEEER % 5 o 1 PRERZERD
FEEERICDOWT, TRHBMAA T I—AT 2D
MR, JLW =3V FK, AT RvF
Uy R, —BICENEMANERTH S Z LS
NTHBD, 82 b=rREEDLMANE/ T 3
HREANOEENHUSNT E L,

Keller'®, Horst 5'9% & f Constantinidis %91,
TRH AT 7 3 v LA HE LR Vs, B
W/ANT FvF) VR EAL, IR/ VTR
VU ryHREEEREET S LT, VT REFD
EEMEERICEL TWw b, Miyamoto 559135 v k
@ mesolimbic system D44 #%1c TRH % E#EEA
THIiCL-> TEESNS BRETTTHEERLS, 2
ORY F—UBLIUEESNIZIDIEIERE Z X
D=2t EBMUER 2ER L 2. % 72 Rastogi
53Ty FDEREWNIIE TRH 7502, MK-117 %
TEAR, BN — 3 AAFBEEITO R —/ 33 VB
DTREERIEED, FovyrelFoxrys—¥
(tyrosine hydroxylase) &% # L U HVA D £ &,
R TO MY Fh 77 RO *y 5—¥ (trypt
ophan hydroxylase) EEB LU MU 77 7 S {ED
L&, floMEIFFTORa b= fEB X U SHIAA
EOEEH LR #8EL, MK-771 A K —s03 >
BLUew b= O, AB#EELEL{ LRESY
BeLt.

—A, BREUTALABED CSFHFDE /7 3 v
BEMEAEL, 47— T Iy, o b fRE
BERERLLRENS L,

Shaywitz 5%, 4 FIONETABARIZDONT
CSF o> HVA fE, SHIAA B HIEL, B ELEE
WAL TH2 e L, 4, FUE#ERER, CSF 4o
R, EORE, MiEse bEEswE LT3, Tto
597%, infantile spasms DRBRZD CSF 1D HVA,
SHIAAfEIZ 2T, HVA kEfE%2RL, SHIAA &
EEavybu—nEeEsgMhotc b Lz, Silvers-
tein 593, SHIAA [X5E, HVA BEs kb ok
L, lto 5 EOERIZDWT, ESHLEO LB 21k
~N T3, ¥72 Kobayashi 551, 27 FIO TA AR

#FEDCSEFHDHVA RHIEL, TADARED HVA
BB ELED5 G, F 5400 Lennox FEMEEED R
Bz soy ool LTWw3, EE, CSF
D HVA, SHIAA O BEZESFKENCEEL, v
THHBAT B L EN TV B9,

SENRO LGS 9 F 11 {h RGO £45 8 H
2RTHA~ILE6 7P (ERTE6R5AA) L&
ESrSHBESRITHIz>TH Y, TRH, DN-1417 #%
54z & 3 HVA, SHIAA OB #HF Lo, REERT
ETORELKREL, —EXBERERE L1072,

CSF e HVA, SHIAA & b B mifRdERk L s
TV 28, BARIC L 2BEAREOMERH Y, I
HEZHEREIC & 3 CSF TR AKICHERH 2 0h b
L,

L Lid s, 48 TRH, DN-1417 #5120, T
A AFEVEIMEIZIR 2 & IR GR O ER £, L
Y EHMCb>TRLULTEY, CSFHEO HVA,
VMA, MHPG, SHIAA, OfREITRARD, F—
JNTRLYFYY, Eubr=rENLE
TRH, DN-1417 D¥CTA M ATER & T D FEGEIR D
SR HEETH o 7.

2T, SHENRO LGS £I8 9 #4 2 Hli ataxia %
EIER ERBEL o, EH 11 FEEF 500D poly-
myoclonia, truncal ataxia (2 THE L 7z Lennox fiE
BEEED LHEFI e L THRESNIERM UL T
2, Hol, ZOERMKE L L CINEEREED v
EERLTWS, EFSE, SEAEMERNs A7 o0—-2
A LRBATENTVEA, 3470 —XRATANA
YR/ E B L BT 5 EH & L T Ramsay-
Hunt fEMEHE L Uiz,

RIEEIZ, e 29ERI & & TRH, DN-1417 # 5
2 & D, myoclonic seizure DEE & WiTL T ataxia
DREEBFDOT B ETHAB, %/, Inanaga 5
W, EBEUHR I A 70— 2 TANADEEIC DN-
1417 £ 51L, 347 0— XX, JREROLELH
EHEL T3, s 2 ERNE LGS BED/NUBEE B
T UBRENHREOWEEM &, TRH, DN-1417 O/
ENDORELRY T 5 BELBREI & E 2.

TRH O/NMFRA~OEEDAREEE LT, ADHEH
INIMEEME DB E T L Th BEEETT 7 R, roll-
ing mouse Nagoya (RMN) 22T, Adachi 5%
1, % DM FENIZET RMN O/NETIZ 2 VT F
VY OBEER L SV F o SHIBNREE O E
FERRENEARBOTREELZ LTI EL, 851
INED59E, RMN 2 TRH #5512 & 0 £#EHTO
BENTRD SN, 30 I/, MEEO /LT FL T
) VBEDETRASNIZEL, IOXKBASITONRE

ARIMN




Lennox-Gastaut

¥, TRHICKD/IBETO/ VT RLVFY v¥—3F
LEDDI/LTRUFY R A {EEL
MIDREI MR E L FERICL26DE L, 2O/,
Sobue &, BEFRAYIC 10 FDEEE/ N HRE B E I
TRH ##5 U, ataxia, IREREEEBOkE R
L, I8, MM, N80/ L7 Fv Y o RBERY
DHEIZL D t?&%bf:
-7, BB TADAICBT 2/ NNESHIMOBE
Tix, Dow 233, a0 b5 v + 2FL, —BIIC
FEAFWHNE - KR EOBRERIG 2L, 25122
NEDTANAT v b O/IMMBREIZ & - TREBHIE,
BB DRI DR, ERBEOBRY D 5 &

y, —a—uarv

LTws, IhsO/NERlEl, BRECL TRk
RERHARIE, $EEESH LGS B8RO TRH,

DN-1417 &5 L > TR SN Mk, EEs LU
FAFE~OEH L L T Y, TRH, DN-1417 O/
IEHERERE 512 & 2 T A 2 A RIEIIHIIR O T D ] 8
AR ARSI 2,

Rz, E1 =~ A % v, TRH, DN-1417 O{F Fis
FEEAD BT, s DlD _EITHKEERR e
R EMAA T2 —NT I OEBERZEL 122,
TRH O &I FEIIHFZIR %70, TRH AN, %
ST RV F Y, R—s83 2, DN-M17 13/ 2 v
TRV FD 2, N, BN —ot s v RBlcEERR
FTRER eI,

SH, El =7 ZDEKRTAH»AFRE TN OREN
U, ZORFERBOBFEREIZE S Tl 028,
TRH (F KB~ f, DN-1417 13/ — s/ v 7 B L
FTUCHR, Nt v RENL CHREMERLE L /-
STDMY LIgwn, 5, S 5k 2RFBHELN S,

MELGSBEIHN, TRH 5L TRH 740 7
DN-1467 &5 L, W#l L & #HEM NRER O FIRIE]
BIRERL, TOEREFEIZES »TIRZLY, N,
HEREF B L URMFRICRIZTEYE, X512 ataxia ®
WER ARG Z L & 0 AR, BNER, NIKo
neuromodulator & L TOREAZ LT LD ELEZ SR
-

2,

&

NREEETA DA DR TH 5 LGS O/NFEIERE
DEHEERTTRH 5 & & TRH 7 + 1 7 DN-1417

E9FoBIRICESE L, LToEHREB:.

1. TRH #F, DN-1417 8F, i3S 1, 808
D 40 pg/kg 1 OIS X 2 R, EBES L UR
ERICRIZT AESR L 20w 5T, TRH%
{E4 30 B4 2 30 57, DN-1417 #1318 £ 5 90 4
DOFNRFFREE R L, RERHRIE TRH #EosBEn, g

E S

fEIRBED TRH i 167

ZHR Tid DN-1417 BEns @ T /2. 48, DN-1417
BERERERD s o1,

2. TRH #iE, DN-1417 5%, 8D B0 3 i, 8 41,
40 pg/kg /B 14 HEEB®RSI2E D, €I TAD
ARTEIRIZIR (FRERE S0% WA LI L) 2R L, #
DFNRFFEHAM I B SR TH 10810 KA.

3. TRH #i%, DN-1417 1 4 AMEER S &
BB RIT TR DL T, ERETE, HE
16, BARML, BRI E2RD, FERCIINERIER
DI, LR ZOHBBEEORD T 1.

4. E£3 TRH, DN-1417 %52k 3 CSF o0 ®
2T vREES (HVA, VMA, MHPG, 5HIAA)
BECRIZTHEERBLH, TADAFIENEIL
REFELI—BOEBERE R o7,

5. 2fl0 ataxia % -7 EF T, TRHB LU
DN-417# 512 &0, TALARBEORE L RIEC
ataxia DHREBLFED SN,

6 . TRH ##E, DN-1417 5¥% 14 AEER®RE I &
B NSRRI RIE T EIZ DLW T, TSH, T,, Ts,
PRL & b IERWENOER TH - 72,

7. El=vR2RWBEBIC T, TRH, DN-
1417, SBRHED 3 Bk LRI L, TRH Eﬂ:ﬁ%@m

BEERIREDON, AMASTFa—LT Iy (V1L

TRV FI Y, =R Y)OE BT TR, TRH X
KRR, =AM, DN-1417 IZXE, MMIc W TEEDE
xRl 7z,

BB XD, LGS Oo#EEH/INREIEREED IR TRH B
L UDN-1417 3D TEMLEFTH D, 2 OIEFRK
BB SR TEARVA, SEORERE»S, WH
F’EJH;“J, AE, /M2 neuromodulator £ UT{ER T 3

ATREME R R L 72,

E Eid

WRESZ 2h7: ), HEE - HMEBD 2 L1280
BIICHEHBL T, -HBATsVELLEERE &
BIgdE, 7L CUARBHRE 2L — 7 OBEECRBOES
BL, KAROLDCEBELEREREL T8 2L
RAER TEGR S L S BB L B &+,

%28, KRXOEE L, £ 27 MHANRERYS (HE,
1985 4F) WHEERL .

X 3

E.: The Lennox-Gastaut
syndrome a severe type of childhood epilepsy.
Dtsch. Z. Nervenheilk, 195, 263-282 (1969).

2) Markand, O. M. : Slow spike-wave activity in

1) Niedermeyer,

EEG and associated clinical features: often called
‘Lonnox’ or ‘Lennox-Gastaut’ syndrome. Neurolog-



168 B

y, 27, 746-757 (1977).

3) Winokur, A. & Utiger, R. D.: Thyrotropin-
releasing hormone: Regional distribution in rat
brain. Science, 185, 265-267 (1974).

4) Brownstein, M. J., Palkovits, M. &
Saavedra, J. M.: Tyrotropin-releasing hormone in
specific nuclei of rat brain. Science, 185, 267-269
(1974).

5) Hokfelt, T., Fuxe, K., Johansson, O.,
Jeffcoate, S. & White, N.: Distribution of thyro-
tropin-releasing hormone(TRH) in central nervous
system as revealed with immunohistochemistry.
Eurp. J. Pharmacol., 34, 389-392 (1975).

6) Nemeroff, C. B., Prange, A. J., Bissette, G.,
Breese, G. R. & Lipton, M. B.: Thyrotropin-
releasing hormone (TRH) and its-alanine
ananlogue potentiation of the anticonvulsant
potency of phenobarbital in mice. Psycho-
pharmacol. Commun., 1, 305-317 (1975).

7) Fukuda, N., Nishimura, O., Shikata, M.,
Hatanaka, C., Miyamoto, M., Saji, Y.,
Nakayama, R., Fujino, M. & Nagawa Y.: Synth-
esis and pharmacology of TRH analog to separate
central nrevous action from endocrine activity.
Chem. Pharm. Bull., 28, 1667-1672 (1980).

8) Miyamoto, M., Fukuda, S., Narumi, Y.,
Nagai, Y., Saji, Y. & Nagawa, Y.: y-Butylo-
lactone- y-carbonyl-L-histidyl-L-prolinamide citrate
(DN-1417): A novel TRH analog with potent
effects on the cental nervous system. Life Sci., 28,
861-869 (1981).

9) Metcalf, G. & Dettmar, P. W.: Is thyro-
tropin releasing hormone an endogenous ergotropin
substance in the brain? Lancet, 1, 586-589 (1981).
10) Brown. M. R.: Thyrotropin releasing factor:
a putative CNS regulation of the autonomic
nervous system, Life Sci., 28, 1789-1795 (1981).

11) Reeding, T. W. & Schally, A. V.: On the half
life of thyrotropin-releasing hormone in rats.
Neuroendocrinology, 9, 250-256 (1972).

12) Bassiri, R. M. & Utiger, R. D.: Metabolism
and excretion of exogenous thyrotropin-releasing
hormone in human. J. Clin. Invest., 52, 1616-1619
(1973).

13) Keller, H. H., Bartholini, G. & Pletscher,
A.: Enhancement of cerebral noradrenaline
turnover by thyrotropin-releasing hormone.

Nature, 248, 528-529 (1974).

14) Lotti, V. J., Yarbrough, G. D. & Clines-
chmidt, R. B.: Investigations on the interaction of
thyrotropin releasing hormone (TRH) and MK-771
with central noradrenergic mechanisms. Psycho-
pharmacology, 70, 145-148 (1980).

15) Horst, D. W. & Spirt, N.: A possible
mechanism for the anti-depressant activity of
thyrotropin releasing hormone. Life Sci., 15, 1073-
1082 (1975).

16) Benett, G. W., Marsden, C. A., Metcalf, G.,
Sharp, T. & Tulloch, I. F.: Analogues of thyro-
tropin releasing hormone (TRH) stimulate in vitro
release of endogenous dopamine from rat brain
regions. Br. J. Pharmacol., 74, 227-228 (1981).

17) Rastogi, R. B., Singhal, R. L. & Lapierre, Y.
D.: Effect of MK-771, a novel TRH analogue, on
brain dopaminergic and serotonergic systems. Eur.
J. Pharmacol., 73, 307-321 (1981).

18) Malthe-Sorenssen, D., Cheney, D. L., Wood,
P. L. & Costa, E.: Modulation of turnover rat of
acetylcholine in rat brain by intraventricular
injections of thyrotropin-releasing hormone,
somatostatin, neurotensin and angiotensin II. ].
Neurochem., 31, 685-691 (1978).

19) Narumi, S., Nagai, Y., Miyamoto, M. &
Nagawa, Y.: Thyrotropin-releasing hormone
(TRH) and its analog (DN-1417): interaction with
pentobarbital in choline uptake and acetylcholine
synthesis of rat brain slice, Life Sci., 32, 1673-1645
(1983).

20) Cott, J. & Engel, J.: Antagonism of the
analeptic activity of thyrotropin-releasing hormone
(TRH) by agents which enhance GABA trans-
mission. Psychopharmacology, 52, 145-149 (1977).
21) Renaud, L. P., Blume, H. W., Pittman, Q. J.,
Lamour, Y. & Tan, A. T.: Thyrotropin-releasing
hormone selectively depress glutamate excitation
of cerebral cortical neurons. Science, 205, 1275-1277
(1979).

22) Kastin, A. J., Ehrensing, R. H., Schalch, D.
S. & Anderson, M. S.: Improvement in mental
depression with decreased thyrotropin response
after administration of thyrotropin-releasing
hormone. Lancet, 2, 740-742 (1972).

23) Prage, A. J. Jr., Wilson, L. C., Lala, P. P. &
Alltop, L. B.: Effect of thyrotropin-releasing




Lennox-Gastaut fii{##£0) TR i 169

hormone in depression. Lancet, 2, 999- 1002 (1972).
24) Wilson, I. C. & Lala, P. P.: Thyrotropin-
releasing hormone in shizophrenia. Lancet, 2, 43-44
(1973).

25) Davis, K. L., Hollister, L. E. & Berger, P.
A.: Thyrotropin-releasing hormone in shizo-
phrenia. Am. J. Psychiat., 132, 951-953 (1975).

26) Inanaga, K., Nakano, T. & Nagata, T.:
Effect of thyrotropin-releasing hormone in shizo-
phrenia. Kurume Med. J., 22, 159-168 (1975).

27) Manaka, S., Fuchinoue, T., Kondo, T., Hori,
T. & Sato, K.: Effect of thyrotropin-releasing
hormone tartrate on conciousness disturbance,
Brain Nerve, 29, 1075-1081 (1977).

28) BHEZ, HEAEH, HEBEA, SHAM: &5
Thyrotropin releasing hormone ¢ s RERIE7E T (= [
T L WRAIITSE — BRI 50 A 58—, #HEEE
2206, 92, 829-837 (1978).

29) BEA B, KAKRZEH, WILEEMAE: Thyrotropin
releasing hormone (TRH) O EFIEE o004 2 555,
B L WE9E, 56, 3091-3095 (1979).

30) Sobue, I.: Hypothalamic hormone and
central nervous system, special reference to inter-
relation between thyrotropin releasing hormone
and cerebellar ataxia. Clin. Neurol., 17, 791-799
(1977).

31) Sobue, I., Yamamoto, H., Konagaya, M.,
lida, M. & Takayanagi, T.: Effect of thyrotropin-
releasing hormone on ataxia of spinocerebellar
degeneration. Lancet, 1, 418-419 (1980).

32) Niedermeyer, E. & Uematsu, S.: Electro-
encephalagraphic recordings from deep cerebellar
structures in patients with uncontrolled epileptic
seizures. Electroencephalogr. Clin. Neurophysiol.,
37, 355-365 (1974).

33) Schneider, H., Vassella, F. & Karbowski, K. :
The Lennox syndrome. Europ. Neurol., 4, 298-300
(1970).

34) Zimmerman, A. W., Niedermeyer, E. &
Hodes, F. J.: Lennox-Gastaut syndrome and
computerized axial tomography findings. Epilepsia,
28, 463-464 (1977).

35) Cooke, P. M. & Snider, R. S.: Some
cerebellar influences on electrically-induced
cerebral seizures. Epilepsia (Boston), 4, 19-28 (1955).
36) Dow, R. S., Ferandez, G. A.& Manni, E.:
The influence of the cerebellum on experimental

epilepsy. Electroencephalogr. Clin. Neurophysiol.,
14, 383-398 (1962).

37) Reimer, G. R., Grimm, R. J. & Dow, R. S.:
Effects of cerebellar stimulation on cobalt- induced
epilepsy in the cat. Electroencephalogr. Clin.
Neurophysiol., 23, 456-462 (1967).

38) Mayakowski, J., Karlinski, A. & Mlodzik, I.
K.: Effect of cerebellar stimulation on hippo-
campal epileptic discharges in kindling prepara-
tion. Monogr. neural Sci., 5, 40-45 (1980).

39) Cooper, I. 8. : Effect of chronic stimulation of
anterior cerebellum on neurological disease.
Lancet, 1, 206 (1973).

40) Dement, W. & Kleitman : Cyclic variations
in EEG during sleep and their relation to eye
movement, body motility, and dreaming. Electro-
encephalogr, Clin. Neurophysiol. 9, 6§73-690 (1957).
41) BNEZ#E: BEOH 73— 7 3 > L R
DEHEBE 70~ + 757 4 — —HRBHBEC L 2%
-, HEEEEEER, 26, 1089-1098 (1981).

42) Morimoto, K., Moriwake, T., Akiyama, T.,
Sato, M. & Otsuki, S.: Anticonvulsant effect of a
novel TRH analog (DN-1417) on amygdaloid
kindled seizure. Brain Nerve, 35, 180-195 (1983).
43) Morimoto, K., Moriwake, T., Sato, M. &
Otsuki, S.: Anticonvulsant effect of a novel TRH
analog (DN-1417) on amygdaloid kindled seizure
II.: Comparison with TRH tytrate. Brain Nerve,
35, 501-504 (1983).

44) Morimoto, K., Moriwake, T., Sato, M. &
Otsuki, S.: Prophylactic effects of a novel TRH
analog (DN-1417) on amygdaloid kindling in cats.
Brain Nerve, 35, 787-793 {1983).

45) Sato, M., Morimoto, K. & Wada, J. A.:
Antiepileptic effects of thyrotropin-releasing
hormone and its new derivative, DN-1417, examin-
ed in feline amygdaloid kindling preparation.
Epilepsia, 25, 537-544 (1984).

46) Inanaga, K., & Inoue, Y.: Effect of a thyro-
tropin-releasing hormone analog in a patient with
myoclonus epilepsy. Kurume Ned. J., 28, 201-210
(1981).

47) Ueda, 8., Nakamura, J. & Inanaga, K.:
Clinical effects of TRH analog (DN-1417) on
Lennox syndrome. ]J. Jpn. Epilepsy Soc., 1, 31-39
(1983).

48) Saji, Y., Mikoda, T. & Nagawa, Y. : Possible



170 =

site of EEG, sympathetic and respiratory activating
actions of thyrotropin releasing hormone (TRH). J.
Takeda Res. Lab., 36, 39-45 (1977).

49) TEH{T, £HRE, )R SRBEEX 2
#1335 thyrotropin-releasing hormone OEEZIR.
B » [HER, 6, 3229-3237 (1978).

50) FiAkF1®: TRHFEHGFEOT IO AFRER
SR, EIEE, 12, 689-695 (1983).

51) Ohtahara, S., Ishida, T., Oka, E., Yamatogi,
Y. & Inoue, H.: On the specific age dependent
epileptic syndrome: The early-infantile epileptic
encephalopathy with suppression-burst. N6 To
Hattatsu, 8, 270-280 (1976).

52) Gloor, P.: Generalized
epilepsies. Epilepsia, 9, 249-268 (1968).

53) Gloor, P., Kalabay, O. & Giard, N.: The
EEG in diffuse encephalopathies. Brain, 91, 779-802
(1968).

54) Constantinidis, J., Geissbiihler, F., Gaillard,
J. M., Hovagumian, Th. & Tissot, R.: Enhance-
ment of cerebral noradrenaline turnover by thyro-

cortico-reticular

tropin-releasing hormone. Experimentia, 30, 1182-
1183 (1974).

55) Miyamoto, M. & Nagawa, Y.: Mesolimbic
involvement in the locomotor stimulant action of
thyrotropin-releasing hormone (TRH). Eur. J.
Pharmacol., 44, 143-152 (1977).

56) Shaywitz, B, A., Cohen, D. J. & Bowers, M.
B.: Reduced cerebrospinal fluid 5-hydroxy-
indoleacetic acid and homovanillic acid in children
with epilepsy. Neurology, 25, 72-79 (1975).

57y Ito, M., Okuno, T., Mikawa, H, & Osumi, Y. :
Elevated homovanillic acid in cerebrospinal fluid of
children with infanitle spasms. Epilepsia, 21, 387-392
(1980).

58) Silverstein F. & Johnston, M. V.: Cerebro-
spinal fluid monoamine metabolites in patients
with infantile spasms. Neurology (Cleaveland), 34,
102-105 (1984).

59) Kobayashi, K., Ebara, Y., Hosokawa, K. &
Oku, Y.: Homovanillic acid concentration of
cerebrospinal fluid in patients with epilepsy. Brain
Nerve, 28, 371-377 (1976).

60) Itoh, S., Onishi, S., Yamamoto, T. &
Nishimura, Y.: Developmental changes of 5-
hydroxyindoleacetic acid and homovanillic acid in
lumbal cerebrospinal fluids. Brain & Development
(Domestic Ed.), 13, 526-531 (1981).

61) FEFERE, HKI—, MEET, RIBIRT, BK
#%2 : Polymyoclonia, truncal ataxia {2 CREEL 72
Lennox EREED 1501261 E/NEEEE, 89, 1345-1349
(1985).

62) Adachi, K., Sobue, I., Tohyama, M. &
Shimizu, N.: Changes in the cerebellar noradrena-
line nerve terminals of the neurological murine
mutant Rolling Mouse Nagoya: A histo-
fluorescence analysis. Neurobiol. Neurophysiol., 3,
329-330 (1975).

63) NEBER, SWHED, BERX, BiurES, 4
AL3T3RER - Rolling Mouse Nagoya DA/ v 7 F L
+ Y »fR# & thyropin releasing hormone DR %,
FEERRR, 20, 181-187 (1980).

Therapeutic Trials of Thyrotropin-Releasing Hormone (TRH) and Its Analog, DN-
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Abstract
Anti-epileptic effects of thyrotropin-releasing hormone (TRH) and its new analog, DN-1417
(y-butyrolactone-y-carbonyl-L-histidyl-L-prolinamide citrate), were examined in 9 patients (5
boys and 4 girls aged 2 to 11 yrs) with Lennox-Gastaut syndrome (LGS). One patient was treated

with TRH, 6 with DN-1417 and 2 with both drugs.

The treatment lasted for 14 days. TRH was
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administered intravenously and DN-1417 intramuscularly, both of which were given at a dose of
40 ug/kg. The therapeutic effects were evaluated by changes in seizure frequency and EEG
pattern. Metabolic and endocrinological effects were also studied by measuring serum hormones
and monoamine metabolites in cerebrospinal fluid (CSF): thyroid stimulating hormone (TSH),
thyroxine (T,), trilodothyonine (T,), prolactin (PRL), homovanillic acid (HVA), 3-methoxy-4-
hydroxymandelic acid (VMA), 3-methoxy-4-hydroxy-phenylglycol (MHPG) and 5-hydroxy-
indoleacetic acid (SHIAA). EEG and the examination of CSF and serum were evaluated before,
during, immediately after and 4 weeks after the treatment. As long as the observation period is
concerned, effects of the treatment by the two drugs on this syndrome were as follows : more than
50% reduction of seizure frequency lasting for 10 weeks after cessation of the treatment, change
from the irregular high voltage & activity in basic EEG pattern to a regular moderate 4 activity,
marked decrease or disappearance of the diffuse inter-ictal spike and wave discharges and
improvement of ataxia as well as myoclonic seizures seen in 2 patients. During this period, no
alteration was noted in the CSF levels of HVA, VMA, MHPG and SHIAA, and serum
concentrations of TSH, T,, T, and PRL were within the normal range. Although the exact
mechanism by which TRH and DN-1417 suppress the seizure is unknown, these results indicate
that both drugs are worthy of clinical trial as a treatment of LGS since they are effective against
the intractable minor seizures of LGS.



