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Evaluation of Pharmacological Effect of Soybean Trypsin
Inhibitor-Chondroitin Sulfate Conjugates

Youn-lim Choi, Hyun-gu Nam and Young-hee Shin’

College of Pharmacy, Kyungsung University, Pusan 608-736, Korea
(Received February 11, 2000)

ABSTRACT-Kunitz-type soybean trypsin inhibitor (SBTI) and chondroitin sulfate (A, and C type) were conjugated using
sodium periodate method. And the physicochemical, pharmacokinetic properties and immunogenecity of the conjugates
(Chon-A-SBTI or Chon-C-SBTI) were characterized. We expected the conjugation using chondroitin sulfate to reduce the
immunogenecity and to improve the pharmacological effect. As the results, the mean molecular weight of the conjugate
highly increased. After LV. injection of the radiolabeled conjugates or native SBTI into mice, it was found that native SBTI
showed rapid elimination from plasma, whereas Chon-A-SBTI and Chon-C-SBTI were slowly eliminated. Organ dis-
tribution of the two agents at 30 min after LV. injection was different : Chon-A-SBTI or Chon-C-SBTI accumulated to a
large extent in the liver (13% in Chon-A-SBTI and 16% in Chon-C-SBTI), whereas native SBTI was taken up more rapidly
by the kidney (107% dose/g of tissue) and excreated into the urine (26%). In addition we evaluated the therapeutic value
of the conjugates by using the sublethal septic shock model caused by pseudomonal elastase and tested the immunogenecity
by passive cutaneous anaphylaxis shock (PCA). The conjugates were more effective than native SBTI against pseudomonal
elastase induced septic shock in guinea pig. In case of the conjugates, the pharmacological and therapeutic effect lasted over
3 hours long. In immunogenecity test, both of the conjugates showed the reduction of their immunogenecity, especially

Chon-A-SBTI looked most effective.

Keywords—Soybean trypsin inhibitor, Chondroitin sulfate, Polymer-conjugate, Pseudomonal elastase induced septic

shock model, Immunogenecity
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7t HEA O E HEolse F2E 7Y, NoHE ZEE
Ablo] &E3HE AR|ol wet A Bl (d-sulfate), 2 C E}Y
(6-sulfate)°. 2 o] & § otk Bg7] AAlY ESAsk=
AR F2HOH JAA] F9] s AR dAdel 8=
2= human urinary trypsin inhibitor(UTDIM A EFY) &
2 ZeFozle whilze] A7 o] At EAlsia
Aol YA U2 gk F=zo)Fle] A W 7)15e
B3] #HEHA FRout Fad WA TS I
ozE d&En o)9} AHE A7} AyPSoln). uleh, &
wHE o Aol AL ZErplelelng ojget IEA E
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2 ddY vR225+1 g, 557, 84, Y& SLC, Shizuoka,
Japan)Z LA ZARE: 22+1°C, F&: 55+3%, B
1277 F7ellA] 15797 AGAIR F Adel ARS8t

Alef & 717

Sodium periodate, sodium cyanoborohydride, N-[2-hydro-
xyethyl]piperazine-N'-[2-ethanesulfonic acid](HEPES), diethy-
lenetriaminepentaacetic acid anhydride(DTPA), soybean trypsin
inhibitor(SBTI), trypsin(type I) 5~ SigmaAkMO, USA)
X Aste] ARESIITE chondroitin sulfate(A EFY BT
wAFE: 10,0009 C BFY) HaEA: 2500002 L& At
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FPAtNA 715 "ol ARE-EFIAIL, benzoyl-L-arginine-4-
methyl-coumarine-7-amide(Bz-Arg-MCA)= Y& Peptide &
T4~ A F(Osaka, Japan)S - AHE-3HATE. Pseudomonal ela-
stase(PE.y= ¥E-2] Nagase Biochemical AH(Kobe, Japan)Z
RE] 715 wo} AMESIGTh 2 9] AlES SFAY Ee
HPLC & ARSI AF A3 7172+ UV-Vis
spectrophotometer(Shimadzu UV-1601),
(Jasco FP-750), blood pressure transducer(TP-400T, Nihon
Koden, Japan), ultrafiltration system(Amicon 8200), 527
Z7)(EYELA CA-1500, EYELA FD-5N, GLD-100, Japan),
y-counter(ARC-2000, Aloka, Japanys-= AH-31%1.2™, Win-
nonlin pro-gram(Scientific consulting incorporates’}, USA)
g olgsle] ANTHEN 4TS BN

spectrofluorometer

SBTI - &4t 2= 20|l ZEkA|e| &M

2Mef B EEZ0/AC B - H8 = UEFH M
wat A 2 C B9 3 =20l 998 2 #8Q
ZAMGEF(107 mg/10 ml)yEHel 8afjdted A2, Gl
24X 7F ¥r-g-A1Z1 % amicon ultrafiltration system(3,000
cut membrane)S ©]-&35t] wHkge] g o=l YEFS
AABAL, TAAZRSI 48l A F=2olxE AUt

SBTI - & ZE=Z0/F ZEHS gy, &2 & A -
b8} g4 Z=20]%(90 mg)e SBTI(G0 mg)t 02 M &
MEET 03% A $438 B4 YEFS F/T 20
mM 1243 Sl (pH 74) 5 mill &3islke] Lol 24
A7 3Rk, wkgEle] XAIE AT 43S SBTI- &
A Z=2o|3 EFA|E Sephacryl S-200 column(3.5X
65 cm, Pharmacia-LKB, Uppsala, Sweden)°l| loading3t -,
100mM 249 $hEl(pH 74)02 40mihre] £=2 &
Z3lch. 28 27 smiE sion, Zhzke] BEe 280
oM FBEE FF3l £F HEE T 82 9
EHojlx] mjuk-g-e] SBTI M=o} XA w=7t £ A
o2 ARy, A B C B9 Hole A9 & F
ok, EgHA k] B3] (fraction No. 45-68)S XoFA Amicon
ultrafiltration system(3,000 cut membrane)® 2 &3 L,
ol AAFE 33] AFs g 3 & 5 Axsq =
A A APl ARSI

SBTI- 84 ZC20|3 Ze] 24 #A

tksl w2 SBTI- B4t Frgolzl E3A 89 50
ug SHA-sE Al EgAEA(1 ugio pl in 0.02 M-
CaCl, ¥ 50 mM Tris-HCl, pH 8.2)& 7Isla] nukgh
F 37°ColA 1087 WHeA7| 2, 7AYo R YA}
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Figure 1- Elution profile of SBTI-chondroitin sulfate conjugates
and marker. key, [1; marker[A; dextran blue (MW. 2,000 KDa), B;
BSA (MW. 69 KDa), and C; SBTI (MW. 21 KDa)]. @; Chon-A-
SBTI, O; Chon-C-SBTIL

o] B 4] BE Fetd B2 FAH d@E€AEE UL
], ol 2FA HHo|HAE A
AL T F Y e XTI R IS Sy
& glom, Al i3 GFY FE AT 71Agtt.
Figure 12 SBTI- 3%t E==o|z IFA|S] Sephacryl
S-200 ZHolMY €& digolt). SBTI- 3} F==0)3
¥ %A (Chon-A-SBTI, and Chon-C-SBTD¢] &€& | ®lo]
native SBTIRT} FH L3l & we] &5 ZAo= Hol
EHAZL native SBTI®Y Hlste] #Ajgo] F7Hide-S B
AFRth. Table I native SBTI®} 84| ¢0] Ea)5sk3 A
AL Yepi e, Lowry Hol(22) wiet 2438 oz
o2 e Az FE i F=2old A e ETEA
2 10,0002 73-%, SBTI 1moledl] thall Z&2}7} 9.3 mole
o] HIEE, C BRIETEAE: 2500009 7% 3.5 mole?]
H&2 A3 J8S & 4 vt Native SBTIS] EHZI

Table I-Physicochemical Properties of Native SBTI, Chon-A-
SBTI, and Chon-C-SBTI

Properties Native Chon-A Chon-C
P SBTI -SBTI -SBTI
Mean molecular weight 21,000 114,000 110,000
Polymer attached - 9.30 moles  3.51 moles
ICs against trypsin®(1 ug) 0.25 2.00 1.79 ng

27189 0 2 Bz-Arg-MCA E A&
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1 pgel gk 50% A FE(ACsE 025 pgldl Hished,
Eago] Z713to wel Chon-A-SBTR= ¢F 2 pg, Chon-
C-SBTE= 1.79 pg =5 Uehliidt) ol #Ades &
2392w 1Cs 874S Chon-A-SBTR= °F 68%, 18|31
Chon-C-SBTE= ¢F 73% A% $Hdte o8 18Rl 444
o ¢jsle] i EAo] ZaHI|E et SBTIE B4
B9l A7163(Arg)} A7N64(ley’t F HIHI S &
F 9t dwrd oz 3isky Ao TP oE #AE
AgA whge] @496 AH A e & A=
o1l vhld @A) AR holth. a2 B AdeHE
Chon-A-SBTI ¥ Chon-C-SBTI 7 ¥4 3I9IE =F &
Ao 433 FAEL Atk

Native SBTI2} SBTI - 4t 2=20[Z ZEHH[e| MLIS
Ef&t Al

Figure 2& ddY vF$-2ol4 WAMd A native SBTI
2 A Al e FFEE JERAITE Native
SBTUF ol F43] AlRRe v, IPAEL o3
ANZFRESH o EA18lE JeS RAFAL 3lem, Chon-
A-SBTI ¥ Chon-C-SBTI ¥gA|e] AUCZ} ¢F 2¢] 7}=F
Z71e19aL, AN FYojdae wto g A4S th(Table I0).
w3k, WAMd EA native SBTI, Chon-A-SBTI ¥ Chon-
C-SBTEZ z}z} ddY vh§-z=ofl Foddlal 30 & ol A
BEYE 7} 27 A7Ee Ay B3kS W), native SBTI}
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Figure 2— Blood concentration of >'Cr-labled Native SBTI, Chon-
A-SBTI and Chon-C-SBTI into male ddY mice after LV. ad-
ministration. The values are mean £ S.D. (n=4). key, @; native SB-
TI, [J; Chon-A-SBTI, O; Chon-C-SBTI.
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Table II-Pharmacokinetic Parameters of Native SBT! and
SBTl-chondroitin Sulfate Conjugates

AUC?,

Materials % of dose (min/m) CLtotal ®
Native SBTI 426 0.24
Chon-A-SBTI 703 0.15
Chon-C-SBTI 856 0.12

*Total area under the blood-time concentration curve
PTotal body clearence (CL=Dose/AUC)

Table INI-Biodistribution of Radioactivity of °' Cr-labeled Native
SBTI and SBTI-chondroitin Sulfate Conjugates at 30 min after
1.V. injection in ddY Mice

Radioactivity (% of injected dose/g of organ

Organ or tissue or dose/m/ of blood)

Native SBTI ~ Chon-A-SBTI  Chon-C-SBTI
Blood (1 mi) 330 £ 1.2 9.65 = 09 104 £ 0.7
Urine (total) 262 £ 39 189 + 3.8 20.7 £ 3.0
Liver 121 £ 0.1 133+ 1.9 157 £ 24
Kidney 107 £ 12 165 + 1.9 169 £ 1.9
Heart 0.69 = 0.2 140 £ 04 1.00 = 02
Lung 0.17 £ 0.0 0.37 £ 02 0.44 £ 0.1
Spleen 017 £ 0.1 027 £ 0.1 057 £ 0.2
Brain 0.0300 £ 0.0  0.0400 £ 0.0 0.0700 £ 0.0
Stomach 0.34 + 02 0.28 + 0.1 027 £ 0.1
Small intestine 0.17 £ 0.2 029 + 01 045 £ 0.1
Muscle 021 £ 0.1 039 £ 02 047 £ 0.2

The values are mean + S.D. for 3 or 4 mice.

22690 A7(107% dose/g of tissue)or] B TS
Ho] WE AR =2 vidE Y 18-S Kol wd, X
FAEL 3ol oW A7 2231 92L& 5 JATh
Chon-A-SBTI= 7ol 13.3% 183, Chon-C-SBTIE
157%= native SBTI®| B]3l] b X5 & 202 Kol
o 2] o] e Hol FAtHTable IMD). ©) 2
Folld A B C EY Alolelle FA JE xlolrt glon,
Vol Z|ZE|zRle] A ArE dEA Jgog® ¥
A 7o 2o] ElAYS Ao} st}

Xz &3

Pseudomonal elastase induced sublethal septic
shock model - thi-22] Be|g|o} FZ2H|ok|E= hageman
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2 pseudomonal elastaseS 71Ho} Hol| FALEIHNE uf), =
Azl azle] AR E HEEng xyZde]a Q]
o] FE7t WolAH FAl] ARFES FFoA ATy
17 wielgjol FRHOH| EFE AlslE EF F2Ho}
A AAA o PR FREHS] FEvt Yokt AR
< B3It} olof Shin 517278 71Uo} Holl pseudomonal
elastases FAY8te] HEA] & ZdS 2% | native
SBTI®} AA1d Atelg o]8-3h A (Suc-gel-SBTHE #
oJ3te] Suc-gel-SBTI® A& a34= Hrisidct o Ax
Suc-gel-SBTE= native SBTIO B8] AU AAsh= &
Pt eHfEet AEHE HASAh FAl AEFES ¥
Ao TRE HETF|IHY dF5es Bl Baryd
o] FY & ftoll BoJsh= viZfAIYES HRTE 2 Qe
= Katoris®2 Y Eo| LPSE FABIY £7H59 AP
&g FEANTIEL, SBTEE A9 41 dA3 Edidst W
7t BEEX 2L B3 Maeda5?S LPSO) <
g AP FHskE e wEglole] EHo] HEE R+
st 71dE A3k SAlol LPS7F EaAloA Atsida
NOYE FAsl] ol =& T2 EAl5h= NO7| &
< faetty RIS

£ AgoM= SBT3 S=20lx1 3|9 X534
ATE Hrkslr] f1skd 7ol "ol pseudomonal elastase
induced septic shock®] He] R 23l EFAE A
AAZE dol) dAAEt 1 AREH ASFE BRIk 2
AA}E Figure 3~6°] JERHATE Z-ANMAHE pseudo-
monal elastase(PE., 0.8 mg/kg)7HS- 7]Uo} Hol| Fojslg]
< o, F3lg Aol YErA|RE native SBTI(33 mg/kg)
U ¥3H4)(33 mgkg native SBTI A3#)E PE. %o 1&
ol AAMAFre =N A7HsE G JAY == AU g
#, native SBTIZ HA X3} 347} Fof] PEE Fo3t 2
3} Figure 4ollMA% A2Hg A8 &o] =Y. 29
U, ZTAEL A GA T3t A7 ol A&E
Chon-A-SBTI 2 Chon-C-SBTI 3}8-&2] H¥3F <o th3l
AEZ A7} native SBTIOY Hate] 925k 210 vepyit)

Immunogenicity test(Passive Cutaneous Anaphyla-
xis) — A% 4] (immunogenicity)°| gt ] TlZ 72 ofm
| WdkS-E AT AEE Wike A=, AF
i AE| 25 GEEA ARE o iTEE 7HE
CEEHAIGS)E tEAQ HEYEeR A
] (immediate type hypersensitivity)} <] <138
A2 2] (delayed type hypersensitivity)7} AT} o FEEA| A
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Figure 3-Tracing of the arterial blood pressure after the pre-
treatment on the guinea pig with native SBTI, Chon-A-SBTI and
Chon-C-SBTI and followed by the LV. injection of pseudomonal
elastase.

100

50 "“ “!”
t ] 2

0 native SBTI PE.
(33mgikg) (0.8 mphg)
100 7 T houts
.| 1

t 1]

0 ChowASBTI PE.
(33 mg/kg equiv) (0.8 mgks)
100 1 3 hours
50-= “ o
4 )
0 .J Chon-C-SBTL PE.

Mean arterialblood pressure (mmHg)

(33 mgkg equiv) (0.8 mg/kg)

3 hours

Figure 4-Tracing of the arterial blood pressure after the pre-
tréatment on the guinea pig with native SBTI, Chon-A-SBTI and
Chon-C-SBTI and then 3 hrs later with the LV. injection of
pseudomonal elastase.
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Mean arterial blood pressure(mmHg)

Figure 5-Effect of 1 min-pretreated of control (saline), native SBTI
(33 mg/kg), Chon-A-SBTI (33 mg/kg equivalent of SBTI) and
Chon-C-SBTT (33 mg/kg equivalent of SBTI) on the mean arterial
blood pressure of guinea pigs induced by pseudomonal elastase (0.8
mg/kg). The values are mean+S.D. (n=4).
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Figure 6—Effect of 3hrs-pretreated of control (saline), native SBTI
(33 mg/kg), Chon-A-SBTI (33 mg/kg equivalent of SBTI) and
Chon-C-SBTI (33 mg/kg equivalent of SBTI) on the mean arterial
blood pressure of guinea pigs induced by pseudomonal elastase(0.8
mg/kg). The values are mean=S.D. (n=4).

2ol AT LA Faekt W FAL A FAj,
QA vhgo] fuso] BT ANHD ol2Fs vl

S|2ER, Al2Edo] fe|Eo] HaREado]



SBTI} 34t Z==el3l A9 ok &3t w7t

165

Table IV-Passive Cutaneous Anaphylaxis Shock of Native SBTI and SBTI-chondroitin Sulfate Conjugate in Rats using BALB/c

Mice Serum
= -

- AAWE 00 x30 x10 3 0 total
Control 6(100%) 6
OVA 6(100%) 6
Native SBTI(high) 2(25.0%) 2(25.0%) 3(37.5%) 1(12.5%) 8
Chon-A-SBTI(high) 3(33.3%) 5(55.5%) 1(11.1%) 9
Chon-C-SBTI(high) 5(71.4%) 2(28.6%) 7
Native SBTI(low) 1(9.10%) 2(18.2%) 6(54.5%) 2(18.2%) 11
Chon-A-SBTI(low) 2(18.2%) 3(27.3%) 6(54.5%) 11
Chon-C-SBTI(low) 3(27.3%) 7(63.6%) 1(9.10%) 1
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Control : saline only
OVA : Ovalbumin 2 mg/kg
Native SBTI (high or low) : SBTI 25 mg/kg or 2.5 mg/kg

Chon-A-SBTI (high or low) : Chon-A-SBTI 25 mg/kg or 2.5 mg/kg equivalent of native SBTI
Chon-C-SBTI (high or low) : Chon-C-SBTI 25 mg/kg or 2.5 mg/kg equivalent of native SBTI
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