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Sustained release preparation of erythropoietin using
sodium hyaluronate
Comparative pharmacokinetic and phar-
macodynamic studies on erythropoietin administer-
ed alone or in combination with sodium hyalu-
ronate were performed in rats to demonstrate the
potential application of sodium hyaluronate to a
sustained release formulation of ervthropoietin
(SRE). Following subcutaneonus administration,
serum erythropoietin levels in the rats treated with
SRE persisted longer than those in the rats treated
with an erythropoietin solution. Administration of a
bulk erythropoietin solution once a week yielded a
remarkable effect on erythropoiesis. The time-
course profiles of hematocrit and hemoglobin level,
however, were rather fluctuating, indicating that
adverse effects, such as hypertension, might be
incurred. In contrast, weekly administration of SRE
comprising sodium hyaluronate, erythropoietin, and
serum albumin gave smoother time-course profiles
of erythropoiesis. Serum albumin was found to play
an important role in SRE. Since preparation of SRE
requires neither organic solvent nor heating, possi-
bility of losing biological activity of erythropoietin
would be minizized. The viscous property of SRE
would lead to the stabilization of erythropoietin
against physical disturbance, which would be bene-
ficial especially for self-administration dosage
form. In addition, the fluidity of SRE allowed subcu-
taneous injection with a small gauge needle (e. g., 26
G). Considering that sodium hyaluronate is
biocompatible and biodegradable, the SRE
proposed in this study would be a promising candi-
date for weekly formulation of erythropoietin,
Yasutaka Igari « Seiko Ishiguro
Minoru Yamada « Yasuaki Ogawa
Hajime Toguchi®
key words : hyaluronic acid,
sustained release for a week, erythropoietin,
pharmacokinetics, pharmacodynamics

* DDS Research Laboratories, Pharmaceutical Research
Division, Takeda Chemical Industries, Ltd. HEHZERL
% DDS #Fgen

Y Ao v R RS %
FoVA b A4 yO—FTHD, EROK 0% %
BEENELIEESBEOBEAETH S, BIE,
BRIEBWTR7ZV 7 7EeR—FO2EEDLY
Ao H T ORALBELLEE OB THRO
BMEBFEBOHWTHEA 2N, wFho) AR
TFHERANZRIRE BT TS,

FORBIEY, BRAE 1E 3,000 ERREAT
ZE3E, TELRIERCHIRNIZESL, &
mrEZR BB oS, EFELLT1IE
1,500 EEHEAI 28 2 ~3 3], 5\ i% 1 [ 3,000
ERREAT %8 2 A S 3 2 OB —RITDH 2.
=Y R o RxF rikEmeEiilas S el
B WA R ATEMA (CFU-E) 2.0 L T 5K
MMERF O @ E, =V AR RF 28
5452 kickn@E#H CFU-E, & CFU-E, @ik
FRIMEREL, # L THRIMEBREHIEREINT 2 L 8|E
EhT»3Y ) RAofnd vidRmRELE
BT mitogen TH Y, »2 survival factor T
HBEZENTRENTEDY, LEEBEEENDE
B L BRBIZ b b 6, HFEOE TR
Micbhi: DRSS ST WA,

) AvRIFOFWEH L L TRMELR,
R b sh, BIEMEORSEH L H5.
ISRV TRY BELENS 3 Wi BEED
B2 b0 L3N, 20D FEREICA
< b2 Yy ME, HBeIMEZRAELLHSE
HE, bHIEEHEZHEELEZS R
L

BERME L TERBRABREDEDLICETH
5, BREAKS bR EhTw2, ETR5EHO
WAFTRAFEY T 4—IiF 20%~30% & {E\»
Ky b s T, EMEREEER &S IZRRE
ThHaZLo@Esh, MEETBELANATOR
SERELTCHERATHL LB RBEIRTL
%’)2.3)_



238

Drug Delivery Systemn VOL. 8 NO. 4 JULY 1983

) AvHzF BFIICR LD L S RERE
Sofis t 58, BSHBORE VS EHDL
Lanbsd, —74, HTRETHHOIEESES
N3, 22T, BEOEFCHD SHE, 2>
74T AALEERNELTZY AnRnF
OFFFEMRFIOMEETT o2, BENIE, &5
E#HomA, ro@orEmMEEE: L, #5
BEIECES LR ETERS, R5ERE1
B 1E*EEE L.

) RAoRrF rORFFEERAOER L LT,
HES SRR THL T L Y EEEAL
BT izl eETnovrERSYays 2y
AYD—FETN-7EFNLITNaBI Ny
o rBOFEEMOBDRLEE» 2D, £
AR FET2E2HETH LD, HFRIZIER
REL, FEOMEE RkMs X UERERZ
BTaZEBHIONTWS, Zhas0EtkE2FHE
L TROEE R EH B 5 W R IRERN R S A O[3
fRELTHAEATHS, DDS~D L 7o -
DIGAFE LTI, ZOMEEFIBALE L OYH
LW REENEDE 2 GHA S ¥ RBkd 2
W RIS 2 ER A L AT st B, AHEER
TRET7 o BOEEEFIBLESCETES
TE, L»pbrY AuRLFrOEEHR L+
SRR E RS DTEEN I DL TRE RN A 7.

H &

(1) # #

Y AuRLF ik, BEFHBRZ 2XzF
~_—% 2 HLHROMF (PARE) 2Awl. &
ThrorgiRrr )V s A BEER LS Y
A AHW) BCHEL TR E P rn Y EO
AT 140 FTH S, ZOMOFRFE JIS ¥
B LDV —FODbDERERL 7.

(2) {EFBY

SPF & T CHHE L/ HEtE SD &7 » + (838
B OEERE ) H > THEE, WEEETRS
L, BEEIRL 0 REICERML 2. wFhod
b 26G OHESEERWTERS Lz, BHilEFD
PLEERER & L Tk EDTA-2 Na %2 iz,

(3) EHEHREUE

B U7z Mg E ki ity, ~< b2V ME
GELE), BLUAEs o v (~xsr oy

WEHIESFy b ADGMEE) 2R L, %7z, M
whox ) AoRes o @BE: ELISA B(—
D o H = A L) TRIE L o BEARA
BLUTA MRAEHL - BHEALRATZ
L&, HRIRMmERE A b Ui,

(4) TRBF»SOLY ARz F O
FE

a1 A A 3 A(Mab 474 1 JT Ba-
ker #H)&EFH L7 HPLC(y v boZuoa
GTi: 77A<¥7— LKB #) ¥V THE=T
VAR FrYMElGhOx) AR F L MiE
FLTESoESEL, 777 varyavii—
(A—r$—F w2 772y 7— LKB #) 52
L #Bohn&737vardhox) AaR
IF#EER ELISA i L DEL 72,

(5) e7nrurEEHAvilfonE

E7rOrEEF U YAKUT, E7 v R
PRETS)EFREL, 1.5%w/VithkE XK
TS A A Ak R BRI, WA TRY 2 B RGBS,
RSl DECLVBERNAL. Bohk
B FoBRo —ERE /NI 7 AR
WA TFMERAR, E5RFIROTY AoRTF
YA B L CRECEC TAERE KRN TR
FEOLYAuNRLF B, 70 CERREC
A EylEARAML . BRI T
E7o B 0.5% (w/v)THB, ET L
OYBERE ) Ao F VBHE ORGSR
L, BAWEHSEEE—IR 2 2 TORSKMI
BEWROIICE DEL LY, BR8N 255
BRRBATTCTo .

s R

(1) miEhx) AufzF BERER

Y AR F o (HRMAD) 2 8mE ik 7
narvEgt—fHeSy PRETHRS LSO
AR /EPREHBEZE1ICRT, =
J A RxF rEMEEETIEIRESE 6 I TMm
BhRENE— 7 CEL, TORBLICHEL L.
—F, 7o) AoRZF Y EREL
T8I 2 RS L BT RS 6 BEf~ 8 BERE T
MiEFRESNEY — 27 0EL, TORBLCHEL
Tedd, FOBFEHEIZTY Ao F o BAKRS
Backbdr L THEWRL, 7o BRI X



20,000 -
E —e— erythropoietin+
g 15.000 - sodium hyzaluronate
g —o— erythropoietin
g
&
& 10,000 4
£
g
o
§ 5.000 1
#

0 . ! ) ;
0 12 24 36 48 (hr)

BE 1 =Y Aoz o Be(iRMeAD) 03
AORTIF 7O rBREMERE TR
St ol e

—o— erythropoietin

—e— erythropoietin+sodium
hyaluronate

e yehicle

150 4

reticulocyte count {per 1000 cell typed)

0l V.

6 1 2 3 4 5 6 7 8(day

2 YAoKz BM(MEMA)ELIR
Yy2aofTFrreT Lo EREMEE
T 5.4 0 R A i R R R

FEIRMARSESE2RT. UTORSREL,

LEEIGEBE LR,

(2) #R AR IR (reticulocyte count) @ %

&

T Ao RLF o (THRER) 2 8EME e 7
vu v — iz v P EEIETERS LSS
OHRFMBRBOER#E 2 R, =Y AR
TF oHEBRESHTE, 5% 3 BE» SR
mek FFLiEC®», 4HE~SHBHIKE—Z
ELbE, B5EIABCEESAED L&
TLTwaie,

—H, e7rvoriglr) AuRsd v ERS
L BA = #E LB TRARCES® 3 EEL
SHAFMBRBA ERE LR UBHSHEC L D®EYL

Drue Delivery Svstem VOL. B NO. 4 JULY 1993 289

(a)

1 —e— 0.60g/kg/day
{ = vehicle

wr o
(5] =

(1)
=
i

hematocrit (%)
5 =

-
=

da
]

s
=

=
-
-
<

3
e
-
=

e

o

21 (day)
217w

20 1
19
18

17 4

hemoglobin (g/dl)

16 1 == (,6ug/kg/day

15 —o— vehicle

PP VAN 2 2 i
0 7 14 21 (day)
EH3 MR AoReF  HAZE3IEET
BEROAT 7Yy MiB L UAES
o £ EE D RS

v—rasohnicdbt, SAEHCRESAIO LV~
MIETLTWE., 7o YBR2RELTHRS
THZ LKLY, MRRMERB O EES
ZZEMYEILY:. Y Ao R F OS5 EE
LTRELCTH 2, MEFRESFHRLTYS
B & DRRSRINERE O BB R L D 2 LAUR
ahiz.

(3) 81[mEEs LE 3 RS O
BEMRIC L 2BEERARL-DICHEL ) A
oK F RAIOKBES, H1EHSWIEES3
EOREEETIy FIcETESL, ~Y b2
Jy MBI UAE 7o YBEOHR 2 HF~
72, B3EEEIRBEBLTRERATRZ ) Y
MEBIUAEZuErBEOLTRLEDPHLI
ERL, BE5hiEER TR TR (B3)
L. —7H, £EASKEREL LB TiEsE
BT IZiZ—EDMETH - 7z,

FEFR T A LR NROFEMICHEFET S



240

Drus Delivery System VOL. 8 NO. 4 JULY 1993

15 —e— 0.6p/kg/day
¢ J o vehicle

hemoglobin (g/dl)

0 7 14 21 (day)
B 4 MY Aoz 8EEN ] EET
BE5HRO~T Y 0L REORMED

», BPoELEoRLEs(H1) 6TZOR
FERRE D2 kd, 2O ETESHEE
WEWIBS IR ERYNREOERSEIS I LER
BLTwab,

B4 1 BMoRSERHRCIC L TRSRIEE
1B LEICES L BSo~EeS o B
OFERERT, BESEHSE U THLEESMEIE
U3V EEMRORESIENEL TS
ZEdbhs, —F4, LEMC1EO®RSTHR
BERZH 2T L ERMRORRNEE
Bz EeBE5IREANTVS, Thbh, B
SRR % 1:EM e 1 B LT HRE5RSHE2
PSSERSh R SR T 5 8, £ OEEHRORIE
Eh KE LI AL 7,

(4) e7ruorEoEE

Y RAgRzF v (TEEA) LeTve VBE
BALTLEMC 1 BETRE LRSS, RS
EXE50EREFCIZ L hhb s TERHRED
KBBWeHTHD, »OBE—EOMEHR>T
ETEL(HG)., ThizEs5EEXSICETT
bABRZERNB O (BRIIRST), 7w
OYBLRAETA I EICLD, MEEPEEE S
LTWwa I EHRFREEDNS,

(5) ME7 VT rORE

SEOERICHGLETEO ) Ao o8
Az, ME7 L7 3 R TFOHEMENT S,
E7urEEAvLSFITOmE7 VS0
SR 5 T3 7201z, HPLC % AV TiifRads ¢
D) AoRzF 2B LE. Behlx
YyAgRIFrhHirvidonice 7o rBEERE
GLizbDhdnFAsT—EROME7 VTS
vEGBML-MAZEHLy PCETRSEL
7.

54 1 (a)
—e— 1.35ug/kg/day
524 —o— vehicle
~ 501
§
£ 48¢
8
w 46
g
= 44
42
4044 | ;
0 7 14 21 (day)
20 4 (b)
19 1
=
:‘_’& 18
B [
5 17 4
¥
£ 16 4
g —e— 1.36pg/kg/day
—o— vehicle
15 4
ld ¢ - *

0 7 14 21 (day)
5 TiR=Y Aoz s rH4E L EET
BEHED~AZ 2 )y Ml X UAT Y
T e R DR HERS

[ [ e B e ) B = B - = ol = ) P =
VEREIMEF TS »EEMLUL 0N, FEZH
BRI REBHLTBY, 7 v vBEAY
PRFHIICEITAMBET LT S ORISR OR
BHRBCESTHS Z LREN,

B
BHEMEBACERTIZ) Ao F v
i3, FTOHEEOEASZVZHACKRSERAZYZO
JCROEMRD r e b cBFEOREEER T 520
OEHNORFEMNEEIN TS, 1EBKE2~3MH
OWIRARS TRIMMES T 50bY i, 70
o EEAWR 1EMK 1 BoRTRSBEOHH
44 DDS BHATHA2 LBbh3, zOFLHE
LTk, BERFCRLABMBERLERALZLI L
L, E7 o YEBASERE LRI L5,
R R L A2 A F rOENORE
ks b rnbifonsd, ZhEECH
CEHEMAZ &0, TR L 2 HEIOR



544 o erythropoietin+sodium hyaluronate
(1.35 pg/kg/day)
521 —o— vehicle
(a)

= 50
x®
E 48 ¢
5 46
E 44

42 4

40

20 4

19 1

—
(=2

—e— erythropoietin+sodium hyaluronate

1% (1,35 peg/ke/day)
0= vehicle

hemoglobin (g/dl)
e

14 +¥ o : -
0 7 14 21 (day)
Bé¢ zYVRAoEIFrEETLOCBREEY
il 1 EETFREHD~~ b2 Y v Ml
BXUAT Y 0E »BEOBLER

D/ HILGECRERLTGTHS,

¥7:, TORTREFTLOVEOBESR{EL
MF7NTSURFMTEILICED, B2
DI bhb s THlOWESRSHTHRE T 5 Z LA
BEThaiz®, BECEZZEMRIDRN,
TRMAITH 1EOBRSEEEFLIEIZED
BEMBBLMEZEbEZLNS, L, T
DAaERTF OS5 L CFU-E, erythroblast,
WRARMmBR, FRMIICES erythroid lineage @
SEREOMIIE Y A AT THEEL, ZO—E#EDHME
BREPELXCLZERTETICEIFRIC DR
Lfasid D, HKEQHEBIES TREBRYEN
W enTians,
ETREZDT) R0 RS > ORI i B
Bhhn, i, HIGHERR R2EESSE D

241

Drus Delivery Systaem VOL. 8 NO. 4 JULY 1293

haematocrit (%) difference

Ll y

14 (day)
== HSA free erythropoietin+sodium hyaluronate + HSA
—o— HSA free erythropoietin+sodium hyaluronate
—0— HSA free erythropoietin
=== yehicle
B7 z)AodzsdHEMasicsdanms
NT I DR

B, E7VvarBERELEBAITEIASES
OB s, ATk o708, b
7o rBOSTFE, BEZYLE DDS ckE
ZEEERROIEAHBHL TV, EEMENAID
R LTeTvorBE&IEET, SRS
BUETHE L, ZeMREBEBEIZANATVEZ
L SEERADICAEEZ THORECREER 2V
bDOERDbNS, £/, Y AR F LIZES
¥, G-CSF Y fhdE ) 27 F FADIGH b A
HETHD, SBORESHFELS.

X @k

1) Krantz, S.B. : Blood 77 : 419-434, 1991,

2) Faulds, D., Sorkin, E.M.:Drugs 38 :863-899,
1989,

3) ENWE EF¥0dHOaH 155 631-633, 1990,

4) Spivak, J. L., Pham, T., Isaacs, M., Hankins, W.
D.: Blood 77:1228-1233, 1991.

5) A& T EFODHOH 1551 639-642, 1990.

6) AEHR  EX0H A 155 643-646, 1990,

7) Scott, J.E.: The Biology of Hyaluronan. Ciba
Foundation Symposium 143. John Wiley & Sons,
1989, p6-20.

8) Larsen, N. E, Balazs, E. A. . Advanced Drug Deli-
very Reviews 7 :279-203, 1991.

9) Drobnik, J. : ibid. 7 : 295-308, 1991.



