No. 7 1935

[Chem. Pharm. Bull.
29( 7)1935—1941(1981)
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The addition reaction between thiols and adrenochrome at 25°C yielded #rans-3a,4-
dihydroadrenochrome-3a-sulfides (3—5), which were treated with hydrazides to give
hydrazones (6—10). On the other hand, the reaction of adrenochrome with f-mercapto-
propionic acid at 5°C, followed by treatment with benzoylhydrazine, gave cis-3a-(f-
carboxyethylthio)-3a,4-dihydroadrenochrome monobenzoylhydrazone (11) as the main
product. These hydrazones were tested for hemostatic effect. The hydrazone with the
most potent hemostatic activity was 7.
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hydrazides; ¢rams- and cis-3a,4-dihydroadrenochrome-3a-sulfides; benzoylhydrazones;
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The reaction of aminochromes with thiols was first described by Green and Richter? in
1937. Since then, the physicochemical properties of the products obtained by this reaction
and the mechanism of the reaction have been investigated by several workers.?> Heacock
and co-workers3% showed that aminochromes, such as adrenochrome, reacted with thiols
to give, in general, three main types of products: (A) 5,6-dihydroxyindole, (B) 5,6-dihydroxy-
indol-4-yl sulfides, and (C) 3a,4-dihydroadrenochrome-3a-sulfides (Michael addition products).
They also suggested the possibility that suitable thiols could act as “aminochrome carriers”
for the highly reactive aminochromes in physiological systems.*) According to this assump-
tion, hydrazone derivatives of 3a,4-dihydroadrenochrome-3a-sulfides can be expected to act

o HO_ H o Ol
m KsFe(CN)s D:j/ R'SH
NHCH AcOH, H:0 N NaOH, H.0
HO : <10°C 0 | 25°C
CHs
1 2
1 SRI
0 T o R®CONHN_ | OH
I;U/ R*CONHNH, j:)j/
HCI, H.0 N
0 T 25°C 0 |
CHs CHs

: R'=CH.CO.H, R*=C¢Hs

. R*=CH.CH:CO:H, R*=CsHs -

: R*=CH(CHs) CONHCH:CO-H, R*=C:Hs
: R*=CH.CH.CO:H, R?=NH,

10 : R'=CH:CH:CO:H, R*= =~ H )-CH,NHCOCH

3 . R]:CH2C02H
4: RIZCH2CH2C02H
5 : R*=CH(CH;) CONHCH.CO:H

O W0

Chart 1

NII-Electronic Library Service



Vol. 29 (1981)

1936

"0 Jo 2anjerodurd} uoyoear € je pauteqO  (f "O*Q-*0D%eN ul pamsedly (2 “(HOPW ‘36°0=9) 61— afo] :eunydeurde-(y) woyy
peureqo jonpord ay3 jo uonejor [eondo (P *%66°L ‘PUnod ‘%S6°L ‘POreD :S (9 "HOSW o031 d[qeinqmje speuds jo Suidde1oao 3us4ssd 0} 19pI0 U Pasn sem IQH N T Y3s *00HEN
%3 Ul S[e3s£10 3y} Jo UOIIN{os B JO UOIIedRIpIoe Aq paureiqo ajeyidoarg (9 peoiq=iq ‘prdpmu=ur ‘jo[dinp=3 ‘s}o|qNOp Jo P[qOP=PP ‘}3[qnOopP=p uo—wﬁw1w ‘suorjerAarqqy (z

(H?00D ‘s 1q “HT) 0L°6T ‘(HN Pu®e HO ‘s 1q ‘Hg)
00°01 ‘(H®D ‘w ‘H¢) F1'8—LI'L ‘(H-L ‘s ‘HI) L¥'S ‘(VH
-g ‘11 ‘¢=/ ‘PP ‘HI) 8¢ ‘(TH-% ‘11 ‘8=/[ ‘PP ‘HI) ¥¢°¢ 991 (es ¥)1L8
‘Cao ‘c'9=/ ‘2 ‘He) o¥'¢ ‘(T Pue VH-¥ ‘91=/ ‘b-gv‘He) (8=f N “(H°00) ‘(¢6°¢)¥8z (65°6 9.°C 91°SS) HO*HD (HOSW)
L9'¢ pue 61°¢ ‘(*HD ‘¢°9=[ ‘3 1) L8'C ‘(*HD ‘s ‘HE) GLC «6S°¥ 00L1 ‘(ST'¥)282 996 6.L°G 91°GS -STOSN™H®D ' Ly1—9FT wse TI-(F)
(H*0D ‘s 1q ‘HI) ¢¥'¥1 ‘(HN
pue HO ‘s 19 ‘HEZ) 6L°8 ;mz ‘9=[ 4 ﬁm: 628 ‘(H-L ‘s
,m: 9v's ‘(VHg ‘el ‘e=/ ‘pp ‘HI) ¢e¥ ‘(VH-¥ ‘¢ q1=/

‘p m: ¥6°¢ ‘(BH-¢ C1=/ ‘P ‘HI) 79'¢ A H-¥ pue *HD 1991 (eg°¥)29¢

Xg ‘w ‘HE) 97°¢—e0°¢ ‘(*HO ,2 [ “2°me) 16'¢ ‘CHO  (¢=/ ‘P) “(H°0D) (€6°€)182 (61'II ¥0'L £9'¥9) (HO¥A)

‘s ‘HE) eL°g ‘(*°HD ‘s‘HE) 01°g (" mw ‘HOT) L8'T—¥L0 eL'y 2Ll ‘(b6°€)€S2  99°T1 12°9 86°%S S°O'N*1**0 ¢ 2L1—0L1 12 01-(F)
H-L ‘s m: 9¥%'¢ ‘(VH

-g ‘el b= s ‘Pp “HI) ¢€'F ‘(FH-C ‘€1=[ ‘P ‘HI) 99°¢ ‘(fH 00LT (¥g°¥)0ge (o*H

pue Vi-¥ .: [ ‘b-gv ‘HT) Gg'¢ PUe £1'¢ Ammo m m@ F=f ‘P) “(H*0D) ‘(06°¢)282 (96°ST 88°S 09°G¥) -ANa)

gr'e ‘(CHO ‘¢9=/ ‘3 ‘Hg) 98'C ‘(*HD ‘¢'9=/ ‘3 ‘HT) :N @8V ¥ 6121 ‘(26°€)682 9€°91 0£'S 19°'¢y S'O'N'TH®'D ¥61—261 0¢ (6-F)

(H?0D ‘s 1q m:m 6°¢1 ‘(HN

|\ v a m..,ué m&omwlw: “ chmo

‘s 1q mﬁ “(H-L ‘s ‘HT) 69'¢ ‘CHO 9=/ ‘P ‘HG) 8L'¥

‘(VH-% ‘Bl ‘¢ s.% HI) S%'¥ “(HO ‘L= s ‘b mc ST'¥ ‘(91 0991 (8e°¥)609¢ (o*H

-¢ ‘g1=/ ‘P ‘HI) OL'¢ ‘(3H Pue VH-y ‘91=/ ‘bg ms (e=f ‘p) “(H*0OD) ‘(26°¢)esz (L6°11 2F'S ¥S ¥9) -ANA)

80°% PU® $6'¢ Amo s ‘HE) €8¢ ‘CHD ‘L=[ ‘P° mv L9°1 98y 66LT  ‘(PT°¥)0SZ  L1°21 S2°S LL'PS S°O'N"H™) 602—902 €2 8-(F)

H*0D
‘s1q ‘HT) 08°ST ‘(HN PU® HO ‘s 1q ‘Hg) LL°01 ‘(FH%D ‘w
HS) 21'8—02°L ‘(H-L ‘s “HI) 1¢°¢ ‘(VH-¢ ‘Tl ‘¢'e=[ ‘PP

HI) 92°F ‘(TH-g ‘21=/ ‘P ‘HI) 19'¢ ‘(O*Ha/¢ ‘s ‘HE) 9¢'¢ 6,91 (6£°¥)69¢

‘(91 pue VII-v ‘¢I=/ ‘b-gv ‘Hg) 007 pue 1¢¢ ‘(1O ‘L (¢'e=[ ‘P) “(H°0D) ‘(10°%)esz (¥S'6 1v'S 82°€9) O°*H /e (HOSW)

=/ “3°‘|g) o1'¢ ‘(*HD ‘s ‘He) LL°¢ ‘(PHD ‘L=/ ‘) ‘HT) 9L'T 18°¥ 8z.1  ‘(e1'%)622 9L°6 29°S 10°SS -S'OSNH®'O  66T—L81 w98 L-(—)
(H*0D ‘s 1q “‘H1) 08°ST “(HN pue HO ‘s

1q ‘HZ) LL°01 ‘(FHD ‘W ‘HC) ZI'8—0T'L ‘H-L ‘s ‘HI) 16°C

“(VH-g ‘eI ‘e’¢=/[ ‘Pp ‘HY) 92°F ‘(TH-¢ ‘¢1=/ ‘P ‘HI) 19°¢ €991 (17°¥) 69¢

‘(9 pue VH-¥ ‘S1=/ ‘b-gVv ‘Hg) 00'% pue 1g'¢ ‘(*HO ‘L (6'¢=[ ‘P) ‘(H*0D) ‘(26°€)¥82 (8€°0T €1°C 2£'9S) (HOIW)
=/ “3°He) 91°¢ ‘(*HD ‘s ‘He) LL°C ‘(CHD ‘L=[ 3 ‘HT) LT 69'¥ 0.1 ‘(IT'%)62% 2V'0I S2°S 95795 wS'OEN™H®™D 961—¥61 26 L-(F)
(H%0D ‘s
q ‘HI) ¢6°¢l ‘(*H*D ‘w ‘HG) ¢€'8—¥eL ‘(HN Pue HO ‘s
‘HT) ¥9'9 ‘(H-L ‘s “HY) $9°¢ ‘(VH-g ‘6'21 ‘6°'¢=/ ‘PP ‘HI) €991 (17" %) 69¢
Y% “(*HD ‘s ‘He) ¥6°¢ ‘(8H-C ‘¢ e1=/ ‘P ‘HI) gL ¢ (B pue (g'¢=/ ‘p) “(H°0D) ‘(00°%)e8z (266 99°S ¥0°¥S) HO'HO (HOW)
VH-¥ ‘61=/ ‘b-gv ‘HZ) ¢1'F pue 6¢-¢ ‘(*|HD ‘s ‘HE) ¢8'% «86°¥ G121 ‘(91'%)0gZ  16°6 0S°S SI'¥S -STON®H*™D 6°921—921 2¢ 9-(¥F)
N H o)
SIOIO u-€ - ) (3 Sop) wiu N———— (-ajos) (%)
wran®  sooma mi'o¥ (punoy) B[OULIO Qo) prarx Pdwed
zg=[ (N*a®)) wdd ¢ @IWN a1 AN PoTe) (oop) dwx T

(%) stsdreuy

Do G J0 a1njerodwa], UOI0ESY B 3B pourejqQ SOpyns-eg
-UWIOIYOOUIIPBOIPAI(T-F“BE JO SOATIRALIS(] SUOZRIPA] I0J ByRe(] TedonAreuy pue rerpoedg °y @rav]

NII-Electronic Library Service



No. 7 1937

as prodrugs of adrenochrome. We therefore synthesized these hydrazone derivatives and
examined their biological properties. Furthermore, we found that this Michael addition
reaction gave different products at different reaction temperatures, and we showed that these
products have different configurations at position 8a of the adrenochrome skeleton.
Adrenochrome (2) was prepared by oxidation of epinephrine (1) with potassium
ferricyanide in aqueous solution. Treatment of this adrenochrome solution with an excess
of thiols such as p-mercaptopropionic acid (R'=CH,CH,CO,H), thioglycolic acid (R'=CH,-
CO,H) or tiopronin (R'=CH(CH;CONHCH,CO,H) at 25 °C in the range of pH 5.5—6.0
gave adrenochrome-thiol addition products, 3a,4-dihydroadrenochrome-3a-sulfides (3—S35).
The addition product (4) with f-mercaptopropionic acid exhibited an absorption maximum at
354 nm in the reaction solution (e.g., pH 5.7), while that of adrenochrome at 488 nm disappeared
after about 30 minutes. These results are in agreement with those of Powell and Heacock®
that the absorbance at 357 nm was highest at pH 5.9. The addition products (3—5) were
treated successively with benzoylhydrazine, semicarbazide and frans-4-(acetamidomethyl)-
cyclohexylcarbonylhydrazine in the range of pH 3.5—4.0 to give hydrazones (6—10). Inter-
mediates were not isolated because they decomposed in the course of isolation. When the
reaction with these hydrazides was carried out in the range of pH 4.2—6.0, the yields of the
hydrazones (6—10) decreased with increasing production of adrenochrome monohydrazones.®
This phenomenon can be accounted for by the reaction of hydrazides with adrenochrome which
was regenerated by the undesired elimination of thiols from the addition products (3—S35).
The yields, spectral and analytical data for the hydrazones (6—10) are shown in Table I.
Although addition reaction with g-mercaptopropionic acid at above 20 °C, as described
previously, gave only 7, the reaction below 10 °C gave 11 as the main product; this is a diastereo-
isomer of 7. At 10—20 °C, this reaction gave a mixture of 7 and 11. The yield of 7 was lower
at above 30 °C than at 20—30 °C owing to the formation of dark brown substances. The
yields of 7 and 11 at these temperatures are shown in Table II. Compounds 7 and 11 were
separated by treatment with boiling methanol, and relative configurations of the 3 and 3a
carbons of 7 and 11 were assigned on the basis of their nuclear magnetic resonance (NMR)
spectra. The NMR spectrum of 7 exhibited a doublet (J=3.5 Hz) at 4.69 ppm attributable
to Hy on Cg, while this proton of 11 gave a triplet signal (/=8 Hz) at 4.69 ppm. In spite of

SCH.CH.CO.H SCH.CH,CO.H
CsHsCONHN_ | OH CsHs CONHN. “on
HSCH:CH.CO.H C:HsCONHNH, I;CE-H N <H
—Hp —~Ha
NaOH, H.0 HCL, H.0 o N o N
5C 5C &
CH; Hy
7 11
Chart 2

TaBLE 1I. Benzoylhydrazones of Reaction Products of (+)-Adrenochrome
with Thiols (R*'SH) at Various Temperatures

Ry Rea.cttg(rzx) temp. Rea,c(t;gx:l )t1me Products (yield, %)
CH,CO,H 5 30 6(9), 14(42)
CH,CO,H 25 30 6(32), 14(7)
CH,CH,CO.,H 5 30 7(19), 11(35)
CH,CH,CO,H 10—15 30 7(25), 11(25)
CH,CH,CO.H 15—20 30 7(34), 11( 5)
CH,CH,CO.H 20—25 30 7(48)
CH,CH,CO,H 30—35 15 7(45)
CH,CH,CO,H 40—45 15 7(18)
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the presence of an ABX system consisting of H,,, Hys and Hj, coupling between H,z and
Hj; was not observed for 7, because the corresponding dihedral angle was about 90 ° on a
molecular model. Therefore, the results indicate that the hydroxyl group on C, and the
carboxyalkylthio moiety on C,, are trans to one another in 7 and ¢is in 11. It can be concluded
that 6, 8, 9 and 10 are all frans isomers, since their NMR spectra showed the same pattern as
that of 7 (Table I). In order to obtain optically active 7 and 11, the reaction of f-mercapto-
propionic acid with (R)-adrenochrome derived from (R)-epinephrine was attempted at tempera-
tures of 5°C and 25 °C. - In the reaction at 25 °C (—)-(3S, 8aS)-3a-(f-carboxyethylthio)-3a,4-
dihydroadrenochrome monobenzoylhydrazone (7) was obtained (Table I), while the reaction
at 5 °C gave (—)-7 and (+)-(R)-adrenochrome monobenzoylhydrazone (14)® (yields of 159
and 119, respectively). The reason why optically active 11 could not be isolated is unclear.

The addition reaction of adrenochrome with thioglycolic acid at 5 °C, followed by reaction
with benzoylhydrazine, gave 6 in low yield (Table II); the cis isomer corresponding to 11 was -
so unstable that it decomposed to adrenochrome monobenzoylhydrazone (14) in the course
of isolation. The compound 11 showed rather poor thermostability: heating of the sodium
salt of 7 in aqueous solution at 60 °C for 24 h resulted in scarcely any elimination of f-mercapto-
propionic acid, while the sodium salt of 11 decomposed on heating under comparable conditions
to give 14 in 109, yield. These results and the foregoing relationship between pH and yields
of the hydrazones can be interpreted by the following mechanism: the less stable addition
product (13) is formed under kinetic control at lower temperature and 13 is converted via
adrenochrome (2) to the more stable addition product (12) under thermodynamic control at
higher temperature (Chart 3). The compound 6 or 8 was less stable than 7 and grad-
ually decomposed in aqueous sodium bicarbonate solution at room temperature to give crystals
of 14 after a few days.

(and/or H) (and/or H)
SCH;CH.CO:Na A SCH,CH.CO:Na
0 ! OH HSCH.CH.CO.H HSCH.CH,CO.H O OH
>/\;[j/ NaOH , NaOH
N
0 N 0 |
CH: CHs
(more stable)  (less stable)
12 13
CsHs CONHNH, CsH; CONHNH_ CsHs CONHNH.
HCI HCI HCI
SCH:CH.CO-H SCH.CH.CO.H
CsHs CONHN E OH CsHs CONHN OH CsHs CONHN OH
pon Jon j\j&
0 | 0 | g |
CH: CHs CHs
7 14 ' 11
Chart 3

The benzoyl hydrazones (6, 7, 8 and 11) were tested for activity to shorten the bleeding
time upon cutting off a mouse tail, for depressive activity on pulmonary hemorrhage in mice
under reduced pressure,” and for inhibitory effect against accelerated permeability induced
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TasLe III. Hemostatic Activities of Benzoyl Hydrazone Derivatives
of 3a,4-Dihydroadrenochrome-3a-sulfides

Bleedin Capillar Capillar
Compd. time ¢ resli)sta,n?:’e pefmeab%lity
15 1.09 1.0 1.09
(£)-6 0.9 — —
(£)-7 1.0 2.5 1.0
(£)-8 0.7 2.0 0.6
(£)-11 0 — 0.6

a) The hemostatic activties of carbazochrome sodium sulfonate (15) (5 mg/kg, s.c.)
were taken as 1.0.

by histamine in rat skin.® The results are shown in Table 111, along with comparative data
for carbazochrome sodium sulfonate (15).9

The most potent benzoylhydrazone was 7 which was 2.5 times as active as 15 in the capil-
lary resistance test. Compounds 6 and 8 showed hemostatic activity comparable with that
of 15 in these tests, while the c¢is isomer (11) of 7 showed lower activity. It is therefore as-
sumed that adrenochrome-thiol addition products #» vivo are also in the stable tzans form.

Experimental

Melting points were determined on a Yamato MP-21 melting point apparatus and are uncorrected.
Measurements of pH were made with a Hitachi-Horiba H-5 pH meter. Specific rotations were measured
with a JASCO DIP-4 polarimeter. Infrared (IR) spectra were recorded on a JASCO IR-E spectrophotometer.
Ultraviolet (UV) spectra were obtained with a Hitachi 239 spectrophotometer. NMR spectra were measured
on a JEOL PS-100 spectrometer using tetramethylsilane or 3-(trimethylsilyl)propanesulfonic acid sodium
salt as an internal standard. All chemicals were reagent grade commercial materials and were used without
further purification. ADONA® (AC-17) injection (Tanabe) was used for biological tests as carbazochrome
sodium sulfonate (15).

(£)-trans-3a-(f-Carboxyethylthio)-3a,4-dihydroadrenochrome Monobenzoylhydrazone (7)——A solution
of potassium ferricyanide (39.5 g, 0.12 mol) and sodium bicarbonate (10 g, 0.119 mol) in 180 ml of water
was slowly added to a solution of (+)-epinephrine (5.5 g, 0.03 mol) and glacial acetic acid (2.4 ml, 0.042 mol)
in 30 ml of water at a temperature below 10°C with stirring. After 5 min of stirring at 5°C, a solution of
p-mercaptopropionic acid (6.3 g, 0.059 mol) in 27 ml of 2N NaOH was added to the mixture all at once.
After the addition, stirring was continued for 30 min at 25°C and then a solution of benzoylhydrazine (4.1 g,
0.03 mol) in 58 m! of 2 N HCI was added to the reaction mixture. The whole was allowed to stand overnight
in a refrigerator and decanted to remove the aqueous solution. Methanol (30 ml) was added to the residual
gummy material, and stirring was continued until the gum crystallized. The resulting orange crystals were
collected and dissolved in 80 ml of 2.5% NaHCO,. After filtration, the filtrate was slowly acidified with 1~
HCl. The precipitate was filtered off, dried, and recrystallized from methanol to afford 7 (5.8 g, 52%) as
yellowish-orange prisms.

The other benzoylhydrazones (6, 8) and (—)-7 was obtained in a similar fashion.

(%)-cis-3a-(f-Carboxyethylthio)-3a,4-dihydroadrenochrome Monobenzoylhydrazone (11)——An ice-
cooled solution of f-mercaptopropionic acid (6.3 g, 0.059 mol) in 27 ml of 2N NaOH was added to an adreno-
chrome solution prepared from (+)-epinephrine (5.5 g, 0.03 mol) by the above procedure with stirring. The
reaction mixture was stirred for 30 min at 5°C, then a solution of benzoylhydrazine (4.1 g, 0.03 mol) in 58 ml
of 2N HCl was added and the whole was allowed to stand overnight in a refrigerator and decanted to obtain
the gummy material. The residual gum was crystallized by stirring in 30 ml of methanol. The resulting
orange crystals were collected, and dissolved in 85 ml of 2.5% NaHCO,. - After filtration, the filtrate was
very slowly acidified with 0.5 N HCl. The precipitate was filtered off, dried, and added to 150 ml of boiling
methanol. The suspension was refluxed for 5 min, then filtered, and the remaining solid was recrystallized
from methanol to give 11 (4.6 g, 359%,) as orange needles.

The filtrate was cooled to give 7 (2.3 g, 19%,) as yellowish-orange prisms.

()-trans-3a-(f-Carboxyethylthio)-3a,4-dihydroadrenochrome Monosemicarbazone (9)——A solution of
semicarbazide hydrochloride (3.3 g, 0.03 mol) in 33 ml of 8%, formic acid was added to an addition product
solution (produced by the same procedure as in the case of 7) and the reaction vessel was rubbed with a glass
rod and allowed to stand overnight. The resulting precipitate was filtered off, washed several times with
100 ml each of hot THF, and dissolved in 80 ml of 2.59% NaHCO,;. The solution was filtered and the filtrate
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was acidified with 1N HCL. The resulting yellowish crystals were collected, and recrystallized from DMF-
water to give 9 (3.2 g, 30%) as yellowish fine crystals.

trans-4-(Acetamidomethyl)cyclohexylcarbonylhydrazine——A stream of hydrogen chloride was passed
through a suspension of tranexamic acid (62.9 g, 0.4 mol) in 150 ml of dry methanol under reflux for 5 h.
After concentration of the resulting mixture, 300 ml of dry ether was added to the residue and the separated
colorless prisms were filtered off to give methyl tranexamate hydrochloride (79.4 g, 96%), mp 204—211°C
(1it.» mp 168—170°C).

Acetic anhydride (51 ml, 0.54 mol) was added dropwise to a solution of this compound (62.3 g, 0.3 mol)
and NaHCO; (84 g, 1.0 mol) in 400 ml of water with stirring. The resulting mixture was allowed to stand
overnight in a refrigerator, and the separated colorless needles were filtered off to give methyl N-acetyl-
tranexamate (50.9 g, 809%,), mp 81—84°C.

A solution of this product (48.9 g, 0.23 mol) and hydrazine hydrate (24 mi, 0.49 mol) in 100 ml of dry
ethanol was refluxed for 4 h, then concentrated. The resulting crystals were collected and recrystallized
from 90% ethanol to give frans-4-(acetamidomethyl)cyclohexylcarbonylhydrazine (33.8 g, 699%) as a white
powder, mp 214—215°C, IR »33¥* em~1: 3370 (NH), 1630 (CONH).

(£)-trans-3a-(f-Carboxyethylthio)-3a,4-dihydroadrenochrome Mono[# rans-4-(acetamidomethyl)cyclohexyl-
carbonyl]hydrazone (10) A solution of #rams-4-(acetamidomethyl)cyclohexylcarbonylhydrazine (6.4 g,
0.03 mol) in 60 ml of 2N HCI was added to an addition product solution (produced by the same procedure as
inthe case of 7). After standing overnight in a refrigerator, the resulting gum was separated from the reaction
solution by decantation and crystallized from 10 ml of ethanol containing a small amount of methanol.
The orangeish crystals were filtered off and recrystallized from ethanol to give 10 (3.0 g, 21%) as orangeish
fine crystals.

Determination of Bleeding Time Male ddy mice weighing 25 to 30 g were used. The animals were
placed in a plastic holder with holes for ventilation. The tail was cut off 1.5 cm from the tip with a razor,
and was allowed to bleed into a beaker containing 100 ml of deionized water at 25°C. The tail was observed
until bleeding stopped. Test drugs were administered subcutaneously 30 min before cutting. The shorten-
ing effects of the drugs on the bleeding time were expressed as the relative activity with respect to 15 (5 mg/kg,
s.c.).

Determination of Capillary Resistance Male ddy mice weighing 14 to 19 g were used. Pulmonary
hemorrhage in these mice was estimated as a parameter of capillary resistance. The animals were placed
in a reduced pressure (—43+1 mmHg) box for 30 s, and the intensity of pulmonary hemorrhage was
determined by measuring the specific gravity of the lung. Test drugs were administered subcutaneously
15 min before the experiment, and the inhibitory effects were expressed as the relative activity with respect
to 15 (5 mg/kg, s.c.).

Determination of Capillary Permeability. Male Wistar rats weighing 170 to 200 g were used. An
increase of capillary permeability in the rat skin was caused by intradermal injection of histamine (10p.g).
At 10 min later the extent of increased capillary permeability was estimated by measuring the amount of dye
that had leaked into the skin; the dye was injected intravenously just prior to the administration of histamine.
Test drugs were administered subcutaneously 20 min before the histamine injection. The inhibitory effects
of the drugs on the capillary permeability were expressed as the relative activity with respect to 15 (5 mg/kg,
S.c.).
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