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ABSTRACT

Bites by Yamakagashi, Rhabdophis tigrinus are rare in
Japan. Although there are serious cases of R. tigrinus
bites, the incidence 1s extremely low. Thus, development
of therapeutic drugs commercially has not progressed,
and no therapeutic antivenom has been approved as a
pharmaceutical drug. We conducted a study with the
primary objective of experimentally manufacturing the
Yamakagashi equine antivenom as a therapeutic drug. In
the past, antivenom against K. tigrinus was
experimentally manufactured using rabbits and goats as
animals for immunization. It has been reported that
these antivenom were used for treatment as an
emergency measure and was found to be effective.
However, this antivenom has already been used up and no
longer available. In this study, we produced a new lot of
Yamakagashi antivenom using horses for the first time as
immunization animals. This new antivenom was
stockpiled on the premise of extrajudicial use in clinical

research from the viewpoint of emergency health risk



management. This thesis consists of three chapters, in
which the development, storage and application of the
Equine antivenom against Yamakagashi (R. tigrinus) are
described.

In Chapter 1, we described the new test-production of
Yamakagashi equine antivenom. 11 g of Yamakagashi
venom was extracted from about 500 heads of R. tigrinus,
and two horses were immunized with the venom. Serum
was collected after waiting for the antivenom titer to
increase, and immunoglobulins were fractionated and
purified by a method compliant with commercially
available equine antivenom products. This was followed
by lyophilization to produce 1,369 vials of "Freeze-dried
Yamakagashi Antivenom, Equine (Lot 0001)" for
therapeutic use in 2000. A purity test conducted as a
quality control test of this product confirmed that only
immunoglobulins (y-globulin and T-globulin) were
contained in the product. A potency test confirmed that
one vial of the product neutralized about 13 mg of R.
tigrinus venom. Quantitative testing of anticoagulant

activity confirmed that each vial of the product could



neutralize the activity of about 4 mg of R. tigrinus
venom. Other general tests confirmed that this product is
comparable in quality to other horse antivenom products
on the market. This Yamakagashi equine antivenom can
be an indispensable therapeutic drug to save the life of
bite patients by R. tigrinus.

In Chapter 2, we described the quality retention of the
"Freeze-dried Yamakagashi Antivenom, Equine (Lot
0001)" after a long period of time from the date of
production. In 2021, twenty-one years has passed since
the Yamakagashi equine antivenom (Lot 0001) has been
manufactured. Therefore, quality control tests were
conducted over time to confirm the effect of long-term
storage on this product. As a result, no particular
changes were observed in the physical and chemical tests
(property test including dissolution time, insoluble
foreign matter test, osmotic pressure ratio test, test of
pH, test for protein content, endotoxin test, and sterility
test) as of December 2020, as compared to the results
immediately after test-manufacturing. Although the

moisture content tend to increase after manufacturing, it



was still much lower than the specified level, and thus
conformed to the test. No changes were observed in test
for freedom from abnormal toxicity and pyrogen test of
the product after long-term storage. The potency test
(anticoagulant activity) of the product also showed that
the potency immediately after manufacture was
sufficiently maintained in 2020. Based on the above
results, we considered that Yamakagashi equine
antivenom (Lot 0001) is still effective as a therapeutic
drug even at 21 years after its production.

In Chapter 3, we summarized the cases in which the
"Freeze-dried Yamakagashi Antivenom, Equine (Lot
0001)", as described in Chapter 1, was used in emergency
situation in severe Yamakagashi bite patients. Since its
test-production in 2000, the Yamakagashi equine
antivenom has been used as an emergency drug in two
serious cases of R. tigrinus bites in 2001 and 2011. Also,
this product was used in two cases of severe Yamakagashi
bite that occurred in 2017. As a result, these treatments
with antivenom were successful in all cases, with no

significant adverse reactions. As described above, it was



confirmed that the Yamakagashi equine antivenom (Lot
0001) contributed to saving the patient's life. In the 2017
bite case, the antivenom was found to be remarkably
effective, even though the product had already been test-
manufactured 17 years ago. The 2017 therapeutic cases
proved the retention of the quality stability after long-
term storage of the product.

The conclusions of this study are as follows.

1) 1,369 vials of Yamakagashi equine antivenom (Lot
0001) were test-manufactured for the first time in
Japan, using R. tigrinus venom as an antigen for
immunization. This study 1s the first to demonstrate
the production of Yamakagashi equine antivenom.

2) Yamakagashi equine antivenom (Lot 0001) was found
to possess the same quality as other approved
antitoxins for human use. In addition, one vial of
the product was found to neutralize more than 4 mg
of R. tigrinus venom.

3) Yamakagashi equine antivenom (Lot 0001) was found
to generally retain its immediate post-production

quality even in 2021, that is, 21 years after



production. This equine antivenom could be stored
for as long as 20 years was demonstrated for the
first time.

4) Seventeen years after its test-production in 2000,
the Yamakagashi equine antivenom (Lot 0001) was
shown to be still effective in patients with severe
cases of R. tigrinus bites, and thus demonstrating
its life-saving efficacy.

As described above, the results of this study have
contributed to the saving of lives and the development of
medical care and snake antivenom therapy in Japan. The
contribution of our study to science and society 1s deemed

to be significant.
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i (5P, 2002),
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% (Takeuchi et al., 2012), T OFER, Z b O FEE XM b
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ReT7 47V 7=V r~bEHEEHRTLIH O e v B U KIE
MT7 7 X =ixt 3 2 v EEEME% =~ 3 (Fig. 4)(Sakai et
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(FF B -fth, 1964), 72, FL LKETH > TH . #F N HEE
HIRICAS TG GREALIBES DT LNV FFIZH M|
MORLND 7Y —ATIEH, LELESLEPDNLKE LHAD S
N2 bd20T WMEOEMNICITERZ ET 5 R, 2013),

T LULREOEMBITIETSDO LD W EHEN RO AR
HThd, L2rL, 2EMAEICLD 2001 FICBITDH2FEL LK
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EREMFHEOMHEZERS, T LKREOCHRERTH DL T L
Ple RN HBAAELK 3,000 KT SN TWVWDLIHEELZEL. FH
3,000 BILL EOBEBEFTNRHZAEL TWVWDHOEHHA I TV
5 (B -, 2009),
FOLREOHRFORMIZI.IZISKEOLA LFRKTH 5,
AT O I, W e WElIC L mOEER., BLAEDME - BE R
FE¥F YA FRBIUORBREEORLE THLL, WEEIZITEDL L H
BRLELETZT T UTFUREDLDALZ(ERIN -EME, 1952), 7
75U F LR FYITTIOoORENGHBEENTE T L
A4 FTHY, EREORZEMIEHZF >Z &b Eie L
Mg O MFEHEFRE L TCHEHRHINLDLZ END D (K-,
1992; il -fh, 1994; /N E -flL, 1994; N -fh, 1995), L 7
L. T LBEGEoM —-—0REETELEICHT 20 MIEM
AT LFEFDLLHNHBERTH DL, Him R oM E <IixIEE N G
B L TAHAEBELCE2FEROBBE RPN ERIBEAIHDL EH W
(Be#p,1988), Flc  HiBEBROBEHICL - THLEEREZ WD I
BHEREZHODICH ESE TWDEMEBRE SN TV
(2% -fh, 1998), L2 LR b ., HidmHoENKIGEKEEIX
41% b H Y | LB RICH T DHRERISIETMN 5% IR 6 L (H K
W, 1979), IS BERLELAKRICHF T F 7407 % — 3y
JIWICK T LM AE L TCEBLRITNANIE DRV, Fo, MIiFH
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L 8~20% DEIA THE Z o TW A (2 -, 1998; = 35 ik,
1979), fim AR IFTARAMRY R o ENEZE LWVR, HlEH
DEREIZY o CTEHRBZTIC L CREIMERICE T 2 F8 ok k
N KLETH D,
FhLiimHFIL 1963 b FEMHIh, T S5hEmEHEe
FIAE . AT A ©, 1971 20 D A5 i e ® 5 2 i A 5
DRI 1976 b UL RS R R 2T e o 72 (i
WA WS, 1996a), F L ERORE HFiEL TS HEE
EHREMUEUT, S LETHRELELYOMEZ X7 ¥ L&
Hift, MEZoECTCERLEYy~ORE T T Y > ThHhDHFED
L BERICLERAEE LTIV E I BT MU AENX TH
R L-boThbd, MBEFOADHHMIERZRE S KA
B 104 Th 2 (EAETTEAE, 2004a),
1-4 BEERITOIHS LI

DEIE~NDRFH

W
m

1-4-1 W8 5 O Fpk & FE A

MEE L. RIS BN B o o — b O R Bk e AL Sy W
WMo WMINDAD T TNAVRKRTWBHTH D, EITHE— KD
TR, @#M - -AHEEHOL L2 AAESLXT F N3N HEH
CIRIVEAEoTEbDThH L, —HEOFEKRTICH 100 FE O
RONHFEET L2 2R LERELDDY, HBROLBEERO

21



90-95% L LR, T BOLDEAMABERSXXTF N THDLLEEZZXD
NTWsd, 260 AHEOHICEEREEZ 72T H0 D
HiX, FBEIEEELLABESXTF FY b D (Fig.
5)(Mohamed et al., 2019), ¥ #HIZE £ 5 % O O L5 I
X, X7 Vv AT RN, @BV TF A, Rk, BIES 20
FEEET X % BXOBEBE DY AW FWIEEITEKWE SN
T\ % (Gopalakrishnakone and Inagaki, 2017).

iz, MEBO ML BEEE-ABEICEE. ZTABAE S

fi i & (Proteolytic enzymes), 7 V¥ = T X7 )Lk Rnr 7
— ¥ (Arginine ester hydrolases) . b+ v » bE » k& B #

(Thrombin-like enzymes) . bt 7 J m = X — ¥
(Hyaluronidases). & A& U sV —+ Ays(Phospholipase As:
PLA:), 7k F a2V = A7 F — ¥ (Acetylcholinesterase:
AChE), X 7 L 7 — € (Nucleases: RNase, DNase and
Phosphodiesterase) . L-7 X / fi# % {b B# % (L-amino-Acid
oxidase: LAAO): E N H 5 (Fig. 6), lEHIT 2L b OB FE D K

b

I

MBI E L TCmb i TWw b (Kang et al., 2011),
FL MBMBECR. EHROBACI VR RBEEHOREN D 5,

Rul+ 2 & kD 52124 31 b (Cleveland Clinic, 2022),
1) Cytotoxins (Hil g % ):

M ENTEFTICHENLEMREBEG A & 2T,
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2) Haemorrhagins (H ifil ):
mE 2RI E D,
3) Anti-clotting agents (HT % [& 7F M 7 ):
i % e E A B E T D
4) Neurotoxins (#f £ 7 ):
MR RORBE R COBEE B 25D,
5) Myotoxins (f) 7 3£ ):

iR T D

1-4-2 B FH O A~ 0I5 H

oL ORI, AEmroo0oB i REEEL T, £
i E oo AESMEEMTOREFE LS L THEH LD,
EE., DY EIBEETEBSLOCEBEREER YO BEME RS
McThHbh, FREOWBEMBKEZAL WD, BiE»LH
SN ABBERXTFROERDIZ. FIoA 4 F v X%
Vo BEEARK, LI RE S AR L LEMSE T L E RBIRMIC
AL, ToBMMEEIWMMD THV, BHEOH TH ., Flok
BEEHFORPTEHEZICEY T, MTHFEL OB, EEHEHM
EL TSN TER, 20D, BFEITZNLZ DK TN
WHIEME L2 AT H5I=RIT v T «- A4 77V —LAHhpT L&
MTEDL, L2rL, THUH60MEmERKD OB, [FE I M
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fEATIC LD EDFMA L SN TWVWD DI 0.01%KTHTH D,
il 21X . Captopril® (Enalapril), Integrilin® (Eptifibatide).
Aggrastat® (Tirofiban)iZtEFHH KO WA TH V. FDA I &
o TEHRME L THEXKBE I TV 5 (Table 1), 2 1 b D 7K
REAEEHUNICE, 2L OMERS X EITL 2 ®H R
BrxelpBERBELTOEDOESZBEEL T, BLE., FE
KRRl KRR 2T T b (Bordon et al., 2020), =
NOORIE, WHEOL SEBRIEERS AR T S2H LV
R HEBEIEN oA ZEL T, A%, EFEN L OHERMH
WMIE LB 2aEMEEZ "L T 5 (Fig. 6)(Mohamed et al.,

2019),

1-5 MREOHME
ARZEM@BBLTIE, TROERICETEZHBICH - T, F
MR LYV BERORBREEL LORELDN LKREICBT D

MEXERECBRRE, TORO 7 rr—Z @ LLEHERKD

i

NE & M2k <%,

RENPB LY ~HiEHROMER

Rl
il

REPN LU~ PLEFORE MM

&
[\)
gl

RLENN LU PR F O RFE M F B

&
w
gl

,\
>

BIE T AEETCHEOA A A ZE LD, EE 2R,

‘
s
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BLIE REIPPLUYUCHEROER

1-1 #

i

L E NN L(Rhabdophis tigrinus)iZ® 7 ¥ 7 12k <
DT LT INERICEBTIOIOABROR TH D, BAETER
EFNPNBLOBRBIZLL2EEOREN T, MR EREZ & DIE
Bl BE XD R VE OO EHBICHEEL TV D (Table 2,
Table 8)(Hifumi et al., 2014), Z ® X o5 7 \HE R IEH X 1 F
120 THL2N, BECEERB LWL ELEZ R
EHEHE L TCRBREEIREZSELD LI EREB A D ICMHE
M &h T &7z (Kawamura et al., 1989), %o A# i & L Tix.
LWELVRFELFELZEBICHELNLDZ ENDLZOHEMITE
ZbonEn, BN THEL VIR HEREFT T ATy ~®-A T
BV . B b ~ORGEFHEAFTLBBREEOB LN 4 E,
BrxZov~z@mERHmeE L THLLELLELD LIELEF 2R
BRAICE L, BamoEAEE R OB A X0 . IR
D@ T TCOBERABZER 2L L THMEIC/RT D

& & LT,

1-2 MBIV AE
1-2-1 R EF 2N L wE oIl
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REIPDBLDOBEEZERT 2 FERESMEBREINLTWVD
2 (Hill and Mackessy, 1997), R EF2»BA LFEFSsSF Lo
IoKCBEROFR WD, REMTILELELTORENLNL
BORBMICY > TIX 1TROBEAELSHRL THRET DI &N
TET, L0 EHEL., HERTHLD Ny XL AR %L
BT 20 ERDLD, RENLOEIE Sakai 5D K7 X)L )
A MAERME LME L T®RRT 2 HIEICEK > 72 (Sakai et al.,
1983; Kawamura et al., 1986; 1989; Morita et al., 1988),
AMERLMNMIZEBEBWNWTH 500ICORELPNLEMHMEL., 1 LD
REPNVLPOELRE 2RADORUNL ) A BE2RELREREN
90g Z fEfR L7z, Ml L 72 HFMIZ-80CIZHAEMRE % .RO K

(K k) 90mL % 0 2. & &2 H W THE By T B

b

L N

10,000g T 20 v L L RiGF A28 L 72, WEICHE 90mL ©

[T

ROKMERAK)ZMA CHMKEOHEFEL 2-3 IR L, £k
HEMEERKELE, 2O OMMERIEKZ LD T /R K
A EL AR A W C A R % . 90mL @ RO Ak CFF LK) 2 ¥
it U AR ME ORI R % 10,000g T 20 LR EL., B
B L TCREHOREPN LEERE)I1g 2572,
EEHAELFORBMII . KOV ITo, AL~ VAR
Tl iE, E22N LA Gmg/mL)100mL 2 L-VU ¥ v &
i 0.1g 2% .7 B T2ME 100v/ive A /v~ U v % 0.5mL
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FToWmML 37TC2 @M CERHEMLL TCHBLE, ZoK, BN
&  (Seamless Cellulose Tubing, VISKASE SALES
CORPORATION, NH, USA)% M\ T M/75 U > [ ¥ #% & # 1k
FTrU T AMHT.2)TENR L, REOFRAL~ Y 2R EL L,
AL AREEHEILT., VHEFFRANRBRTCSELPDLEICL D
M 2RO T, vV Z2HENMRAKRERBR THLRETH IO L
NgmrolZ b EhEMHEoR W 2R L, £ 70,
Uy R Y — AW N % Y 4 F o i 1%, dipalmitoyl
phosphatidyl choline . dipalmitoyl phosphatidyl
ethanolamine,cholesterol ¥ X O dimyristoyl phospatidyl
glycerol THi K &=V &Y —4a % B (A A IS KRS 4,
WE)VRY =207 I 7 ELHRFEOT IV EE2 7 vy — L
TUT e RTEETDHFIEIWKC LY T > 72 (Uchida et al.,
1998), HfAMIc i, AR E 1OV ICELETINIAED
RSB LE LT, URY — 5 90mg ERENND LAETFE bmg O
MW iR 2.5mL 2, 2.6% 7 v — 7 7 e K 0.5mL % T
L.37TCT 30t LI, RKIC.EKRDOT VT v NEET
0y 74 57=HIi2 3M glycine-NaOH(pH 7.2)0.5mL % /1 % .
ACIZ T 1IBEELEZE, VAR Y —2EFKEOSLELBL XY
4 K % Sepharose CL-4B 7 7 A (7 7 v~ v 7 A &4, 3
E)THREL. VRY =LA MY A NBE 5T &£ D RE
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Muti e Lie, BEAOHRIZ., sl ORIV~ v NG 5

DA L REROJETIEMLZ,

1-2-2 U~ ~ D H R

ML BEANE A, TROESEXIETEL LHEE
CRUFE., TR IFTVRY —LATHREBELEZHEZ AW HiE
X oT, %1 HOY Z7 7L v F(6 % (No.1313)-12 5%
(No.1319), M) % S L 7= ({E[#, 2002), 7o ¥, R4F % I1E. KM
NAFr 7 2KAato@HWERMHEZ B SO E 2 BT
L. ZO0FEELZ T CEmBLLE, REHKR. RFOICHE ML L
Vv 2HOMIEOERMIT., v XFEANRERICK S PN ML
EMHEEESE 7y I Z H W7 in vitro R R BRIC K 5 P& [EH &
Mo FE OIEEIC LY EL =,

1) fEkiEIC X 2%% (7~ No.1313)

AU ryAEARLELN L EHGmng/mL) % [ & O R %EE
7 o A4 ¥ K « 7 ¥ 2 N v K (BACTO ADJUVANT
INCOMPLETE FREUND, DIFCO LABORATORIES, DM,
USAEEEREAG LAEHIIK (2.5 mg/mL)Z & L7z, XK
RELLTT Va2 a D AENE 10mL 2 1 BT
2EEMEICK TIESF LI IEHHBICEMKEL L TT Y
Ny b2 & ER20WAEAEGng/mL)5mL % 1 # K T 3 [
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BTFTERHLEZ, 612,20 20 B#%IC 2EBHOEBMAEE & L
TT7VanNy b2 EFER0WAEHFE%Z Img b 5mg. 10 mg, 20
mg., 50 mg. 250 mg., 500 mg(2 E)iIcW&E LN 5 8HEICE
DR THREICEYREL L, REET Y~ FEKOR-EEIREQE
SR T O BE AR - BE RS d5 X OV 38 B\ - R AT R B - Bh AE - B AR - BROK - BE
MHmEOEFER)BLI O BRERMEAOREZBEZ L 5
WEME L, EBELERKBO 4 HABCHBESEMDO LA %
RO, mESHAEL2S 1 HMEE T S5L T2 4B O
syE I 24T VW A& 20L O Mg 5 & 9.0L o L iF & 15 72,

2) VAR Y —AZWEHJFIC L D 0% (Y~ No.1319)

UARY —2BELELNLNXFY A FOGY 0.5mg/mL) 10
mL ZE#AE s LT 1HEMMET 3HEEMHBICK FTENL.
O 1EABICENREE L TCT YanNry b aadEh i
% 1mg 75 10 mg. 50 mg., 250 mg. 500mg(2 @), 1,000mg

CHELL2DZL THICEY R TREGIZIVRELL, REER

T ~EEOERERES IO EEMHLELFOBREZB R L o
SOmMBEMHBELEZ, PiEEMITEBOZERLO 1 &H A »»D
erlZ LR LBED, o 3BEABICALRE LEZEZD., K 4

@ HE2S 1HEEWT L T > 5| OS5 E&IMZ TV, 4 25L

OMmiK £ VK 9.5L O IMiExHIT-.
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1-2-3 W ak B (B & M o W E HiE)
1) HU % @& s M o {1 E

ProdE & 3% M o |l €1 Sakai H O 5 1k TAT o 7= (Sakai and
Sawai, 1984; Kawamura et al., 1989), 4 ¥ {4 K T £ i &
FEICH R LM HEEOHFRE 0.0bmL &, BEZLEE LR
E2NALFHE 0.06mL Z#ZREAL., 37CT 30 4y M ME L L 7=,
w2, CaCla ¥ # 0.lmL ZE& L, IEH 7 » b4 0.1mL %
wMmL7z, RBRAFRELLT, EELEXENNL#EL CaCle
RREZEAS L. RAKRICEREZ v MLIEEZ MR 72, W& O H R
MERLENDN LBEOBRBBEIZCOWTHERKEHBREZERKRD, 200 T
BET 2 HmEAER YR MME L TR L (Fig. T).
2) ft i G P o B E (T X BN R

i miEEoRE Ty X (B A AR, M, b7 XX
s H)4a P EH W, KE 1.8~22kgD 27 J — 2 U ¥ F
zEANL., b~T HMEBIfbHZICHBRICHM L2, @B FERILT KM
SAF e v 2Kt oE W ERMMEZBE OB E & ET
LBHFOFEELZ T TCEBLLEZ, SEPRLELE VT XOY
HoOBENIZES L TH 10mm o HifE %2Rk 73 %H%EFE(QMHD)
D10 fFOHREFEREL, IHBEROARNIKEZ 2 FRBEARL TE
BEAL, ZEET1IHHBFERZ. ESRO 0.2mL 2 Vv ¥ X0
FEWNICES Uiz, EmH 1824 FFMRICHEL., ST L #H
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Bt
S

O W JE M A2 R L7z P E R AR o A R R S L

Hofn M A2 B L 7= (Fig. 8),

1-2-4 X F N L PLEFE MG O R R

REPV L EZFORBMEIEZ, RO Y v I E LA L F
FOMBEERMRT LI L ARRIC, Ml FEROREICHE LT T
TWw, Bohiry~obimiEs X7 v L%, Ly T
HE s 0 7Y AT S IcLYERL-(Fig. 9),
7~ 2 (No.1313 & No.1319)2> 5 A & 9 [l @ &6 4y £ 1fn (2
Fo2MmEEARAG L, ZoOMMmiE 18 5L ICEE KEMZ., &
H&E% 3% (pH4.2))ICHER X T v % 0.1%OF AT .
3TCT—WEFE L, ZTOHK% 2 mol/LHC1 T pH4.5 (2 &
EL.WMBRT7TyrE=2U L2 R&EE 15%DE GI2MA. 56CT
1M oML 247 > 7=, 10,000g T 40 Zp=E DL EEE 1
mol/L NaOH T pH7.0 iCfEIE L., M7 > T =7 L% KiEE
20% O E A ICEM L 7=, 10,000g T 40 pEd L% OLE %
AEARKTHEML. 08 %EHAERK CEMN L. 2 VE I VBT
MY 7 AQ%)BIOAREHEKO.85%)% ML 7.1L O #
B oom 7Y iR eSS, TOWKE 20mL N A T LI
SbmL T O E %, MM ZRETVWEZESLELN LY v i 8% H#
(Lot 0001)1,369 A= {E#® L 7= (Fig. 10),

31



1-3 FL#&E

1-3-1 REMPNLEREICK 2P EFRMO LF
U v No.1313(fEkmEE)NL . A v~V v ARG 77 O YA 2
B3 [\ @ F 5B O FEKIC X o Tl B E E IR D

WEHLEN, REHAERZLE 2N LAFEICE L. R HE

B

BN E LR, i AMMIETEEC LA LZ(Fig.
11), £7 . 7~ No.1319(V & ¥ — A E HTU 5 50 & 1K) 1L, 3 [
DY RY =L NFY A FOEBFERER., 6 HKEE TIIM
HHimERMo LA IR, RENPDBLAEFD
MR EEICKLD2EBMAEE T, 250 5B HOENENDL H
HEMMPAEAMICER LE(Fig. 12), & KM ICH 5 it

AT, WEORHBEELCILIDIHRLTZERETH -2,

1-3-2 R F NN L IEHE O E A
1) Hu# & ok B bl B 38R )
O e —2R 77— bREERIKD
AR RANEE — kR RE T —2X 7 kT — FE

=
FeL

KB R BRI A L CRB L. B# R O E ST & AT

w

a7 = S A B TIEA 7))

171

Sl A MMEITET LT
E— s RB OO, BB LEHEETIE., Ersra sy v
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(y-Z7 a7yt T-7a7 ) )DE—270HEBELN, T IL
TIVOFEERO LN o2 (Fig. 138),

@ 7K B

Ket
i
A0

AR R R R BRE TR BRE 2R L
T, MMy ~mEYXFMFELrHEZREEBERI KB ABRICK o T
PR oMESNEZITo 2 A, I FEIETH U ~M{E ¥ X
MEIEx L, v~oMmPEEAOHREDKIGH 2RO -, KR
L7 BEHETIE., 7TAH7 I /T HRIEHEITRD T,
sma 7))y (y- 77yl T-Z7a7 0 0) TSy e LK
o ERODETICHEBMER TS Z EnMmRBRSNLE(Fig.
14),

ORI
(1) H % @ & M o #J &

Pt EEME 2., E%F 7 v PiEE2 H W7 in vitro# 5 T Hl

ELREERE, SEPD Lt A Z2AHE K 10mL THEM L
%O ImL L, RENPND LE 43lpg L7z, LN o

T.REPHMNL FHEA 1TAPIZIE, A 4mg DR E NN L
mAEaPTMTL2EEEZE L2 LD 0ol
(2) Ht M i iE M o Jl &

it EREZ P XFEANRBRTHMELLEME, SEDL
imERAEZAEAK 5mL THM L., 51T 120 fisA R L =
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Z®O ImLid,. XE”"NBNLE 22.4pg ML=, Lz o T,
REIPVLELEREA 1T AP I, K 13mg O EN L #
AP MTLIEMEEZEL LRG0T,
@ = Ol o K B

T OM O —fEHEREBRE LT, oy ~vitsEHFE A O
AR A EEICER L 2R ERBRGEGEERBR., pH B .
rAihBpEGEAR EFABR RY EESGERAR B X O K
BR) A2 E SR EM SR FTIC CTER LI E A, TROY v L&
FRATHESIALLHAKZ 2 THWMZ L, kS ®A L FE
SOMETH DL ERNHEND b N (Table 4)(Association

of Biologicals Manufacturers of Japan, 2006),

1-4 EE

ERNEECTCOHLIICHLHEDLL T, BAETIEMD THIZL
MmMBEELRN EDE, REEXICBUT 2B EE T . £
DB RN E S T W A W B o K Ve E AW o Rl 5
Bl T o2mmER”Lenrs FTHEL TV D (Nakal et al.,
2003) REMNPNV LU H BEHRBBIAICK S T 5 8A N v
DA ENLMANTEST, PAEMA THET DLERH
HDMBHRDOILO—D2>ThHYH BARICBIT 2B EIE L L T,
ZORFERBLIORABRBEEL KDL TS, HAREWNTIIM

34



WOEATLDHEINEIEICEZRAKEHZBEL WL YT T
T HNAZZBEIORY VX2 EalEE T 2KEE, I
FoLlL., ISOoRGEORKEIC., v~ mRNELETBHE OR
EhREABERE TCHREINL TS (EM, 2002; Association
of Biologicals Manufacturers of Japan, 2006), X F /7» " L
ODWEIZEL T, BECBBWWTRBABENITHVWD Z & %
AT, PR MICHE R T FEREMESIEFRESA T, & b
W H W s e BN H D (Kawamura et al.,, 1986;
Wakamatsu et al., 1986; # -2 4, 1986; Kikuchi et al.,
1987; Kawamura et al., 1989; Nomura et al., 1989; Akimoto
et al.,, 1991), W N b AEYFHRA O RiGpr THE&E Sz
boTiE AR M HmAEMEREORkZzFAHA L TRHIE SR
boT, BEME, XeMFomEE ML - B kEEICIE M
BAKZ->TWD, L2ALARRL, WTAoh®ERThH Mk
HARORFEZS LTV EE~OBRBEDRITEFZIZH W,
1987 FlIcE SN vY ~ U 4 il ¥ 5t #F (Lot3, M H
BONB K e R IR BT) 0 A A E R G R
4.226mgPN/mL T, Z ® 1mL J @ Jjfli (% $1 o3& % B L O
Lt EEE O GTICE W TAR< b 2,028ug D £ A L
BAE PN TLZENME SN T W (IE M . 480png- #
/mgPN)(Kawamura et al., 1989), Z o 8 F o Jjfli % . 13 4

35



%o 2000 FFICHME L& Z A, £ ImLiF &Y 2
N KEEO 1L,110pg O ELN L EETMT L E TITHE S
L CW7 (eimM : 263pg-7 /mgPN) (B, K 3 ),

AHFFE CHER CE A OMEERIT, S HOEY R
AlEEICHBBE SN TV RISV vHER"B L UG
FhLUy~hmE"ORBRGFIEICH LT THEM L 72 (Association
of Biologicals Manufacturers of Japan, 2006), <°F 22 L
BRI ELPDN LA EROEREMXR T IET in vivolk & L
TUYFREANRR.~ T X RFEIRAER . in vitro ik 13 & H & %
ZWET D HEMNRE S T % (Sakai and Sawai, 1984;
Morita et al., 1988; Kawamura et al., 1989; Sakai et al.,
1990), Al .7 =% LTaHRLTWARWVWR, Lo 3R EiE
CEL MERE FHMEBS X OEREICOW THRF LK.
YU AREIIRAENICK 2 HEEED E & T REREMED
BEHEHICEWWT . RKERA"ATYFOLL I EPRDLATL,
IHE, REPPILBEEIVARATOEXERN KRS, w720
AHEZHFECHEEZMET 2 HFETHERERIENLZ LB
R L, o, mR LV BERZRAL IO MABROS &
BT, SHIEIANATYIFORENERLELEEZDAL,
LB -oT, REFTOUORPFEISELENET D HikET., v
PX R BRI XD P S PG B E o JE IS oW T
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Fhi L 7=,
SEIEmLEZY Y 2H~AORENNLEICEK DHREICIT.
ITNTETNERDIARORERNRIE., T2bb, ERIEIZLD
AL~V UARFEARL TN LHBELIRY — 2L E AL
MY A Fo 2EAERALE, B ERcREINLE 2
BHoOU T Ebio, REPDLEEICHT D HMHMIEEL IO
MBBEFEHEOE FoMEZRMo EF 2B, P b AEMR
REETODLI EZE DN, FIZHHBOE®RIZODWTIE, VU
WY — LW NF YA FERELEY OGN, X0 EFIZ
MimFEMo LA 2RO, BINKE 5 HHOEMETRMICLER
LTEBLW XV ENW T, VAY —LWMBEHEIEOT V2
Ny M ROV T, Naito D BBEER N F Y A4 K& HLJR
ELTHWT, v RATOKBILT VI =T L - 7T PNy
NE o ER %I > T 5 (Naito et al., 1998), KE{k 7
NI =T A T VanNy MEIREFREMR IgG A L UHE
FPR A IgEM oM FELERICHFE Lo LT, URY
— L e TV anNy MEHE R R IgE UK E L 2R E T
LR R IgGHEDOHLZ KBILT VI =T L - T P2y
PeRBECSESFELELE, bbb, VRY —ALHHIH
FRERORMXIEFRKO 1 2L &5 7 LAX —KIiGIZHE
T IgERKOEALAEZFEE T FUEFEMN IgGH KO A %
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RUZFETDADDPORERREETHD Z ERRENT

It

Wb, 27 L., B E Iy~ HWVWEREERZEE L ToH
Bnbihrnwimd, ARHORENPNLBICLDIAEELEL TCO
VRY =L « 7T VanNy MEHOEDEIZ DWW TIE., 4%,

Fo s REMULEETHM - RHTOLERD 5.

KW e D KA IE Jpn. J. Infect. Dis., 64, 397-402 (2011)1Z

B S 7”~ (Morokuma et al., 2011),
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B2E RKELPPLUYCHAEROLREMNTM

2-1 &

i

REPDPDULEEFIZAAREARNTIETZ TR0 DN, £ 0O KM@
IREPDP LA B RIATROBRKEETH S, H 1 ETHhER

L7k ol EHNTHO Ty ICHRELTELNLELESE NN

N

L v ~#H % # (Lot 0001)i% 2000 4|2 Y4 i o & 4 B 658 &

2

AR BT O R R PR R BE T AR B S R T R A R

k=10

PDEHF TH D, LIRS, @EMMEEIHE»S D TH
HiabimEER cbsrEwH HEH B T, HEDETHEREEEAA
A OBEZE BA O 4 (AMED)BF 78 S 3402 L 2 8 L v o & R
RBICZOMERS AL TWVDE, S HIZ, ZOXF N
LUyU~HhHERIToMBEHETHRAINL, BLEDSEMH SR T
TWw5,

EHNOBARETCHLIMO Y v HiEREA., L., X5
HEE, FL LA EZE, AV X2AH#BE, VX2 ZHHEEB
TV T7T IV T RBEEOADHMBIT . TN TRER 10 F & S
T\ % (Association of Biologicals Manufacturers of Japan,
2006), ZHICK L, RARETHD, AMETHEINLZ
EN L v ~htdEFE (Lot 0001)IF 2000 FlcRABREE S iz
LbOTHH, KFED 2021 FEICITRER 21202 5, K
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KRORXENLND LU HLEFEIZDOWN T, 2 F NN LK

EDOBBEBMMDEELEEICITIE F~OBS5SOREMENH H 2
EN B MEEO 2011 FEFE D T DY e RN E

EILBWT, Zo0oRELND LY v HmEHRD RSN REKR
EHTh-Th., WA OREMEICIHEDME» S O HEFFAMIE
VHHTHY (B ARERE/NDROEHNICEB W T EORETME-
EMEEHER T RS OB BRI, Ko T, 2012 F
MO IFEEEE, YEBAOIE FAOCL F)ICH T 28
R CoOMBHOMBEMRREL T . HFICEEMEITHR DL DR ERE
HicowTomBERRZITW, SFR-ANOzEEE=2T
THRBAEFER T DL IR o,
AHMFOHEMHM P OREEZHRBT -0, T 0 MR
B, MEEFHEABRICOVWT, RBREAFEICHKR EE o L FEH
%

ZELODRRBRAFEmML., ZNFETICELNLE —HO K

rmr

% Table 5 |2 # © 7~ (Morokuma et al., 2021)., f5 B o M I

SV T T2-3 R O HE T~ B,

2-2 MHEBELVAE

2:2-1 REVPDVLIMABROLZEN T =XV v 7 O Elji K
RLEFNN LY ~HiEFE (Lot 0001)iF 2000 4 o & Bl 1 &
BmoMRB LK, 2012 4 E (B E% 12 £ H), 2013 4 E ([ 13
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ITmELTOMBERR A2 ML,

2:2-2 REIPDV LN BROLEEET =%V 7KK
RFLN LY ~HEFE (Lot 0001)D & KB 2 E M O R
LTFToELBy FEh L, ok, &HHA OXKBIEL MR G5
BiEME)ZRE, T XT KM AN e v 7 2 ic THEE

L7z,
1) MR #e 38 3 Bk (Property test)

W o ory ®OAl L # E H| (Association of Biologicals
Manufacturers of Japan, 2006)% # H L T B % F i L 7=,
B OoORBRIZT/IT oG OBEEZORHFLTACOET &2 W TH
BL, WMBEOBRBOBAMEZRBR T 25413/ M08 LOFR
BEEE, AAXETRAGOEREHOCEHELEZ, £ 0,
BLH O R R b MERR L 7o MK A AR RN BR X 2012 A DLRE
2014 FE 2 mERBE L, MRMEXZRAR L ERKIZT I ®
fife 5 [l o> i B8 1L 2015 O B E e L 72 2 o T,

2) & 1 % i B (Test for moisture content)

AR AR BRI TERENTEE AR LT
R L2, R BR X 2012 LR 2014 FE & R &
R L 2,
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3) RiE M E YR B (Insoluble foreign matter test)
MERBOU v GHERAORBRLEFAKIC, AARER T — &
REBE TEHAOREER R EEG 2 E)) 28 L TR
B 2 L, RGO HEHEHEICL, EMBPRERAL LD L
Yt EBLTC, EHAKEFH O CEME., AAXFEORE
T T 2000~3750 Ix O A SO EICT, WIBTARZNZ
NOBOEZTITBNWTH SR T 2BELEL, REEEDABR
X 2013 FE D A FfE L 7=,
4) =7 % £ iR B (Osmotic pressure ratio test)

HAKRG — Rk TRBEMNEE] 2HL TRz

1

Fhi L7c, BEEHKMRBRDS 2013 E0H £ L 7=,
5) pH #t B (Test for pH)

AR EE — R BRE TpH WlEEk) 28 L TR
B L 72, pHRBRIL 2012 4F B X O 2013 HFE 2 FE i L 7=,
6) - A B'H & &R B (Test for protein content)

R RANERE —RABRE TEARRERERE] 2 BN
LTHBRaeRR L, TABEGEARD 2012 FE B L O
2013 FF L IZ R L 7=,

7) =¥ K bF B (Endotoxin test)

HAKRBYF —HEABRE I P2y rRlBRE 2 %A

L7z, =Y FEF U EABR D 2012 FF B X O 20138 4 F |
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e L 7=,
8) 4 1 & B (Sterility test)

ARBROUV~~HHBERAOARBLEFEALIC, LSEN LY~
MEFEF BB Tchr b AAKRFHF —BR
Bk THRERRE 0o T2 7707 400 —EMF B %
EHLTCHBRAEB L2 MFE), BEHABKR L 2012 F &
B LU 2013 FFICE L -,

9) % # M % & i B (Test for freedom from abnormal
toxicity)

AR R R R RBRE TRERTEES TR BRIE) & %
HMLTHBE2EBLEZ(ELE Yy FRABR), BHELES TRR
X 2012 FE LI, 2014 FE A BR & B F FEHa L 72,

10)  FEA R B (Pyrogen test)

R A R R BRE TR 2L THER
Lic, BEARBRIT2012FE B LV 2013 FEICEHM L =,
11) 77 fli 3 B (Bt % B % % )(Potency test (anticoagulant

activity)) (I35 1 8 1-2 M BB L UG 1-2-3 2) bt &k A

WHEOER] ICEBO FIEICHELT)

AHEER CEHEEECARLZAHEREOANIK 0.05mL
L REAZELERSELPNLEFRE 0.0bmL ZEA L. 37C
T30 MMELE L, KiZ, CaCle iR 0.1mL # & & L .
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E® 7y P 0.lmLZ&HM L7z, BB ELT, A& L
ERENNLEHR L CaCloidi@RziEA L. RERICER 7 v |
Mg zZMA72, MEBOEEEMELENLNALERREIZOW
THERIEHMZRD 200 THE T 2mFEELZ T MAME LT
B H L7 (Sakai and Sawai, 1984; Kawamura et al., 1989;
Sakai et al., 1990), 71l 5% B (Pr % E 15 M) 1T 2013 4 E B X

W 2017 FEICHARKBEBER NI THEE L,

2-3  RLiE

REPV LN HBFERORKRFZEERABROBERZUL TO 1)~
11)iZ 7~x L 7= (Table 5),

1) PR #e 38 3 B (Property, Dissolution time (Second))
2012 F EE B 2014 FE X R & (2020 FFE £ THF £ S
NlelBoMRET, T ITHREAOGBERA T WA 2
AHEE,.REAODLDT NICHB LA THH . 2000 F
PDHBEBBEZORBRBERLEFA L Th o7, BB, MR KEEIT R
HEEZN 19 Tholoolzxt L, 2013 FE OB N 185 B
EHBBEP T b OO, 2012 4F 05 EHIET O 2020 4 0 R 5B
Tk 81~146 oMl THB L TR v ., WA OFRFH MO KRB
L BICHEMEMPER T H2MMITAD bR o,

2) &% ¥ X B (Moisture content (%))
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GWEITREEZ D 0.26% 2% L T, 2012~2020 F & O
B2 0.356~0.73% CTHERB L, 2LV LRMBEMIETH - 2. T
THED B O0DUTOEWETHDY, MBICES L .

3) RiEMERYAB(E 2 ¥ ){Insoluble foreign matter)

2013 F I E i LB Cix, W% O A P I A w MR
xR o T, ABRICES L -,

4) 2B JE K B (Osmotic pressure ratio)

mHEIEL T 2000 F 0 WEEZ O 1.25 % L T, A E=E
i L7z 2013 R JE N 1.19 TH Y [ 13 F ORFHE P & WA I
ZEALIERO N7 o T,

5) pH & B (pH)

HiX 2012 FFE N 7.18 TH V. 2013 FEH 7.12 TH Y |
EHIZ 6.8~T.40BKICHEH A LT,
6) 7= A HAHE 4 &R B (Protein content (mg/mL))

AR ES BT REE% (2000 4F£)D 29.8 mg/mL 1T % L
2012 FF B LW 2013 ERZN TN 31.7Tmg/mL B L O 30.4
mg/mL TH V|, ZEFIRD LR T,

7) = K FF v A B (Endotoxin content (EU/mL))

T RPMF T UOEEIT2012FEE L2013 F EIC2EM L
ZHBRICE W T, 0.020EU/mL L FTE HICHERALT %
MeEFF L TR, BREZT R o2,
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8) M B (J§ )5 MF #)(Sterility)

2012 E B L N 2013 FEFEICHEMBLZRABR T, L HLICTHOD
FEEAROT, ARICHEA L 2,

9) B EMETERBR(ELE v h)(Test for freedom from
abnormal toxicity)

2012 FEE D 2020 FEE F CIEIEEHEEER L - BI2E W
T. ABRERIVWTho#Hwb IRF2RD T ITHLH, T
THKEICHEES L T2,

10) % ZA i Bk (Pyrogen test (C))

2012 FFE B L VN 2013 F I EML-RBR T, ThEFRF
BISPOKEEHFOAFHIZ0.11CTE LY 0.12C T, & biCk
b RBRICES L,

11) J7 Al 38 B (ft & @ & 4 ) (Potency test)

Al DR AF 13 4 H (2013 ) KO 17 F£ H (2017 F)o
Hl 1l AoPiEBREEZIELLEAER., ZAEF N 16.9mg B &
W 15.6mg ORXRENLDN LEHEEXFTMT 2 L BERIN T,
2000 4 oo B 3E B % O J) il (BT ke E IS PE) S . RAI 1R TR X
MLlLEd4mg Z P M L2t 28 ExahnE. RBEOANT VX
xZRELTH., WHOKFHHE T O oOMK TIZRD L AR

N o T,
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2-4 HE

REIPDLMERIT, BECFRBLOLELREHRBIY
ELTHWwWTHBRMICHEE S T % 7z (Kawamura et al.,
1989), b oRBMEINTHESRNL, TOo®RENL 13
EHBIICAMBPER L T W) wEEH 22088 H, 1999),
MAOZEMEICEATL2MEm 20 EHMICE > TEHE I
WEE RV, SEHFEAE, vvERERAIHELTHY, 2

RO~ mEFEAMOREICERL THERLZLE LD

LU ~Pl7 % (Lot 0001)7% 2012 F HE 85 12 F %2 i
THZ oD !T T, BEUMRAFRZEN, L BLE R
FTAMAOMEHRPBAEENEL T, BRENEZLTRHRICEE L
ZTHVEHABIZCOWTOMERARLEZITY, TOLXLEMEHE =X
Vo 7Bz mn Lz, ok, By ABo o b, IR
MRRBROGEHEMZ L), REEREY AR 12 & E LR,
pHER, ZAAEEGERR, = FFXF v BB IXOEHE
MBRICHOWTIE, WEEHROMRMEE LKL, 2020 4 12 J K
HRTHIZELIETRODON o, GHEICSO W TR EE
B"ED EFMBEEDNRESNTZHR0.26%—>0.73%). B D 3.0%
UTo#Hbo»ricEWETHYARICEAS L, 7. HA O
EHEME 2L OEBYWRER, T2bb, REHVLSEARS
FORBAKBRICBWTH ., RAHMES ToORE O EICEL
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FR<EFIRDODLNRE o7, MA T, BH OF MM m
Do OB BrERIEE)ICO N TH, ®EE%K O MR
AR FEEIRL TR MEL»S 21 E2RKRBLALEBRAKATL 2
DRENPVDLYUHBERITIADREATH L LR ERI N
7

iR o & B0 RBREENLBIC 21 F 2 KRB AE TS /A
DEEM - A ETHIAINTL, BEIC, FRB LWL FEIZ
HE L TERINERLELPDN LN ERO HMARE 13 F#
LTkt nwomELRRIBERPISB RN, 2
O ELIZELT, BEOFRE LG EOREFRILWEEKFIN
MO RE=ERNTERODICAFEINLLZLDOTHD , FTrxr D
ER L7 EN LELHEFE (Lot 0001) & X F 0 ®EMNR LY
ROy~ EERAORBICHERL CHERIRAEL-, T2
ENFERBERO —DEBZBxbobhl, 72, 20 FENLNL Y
~ Pt # £ (Lot 00012 B L T, Hifumi & 1% H A 8 & 5 1 4F 58
AT D 2000 4E 05 20134 EF TORBICE SV EREND LK
GEHLY, BELTOBRBERLZBALMICHAELMED T
% (Hifumi et al., 2014), Z ® 14 FHIZ 94 O E 2N LK
GEREIVRBEESNRTEY, BEEI T RTEMETER O F M
X 38 i (5~ 81 i%)Td - 7o, AT W O M M NG E IE 5
HEDICOOA a7 O RfEix 8(1~8)THiH CTEHELZH SN T
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AR OLbERIT THAOBREICEKEIALTEY ., KE

(Y
S

RAENPOH ERKEG ETORMITFEL 35 KM (5.5~60 FFfH)
Ty, oA bROOAL TR Y, filH#x kb
SN THEFTTXRTEHFL, BRESLRDPo T BEDO 14D
DICIcks2HEEARAEMTELTLL TS, BE, 20O X5 7%HE
ERLELPN LKREFEFOBEICENNT, REPD LY Y #H
FOBEHPEZOEMICTFEL TSI LITIHATHL ., X4
i mEFoLaMAAEEIBRBO TEHEWWLEDOE WX D, LL

L, A%OoREELELT, RAaTER2VWIIE L, ®HA O

34

BHibo¥NabtEae TlER W2 Enb ., MfRkoRKD H X
KERFEZT, Kooy hOSEPNR LY~ BER 2 B -IC

Rl L E T AFMHicxTWnwWbsdI by EtEILNT,

K O K 1X Tropical Biomedicine, 88, 111-118 (2021)

W~ ¥ # & v 72 (Morokuma et al., 2021),

49



HBIE RXELPLUCHEROERKNMEG

3-1 #E

A LICHRELTWVWLIRENN LY vHERIT. IAE
B> Rhabdophis BOMW DL DEHICK T 2MH— OREHK
HBETCH D, Rhabdophis tigrinus(R 0N L)IC K 5 nE
g o EIEFIZTAEARUNSO 7 V7 KETIEH®REN 2V, BA
TORENPNLKRGOREAEBEITER WS OO FHEPGI S FEEL
TBY, TORETREAEHLEL TIE, F 22 LA ED SN
DHARELICERLTWAZ EIZx, ErbEFomEe: L
ThbodoERFBIEE N TWVWEREZDTHDL EEZE LN S, il
. PETEEERGOESMIEDNRIEELETH D Z L b 1E
ML, 4%, PEToOEHAIEDRE FTITH > T,
Rhabdophis B D @EMWIZ X5 EHIEKERE NBET D AR
PEixmwnwbo B2, AxOHIIT, 20 L5 RigK
GHEHAIZENT, TIHOY BRI LD2BE~OIEH &
OWTITEZoRE - BEAICE S THOARRBD ERD LB X
%5 . Rhabdophis tigrinus & T % @ Rhabdophis
subminiatus IR 7 VT IR 3fHALTEY, BEDOL DWFE
TR EFORFELERERMBEOEREZE PICBl SR T ERMBNT
W % (Zotz et al., 1991), £ 7-. Komori b IX H A DR F v 0
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L(Rhabdophis tigrinus)t 7 V7 K 2 KIZIL L oM T
5 EF N L(Rhabdophis lateralis) D 3 iy &= i <. & © /£
Y AL FZRMER 2 L T b (Komori et al.,, 2017)., [
FOBwBIZEFE~ MY v RAAeERE T e T 7T — ¥ (Matrix
metalloproteinase) ® & K G 2 % 9 2 s tE 72 £ 5% o 0 &
WEBOLEN, EbbbmaTrREBICT e br e rEME
fC®W 7., 747V 7 =T UhiEEERT L0 T T —
kK O 2T A4 U v F 45 W E HE (Cysteine-rich
secretory protein: CRISP)D 17 £ & W H = . 7 #1 8 o 2 i
AR SN TWVWD, iz, SE o005 TR B RE S B3
SNERELPN LU vHiHEHRIL, B EIZ Kawamura b O R AE
LS R EHEN~ T A HIRN &5 KRB T Rhabdophis
subminiatus O #F % ML EFEEL L EHDOE (Kawamura et
al., 1989). Rhabdophis subminiatus=<° Rhabdophis lateralis
CED2EEORGERAEOCHERICOAD TH L ARHEMEN S XD
o,

ABETET . F1IETCHRHE-ESINLEITHBESLELD LY v
7 # (Lot 0001) ) 2%, 2000 FF LI I, A TR L L THAEL L
HRESLCE D LKREEZFCH L TAEBEHRVICHEN LW
KOO EHZF LD, BEELTHRET DS, £, BAT
FAEOH HM 2 MEOFERKE(EDL L - T5)ERENNL

51



CEIC L DM AKIERDOMHERLSFE THHAT S,

3-2 #MEBBLUVAHE
3-2-1 RELNV LY HFEHE
1 ETRBREBINANLZITZEBESLENLN LY ~H75 % (Lot

0001) ), BIHESXSELPNLKEREFOERBIZHEH I,

3-2-2 R FENN LKGIHEEG WA S IE

HIESLCE NN LREBRFT OB A ICHEE T, [H A %W % IE
AN HAKERDFEHEEEAMED) ol B HE R HEE T b k-
FTohEBEaXYy NV —Z BT L2EMSGZOLEERT —
LARYFBAKMFREOBEMBEE L WHHE - EH L. —EoOBHHRIESR

RO NS, BERFOHBKER LT EOELB L 2,

3-3 W& (EHHRELFEFLD)

3-3-1 R FENLN LU HEHROYEEM G
LSEABRBME L-EZBRSLENLNS LY < HEE Lot 0001)1F,
B LEBERIOLFE)D 7T AICHERTEAELEZ, 5 DY
WomEEpl CEMEBEFOABEO L LICHEM SN, BHER
R DFE O BT WD (Table 6) (I jE -, 2003), & =F i 1% |
MW AEH 2 2R ENTLE®E L O B RE MW E N E E BB
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(Disseminated Intravascular Coagulation: DIC) & 4 U, &

H IZ X

S

GEAL 2 & o Wi, &P o B, 2 fif o R

(i:*

BHMAHBR L2, HWETF LRIE"DN DL, X

L7~
MBEEIEEINEDNDREN S, MEHRAE CEB RICEE

%f

R LD, MEZHRE & bic, REPRL Y < HHEEN
BHESh7, HHEXEBGO 6 HMEE. MIEKEMITT < CE

HWICHEL mMEEBRLULEL . XELNLIERNDFLD LI,

3-3-2 RXFEMPNLUSHEFEEZED 2EH OwEH G
Ao~ mEENMFEHINEZ 2080 F N LKESWIX
2005 4 8 Hice L T3 £ L 7= (Table 6) (4217, R 15). 14 %

FRIA B DCRZHBELEAL TS LETICEFE 3%

S

g E T, RGO 12 RM %, BIRITEEEREGMALNH O
Frfemy 2 i m %2~ L, BAE R BEBEORENS DIC &2 %
FE L 7o, M E BT H oo x . B & fE o BE IR 23 @R

b7, THOLOEEKERIOVRSELNLKE & Z M S i,

ZE 24 KB ELPD LY ESR 1 ABEE I,
B0 300 ICEFENEM S EEY  3HEMBICET 47
V)= rzRE I~ Com@BmAEMENEFKL., 7 407V
J—=FFrELEHICEFEELL, RSENLB LY~ HE#E (Lot
00 MIGERERFICHERA I -H ERLEEERO 2 EF &b
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RIS TR O AL T WA OnigE- -, 20035 %47, FAE),

3-3-3 RENVLUYUTHERDO L DK DE M F

TOH%LBEEBHETERVEODO, RF NN LKE L ZH S
N, ARBECBRABEN CSE 2N LY vHEREELS S
g U7 BE o JE G S A ST v 5 (Hifumi et al.,
2014),

EOT CIE, 2017 IR GT T 260 F 20 LIKE O EE B
MBEALEALTWD, 1LEBITFRESE 7H 25 BICHEMETREAEL L
(Table (UK AR EHPBE, FAIE), 100 B RN BB E
NWLICEABREKEN, ¥ FOMEHAET FDP(7 4 7 U v/
747U )= U BEW)N T0ug/mL. 7 4 7Y J — N
100mg/dL £ £ T DIC # ff 3 L EIEH & HIWr s iz, ER &
BEOABODLEIIRENLHN ORMBICSELD LI #HH
REE I, 20o%, MRGEEDRPED L NARKRIE S L E
L. WA 29 RIcEHFEBRRLE v o7, 2HBIXTHESE 7H 29 H
W R T E L 72 (Table (R JE RS BIR KR & EHR & 4
—, BRE), 100 B Rnsgicich FEe e EN, B
TR iTrTIRELE, Woltdb & b G AL H A IEFE
BT HEHBELDLIVKICR s THUORE A~ ES N R D
REPPLREETEZHEOEMOHMB TH o2, T O
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#% oIk A& < FDP 2 800pg/mL., 7 4 7V 7 — %7 v iZ &

WEU T Tholrlnd, Ax I CFENLIKIE%® S\, E4A

[S
E/U

g7 8 E R T o B LA 28 B IE N B OK E JE MF JE B % B AR
(AMED) ® #i E¥XTLDbB ETFOREBA XY MU —
JIZEL o TREDPV L FERED TFRHRINLEZ . KE LV 15 IF
WEoOBHIC, EMEEFOEEDL LIIRENNLALEHR
LGN, BF T KB . ERAPHETCEAENLTLL ., °F
MWLM BEROEGICL o CTE#MDBEEL, 8 A 2 HICHESR

BEE L7, 20lT HFRICHAEALESELALEED Z 0 2 46l
RENPP L BEENEFD LEFERLEZZ D,

O 2EFOEREBEFICERINESLELR LY IR
(Lot 0001)1%, £ Ol TBLICH E S 17 F 2 &%l L 7= 1A
Tholo, fERELT, BEBROMKRF 17T HF B O B H A8 S8
I HSI AL o T, TO0OFIEPEEICHED

BN EnD L 201THEORRIKM I I BT 5 2 64 o JE # 1% 8

KOBRGFELZEEMEZXZDDHFEED — D LEZ LN,
3-4 E
MEZFODHFEIT., laiolEREMEOL S T . MWK &

HREEPBEINTroboERERREETCLR DL T VD
(Wakamatsu et al., 1986; #H -k, 1986), #lHE & o)
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THIUHBEERAN TCHLZ Y 7T VT, TAZEHEBR, XY
UXA2AHFEICHLTIE, BHOBERIRDLNLTWVWDE N, K
REPV LI HERIETERABBEL TS0 ETYH | M-
BE R OBERFTICH L ToORRITIRDDLAL TS, BED
REPDLKREFEFZEB T 2 &, 2017THFITHEEL 2RI
D2EFEED T, CELN LN ERICLIIBEENKRD L -
FH LT XA TEESZ S AMNICHHEREAILEEI T, F
PRSI OIRFEICRB LI #HINMER LT, WEDO 5 H
BICXELPN LI ERLIEE I N, 20064 8 AR EDRXE
MmN LGB mBFEH N LHTH, BE). Z0FHIZE W
T, BMKREBFZRVNVICHERELEZEMEISELDDNLAHEED
FHEBLIOZOAFOAREMELZMDL T, BFIXERLEN 2
WEEFRE AR SN, 3 FHORBR TR X A LKREHRAE
OHEAE N AMED-HiHEREMAFEORE X Yy bT — 27 2@ W
e ZTOEKEZITEEXTICIE, BFEBEIISENINL HIZ
KX omikEEE RO R TCDICOHEITICL » T M %2 2 L
TR, SE2PRLANGEHROEF TR MTE o, &
DEIRIEBZBEH D E, LSEPDLKEBEFT~OLF N
Lt EoRHELEIX, #5 P ENTIER & EXTED R
) C & 5 A RE M HE M S 7o,

KIZ, ZOXRENPALKEOERICOWVWT, HAEN TR
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EoH LMo 2BEOREKEG O, £ LKEG LITSKREIC
B D KAE B HE O IKEROE W Z L L 7- (Table 8) (8,
2013), R ELNLKEF,. FOEAOHFEIZLDDL DL T K F
NTHHEIESLCH 2P 72, RMATORIEZRBD RV ODNFHT

BB, IR L. E e LRETEMER %I &%,

SERTZFRFLICKEOREICLIVERO K& 2REN Y NR
D HID, TSERETIEZEHEERZICHEZ N - 2@ RFE R
DHT, MEAOZELLLBERENFEME LITHEDN 5, KIE K
AHhLGAELHDL, T, REPBLKE EEDL LKREGILE
Lo bHmm»ABEEFETHY, SEPBILKREGEITT 47V
—ZroEbictEo ot Tch by (0Bl /Kb ), F
LG iEm /iR oA ks Th s, 1E58E S H M
MAEzRBOLINB, EHEKREVWI LV I L A%E RO E M
Aol HEEAEOHNEZET 28560320, 2o, °F»
WL TCIETeEFERELT, ~EZ7r bR, —@EOWN
LWEJE . DIC, WA, 2B A22RDO L0k L., F
LlmETCEHAMAMLEKR T, I 472 R, MR, HH.
SMEBARE, BRRE, DAEEZEIT., TESKETE., Z
GRTOWMBOFGANEXE LR THEN L, EOEAR

A AR R

N

X 24 BRI ANICYa vy Z7ERMNLREICE D Z

\

EbHDH, LEAMEBELELZELTL, BERFIZLV % EIE
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NWEkLIHBAE LD, HICEDLDETORFMITEOEAREIZL -
TRZ2Y, —#lCEFF 220D, TS, FL, RSEMMBL

ONEIC R/ ITE Y, L, BEESE 2N LKEIT RO RN
KbOBBEWED ZO0H%OLENENANNIT ECKBIZEFE
BHEENPNEbDELS D, B, BlEREOZWE & v 5 Bl A2
LR S EMMBEERBOBEICLAEREL TV ARWVWED,
R ITHBEHOAES THDL, Tl L, RELNLEEDLL

AR LEER - TEDY, BMAKERBEEBEB> TWVD Z L
MmH ., EREOBKMICEEEREEZETILEND D,

Wi, RE»PV L EFOBREL LT, BE, BAEAT
KREINTWVWILIMEFENBROEIDL LI ER LTSN EHEREO 2
MEAZEZD TCSEELTHREY, INLOREFERHERITMALD
VoM AR E Ly /B THL I ENE. DRI
WELr EFEELTCbryv~D e 7l ryrZ208008E Tk
STHRHEERATOLIU L, iEBFRoERFEZZ T MiT U~
mMiFEICx L TCEIMESh D3I ONT, 777 407 %
—Ya v I RMBERICRT DY AT IXFEICED (K-, 1982),
COREMIICIE., e boRmMmER RO EREZER T D
mw. b VWiEEETRMTES2 e P o —F HK
T LDUMNIT R, BIE &L TIL. BAT O BE KGR Al
HoH XM ERAGRE 7 7 ) URKkETHEIRLTW

58



HHLARY U XAANGFE 7T Y T K DICHENME FE -
e PG 2RI L CTHERRANZED FRPH D0, I
moEmAICELTITeE PHICHES N Y 72 F R n b
Mmb, b MBI SMEEH RO NME LT 55 RITRE
EHTHLRWVWED, B ko mARAELZMERST L Z & 0F
fiz 6> T #E L v,

T, BEFOE N E ) e —F v KOBE - R LR
ST an, vehimBARAICKY ZEHAMACMHEST 201
T, RICET L5082 LRBENDHY . 20720 EHA
IEE->TWhWy, RERLELTHEZLZZ T o &EH W iM%

MAEERm cogiF EoRBE, RKEAELZTREL T 2 &
FEFI EOMBE, BEENDL R WD O EKERREGE Lo
M., MOEAb/M R s TORERH CORBEEDNH D |
BiIcERAZER AT TIE, TOEAMLIZY > T
REMHORRBPEROMEE > TWDH, o, BEHFIZOW
T, MEBOL DL OAMEEYWHESLER P ES L THE
RS EE LT R T, vviimEU Lo REe b ok

FUE ) 7o —FAHEOHBIZIEIZ ORENH L5 KR -
f, 2016),

LledoT, A%, AWMy ~®/AICIOLRWIHEERE L
ToOHENHFREZRET 220 ICF., LVEIKED R WE K

59



e ) 7o —F v HAEAMAOBMEELHEL ., Ll L
FEONPDODRETAEBEHELZ ST O LooxL L wAR LT

WU HFEITLRWWE D EEZ D,

60



S
&
S
H

AR TIEE, BENTHEAEDODHD2HBEREORSENN LKIE
DHEETHLLIRENN LYy ~vhimEFradBREEL 2, 72,
VAo MBEERRR - MR ET . et AN
MR INTZZErD, REPDBLKREBE~OL TN L
U mEROBRRLBMEROBIRKICH SR E R, X2,

COMBETHERLESENDN LYY ER2EA E L T,

B

BORENPDLEEGEREDH Y HTLED HIZOWTOBREI

(R

OSOWTHLEHLL, KgXokiFHLLT, FETHLALM

Rzl Ticxew, B822Mx T,

AMEOR @I D EBO TH 5,

L. SExALHBELEZREHAKELE L AT, BEAY O IR
FAN LY~ EFE (Lot 0001)] ® 1,369 K % i 5 &l &
L7 A REFIELD LY vHELEOMERIT OV T
D TR LD TH D,

2. REPN LU ~HEFE (Lot 0001)1F, HBRBEKTH 5 fth o
iR eRMFECAARALE L CoREZRAT H 2L
DR SN, £, ®HH 1 KT 4mg L EO R F 20
LEmasHY M4+ &ERnD0oil,

61



3. RSEMLMN LU~ FEFE(Lot 0001)2, ®iEN S 21 F %
e L7 2021 FFHATH, LT, WEEROME %
MET DR holc, VeHiERN 205 0O R W
MRAFEHKEDFEESARNEIZLY PO TR ST,

4. 2000 FORBRBEDRE 17 FXRARBLESELD LY
~Hi B FE (Lot 000, S ELN LKREEEBRETICHD

ThHDHEENMND TRES N,

Lo X, RMEOKEIT., A@aRBEB LA ARDE
MO BN BB FEORBICEWMLEZLOTHDD . KFIED

HEMERIIRETWVWEEZRD,

LHHOBELLT, REPA LY HBEBRICITL T2
TROPOBRERDY , %, WML TR MEAETLIKRLT
WS hEHIZE#RL, TOERXRE/KITDLDIEPEETDH D,
REPVLABRAOERICEIT, V~vREOIZDDORENNL
mrHEEHRELZTNLE LT, ZRHICEREDORNE 2N
LA EsMEL, FUuL /A RE2HEL BT 2
VERD DL, REPPLOREMHBIIE D@L AEDE R K
EOmMNOOBED KRE W, R, fidFoOFERIC
BHhvUv~nmEHRROMBMKEE LT, £ EE2BA LML

62



ORI LD T, B M BRIEIC XD MRS & IR S
TANLWICA Y HLMERT D2 IR~ BIZWIT AR
ZOAREMEDORENLELE X LN D, Post 51 2020 41T,
HH ot Hm L EAEAT 2HERMBEE AW v 7 4 F
AL T EEZANLINCHEE T FEZHRIL L Z &%
PEIZ# &5 L T\ % (Post et al., 2020), = O # o F i 4 v 47
JA Rz HWwiezmFERARE~o i B %72 %Mk
CIEE>TWRWVWA, ADEROKRESLEH W E MmO RE %
ExaNFE . REPP LY EREE~O M & BTN R

MICHELRROVMEALED — 2 E X BN,

RKBEIZ, AR TIE, BARENTHICEET D2 EE RS E
MBPLBREIZEWT, ZomKEEEL LT, RAFRRF TITH
DN REPNV LU~ BEBRLMNDOD THRELEZ, £/, 20
RFEPND LU ~HiESRIT, 2000 F 0 RELIKE, 10 %60 =
BREIPDLILKRERFTICHL, BEAMEMNICHEN IR, A
Mo lRIRICO®|E bR BEFEORKMICHEE LI & D
WENTEBY, ToAHEREHIATWND, 4%IF. 20
RENPVLU~SH BROARBRE~OEBLDO FERERZHBEEREL O
O kiR -HANTNLBA L, BREFEELLTLYE
KisEoZmwe e, 7o —F i K®A ORI A B L

63



WMOMATHWSBEN®NDHDL D LEERD,

AR LIZBT DM ERRDO -2 UL FTIZARL L,

1. Morokuma, K., Kobori, N., Fukuda, T., Uchida, T.,
Sakai, A., Toriba, M., Ohkuma, K., Nakai, K.,
Kurata, T. and Takahashi, M.: Experimental
manufacture of equine antivenom againt
Yamakagashi (Rhabdophis tigrinus). Jpn. J. Infect.
Dis., 64, 397-402, 2011.

(https://www.niid.go.jp/niid/JJID/64/397.pdf.)

2.Morokuma, K., Matsumura, T., Yamamoto, A., Sakai,
A., Hifumi, T., Ato, M. and Takahashi, M.:
Evaluation of the stability of Yamakagashi
(Rhabdophis tigrinus) Equine Antivenom after 20
years storage. Tropical Biomedicine, 38, 111-118,
2021.
(https://secureservercdn.net/72.167.241.18
0/114.7f7. myftpupload.com/files/Vol38No2/

thb-38-2-042-Morokuma-K.pdf)

64


https://www.niid.go.jp/niid/JJID/64/397.pdf
https://secureservercdn.net/72.167.241.180/114.7f7.myftpupload.com/files/Vol38No2/tb-38-2-042-Morokuma-K.pdf
https://secureservercdn.net/72.167.241.180/114.7f7.myftpupload.com/files/Vol38No2/tb-38-2-042-Morokuma-K.pdf
https://secureservercdn.net/72.167.241.180/114.7f7.myftpupload.com/files/Vol38No2/tb-38-2-042-Morokuma-K.pdf

G

AKX, KM XA F v v 7 2N IB0 5 0% (B

oL, I BEABICHET L2 —EOMNIFHETH O N
MR ZEICED LD THDL, B, IHORLELPNLY <
MEFHA OB E X, 1998-1999 F E 0 E A B % &
ARTFRMNFREEETON R EMAREE: AH)O M %

ZTTTEBLEZLOTH D, T2, RSELNRLUYU~THBESROD

4

R ERICHER L —HOFMBEFT., BLXOK=E v b O
RENPNR LU BRORBIIMITERENDNLOMEL L

mMRAEH - mamEEo —#EoOMERIT, 2013-2014 F & 0 JE AL
VOB R HR A T L VB - OB Y E AT S
¥ B KV 2015-2021 4 K o B SLAFZE B % ik N A OK [E R BF 78 B
%t % (AMED) BF 78 B B - F B ORE QL iE 2 &F 3 5 T e R K &
ERBEHEFREFEETOMAEMRAENREETE: - )0 X %
2 CHER S E L,

K X OERKIZ H =0 i T8

B
i

D THEEE THRE
B ELEmMMRPERRESHOBREA R L HR, 58 E&.
TS BB X OB KA - BB RS o SE AN S AR

CTHELSEHH N L E T,

S

65



ik K OH RIERZINFETDH DL TCSET 5REETBAE
(BEAE)X T EZZEEIE AN B K EEI B % E R
(AMED)ZE#E TICB T 2N HBmBREMOMIAEFETH HZ L n
L, MFES b THRELEITWELE DV £ L E LS E D
AT O miGEILH AL ENEE .. — RV EE AN B AR BRE S I
Fr oGP EAFTTR B LOHRIET R A ISR LESEH
=L %9,

K zTr>H, HMEOKEZ2 5 2 THE £ L LIH
W HIE N b X i 3 R E I8 o il B o6 BS oo B R I <
WH WL E T,

AKMZEDOZFATICEL T, ZTHEHELEIHAHAEHESELEZRAYM
MiE AN fbFRMEREMNIEFTO RBRBRLOHE L LR KM
NAF ey 7 2KxatoloEFHEEICESEH VL
ESC A

RBIC, KRPMwmXc@Mo o as 52 CHEELE KM
NAF a7 ABERAXASHOBER W ITERBE L)L EHH L L

7 E 9,

66



51 F 3C Bk

Akimoto, R., Watanabe, Y., Sakai, A., Kawamura, Y.
and Sawai, Y.: A case of defibrination syndrome
due to Japanease colubrid snake, Yamakagashi,
(Rhabdophis tigrinus tigrinus) bite, treated with
antivenom. Snake, 23, 36-39, 1991.

Association of Biologicals Manufacturers of Japan:
Minimum Requirements for Biological Products of
Japan. Tokyo, Japan, 2006.

Bordon, K., C., F., Colognal, C., T., Fornari-Baldo, E., C.,
Pinheiro-Junior, E., L., Cernil, F., A., Amorim, F., G.,
Anjolette, F., A., P., Cordeiro, F., A., Wiezel, G., A., Cardoso,
I., A., Ferreira, I., G., Oliveira, I., S., Boldrini-Franca, J.,
Pucca, M., B., Baldo, M., A. and Arantes, E., C.: From animal
poisons and venoms to medicines: Achievements, challenges
and perspectives in drug discovery. Frontiers in Pharmacology,
11, 1132, 1-29, 2020.
(https://www.frontiersin.org/articles/10.3389/fphar.2020.01132
/full)

Chinzei, H.: Isolation of myonecrotic factor from the venom of
Habe (Trimeresurus flavoviridis). Japanese Journal of Tropical
Medicine and Hygiene, 2, 111-112, 1974.

Cleveland Clinic: Snake bites. Ohio, United States
of America, 2022.
(https://my.clevelandclinic.org/health/diseases/1
5647-snake-bites)

Gopalakrishnakone, P. and Inagaki, H.: Snake
venoms;, Springer. Berlin, Germany, 2017.

Hifumi, T., Sakai, A., Yamamoto, A., Murakawa, M.,
Ato, M., Shibayama, K., Ginnaga, A., Kato, H.,
Koido, Y., Inoue, J., Abe, Y., Kawakita, K.,
Hagiike, M. and Kuroda, Y.: Clinical
characteristics of Yamakagashi (Rhabdophis
tigrinus) bites: a national survey in Japan,
2000-2013. Journal of Intensive Care, 2, 19,
2014.

(https://doi.org/10.1186/2052-0492-2-19)

Hill, R.E. and Mackessy, S.P.: Venom yields from

several species of colubrid snakes and

differential effects of ketamine. Toxicon, 35,

67


https://www.frontiersin.org/articles/10.3389/fphar.2020.01132/full
https://www.frontiersin.org/articles/10.3389/fphar.2020.01132/full
https://my.clevelandclinic.org/health/diseases/15647-snake-bites
https://my.clevelandclinic.org/health/diseases/15647-snake-bites
https://doi.org/10.1186/2052-0492-2-19

671-678. 1997.

Kang, T.S., Georgieva, D., Genov, N., Murakami,
M.T., Sinha, M., Kumar, R.P., Kaur, P., Kumar,
S., Dey, S., Sharma, S., Vrielink, A., Betzel, C.,
Takeda, S., Arni, R.K., Singh, T.P. and Kini,
R.M.: Enzymatic toxins from snake venom:
Structural characterization and mechanism of
catalysis. FEBS J., 278, 4544-4576. 2011.
(https://doi.org/10.1111/j.1742-4658.2011.08115.x)

Kawamura, Y., Sakai, A. and Sawai, Y.: Studies of
the pathogenesis of envenomation of the
Japanease colubrid snake, Yamakagashi,
Rhabdophis tigrinus tigrinus (BOIE). 3.
Preparation of anti-Yamakagashi antivenom.
Snake, 18, 1-3, 1986.

Kawamura, Y., Sawai, Y., Toriba, M., Hokama, Y.,
Sawai, A., Kouda, T., Kondo, T., Watanabe, M.,
Nozaki, M. and Tomihara, Y.: Study on the
preparation of anti-Yamakagashi (Rhabdophis
tigrinus) rabbit and goat antivenom. Snake, 20,
4-8, 1989.

Kikuchi, H., Takamura, T., Ishii, M., Ichihara, T.,
Kawamura, Y. and Sawai, Y.!: Study on the
effectiveness of the Yamakagashi (Rhabdophis
tigrinus) antivenom. Snake, 19, 95-98, 1987.

Komori, Y., Hifumi T., Yamamoto A., Sakai, A., Ato, M., Sawabe,
K. and Nikai, T.: Comparative study of biological activities of
venom from colubrid snakes Rhabdophis tigrinus
(Yamakagashi) and Rhabdophis lateralis. Toxins, 9, 373-382,
2017.

(https://www.mdpi.com/2072-6651/9/11/373)

Mohamed, A.E.T., Soares, A.G., Stockand, J.D.:
Snake Venoms in Drug Discovery: Valuable
Therapeutic Tools for Life Saving. Toxins, 564,
1-25, 2019.
(https://doi.org/10.3390/toxins11100564)

Mori, K., Hisa, S., Suzuki, S., Sugai, K., Sakai,
H., Kikuchi, T., Hiwatashi, N., Shishido, H.,
Goto, Y. and Takahashi, T.: A case of
defibrination syndrome due to snake (Rhabdophis
tigrinus) bite. The Japanese Journal of Clinical
Hematology, 24, 256-262, 1983.

68


https://febs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Vrielink%2C+Alice
https://febs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Betzel%2C+Christian
https://febs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Takeda%2C+Soichi
https://febs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Arni%2C+Raghuvir+K
https://febs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Singh%2C+Tej+P
https://febs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Kini%2C+R+Manjunatha
https://doi.org/10.1111/j.1742-4658.2011.08115.x
https://www.mdpi.com/2072-6651/9/11/373
https://doi.org/10.3390/toxins11100564

Morita, T., Matsumoto, H., Iwanaga S., and Sakai,
A.: A prothrombin activator found in Rhabdophis
tigrinus tigrinus (Yamakagashi snake) venom. In
H. Porkle and F.S. Markland, Jr., (ed.),
Hemostasis and Animal Venoms, 55-66, 1988.

Morokuma, K., Kobori, N., Fukuda, T., Uchida, T., Sakai, A.,
Toriba, M., Ohkuma, K., Nakai, K., Kurata, T. and Takahashi,
M.: Experimental manufacture of equine antivenom against
Yamakagashi (Rhabdophis tigrinus). Japanese Journal of
Infectious Diseases, 64, 397-402, 2011.
(https://www.niid.go.jp/niid/JJID/64/397.pdf.)

Morokuma, K., Matsumura, T., Yamamoto, A., Sakai, A., Hifumi,
T., Ato, M. and Takahashi, M.: Evaluation of the stability of
Yamakagashi (Rhabdophis tigrinus) Equine Antivenom after 20
yvears storage. Tropical Biomedicine, 38, 111-118, 2021.
(https://secureservercdn.net/72.167.241.180/114.7f7.myftpuplo
ad.com/files/Vol38No2/tb-38-2-042-Morokuma-K.pdf)

Naito, S., Horino, A., Komiya, T., Fukuda, T., Takahashi, M., Ami,
Y., Suzaki, Y., Oka, T., Ohkuma, K., Morokuma, K., Nakano, Y.,
Mori, M., Nishinohara, S., Komuro, K. and Uchida, T.:
Induction of Protection against Tetanus Toxin in Mice by
Tetanus Toxoid-Liposome Conjugate. International Archives of
Allergy and Immunology, 116, 215-219, 1998.

Nakai, K., Takahashi, M. and Tomita, M.: The
equine antitoxins supply system for biological
poisons in Japan. Toxicon, 42, 561-562, 2003.

Nomura, T., Nagata, T., Kawamura, Y. and Sawai,
Y.: A case of severe Yamakagashi (Rhabdophis
tigrinus) bite treated by antivenom. Snake, 21,
85-86, 1989.

Ogawa, H. and Sawai, Y.: Fatal bite of the
Yamakagashi (Rhabdophis tigrinus). Snake, 18,
53-54, 1986.

Ohsaka, A., Tkezawa, H., Kondo, H., Kondo, S. and Uchida, N.:
Haemorrhagic activities of Habu snake venom, and their
relations to lethal toxicity, proteolytic activities and other
pathological activities. British Journal of Experimental
Pathology, 41, 478-486, 1960.

Post, Y., Puschhof, J., Beumer, J., Kerkkamp, H.M., Bakker,
M.A.G., Slagboom, J., Barbanson, B., Wevers, N.R., Spijkers,
X.M., Olivier, T., Kazandjian, T.D., Ainsworth, S., Iglesias,
C.L., Wetering, W.J., Heinz, M.C., Ineveld, R.L., Kleef,

69


https://www.niid.go.jp/niid/JJID/64/397.pdf
https://secureservercdn.net/72.167.241.180/114.7f7.myftpupload.com/files/Vol38No2/tb-38-2-042-Morokuma-K.pdf
https://secureservercdn.net/72.167.241.180/114.7f7.myftpupload.com/files/Vol38No2/tb-38-2-042-Morokuma-K.pdf

R.G.D.M., Begthel, H., Korving, J., Bar-Ephraim, Y.E.,
Getreuer, W., Rios, A.C., Westerink, R.H.S., Snippert, H.J.G.,
Oudenaarden, A., Peters, P.J., Vonk, F.J., Kool, J., Richardson,
M.K., Casewell, N.R. and Clevers, H.: Snake Venom Gland
Organoids. Cell, 180, 233-247. 2020.
(https://doi.org/10.1016/j.cell.2019.11.038)

Sakai, A., Honma, M. and Sawai, Y.: Studies on the
pathogenesis of envenomation of the Japanease
colubrid snake, Yamakagashi, Rhabdophis
tigrinus tigrinus (BOIE). 1. Study on the
toxicity of the venom. Snake, 15, 7-13, 1983.

Sakai, A. and Sawai, Y.!: Studies of the
pathogenesis of envenomation of Yamakagashi,
Rhabdophis tigrinus tigrinus (BOIE). 2.
Immunogencity of the venom. Snake, 16, 21-26,
1984.

Sakai, A., Hatsuse, M. and Sawai, Y.: Study on the
pathogenesis of envenomation by the Japanese
colubrid snake, Yamakagashi, Rhabdophis
tigrinus tigrinus. 4. Hematological and
histological studies. Snake, 22, 11-19, 1990.

Takeuchi, H., Ota, H., OH, H. and Hikida, T.: Extensive genetic
divergence in the East Asian natricine snake, Rhabdophis
tigrinus (Serpentes: Colubridae), with special reference to
prominent geographical differentiation of the mitochondrial
cytochrome b gene in Japanese populations. Biological Journal
of the Linnean Society, 105, 395-408, 2012.
(https://academic.oup.com/biolinnean/article/105/2/395/2452601
)

Uchida, T., Naito, S., Horino, A., Taneichi, M.,
Mizuguchi, J., Nakano, Y., Oka, T., Ookuma, K.,
Morokuma, K., Sakurai, S. and Komuro, K.:
Ovalbumin coupled either with murine red blood
cells or liposome induces IgG but not IgEk
antibody production. Developments in Biological
Standardization, 92, 353-363, 1998.

Ueno, D., Shiino Y., Takahashi, J., Miyamoto, S. and Inoue, T.: A
fatal case of traumatic brain injury with severe coagulopathy
due to Rhabdophis tigrinus (yamakagashi) bites: a case report.
International Journal of Emergency Medicine, 14, 1-4, 2021.
(https://doi.org/10.1186/5s12245-021-00402-4)

Wakamatsu, T., Kawamura, Y. and Sawai, Y.: A

70


https://academic.oup.com/biolinnean/article/105/2/395/2452601
https://academic.oup.com/biolinnean/article/105/2/395/2452601
https://doi.org/10.1186/s12245-021-00402-4

successful trial of Yamakagashi antivenom.
Snake, 18, 4-5, 1986.

Zotz, R.B., Mebs, D., Hirche, H. and Paar, D.:
Hemostatic changes due to the venom gland
extract of the red-necked keelback snake
(Rhabdophis subminiatus). Toxicon, 29, 1501-
1508, 1991.

(https://doi.org/10.1016/0041-0101(91)90006-D)

ERINFR, aBE&EmR: 777 vy FrrickdHEEREORIFE. B
LT, 627-631, 1952,

B ML, M LW -, HEEK, TARAE -, WMEER, FARZZ: ¥ A&
VWAE 46 Bl O WRET. A KK SR 2, 59, 1754-1759, 1998.
B R W Fue 12 FEE N T XK FEOME, BIRE R &G AL R

Bk, 1-19, 2001.

B B R Fu 30 FEE NTHREFXEOME, BERERI L L KERE
Al BB AR, 1-32, 2019.

fo ¥ A& ¥ MANIAX: ¥~ % # v, 2017.
(https://kiken.etc64.com/yamakagashi/)

IEEESE, HF)IAMKL, WRER, SALE, TEHEH, NEMA, A O
SH, ZHEZ, Exr KZE: LE B UKIE O 16, 5K, 45,
133-136, 2003.

ARz, MELKH, BRKEE, FEF: ~ o K MHE 50 6 O KR
BR . H KBRS R F R EE, 56, 186-189, 1995.

INEFE, RS, ROk —, BREM, PBAEE, FEE -, IR
#E LAV BOBKNBRE. A REFDHMHEE, 12, 158-161,
1994.

BEAETBHE: R Ly ~vhiBaREBEITDLNER). £HFHH
A F i, 230-232, 2004a.
(https://www.niid.go.jp/niid/ja/mrbp.html)

BEAETBE: RISV BRMBISETER). £Y9 FHHHE
#,136-138, 2004Db.
(https://www.niid.go.jp/niid/ja/mrbp.html).

BOH K FERLILEE R AR FH R B AR RS EE AR
BHRHOLOONBEROME - & X7 0B ICHET 505
SEE G F IR T — & N — %, 1, 1999,

(https://mhlw-
grants.niph.go.jp/niph/search/NIDDO00.do?resrchNum=19990004
3A)

HoWmER: miew . 2 EF, 8, 1378-1383, 1979.

BB IEAND = LY 114 Bl O BRE. A AMANF F 255, 49, 1923-
1928, 1988.

HREE: HARERFEHD — B E KW I HOKE R RS OIS,

71


https://doi.org/10.1016/0041-0101(91)90006-D
https://kiken.etc64.com/
https://kiken.etc64.com/
https://kiken.etc64.com/yamakagashi/
https://www.niid.go.jp/niid/ja/mrbp.html
https://mhlw-grants.niph.go.jp/niph/search/NIDD00.do?resrchNum=199900043A
https://mhlw-grants.niph.go.jp/niph/search/NIDD00.do?resrchNum=199900043A
https://mhlw-grants.niph.go.jp/niph/search/NIDD00.do?resrchNum=199900043A

p63, E ¥ ER (), H, 1982.

RAEH, KRB R KBETF AGHE: i "7 FE N ERHFED
BEBE 2 D W T MR R B FE P #, 50, 57-61, 2016.
(https://www.pref.okinawa.lg.jp/site/hoken/eiken/syoho/docume
nts/50-p57-61.pdf)

Ly, =T E, MEEHE, NEBRZ: YRS T 5 EKE O EE.
B R T B E R AE, 42, 18-21, 1994,

HiLE —: HEOREFLNINE. BRI BONNTRBOHFEOWLE., AKX
A E A EE, 20, 21-26, 1965,

HiLE —: 3 S XA R, o Foon> P72z, EIMTBREEAER
R FERKSMW, 221-226, H#E(KE), H A, 1994.

MERAMES: T LRER. 20D A, 165-166, 1996a.

MERFHE: IS EZE. L/ FEFDHww AR, 167-168, 1996D.

W, MiEnr, A%, SHEZ: 2EHMEICE D 2001 FI2B1T 5
~ ANV RGEREE B OMWE.FEHNHE, 22, 367-368, 2009.

BWiE: HEWIE( LY, Y~ H)D B Wr & IR . #EH I, 26,
193-199, 2013.

B E: fimRoBKR. mFpr# FH, 11, 19-33, 2002.

THE—: Y~ H . WA R, 2/, 74-75, fEHE N K
D, H L, 1983.

KILFE, W TFFEIL, KW, M HM =, E¥H, @A EAN: v~ L& K
% 155 5l © R K W& 2. A F, 41, 1819-1823, 1986.

B, RAFH, WHBIEBEH: v & KAEOBIK, FI2Xx 0FERKICD
WT. HAEFFHK, 2095, 12-21, 1964.

SR EA v~ H v € R A 800 FE XM, B 3 i, 324-325,
= — X (kk), # &I, 2002.

FRK, BH#M M DICZEELEY~DH VKIEB KBLERIOY
~ A A ERMERN . HAE FH#, 3240, 32-34, 1986.

WM, B ER, M EER: 7 (Trimeresurus flavoviridis) K&
NV ¥ v~ 7 (Trimeresurus elegans) & O & IR & M O & & 89 4F
%2 . Snake, 5, 168-173, 1973.

RKARER, REER, PHAEAN, KW, F EEX: ~2vKEOD
mEMRIC T 52 WMEOH O R, A ALK F 2 G, 53,
2243-2247, 1992.

LE®—, aBills, rfiMme, REH R ~AvKEBICLIAHETE
N A&. H KB A, 49, 1347-1353, 1991.

72


https://www.pref.okinawa.lg.jp/site/hoken/eiken/syoho/documents/50-p57-61.pdf
https://www.pref.okinawa.lg.jp/site/hoken/eiken/syoho/documents/50-p57-61.pdf

Fig. 8 X ' Table

73



Anomalepididae
— Scolecophidia — Leptotyphlopidae
Gerrhopilidae

I Xenotyphlopidae
Typhlopidae

Aniliidae
Serpentes — —I

Tropidophiidae

Xenophidiidae

I Cylindrophiidae
—— Alethinophidia —| L Uropeltoidea — Anomochilidac

Uropeltidae

Bolyeriidae
— Booidca Boidae

Xenopeltidae
L Pythonoidea—l_' Pythonidae
— Macrostomata Loxocemidae

Acrochordidac

Caenophidia —

Xenodermatidae

L— Colubroidea

Parcatidac

Viperidae

Dipsadid
LLamprophiidae
Natricidae

Elapidae
Pscudoxenodontidae

Rhabdophis tigrinus

N

Fig. 1. Phylogeny of snake species.
(Source; Mohamed, 2019, https://doi.orqg/10.3390/toxins11100564)
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Captured in Chugoku region

Appearance (snake color variation) of Yamakagashi (Rhabdophis tigrinus).
Photos were referred from the pamphlet "Snake Identification and Diagnosis of Viper Snake Bite"
created by the Health and Labor Sciences Research Project "Regulatory Science Research Project

for Pharmaceuticals and Medical Devices" on 2011.

Fig. 2.
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Fig. 3.

Yamakagashi (Rhabdophis tigrinus) Mamushi (Gloydius blomhoffii)

Difference between the fangs of Yamakagashi (Rhabdophis tigrinus) and Mamushi

(Gloydius blomhoffii) .

Based on the pamphlet "Snake Identification and Diagnosis of Viper Snake Bite" created by the
Health and Labor Sciences Research Project "Regulatory Science Research Project for
Pharmaceuticals and Medical Devices" on 2011. The Yamakagashi’s fangs are not tubular like Mamushi’s
fangs, but are located slightly behind the mouth. The length of the fangs is short, about 2 mm. There is
an opening of the Duvernoy's glands at the base of the fangs. The Mamushi's fangs are very fine, and if
bitten, the wound becomes two stabs at approximately 1 cm intervals.
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INTRINSIC PATHWAY EXTRINSIC PATHWAY

Xila
‘
Xia Tissue Factor
rilh:
IXa

VIl - TF v |-
: v
Prothrombin (I1) Thrombin (11a)

, \
Activate Fibrinogen | Fibrin |
> Xllla

[ Yamakagashi venom ] tPA

Xa

Fibrin Clot

asminogen asmin
P‘ ? (\ PI »
Fibrin degradation products

Fig. 4. Elements of the coagulation cascade with anticoagulant and thrombolytic medication

interactions.

Warfarin inhibits biologic activation of factors II, VII, IX, and X as well as proteins C and
S (not shown) . Heparin binds with antithrombin III to primarily inhibit factors Xa and thrombin
(ITa) . Direct Xa and thrombin (IIa) inhibitors interact with their respective factors. Tissue
plasminogen activator (tPA) acts in the fibrin clot lysis pathway. Yamakagashi wvenom has
prothrombin (II)-activating properties.

(Source; Lazzaro, 2010, https://www.researchgate.net/publication/49729901)
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Snake venom

|
| |

Proteins and peptides components Non-proteins and peptides components

(Metal ions, carbohydrates, nucleosides, free amino acids, lipids)

Enzymatic properties Non-enzymatic properties
- Three-finger toxins (3FTXs)

- Proteolytic enzymes 2 inhibi
- Metalloproteinases (SVMPs) =EAelERE R RIDIa

- Snacl C-type lecti
- Serine proteinases (SVSPs) naclecs (C:type lecting)

) - Nerve growth factors
- Arginine ester hydrolases
- Bradykinin-potentiating peptides
- Hyaluronidases

- Phospholipase A2 (PLA2)
- Acetylcholinesterase (AChE)

- Natriuretic peptides
- Cysteine-rich secretory proteins

- Sarafotoxins

- Nucleases - Cobra venom factors (CVF)
- L-amino-acid oxidase (LAAO) - Vascular endothelial growth factors
4 - Waprins
- Vespryns

- Veficolins

Fig. 5. Snake venom composition.
(Source; Mohamed, 2019, https://doi.org/10.3390/toxinsl11100564)
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I Snake venom extraction [ Snake venom composition & biological activities NN Snake venom components as drugs [N

Fig. 6.

—_——————

-
. Ple '.""-.,._‘~
td
e s
~
TN
. ;’/ Disintegrin 3.8% \\ v
»y SAMRUDE _ BPP 10.7% ‘-.\ G
/ p N D
! 1AAO3I% Y ——
- \
!
! SVSP5.4% H 1
i
: i [ \
\ ! Approved drug Clinical evaluation
\ CTL167% !
\ /
\ PLA,9.3% 7 . )
\\ ? VEGF 1.7% / Captopril® Alfimeprase
/
- \\\ CRISF 1.2% Unknown 6.6% ’f
—
Toxicological effects Pharmacological effects
Cyotoxicity Neuroreceptors
Neurotoxicity Antitumoral . 5
Myotoxicity Cellular signaling =
Hemorrhge { Antimicrobial ] ‘

Treatment of hypertension
and cardiovascular
diseases

Treatmentof acute
peripheral arterial occlusion

A schematic representation of snake venoms, aiming to assess the significance
of snake venoms as a resource of novel drugs.

Snake Venom Metalloproteinase (SVMP) , Phospholipase A2 (PLA2), Cysteine-rich secretory protein
(CRISP), Vascular Endothelial Growth Factor (VEGF), C-type lectin-like toxin (CTL), Serine
proteinase (SVSP), L-amino acid oxidase (LAAO), Bradykinin Potentiating Peptide (BPP).
(Source; Mohamed, 2019, https://doi.org/10.3390/toxinsl11100564)
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50pL of Yamakagashi venom + 50 pL of antivenom

(After mixing, at 37°C for 30 minutes)

+——2Add 0.1 mL of CaCl2 solution

+«——Add 0.1 mL of normal rat plasma

(After mixing, at 37°C)

v

Measure the coagulation time

Fig. 7. Procedure for measuring anticoagulant activity of Rhabdophis tigrinus antivenom.
The amount of venom that coagulates in 20 seconds is calculated from the dose-response line

between the amount of venom and coagulation time. The neutralization titer (anticoagulant
activity) of the antivenom is calculated from the difference between with the venom control.
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0.1mL of Yamakagashi venom + 0.1lmL of antivenom

(After mixing, at room temperature for 1 hour)

v

0.2 mL of reaction solution was injected intradermally into the rabbit

v
Determine on the following day

Fig. 8. Procedure for measuring antihemorrhagic activity (Rabbit intradermal test) of

Rhabdophis tigrinus antivenom.
The neutralization titer (antihemorrhagic activity) of the antivenom was calculated from the
highest dilution of the antivenom that neutralizes the hemorrhagic activity of wvenom (10

mm-hemorrhagic spots).
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Healthy horse

!

Venom-injection = cceeeeeess R. tigrinus venom-injection subcutaneously

Blood collection ~  sreereeeees Partly blood collection and serum centrifugation

v

Crude antivenom material

Purification e Dilution, pH-adjustment
Digestion by pepsin
pH-adjustment
Salting-out

Dialysis ~  weeseeseee Dialysis, pH-adjustment
Aseptic filtration

Bulk material

v

Addition of solution sseeseseee Addition of stabilizer, Dilution
l Aseptic filtration

Final bulk

Filling

v

Lyophilization, Sealing

y

Final product (R. tigrinus antivenom)

Fig. 9. Procedure of purification of Rhabdophis tigrinus antivenom.
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Fig. 10. Original of Freeze-dried anti-Yamakagashi, Equine Antivenom (Lot 0001).
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11. Change of Rhabdophis tigrinus antivenom-titer in horse immunized
by a conventional method (Number of horse is 1313.).
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Fig.

Booster dose (venom, mg) .
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12. Change of Rhabdophis tigrinus antivenom-titer in horse immunized
by liposome-treated venom (Number of horse is 1319.).
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(densitometry

Crude antivenom (serum), equine

'1‘/,zAlbumin

{ | Gldbulin

(=)

Fig. 13.

pattern)

R. tigrinus antivenom, equine

Globulin

) (=)

Cellulose acetate membrane electrophoresis of Rhabdophis tigrinus antivenom.

The purity analysis of the crude serum revealed the peaks of albumin and globulin,

while the purified antivenom only showed immunoglobulins peaks (y-globulin and
T-globulin) without the evidence of albumin.
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Anti-NHS

Fig. 14.

No albumin sedimentation line

|

R. tigrinus antivenom, equine
—

Normal horse serum (NHS)

Immunoelectrophoresis of Rhabdophis tigrinus antivenom.

The normal horse serum (NHS) was almost completely composed of horse plasma proteins
that reacted with the goat anti- (horse whole serum) antiserum. On the other hand,

the Rhabdophis tigrinus antivenom was of high purity and only showed bands for
immunoglobulins (g-globulin and T-globulin) with no albumin band.
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Table 1. Snake venom-based drugs in the market and in clinical trials.
Protein/Peptide Lead source Pharmacology Indication
Captopril® Bothrops jararaca Inhibiting Hypertension

Aggrastat®(Tirofiban)

Integrilin®
(Eptifibatide)

Defibrase®/Reptilase®

(Batroxobin)

Hemocoagulase®

Exanta® (Ximelagatran)

Echis carinatus

Sistrurus miliarus
barbouri

Bothrops atrox &
B. moojeni

Bothrops atrox

Cobra venom

angiotensin-converting
enzyme.

Glycoprotein
IIb/IITIa inhibitors.

Glycoprotein (GP)
IIb/IITIa inhibitors.

Converts fibrinogen

into fibrin.

Catalyzes the coagulation
of the blood.

Direct thrombin inhibitors.

Heart attack

Acute coronary syndrome

Stroke, pulmonary embolism,
deep vein thrombosis and
myocardial infarction

Plastic surgery, abdominal
surgery, and human vitrectomy

Thromboembolic complications
of atrial fibrillation

In clinical

Alfimeprase®

Viprinex® (Ancrod)

Agkistrodon contortrix

Agkistrodon rhodostoma

Thrombolytic activity.

Defibrinogenating agent.

Acute peripheral arterial
occlusion

Acute ischemic stroke

Mohamed, 2019.

(https:

//doi.org/10.3390/toxins11100564)
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Table 2. Past human cases of snake bite by Yamakagashi (Rhabdophis tigrinus) in which antivenom
had not been applied.

Victim
Case ,itcome Date!
no Age Symptoms Treatment
1 Fatal 1978. 09 61 Abnormal blood coagulation Died 2 months later (Pulmonary edema).
2 1984. 09 14 DICZ), Intracerebral hemorrhage, Severe headache Died 10 days later (Intracerebral hemorrhage) .
3 1993. 04 76 Systemic subcutaneous bleeding, DIC. Died 62 hours later (Multiple organ failure).
Decreased blood pressure, Headache, Dyspnea
4 Survive 1974. 04 12 DIC, Acute renal failure (—Chronic) Long-term hemodialysis.
5 1980. 09 14 Systemic bleeding, DIC, Hematuria, Anuria, Platelet infusion, Hemodialysis.
Acute renal failure (— Chronic) Fresh blood transfusion.
Blood coagulation system normalized after 10 days.
6 1981. 08 61 Systemic bleeding, DIC, Acute renal failure, Peritoneal perfusion, Hemodialysis.
Brown urine, Oliguria Plasma exchange, Normalized after 28 days.
7 1983. 09 66 Systemic subcutaneous bleeding, DIC, Hematuria Plasma exchange, Discharged after 55 days.
8 1993. 10 43 Systemic bleeding, Vomiting, Hematemesis, Plasma exchange, Concentrated red blood cell infusion.

Oliguria, Hematuria, DIC, Acute renal failure

Hemodialysis, Normalized after 1 month.

1) Date victim was bitten by snake.

2) Disseminated Intravascular Clotting.
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Table 3.

Past human cases of snake bite by Yamakagashi (Rhabdophis tigrinus) in

antivenom injection had been conducted.

which

Victim
Case Date! Treatment
no. Age Symptoms
Antivenom®’ Progress
1 1985. 06 50 gsystemic bleeding, DIC“, 50 hours Normalized after 5 days.
Occult blood in urine (+++)
2 1986. 06 12 Bleeding tendency, DIC, Headache 31 hours Appearance of allergic reaction.
Discharged after 14 days.
3 1987. 06 20 Bleeding tendency, DIC 30 hours Recovered after 4 days.
4 1987. 09 9 Bleeding tendency, DIC, Hematuria 44 hours Complete recovery after 4 days.
5 1989. 05 40 Bleeding tendency, 32 hours Decrease in severity of symptoms.
Abnormal blood coagulation, Hematuria
6 1990. 10 6 Bleeding tendency, DIC 22 hours Discharged after 4 days.
7% 1991. 08 67 Bleeding tendency, Hematuria 15 and 27 hours Symptom severity decreased after 9 days.
8 1991. 09 52 Bleeding tendency, DIC, 6 days Hemodialysis,
Acute renal failure, Hematemesis Recovered after 25 days.
9 1995. 07 65 Bleeding tendency, DIC 2 days Discharged after 7 days.
10 1996. 06 12 Bleeding tendency, DIC, Headache 4 days Discharged after 10 days.
11 1997. 08 63 DIC 30 hours Discharged after 11 days.
1) Date victim was bitten by snake.
2) Time from bitten to antivenom administration (injection) started.
3) Disseminated Intravascular Clotting.
4) Female.
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Table 4. Property test! for Freeze-dried Yamakagashi Antivenom, Equine (Lot 0001).

Values
Item examined Results
Present study Normal range
Moisture content 0.32% 3.0 % or less passed
pH 7.10 6.8~7.4 passed
Protein content 30.8 mg/mL — passed
Sterility No organisms — passed
Test for freedom from abnormal toxicity Normal — passed
Pyrogen test 0.39°C? 0.8C or less passed

Potency test:
Anti-coagulant activity

Anti-hemorrhagic activity

FEach vial neutralized 4 mg of venom.

Each vial neutralized 13 mg of venom.

1) General pharmaceutical properties as specified for other freeze-dried equine antivenom products in the

Minimum Requirements for Biological Products of Japan was conducted.

2) Total increase in body temperature of the two rabbits used in the test.
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Table 5. Stability test for Yamakagashi Antivenom, Equine (Lot 0001) until 2020.

Year tested 2000 2012 2013 2015 2016 2017 2018 2019 2020
(Years since manufacture) (0) (12th) (13th) (15th) (leth) (17th) (18th) (19th) (20th)
Property Normal'’ Normal Normal Normal Normal Normal Normal Normal Normal
Dissolution time (Second) 79 81 185 _2) 107 114 146 133 91
Moisture content (%) 0.26 0.35 0.48 0.46 0.47 0.57 0.53 0.67 0.73
Insoluble foreign matter” pass - pass - - - - - -
Osmotic pressure ratio 1.25 - 1.19 - - - - - _
pH 7.13 7.18 7.12 - - - - - -
Protein content (mg/mL) 29.8 31.7 30.4 - - - - - _
Endotoxin content (EU/mL) <0.004 <0.020 0.020 _ _ _ _ _ _
Sterility4) pass pass pass - - - - - -
Test for freedom from abnormal toxicity pass pass pass pass pass pass pass pass pass
Pyrogen test (C)” 0.17  0.11 0.12 - - - - - -
Potency test:

Anti-coagulant activity (Wt. of venom)6) 4 mg - 16.9 mg - - 15.6 mg - - -

Not tested.
"pass" means "Not recognized".

"pass" means that there are no organisms.

o U b w NN
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Pale yellow dry formulation, slightly yellowish liquid after dissolution.

Total increase in body temperature of the 3 rabbits used in the test.

Weight of venom neutralized. The neutralizing antibody titer of antivenom was calculated as the dose
of R. tigrinus venom inducing coagulation in vitro using normal rat plasma.



Table 6.

Yamakagashi Antivenom, Equine (Lot 0001) had been administered.

Past human cases of snake bite by Yamakagashi (Rhabdophis tigrinus) in which

Victim

Case Date" . 2)
. L n
no. (Time) ocatio

Age Sex Symptoms

Treatment

Antivenom

Progress

1 2001.07.11 Saitama
(08:30)

5 Male Biten on left index finger,
Bleeding tendency,
Subcutaneous hemorrhage
(next day),

Nose bleeding, DIC3%
Suspecting Mamushi bite

Mamushi antivenom administered.
Heparin and Fusan® administrated.
Plasma exchange.

Bleeding tendency did not improve.
Diagnosis of Yamakagashi bite.
Yamakagashi antivenom administered
after 2 days.

Prednisolone was administered to
prevent serum sickness.

Recovered after 2 days.

2 2011.10.07 Nagasaki 38 Male Bitten for one minute,
(16:40) Sever headache,
Blood coagulation failure,
Bleeding tendency,
Brown urine, DIC,
Diagnosis of Yamakagashi bite

Two vials of Yamakagashi antivenom
administered after 7 hours.
Antihistamine and steroid were pre-
administered to prevent serum
sickness.

Recovered next day.
No adverse reactions.

1) The time victim was bitten by snake.
2) Prefectures in Japan.

3) Disseminated Intravascular Clotting.
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Table 7. Human cases of snake bite by Yamakagashi (Rhabdophis tigrinus) in which Yamakagashi
Antivenom ,Equine (Lot 000l1) after 17 years of manufacture had been administered.

Victim
Case Date’ .2
. Location Treatment
no. (Time) Age Sex Symptoms
Antivenom Progress
1 2017.07.25 Fukuoka 10 MaleBitten for 5 minutes, Thrombomodulin administered Discharged after 4 days.
(02:30) FDP3) was 70ug/mL, at 20:00.
Fibrinogen was 100mg/dL (19:30), Yamékégashi antivenom
Serious DIC“, adm}n%stergd at 23:00. .
Diagnosis of Yamakagashi bite Antlhlstamlng gnd steroid
were pre-administered to
prevent serum sickness.
2 2017.07.29 Hyogo 10 Male Bitten on right wrist by a 60cm snake, Yamakagashi antivenom Regained consciousness
(18:30) Wounds continued to bleed, administered after 16 hours. after administration of
Headache, No adverse reactions. antivenom.
Yamakagashi bite not suspected at first, Discharged after 4 days.
FDP was 800ug/mL,
Fibrinogen was below sensitivity at 19:30
and 0:00,
Diagnosis of Yamakagashi bite,
Become unconscious
1) The time victim was bitten by snake.
2) Prefectures in Japan.
3) Fibrin Degradation Product.
4) Disseminated Intravascular Clotting.
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Table 8. Differences between

Yamakagashi, Mamushi and Habu bites.®

Viper bite

Symptoms Severe Mamushi bite .
Yamakagashi bite Habu bite
(Grade I, I, ID
swellin _ Local only~elbow and knee joints Local only~elbow and knee joints
g (Grade I, 0O, I (Grade I, 0O, I
Pain — —~+ +++ (Dull pain)
Bleeding tendency +++ +++ + (Hemolytic)
Appearance time Several times ~ 1 day Within a few hours Several times ~ 1 day
(Gum flesh, Injection site, (Injection site, Digestive
Digestive tube, Bleeding spots) tube, Bleeding spots)
Abnormalities of the Decreased fibrinogen —~+

Platelets later decreased
etc

coagulation system
g Y ! Increased fibrinolytic activity

Platelets decrease in a few hours

(Admitted in severe cases)

Decreased blood pressure —

Rapid
(A few hours after the award)

+ (Severe cases only)

Abnormal urine Hemoglobinuria

Myoglobinuria, Hematuria

Hematuria (Severe cases only)

Transient severe headache
DIC

Acute renal failure
Hemorrhage

Other

Diplopia

Respiratory insufficiency
Cardiac insufficiency
Acute renal insufficiency

Local necrosis
Blistering
Dysfunction

A few days to 10 days

(Case of internal bleeding in the brain)

Time to death

l~few days

With in lday

Habitat All of Japan except Hokkaido

All of Japan except Okinawa

Okinawa and Kagoshima islands

a, Modified from Sakai, 2013.
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