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Table 1. Molecular weights and colloid osmotic pressures (COP) of
plasma substitute solutions at 4 wt%.

Plasma

. Mw Mn COP
subst.ltute (kDa) (kDa) Mw/Mn Torr
solutions
DEXy 42° 22° 1.9 29
DEX5 73? 38? 1.9 25
DEX500 184% 84° 2.2 18
DEX500 505% - - 14
HES;, 68" 172 4.0 21
HES 3 130° 507 2.6 21
HES,q0 240° 70° 34 15
HES70 670° 194° 3.5 13
MFG 30° 23? 1.3 44
rHSA 67° 67" 1.0 13

DEX, dextran; HES, hydroxyethyl starch; MFG, modified fluid gelatin; rHSA,
recombinant human serum albumin; *Data provided by the manufacturer.
PCalculated from the concentration dependence of COP (unpublished data).
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Figure 1. (A) Colloid osmotic pressure data shown
as I1/ C versus C, where I1 is the colloid osmotic
pressure (Torr) and C is the polymer concentration
{g/dL). (B) Viscosity data of polymer solutions are
shown as 7,/C versus C, where 7, is the specific
viscosity (-) and C is the polymer concentration

(g/em’).
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Figure 2. Viscosity of HbVs suspended in various water-soluble
biopolymers. [Hb] = 10 g/dL, 25°C.
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%)

B TRKBROBECEELIETHEZHAIE L.
Clzxt L Try/C& 70y kL 7z (Fig. 1B), /N3
FEICEXDERTHEN, [7]EEq8M6R,ZHE ML 2.
Y s Wy "'C "CAE Ry, R% FAVAEq. 10, Eq. 1170 5
B L 7= (Table 2). DEX, HESE BT, - TENH

K BITDNR, RJIREZFIRMEZR L ZTIUHE W,
Ve C;EBHIZHER L7z, tHSAIZER/NDCETRL =,
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FHl & FOR

Figure 212 Hb/NiaA& 53 BUK D 1k 5 0 35 Wi K 77
HZRT, HSAKDB I EAESIZZIE=Z2—
AR E IR T, REEEOME < BTWTIR 77 O H R 5
D7z, HbV-rHSARIE, 7x 107 s ' BA FIZHIEN T
Elam oz, fi5. HbVZHES, DEX, MFGIZ /3 #{
SHELAIZIE,. HWVOBRERRICHNKT S
Shear-thinning/¥ A 5, JEZ 21— b iRk &
S7e ZO\EIE AV BT B HiBH B Y AT

Table 2. Plasma substitute solutions and their physicochemical properties at 4 wt%.

Plasma e Parameters obtained by /7 Parameters obtained by 7
W R o R T
(m) () (nm) (nm’)

DEX4 0.957 4.1 1154 0.667 3.94 1025 0.591
DEX7o 0.550 5.9 3441 1.141 6.34 4270 1.416
DEXs00 0.217 12 28952 3.784 9.97 16605 2.170
DEXs09 0.079 28.2 375747 17.92 15.98 68372 3.261
HES 0.588 3.2 549 0.194 4.68 1717 0.608
HES; 3 0.308 3.8 919 0.170 6.13 3859 0.715
HESx0 0.167 6.4 4392 0.441 8.08 8838 0.887
HESe7 0.060 10.5 19396 0.697 12.68 34159 1.228
MFG 1.333 3.9 994 0.798 3.83 941 0.756
rHSA 0.602 4.5 1527 0.553 3.08 490 0.177

Table 3. Viscosities of HbVs suspended in polymer
solutions (4 wt%) and flocculation index (£;). [Hb] = 10
g/dL.

ls)gllgg:) enr Viscosity (cP)
for HbV 7 at 1000 Fi
suspension at10s gl

DEXy 23.1 7.5 3.78
DEX5, 64.3 9.3 8.84
DEXa00 146 133 14.22
DEXsg0 181.5 168 1529
HES;, 7.7 4.9 1.88
HES, 3 9.7 5.5 2.10
HES»q 15.6 6.1 3.21
HES70 53.0 8.9 8.05
MFG 46.7 9.3 5.91
rHSA 53 3.6 1.68
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Figure 3. Microscopic view of the flocculates of HbV
when suspended in DEXs. The scale bar is 100 pm.
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Figure 4. Flocculation index (F;) values of HbVs suspended in water-soluble polymers are

shown against (A) polymer sizes R, and R, (B) excluded volumes of one polymer chain,

Vl:‘ X

and "V,,, and (C) the crowding mdex of the polymer solution, ¢, and "C.
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Figure 5. Flocculation index (F;) of HbVs
suspended in water-soluble polymers is shown
against depletion energies (-E,,) calculated
assuming that the surface distance, d, of flocculated
HbVsis 1-6.
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Figure 1. Experimental model. 4 and
B: a cranially based skin flap is raised
on both sides of the dorsal midline of
anesthetized mice. The flap extends
the vascular territory of the nourishing
lateral thoracic artery and vein
(marked in red in A). The lateral
thoracic artery is ligated. C: the flap is
sutured back into its original position
after interpositioning a silicone sheet
to avoid revascularization from the
wound bed. D: 6 days postoperatively,
a clear demarcation can be observed
between vital and necrotic flap skin
and between healed and nonhealed
suture lines.
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Figure 2. Oxygen saturation (SO,) in
normal skin and proximal, middle, and
distal flap skin in untreated control
animals and animals receiving 2 x 20%
of total blood volume (TBV) of 0.9%
NaCl or hemoglobin vesicle (HbV)
solution. Data are expressed in mean
values and SD. *P < 0.05 and **P <
0.01 vs. normal skin; #P < 0.05 vs.
control. 1
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Figure 3. Length of primarily healed wounds in
midline and lateral suture in untreated control animals
and animals receiving 2 x 20% of TBV of 0.9% NaCl
or HbV solution. Data are expressed in mean values
and SD. #P < 0.05 vs. control.
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Figure 4. Flap tissue survival in untreated control
animals and animals receiving 2 x 20% of TBV of
0.9% NaCl or HbV solution. Data represent
percentages of total flap surface and are expressed in
mean values and SD. ##P < 0.01 vs. control.
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Figure 5. Immunohistochemical endothelial nitric oxide synthase (eNOS) staining of flap tissue 6 days
postoperatively in untreated control animals (4) and animals receiving 2 x 20% of TBV of 0.9% NaCl (B) or HbV
solutions (C). Pictures were taken at x200 magnification. Black arrows exemplary indicate cross-sections of

capillaries, whereas white arrowheads indicate capillaries with endothelial cells stained positive for eNOS.
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expression 6 days postoperatively in untreated control
animals and animals receiving 2 x 20% of TBV 0f0.9%
NaCl or HbV solution. Data are expressed in mean
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Figure 7. Vesicle pharmacokinetics. The values
represent plasma concentrations of vesicles filled with
a sulforhodamin B solution, measured with
computerized fluorescence reading before and after
receiving 2 x 20% of TBV of vesicle solution. Data
are presented in percentages of the concentration
present in the injected vesicle solution and are
expressed in mean values and SD.
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