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Delivery System of Daunorubicin by Red Blood Cells
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Drug delivery system by the use of red blood cells was established to sustain the release of drugs
in the circulatory system by the intravenous injection. The entrapment method by the preswelling te-
chnique was re-examined and evaluated for searching the new entrapping conditions without hemolysis.
The addition of 4 volume of 0.6X hank’s balanced salt sotution (HBSS) into 1 volume of 50% red blood
cells suspension did not induce the hemolysis and change the hematocrit level in this experimental
condition (within 15 min). Most of daunorubicin could be entrapped into red blood cells within 15 min.
While the intracellular adenosine triphosphate (ATP) level followed by the entrapment was reduced to
86% of normal ATP level, the membrane fluidity and the shape factor of red blood cells were not altered.
The release rate of daunorubicin from red blood cells was affected by the hemolysis under this condition.
To maintain the intracellular ATP in red blood cells, the new reaction buffer was made with the addition
of ATP and sodium pyruvate during the entrapment procedure because the hemolysis during the release
test would reflect the loss of intracellular ATP that might result in the decrease of the viability in vivo.
The addition of ATP raised the intracellular ATP level, which protect the hemolysis during the release

test.
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B A3 AR AJE2E daunorubicin (Far-
mitalia, Carlo Erba, Lot No. N2001, Italy), Hank’s
balanced salt solution (Sigma Chem. Co., ST,
USA), red blood cell lysing buffer solution (Sig-
ma Chem. Co., ST, USA), NBD-pc (Molecular
Probe Inc., Eugene, USA), 5-carboxyfluorescein
diacetate (Molecular Probe Inc., Eugene, USA),
adenosine-5-triphosphate disodium salt (Sigma
Chem. Co., ST, USA), sodium pyruvate (Life Tech.
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Instr. Co., Japan), spectrofluorometer (SFM 25,
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HBSS (HBSS 998 AAl+2 848t 242 0~
100% 7} SA3 M E 4 volume 713 t}, 4T
oA 800rpmog 5%t AR 7Rl
HBSSs} 39 FANS AAF thy, Holde
AYPJ-24)| daunorubicin &% (4C) 1 volume 7}
st 4Tl AP o] &R THA] 10x
HBSSE 7}ste] 548171 o, 37ColA 1 A3t
ot Bhx]3}aL, thA] 4T HBSSE A2 (800 rpm,
4C)3}to] daunorubicino] 2-4€ AETE ZA3}
Rk o] A& A hemolysis7} Dol A e pre-
swelling 223, 2 7|4 daunorubicing %
Q% & 9 2 A 13l parameter 24 preswe-
lling media®] A2 A7} HEsx & EF] W&
£¥A 387} daunorubicin®] B-YAIt R &FE
Aol mHE B PSSk 3 AP ATP
level S =4 3}719)8le) ATP ¥ sodium pyruvate7}
#-#¥ HBSSE o[ 43It

Daunorubicin0| =€ g7 24

A¥7U ATP:= A. D. Flora®y] Whyo) wha}
HPLCZ A #slg.om, Yu- Li Wang £2] 270
w2} ¥ T79] image analysisE 31tk o] WS
7veFs) .okEtd o) 2k 50% 237 suspen-
siong HBSSE 3Asted 1X10°cel/m/E THE
t}2 o] suspension 1 volume-< poly-L-lysine (MW
=150 kd)©.2 precoating® 35mm3]7 9] plastic
culture dishol] ¥ 11, 37C <] CO: incubator (5% to
air)ol] A 1 AJ7HEeE WA thy o719l 5-carbo-
xyfluoresein diacetate (in acetone)E 20pg/m/o]
A 7}k thA] 3087t incubatoroll A ¥ 31 ok
o] culture dish& t©}x] HBSS=Z 33 Aj§ o}
ACAS-5702] image analysis program2 o]&3}
AT image analysisE ¥t} =3 John L.
Wang 2 D.E. Koppel 5%*2] uljof| u}z} ACAS-
5700 2 Adute] lateral mobilityE 33k Th



o
e
-4

Hemolysis index (°4)
Hematocrit Leve!

0 I 4
0.0 0.2 04 0.6 0.8. 1.0

Dilution factor of HBSS (x)
Figure 1— Hematocrit level (closed circle) and hemolysis
index (open circle) at 2 min after adding each hank’s ba-
lanced salt solution (HBSS) solution into red blood cells
suspension at 4C. 4 volume of each HBSS was added into
1 volume of 50% red blood cells suspension, which was
cooled under 4C.
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Figure 2—Effect of preswelling time on entrapment effi-
ciency into red blood cells with daunorubicin. After swe-
lling with 0.6X hank’s balanced salt solution (0.6 X HBSS,
0) and control 1 X HBSS, O) at 4C, supernatant was re-
moved after centrifugation (4C, 800 rpm, 3 min). Dauno-
rubicin (DNR) containing solution (100 ug/m/) was added
and then red blood cells suspension was incubated. At
desired time the final red blood cells suspension was ce-
ntrifugated in the speed of 1000 g for 3 min. Daunorubicin
in the supernatant was determined by spectrofluorometry.
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Figure 3—Intracellular daunorubicin (DNR) content as a
function of the external daunorubicin loading concentra-
tion. After sweeling red blood cells with 0.6 X hank’s ba-
lanced salt solution (HBSS) (4C, 2 min) and removing the
supenatant (4C, 800 rpm, 3 min), DNR containing solution
was added into preswollen red blood cells. Red blood cells
were washed and the intracellular DNR amount was de-
termined by spectrofluorometry.

Table I—/ntracellular ATP Level { nmole/mi packed cells)
in Each Experimental Condition

Conditions ATP level (nmole/m/ packed cells
Normal 1528.56 + 28.36°
After resealing’ 1313.76 + 32.17
Ghost 33296 + 1744

*RBCs were preswollen by 0.6x HBSS and resealed with
10x HBSS at 37T for 30 min.

®Mean * SD calculated from 12 experiments.

daunorubicin®] % Fig. 3% 2tk = & %
T ot HE 280 (BYE 56%), 518 (B
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(B-9€ 20.8%) ug/10*cells G} 281} Fig. 200 4]
100 ug/m/ 552} daunorubicin €948 AF&-3s}ed
TUAAET IR F AEE0] 32%2 BYEL
68%= oAF=HY HET Fo BYE Fol 32%
£33 A8 daunorubicing 2% t}A] anealing
3}7] 913 incubation (37C, 1hn)3le 22 2 A
Ao A EHo) dojt Aoz AgHTh
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Figure 4—In vitro release profile of daunorubicin (DNR)
from DNR entrpped red blood cells. One volume of red
blood cells suspension was added into 9 volume of indi
vidual serum ({(J), HBSS (A), PBS(O). DNR content in red
blood cells prepared by preswelling technique was 31.96
+ 0.6 pg/10"” cells.
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Table I1—/mage analytical parameters and membrane fluidity of red blood cells in each condition determined by anchored

cell analysis and sorting system (ACAS-570)

Image analytical parameters

Membrane fluidity parameters

Red cells
Perimeter (um) Shape factor Mobility (X 10~® pm?/sec) Recovery (%)
Normal (n=580) 10.17 + 3.03° 1.30 £0.92 7.37 +2.68 75.14 + 16.50
Swollen (n=497)" 11.82 £ 4.17 132 £0.14 6.82 +4.26 78.86 + 11.48
Ghost (n=>548) 12.20 + 4,37 134 £0.14 457 + 341 51.71 £ 27.09
Resealed (n=564) 10.20 + 3.87 1.30 £ 0.34 7.27 + 2.59 70.71 = 20.55

*Swollen red blood cells were prepared by 0.6x HBSS using the same procedure as the preswelling condition.

®Mean * SD calculated from each cell numbers (n).

Table III—Hemolysis index (%) during the release expe-
riment of daunorubicin in serum, PBS or HBSS at 37T

Table IV—Hemolysis index (%) during the release test of
daunorubicin in HBSS and individual serum at 37T

Entrapment Release
method

Time (hr)
meda 0 6 12 B8 24 M8

Preswelling Serum 00* 030 130 176 18 221
technique HBSS 00 034 125 157 179 210
(06X HBSS) PBS 00 061 096 227 303 557

* Relative standard deviation (RSD) in all data was within
maximal 5%, which was calculated from 12 experiments.

oz FES BYAA 9ol v E ATP 49
Zae JSAHE AP Feole WatE 7HA
A %S ¥F YU =3 FY HETY
lateral mobilityr= B 7.37X 1072 um?/sec3 0.,
0.6x HBSS& swelling A1Z& A-¢oe HT 6.82
X107® um*/secz® 2F7t 7443 A k. B3 o] T4
resealing AlZE& wolls= H 7.27 X107 °m%/secE
A AE79t 2ol o, ghoste] 75l Hit
4.57X10 *um?/secE 9] fF-5Alo] FA3] AAH
AL B F Ak

2+E48] 20— Daunorubicine] Y€ HET
& o83t} daunorubicin®] W&AES & A
(Fig. 9, MA) 24x1e] o)A 1AF Hit 7.52%,
12A)17ke)]  24.90%, 24A13to] 34.70%, 4841719
49.36%52H, PBSF wEHUS A& w1
AlZrol 5.14%, 12A17tlE 33.87%, 24A7toE=
47.13% Q[ 3L 48A17F o= 56.42%7}F WEE et
55 A% EF W Ao AR =

=0
=T
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= T e =TT

medium 12 hr 24 hr 48 hr

ATP (0 uM) HBSS 1.29* 1.88 2.31
Serum 1.25 1.84 234

ATP addition HBSS 0.00 0.03 0.05
(1.0 pM)  Serum 0.00 0.03 0.04

* All data were presented as mean and the relative sta-
ndard deviation (RSD) was within maximum 9.8% (n=12)
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At 3 gdd g MRy AFAAE
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W23 tEo] 80 g o] BAHL USE
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o] ZAHY] Qo FHHL F wjHoA
39 Ao|7t Vel AR oA A< glucosert
PBSol& EgH o] AL ATl HAFHL
Z FhEo] JeS ATy FY T ATP
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Ul ATPE FAAA F7] $13 43S 3+ vt (Table
V). & A3 2444 Al84 0.6x HBSS ¥ dau-
norubicin €%l ATP7} 5Y 5=/} H=E 718}
o] daunorubicin®] &4} AP-E 3P oW A
T ATPEZS A8t W& sodium py-
ruvateZ 718t SdEA AFEHAh 1uMe] 5
=7t 94 ATPE 7138& 39 F¥ 7o ATP 5
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