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Determination of molecular-weight distribution of dextran for injection by size-exclusion
chromatography and study for molecular-weight standards
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It is well known that dextran for clinical use should have narrow molecular-
weight(M,,) distributions, because any material with a M, that is too small is rapidly lost
from circulation, and is therefore therapeutically ineffective; also, any material with a M.,
that is too high can interfere with the normal coagulation process of the blood. There-
fore, accurate and rapid methods are necessary for measuring the M, the distribution of
dextran. In this study, the molecular weight of dextran for injection and dextran prepa-
rations were estimated by a method adopted in the European Pharmacopoeia(EP) using
the polydisperse standard of dextran and also by the usual method using the pullulan
standards. From the results, it has been clarified that pullulan is a useful standard for
the injection of dextran, such as dextran 70 and dextran 40. It was also found that the
molecular weights of almost all clinical dextran in Japan seem to be smaller than the spe-
cifications described in EP, whereas their limiting viscosities are in the range of the speci-
fications in the Japanese Pharmacopoeia.

Keywords : dextran for injection; size-exclusion chromatography; pulullan standard;
polydisperse dextran standards.

- ATFE I THUTCEREBNELHE >IN B, HF
b B 55 FUETEA Bto 3 g0t HEs LTy
FFANTVEINIA-ADFEELT a-1,6 EE&H BY. X, FRMBROBEREERIISTE 55 FUTT

o

LIEBR)T—T, a-13 D5V a-14 BEITELBH
THEZALTWVWD, EERSHFCEIRAMU &£ 5 # &
UT, HIRTZNIZESE Y 5 v o OBE, FiliEcs
JAEIMOER, MBREOCFHROBESICHERINT
WBH, ZOMBIHSTFRBICKES EFETS. UAED
5OPERDIE, HTEHN 15 FUTTRERICEL,

*ENEEFEREETEIARI: 540 KERFKR
HRXENR 1-1-43

BEIRMH 205, TR 8 L LTIz ERE % (B
TREVIRELRA>NBY., FFA LT v0EHITH
TFEFKELYETZ OEBERACKESSTEIZKS
<HFETHHEIIE, ATFERCD TEFMAEE SR
HEnd, HTERAERICE, REEETEREEE S
BPEsFE (M) 2RD2H0&, HEELL BT
B EOBRBFHSTE (M) 2RDB550550.
NS EERSTFRAIEETCH 5. Z0E»ITHEIN S

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

980 BUNSEKI KAGAKU

FikeE LT, MERAEESY A Zgpra<w br o7
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O—BTH B HDEE, BIEO—KEEL, 7uv s
T LD LEBIATENHICEATHEREESZENT
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HxnTwiEEERS (BP), BEAERFEHA (JP) T
BEMNETHOTEREEZRELTSD, JPIIBRELE
EREEZRALTVLS. BETXFA NI YOS TEAE
WBAL T, 1991 LT A ) AFEBH (USP) 74— 7
LT, 1992 ££IZ Pharmaeuropa T SEC OEA MKW
TREX N, 0%, BP T 1996 F£D Addendum T
Appendix C. SEC ODHFICTFTF A M7 v O FEDHE
WHAEBEMB AN SNY, I—uav g/ H (EP) T
1997 4E12 2.2.39. ¥ A b T ¥ DO FESTH, LWV HM
N URESRT SNIY. USP T 1995 £ 7 + —F
ATHIEEDREE L >TWVWAY. SEC IZLIETL D EP
X BP I3 —MREBREE L TNE STV, TFA
P VBERHICHB T BHHTO SECHARTH 5.
22T, TRALNTVICEBEINL, HEVEREFD
STBRAEEE, BEOD SEC SEETELZY, AL
NBFHA L7 v TFEEERPSRVSTESHZAL
TWAzHIz, MIEBEEZ KD ZBIC 5 BEO T F 2
T vERSIC L SEC ICEDEIE I ESTED,
HBEICEBSTFED £5% LRNOETHETE S &
ABRBEILEIT>TWVAEY), 20T, ZOFET
WFERER DIE»IZ, BEOD SEC V7 MZEEENZD
WEREETEY 7 MVPREBEL ALV EN D B.
A, AE X, Ty OoER (n)=KM: 15
F8 20 FUTOEHEATETFA 7 volERXE k<
—HFTHIEEHELTNSD. SEC BT HOHEE—
FIHFETERLIHTFIHAXTHr 120, FTFEEH
EOBFESBNOBSTFEELULTVS L DIIEERE
UCHERTE 258N 5 5.
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FTHRAMIVEULTJPEHATF AT v 40 RV
EHBATXANT Y 70, TRFFA ST VAL LT
FEAMT Y 40 EEK, TRIVBEETXALNTV 40
FEHMm, TFANT Y 70 ERHK, T RUBEERETFA
Fo v 70 BRHEEZR W, EP BB T AN TEER
mELT, 77 VY TRRERTXA NI VEEROD
FEANT V4, 10, 40, 70 R 250, 77wy TH
FX 2 b5 T2000, 7 FoiEZBOE. BED SEC
FBICBI AN TEERFELT, BRNEIH VT ViE
¥ P82 ZRH V.

2+2 SEC &BERUERE

SEC #& & U T, & ¥ 7 Tosoh CCPD, # H 8
Tosoh RI-8012 RERITET, » I 44— 7 ¥ Tosoh
CO-8010, 7K % SEC A H I 4 & L T TSKgel 6000
PWxl+TSKgel 3000 Pwxl (7.5 mm i.d.X30cm) % H
V), Tosoh Y AF ALY bu—F— SC-8020 K GPC
F-FOBEBRTO ST ALY T - BN EITo.
B EP BEOELEETIE, WY —ickot5aniv 7
hEAW. BE GPC 7F— Y AEA T U 7T AICHE
PlAED—D USP L LT AR SN TS,
FEZALTVHEHAOEKBRTTNT VEERE 2
mg/ml &72 5 kD ITKTHERD 5 VIEFRL, HBE
BRROEEBKRZHB L. Ch5>D 100w DX
SEC K& BHFRBIERT»72. TFA M7 VEER
3, EPBEIC>TTFALIT Y 4 RO 10 id 15mg
%, TFAMT V40, 70, 250 EENEN 10mg &
B 1ml AR CIEEBKRE L. v —h—BRE
LT7 KR8 5mg %, 7% A bT VT 200 D 2mg %
FNENEEME 1 ml KA L 2. SEC BIERMBE, B
BEWRE LT 005M BT M) v AR ZAY, RE
0.8 ml/min, 7 J ALEE 40°C & L7z,
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® X PUAH, FE: EHATF AT VO SEC I L5 HFERAE S S TRERSICE T 5%5 981
6.00 6 ~100.00 Table 1 CompariSf)n of molecular weights‘ for de-
| xtran calibration standards obtained by
light scattering and by SEC following the

5.00 EP method

— Molecular weight
4.00 L50.00 X Difference,
Dextran Light % M.,/ M,
L . SEC
scattering
3.00
\ \ 250 238200 238100 0.04 2.29
\ L 70 70300 71000 1.00 1.58
2009/ [ NN .\[\. . —Lo.00 40 40900 40000 2.20 1.44
25.00 30.00 35.00 40.00 10 10450 10800 3.34 1.53
Time /min 4 3850 3700 3.90 1.53
' ~ Glucose 180 180 0.00 1.00

Fig. 1 Elution pattern of dextran standards and T ;

calibration curve calculated following the EP method Proposed values by Pharmacia Co.

Peaks: 1, dextran 250 (M., 238.2X103); 2, dextran

70 (M,, 70.3X10%; 3, dextran 40 (M,, 40.9X

103);4, dextran 10 . (M, IO‘SXIOS); 5, dextran 4 1 234 5 6 7 8

%) 7.004 \_ - ~100.00

(M, 3.8X10%); 6, glucose 3 \ \

6.00 R L
3 RBREUEBER T
% 5,005 ~50.00
3+1 EP kL& SEC KIE = ]

HHELC &2 M, PERROT X2 b7 ViR 5 & 4001 -
¥%x SECIZKDAIL, 77 LA0HRRBRFE V, 27 % E -
ATV T2000 DE—27 DML ENOMBEI S, HT j Qw

e O e .
LOEEHAB V27 FUBOE—-7 Ly T oK 20.00 25.00 30.00 35.00
Time/min

O, TXAIT VOEBHE 1V ITB T 2 5EFE K
BV, E ISk K=h—V,)/(V—V,) ®k>IZERE
I5. HLBEHENE V, KBIB2HFE M SRR TE
xzeh5,

Mi=bs+exp (batb,Ki+byKi®+bsK;®)

Ih&kV, 8-V OERFESTFE M, 3 5 %
¥—rmasdaLrA&05206N05.

a a
Mw=i§1 (yiMi) /1_;1 i

FEALT VBESO SEC 12X 5 M, 5%E8ELC X B
My, & 5% LAOETEESND L )2 by-bs DEEE
L THFERIEMKE L RO /2.

EP I o TELNAFF X Mo V2L 2 BRIEFHIE
BRUOTFA LT /REROBHERE Fig. 1 1IRLZ.
Fig. L Fo 70y brEhEFhOY—27 vy TEB%
RLTBY, TFEIKEREERISEMCL VES
NBIEMGD S TR TwB. 2B, B D

Fig. 2 Elution pattern of pulullan standards and
common calibration curve

Peaks: 1, P-800 (M., 853X10%; 2, P-400 (M.,
380X 10°); 3, P-200 (M., 186X 10%; 4, P-100 (M.,
100X 10%); 5, P-50 (M,, 48X10%; 6, P-20(M,,
23.7X10%; 7, P-10 (M., 12.2X10%; 8, P-5 (M,,
5.8 10%)

BoNTRIEHBRIE T FUEO - 7890 5KFEHS
M TVBY, BV 7 ro7ay b FOBET, £
BIZid o ootz ¥—7 gL c o zwWocEtE L
DERIEL V. Fig. 1 #HNWT, T2 b VEEZOD
HESTE M, 2R, 77 vy Tiickoske s
NTWBEHREEETD M, EDE %, BEBESFEE
D M,/ M, % DT Table 1 KT DIz, Xt
BIEHRIZE D M, HEDEIIREK 39% T, 5% LT &
WHRFABEARNICH D, AL+ {Thohi & 2ER
LTW3. X, TR bT VEBROSEE M./ M,
BFF ATV 250 Tik 229 EAEDIEDD 1.44~1.58
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IHARKE L, BED SEC ICHWSNE TIVT v D5
Btk 1.07~1.14 EHRB E, FFANT VEER TR
WFNE D YSTEAIEL.

32 TNFUICLBBIERER

FEEDFRT, TIWVT v 2BH¥EE L I2@ED SEC HKIC
EAHMIEMBAERD T Fig. 2 KR LI, 7Tay b
E—7 by 7HBZRLTHY, ZRNIC & 5T LR
ZfiVtz. 22T, Fig. 1 & 2 O FEREMBZ L
WY B0, Fig. s KEREEZRLIL. FB 15T
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SEC

Fig. 1, 2 ORIEMBEZAVT, EHRATF AT ¥
Bk 5 BROTHIRT X A b7 VIESKE 7 D SEC AlE
ZEA 1. Fig. 4 KENFNOBEHIREZRLEZ. (A)
BEHBTFA 7 OB ET, No. 1~No. 4 &7 %
APFT 70, No.5 T FANT Y 40 D/¥F — VBTN
LTWA. ¥ A bF ¥ 70 TiE, No.l, No.?2 i¥ No.

LIFOfE T, ZoofidEE—sucsy, mE 10000,
HBOTFALT v ETNT Y ORERN 20 FLITF TR 4
FIE-HITBEVIOMEEHFET S TFALT VI _
S EET B0, BHTHERTEDTFRSAE LS _
& ICBMET B D BT YA Xidka < mbnnt S 500,
®, HTENM 15 FLUEOHEETE, 7FA 705
FTEREMBRE 7V Y OBEL0 L EAITATY
5. HTE 15 BUTOTHFAL I YIFGEPIEEAL
B EBEIENWEEZEZ SN S, Fig. 3 FOZ>DY—7 0.00 . - ]
BENENED LERATFA LT Y 70, EHATF 20.00 30.00 40.00
A bT v 40 DB LRSS — Y THY, EHAT Time/min
FAMNIVOE -7 EHTFEDO IS RELZBOZIREZ Fig. 3 Comparison of two kinds of calibration
I3 O ORIE MRS — T 2 HE O TR E T curve shown in Fig. 1 and Fig. 2
Ph5oERRLTVS. 207, EEIC > OBRIEH Dotted line indicates the 'cali'brat%on curve using
. _ . _ pulullan standards and solid line is using dextran
BEMAOT, FFALT YBAIOSTRAEZT 2. standards. Two peaks are typical eleution pattern
corresponding to dextran 40 for injection (1) and de-
xtran 70 for injection (2)
100.00 - 100.00
]
]
= 50,001 50.00
J {
@ S (B)
0.00 R e ~0.00
25.00

Time/min

Time/min

Fig. 4 Elution pattern of dextran for injection (A) and elution patten of dextran injection (B)
Peaks: (A) No. 1~No. 4, dextran 70; No. 5, dextran 40; (B) No. 1~No. 2, dextran 70; No. 3~No.

7, dextran 40
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Table 2 Molecular weights of dextran for injection calculated following the EP method using dextran standards
and by common calibration curve using pulullan standards (»=3)

M, M,
Sample Standard : M,/ M, HM,(10%) LM,(10%)
Mean S.D. Mean S.D.

Dextran 70 for injection
No.1 Dex 63900 230 43000 150 1.49 119400 23700
Pull 62900 210 45500 150 1.38 111900 25800
No.2 Dex 60700 170 40200 150 1.51 114100 22000
Puli 60000 170 42700 100 1.41 107300 24000
No.3 Dex 55900 810 29600 350 1.89 108200 15800
Pull 53700 420 32000 320 1.68 103100 17200
No.4 Dex 49300 700 27200 200 1.81 96600 14600
Pull 48900 560 29600 200 1.65 93600 15900

Dextran 40 for injection
No.5 Dex 30500 100 19800 260 1.54 56100 11300
Pull 32300 0 21800 210 1.48 58600 12100

Table 3 Molecular weights of dextran injection calculated following the EP method using dextran standards and
by common calibration curve using pulullan standards (n=3)

M, M, .
Sample Standard M,/M, HM,(10%) LM,(10%)
Mean S.D. Mean S.D.

Dextran 70 injection
No.l Dex 65000 750 43500 470 1.50 121500 24100
Pull 63900 720 46000 470 1.39 113600 26200
No.2 Dex 51100 700 30300 250 1.69 100000 16100
Pull 50500 900 32600 250 1.73 95700 17600

Dextran 40 injection
No.3 Dex 35300 550 23000 400 1.54 66100 12600
. Pull 36600 400 25000 450 1.46 67400 13800
No.4 Dex 33100 750 20300 300 1.63 63700 10600
Pull 34300 400 22100 290 1.55 65100 11700
No.5 Dex 33700 700 22400 310 1.51 62800 12300
Pull 35100 510 24400 310 1.44 64200 13500
No.6 Dex 33600 800 22100 500 1.52 52800 12100
Pull - 35100 610 24100 560 1.46 64500 13300
No.7 Dex 32900 700 21500 210 1.52 60000 12000
- Pull 34500 700 23500 210" 1.47 62300 13100

3, No.4 KV HBEHMPEL - ESRREOVEHEAY  DHERUI

Ron, BRICEOKRELENH -2, (B) WEHRES
BD/NF—>%RL, No. 1, No. 2 E7F X35> 70
THOROFHICEVRD 5112, No. 3~No. 7 X7 F
A NT Y 40 DBET, No. 3~No. 6 iE»/0ELIL 72
NE =2 &lEo2TNBD, No. 7EE—7 DIENSY HK
<, BILESTESZELEATVIIZ. 22T (B)
D No. 2, 4, 5 37T FUBEENFTT NI 5% %
BEHLUTVBY, SEC/8F— VY TRFFA I VS

FRhENRNDTX*AbPIT VD M, M, 8L
M,/ M, E5TEESS 10% OEBLEHTE HM.,,
B TFEES 10% OEEFYHTE LM, 2#FE LT
Table 2 XU 3 I/RU Tz, BERERBIZTFANS VE2HN
12 EPBEICLAEE FIT, BEOTNVT v AERE LT
DFEZTORU. MEOHEAZLET S &L, 2L L
TTFFXFAMT Y 40 TRETNT v 2ERE LcizH n5R
RKEL, TRAMS VY0 TRETITNT v BEEE L
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Table 4 Specifications described in. EP or USP

forum
M, HM,(10%) LM, (10%)
Dex40 35000~45000 (‘E P) ‘110000 > > 7000
35000~45000(USP) 120000 > > 5000
Dex70 64000~ 76000(EP) 1850000 > >15000
' 63000~ 77000(USP) 1950000 > >13000
Dex60 54000~ 66000(EP) 1800000 > >14000

FEH RN aBEAPR SN, FOBEEREKX
5% IRETHOMmETILZITEVVENE NS &R
Ntz ®-T, EHETRFALNS v OSTEIE, 5%
BEPHEIZESRLTYH, TNV 2ERRETHE
THEEDSECTEFHMIARE /2 2 &SRB S hie.

B2, Table 4 I EP RO USP 7+ —J AIC B 5
STERRELZZELOTRUL. BREREETHOLT
DBRESTHBY, HICEP TRTFAMNT V600D
R OBA IRE S LT WA, Table 2, 3 @ EP I
K BHEEFBBEELE TS L&, Table 2 TETFALT
Y70 D No. 1 D&HIE»AH UTHBRAILA-TNS
», MOFEA LTy 70D 3EBEFFAIST Y 40T
3 M, BIZEEZ FE > T, Table 3 TIEFF A b
TV 40 EHFID No. 3, TF A T > 70 BAHID No. 1
D M, FHRBRIZA>TNSEH, FOMIZHREE /N
I M, BEZBLTWZ, BIZFTXA KT Y 70 TOHR
WAED» H5DIFNHBKREL, Table 2D No. 2 RV 3 T
WEPDOTHFAMT v 60 DHRIEHICH Y, Table 2
D No. 4 % U Table 3 ® No. 2 TliX, TFAbT > 60
T BRUMSME L O BEIEN M, BTH -1z,

4 EHBEFEZ NS Y OBRKE

SEC BIE 2T > 12 EHATHF A b7 Y RUTF A b
I VEHRICOWT, BEMEZAEL, #RZ Fig. 5
RO 6 IZRUTz. JP OREBREIC L 2K E, 7TF A
FT ¥ 40 T 0.2~0.5g/100 ml O EHIFE THEIREEE
1% 0.16~0.19, ¥ A b5 ¥ 70 T 0.24~0.48 g/100
ml OREFEHE T, HWEREIL 024~048 2> TW
5. BU, 77 ESHEHAD No. 2, 4, 5 3HANK
BTV z0, B3 ULKERKGERI s, H
EMERAFBEELEKTSLE Fig. 6 DFF AT ¥ 70
BRI D No..2 DAL, §_TZOBMBEANICH - 1.
ICT, JPICBIAMERRICHEHELTVATFA b
FYDELHBEP, USP IZBIF A SEC KL AHEET
BloTWaDEERICET 5. JP BT 5HERMEER

Vol. 46 (1997)
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Conc. /g 100 ml7?

Fig. 5 Logarithmic viscosity number of dextran for
injection versus concentration

Dextran70: O, No. 1; @, No. 2; &, No. 3; Q, No.
4; Dextran40: @, No. 5

0.3}
—0—0 O o)
©
S
E 0.2k ——e—y o—
'U@*:ﬁ R E—— () ==
5"
2
0 0.1 0.2 0.3 0.4 0.5

Conc. /g 100 ml-!

Fig. 6 Logarithmic viscosity number of dextran in-
jection versus concentration

Dextran70: O, No. 1; @, No. 2; Drxtran40: @,
No. 3; @, No.4; (P, No. 5; O, No. 6; &, No.7

#%1%, EP, USP IZ &% SEC OB LV L, HTEE
BEXONSEHNRELTHEAREES DS,
B, BOEOTFZ I vEHIOSTEENSENE
[@NH5ENIHEIX, 1978 BT Nilsson H 05, HR
FEOTF A T v EA 120 BERIZ DD THEELIEIC
5 M, BEAFELLZFICLR >N EY., ZofhT, &
HEOFFAMT ¥ 40 D M, X, 32200, 34700,
29500, 29700, 7 ¥ A b7 ¥ 70 T, 48400, 44300 &
WHESRE XN, MEICHKRTNEDD M, B2
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S>THY, BIZFFA LI 70 TEREED 38 ik
THRLNSBETH - 1.

ABETE, TRV VEEREZFERT S LICE
0, BEOD SEC TH EP EEFIFRBICTHFALT >
DAFEBIMENFEETH 5 EMELLEL S 2. DT
DENVFXFANT VBEFEZH NS EP BT, 7% A
b VS TBEEFOEICERLHEY 7 NERET
HBEEVHHEENHSH. 5K, TFAITVIIRNT S
SEC HDEBITY - ->TWE, TV vEEGREZANS
FHiEbEO—igt, BEE» STHICERBT X THS
LEbh5.

X, ZEPEOTFA T VEBIIHTENWNZIDTH
B EWREIN, SEC EHEDEAIIY 2 - TIX, BHIgHE
OREZHBEILERTHILENH L EEbNT.

Bolf, =4 AR ICBULTFRAN T VEBRED
EATFHEEEROEMCINAZ, EEREZBEEIELTH
ANT VBT A) ARBEEDE (FDA) I &V EFH
ANdne, SBRETETESTFVEOS FEMELE
BilnasLBEbhsd. ERGLBEOREKRIIBI BHT

PUAH, FH: BE5ETFFA LT VO SEC ICEA5DTFEBAE E S TFEEESICE T 5ET 985

BEMECE, F¥FANT vOAHORHEZFE LT —FHiE
AR ETA5DTIE L, EERNICKRET T 5 XXk
kT HWEEBbh5.

FEEREIC—SEBm O & F U IR S I s
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ERHATXFAL T Y094 Xkrru~v + 757 4 — (SEC) K EBHTEFMARALS &I,

SFEEEMIIOVTRETL .

mEI -0y 3EFH (EP) REEKFH (BP) KHTESHOIA

WTFFZ T VIBERZ VSRR T —  TESRNE S N, AEBETHE TN VY TERE
HEETFXF AT D SEC FIEHE T 52 ENTELEHRL. EP WBERO T VT v EEES %
HWa@BED SEC BIEZTV, METHEINLZTIFAMNS VvONTEZHRLUIZEZS, 20E IR
K5% BETHY, TV Vv E2EERETIREDFELTFTIA NI vOSTFEFMICER T2
EWHLDPEB ST Fz, BABEOHRTFA b I v HAOHTRAE, &, AEKRS (Jp) ©
MERMICEE T H5HDTH, EP O SECHBCHALEVEDNH 5 LRI, EIEDOH

BIZHARP D SFESNS VT EMNRI N
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