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Tw5 2, 37, RIEFEHIIRL 2D, BEL2I%
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FTHHELHH 2D, Lanes Fi, TORELLT,
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FiLE AT, BE 5 EME, BLE BWERE
MHB L7z, & ACTH InfE, EavFV—IVIEL,
FHMERFUVOET2E-TBVEIBRELBHL
- BEMEKERCTHo 72D, ERERERE
BRETEOENODOAFRABRIIT > T2V
KEFAOBBEREIR, N4 FoavFy vyHEITE
RIEHE L7 BBL L HICMBRETROUEL D
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IR, BAERLSERSNTVWIRELHAT
5910, Allgrove SEBREOLZNT, BOFIREL,
BLABLTVREEDRTVE2®, LHL, &
ERORICERE*EHTLIZLEIBTH S,

FHS T, REERIIKL THE. RARED
Allgrove BB T, #0ETELRTELRZIL
HBEWO 1, F7- AREITIE, BYETELEER
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52 (218)

—115—

LREFMYREEY AT S (Autonomic and other
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A Case of Extremely Low Birth Weight Infant with Aligrove Syndrome

*1 Depertment of Pediatrics, Kitasato Univercity
*2 Depertment of Neonatology, Osaka Medical Center and Research Institute for Maternal and Child Health

Manabu KEMMOCHI *!, Hiroyuki KITAJIMA *?, Masanori FUJIMURA *?2

Allgrove syndrome (AAAS) is characterized by the clinical triad of adreno-corticotropic hormone resistance adrenal
failure, achalasia, and alacrima. We experienced an ELBW case with AAAS.

CASE : GA 30wks, BBW 666g. At day 5, she showed adrenal failure with prolonged alacrima. Within several months,
corneal ulcer and achalasia, were noticed. The pattern of serum mineral corticoid level was different from that of other
AAAS patients. Although the association of achalasia and alacrima has not yet been explained without this syndrome.
Moreover, AAAAS, including autonomic and other neurological abnormalities to AAAS, was known. she had optic
atrophy later, which confirms to the criteria of AAAAS syndrome.

This syndrome is caused by AAAS gene mutation, plays a major pathogenic rule. Although we could not find any
mutations in the case, this is the first report on an ELBW case with AAAS.

Aligrove FEfE# (AAAS) 12, ACTHABE:, 7H53 7, BREYSHTIERTHS, 50, H4lL, AAASO
BENEAERAO 1 AERBRLI-OTRET 5, EM) 308, HEMRE666g THEL . HES ICEIBREIHH
Bl 20%, BrAOMIZABEEREL, 7577288 L7 AAASIE, BEIX ACTH RBED - HICMmiFT v F
A7 MERIEET, RLDERMEBRLZL, LIPL, THS VT EBREZSHTAEBIMICIIED 2V, OFE7TNVEF
AFayEETORBLE LT, BBEEL HERRROEROMREIEE I TS, 7, 4A F£6ERIZ Algrove fEfE
HICHEMERZEL, ABROEEEH I DL ENTVE, FEMAD, HARBEI DY, ThEX-TLOTHo7,
BEZ TIZ, Allgrove FEFEEIZ AAAS BEFOEETHLI ENbhroTvd, R4 DEHD BEFHENLET LD
FIETAILNTELdhol, BLAPMBED Tid, Allgrove FEGEE, MOALRMAT, »o, BEHEGCERFATH S,

(219) 53
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EBIES

BEBREY - FEREZSME $4%E #3F

RRERESRE - BEEL & L oBERERERO—F

(FRR1945 A 15 A %AT)
(FER 1946 B 22 A %)

KEHIBTFRERSES L 7 —HERHY, RANRSR?

AT KD
1B WzY

MHE FERY
#ER EEY

Key words
congenital tracheal stenosis
tracheal diverticulum
TUGR
3DCT

HP EHY BAa &Y
R R4F?

BE FEWNREEE (Intravterine growth retardation ; ML FIUGR) # 2 L/-BEMAKER ICAERERERSE
(Congenital tracheal stenosis ; AT CTS) * KEMEZ 4T 5 L) TNLEFAEERL 2. EFIIEE28H
H, 622g CHIE LR, BREBEEERODAENFEN) L, A\THRBEELRBLY, REF2-7
MBHFEDLEPICEL BT TE o BRETEEL 22 FENERE, KE771/5—, KE3D-CT, KLEEXRE
I AHEORR, SEBESLAHL-CTSESHLE:. BEERTH Y, RATEETH o 2700, FHRSFERIC
BE LRSI, SERERONRELZHEL A6 (1,144g) ICATHERE S VBB L 2 2.

WM OTE, REDIEEIIID-CTHERTH -7, SHOMRBERCL Y FRECHOEELRI L T (L

BrH 5.

#E

CTSIXE AL RBICRS»rh, WMBEEHRE TS
EbLOTINLREETHA.

4EFZKAIZIUGRZEL-BEHRERERIZCTS &
SKEHME (tracheal diverticulum) * &35 EL V58
FICBENRVEFAEERL-OTRET 5.

fER)

BE285, ORTORE, BAMEKR. ERK25ELIL
IUGR 2 s h T, B0 MBE#HFEIZ T TORCH
EBREBRITRTEESN, BEBTERTIIBESE,
(XKBORERIZOLho7:. BATORBEHLE
RU—BERRVERE L 0ERKR28 A48 ICFEY
BICTHEL .

E622g (—2.38.D), H&K30cm (—2.75D), FEH
23.5cm (—1.4S.D) OKRBTHYH, APGAR scoreidl
A6, 6585, H—BHEREZDL.

HaE%, REFRIETLAEARE 2 BT (RE
25MMOREF2a— T TCFa—T7TOFEIROEICT
6.5cm) L7:. BHDTA 27unNT)VF R Midweak T
bh, HREBERFLHNL, Y—7775 PO
KERFESICL DIPRRERIRE LY, BREPRE

WF 12— T7HbTIICEL 25T TEBRATEEL
ALYV — FdE»Hoiz.
ALRBEHEBZOENTREIFRL, £EK
By ZHLERBESHELL., A a2 AHE
AV REE, EBEELIRITLLIEENTD-
7-.
HBEFa—THNBOBLICL ) BBLRIK, KEER
RIERHBDEL, WBO LX) FRIRRT, BilFa
—TRBOO PP NVBREEDREF 2 —TORER
b ICERER) - B0, ENERE
L7, REFa—T7T2ANEZ ST L THDIIN
BLTWwW., HBIBICAEBEREZEVWRET 71
N— (H1) #BIFLI-EZAREF 12— ThEmHB
I APEBELICBBLTHA512000b6T, Fa2—
TOEBMAEICER (Mla, b I £E, ¢, d) L&D
NERELZDEOFELE L REWNE (Hla, b ! XH)
%27, AE14 KT L72&A%&3D-CT (K2a) T,
&SR A 5 % 12mm £ 12 Smra #2 B O #H TRk
EHO05mmORERER Y B, MA TREFELICA
FE2MmOEHRS L ERELZ RO, &F - KEEY
(K3) CREEEEHMOEILERIBGENTHY, L

HE&BHtE AR RS R E SR AGRENER
T556-0006 KEHRZEROFRESTHI6FIST

Department of Pediatrics, Aizenbashi Hospital
5-16-15 Nihonbashi Naniwa-ku, Osaka 556-0005, Japan

—117—



FH 1948 A

737

M1 SB774/5— (BH13)

a~d I EEHEFEM, THIHEH
a, b ! REBEAF2-TETORESRK, Bl
¢, d ! EEHRREDILAR

®’ER (KB, FRIEHREHRE (KE)

B2 S&3D-CT (AK14)
a:A#l4 BAEER#1.5mm, RAHEX 5mm
b : BH#R132 B 3mm, $AE % 8mm

BBEE, WREYCTRETCOREREOERE 25
REMEFRIBO LD o7, Fa—T7HNBCEELEK
TEETHY, BRETHL L HZR LAFMAAIR
by, FEHMNE I UTRERERORRLHS, B REOELRZBD 2o 1.

6l (fKE1,144g) ICETERICIRE L7:. FRZIPHR %
BOD, BENLIBRFTH ) ALFRED S OBER
I L B 148 CBEE ko7, BEBELIRTHS
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R
FEMIIFFRFEERROREL TEY, LOHRE
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BEREEY HERE2SEE $43% $35
(B#15)

AR AEE A EEE [EREROELEIZHEV

BHD P TV ERBIIAERELEVRE 774N
-, fE3D-CT, REREEELHITL, TRUKE
WA BEELZHILAA. 2= AEEALT A
PEENZBPOBEBEEOAERELE) —D0X
BEior:,

48, LBEXRFIEREEOR, WE, ﬁﬁﬁ@i
BER, MAOERED LY, L EIZIIEARTRIIOL
BEUEEDHZV. REREIREREORKEE
D-DEL, REORETHHEELBE~FBEIHAEE
FCOBICERY, EFSELALPOETFIMbo TE
CHRLEBINTVD, AEAL L TRAREEREH
FEYTREROZALYREN F—F VRICHVEA
Tv 3 (complete tracheal ring) HEPEL Y -9, &K
E774/5—, #EE, CT, MRIREMNBHICELTH
HTH»529, CantrelidFEE O, HHEICLY), &
ER, BAE, BREEOIIFALA SIZHFEHLTWSY,
i - KEXHE, LOEZROFE - MERELZOM
ONERE2EHTHIEDIZVII, FREEET
HZERFE LTI EE0BEEIlSITON TSN ~D,
RRESAEBZEINERED 5 VIIFEEHOERE
EEZONDY, REXBOERBCOIANZB LS
nh3 1)

$ﬁ%dﬁﬁﬁ@ﬁ”%%?&b HRAEHE LICE
FxBH. B—BEFHR, £5EERKOBRRER
BROWADACIE, IEBRSEOMISHEIZIRD %
Pol. REFUIBITAZFRBFBERIT, REF2—7
PHRELEBBTELVWIEIMZ, BERICF 2 —-
THEADRAARBERGEII L > T2 L, RERAEK
CHFBERIEREN TV LA EAREREERES A
7-.

CTS DIEHTIX, FHFED DV IIHEREIRER
Bahsd. BEEEDZERL, TEIFHITIL%EH

FEHBE (NN - VB AT VEER, Ok
A YEr, MEREBHEE, X714 FRERRES)
FEET A0, FRFEICHE) ERESIEY - I
HERFBREORE, SERELELEL, RRICLY
REFEROBRVPHETELZLIBRESA TS99,
HEFEICHL TR, BBURREFMHEREISRIRE

h59, FEFIIBRECTS TH Y REBZDEHHO
FELPRERZEEICL TV, ERNLHET
SEREROREFBO LN (K2b). 4% bERE
ERICBIT 2 PRREOBHEFSLETH L. BERE
BERIIBVWTHHRBERDOFTB O & IFE
BEYA7HE, CTS - HELRBICEV L, HEN
REEREOREVHEEL Bbhl.

EX )

ATIPGBZERFOHBOMF 2 HETREELEL
RBEHESERIIHLTRE 774 /5—, RE3D-
CT, AEEEREL*SOI-BEYRITTAILILLY,
CTS - HEEL DM LA . SHRFMBILICOVTR
FLTWLEN S 5.
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A Case of extremely low birth weight infant with a congenital tracheal stenosis and tracheal diverticulum

Daisuke Kinoshita? , Yoshirou Wada? , Shinya Tanaka , Jun Shiraishi®’ ,
Hiroyuki Kitajima® , Masanori Fujimura? , Hisayoshi Kawahara?

Department of Neonatal Medicine, Osaka Medical Center and Research Institute for Maternal and Child Health?
Department of Pediatric Surgery, Osaka Medical Center and Research Institute for Maternal and Child Health?

We are reporting a case of extremely low birth weight with a congenital tracheal stenosis and tracheal
diverticulum, where tracheal 3 dimensional computed tomography (3D-CT) was useful for establishing diagnosis and
clinical follow-up. A female, intrauterine growth restricted infant was born at 28weeks gestation, weighing 622grams.
She was intubated and pulmonary surfactant (120mg/kg) administered immediately after birth. During mechanical
ventilation, as the endotracheal tube was positioned slightly deeper, difficulties in ventilation with a large amount of
leakage of inspired air was encountered. In order to rule out tracheal abnormalities, an endotracheal fiber scope, 3D-
CT, broncho-esophagealgraphy and enhanced chest CT were performed, revealing a 5mm long tracheal stenosis at the
point of 12mm above the carina with the narrowest internal diameter of 0.5mm. A diverticulum was also located in the
posterior wall of the trachea just above the stenotic portion. There was no sign of pulmonary sling. Her general
condition remained stable with occasional desaturation. She was weaned off from ventilator and was extubated at 61
days of life (1144grams). Although her breathing has been somewhat constrained, air way pressure support has not
been required.
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NICU ABIRIC &1 2BRBHhoRAE EXRESSUOER - BREES (CT+X
2gH) OSHRIIE, EESONPICSIREABRREBICI DR KRERD DHEBR
CH3. BEOEMOEHICR, BBBFH\CRCERTINREBRICLAITNERS
Bl BCEBRERILYIVES (KBRS, B HERE) O7SLRBEBRENIC
BEOBERETS A TRANDE - BRICBUD. EBREBIE MRSA - RIRE, €L
THYIITHY, GBS IBREPIYTOVTIVADKEERFHEEETHD.

L&

AEECREO R WIEEFERCE, BEE
EOEHRHEELZRCEBNICESEZX®SILT
b3 FLTEEHEEOEBECLD, RWEE
HWEOEE LS. FORDICRUTO5HEE
EETT 22T, »ix) OBRRBRETFHOX
B35 2%, NICUAZEDRZOMBEBRTE 2LV
P TERKITIZZD D RV,

D SGBREADS DS AV HN—TT
(EB~) L RERA (DEA-BER)

@ BFRZ-FAKOBE (EOMEICE S
KEBEZ R T 3) '

® BABWETCE 74+ XA XAEOBNTOEE
Pa»d Ik

@ Rfith 2HiOMERICL2FHRVE
W OMFIME (1B L BEOHE)

® HEBEOEIMECHEE (iR B2
wEERMEARNZT 3) '

NICU ABtRicB v Tz, L HERD
BFOBEEMSTVRI TR, 8FTEL
BN — BBV EFESTARL T
2 BPRILDTVLEMND S T AREERT
52T, BEMCHBEOERZITS ZE88F
HIEG2ZH 2 & VICHEBECHE U DL, B AAE
HEEF—IVEETHS. & S5KERNBRIE
HEROERRE L ) EELREISHEREZ K
B, BENRBETHNEROERN T FIHL
#E 2. NICU iz 817 3BERRBRYE D ERHR
BRI, KBRS, B HERETDH
2. FnsE3, MRSA, RIEEZOMOB
IR, YV EThd. TRUFKEN
TI TR I PEINTHIEHT, /7 0%
BIEDHBINESTHD.

—%, FERE»S A5 LEFANZEETE
g oMEzr7Ean5 2 i, HEFNI
BbordbEBLIETHY, TEBHLEITIEE
RSP EES RS MEOT T 2T B

* Hiroyuki KITAJIMA AXERIBFREREERY 7 —HERM
[Ef&%] @ 594-1101 KRFRRTTEEHR] 840 KRB FRBREEREY v 7 —FERB
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FKBREDORRAE
(43641 : 1981~ 1996 )
Other
Streptococcus

7%

S. epidermidis £
5% ¥

Listeria
5%

7%

9%
1 KEFFIBFREBSESERE I —NICU IZHIT2HERBRED
REEDAER

EBLoBEZ LW, UEDOLSIREBEIS
BFREREBRRE Z EWI2T 5.

I. NICU (81T 3 BRRRAED
R DER DY

KRB FRERKSER £ ¥ —NICU
B B FERBIE - EABRFEDOREREDON
REE1IZTRT.

ENRGE I RREBPHEOFERE 2 Y, l‘;n
PR 1 3 W KRR & BB FERURGRE L
WH I EMRTE S, FHIFETIE, GBS, KBEK
i), BIBHE, Fr oy — A%
TA4NWRAYTINIVY, VATYT L.
#ETIX, MRSA, RIEHE, = 7un7 ¥ —,
GBS, # vy 5 efl . BED GBS iZ K EG
THo7.

—%, B NICU TORRBRIZ S 20
72535, 2001 £ 1 AcHERERERSSEI
2169 MEERIC T > — P RAEREEED, 90 58
B oEE BB, 2000 FED 1 EFHC BT 5&
REERDBEHE®KER (very low birth weight
infant : VLBW) S # A Bt 13 48.9+21.7
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FRABREDRRR
(9841 : 1981~1996 £)

Ecoli  Others
Kiebsiella_ 2 7 7%
3% ’
S. epidermidis &
0,

. aeruginosa
15%

(SD), BENRBEHEDFHFAERIT 12.4+9.7%
THot: (F#g MRSA BRPIEFHERIZS.1+
5.7%).

BPFED oL bHWEEAHEIZI MRSA T
165 % (165/359, 46.0%), R\ THRIRE 218
(5.8%), a7/ —¥E7 ¥ VEKE (CNS)
18 #Y (CNS BIEFIZF—HER T 11 A H -
72)(5.0%), 4> Y5 1841(5.0%), ZDftid
B X3 b D366 (10.0%), & H 1014
(28.1%) THhH-7: (R).

— RGN EFECEE EDICH B LM
[MYE 166 B (FET=2R 22.2%) , BE b & Leffik 88
Bl (2.0%), BEEB LA E2S LB L39H
(35.7%), B -BERE 3261(0%), BEfik/
ERER 3B (0%), BBE 5B (0%), BEREEAR/BX
FLIP (33.3%), 2076 (0%), £L T
raRFEEMESE (neonatal toxic-shock syn
drome-like exanthematous disease : NTED)
2334 B (0%) TH-7z. VLBW O2BERRE
WX BZEWETERIIZLIT.6226.7 (SD)%,
MRSA Bz & 2 FHFET-EIT 14.9£24.5%
Tholz. FTH DN BEHEFKER
(extremely low birth weight infant : ELBW)
BEDHTBY, BRENOFETCERRHS VS
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% £E0 NICU 90 FEEXIZ &7 SBRABRENPER (2000 FARE)

s==% | VLBW | ELBW | ELBW/VLBW (%) ERE VLBW | ELBW | ELBW/VLBW (%)
B 92 69 75 MRSA 165 92 5.8
BmERE | 74 51 68.9 Fies 21 15 71.4
R 6 5 83.3 Ny 18 16 88.9
s 88 59 67 CNS 18 15 83.3
NTED 34 5 14.7 TyFOns 9 — 7 5 71.4
NEC 29 27 93.1 SUTLTS 6 4 66.7
BB 18 9 50 *i5E 5 4 80
B % 14 4 28.6 feERE 4 3 75
BB 10 3 30 ©SFT 4 2 50
RIS 8 3 37.5 GBS 2 1 50
BB L g 6 66.7 TR NNT YT~ 2 2 100
oy - 5 0 ~NETAILZ - 1 1 100
BRET 4 3 3 100 A7 NI

* O 7 2 28.6 t Ot 5 3 60
@t 397 248 62.5 T8 101 58 5.4
R 12.30% | 21.00% weat 359 | 21| = 66
SRS |3,214 | 1,185 36.7 EPNUE 3,214 | 1,185 36.7

NTED : neonatal toxic-shock-syndrome-like exanthematous disease (42 TSS BRZAE)

NEC : necrotizing enterocolitis (¥EFE14REK)

53%, IGIEE 46%, CNS21%, MRSA 19% D
JETH-o7z.

M. BRABREE~D TR

BeNBL D[RR & iz 2 EEIX, B TOFE
BIEEHND - L bEETDH 5. FCEER 26 R
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ABSTRACT

Phenserine (PS) was designed as a selective acetylcholinest-
erase (AChE) inhibitor, with a tartrate form (PST) for oral admin-
istration in mild to moderate Alzheimer’s disease (AD). Recent
phase 3 trials of PST in Europe indicate that any clinically
relevant activity of PST may be limited by its duration of action.
Like many oral drugs, bioavailability and plasma concentrations
of PST are reguiated by hepatic and gastrointestinal first-pass
effects. To minimize the kinetic limitations of first-pass metab-
olism, transdermal formulations of PS and PST (ointment/
patch) were developed and characterized in vitro and in vivo.
Initial in vitro kinetic characterization of PS or PST formulations
used a diffusion cell chamber and skin samples isolated from
hairless mice. Liquid paraffin and fatty alcohol/propylene glycol

(FAPG) were found to be suitable vehicles for ointment formu-
lation. Addition of a penetration enhancer, 1-[2-(decyithiojethyl]-
azacyclopentane-2-one (HPE-101), improved stratum corneum
permeability. Application of the optimal formulation of PS/HPE-
101/FAPG to the shaved back of rats resuited in significantly
lowered piasma and brain AChE activities and improved cog-
nitive performance in animals with scopolamine-induced cog-
nitive impairment. These resuits suggest that the transdermal
application of AChE inhibitors may represent an effective ther-
apeutic strategy for AD. Particular benefits over oral therapies
might include avoiding first-pass metabolic effects and im-
proved dosing compliance.

Accompanying the increased geriatric population of most
industrialized countries is an upsurge in the prevalence of
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dementia, particularly Alzheimer’s disease (AD). AD is char-
acterized by progressive neuronal loss leading to cognitive
decline and a plethora of accompanying psychiatric problems.
Pathologically, AD is characterized by the presence of 1)
senile plaques, extracellular deposits primarily composed of
B-amyloid (AB) being derived from amyloid precursor protein
(APP) (Sambamurti et al., 2002; Selkoe, 2005); 2) neurofibril-
lary tangles of phosphorylated 7 protein (Tanzi, 2005); and 3)
cholinergic synaptic and neuronal loss, with associated brain
atrophy (Whitehouse et al., 1982; Doucett et al., 1986).
Cholinesterase inhibitors (ChE-Is) attenuate the cholin-
ergic deficit considered to underlie the dysfunctions in AD,
and, to date, they represent the most widely used treatment
strategy (Lahiri et al., 2004). Four CHE-Is are approved in
the United States (tacrine, Cognex; donepezil, Aricept; riv-

ABBREVIATIONS: AD, Alzheimer’s disease; A8, B-amyloid; APP, amyloid precursor protein; ChE-I, cholinesterase inhibitor; AChE, acetylcho-
linesterase; PS, phenserine; PST, phenserine tartrate; BChE, butyrylcholinesterase; HPE-101, 1-[2-(decylthio)ethyllazacyclopentane-2-one; FAPG,
fatty alcohol propylene glycol; LSD, least significant difference; LP, liquid paraffin.
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astigmine, Exelon; and galantamine, Reminyl). Whereas this
drug class and the recently Food and Drug Administration-
approved N-methyl-D-aspartate-receptor antagonist meman-
‘tine (Namenda) are the only agents to have been consistently
associated with improvements in cognitive function in AD
(Leo et al., 2006), such improvements are, unfortunately,
generally small. This modest efficacy has provided impetus to
develop a new generation of ChE-Is with activity beyond
symptomatic benefits and to maximize the efficacy of current
agents based on a more complete understanding of time- and
concentration-dependent enzyme/inhibitor interactions. Our
research in both areas has focused on mechanisms that re-
duce levels of neurotoxic AB, in addition to cholinesterase
inhibition.

We designed and developed the acetylcholinesterase
(AChE)-selective inhibitor phenserine [PS; (—)-phenylcar-
bamoyl eseroline] (Fig. 1), which possesses additional non-
cholinergic actions to lower the rate of APP synthesis and
thereby reduce AB levels (Shaw et al., 2001; Greig et al,,
2005b). Clinical trials to date with phenserine and the other
approved ChE-Is have involved oral administration and wa-
ter-soluble salt forms of the compounds, e.g., PS tartrate
(PST). The oral route is most often used to administer ther-
apeutics to humans, because it is convenient, safe, and inex-
pensive. However, oral administration has limitations asso-
ciated with bioavailability loss through first-pass metabolic
and transport effects in the intestinal wall and liver. To avoid
these critical metabolic sites, alternative administration
routes have been investigated.

Transdermal application provides a potential approach for
efficient and effective administration. Although the transder-
mal route is most often used in local treatment, there may be
therapeutic advantages for systemic therapy that include
ready maintenance of steady-state drug levels, amelioration
of peak concentration effects, and a lack of hepatic first-pass
metabolism and gastrointestinal transport effects. Moreover,
and of particular relevance for treatment of dementia, trans-
dermal application may help achieve dosing compliance.
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Transdermal delivery necessitates optimization of perme-
ability by modulating the physicochemical characteristics of
the therapeutic, such as solubility, diffusion, and enzymatic
stability (Okuyama et al., 1999). It has been suggested that
preferred characteristics of a therapeutic for transdermal
application might include a molecular weight <500 and a
lipid/water partition coefficient (log P) value of approxi-
mately 2.5 (Ozawa et al., 1988).

PS is a crystalline compound developed through optimizing
the structure/AChE-activity relationships of hexahydropyr-
rolo[2,3blindole carbamates (Greig et al., 2005b), the back-
bone of the classic anticholinesterase, and natural alkaloid
physostigmine. The unsubstituted phenylcarbamate of esero-
line, PS (CyoH,3N;0,-C,HOy) is used biologically as a L(+)-
tartrate salt to aid its aqueous solubility. The free base form
of PS has a mol. wt. of 337.4 and is lipophilic, with a log P
value of 2.2. It has a high brain penetration (brain/plasma
ratio of 10:1), a moderately long duration of action in rodents
(half-life, ¢, of 8.25 h), and a preferential selectivity for
AChE versus butyrylcholinesterase (BChE) of approximately
70-fold (Greig et al., 2000). Such characteristics have been
purported to make ChE-Is more tolerable in humans (Greig
et al., 1995, 2005b), and furthermore, they make PS suitable
for transdermal administration.

Clinical studies with phenserine have indicated that it is
well tolerated by the oral route and dose-limited by classic
cholinergically mediated adverse events, primarily nausea
and vomiting (Greig et al., 2005a,b). The onset of AChE
inhibition was rapid and occurred shortly after oral admin-
istration, reaching a maximum at 1.5 to 2.0 h and then
declining relatively slowly, with a dose-dependent ¢,,, of 5 to
11 h. However, extensive metabolism occurred, with plasma
drug levels falling rapidly beyond the C,,,,, which occurred
at 1.5 h postoral administration (Greig et al., 2005a). These
findings indicated that transdermal administration might
provide pharmacokinetic advantages, both for maintenance
of AChE inhibition and plasma drug concentrations to opti-
mize noncholinergic actions on lowering AB. Therefore, stud-
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Fig. 1. A, diffusion cell setup. B, structure of PS.
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ies were initiated to characterize the suitability of PS for
transdermal formulation.

Materials and Methods

Materials. PS and PST (>99.9% optically and chirally pure) were
synthesized as described previously (Yu et al., 2001). HPE-101 was
obtained from Hisamitsu Pharmaceutical Co. (Saga, Japan). Other
chemicals were purchased from Wako Pure Chemicals (Osaka, Ja-
pan) and Sigma-Aldrich (St. Louis, MO).

Drug Formulation. Solids of PS or PST were mixed with various
ointment vehicles, as listed in Table 1. Fatty alcohol/propylene giycol
(FAPG) ointment was prepared with various alcohols and propylene
glycol. In brief, 9.5 g of stearyl alcohol, 8.0 g of cetyl alcohol, and
12.0 g of 1-docosanol were melted at 85°C and stirred into 70.5 g of
propylene glycol at 90°C. During subsequent cooling, the agents were
continuously mixed for 20 min to form a paste (FAPG ointment). The
permeability enhancer HPE-101 was added to some formulations,
with further mixing, at concentrations of 1 to 5% (w/w). Finely
ground PS or PST was then blended into the FAPG ointment. The
final concentration of PS or PST within vehicle was 1% (w/w) for in
vitro studies and 10 or 20% (w/w) for in vivo studies.

In Vitro Transdermal PS Permeability. A diffusion cell cham-
ber (flow-through cell; Fig. 1) was used (Addicks et al., 1987; Sclafani
et al., 1993) to assess the availability of PS from vehicle, and subse-
quent transdermal permeability. Because the stratum corneum has
been characterized as a major barrier to transdermal permeability
(Sheuplein and Blank, 1973; Smith et al., 1982; Madisonet al., 1987)
and barrier integrity may be variably affected by age (Ghadially et
al., 1995), permeabilities were investigated through both intact and
tape-stripped skin. Intact skin or tape-stripped skin was isolated
from the back of hairless mice and placed between the donor and the
acceptor phase of the flow-through cell, allowing a permeation sur-
face area of 1 cm?. Stripped skin without the stratum corneum was
prepared by stripping with Scotch tape (Scotch 845) over some 30
occasions. Formulated ointment was placed on the skin within the
donor phase. Thereafter, saline (87°C) was circulated within the
acceptor phase at a rate of 5 ml/h. Serial 2-ml samples were collected
from the acceptor phase at specified times. PS concentrations were
quantified by high-performance liquid chromatography under the
following conditions: column, octadecyl silica gel reversed phase
(C18; 5 um; 4 mm i.d: X 150 mm); mobile phase, methanol/water {9:1
vA)l; flow rate, 0.2 mlmin; and detection, UV at 246 nm. The
cumulative permeated amount of PS (Q, micrograms per square
centimeter) and steady-state flux rate (flux; micrograms per hour per
square centimeter) were determined from PS concentrations of each
fraction (i) as follows: Q) = Q(ti — 1) + (C(t) X V(ti)/A) and
flux(ti) = [Q@i) — Qi — DI/I(ti) ~ (¢ — 1)), where i is number of
fractions, ti is sampling time (hours), @(¢) is cumulative permeated
amount of PS at ti (micrograms per square centimeter), C(ti) is
concentration of PS in sample at ¢i (micrograms per milliliter), V(ti)
is sampling volume between ¢i — 1 and ¢i (milliliters), A is area
available for permeability (square centimeters), and flux(¢i) is flux at
ti (hours).

Further in vitro studies investigated the effects of modulating the
surface area available for transfer of the PS in the diffusion cell. This
was necessary before undertaking in vivo efficacy studies to ensure
that sufficient transdermal PS flux occurred to sustain systemic
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levels within the previously established therapeutic range for the
rat.

In Vivo Transdermal PS Permeability and Efficacy on Cog-
nitive Performance and AChE Activity. Animals were lightly
anesthetized (fluorothane) and carefully shaved to the skin in the
mid-riff region of their back, facilitating the attachment of transder-
mal patches. FAPG ointments (+ PS) were applied to the shaved
backs of adult (4-month-old) male Fischer-344 rats (Charles River
Laboratories, Inc., Wilmington, MA) using two pads (250 mg of
ointment per 4-cm? surface area pad; 500 mg of total ointment in
8-cm? surface area for each animal). Ointments were formulated
with PS at 10% (w/w) with and without HPE-101 [5% (w/w)}. Plasma
AChE activity was then monitored in tail-blood, plasma samples for
8 h. At the end of the experiment, animals were killed by fluorothane
overdose. Brain and plasma samples were collected, and they were
immediately frozen at —70°C for later determination of AChE activ-
ity by the Ellman method (Ellman et al., 1961). Plasma was addi-
tionally analyzed for biochemical markers of hepatic, renal, and
muscle function (aspartate aminotransferase, alanine aminotrans-
ferase, leucine aminopeptidase, leucine aminopeptidase, lactate de-
hydrogenase, alkaline phosphatase, albumin, creatine kinase, total
protein, serum creatinine, blood urea nitrogen, triglycerides, total
and free cholesterol, and phospholipids).

Adult (4-month-old) male Fischer-344 rats (Harlan, Indianapolis,
IN) were also used to assess the in vivo efficacy of transdermal PS on
cognitive performance and cholinesterase activities in plasma and
brain (cerebral cortex). Using previously described protocols, we
investigated the ability of transdermal PS to correct learning impair-
ment induced pharmacologically with scopolamine, and we assessed
in a 14-unit T-maze (Ingram 1988). Animals were first trained to
criterion in one-way active avoidance in a straight runway. There-
after, trials that involved negotiation of five maze segments to avoid
footshock were conducted in a 14-unit T-maze. On day 1, each rat
was trained in a straight runway to move from a start box to a goal
box (~1 m) within 10 s while avoiding a mild footshock (0.8 mA).
Training success was indicated by 13 of 15 correct avoidances (max-
imal trials 30). Training ensured that the animals had learned
footshock avoidance before the maze learning trials.

The respective Animal Care and Use Committee’s of the Intramu-
ral Research Program, National Institute on Aging, and Kumamoto
University approved the experimental protocols used in compliance
with the guidelines for animal experimentation of the National In-
stitutes of Health (Department of Health, Education, and Welfare
publication 85-23, revised, 1995).

Drug Treatment. On day 2, animals were lightly anesthetized
(fluorothane) and carefully shaved to the skin in the mid-riff region
of their back, facilitating the attachment of transdermal patches.
Thereafter, animals were randomly assigned to one of three treat-
ment group: 1) control, physiologic saline (i.p., 1 ml/kg body weight)
+ transdermal vehicle ointment; 2) scopolamine treatment, scopol-
amine (0.75 mg/kg i.p. in 1 mVkg physiological saline) + transdermal
vehicle ointment; and 3) scopolamine and PS cotreatment: scopol-
amine (0.75 mg/kg i.p. in 1 ml/kg physiological saline) + transdermal
PS ointment. Two adhesive bandages (3.5 X 3.5 cm with a 2.0- X
2.0-cm gauze pad), containing 250 mg of PS ointment or vehicle, were
applied to the shaved area on the back of each rat. Rats in the PS
treatment group received 50 mg of PS formulated into vehicle oint-
ment, as described above. Three hours before maze testing on day 3,

TABLE 1
Vehicles studied
Vehicle Classification

LP Hydrophobic Oleaginous base Mineral
Hydrophilic ointment Hydrophilic Emulsion base [OiV/water] emulsion
Hydrophilic petrolatum Hydrophilic Emulsion base [Water/oil] emulsion
Polyethylene glycol Hydrophilic Water soluble base Water soluble base
FAPG Hydrophilic Suspension Lyogel
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the adhesive bandages were removed and replaced with bandages
containing fresh applications of PS ointment or vehicle. Following
transfer to the testing room, and 30 min before testing in a 14-unit
T-maze, i.p. injections of either physiological saline or scopolamine
were administered.

Cognitive Performance and Cholinesterase Inhibition. All
rats performed 20 trials in a 14-unit T-maze with an intertrial
interval of 2 min. The performance measure was the number of
errors committed on each trial. Immediately following the final maze
run, animals were killed by fluorothane overdose. Plasma and brain
samples were collected, and they were immediately frozen at —70°C.
Cholinesterase levels were later determined by the Eliman method
(Ellman et al., 1961).

Data Analysis. All data are reported as means * S.E.M. of at
least four trials or animals. Statistical significance was determined
by analysis of variance with post hoc LSD test, Dunnett’s test, and
unpaired ¢ tests as appropriate.

Results

Permeability of PS and PST in Vitro. Phenserine was
used as free base (PS) and tartrate (PST) forms in studies to
identify the most suitable ointment vehicle (Table 1) and
active agent for a transdermal formulation. The actions of
the penetration enhancer HPE-101 were also assessed. PS or
PST {1% (w/w)] was formulated in various vehicles contain-
ing 0 to 5% (w/w) HPE-101.

Figure 2 shows the permeation profiles of PS from various

A PST

80 80 -
2
[/>)
o 60 |
e
T
3
£ 40
a
2
3 20
£
-
]

1]

o
N
o
-]
[+ ]

vehicles containing PS or PST through intact skin from the
hairless mouse into receptor phase. Only the LP and FAPG
vehicles allowed sufficient permeation of PS through the
intact dermal barrier. Cumulative amounts of PS from the
PS-containing vehicle recovered during the 8 h of the study
were greater than those from the PST-containing vehicle,
although the flux of PS for the PST-containing vehicle
began earlier than that for the PS-containing vehicle. Sub-
sequent studies focused on PS formulated within LP and
FAPG vehicles.

Figure 3 and Table 2 present data regarding the effects of
the penetration enhancer HPE-101 [0-5% (w/w)] on total flux
and steady-state flux rates of PS, from LP and FAPG formu-
lations, through intact skin. Permeabilities of PS were mark-
edly improved by the addition of HPE-101. Maximum bene-
fits of HPE-101 addition were observed between 3 and 5%
(w/w) HPE-101 concentrations.

Because the stratum corneum is an impediment to trans-
dermal permeability in intact skin and its integrity may be
reduced by age, we also examined PS permeability from
formulated LP and FAPG ointments using stripped skin from
the hairless mouse. Figure 4 shows the permeation profiles of
PS from these vehicles through both intact and stripped skin.
Cumulative flux of PS was increased in stripped versus in-
tact skin, by 2.9- and 1.8-fold for LP and FAPG ointments,
respectively.

PS

Fig. 2. In vitro permeation profiles of PS from vehi- ,
cles containing PS [1% (w/w)] or PST [1% (w/w)]
supplemented with HPE-101 [3% (w/w)], through
1-cm? intact skin into saline at 37°C. A, cumulative

Time (hr) Time (hr) amounts of PS. B, flux of PS: @, PST from FAPG; O,
B PST from LP; A, PST from PG; A, PST from hydro-
philic ointment; X, PST from hydrophilic petrola-
20 _ 20 ; tum; M, PS from FAPG; [J, PS from LP; ¢, PS from
PG; ¢, PS from hydrophilic ointment; and *, PS
from hydrophilic petrolatum. Each point represents
mean * SEM. (n = 4).
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TABLE 2

Steady-state fluxes and cumulative amounts of in vitro transdermal
permeation of PS [1% (w/w) in vehicle] across 1-em? intact skin into
saline at 37°C

Transdermal preparations were formulated with LP or FAPG vehicles and HPE-101
at 0 to 5% concentrations (w/w) (n = 4).

Formulation

Steady-State Cumulative
Drug Vehicle [}ggv/&)ll Flux Amount for 12 h
pglhlem? ug
PS LP 0 06=0.1 52412
1 46 *0.7 37.0 x 15.6
3 174 = 3.3 95.6 + 14.3
5 20.1 0.3 1829 * 154
FAPG 0 24+02 16.6 = 10.2
1 11.0+13 122.3 = 19.4
3 123 x15 117.3 * 219
5 82+ 0.8 83.3 + 13.2
LP FAPG
500 500
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Fig. 4. In vitro permeation profiles of PS from LP and FAPG vehicles
containing PS [1% (w/w)] supplemented with HPE-101 [3% (w/w)]
through 1-em? intact or stripped skin into saline at 37°C. M, PS from LP
through stripped skin; [J, PS from LP through intact skin; @, PS from
FAPG through stripped skin; and O, PS from FAPG through intact skin.
Each point represents mean * SEM. (n = 4).

To study the in vivo efficacy of transdermal PS, it was
necessary to ensure sufficient total transdermal flux of PS to
achieve systemic levels within the therapeutic window for PS
in the rat. It has been reported that the therapeutic window
for PS in rat plasma for maintenance of brain AChE inhibi-

tion is in the region of 50—100 nM (Greig et al., 2000), which
is in accord with its brain AChE IC;, value of 36 nM (Greig
et al., 2005b). To reach this therapeutic concentration with
transdermal application, the optimal flux of PS was calcu-
lated using various pharmacokinetics parameters assessed
in previous studies using intravenous administration of PS.
The optimal flux rate was calculated using flux = k, X V4 X
C. /A, where k,, V,, C,,, and A are rate constants for elimi-
nation, distribution volume, systemic PS level at steady
state, and area available for transfer, respectively. Based on
approximately 200 g body weight, k., and V, were calculated
to be 3.3 h™! and 1103.2 ml, respectively. To achieve the
necessary systemic PS level, a flux rate of 60 to 120 pg/h was
calculated to be necessary. Data presented above (Table 2)
show that the experimental fluxes of PS in the series of
experiments using a 1-cm? area of intact skin for permeation
within the diffusion cell, were approximately 5-fold lower
than that required to achieve systemic levels of PS within
the therapeutic range. However, the flux rate could theoret-
ically be increased by providing a greater surface area for
absorption.

Having determined the need for a flux of 60 to 120 pg/h to
achieve appropriate systemic PS levels, we investigated PS
fluxes using a diffusion cell with 5-cm? area of intact skin for
permeation to compare with 1-cm? data reported above (Mal-
com and Thomas, 1995). Formulations also contained 5%
(w/w) HPE-101. Figure 5 shows permeation profiles of PS
from LP and FAPG vehicles for 1- and 5-cm? diffusion cell
areas using intact hairless mouse skin. The 5-fold increase in
available diffusion area resulted in 4.3- and 8.2-fold increases
in total accumulated transdermal flux over a 12-h peried, for
LP and FAPG formulations, respectively. Figure 6 shows
that fluxes of PS from both vehicles entered the range of 60
to 120 pg/h with 5-cm? diffusion areas of intact skin, in the
presence of 5% (w/w) HPE-101. It should be noted that the
time necessary to reach the sufficient flux of PS from the
FAPG vehicle was shorter than that from the LP vehicle.
This would be theoretically sufficient to support systemic PS
levels within the therapeutic dose window.

The in vitro findings suggest that LP and FAPG vehicles
have almost the same performance for delivering PS through
hairless mouse skin and into the systemic circulation. To
develop a final dosage form for transdermal PS, the LP ve-
hicle requires an additional pharmaceutical processing. In
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contrast, the FAPG vehicle enables us to prepare the oint-
ment of PS without any processing. Based on the aforemen-
tioned consideration, we decided on the continued use of
FAPG vehicle for in vivo studies.

In Vivo Transdermal PS Permeability and Efficacy
Effects on Cognitive Performance and AChE Activity.
FAPG vehicle application alone, with or without HPE-10, did
not affect plasma AChE activity compared with untreated
animals (data not presented). As shown in Fig. 7, plasma
AChE activity was significantly reduced by 30% after treat-
ment with PS ointment containing HPE-101 [5% (w/w)] ver-
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sus controls receiving vehicle ointment alone. Concomitant
inhibition of AChE activity in brain at 8 h was 60% (p < 0.05)
after treatment with PS ointment containing HPE-101 [56%
(wfw)] versus controls. PS ointment without HPE-101 re-
sulted in reductions in plasma AChE activity versus controls
that did not achieve statistical significance. Plasma levels of
biochemical markers of hepatic, renal, and muscle function
assessed at 1 and 8 h remained within their biological range
for both PS treatments and controls (data not shown).
Figure 8 shows the effects of transdermal PS on cognitive
impairment (errors in trial negotiation) induced with scopol-

Fig. 7. Left, in vivo, rat plasma AChE activ-
ity during 8-h transdermal administration
of FAPG ointment containing PS [10% (w/
w)], supplemented with or without HPE-101
[56% (w/w)]. B, untreated control; O, FAPG
ointment with PS [10% (w/w)]; ®, FAPG
ointment with PS [10% (w/w)];and HPE-101
[6% (wiw)}. *, p < 0.05; **, p < 0.001 versus
untreated control. Each point represents
mean = S.EM. (n = 5). Right, brain AChE
activity at 8 h in control rats and those ad-
ministrated FAPG ointment with PS [10%
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(w/w)] and HPE-101 [5% (w/w)] (p < 0.05 PS
treatment versus control).

PS
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