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ABSTRACT : Dimethyl dimethoxy biphenylate (DDB) is an agent used to treat hepatitis. DDB-S (DDB-
soluble), a new DDB derivative, was synthesized to increase water solubility of the original DDB. In the
present study, the antigenic potential of DDB-S was examined by active systemic anaphylaxis (ASA),
passive cutaneous anaphylaxis (PCA} and passive hemagglutination (PHA) tests. The experimental
groups consist of a low dosage group, a high dosage group, the group emulsified with Freund's complete
adjuvant (FCA, ASA test) or an alum (PCA and PHA tests) and the macromolecule conjugate group emul-
sified with FCA or an alum. In the ASA test, all experimental groups showed negative responses
whereas the positive control group given ovalbumin plus FCA showed severe anaphylactic responses. In
the heterologous PCA test using mice and rats, positive responses were not detected in any of the ex-
perimentdl groups. In the PHA test, all experimental groups showed negative responses whereas the po-
sitive control group gilven ovalbumin plus an alum showed 512~2048 PHA titers. These results de-
monstrated that DDB-S does not have any antigenic potential. These data can be utilized as a part of
preclinical data for the development of DDB-S as an intravenous injection.
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L A 2

2 v]x}(Schisandrae Fructusy= <l 2 5-€] gha}oll A d
2] AREE L R 2A b AsiviA 2 R wle)e
24 BY 7t At e Ao dEA Ut &
PAle) 4EF oleltt FEE S TAE PR A
3 2 w|zte] FAEF sfvhal Schisandrin C2he &
o] AR T 28-S 7= AR 4z e, o]
©78}ed Schisandrin CE HAEZHE FE3l= W
Al M st at sk 7ot ZlaE o] gt

Dimethyl dimethoxy biphenylate(DDB)= ©]#]&t

“To whom correspondence should be addressed

307

Schisandrin C¢] Aol W3 FHEA 24 = &
AL 22yt 2 ¥ o8 dFRtEel osied
DDB 7% ZH R S0 Adgt g317) Qle A=
¥z, DDB At b 2k (Liv
¢} Lesca, 1982; Fu2} Liu, 1992) % aflatoxin Bl £2]
uhobAd Bl 93} 744 E£2] DNA £4H(Qing3} Liu,
1992; Liu 5, 1995)l] B 32+8-2- veldlo] R 1¥3)
t}. =3 DDB= AR ZHel kAl 29 RS oA
A7) FFAEe] EAAHQ o] 7] A RES FAa
A7 3(Liu 5, 1996a; Liu S, 1996b), 2t4 B3 7+
= X8 &7} 9l ALE ¥ 7 cHLiv, 1987).
0|2} Zko] DDB A}AI7} 7R 3o 37} Sl A
o2 g3 o) ulz} DDBS FAHo R & 7MAR 3




308

DCH,

10

o COOCH,CH,NHCH; -HCI
<o COOH

(0] :

OCH;,

Fig. 1. Structure of DDB-S, a water soluble DDB derivative (2-
methylaminoethyl 4,4'-dimethoxy-5,6,5',6-dimethylenedioxybiphenyl-2-
carboxylic acid-2'-carboxylate monohydrochloride).
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A¥EAQ DDB-SE FAtthHsta oFsheh s} kAl
AFAdA AFsigon, dargFAeAEd
(phosphate buffered saline : PBS, Sigma Chemical Co.,
St. Louis, MO, U.S.A.)ell &-3)|3tod ARg-8}gdc}. oFAdh
2 E-2 2 4]+ ovalbumin(OVA, Sigma Chemical Co.)<
QA A G el Fol4] AHgsd ond, S RE
2z fod QLA GRS Apgstalct
Freund's complete adjuvant(FCA), Freund's incomplete
adjuvant(FIA), aluminum hydroxide gel(alum)®] 433!
Al(SO,); - 8H,0 % DDB-S¢} At Fatete] Aol A}
2% bovine serum albumin(BSA), guinea pig serum
albumin(GSA), glutaraldehyde, glycine S~ Sigma
Chemical Co.23€] F3lsladar, 1 ¢ cbE Aot
F A kA 23] AL 2 HE] reagent grade?] A]okE 7]
ajed ALgalsich.
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Table 1. Sensitization schedule of guinea pigs used in the active
systemic anaphylaxis test

. No. of
Group Substance Dose Times animals Route
I DDB-S 0.75 mg/animal 7 11 ip
i  DDB-S 7.5 mg/animal 7 14 i.p.
i1  DDB-S+FCA 7.5 mg/animal 3 12 i.p.
IV  DDB-S-BSA+FCA 1 mg/animal 3 26 ip.
V  OVA4FCA 1 mg/animal 3 14 i.p.
vl PBS 1 m//animal 7 11 ip.

3l 7H2bg 2= Table 13 7o), A 172 DDB-S #
48, A 27 DDB-S £, Al 372 DDB-S¢t
FCAs}e] Eq5FoT, Al 42 DDB-S¢} BSA2| 2§
A (DDB-S-BSA)?} FCA®}e] EgFogo® 3hgict.
AP EAL 2T QAE A g A Fo] AHg-3)
A AHEA d5FT gleixde 15 33,
3 73] AR e " B 2A EFFATLAA = A
Soll& FCASE A9 EAS 11 12 SHENT £
stel g, 2]y 2, 33|l FIAZ FHEINT F3tol
£ 1790 134 3 33) 270 Fabsted A

5537t 25 Foll P18 7k 2o HAR )%
e ¢ Aol Foisidct. ol IF(DDB-S,
0.75 mg/animal), HT2(DDB-S, 7.5 mg/animal), I
(DDB-S+FCA, 7.5 mg/animal), IVZ-(PBS, 1 m//animal)
& 7pbAje) mf-ske)  #wsh= 7.5 mg/animal2)
DDB-S2, IVZ(DDB-S BSA+FCA, 1 mg/animal)e
5 mg/animal®] DDB-S¢} GSA<}e] Z3HA|(DDB-S GSA)
2 opr]Azlen] BSA9 GSA®| wApihe-& Yo
VAol dlste] A3s}r] ¢%}ed 5 mg/animal?)

Table 2. Criteria for the active systemic anaphylaxis test

1. Restlessness
2. Piloerection
3. Tremor

4. Rubbing or licking nose

5. Sneezing

6. Coughing

7. Hyperpnea

8. Urination

9. Evacuation

10. Lacrimation

11. Dyspnea

12. Rhonchus

13. Cyanosis

14. Staggering gait

15. Jumping

16. Gasping and writhing

17. Convulsion

18. Side position

19. Cheyne-Stoke's respiration
20. Death

Evaluation : [-] Asymptomatic
[+] Mild : symptom 1~4
[+] Moderate : symptom 1~10
[++] Severe : symptom 1~19
[+++] Death
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Foll Al ¢ FoA3(G0 mg A, 13] 14, 1Y 33 5-8)
< FA3=2 o] AL s 0.075 mg/
animal-& 443 F-oJ7L 02 8151, 1 10ufo)| Fs}
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T8-ke] 3vdsl= DDB-S®} 1% Evan's blueE Fak&
3 Y 1mig A=9] mAAY el FAlsig
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Table 3. Sensitization schedule of mice used in the passive
cutaneous anaphylaxis test and the passive hemagglutination test

. No. of

Group Substance Dose Times _ . als Route
I DDB-S 0.075 mg/animal 7 10 ip.
I  DDB-S 0.75 mg/animal 7 10 ip.
I DDB-S+alum 0.75 mg/animal 3 10 i.p.
IV DDB-S-BSA+alum 0.1 mg/animal 3 10 ip.
V  OVA+alum 0.1 mg/animal 3 10 i.p.
VI PBS 0.2 ml/animal 7 10 ip.

7. 24 HET SE 2SAIR

Alsever -§-o]] 2]2H4°C, 1 : 1¥]-&)5] 3]+ HoFA
7 6 ml2 PYAIE-2](500 g, 10 min)3}e] A& o
SEREREEIERT T ETIEREEE
Sgt AHGE 33 WA o Al rel
AAE HEF 1 mlE 20 ml PBSel| 2-§-A1 A} -5
H AYET 15miE AZ o, 99 0.005%(w/v)
tannic acidE 7}3}ed 37°CeollA] 1587} &3}3leich.
500 goll A 1087 AAlEE st AS5-dE AASZ
PBSZ 13] A% & 15 ml PBSo| ¥-#-A]#c}. PBS
20 mlol] $}2} 7o) tamnic acid elxl HeFAEHF
5mie Y3 0.5 mgmle] FUL 743 ohS 37°Cell A
3087 31819t 500 gollA 1083 LA EE A
Algke] A5AE AAStZ 10m! 34 (2 mg/m!
gelatin in saline)ol] ¥-fA1A 13] A H3 o}& 2 EH
22 197} HEE A Yo PR Zch AT v
2} 2o 285 3o 2= DDB-S9} GSAS Z
4| (DDB-S-GSA), GSA £ OVAZ AL&-3-gict.

5 ¥ oh b A uks A Ao} 2
schedule(Table 3)ol] 2]sle] v} 8 73zbsio] ozl
YPAg FAjdoz gujie APt wE7tA 96
well microplateol|X] 142 2 2 204 343515}, &
[AEH 1% AT F-H7d S50l MR dH
50 WE Aot A sANEEA R I AS
Apgshdc. 7 welle] WaEE & HolH Aol
1247t o] W% F, H¥ T2 SARFTE St
2 33 3 $4S HAHEAG), HEF
(), $30] dofuiA] H5(-)e=2 FE3ker, &
Aol wad FHH HusMulsS 2 FIAo
PHA $37}2 A3kt

om a2 o
L OILFEEAIA &3 HHSAIY

71UE& AHgEke] AAEE oA L 43 v
A3 2] As= Table 40 A A= e} g} & Table 4o
vleh}o) = vhe} 7Zro) o) 71R) o} schedule® 7HAf
¥ 7119 7.5 mg/animal®] DDB-SE of7]§]& A%
obr-dl oppd A~ HEg-S yehlR] Hghe}. =3t
DDB-S¢} BSA2| Z3§A|(DDB-S-BSA)E. 7123k 7Y
%2 DDB-S¢} GSA¢] Z & A|(DDB-S-GSA)Z. FA}3}
of ohpg A2 WS FEHE 7ol o} 7= o
9] W& vehiiA] edghen, GSA @522 ofy]



Table 4. Results of the active systemic anaphylaxis test in guinea pigs
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Severity of anaphylaxis

e No. of - .
10N N
Group Sensitizat, Challenge animals " R - e Positive ratio

I DDB-S DDB-S 11 0/11
(0.75 mg/animal) (7.5 mg/animal)

I DDB-S DDB-S 14 0/14
(7.5 mg/animal) (7.5 mg/animal

m DDB-S+FCA DDB-S 12 0/12
(7.5 mg/animal) (7.5 mg/animal)

v DDB-S-BSA+FCA DDB-S-GSA 13 0/13
(1 mg/animal) (5 mg/animal)

v DDB-S-BSA+FCA GSA 13 - - - 0/13
(1 mg/animal) (5 mg/animal)
OVA+FCA 14 14 14/14
(1 mg/animal) (10 mg/ammal)

Vil PBS DDB-S 11 0/11
(1 mi/animal) (7.5 mg/animal)

AIZHE Aol 25 249 uhg-& vehiiglch <
A ETQ OVA EFoTolA = 14vte] BFe4
359 ol g A &3 WREFANS BolHA Al
slod.om Lo i-]l A4k A A g ol Tl
A 74zl ARR-El 3-8-5F9l 7.5 mg/animal2] DDB-S
2 opI3l oyt o g A A &3 ¥R e
odsieh wet A 2¢ X849l DDB-S+ &5 &
o, AN TA EFAT D PAAEY) ERFAT
BFo)|A op g A~ 43 HES-S vielR] 48kt

T& L% OjLHEZIA A BRSAIE

zh 342 vk Ao Hisle] P E o] 43k
= ¥® oh}getA A HEEA|Y AFE Table 5o 1}
i}, 243503 7(0.075 mg/animal), 7435 o
T(0.75 mg/animal) ¥ HABTA] FEFFAT(0.75
mg/animal DDB-S+alum)ol| 4] & & YL Y=
w323 2] u)Z A ©HS 7.5 mg/animal DDB-SE

o7 | A7 A} mE $A2 AFNE YL =
A3 &35 (DDB-S—BSA+alum, 0.1 mg/
animal)ol] ¢lo]4+= DDB-S¢} GSA<}e] A3}A(DDB-
S-GSA, 5 mg/animal)Z o}7] A7) A} GSA PE(5 mgy/
animal)©. 2 o}7| A& 7 ZF &4 A& el
gtk A zF] OVA Eg5F s
10vte] 25 ofAduke-E velhisl o PCA 7=
64ul(771=]), 128:j(2@te]) H 256wR(1mle])2 bk
o}, QlabEAE| Al dS Fod3 SA YR FNA =
7.5 mg/animal®] DDB-S& o}7]A|#H S 4-$¢ »-F 24
uh-g-o] vepydct. oo APAN N2 TR EA
ol DDB-S+= % I 4 o a2 uhg-Al g ol A =
21334 gE FAS AA8A] 55 o4 5 At

3. 7Hd HET ST HSAIE

ok Aol ok 2 AYT £3) wgAI e
A7}2 Table 66 LFelUlSITh. 3 £34F42(0.075 mg/

Table 5. Results of the 24hr heterologous passive cutaneous anaphylaxis (PCA) test

No. of mice showing the indicated PCA titer*

No. of Positive
Grouyj Challenge : :
P £ mice  pegative 8 16 32 64 128  >256  rato

DDB-S DDB-S 10 10 0/10
(0.75 mg/animal) (7.5 mg/animal)
DDB-S DDB-S 10 10 - - - - - - 0/10
(07.5 mg/animal) (7.5 mg/animal
DDB-S+alum DDB-S 10 10 - 0/10
(07.5 mg/animal) (7.5 mg/animal)
DDB-S-BSA+alum DDB-S-GSA 10 10 - - 0/10
(0.1 mg/animal) (5 mg/animal)
DDB-S-BSA+alum GSA 7 7 - - - - - - 0/7
(0.1 mg/animal) (5 mg/animal)
OVA+alum OVA 10 7 2 1 10/10
(0.1 mg/animal) (10 mg/animal)
PBS DDB-S 10 10 - - - 0/10
(0.2 m//animal) (7.5 mg/animal)

*: maximum dilution factor exhibiting a positive response in the PCA test.



312

Table 6. Results of the passive hemagglutination (PHA) test

Group Absorbed No. of No. of mice showing the indicated PHA titer* Positive

antigen mice  pegative 8 16 32 64 128 256 512 1024 2048 4096 8192 Tato

DDB-S DDB-S-GSA 10 10 - - - - - - - 0/10

(0.075 mg/animal)

DDB-S DDB-S-GSA 10 10 0/10

(0.075 mg/animal)

DDB-S+alum DDB-S-GSA 10 10 - - - - - - 0/10

(0.075 mg/animal)

DDB-S-BSA+alum  DDB-S-GSA 10 10 - - - 0/10

(0.1 mg/animal)

DDB-S-BSA+alum  GSA 7 7 - - - - - - - - 0/7

(0.1 mg/animal)

OVA+alum OVA 10 3 6 1 - - 10/10

(0.1 mg/animal)

PBS DDB-S-GSA 10 10 - - - - - - - 0/10

(0.2 mg/animal)

*; maximum dilution factor exhibiting agglutination in the PHA test.

animal), 37-§-%5 ] 7(0.75 mg/animal), AL H.ZA| &
2o 7(0.75 mg/animal) 2 P AF FTFFAL
(DDB-S—BSA+alum, 0.1 mg/animal)el] 3loj4] 25 &
238 AE vepliich FAAdEF<1 OVA £3H549
79 3 OVA A A+ 10°le] 2T d7-gH
ukgo] uehdedl, Ss12ei@3uie]), 1,024u)(671e]),
2,048:(17e] )] S| E A ollA] FARES-o] ERT].
38 AU ERTIANAAE 100t2] BFA] d7-gFut
o] #A=E A skt o]Ae] A A7 DDB-S+= ¥
A S 5234 e A= Azdet

v.on &

71715 353 WA nlela) A kel AUl Qe
7oz urszl vzl A E-q] Schisandrin C&] A
Z7HAQl DDBE ZHAA o] A3t A7) e A
22 geizlon, dA o8 A Al FFo
AA 2 A gFolt}t. 12t} DDBE Eof w]$- 44
ololA] HFFAA F5v) B ¥ut opEl k&
w3 o) el wel AESH o]45 88 ¥
o]7] $t thakt At A7) o] F{ A $trH(Gu
%, 1989; Gu &, 1990).

AwFA4 DDBE 7oz 13 sah} &
F 27150 Ak #xEo] M s wE
1700 ol 3 E-A]7]7] 93te] 1 sie] AAIS] 875
$21t 7]1&2] DDBE g4 ololx AHFALA 2
o] Brlsd AAelqlc). & A2 7|
A9l 444 DDB $-%4|(DDB-S):= 7]&2] DDB~}
72 Qe 2R Ae8A-E fRskEA F2u
o 2]8}e] =448 %<l DDB f-EAlo]t}.

¥ oA DDB-SE HHAFAAZ JfHslr] $
g oA Hriel "o g IUA AFHS A

>

ft o @

o 94 AEe AEde dHEr) fivked o
& ZA3] A3t AAshe Aoz, A9FAL
A9 7Sl 2] g2y fFEEdd 27
IR Q¥ ¥l 2B IFAFEAC whEA] AA
3I=% S 8= Algoltt. DDB-S9] 4o+
£ 9713] fisted A 18 kg TS 84
3l7) 1% AP optEHAA &3 WY, 23
A3 1gE FAL TS FAs] A% A1F
TF I oh g A HRAIYH " A S A
AR ARE Adshe 2 AET &3 AE
< AABY 7 FEell W3 32 7]& DDB
Aol Al Foje a2 3t dAsgl o, =3
FAzhzte] 58S S7HF17] st AqREAE
E3F3 T3} DDB-SE 7 H#21a] BSA} 34|
7 AR T 2 OVAS A% FYNEF o
AFT-& 23

ASA A¥Z3} DDB-St A&3, 1437,
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