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Effects of FK224, a NK; and NK: Receptor Antagonist, on Plasma Extravasation of
Neurogenic Inflammmation in Rat Airways
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Background: Asthma is an inflammatory disease because there are many inflammatory changes
in the asthmatic airways. Axon reflex mechanisms may be involved in the pathogenesis of asthma.
Sensory neuropeptides are involved in this inflammation, which is defined as neurogenic
inflammation. Substance p, neurokinin A, and neurokinin B may be main neuropeptides of
neurogenic inflammation in airways. These tachykinins act on neurokinin recptors. Three types of
neurokinin receptors, such as NKj, NK3, and NKj, are currently recognized, at which substance
p.neurokinin A, and neurokinin B may be the most relvant natural agonist of neurogenic
inflammation in airways. The receptor subtypes present in several tissues have been characterized
on the basis of differential sensitivity to substance p, neurokinin A, and neurokinin B. Plasma
extravasation and vasodilation are induced by substance p more potently than by neurokinin A,
indicating NK1 receptors on endothelial cells mediate the response. But airway contraction is
induced by neurokinin A more potently than by substance P, indicating the NK receptors in airway
smooth muscles. These receptors are used to evaulate the pathogenesis of brochial asthma. FK224
was .identified from the fermentation products of Streptomyces violaceoniger. FK224 is a dual
antagonist of both NK,; and NK; recptors.

Purpose: For a study of pathogenesis of bronchial asthma, the effect of FK224 on plasma
extravasation induced by vagal NANC electrical stimulation was evaluated in rat airway.

Method: Male Sprague-Dawley rats weighing 180 ~450gm were anesthetized by i.p. injection of
urethane. Plasma extravasation was induced by elecirical stimulation of cervical vagus NANC

nerves with 5Hz, 1mA, and 5V for 2 minutes(NANC2 group) and for sham operation without



nerve stimulation(control group). To evaluate the effect of FK224 on plasma extravasation in
neurogenic inflammation, FK224(1mgfkg, Fujisawa Pharmaceutical Co., dissolved in dimethylsul-
phoxide; DMSO, Sigma Co.) was injected 1 min before nerve stimulation(FK224 group). To assess
plasma exudation, Evans blue dye(20mg/kg,dissolved in saline) was used as a plasma marker and
was injected before nerve stimulation. After removal of intravascular dye, the evans blue dye in
the tissue was extracted in formamide(37°C, 24h) and quantified spectrophotometrically by
measuring dye absorbance at 629nm wavelength, Tissue dye content was expressed as ng of dye
per mg of wet weight tissue. The amount of plasma extravasation was measured on the part of
airways in each groups.

Resuits:

1) Vagus nerve(NANC) stimulation significantly increased plasma leakage in trachea, main
bronchus, and peripheral bronchus compared with control group, 14.1 1.6 to 49,725, 175320
to 38.7:2.8, and 12.712.2 1o 19.1:£1.6ng of dye per mg of tissue(mean = SE), respectively(p <
0.05). But there was not significantly changed in lung parenchyma(p>0.05)

2) FK224 had significant inhibitory effect upon vagal nerve stimulation-induced airway plasma
leakage in any airway tissues of ratsuch as trachea, main bronchus, and peripheral bronchus
compared with vagus nerve stimulation group, 49%, 58%, and 70%, respectively(p<0.05).
Inhibitory effect of FK224 on airway plasma leakage in neurogenic inflammation was revealed the
more significant in peripheral bronchus, but no significant in lung parenchyma.

Conclusion:

These results suggest that FK224 is a selective NK receptor antagonist which effectively inhibits
airway plasma leakage induced by the endogenous neurotransmitters relased by neurogenic
inflammation in rat airway. Tachykinin receptor antagonists may be useful in the treatment of
brochial asthma.
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2] substance p, neurokinin A$} neurokinin By NK,,
NK:, NKs 5 3372 NKT§A15 S3lo] 23y,
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1. AEsE9 XA
ekAlle= Urethane(Janssen Chemica)E 0.9% 4]«

of] 25% weight/volume 2.2 9! 8o Evans blue
dye (Janssen Chemica)E 0.9% A% 20mg/mlo.
2 ukE 8ol FK224(FujisawarhE DMSO(Sigma
Co.)oll Img/mlZ %<1 £, Atropin Sulfate(0.5mg/
ml), Propranolol HCL(Imgml)& 7}z AL8s18),
180~450gme] Sprague-Dawley A& ulgoz
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A WY $E9) FRARE ARA | Sodling
Co., square wave stimulator) 2 5V, 1mSec, 5Hz2| A
A AZE w7 23 F4F ATHom, E
L u].,_/}l%oﬂ A71A 2A=E o)—;l} k2 tj=FH{control
group), WIFAVEE 287 H714 22 71RE NANC2
FNANC2 Group)s} AV3 =bd 58 A
FK224% vlFAA ASHA Imglked AT
FK2247{FK224 Group)2.& wi 21uj2lE 7ulely
3708 Uro] Agle Aseisict 7= dR 4% 4

~

r*
@

NHz

Fig. 1. Structure of FK224.



59| 242 Evans blue dye(20mg/kg)& w|5417 =
Z67] Adoll RS Salol ARk Ao Bt
¥ F3A el S Bk Aiese) B
Evans blue dyeZ 9734 wi& E3}od 50cc AYeldlds
2 FAste] Fduks Belod AAICE Alkegh 7t
EFE FAAE Balol tigaiell Alskslar 50ce AdelA]
g "3kl Evans blue dye® 443 A gt
7138 E43E #lE odo] HAUAE AABAL 7IEE
et 713 FFslRollA 7SRRI AA], £
BAE 7IHEA RN FA7IR] AR, T
FAE BA718A] olsle] 7|k, slAAR 72 ol
ZATZAS 23y B E formamide 2mloilA]
40, 24A)7F B3dslod Evans blue dyeE ZZ o8 H
B F&slo] FE2Ne 620nme] Had 3% A|(Hitachi,
U-2000 spectrophotometer)® 24411, Evans blue
dye %S FE 0.15~12ug/ml<] Bvans blue dye ¥-3%

FEAE o] 83led, V= B9 27 FAIY Evans
blue dye%Kng of dye/mg of wet tissue Wéight)fli
A% WA 520 FES v,

3. 8H Yy

FE B meantt SEE vEhls, ZF $71 vlse

t-test® Alsisiolct

2 s
1. ZJIF X1=0) o5t 7| =l §& 759 &1}
287 A7 AE8E HINANC2Z )L izl vish
o 7|TollA] 49.7(+2.5)ng/mg L8 353%, F71A]
A 38.7(+2.8)ng/mgo® 221%2) Fie} WE7)A
19.1(+1.6)ng/mg 2 151% 8 T4 G-Fo] BF He
37 Zgrom(p<0.05)(Table 1), F& A4 7] %ollA

Table 1. Effects of FK224 Pretreatment on
Plasma Exudation Induced by Vagal
Stimulation in the Rat Airways

airway Trchea Main Peripheral  Lung
Group\ bronchus bronchus parenchyma

Control 141 175 12.7 18.3
(£1.6) (£2.0) (+2.2) (+4.0)

NANC2 49.7%  387%  19.1% 13.0
(£2.5) (£28) (+1.6) (x1.8)

FK224 243 223 133 162

(+22) (£16) (20.38) (£1.2)

mean+SE: ng of dye/mg of tissue.
* p<0.05: compared with control group.
+ p=<0.05: compared with NANC2 group.
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Fig. 2. Effects of FK224 pretreatment on extravasation in the
airways compared with control group(%).
* p<0.05: compared with control group.
+ p<<0.05: compared with NANC2 group.
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AR =0t Asiglon), #4742 13.0(+1.8)ng/
mg, 76% 2 273 Zol& rkp>0.05)(Fig. 2).

2. M7IY R RUE 7l 8% K0
M FK2249| 1}

A7 R S AR AR FRATS 2
27 A7 AT Foll ulsiel Aol 24.3(+2.2)
ng/mg 2 & 49 %, F713WAoNA 22.3(+1.6)ng/mg o F.
58 %2 A9} wx7|A] 13.3(+0.8)ng/mg & 70
% TEOE YA fEe] B ol ZA4Ekp
<0.05)(Fig. 2).

ol4te] 7zl Slep wlAellAl HIEAZNANC)S)
A7 Aoz U RS V1=t whay
i F2 GR7| 2l Aol Asln, 417 <hy
A o] =84 X<kAQ) FK224-5 A *)*]s}o] substance
P¢} neurokinin A2 -84 Xeto g 7w €2 93
o] AAlgE & F lglewm, FK22400 93t ¥4 &
9] A AEe 3 712olA Felsglct
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71522 NANCollX] HH|sl= AZHA-E o4
'NANCA17J(inhibitory NANC)oJ|4] HH]¥]+= vasoac-
tive intestinal peptide(o]d} VIP), peptide histidine
methionine(e|s} PHM) 5-& 7|#A] 255 o|hA]7]
© AdeiFels, ZE NANCA(excitatory
NANC)oll4] HH]5]+= substance p, NKA, NKB,
CGRPSL 7134 458 F3AVIE AZids
A 257 Ve F YeP. Asade) dao) o)
gk 2H-8-2 neuropeptide Y(ol3} NPY)o] H3r3 2t
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] Wo] B33k} webA m|Alge] A7) AleR
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o] dofih= Aeo] F¥l 71HoZ #s{A Slrk. ol2lell
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AZdckldo] zA oA Z-gAlol] zZUe] chald
FEAE Bolo] Agshn] 2] Boldt Al
28} AZA A5S dshe Fd AR
substance p, NKAS} NKBE carboxyl”]e] weki=
-Phe-X-Gly-Leu-Met-NH, 2 A5l tachykinino. @
NKFEAIE F3lo] zZH83iA] ®rk. NK 84l
NK,, NKz, NK; 59| 37}7] ofso] glew, 7]3A]9|
ek NKARTHE & substance p7h Ehiy
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HAE wol o83, NKi 84| Ae xctAlze
CP-96345, RP-67580, GR-712513} GR-82334 Zo]
glem, 1-659877, MDL-299133} MEN-10376-% NK,
TEA AXbAZ A7) Aol oigt ol
o)) o} gzl gl ™'Y, FK224% Streptomyces viola-
ceoniger® HE]  E]3HN-[N>-[N-[N-[N-[2,3-dide-
hydro-N-methly-N~[N-[3-(2-penthylphenyl)-propionyl]
-L-threonyl]tyrosyl]-L-leucynyl]-D-phenylalanyl}-L-as
paraginyl]-L-serine-v- lactone} 2] cyclopeptide 3 &
Morimoto'9] e37ol] 2}sp NK, 9 NK.9) 48415
Zpehsiz g Aekallo]w] FK2242) ofol] ojste] xp
Al Sl e Rtk Murai 59
ginea pig?| 7)ol thah odoll 4] FK224& WiQlA) %
gk ok} 9)5e] tachykinin® A 7|WA] 5
) apo] A3, AFRIAE W B4 F 247884k
AEGEE Aol wuslgdon], ofxje) n|5ilEde A
718 AR FUEE 7% BEE FK2247) JARK]
7131 FK2249] 82| 7332 NK. 3} NK; $~g-l]
A szt Aoz B9k Morimoto'” 9] ool
NKBE, 15 k] e) 702l S2olliis Ea7} gl
Ao g Hasle] FK2247F NK,; 8x9] Actas=
e e Barslglrk ol2id FK2249) NK g
ApFaFhE 21914 (exogenous) A7l Ao thet Lz}
EAE oh ek iRl APkl Aol sl E g %
WAz} glek B ATl 7| Ee) Wge uE
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o FR 49T Ak ol AT AAUHAS
NK;, NK3, NK; €] 3%5¢] 8418 Falof 245}
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1) 287 A7 23 FHINANC2F)-2 tzFoll 1)
o] 7)ol A] 49.7(+2.5)ng/mg o B 353%, F7]8A
olA] 38.7(+2.8)ng/mg O.F 221%2] Z7}e} ubzz)a
2 19.1(+1.6)ng/mg o2 151% 2 A} o] BF
FolslA Ehom(p<0.05), F2 AH 7Tl at
& AE7t Aslslon), #HAAL 13.0(+1.8)ng/mg,
76% 2 273} Zole giglrkp>0.05).

2) A7 e 8 XHAlE A83F FK224 3-8
287 A7 ASF3E Foll misled Z1WellA 24.3(+
2.2)ng/mg O & 49%, F7|AIA 22.3(+1.6)ng/mg
o2 58%9] A9} W27)A] 13.3(+0.8) ng/mgo
270 %2 BA 5] BT folsiAl ZaElgdekp <
0.05).
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™, NK, 2} NK; 5~84] XAl FK224 5 Ax) X3l
substance P$} neurokinin A2 G~8A| Aoz 7|&
3 o] dAdE & F ik
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