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Fig. 1. Glucose toxicity and diabetic problems.
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Fig. 2. Schematic diagram of enzymatic degradation of dietary
carbohydrates by intestinal a-glucosidases.

Table 1. Various a-glucosidases on brush-border from human
small bowel biopsies|2]

Enzyme U/g protein

Maltase 378+50 (n=8)
Sucrase 103+15 (n=8)
Isomaltase 114425 (n=8)
Glucoamylase 40+ 9 (n=3)
Trehalase 28+ 8 (n=8)
Lactase 35+ 7 (n=8)

o}, A EE sl Ee] ¥ BE O starch®) sucrosellid],
Al F4E7] $)8te] pancreatic o-amylases} A7)
brush-border®] membranee)] bound%¢] ¢J+= o-glucosidase S
I e 4T A8 EajEolok Aoh(Fig. 2). FIE, A
9} 27A7-2) biopsyel] gleiA], EA-ZA (enzyme units/g-protein)
o2 vehd A& o-glucosidasesE2] £ ¥ Table 10 1)
3FdoH2).
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o ¥t Al 28 £ Wi AF ¥dA] Aok HA4
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1= maltaset} sucrase®} 7+ o-glucosidase 5~& A 3] 23
st 24, B 3kal, 53] insulin resistance7} FrlslA o}
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Fig. 3. Structural formula of various c-glucosidase inhibitors.

ole]’l Aol =<eksled Puls S[4}2 19773 ¢, sulfonylurea
AAG elad Fol Qe A5 28 FF(postprandial hy-
perglycemia)e] 24 E|%] S5 NIDDM Aol gloixie) Al
2 A HE A =Hdek &, ) st EEA
5259 x]allol] 2J5) starcht} sucrosed] 4348 AL 2,
hyperglycemia, hyperinsulinemia @ hypertriglyceridemiaZ- $
g Ao 8 Rl vl AE QIA}; she A=) ol Fe] A
t}. o]5-2 &, pancreatic o-amylase2] A3 Ao FE3}
o 72 $aslg o), ol sucroses} starch®] 43} - F4
Aol A=A S Zrs, B} 7)41% inhibition spectrum®] A
A FE3A =t o] $8H, = JPEFAU o
glucosidase #] 8 #| 5] 7328 Fig. 3o B}

Acarbose(BAY g 5421, Bayery} &0 8 0|5 E4E5& &
HHo g AHusl= B22A Rasgdci2]. o]72 NIDDM
A g A2E AHE du AZI7 Added, 1989d Sl
A el ol AAAAA FAE QLS B H%3,
1994:dofl3= ] FDA2| approval(Precose™; NDA 20-482)%
=g}, Acarboser= B2 &} €9 Actinoplanes strain
SE 504} ¢}3} AJ4t=l= oj2] homologuesE F dh}2A],

pseudo-tetrasaccharide 735 zk31 §] 2w, pancreatic o-amyl-

ase ¥ glucoamylase, dextrinase, maltase, sucrase Z-2] 2A]-8-
A - AA o] A A ZFHsA A shstsict.

Acarbose= sucrased)] ™h3}ed, 7]1A9] sucrose Xtk 10947
10°00 2] 743t affinity S 7}, EAl o)) reversibledt 2S5}
= 7122 g} 4R 8 kinetic constant F, A9 7]
A A3t=) K3, AsAele] 35tz Ko ratio§ Bl
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)& 1w, acarbose?] sucrose ¥ maltosee]] Tiat K /K= 10°9]
-9 =& $xE Jehglct. Rate|A9] starch ¥ sucrose -
3} Ag A, acarbose2] AF Hrials AAEF(EDs)S 1.0-
1.5 mg/kg-AFolglom, &3 oj&x el A& A g oot
w3k, A1 %.9] glucose-stimulated 21EE HHlE 3402 o
Azt on, o]2{gk 3= hyperinsulinemia ZdejlA] )&
A5 erdeHa]

AR} Takedarloll 93 N5 AO-128(voglibose)[S]e=
Streptomyces hygroscopicus?} A3AFs= valiolamine2] N-sub-
stitution -7 A £.4], sucrase, maltase ¥ isomaltasecl] ths}ed
oS- ZAEE As B34S Bl om 19949 9YFE U]
marketing® 31 ¢Jt}. Voglibose acarbosedl] ®]&led 100u) 3
% o 28 ICGAE deh o}, 37594 g o] Ay
2 FrEs TE, AWl =] vebd 5 gl Jhoh
S22 o)A 2] glycogen AL Y glycoprotein®] AgHA3 28}
s1g4o] ol sleh.

Acarboseol] ¢]¢14] miglitol( BAY m 1099)3} emiglitate(BAY
0 12487} 3742 HIHAUTHS). o)L
mycin®] N-substitution -4 Z4], pseudo-monosaccharide -
ZE 7}A| 2 it Miglitol 7} emiglitate 28] 43} & A57ke]
7A%}-2 reversibledl A o2 ivlepgdrd. 12y, emiglitatet
acarbosesht T2 A Fs M BAO] YR A Ads
54¢ 29k & ratolX 8 A1 A3, emiglitate Fo] F
77 Hlel = o718 A e R vhehbs 5, Bhsh iy
ighteh A she A2 WoiA, AeslE o}1 AT}
] Yagt 702 noezich Miglitol 199613 7}&-<ll EU 3
959 v]= FDA2| 52l wiglc}.

o]4ellAl A} £ o-glucosidase A A &L 25 F-5HL
£ secondary £ quaternary amine H-$]5 F-F5o) zka 9]
vtz EAlo] gledl, oleidt ¥-47) viE 7 8459 /1A,
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sio] ARH 22 AYHEA FEYHS Yl Ao
S

)5 7|& A E59] 3= adverse effecti= 23] abdorminal
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FoEe B A, A H 2 FESS fsta gldh
wehd], i A St RS olel@ FHEE o
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T XS AA 3 geks AL FARs vlejrh oS AE
A delixle} A wh2 BolH ol mildsle], 4bdA -S4
Al 38HaEg-of) wls) olAe] gl Bk Apd A FollA
= f7IES] & 5590 Sz vAEY AsE 485
3= AEAL Fusta stz ik 53] 3714 filamen-
tous bacteriaql ¥}A1F(Order Actinomycetales)o)| A= w9 =
A3 AAAE AT T2 e vl o5 whldoe] oA 7A|
= 8- AEEA B AlY w3 source 2 A wz] =
ek ARLE B o, Bofolof TR Al oobE S 98
F8§ Yol sHth. B v AES R Algre] ¢
g4 FHEAE P (screening)B=rdls Mo 714, assay
o] uniqueness, 8] 2 AA7|E T Fa3ARL T
HEhE o1 AE sources] habe s} 8 Bloleh skt
o] & e 7153t diversedt AJElA], extreme ecosystemol)
2} &3, rhizospheredl 8] T5 Fo] =93]},

EoF vlBES WIOR screeningS A HH R il
%, AFE Al Ecko v RE] Reju wlwe] 3 a5t 2
Z572] o-glucosidase inhibitorS AL gle A& W5}
Adct. A1) (SEM) 5-& o] 83t Fefshy B2} vkt
2 B4 % whole-cell hydrolysatesZ ]2} cell wall ¥4} 5
o) A2 RE] B F-F= genus Streptomycesdl] Si3he 71 0=
gl o1, Streptomyces sp. CK-44160.2 == s}l e},

wfjofol o mHE] Ba) . AAY active principlesE & CK-
4416a¢} CK-4416054 of) FA3)o] 3842 $=30¢F A7}, High-
Resolution MS-MS spectrum.© 2 35 CK-4416a2} CK-4416b
o] FAtgko] ZZh 1001.89(CyHgNOy) B 677.61(CosHisNOy)
o]-2 A =H<elth Nuclear magnetic resonance spectros-
copy(NMR)E- ©]-&8}+ chemical structure®] 4] Z3}, CK-
4416a9} CK-4416b+ #1978} aminooligosaccharide®] 25
7R AL gl ¥ st

Porcine intestinal o-glucosidases®} pancreatic o-amylaseol]
3t CK-4416a2} CK-4416b2) in vitro A &3-S A @3}
TH(Table 2).

CK-4416b+= CK-4416adl] v]8le] o5 AL dsled oF
3] A= 2 A 2498 et §H4H, acarbose} B]xL
3}l o} CK-4416b+= porcine intestinal o-glucosidasesel] of

Table 2. Inhibitory activity of CK-4416 compounds against por-
cine intestinal enzymes in vitro

1Cso (pg/ml)

CK-4416a CK-4416b Acarbose
a-Amylase 104 78 36
Maltase 6.5 25 2.5
Sucrase 1.5 0.5 0.6

a) As a company code for the development, CK-4416b compound
is nominated as CKD711.

Vol. 11, No. 4 (1998)



52 g4 - A
004
¢ CK-<4416b (1 Dug/mi}
B Acarbose (1Dughmi)
v CK-4416a (1 Ougimi)y
0.0% & Noinhibitor

Glcose {pmol/ml) 1

L I L . I

.02 0OD 02 04 06 08 D 12
Maltose {mmol} [s-1]

L 1

Fig. 4. Comparison of the V,,,, values.

A 53 Axe 848 B4 ¥bE, pancreatic o-amylaseo]|
= 172 01312 o3k 438 B tH(Table 2).

Porcine intestinal maltase$} pancreatic o-amylaseol] i3} &
2243 9) kinetic study -, Vi 342 ¥IE flste] AY 237
E A)FAsle] M9kth. Fig 4ol 2l ulel o] maltaseo))
g CK-4416b2] V... value: acarbose & CK-4416a9)] v}3}
of A& Ao vehton)A 2 200, 238 U 333; blank
= 667), pancreatic a-amylaseo)] gt Al oA += o] o}= uitl]
2 CK-4416b7} 7P & Voo 3HS B odchEAt] & 200, 167
2 182; blanki= 250). o]21¥t A2 HE], in vivoollA] 2313
el #eke) 71A@ElE S0l starche] F4=S =, CK-
4416b7} acarboseol] B]38}e] starch®] A3}E less effec-
tived3}A] A &3 ubA, starch?] 43159 maltose?d] E-3)=
7 A2 A Ao d4ssich CK-4416b £
& company code 24] CKD7112 " 3}sict.

CKD711(CK-4416b2] 71t code)st FA-2ke] 2 ghapibat 3
A F 3kelstarx], BIA(Bio-molecular Interaction Analysis)
714 [7He AR88}ed, SPR(Surface Plasmon Resonance)o]zhe
FtAo R 243 BEA-AH A 489 kinetic analysisE-
F3stgdrt. YRbH S 2 carbohydrate hydrolasedl] tHk |3
Agel AR Heldrkgael HAe ALzt
A 2 913kl Fasieh old, HaAla) wgel 22
& AT AA Zdsh fARA TS, LA 24 el
2] AA MRS dET 5 ook k. B dFeA e,
S Z24-S matrix(NA3]) T A 3}A)7) 3, analyte Z4]
g3t $AEaLE A5 g E9FHA AR 1
25}, a-amylase % isomaltase(sucrase-isomaltase complex)ol]
3 A3t} s2) 447} Table 33 7o) vielyde},

Isomaltasecl] i3} association ¥FS-ofl ¢loix CKD711&
acarbose Bt} ti4t H-2 A¥3-S el v, dissociation ¥k-g-
dAdE w2 sielr} ok delay®ES o 4 91l &,
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Table 3. Binding affinities of CKD711 and acarbose to carbo-
hydrate hydrolases

E Inhibitor Association Dissociation
NZyme constant (ka)  constant (kd)
6 -3
o-Amylase CKD 711 1.48% 105 8.47% 10_3
Acarbose 1.55% 10 7.80x10
S5 4
Isomaltase CKD 711 226X 105 5.13x 104
Acarbose 1.91x 10 7.53%10

human a-amylasecl] t3} association ¥ dissociation HH-&-&

3] CKD711°] acarbose¥t} & A wiE ] A
vehfiglt}. oJAbellx] CKD711-&, BHp3E-2] 43}A S
ZEZQl acatbose Wt} F-& AlZtell AxpA o2 Az},
3l 7] e Aeke) nEAL BElEe] AU fiE e
<+ A3 st 23kE o|FFe FHA e, AW
A FAlol AAtE], o] ool A 5E e AtRFHAG.

Wistar rat2- ©]8-3} sugar loading testoll4] CKD7119] A%
g A &S AlFsigdch(Table 4). 6589 male ratsE
2047k AAIAF] F, starche AlF-kg™ 1.5 g2, maltoses}
sucroset= 7} 2 g#-& Zkzhe] As|A|e} 317 ingestionA] T}
7 A#}, maltose$} sucrose loadingA] CKD7112 acarbose2}
AR Edake QA ZFE el A 1L, starch F-31A] o=
3& A E3-E Jehigch

337}o)] A feeding testE 653, male®} Sprague-Dawley

okl

<l>

=

.
-y

do . b &

Table 4. Inhibition of the blood glucose increment in Wistar
rats, ingested with each carbohydrate

Loaded Inhibition(%)

carbohydrates ~ CKD711 (4 mg/kg) Acarbose (5 mg/kg)
Starch 54 87
Maltose 40 45
Sucrose 79 79
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Fig. 5. Postprandial blood glucose profile in Sprague-Dawley
rat (Rats were fed on high-starch diet for 3 weeks before
:xperiments).

'Table 5. Some parameters related with abdominal side effects

CKD 711 Acarbose Control
10,829 mm® 14,865 mm® 3,039 mm’

Cecal volume

Intestinal transport

of charcoal 69.2%

58.7% 71.0%

“aselA] Sepatelnh. AR Bt kel AAAE HolFE
high-starch dietE Zl341H 217194, 454 mich AL 5
Hste] % insulin FEE &AM} aly, 33 Fde
ERA] 20817 A7) &, 2p7ke] ASAlE 41e]F high-starch
dietE ingestionA]7]|37, o] % 3|7k F4} dHL AFe1HA
b ood glucose level-S 233ttt ®A|, 353F postprandial
tiood glucose profile A3 A& Fig. 5o Kl npe} zo],
control ZL8o] & ¥3xE ez 9)& o, CKD711 ¥
acarbose -3-3] A]5-9) Yfile-g F5bA 0 @ AAEI )
a3, cecum®) -5 243} charcoal-S- ©)-8-%) intestinal
wansport AFAAE A2 2 Aol viehhehTable 5). 2,
acarbose Fo72) 79, AW FF5He] ZA AsEAU L,
cecum®] ¥-¥|7} control Bt} Suf 7iek SulEle] glof A
2] gas Aol AATE o+ ot e, CKD711 54
el A= ole|dl dAte] ZA A3F e, YAFell4¢] abdomi-

nal flatulencev} meteorism 53} 742 ¥-2H8-8- acarbose M.t}
HA AN 7 9l& A2 ALEE A

oA} 3532k feeding A3 A=, CKD711-& JabellA] 7]
7t R8st of, A% " Ak A &9 Y abdominal side
effects S ol|4] acarbose ¥ c} $<r8 £ 3-8 vielyiz]e} 7|4
Hadoh

Conclusion

CKD711:& EoF Ha] wplHl Sweptomyces sp. CK-4416
7} AAFsH= Al572] aminooligo saccharide -3l ¢Jo] ¥ka] z]cl.
CKD7112 in vitrool| 4] porcine intestinal ¢-glucosidasesS- 7}
2]3}A] |85}, pancreatic a-amylase®] *3)&Ad-2 wjef
ste], RpdlE Pl aAES AEdes AgE & 5 3
Art CKD711L ratollA] A F-2) 48 d3kasS A2
2 Aslgda, 357t feeding A& el|A] acarbose B} abdomi-
nal side effects”} A} 431 = ¢l-&o] wFs{ i}

CKD 7112 33 labollA], #2082 /i3 347 e ol]
)] glycemic response] 2| 8ol §-&31A AF2-g 4= 9l-& A
22 7=k
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