allb
p3-688C-691tr

wild-type
allbp3

allb-959C-960tr allb-595N-959C-960tr
B3 B3

anti-allb
(PL98DF6)

anti-p3
(7E3)

anti-allbp3
(PT25-2)

p
3
3
4
3
4
3
3
3

102 10" 102 103 10° 10" 102 103 100 10" 102 10% 100 10" 102 10 10%

3. EEE N AA U RIEE Cys BRDolIbB3 HHIZE X 58

IIT. 7EEadlbfs DB

ollb &B3 OIMIFOREEE KA A LI
% KAB L7 "liatEalIbp3 2 CHO ARARIZ 3
L, "oRZ Ty MECTHREED
L A1T > 7=, 7B, ollb cDNA &3
cDNA %#ERZFLIEIZ T CHO i EA
L. 4 8EfffieiEE EEEZEIR L, K4
13553 B3 10ul 4 SDS-PAGE TR L /-
% PVDF JE|CERE L, anti-B3 mAb @
VNR5-2 Z FHWT EEFDBR3 AR L
7=t D TH D, SDS-PAGE Tidallb &3
ITfREE L CUkENT A7, B3 XN TEN
85kDa DE—D /N K& LTRH S,
fEF L7 cDNA 7 u— Il Xk 2EEIH5
H OO, B A A ollbp3  ( solwt ;
alTb-960tr/B3-691tr) (ZH~ Q595NTT 24
HIE (s0l-Q5I5NTT ; allb-595N-960tr/
B3-691tr) DFIEITEHETET L T,
—7%., odlb £B3 OENZ AR AN T
4 FEAZEALLEZLOTIE, ollb &3
MEFEHEETHEALTWVWDI D

56

SDS-PAGE ETHEEEL 22V, 20720
RIS 135 849 250kDa D3 K& LT
RS z2s, —EiE 85kDa /x> K&
L TR ENTZ, BEETIIVALVT 4 R
BwEE bRV b0 & FEOMER DI S i,
AR odIbR3 (sol-wt-cl ; allb-959C-960tr/
B3-688C-691tr) Tk~ QBI5NTT ZEE(K

(s0l-Q595NTTcl ; ollb-595N-959C-
960tr/B3-688C-691tr) DFIITIK T L T\
e

WA, BEE R Aol IbB3 DEEA R
252 BB LT, K5/&1% CHO
BRIz ATEE M EolIbB3 B T2 EA L=
DRI EARODELEZELIZHDT
b5, BAL-ELGFI. ARV AL
7 4 FHEA%EDH D s0l-Q595NTTcl

(oIIb-595N-959C-960tr/B3-688C-691tr)
Th b, F5%& 1iE 10ul 2 SDS-PAGE TE
B L7-% PVDF JEIZEZE L, anti-B3 mAb
® VNR5-2 # W TEs#E FETOB3 %27
L7, BETEAR 48 FFfE 6 5 H



VNR5-2/NR VNR5-2/R

VNR5-2 /NR

(KDa)
250
150

4. TFAEMEalIbp3 DFIR

£ OEARIIEMT B2, TOHBIIERL

RN Lot £77, odlb & VAL
74 FREEEFERL TWRVBS (OFE
90kDa) %, BEEEERICKE L CHENT 5

B BT, B 5 AL A oIS E
AENMITE—7 IET A5E 4 H B OB
B EEFOBS ZRFAL LB DTH D, A

THIZEA L=V AT 4 RiESOHEL,
B R EEERIIR X BB TR 2 Teh o

77o L L. QBOSNTT ZBREOAE L, FE
ABIIRESEETDHZ ERbhotz, T

NHDOFERIT 1T @ FACS % N T-fRMTHE
BL—FHLTEY, QPISNTT EENFANE
Mollbp3 FEAEICERELY RITTZ &0
Amanrz,

IV, a[5allbB3 DfEH!
I CEAEDEWIIE D H OO, AANE
olIbB3 MEAFRETH D = b -T2,

57

WDAT 7 TClE, FlEtEallbp3 Z55E b
BHLORERL, BT 22 & xR BT,
BIEFEA% 5 BB LEE LG
50ml Z[E[% L. RGD-Sepharose Beads 5
ml & 4 CloC—HrEsERRM L7, @0 LT
T FiEA L D RE Beads 2EEE L7214,
5mM EDTA #& A7Z"y 7 7 —5ml &8
L TREE L2 o7 2R Lz, Rk
DOEMEE 4 FRED IR AT 7, X6 135EE
&, FEY ., BHROASE 10p] Fo
allbB3 # V=R &7 ay METHNE
HLOTH S, 52 FIED I3 & 90kDa
DR RS-, BEYSENS G
B UFEONN RPBRE IS, 5EE
HFIZHARZFOREIZIZE A LD LT
Not-, WHIRSEN S S 85kDa D/
RSN b D0, FOEIImD T
A oY e



VNR5-2/NR

- 50
~ 37
- 20
1 2 3456 7 8
v’o é’o 0}0'%'6\ ® A &P
o O O O
®, O LY D 9
%% %%%% %
CHO sol-Q595NTT-cl#8

VNR5-2/NR
(KDa)
250
— 150
- 100
78
- 50
- 37
12345
AN
%22 % %
2% %%
> 'S, %G
N
A 2
> %
P

4 days past transfection

5. AEEMEallbB3 FELEDRIFIZE L

D. B

ARz Brid, H12V 8F|oee 2
=5 —35% LT, [FEEORFHIES i
MNTHIETHD, ZIVETORENS,
/MR & B\ EF U B s % A
WBIEEIL, FERSHIOREEIC K E <
KFETH0, BHRECHERS D Z &8
HEA L7z, I HOAXT-HIREIC L5 Rk
TEZZHSRT A0, BTEEDOHIZETIE
AR R OBIEE, FFIZ SPR EITLD
H12V &ollbB3 OEHEEES ORIEEDR
SEAT o1z, ZOFETIL, olIbp3 % CM5
o —FyFICEENRL, ED LI
H12V ZEA L TRETORICAE LI EE
Zit (SPR OZAl) ZREEHITAIET 5,

58

THITEY ., FEEEETER. MREEEE TR
DEHMNFREL 72D, H¥H), B —F
FIZEENT Hallbpd DY —RZ &L LT
olTbB3 FEMAEEE AV 2, FLEiEmAl<
MEEEZTELEL, BRSO
RGD-Sepharose Beads % V> Tollbp3 %
T4 =T 4L, ZoBRIIbp3
% Hlallbp3 £/ 7 o —F V% VT
Mg o —F » FICE BT 551k
ERATDNEE A FBEE LS h Tz,
Z T, BEEE Y —F o IR IbR3
Z[EE L H12V OFEE 2R~z BEEk
FEnmbon, H12V Off&i3e< #i2
Shiehote, £, FyICEE L
alIbB3 124 B Hiallbp3 £/ 7 v —F /L



PFURDREE BN L ZALEE L
ST, ZNHDOFERNG, allbp3 23D
B CEMHLZEEZ N, F—DEK
& LT REIENEROERNE 2 -,

F I CHEER, RmEmiEHAlEERET
(ZadIbp3 ZAEHT 5 FiE 2R AT, ollbB3
ISR S —REET A [ AEY VR0
ThH D, ZD=Hollbp3 ZAERIT 572012
. FENEMERAE O CHRaIE A b L
RFIUTe B, ZOREAERET A7
O, FOEEERNAA LUBEOT I/ BRED
Bl & RE L, MIAMI W S 5 A
alIbB3 DYERLEAT 272 Z D BEIDTZDIZ,
B FHAAME X FfT AV Collb #4. B3
HOZNENOIEERE N A A FHIOT I
VBRI EIEa RU2E AL, 254
FEEEO A MEalIbB3 235t L7z (1),
—DIIEEE N A A L UBE KETHDH
T, TNUSMIBFAR L FE CEES % o
sol-wt (alIb-960tr/B3-691tr). & 5 —2i%
ollb SHEDOMBEN R A A ICEEER O
Q595NTT £ £ 2 1 > s0l-QFI5NTT

(oIIb-595N-960tr/33-691tr) THh 5D,
LT, Z#bDallb $8 & B3 #5D C Fimnd
HEWIZVALT 4 FEETHEAE L
sol-wt-cl (alIb-959C-960tr/B3-688C-691tr
). s0l-Q595NTTcl (allb-595N-959C-96
Otr/B3-688C-691tr) TH B,

TS DOEEMIIb3 XA E £ S
722 FACS I L A ST I IR T EE
Thb, £ZTallb $5EB3 HOEHHM
R ZBAER L5 2 & CRlEERE TO
FHEAAEEL L, FACS TEELZEALZ
HEHORBEBEOHEEZT->72 (K2, K3),
B3 BHOIEEE N AA VUBERE L
B3-691tr, P3-688C-691tr (L, KIBL 72\
B ARIRS IZHABBEITER T LT,

ollb SHOEERE KA A LIEE KRB LT
oIIb-960tr, allb-959C-960tr T, KiE
L2V B ARG (2R TRBERT A
P BTz, FRESE R A A 42 QR95NTT &

59

(KDa)
— 250
150
100
75
- 50
- 37
QO 0 O O 6 6
2% %% %% %%
C. Qe % % % %
'&Q%%QQ&Q‘*@
e e 3R SOH%
%%, 5%
5 5%%
E
>

6. AAEMtEIIbBS DT 7 4 =F 4 —kEH

B % b 0 allb-595N-960tr .  ollb-595N-
959C-960tr Tl B2 2 HKHEDK T MR
Do, TNHORERIE, BEEERNAA
VUBEDRIE, C KD Cys BEIL. ollb
$H B3 SHORTUCERE Clid 2 0N ERE
ERIET Nz, EHIT,
QBISNTT BRI N HDOER LA ED
HAHZEIZLEVallb SHOBBIIKRERE
BE B 25T LA L, AW CEM
T %allbB3 Tid, BELIZER T HIEE
At A ATREZR IR O #f] L2 Aude B 7auy,
Q595NTT T odlb 5 @ & R & %
extended form IZEETHI LITLD,
olIbB3 % ENEMEIZHERF T 2R TH D,
T, AFZETHW D odIbB3 (123 TiE
RBIRWVERTH DI, LIk ZDER
EE ORI EIT ST,

WIZ, allb $5EB3 SHOMFTOIEER B
AA LR RIE LT R EAR A CHO #iR
ICHB L, R EEPICawW S zollbp3
DT EAT -T2, VT AZ T 1y MEIZ
LA, FRLEZn—ick b=



ZH5HDOD, sol-wt, sol-Q5I5NTT D |-
BHROFHETITIFE CChoTz, —7,
FACS |2 X Dt CREEK TN E S
72 sol-QB95NTTcl & 5538 FIEH OFEHMN
WS-, ZE R QBISNTT A /-7
VY sol-wt-el IZHE~SKIE IR T LT

(4), sol-wt-cl, sol-Qh95NTTcl I,
ollb 5 B3 $H° C Kl TP ANT 1 ik
EER L TWDHT2D, T8k 250kDa
DHF Ry & LTSz, DT 70Tk
HOHMN, VANVT 4 FFEEETRL LRV
FEBH 85kDa D3 R RSz, =
NOEDFERITIFT AT =7 a LT
5 48 FfiEDORFE LIERO LD Th 5,
FITChIvAT7=rvartk, MBRIC
B2 RIFR OFBD R KRITR DD ETND
7o, IR BEOE L E A~ (X
5) TORER, NT ATz athd
H225 5 HE CHRAEIIFML, D%
AL EMHBALT, RV AT =
7 va %4 B EORB A HATRER T,
sol-wt & sol-QB95NTT DFIEIIZIZIR
CToh o7z, sol'wtel & sol-Q595NTT-cl
D Tk, solwtel 12 b N T
sol-QB95NTT-cl DFEEEITKIHITIET
LTz, LA, sol-Q595NTT-cl DFH
1 sol-wt = sol-QB95NTT & IEIEFEETH
n., ERFEELE 2 b

BIEIT, 552 LIET OREEdIbB3 O
B AT, 50" QBIENTT % R TV A7 =
7 ar L, b E%OEE FE 50ml 2H]
EFEIZVERE L7~ RGD-Sepharose Beads
5ml & —MEREZIRFI L7z, Beads & #E@EK
T L7-%. 5 mM EDTA %2&1o5BER
bml EIEFIL THEA L7-allbB3 Z¥EHI L
2o ZOEHZNEREDIRL 7, K635
£ LR, Rl oHE, EHRSE O 10pl
BAL Ty MECELZLOTHD,
B52& A RFD B2 H553 HE culture sup #1,
#2 L ENENDFRBY SBETHD pass
through #1. pass through #2 % lt#:3%

60

& RGD 717 AHi1t% Tallbp3 OB
F &AL K42 RGD-Sepharose

Beads |ZfEEH9F@E Y HEIIEF LT
WD LDV LT, EHIERSEIOSHTT
1L, —EEOSEZE, I < EDIIbR3
UOFEES, ZEE THRRERY ., L&
W LTz, 202 ik, 5 mM EDTA
TR O A T &2FREL X2
Mol Z LA LTS, Bead IZHEE
L7zadIbB3 Z¥EHT 57 H12iE. LV &R
D EDTA ZHERTLI0ERHD &2
bd, £z, T Lizollbpa idkEE g
FICIEE LT L OIZLERE DO TLETH
>7z, ZDOZ &% RGD-Sepharose Beads
® RGD <7 F MG EICHEE N H o722
L LTnD, 78D RGD ~7
FREFBELEI T ABFERATAHZ LT
v | FEMEalIbp3 ORBEIIFTREE B 2 bl
A

SPR % AV C H12V & ollbp3 OfEE
ZRIFET HHFEE, BB S NiEEZER
P b7  BHREIENZHFIEEEZD
N5, ZNEARIZT A0, AIEkE
olIbB3 DIEREAT 72, EiEHEE olIbB3
B RN EARBEHEPHEIEN DD,
FIEMES Ny b UTCEER BIERIC WS
NBHZ ENomolz, T74=7 4 —f5H
EERHEFZUWETHZ LIZLD, FliE

MERTEERoITbA3 DB+ oI ATHE

Zz b,

F. Wge3esR
1. FmSCHER - EL,
2. PR EL,

G. FEIFAEMED HIRE - Bk L,



. #HFERROTATICEET 5 —FER



HERS

MEREOTIHTICET 2 —ER

HEEF, /MR,
TERERIR, PaHEFIL

B hR

HERERA X FA M4 RRk B | X—=v | HEE
Hagisawa K,
Nishikawa K, Treatment with fibrinogen y-chain
Yanagawa R, peptide—coated, ADP-encapsulated
Kinoshita M, liposomes as an infusible . 55 -
Doi M, Sugzuki H, haemostatic agent against active Transfusion (2) 314-25 2015
Iwaya K, Saitoh D, liver bleeding in acute
Seki S, Takeoka S, thrombocytopenic rabbits
Handa M, Nishida Y.
Effect of repeated injections of
. adenosine diphosphate-encapsulated
Taguchi K, . . . ..
. . liposomes coated with a fibrinogen doi:
Hashimoto M, Ogaki S, . .
v —chain dodecapeptide developed as 10. 1002
Watanabe H, . . . . . 2015,
a synthetic platelet substitute on | J Pharm Sci | On line | /jps. 24
Takeoka S, Ikeda Y, . Mar 9
— accelerated blood clearance in a 418.
Handa M, Otagiri M, .
Mmaru - healthy and an anticancer
SALRIAL L drug—induced thrombocytopenia rat
model.
AT % ANTARMER, A /IR O BB s A A net (118) 14-7 2014
FIRFEI, KT %,
B EE, R R—, BB X A BRI L~ ¥ A%t 99
$ARTESD, THME, | T2 AT/ (H12 (ADP) 1iposome) @ Shock ) 1-8 2014

61




IV. BrEREROTITY - Bt



BLOOD COMPONENTS

Treatment with fibrinogen y-chain peptide-coated, adenosine
5’-diphosphate-encapsulated liposomes as an infusible
hemostatic agent against active liver bleeding in rabbits with
acute thrombocytopenia

Kohsuke Hagisawa,' Kahoko Nishikawa,? Rempei Yanagawa,® Manabu Kinoshita, Mami Doi,*
Hidenori Suzuki,® Keiichi Iwaya,” Daizoh Saitoh,® Shuhji Seki,* Shinji Takeoka,” Makoto Handa,’
and Yasuhiro Nishida’

BACKGROUND: We evaluated the hemostatic efficacy
of H12-(adenosine 5'-diphosphate [ADP])-liposomes in
the setting of active liver bleeding in rabbits with
dilutional thrombocytopenia after massive transfusion.
STUDY DESIGN AND METHODS: Acute thrombocyto-
penia (platelet [PLT] count < 50 x 10%L) was induced in
rabbits by repeated blood withdrawal and isovolemic
transfusion of autologous washed red blood cells. Liver
hemorrhage was initiated by a penetrating liver injury.
Subsequently, the animals received tamponade treat-
ment for the liver hemorrhage for 5 minutes and were
intravenously administered H12-(ADP)-liposomes with
PLT-poor plasma (PPP), PLT-rich plasma (PRP), PPP
alone, H12-(phosphate-buffered saline [PBS])-liposome/
PPP, or H12-(ADP)-liposomes/PPP plus fibrinogen con-
centrate during the tamponade.

RESULTS: Administration of H12-(ADP)-liposomes/PPP
rescued 60% of the rabbits from the liver hemorrhage;
PRP administration rescued 50%. In contrast, rabbits
receiving PPP or H12-(PBS)-liposome/PPP achieved
only 10 or 17% survival, respectively, for the first 24
hours. H12-(ADP)-liposomes/PPP as well as PRP con-
sistently reduced bleeding volumes and shortened clot-
ting times (CTs) in comparison to PPP administration.
Specifically, bleeding volumes in the initial 5 minutes
averaged 11 mL (H12-(ADP)-liposomes/PPP) and

17 mL (PRP) versus 30 mL (PPP; p < 0.05); CTs aver-
aged 270 and 306 seconds versus 401 seconds

(p < 0.05). H12-(ADP)-liposomes were observed at the
bleeding site with thrombus formation, suggesting an
induction of thrombi. Neither macro- nor microthrombi
were detected in the lung, kidney, spleen, or liver in
rabbits treated with H12-(ADP)-liposomes. Supplemen-
tation of fibrinogen to H12-(ADP)-liposomes/PPP did
not significantly improve rabbit survival.
CONCLUSIONS: H12-(ADP)-liposomes might be a safe
and effective therapeutic tool during damage control
surgery for trauma patients with acute thrombocytope-
nia and massive bleeding.

luid resuscitation after massive hemorrhage in
severe trauma might result in extensive hemodi-
lution and coagulopathy.! Coagulopathy, hypo-
thermia, and acidosis are identified as a lethal
triad for patients presenting with exsanguinating

ABBREVIATIONS: APTT = activated partial thromboplastin
time; AT = antithrombin; CR(s) = clotting rate(s);

CT(s) = clotting time(s); MAP = mean arterial pressure;

PPP = platelet-poor plasma; PRP = platelet-rich plasma;
PT(s) = prothrombin time(s).
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H12-(ADP)-LIPOSOMES FOR THROMBOCYTOPENIC BLEEDING

hemorrhage.? Platelet (PLT) transfusion is more effective
for management of actual coagulopathy involved in
trauma injury or surgery than the transfusion with fresh-
frozen plasma (FFP), cryoprecipitate, desmopressin, or
recombinant activated Factor VIL*® The current US mili-
tary resuscitation practice is to use a balanced approach,
using FFP, PLTs, and red blood cells (RBCs; 1:1:1) as the
primary resuscitation fluid for the most seriously injured
casualties.*® Nevertheless, FFP is usually preferred over
PLTs for the treatment of coagulopathy after massive
transfusion because, [rom a logistic point of view, the
availability of PLT concentrates is restricted due to their
short shelf life.” PLT concentrates expire within several
days in spite of shaking preservation at 22°C.

We have developed liposome-based artificial PLTs
bearing synthetic HHLGGAKQAGDV (H12) peptides cor-
responding to the carboxyl terminal of the fibrinogen
y-chain on the surface. The liposomes also contain the
physiologic PLT agonist adenosine 5’-diphosphate (ADP)
inside.® Preliminary observations indicate that this com-
pound can be stored for at least 6 months at 4°C without
shaking (S. Takeoka etal.,, unpublished observation,
2014). We previously demonstrated that H12-(ADP)-
liposomes were a synthetic PLT substitute preventing
uncontrollable traumatic hemorrhage confounded by
acute thrombocytopenia after massive RBC transfusion.’
However, the administration of H12-(ADP)-liposomes
preceded liver injury by 30 minutes in that study. Thus it
did not precisely simulate a clinical situation in which PLT
transfusion starts after active bleeding. In this study, we
examined the hemostatic effects of H12-(ADP)-liposomes
after the occurrence of acute bleeding from liver injury.

MATERIALS AND METHODS

This study was conducted according to the guidelines of
the institutional review board for the Care of Animal Sub-
jects of the National Defense Medical College. The institu-
tional review board approved this study and the ethical
approval number was Number 13042.

Rabbits and reagents

A total of 68 New Zealand white rabbits (2.0 +0.2 kg,
male; Japan SLC, Hamamatsu, Japan) were used in
this study as follows: 52 rabbits for monitoring survival,
12 for pathologic examination, and four for electron
microscopic  observation. Cholesterol and 1,2-
dipalmitoyl-sn-glycero-3-phosphatidylcholine were pur-
chased from Nippon Fine Chemical (Osaka, Japan),
1,2-distearoyl-sn-glycero-3-phosphatidylethanolamine-N-
[monomethoxypoly(ethylenglycol)] (PEG-DSPE, 5.1 kDa)
was obtained from NOF (Tokyo, Japan), and adenosine
5'-diphosphate (ADP) was from Sigma-Aldrich (St Louis,
MO). We synthesized 1,5-dihexadecyl-N-succinyl-;-

glutamine (DHSG) and H12-PEG-Glu2C18. The fibrinogen
v-chain dodecapeptide (C-HHLGGAKQAGDV, Cys-H12)
was conjugated to the end of the PEG-lipids, as described
elsewhere.!

Preparation of H12-( ADP)-liposomes

H12-(ADP)-liposomes were prepared as described
elsewhere. ! Briefly, 1,2-dipalmitoyl-sn-glycero-3
-phosphatidylcholine (1 g, 1.36 mmol), cholesterol
(527 mg, 1.36 mmol), DHSG (189 mg, 272 umol), PEG-
DSPE (52 mg, 9 umol), and H12-PEG-Glu2C18 (47 mg,
9 umol) were dissolved in benzene and freeze-dried. The
resulting mixed lipids were hydrated with phosphate-
buffered saline (PBS) containing 1 mmol/L ADP with filter
membranes (pore size, 0.45, 0.22 um; Millipore, Tokyo,
Japan) to prepare H12-(ADP)-liposomes. After liposomes
were washed with PBS followed by centrifugation (100,000
x g 30min, 4°C), the remaining ADP was removed
using gel filtration medium (Sephadex G25, GE Health-
care, Tokyo, Japan). H12 liposomes without ADP (H12-
(PBS)-liposome) were also prepared by skipping ADP
encapsulation.

Acute thrombocytopenic rabbit model

Acute thrombocytopenia was induced in rabbits, as
described elsewhere.? Briefly, rabbits were anesthetized
using intramuscular injections of ketamine (25 mg/kg)
and xylazine (10 mg/kg), followed by maintaining anes-
thesia with intravenous (IV) injections of pentobarbital
(15 mg/kg) every 30 minutes during the experiment. The
adequacy of anesthesia was monitored by the loss of the
ear pinch reflex. Anaesthetized rabbits were placed on a
warming plate to maintain the body temperature at 37°C.
Aseptic techniques were adopted for all surgical proce-
dures. Surgical catheters (polyethylene indwelling
20-gauge needle; Terumo Co., Tokyo, Japan) were inserted
into the femoral artery and vein in each rabbit (Fig. 1).
Thereafter, 12.5 mL/kg blood (Sample 1) was drawn from
the femoral artery, and the same volume of dextran 40
(308 mOsm/L, Otsuka, Tokushima, Japan) was simultane-
ously transfused via the femoral vein (Fig. 2). Forty
minutes later, the next blood sample (12.5 mL/kg, Sample
2) was withdrawn and the same volume of washed RBCs
prepared using Sample 1 was transfused. This isovolemic
blood exchange was repeated eight times, and the PLT
counts were approximately fewer than 50 x 10%/L. The last
transfusion of washed RBCs was performed without
simultaneous blood withdrawal (Fig. 2). Arterial pH was
spontaneously maintained at 7.35 to 7.45 in rabbits.

Preparation of washed RBCs, PLT-rich plasma,
and PLT-poor plasma

Blood samples drawn with a 10% volume of 3.8% (wt/vol)
sodium citrate were centrifuged at 100 x g for 15 minutes,
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and the supernatant was used as PLI-rich plasma
(PRP; Fig. 1). The remaining sample was further centri-
fuged at 500 x g for 10 minutes and the supernatant was
used as PLT-poor plasma (PPP). Thereafter, remaining
cells were washed with saline, diluted in 12.5 mL/kg lac-
tated Ringer’s solution containing 5% human serum
albumin, and transfused into the rabbit as washed RBCs
(Fig. 1).

Blood withdrawal (12.5 mL/kg/each time)
from the femoral artery

Transfusion with washed RBC (12.5
mL/kg/each time) into the femoral vein

Washing RBC
with saline

Fig. 1. Scheme of blood withdrawal from rabbits: preparation of PRP, PPP, and

washed RBCs and transfusion of washed RBCs into rabbits.

Penetrating liver injury followed by balioon
compression in the bleeding site

After it was confirmed that the PLT count was fewer than
50 x 10%/1, rabbits underwent laparotomy to expose a
liver lobe. We cut a hole in a surgical glove and passed the
lobe through the hole to collect exsanguinating blood in
the glove and precisely evaluate bleeding volume. There-
after, the liver was penetrated using a disposable punch
biopsy apparatus (5 mm in diameter;
DermaPunch, Nipro Medical Industries
Ltd., Tokyo, Japan; Figs.3A and 3B).
Immediately after the injury was
induced, a 4-Fr wurologic catheter
(Bardex Biocath, 0165PL 8 ch/Fr
2.7 mm, C. R. Bard, Inc., Murray Hill, NJ)
was inserted into the lesion and the
balloon was inflated to compress the
lesion for 5 minutes, simulating manual
compression as damage control
surgery'’ (Figs. 3C and 3D). During
Centrifugation the balloon compression, H12-(ADP)-
500 x g, 10 min liposomes, PRP PPP  HI12-(PBS)-
liposomes, or fibrinogen concentrates
were administered to the rabbits. After
deflating and removing the balloon
catheter, we then measured the bleed-
ing volume from the site of the liver
injury for the initial 5-minute period
(0 to 5 min) and the following 5 minutes
(5 to 10 min). Bleeding time from the
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Penetrating liver injury
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Balloon compression

15 min

& initial 5 min following 5 min

H
f Washed RBC §§ Washed RBC
£ from Sample 13 § from Sample 23 §

ashed RBC E§ Washed RBCE § Washed RBCE £ W

3% Washed RBCE
om Sample 81

Measurement of bleeding volume

I

I

I

I

I Transfusion with washed RBC 12.5 mL/kg x 8 (100 mL/kg)
L.

Administration (15 mL/kg)

H12-(ADP)-liposome/PPP + fibrinogen (n=10)

H12-(ADP)-liposome/PPP (n=10)
PRP (n=10)
PPP (n=10)
H12-(PBS)-liposome/PPP (n=6)

V Collection of blood samples for the measurements of coagulation factors and Sonoclot analyses

Fig. 2. Experimental design for acute thrombocytopenia and liver hemorrhage in rabbits, followed by balloon compression and

infusion of hemostatic agents.

316 TRANSFUSION Volume 55, February 2015



H12-(ADP)-LIPOSOMES FOR THROMBOCYTOPENIC BLEEDING

Making the peneteating liver injury

Insert the balloon catheter into the hollowing lesion

25 min after injury, bleeding has stopped

Fig. 3. Hemostasis after balloon compression. (A, B) Making a penetrating liver
injury. (C, D) Balloon compression against penetrating liver injury by indwelling
urethral catheter. (E) Hemostasis was achieved after administration of H12-(ADP)-
liposomes/PPP following balloon compression. (F) Complete hemostasis was

observed with ischemic change in the lesion 24 hours later.

penetrating liver injury was monitored for 60 minutes.
Thereafter, the rabbit’s abdomen was closed to monitor
survival for 72 hours under ad libitum feeding with labo-
ratory diet and water. Postoperative analgesia was per-
formed with two intramuscular injections of bupre-
norphine (0.02 mg/kg), immediately after wound closure
and 12 hours later.

Administration of H12-( ADP)-liposomes, PRP,
PPP, and H12-(PBS)-liposomes

PRP or PPP was prepared from the blood taken at the first
and second phlebotomy. These PRP and PPP samples

Immediately after peneirating liver injury

Hemeostasis by balloon compression

At 24 hours after injury

showed similar coagulation activities
(fibrinogen, approximately 150 mg/dL;
antithrombin [AT] III activity, 99%; pro-
thrombin time [PT], 12 sec; activated
partial thromboplastin time [APTT],
32 sec).'” During balloon compression
against liver bleeding, HI2-(ADP)-
liposomes (20 mg/4 mL/kg)  were
administered IV into the rabbits, fol-
lowed by administration of 11 mL/kg
PPP (n=10, Fig.2). In our previous
studies of rabbits with busulfan-
induced  thrombocytopenia, HI12-
(ADP)-liposomes administered at a dose
of 20mg/kg gave optimal bleeding
time-shortening effects, similar to those
of PRP* Therefore, this dose was
selected for all of the present experi-
ments. Similarly, 15 mL/kg PRP or PPP
was administered to the rabbits during
the balloon compression (n = 10 in each
group, Fig.2). Also, HI2-(PBS)-lipo-
somes that contain no ADP were admin-
istered 1V to the rabbits, followed by
administration of 11 mL/kg PPP (n = 6).
To supplement an adequate amount
of fibrinogen, 70 mg/kg fibrinogen
concentrate (Haemocompletan, CSL
Behring, Marburg, Germany) was
injected into the rabbits, after the
administration of HI12-(ADP)-lipo-
somes (20 mg/4 mL/kg) and PPP
(11 mL/kg, n = 10; Fig. 2). For negative
controls, two rabbits with thrombocyto-
penia treated with balloon compression
alone (without PLT and/or plasma
replacement) were evaluated. Also, the
rabbits with thrombocytopenia treated
with H12-(ADP)-liposome or PRP alone
(without balloon compression) were
evaluated (n = 2 in each group).

Analyses of whole blood coagulation activity

Whole blood samples were analyzed for hemostatic func-
tion three times: before and after blood exchange and 20
minutes after liver injury. The coagulation activity of
whole blood was examined using the a coagulation and
PLT function analyzer (Sonoclot, Sienco, Morrison, CO).?
Briefly, a tubular probe mounted on an ultrasonic trans-
ducer and vibrating vertically with a distance of 1 pm and
a frequency of 200 Hz is immersed to a fixed depth in a
cuvette containing 400 pL of whole blood obtained from
the femoral artery without anticoagulant. As the sample
clots, the increasing impedance to the probe vibration is
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detected by the sensor and converted to an output signal
that reflects the viscoelastic properties of the developing
clot. The signal typically describes coagulation variables
including “clotting time (CT),” which indicates the period
up to the beginning of fibrin formation, and “clotting rate
(CR),” which indicates the slope of fibrin gel formation
that is affected by both the rate of the fibrinogen to fibrin
conversion and the amount of fibrinogen (Fig. 4A).

Measurements of mean arterial pressure,
hematologic variables, and coagulation factors

Mean arterial pressure (MAP) was measured from the can-
nulated femoral artery with a polygraph recording system
(RM-6000, Nihon Kohden, Tokyo, Japan). Blood samples
were also collected from the femoral artery. PLT count,
hemoglobin (Hb) concentration, and white blood cell
count were measured using a hematology analyzer (PEC
170, Erma, Inc., Tokyo, Japan). Plasma concentration of
fibrinogen, AT III activity, PT, and APTT were measured at
the BML Laboratory (Tokyo, Japan).

Electron microscopic examinations

For electron microscopy, four rabbits treated with H12-
(ADP)-liposomes were prepared. Liver specimens were
obtained at 1 hour after liver hemorrhage. These were
fixed with a fixative containing 4% paraformaldehyde and
0.5% glutaraldehyde in 0.1 mol/L phosphate buffer
(pH 7.4) for 3 hours at 4°C, followed by postfixing in 1%
osmium tetroxide in 0.1 mol/L phosphate buffer (pH 7.4)
for 2 hours at 4°C, dehydration, and embedding in epoxy
resin. To select the bleeding site lesion, semithin sections
were stained with toluidine blue. Ultrathin sections
stained with uranyl acetate and lead citrate were then
examined under an electron microscope (JEM 1010, JEOL,
Tokyo, Japan) at an accelerating voltage of 80 kV.!?

Histopathologic examinations

For histopathologic examinations, the rabbits treated with
H12-(ADP)-liposomes, PRP, or HI12-(ADP)-liposomes/
PPP plus fibrinogen were euthanized 24 hours after liver
hemorrhage (n = 3 in each group). Three rabbits with PPP
that died after several minutes were also examined. The
liver (uninjured lobe), lung, spleen, and kidney were
removed from the subject rabbits. Excised organs
were fixed by 20% formalin for 2 days and processed to
paraffin embedding blocks to stain with hematoxylin and
eosin.

Statistical analyses

Statistical analyses were performed with a software
package (Stat View 4.02], Abacus Concepts, Berkeley, CA).
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Survival rates were compared by Wilcoxon signed rank
test. Statistical evaluations between two groups were
compared using the t test, and any other statistical
evaluations were compared using the one-way analysis
of variance, followed by Bonferroni post hoc test. Data
are presented as means * standard deviation (SD), with
p values of less than 0.05 considered to be significant.

RESULTS

Acute thrombocytopenia in rabbits

After isovolemic blood exchange and plateletpheresis, PLT
counts in rabbits were decreased to 45 x 10% £+ 8 x 10%/L,
indicating acute thrombocytopenia (Table 1). Although
the subject rabbits maintained MAP as a result of
isovolemic exchanges, their Hb concentrations were
decreased to approximately 6 g/dL due to inevitable loss of
RBCs during plateletpheresis, which we attribute to
mechanical destruction of RBCs in the processes of cen-
trifugation and washing with saline. However, apparent
hemolysis was not observed in the blood samples obtained
from rabbits with thrombocytopenia (Table 1). Their
coagulation factors were also decreased to very low levels
(Table 1), because they had not yet received PPP or PRP
administration. CT and CR were also markedly worsened
by the blood exchange (Table 1).

Survival from liver hemorrhage in the rabbits with
acute thrombocytopenia :

Balloon compression alone did not rescue any of the
rabbits with thrombocytopenia from hemorrhage
induced by the penetrating liver injury, as the treatment
did not stop the bleeding and death occurred within 1
hour. However, administration of H12-(ADP)-liposomes/
PPP as well as PRP after balloon compression signifi-
cantly increased the survivals from liver hemorrhage in
the rabbits with thrombocytopenia in comparison to
administration of PPP (Fig.5). Unlike HI2-(ADP)-
liposomes/PPP, administration of H12-(PBS)-liposomes/
PPP after balloon compression was not effective (Fig. 5).
Supplementation with fibrinogen concentrate did not
increase the survival of the rabbits with thrombocytope-
nia treated with H12-(ADP)-liposomes/PPP (Fig. 5). We
also treated the rabbits with thrombocytopenia with
H12-(ADP)-liposome/PPP or PRP alone (without balloon
compression, n=2 in each group). However, neither
treatment with H12-(ADP)-liposomes nor treatment with
PRP rescued any rabbits from hemorrhage. Specifically,
after treatment with H12-(ADP)-liposomes, two animals
failed to stop bleeding and died within 12 hours; after
treatment with PRB bleeding stopped in one of
two animals but both died within 6 hours. These out-
comes suggested the importance of damage control
intervention.
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Fig. 4. Analyses of whole blood coagulation activities. (A) Whole blood coagulation activities in rabbits before blood exchanges. CT
and CR are indicated by arrow and triangle, respectively. (B) Blood coagulation activities in each group 20 minutes after liver
injury. Representative data with similar results are shown.
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Bleeding time of the liver injury site

Administration of H12-(ADP)-liposomes/PPP as well as
PRP achieved significant hemostasis in nine of 10 rabbits
in both groups, while administration of PPP stopped
bleeding in only two of 10 rabbits (90% vs. 20%, p < 0.01;
Fig. 6A). Administration of HI12-(PBS)-liposomes/PPP
stopped bleeding in four of six rabbits; however, this treat-
ment only rescued one rabbit, suggesting that H12-(PBS)-
liposomes induced a weak (ineffective) hemostasis
(Fig. 6A). Interestingly, although supplementation of
fibrinogen to the HI12-(ADP)-liposomes/PPP achieved
hemostasis in all rabbits, six of 10 rabbits eventually died

TABLE 1. Changes in the hematologic variables
and coagulation factors in rabbits before and
after blood exchange*

Before blood  After blood
exchange exchange

Variable (n=168) (n=168)
MAP (mmHg) 71+£12 67 £ 14
Hb concentrations (g/dL) 11.3x2.1 6.3+ 231
PLT counts (x10%L) 217 £ 66 45+ 81
Fibrinogen concentration (mg/dL) 186 + 38 <55
AT Il activity (%) 115+ 18 35+ 11t
PT (sec) 10+ 1 >30
APTT (sec) 24+8 >75
CT (sec) 114+ 16 387 + 185t
CR (sec) 17+5 2.1+£1.3t

* Hematelogic variables and coagulation factors were measured
in rabbits before and after blood exchange. Data are reported
as mean * SD.

1t p <0.01 versus before blood exchange.
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(Fig. 8A). We further analyzed the bleeding time in rabbits
showing hemostasis. All treated groups showed signifi-
cantly shorter bleeding times than those receiving the PPP
group (Fig. 6A).

Bleeding volume from the liver injury site

Administration of H12-(ADP)-liposomes/PPP as well as
PRP significantly reduced the bleeding volume from the
site of the liver injury in the initial 5 minutes compared to
that of PPP (Fig. 6B). However, administration of H12-
(PBS)-liposomes/PPP resulted in a substantial amount of
bleeding in the rabbits during the initial 5 minutes com-
pared to treatment with H12-(ADP)-liposomes/PPP or
PRP alone (Fig. 6B), suggesting that H12-(PBS)-liposome
did not promptly exert a hemostatic effect. Supplementa-
tion of fibrinogen to H12-(ADP)-liposomes/PPP resulted
in a significant reduction of bleeding volume as did
administration of H12-(ADP)-liposomes/PPP alone. H12-
(ADP)-liposomes/PPP and PRP markedly reduced the
bleeding volume in the subsequent 5 minutes (5 to
10 min) in comparison to those in the initial 5 minutes,
suggesting achievement of effective hemostasis (Fig. 6B).
PPP and H12-(PBS)-liposomes/PPP groups also showed a
marked reduction of bleeding volume in the subsequent 5
minutes in comparison to those in the initial 5 minutes.
However, both groups remarkably decreased their blood
pressure 20 minutes after liver injury (Table 2), presum-
ably owing to their substantial hemorrhage in the initial 5
minutes. In turn, this severe hypotension (shock) might
have affected reducing the hemorrhagic volume in the
next 5 minutes and caused subsequent
death.

Immediately after making the pen-
etrating liver injury, rabbits showed
exsanguinating hemorrhage at the
injured site (Figs.3A and 3B). The
rabbits received balloon compression
for 5 minutes and were administered

Survival rate (%)

N
[l

20 L -

H12-(ADP)-liposomes/PPP  (in this
case) during balloon compression
(Figs. 3C and 3D). Twenty-five minutes
after penetrating liver injury, blood
coagulation or hemostasis was observed
in the rabbits, and 24 hours later, com-
plete hemostasis in the liver’s site of
(n=10) injury was confirmed (Figs.3E and
3F).

Hours

Fig. 5. Survival rates of rabbits with acute thrombocytopenia after liver hemorrhage.
Balloon compression and administration of H12-(ADP)-liposomes/PPP, PRP, PPP,
H12-(PBS)-liposome/PPP, or H12-(ADP)-liposomes/PPP with fibrinogen were used
to treat liver hemorrhage in rabbits with acute thrombocytopenia. *p < 0.01 versus

PPP, p < 0.05 versus H12-(PBS)-liposome.
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Changes in hemodynamics,
hematologic variables, and
coagulation factors

Twenty minutes after liver injury,
rabbits in the PPP group and the H12-
(PBS)-liposomes/PPP group showed
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or PIs among the HI12-(ADP)-
liposomes/PPP, PRP, and H12-(ADP)-
liposomes/PPP plus fibrinogen
groups, although PPP and HI12-(PBS)-
liposomes/PPP groups showed marked
impairment in these variables (Table 2).
The time after which APTT measure-
* ment was no longer recorded (75 sec in
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(data not shown).
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& liposomes/PPP as well as PRP alone

significantly shortened the CT in com-
parison to that observed in the PPP and
the HI12-(PBS)-liposomes/PPP groups
(Table 2). Supplementation of fibrino-
gen to HI12-(ADP)-liposomes/PPP did
not significantly affect CT in rabbits
(Table 2). Although H12-(ADP)-
liposomes/PPP and PRP groups tended
to show an increase in the CR compared
to that of the PPP or HI12-(PBS)-
liposomes/PPP groups, supplementa-
tion of fibrinogen to HI2-(ADP)-

EE 3

Bleeding volume from the liver injured site

Fig. 6. Liver hemorrhage in rabbits with thrombocytopenia after administration of
H12-(ADP)-liposomes/PPP, PRP, PPP, H12-(PBS)-liposome/PPP, or H12-(ADP)-
liposomes/PPP with fibrinogen. (A) Bleeding time from liver injury. *p < 0.05 versus
PPP. (B) Bleeding volumes from the penetrating liver injury. () 0 to 5 minutes; ()
5 to 10 minutes. *p < 0.05 versus PPP, p < 0.01 versus H12-(PBS)-liposomes/PPP;

**p < 0.01 versus PPP, H12-(PBS)-liposomes/PPP.

significantly lower MAP (<40 mmHg) than the other
groups (approx. 60 mmHg; Table 2). These two groups
also showed severe anemia (Hb < 4 g/dL) due to massive
hemorrhage (Table 2). As expected, only rabbits receiving
PRP showed a significantly higher PLT count, which might
have contributed to the cessation of bleeding (Table 2).
Plasma fibrinogen was below the lower limit of detection
except for the H12-(ADP)-liposomes/PPP plus fibrinogen
group (Table 2), suggesting that supplementation of
coagulation factors such as fibrinogen by PPP or PRP
administration appeared to be insufficient. However,
there were no significant differences in the AT III activities

liposomes/PPP remarkably augmented
CR (Table 2), suggesting that fibrinogen

& potently affected CR in the Sonoclot

analyses. Representative data in each
group are shown in Fig. 4.

Electron microscopic examinations

Clot formation adjacent to the injured
site in the liver was observed
after administration of HI12-(ADP)-
liposomes/PPP (Fig. 7A). These clots
involved both PLTs and fibrin (Fig. 7B).
Electron microscopic assessment of the
lesion revealed liposomes (approx. 0.2
to 0.4 um in diameter) around the PLTs or fibrin deposits
(Fig. 7B, indicated by arrows), suggesting the presence of
H12-(ADP)-liposomes in the lesion.’ In the uninjured
hepatic lobe, a few liposomal particles were found in
the sinusoidal space; however, they did not accumulate
PLTs or fibrin (Fig. 7C, indicated by left arrow). Kupffer
cells as well as splenic macrophages phagocy-
tosed liposomal particles (Fig. 7C, indicated by right
arrow; Fig. 7D, indicated by arrows), suggesting degrada-
tion of HI12-(ADP)-liposomes by reticuloendothelial
system; however, no thrombi were found in the
spleen.
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TABLE 2. Hematologic variables and coagulation factors or activities in rabbits 20 minutes after liver injury*

H12-(ADP)- H12-(PBS)- Fibrinogen + H12-
liposomes/PPP PRP PPP liposomes/PPP (ADP)-liposomes/PPP
Variable (n=10) (n=10) (n=10) (n=6) (n=10)
MAP (mmHg) 59 + 20 59 + 11 41 £12% 39 + 101 62+ 11
Hb concentrations (g/dL) 55+22 48+24 3.0+0.9% 3.8+1.3 53x1.5
PLT counts (x10%L) 55+ 14 70 £ 21§ 54 £ 10 48+ 14 53+ 10
Fibrinogen concentration (mg/dL) <55 <55 <55 <55 93+ 22
AT Il activity (%) 39+9 40+ 10 26 £ 8% 24+ 9% 39£8
PT (sec) 14+3 12+2 >30 >30 14 +1
CT (sec) 270 £ 57 306 + 77 401 + 149¢ 461 + 196% 251 £ 112
CR (sec) 29+16 25+1.3 1.8+ 1.1 1.6+03 6.2+ 3.1l

* Hematologic variables and coagulation factors were measured in rabbits 20 minutes after liver injury (followed by administration of H12-

mean + SD.
T p<0.01.
t p <0.05 versus H12-(ADP)-liposomes/PPP or PRP.

(ADP)-liposomes/PPP, PRP, PPP, H12-(PBS)-liposomes/PPP, or H12-(ADP)-liposomes/PPP plus fibrinogen). Data are reported as

§ p <0.05 versus H12-(ADP)-liposomes/PPP, PPP, H12-(PBS)-liposomes/PPP, or H12-(ADP)-liposomes/PPP plus fibrinogen.
Il p<0.05 versus H12-(ADP)-liposomes/PPP, PRP, PPP, or H12-(PBS)-liposomes/PPP.

Histologic examinations

Neither macro- nor microthrombi were found in the lung,
liver (uninjured lobe), kidney, or spleen in the rabbits 24
hours after administration of H12-(ADP)-liposomes or PRP
or PPP (Fig. 8). We also carefully examined the tissue
specimens from the HI12-(ADP)-liposomes/PPP plus
fibrinogen group; however, no thrombi were detected in
their organs (Fig. 8). Moderate septum thickness in the
lung was observed in the PPP group but not other groups
(Fig. 8).

DISCUSSION

It is difficult to control exsanguinating hemorrhage from
an injured organ in patients with acute thrombocytope-
nia. Treatment for coagulopathy as well as surgical inter-
ventions including damage control surgery is important
for their intensive care. Even with damage control inter-
vention, such patients can die due to complications from
severe coagulopathy. In the present rabbit model, loss of
blood volume reached approximately 45% to 50% of
systemic circulation in the PPP group and 35%
to 40% of that in the H12-(ADP)-liposomes/PPP or PRP
groups (Fig. 6B). Those levels were sufficient to achieve
shock criteria Classes IV and III, respectively.’* Balloon
compression alone failed to rescue rabbits with thrombo-
cytopenia from severe hemorrhage, although it likely
offered critical damage control. The rabbits’ residual PLT
counts might have been too low to achieve effective
hemostasis because when we deflated the balloon after a
5-minute compression, exsanguinating hemorrhage was
observed again in the rabbits with thrombocytopenia (in
the absence of agent administration). Therefore, effective
treatment against pernicious coagulopathy is required.
PLT transfusion is believed to be quite effective
against severe coagulopathy. In line with this, PRP admin-
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istration after balloon compression rescued half of the
rabbits with thrombocytopenia from lethal hemorrhage
(Fig. 5). However, PLT concentrates are often not readily
available (at least in hospitals, if not prehospital), because
of their short shelf life.’*!S Currently, the US military uses
apheresis PLTs prepared on site in its Role 3 hospitals
(combat support hospital) in Afghanistan and these are
the only Role 3 hospitals currently deployed in active
combat.'6 ‘

We previously reported that pretreatment with H12-
(ADP)-liposomes effectively prevented noncompressible
liver hemorrhage and rescued all rabbits with acute
thrombocytopenia. However, in clinical settings, hemo-
static treatments are usually performed in response to
ongoing exsanguinating hemorrhage in patients. Damage
control surgery is also often performed and accompanied
by hemostatic treatment. Therefore, we attempted to
simulate those conditions in the present model. Infusion
of H12-(ADP)-liposomes or PRP showed effective hemo-
static potential even after hemorrhage was initiated and it
rescued more than half of the rabbits with thrombocyto-
penia (Fig. 5). However, neither H12-(ADP)-liposomes nor
PRP alone without balloon compression rescued any of
the rabbits with thrombocytopenia from hemorrhage.
Those results suggest that treatments for coagulopathy
using PLTs or a PLT substitute as well as damage control
intervention are indispensable for the rescue of patients
experiencing severe bleeding.

In our previous study, pretreatment with H12-(PBS)-
liposomes significantly improved the survival of rabbits
with thrombocytopenia from hemorrhage, whereas H12-
(PBS)-liposomes were not effective in the present model.
In the present study, hemorrhagic injury preceded admin-
istration of H12-(PBS)-liposome, whereas in the previous
study, hemorrhagic injury followed administration of
H12-(PBS)-liposome. Blood loss due to hemorrhage in the
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Fig. 7. Microscopic (A) and electron microscopic (B) observations of the penetrating
liver injury site in rabbits. Electron microscopic observation of the uninjured
hepatic lobe (C) and spleen (D) in rabbits. Specimens were obtained 1 hour after
injury from rabbits with thrombocytopenia administered H-12(ADP)-liposomes/
PPP. Liposomes are indicated with arrows.

current model was more severe than that of our previous
study (bleeding volume from the liver injury site was sev-
eralfold larger). These differences between the present
and previous studies might have affected the efficacy of
H12-(PBS)-liposome. Because ADP plays a key role in both
initiating and sustaining integrin olIbp3 activation neces-
sary for the development of stable PLT-PLT adhesion con-
tacts,’” we designed the H12-coated liposomes to contain
ADP and release it at the bleeding site.’® The ADP might be
required to induce PLT activation at the bleeding site fol-
lowed by prompt aggregation of PLTSs, resulting in effective
hemostasis even in the severe hemorrhagic condition
encountered in the present model.

Nevertheless, administration of HI12-(ADP)-
liposomes was unable to rescue 40% of the rabbits from

hemorrhage in this study. In contrast,
H12-(ADP)-liposomes achieved 100%
survival of rabbits with thrombocytope-
nia in our previous study® PRP treat-
ment rescued only one-half of the
rabbits in this study, whereas PRP pre-
treatment rescued all subject rabbits in
the previous study. Considering this dif-
ference in the survival of PLT-transfused
rabbits, one can ask why H12-(ADP)-
liposome/PPP supported lower survival
in the present report than the previous
study (60% vs. 100% survival). The
reasons are, in fact, not entirely clear,
but the marked severity of hemorrhage
in the present model might have con-
tributed to the poor survival rates.

To further improve the survival
of H12-(ADP)-liposome-treated rabbits,
we combined fibrinogen concen-
trates with H12-(ADP)-liposomes/PPP
because there is a consensus that the
level of fibrinogen required for effective
clot formation to overcome hemorrhag-
ing is at least 100 mg/dL blood.**
However, even though fibrinogen levels
were corrected to approximately
100 mg/dL and the CRs markedly
improved from 2.1 to 6.2, enhanced sur-
vival was not observed. At present, the
reason for the failure of fibrinogen
supplementation to improve survival
from coagulopathy is not known. Theo-
retically, fibrinogen might contribute to
the coagulation step, not to the primary
PLT aggregation step. Therefore, further
experiments are needed to explore the
role of fibrinogen and other coagula-
tion factors in this particular animal
model.

Finally, in the present model, we examined the
effect of adding fibrinogen concentrate to PPP for
administration to the rabbits with thrombocytopenia.
However, none of the rabbits survived the experimental
conditions (data not shown). Interestingly, blood that
accumulated in the peritoneal cavity from the injured
liver showed a clot formation. This was not observed in
the rabbits receiving PPP alone. In addition, clot forma-
tion was not observed at the site of bleeding in the liver
in rabbits treated with fibrinogen concentrates added to
PPP. Those results suggest that it is important to form the
PLT clot in the bleeding site to achieve effective hemo-
stasis. Notably, H12-(ADP)-liposomes effectively formed
PLT thrombi in the bleeding site, resulting in effective
hemostasis.
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Fig. 8. Histologic findings 24 hours after liver hemorrhage in rabbits with thrombocytopenia. Lung, liver, spleen, and kidney
samples were obtained from the rabbits 24 hours after liver injury.

Limitations (ADP)-liposomes might be a safe and effective therapeutic
Despite achieving hemostasis, several rabbits eventually tool during damage control surgery for trauma patients
died even in the H12-(ADP)-liposomes/PPP and the PRP with acute thrombocytopenia with massive bleeding.

group (Fig. 6A). We noted that the deceased rabbits
showed severe anemia. In this study, to exclude the effects
of allogeneic RBC transfusion, we utilized autologous
blood. Howevey, in clinical settings of acute hemorrhage,
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