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0ol 9gbsdsdolo  BmEIol dgddbol 3OHm3gldo  Lomsbsm  FoMmadsl
dmombmgl.
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LodMBomb 330930l MBOYIAHIOL  FoMBmogbos - 390BIOME-3-O-
H00bMmB0o-7-0-658bmbBoo  (KRR). CAS N: 301-19-9. bgowgwmaro:
9396569 Robinia pseudoacacia L. gmmegdo. bo@mbsbo CAS N: 9012-76-4-
(LodoEm dmeEg3e®o dsbs: 400 kDa; ©3530GH0@0Mmgdol ba@olbo: 83-
85%); L-aamn@o@ombo - swpagbowo gm®ds (GSH), CAS N:70-18-8;
MW: 307.32, 3mos3mowols 37035 (PAA) - CAS N 9003-01-4; MW: 1800;
bstol gddMombol dMs@o (FCS) (NR. 26140-079); N-(2- 3o®mgdlogomo)
303965%0b -N-(2-90569b8mbM005535) (HEPES), 006003560
0MEOMYdIo  admgdm  (MEM) s Ubgs obs®Bgbo  6goaqb®Bgdo o
200blbgmmado  Bowgdmao  Sigma-bgsb. yzgws Jodom@o odblbgmo s
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3976m@ma0Mo  3565IgBHMIOOL  goblamams 36033690 mzsbos  Fodwol
®3@005¢MHo gm@dol dgmbgzols s 89dMTsgzgdobsmazol. h3zgbo 33¢g3zoL
00bsbo  oygm  Bg@OHM3OMAGHIJHMOM@o  domBwsgzmbmogol  KRR-U
393bmmaom®mo ®30Lgd9gd0l, 390dmnE bosfowszgdol Bmds s dobsfowrgds,
90EEmdom0 s 899300MMgdomo 10330039900, ©IbsMdOL Mbsto -
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(72.69%); bsfomszms bmdol gobsffocmgdoll 30f6m ©osdsbmbo (og = 1.70)
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240.7um s LoBHYOOL Lo m osdg@®o: D (3, 2) =18.19.

HmO3 LOsmo 1 B - ©sb BsbL, KRR boliosmgds bsffoams3zgdol bmdol
9990 GH00EO0  3sbsfomgdom; g3gumsbg Fomowo 3030 ©BELMIdOM
100-250 pm (ImEoMo  ©o0sdgBH®mo - 116.03 um) bmerm  ©dsO
3030 oobermgdom 700 - 800pm Bmdob bsfowrszgdol @osdsbmbgddos
90053BgdM0; VSO 3030l 5OLYBMBS BOZMMPME J9B30MHMBIdMOos
LoLEBYFSTo A MBIMHOMPIME0  Boffos3gdol  SGLYdMdOmM;  >©bodbmwo
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35LbgMol  0bgdbol  (pmax/pmin) 360IZ69EMBSTOMMNOMIOL  Bbgbowol
0o ©36sMBOL  MBsMDBY, bmwm Madem  bsgagdo  Fsb3z9bgdgdo
SbeE0MYB0D BMI0gH s Lov39mgLbm IBsEMBLM; Carr index ([(pmax -
pmin) / pmax]100%) -ob 20%-%g oo 9563969090 B ©IBIMBSBY,
bowm 15%-9 ©sdso - Lsvy3909bm EgbsMdsbYy 30100 IoL.
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35Oowo 1.KRR-ol Hgmemmyom®o 330930l 99093300

60300096 |dmEemdo|dgdFo®e|  Ic (%) HR AOR°® o’/aref
900 »o 90000 (<20%) <1.2 (<45-50°)
08336039 (|bod33M039(

g/cm3) g/cm3)

Lodmom = | badrmoenm | Lodwgsem + | Lodwgoene
Lo +({bo8wgocem + D D D +SD
SD SD

0.37

KRR 0.50+0.05 0.69+0.07 | 27.31+1.09 | 1.38+0.02 | 58.15+1.14

KRR-0l  65mqgbmd®ogo  gsblsbemg®ol  dgomempol  9gdmdsggds
30mEmaon®  Lombggddo.  6yxz®Mm3Oh®EIIGHMOM®o  domgmsgzmbmool
000990(9350MmdoL  Fgboxgsligdws®  dBOMEWMAOMG  bombggddo gddsgzs
dobo G5MmEYBbMdM030 2bLsBM3MOL dgmmeo. KRR-0L dos bEHobps®@o -
gobgBobo - Ggobgme odbs Logzgzwgzo 603m0gMmgdol Tsbsliosmgdergdol
239m35¢olffobgdoom.

0sL-L3gdBHMoGO 3565393 ®9d0L ®3G0doboool dobbom
00%sgde  ogbs KRR s golgdobol  bGsbos®@Ewmo  blbstgdo
0900560l Fyo0sb bbs™do. 5bscr0obo Bode®s GHsbwgdn® Loombme ob-
139dBHOMBMEGHMIgBHOD  (Applied Biosystem, Foster City, CA, USA);
JOMA>GMRASBOMWO ©YMRS bgdms XTerra MS C18 Lgg@byg (2.1x100mm
id., 3.5_m; Waters Corporation, Milford, MA, USA). KRR-ob s dobo dogs
LAHBIOGHOL -  BoLYBHObOL  3HY3MNOLMOWwo  ombgdobmgol  ([M-H])
©939dH0M9dMw 0gbs m/z739.2 s 285.2, bmwm g6oadgbdnwmo ombobmgol
m/z 593 s 135.1 GqLsdsdolbo (LG0 3 s 4).
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5000
4500

593.1

4000
3500

Intensity, cps

Intensity, cps

3000
1.5¢4- 2500
802.2 2000

1500

1000

a71.8 T .
bl i ] - “r e s00 \

300 350 400 450 500550 600 650 700 750 800850 900 200 250 300 350 400 450 500 550 600 650 700 750
miz, amu miz, amu

bmeosmo 3. KRR-ob Q1 bOwemo (A) s dobo 3GmEnddolb ombol (B)
13560MYdOL  Fob-b3gdBHMgdo. BsL-L3gdEBHMOL  PoEomgds dmbs 1 ug/ml
3obgBobol  fywosbo  Igmsbmeols  (50:50, v/v) blbseol  doMsdoMo
0bgmBoom.




2811 8064

6.0¢4
40ed

1354

Intensity cps

1849 89 285.0
1y PRI Y i
i L )

i . . e H
100 120 140 160 180 200 220 240 260 280 300 320 0 e g om0 H0 o %0 B0
miz, amu mz, amu

LmEomo 4. gobgBobol Ql LOmwo (A) s 3GMEMIGHOL 0mbol b3sboMgdol
0ob-b39dBHMgdo.  Tob-b3gJHOOL  goEOMgds dmbs 1 pg/ml  BolgGobol
90560 gmsbmerols (50:50, v/v) bibs®ol 3oMadomo 0bgmBoom.

3310

n
r
g
Z

1.0¢6

Intensity, cps
~ow
S o
& g

9Ju39M0dgEH o gsdmygbgdmwo oym Waters HPLC bobi¢gds (Milford, MA,
USA). 153309308 md09gEob dos LEsba@@olysb m3@odsgMo ©oymys
doofgme 0dbs 990Gbgdwe 3sBosbo bgg@ol Platinum EPS C-18 (250x4,6 90
id., 5839, dgdgboero Alltech Associates, Inc.-sb) go0mygbgdom, GmIgwos
bobosmEYds BoMMm ©O35DMbolL LgergdBHorOHMdom. INdOMO BsHol
990Bg30Lm3z0L  Fgffogeroc 0dbs Lbgowsbbgs blbsMgdo. oMo @oymes
do0fgme 0d6s 08 ImdoMHo BsBol 4s8mygbgdom, HMIgEoE G9aIdMEs
™Mo BLBsMOLYsL: blbsMo A 5% dg0obmeo Bmbgs@Me dvxgg®do (pH 2.0;
0.01 M) 5 bbotro B (Hg@®930000Hmx820s60 — 0Bm3MMm356meo - 9gmsbmeo -
fgoo (150:200:67.5:32.5 v/v/v/v)). 0bg9d@m@bs s s65¢robmé b3g@L dmcol
Boggbgd o ogm Waters-ob @s93930 §obsligg@do. 4o9mygbgdsdg bogdmws
blbsM9d0L ©Y-5065305 S FoBowE3Mms 0.45 33 dgBMosbo dgadGBol IJmby
BowGH®3do 35379130ob J390. HPLC-0b bgg@ol ofmbslfimtMgds &oMgdms
60% A 5 40% B bLbstgdom. Lobxgdol ©oymms begdms 0DMmIMIGMwo
239009630L  250mygbgdom.  ©obgdol  Lobdotrg 1 daw/for;  sbsgrobol
bobydwogmds - 15 foo; 6590mmgdol  gobloboghs bogdms 380 63-bg.
9Jb3960096@0 Mmmsbol $gd3gMe@Msby BoMgdMEs 8060dxd 3-x 9. Jos
LBHBIOGHIE 5dmYxbgdMEo ogm gobgBHobo 20 bp/dw. BogmogMgdgdol
0©96G0B0E30M7d bEIPRM®s MYBHI6E00L (©sym3bgdol) Mmol dobgogzom.
50 306md9dd0, KRR-0L s 8obg@obol 893539006 @®m dglodsdols oym
3.54; 6.45 9glodsdobo (L@smo 5).

M
OH

- L-Ramnose

000 Nt B o 0 O
o0 O ] . OIH
=D-C 1setn

i 00 I’IICaIAclm - o ! -
OH @ - L-Ramnose - 0.002 - o
000 j
G IR D B R T I N L D LR R R ;
100200 300 40 500 600 700 GO0 S 1000 TODT2M W 200 a0 40 50 60 700 &0 S0 100 1007w

Minutes Mintes

boy@omo 5. 1 33y/0e 3mb6396¢®sgool KRR-ob (A) ©s x30by@obol (B)
JOMB5@MA589080 FMdOWO BsBT0.
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KRR-0L 80mema096 Lombggddo Gom©gbmd®ogzo sbserobols dgommmol
3¢0d0BoEoolmzgol 2sdmygbgdwe ogbs Caco 2 »xMH9gId0L oHsGgdo.
15330930 603000905 s BoLYEG0bo oblBYIIM©s Wodgmowlvymmamdlodo
(DMSO)  3mbggb®®ogoom 1mg/ml s 0.25 mg/ml dgbodsdobs o
D03090Mm©s Fgmobmerom. 1535w0dMHM IMMEOL Sbsggds KRR gdo@gdmqs
LYBMS YXMJIOOL WOBOMGOE BLBIOL 0da30M®, MMI JoMgdwE oym
99000930 3mb63gbG®Msgool blbstgdo 25, 50, 100, 250, 500, 1000 bg/d¢.
365¢0Bol LOBMLEBHOL s LE0TgEMMIOL Tguogsligdes© bozzwrgzo bsgOomo
00%os  Lsdo  bbgoolbgs  3mbagb®®Mogoom (50, 100, 500 bg/dw).
5m©IbMdM030 5bs0Bo Bo@om®s 3 XM ©®OL gobdogemdsdo -intra-day
©5 5 Ubgoolbgs mgl - inter-day (n=3) LobHLGHOL s LsodgEMmdOL
F9Log30Lgds.

& - L-Ramnose

M

04

T
k4 2 g
i
\

|
_j\ | L
0 P S Y

, | LA RSN N LAY ARRAR SRASK
o Teb amo sob 00D WooW oW WM e e
Minutes min

b0 6. Caco-2 vxMIId30 539woMgdeo 50 by/der KRR-ob s 20

Ba/0¢ BobgEobol (A) sCaco-2 »xrEGHIEIOOL WoBsBHIdOL gduGMsgd@ol (B)
JOMToGH™A5T900.

1

|
a2
|
z
= oo
o
200

100

9boeoBol ©sfygdedyg 60389l gdsBgdm®s MbsdsMo IME™mdoL
090056Mm0 30009080 EILOEYIO. (30dOL IEIBEGHMORWAOMIDS bEdMOS
13000rpm-bg 10 Gmool 56853 mdsdo 4°C-Bg. dogdme  bsegdbgos
Lombgl 9353HgdMEs METsg0 dMEEMdOL I90sbmeo s Fos bEbEIMEO;
smOHMJgds  bEdmEs  sHmGoo  FdGowo  dsbol  Joegdsdwg. bsdmo
oblbgdmes 100 pl dmdow® gsbsdo s odmygbgdmwo ogm HPLC-ob
sboseoBobmzgol.  9JudgmodgbGol  AbgmgEmdolsl o6  ©IR0JLOMYdMES
bgwol  9908wgmo  303990L  3m-gegotgds s 58 JOHMTGHMYSBOIE
306md90d0 Jofigme 0dbs Bwsgmbmogdol oMo oymags (Lvydomo 6).
65m9bmMdM030 Ggx3sLgds gi3mdbgdms 3030l BoMHEMIOL gsdmmzsls, 53539
MM Bgdm©s BEIBIMEHJOOU bo3oodESE30M TGOl TGEsMYds.

KRR-0b 1535000360 300 500 bosbseobm 603m0g@gdol / dows
UGOBIMGHOL 3039001 BIODMOOL  MIBBIOEMBOLS @S Losbsgrobm
B03m0gm9d0L  3mb3gbEGHMEosL  FMmMOl  ©sIMI0IIMEGIOL  {MOBOIOM,
Omdgwog ogm  LfmObobmgzabo 25 ©sb - 1000 by/der  3mb396GH®s300L
©0535%mbdo (LyGHomo 7). L535e0dMM GOl MHgaglool BmmImws KRR-
®30L ogm y = 0,0089 x — 0.0111. 3mGgws3ool 3mgn0309bGo s0dmhbos
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L5305 Towoewo (R2 = 0.999), HGmIgerog 9430P39690L, GMA dgomeo UV
©939dHMMTo 356 M9530609050 sb9bU.
10

8
26
s 4 v=0.008x - 0.011
2 R*=0.999
ﬂ L T T 1
L] 500 100 1500
Concentration, ng/mi
bLmEomo 7. Ls3sod®m 3o  KRR-ol  8o0owggngddme  Lombwy

JOMA>GMAIROMWO  5Bse0DBOLMZOL YR MIOIOOL  WoDsGJOOL  blbsMdo.
30005 LEBBPIHGHO - BolgGobo. n=3; + SD.

00539 @b SBogrobol  @obTgm®gdom  domgdmwo  LoBMLEOL
056396900l Lsdwgoemm 3600369cmds ogm 102.1% KRR-m3ol; bbgoobbgs
9L BIGIMHJOMO 5bserobol LoblBg ogm 98.4 -104.6% -ob Fotawgddo
(gbOowo  2). dopgdnmo  Fggpd0©sb  Bobl,
05059BIIGHMNO  LoPbME  JOMBSGMPOR0IEO
053530594530 990 LoDYLEHOMm.

6OHmd  990vd53900
090mEo  bolosmEYds

3600 2 dgmmol 3oeosool G9wgagdo

L5565E0BM PoBEMdIMOZ0 OOUL 2560530 Mdsd0
603009690a36396G G305 BoBoMgdeo sbscrobo
(03%/9¢v)

Lbbgoalibgs gL
Bo@o69000 sbscnobo

35bmdowo
3mb396¢ Mo
60 (83%/9)

Loby
LA™
%

509 ROBMIOWO
s, | 3mbiEgbEMs-
Q% (305 (832/0qm

bobb-
A%

Lbsodg
20205,%

KRR

0.05

0.058+0.003

116.3

4.16

0.052+0.001

103.7

1.66

0.10

0.102+0.004

102.0

4.19

0.103+0,001

102.9

1.33

0.50

0.495+0.021

99.1

4.23

0.502+0,012

100.3

2.35

* -bbs8o goblBE3MOL Lsdrmowm dsB39bgdgwo

BMHOMOOMNO LEBBIOHEHWO FobMs (R.S.D.), HmIgwoa 350m0ygbgds
L5099MMd0L JLoBslgdwsE, b33wgzo BodMdobmzgol oym 5 -ob gzgzom
oL 256353¢mdsdo, ©@s 9 b Jggdmo  Lbgoolbgs  mggddo
39639069000 MmdoLSL. RSD-0b ©sdso 8608369 mds 30090000090 dgmmeols
50HMHIMGOsEMdLS S MY3MIMEJ30MmdsHY. ©IGHIJBHOMIO0L wodo@o
(LOD) - bB0odmdol ol mdgotglbo  3MbEgbEGH®MsE0s, OMIol  50dmbgbsi
d9LsdErgdgaos B396L dogM Fqdw9dsg39do sboerobol dgomm@om oym 10
Ba/0e.

9Jbd®sgool  9ndGHMOMds  MXMHIIOOL  WoDsGHIdOL  blbsMm0b
39535bs (n=3) 1533930 MBOYIAHOL Lsd Lbbgoolbgs 3mbigb@®msgosdo (50,
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100, 500 bBy/dew) KRR-ob  gbmdowo  Gomgbmdol 8993390
9JbEH®5300980 b0dMIgdol s FMdOEWH Bobado 0039 3mb3gbEHMSEO0L
39933390 6030009Mgd0L 3030l BoOGMMBYGOIOL FgEoMgdom. IMIMg RoHSTO
s0dmBgbowo bogmoghgdol Mmom@gbmds doBbgmer 0dbs 100 %-s@ (LvyGscmo
5).  9du@®sdgool  9x89dGHMIOMdOL  Lodosem  360dgbgwrmds  KRR-m3z0L
3900093 61 -6 - 70%-0b BoMYgddo.

0dolbomzol  GmI  sygbooym,  gdudgModgb@ol  3ErgEmdsdo
5300 bmd 56 3Jmbos Ls33eg30 Md0YIEOL 30EOMEoBL Jgufsgerow
0dbs KRR-oL UL@Godom®mmds  dmdown®  gobsbs s HEPES 6930
2b3MMBOBOL B398 MIBoMBdOLLL s Tob Qo6MgTY. sAJboE 0dbs, ®m3 KRR
LBOdOWMEOs Tgbsbzol  LbLb  306OHM™Mdgddo s sL3MmMdOboL 535 O
2393gbsl 56 sbgbL ol LEVOEWOHMDSDY. BE5356MOEOL Lodrysem GMg-
©939dH0M9d0L B30 - 20 s 20°C-3Hgd3gMo@Msty 9gbsbgolsl ogm 76.9
- 97 % -ob s 97.7-102.2 % - ob goMmgddo dglodsdols 50 s 100 by/dem
3063963 ®o30980Lm30L (LwyGsmo 8); begrm HEPES s6gdo - 97.64-99.1% -ob
©>  98.67-98.82% oL B gddo ol3MmEBOLOL Bxog5L @oMgdg s dobo
5650m00LL.

124

A B
2 1
£ ow
a0
H
a . .
kL 4 20

O50nyml =100 neiml Storage femperalure, °C Incubation time, h

boy@omo 8. dgbsbgol Ggd3g@od ™ol o HEPES o6hgb go3wgbs KRR-ob
LBHOBVOWNOMBIBY. n=3; + SD.

KRR-0ol d0mdgmfiogsomdoli dglfsgams in-vitro gdudg®odg@do. B3gbo
33930l 899amad 30BbL Foedmayqbos byB®m3mHmEdGmemywo KRR -ob
000399059350MmdoL  Fglffoges 50530560l 3MeEobxol  s©gbm3stHobmdme
690g0bg (Caco-2), GMImgdog bofersgmdo Tgfimzol dabfagerobomzgol
BOMNMO 3o30Yygbgds dobo goblszmEgdMEo »bsmOl godm - nEIwocgds
239993900b 5530560l SBLMOBEO00L  TobolosmgdEgdl s AsdmboGml
3963000M90Mwo  9bGgMMmEoBHol  ©38®gbody  ImOHBMEMmyoMHo
3bdzomco m30Lgds.

331930l 54905809 39UGHIMb dEMEOL SBsE0Bom sYHOBs P-gp-ob
9Ju36glos 08 Caco-2 Mx6M9gddo, MMIWwgdoa ds8mygbgdymo  0y3zbgb
FJomdmygbo 33939080 (by@smo 9 A). MCF-7/bgblo@oméo s MCF-
7/ADR vx69©09d0 §oG3m©ygbowo ogm P-gp-ob GmymOa bggo@om®o ©s
3B0G0MH0 3mbGHGMO.

BHEPES

Reap

BHEPES+AA

Reappenrtance rate,%
-
3

1 2
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Pgp

. B

Pgp

B [T Wy

Caco2 MC7/ADR MCF7/S

Baariard Lot

Ly@omo 9. P-gp-ob gduddgbos MCF-7/gbbo@owm®o, MCF-7/ADR o
Caco-2 mx6m99ddo (A); P-gp Gom©gbmd®mogo asblobmg®ol bs35¢odemm
96900 39bGHIO6 dEmEobyoom (B).

LEBHBPIOGHMWo  IOMEOL  Lsdemgdom  AsBLIBLIGWM  odbo
00996mdMm@0bym®mo 603MIgdo. Logowod®mm IHmo LimObsbmzsbo oym
LBobMEHOL 1500 ug/ml-0¢y; y3gws bodmdo 4obbogzgdwmmo oym s0bodbwem
©0535Dmbdo (LGsoo 9 B).

KRR-ob 0003gmf9350MmdOL 99Lfogeobomzgols MR M9d0L
3WEGH0300905  bgdmEs 24 ol 296853¢mdsTo.  9du3gm0dgbEIo
399m049690ms ol Y GIId0, HmIgwms TEER-ob 3609369¢mds ogem 500 -
600 Q cm2 gsGgddo. mGIBOO30 GHMBLIMMEMIdOL gdbdgmodgbdo g.0.
530350 boffowosb > dsbmwosBgdmwol  (AP>BL) o
05DMEWIGIHMOEId > 93035 (BL 5AP) dbstgl, Bs@ots dobodnmd
Lodxgm;  Loggwgzo  ®mdogd@ol  3mbsgb@Msgos  oym 20 ug/mL.
GMbL3MOEGHMIdOL gdudgP0dgbEHol ALgegummdolsl Lsgbol mMogg dbstgl
MEM-ob Bsbo33ergds dmbos HEPES dmag®oo (pH 6.8). Lsggarggo bubsto
005390Mm©s MmbmE ©s Mg303096¢) dbotglb. TEER-U 9sBmdgzs bogdms
Lssmndo gembga; 53393G™mol IbMosd bodmdgdol swgds bogdms 200 pL
0gbmdom. 330930 sLMMEgdoLsL Caco-2 VX JIO0 B3I 0dbs
93969M5300bom30L gdamdo 24 Losmoom CO2 063290sG™MTo. bo33wg30
60313900  (396GHG08MA0MOEIdm©s 15000y  LoBdsbgbg 5 Foomob
396853md580  mmobol  3gd3dgmod®sby; 50 pL  boangdbgws Loobol
565¢00b0 Bs@ots HPLC dgommom. KRR-b @Msbldm®@Homgdols 0630006905
dglfogaoem  0dbs  P-gp-ob  Logmggmosmo  3bmdowo  0b3sdo@Gm®mol -
396535000l (100 pM) g98mygbgdoo.

15330930 6030009Mg00l Jgnfig350MmdOL 8356M9bGMWo 3MmgBR0E0I6GHL -
Papp (cm/s) godmmgas bgdms Gemermdoom: Papp = (AQ/At) / (AxCo). Losg,
AQ/At 560l 5331930 boghomol Igofigzsmdol 3m95303096¢ 0 (pg/s), A -
90bmdH0sbo M) Mol BIs3oMol BsGmMdo (cm?), bmerm Co Loggzwg3zo
603000909300 Lsfgolo 30mbi396EHGoE0s (ug /mL) Embmemmw bsfowdo.

BBL3MOGH0MYOOL  3OM3IBGHYIWMds  QeBmomM3mdMs  MY303096¢)
©obsgmxdo 9gmfigmwo KRR-ob 6om©gbmdol 0sbsgs®omdom ©mbme
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sboymaxzdo sMLYdME LPYol 3mbE96EMEILME X 100. GHEMBbLEMOEHOMIdOL
960G MM0ba0 bgdmos 3 Loscob 4obdogEmdsTo.

dogdmero 9909900  dobgzom  (Lydsmo 10) KRR 53570036900
GHIBOOZ0 GHOBLINOGMIOOL MBsGL; dobo BL >AP ©obgdol dsh3969d9mo
MROM Joowo s©0dmbbs AP-> BL-0056 8900Mmgdom; Ls3zwgzo bogOomol
LMo 33509630 890f93500MdOL 3:m9803095E0 (Papp) sdLmMdE0wMwo
000500mgdom  2.14+0.61-x96 (P raie> 2) <9gmm JgBHo ogm 3000609
193M9GHMOWWo  JoTsOMgdom. P-gp-om  998m@g3658  asdmofjg300
05DMOGIOMWO BHMBLEMOHEHMIOOL DO SOLMGEOMME Fgsmgd0m.
396535300l 056smdobOL 36033690 m3bs 999300 KRR-0L ¢6sbldmm@Eo
BL - AP 8085600v)e0gd0m ©5 350BMs (1.6 x96) AP-> BL 803sGmvgangdom,
53 000 95B396909w0s, MM 0lgmo B3g30BOIMO F5dmEY36oL LolEydgdo,
6OHmymMogss  P-gp  Gglsdmgdgmos Botormyewmbo  0yzbgb  KRR-ob
00m3grfg3omdOL 3Gm39Ldo.

= —&— KRR BA —©—KRR BA+Verapamil
18 ——KRR AB ——-KRR AB + verap

Permeated KRR [4
Permeated KRR [%]

) 4 2 tme 3 0 1 2 time [h] 3

bmEomo 10. KRR-oL  @Msblgdomgmmuy®o  Gmobldm®@Gomgds Caco-2
MxMI©IOI0 NVLEMBFOMWO (A) s bY3OYBHMOWo (B) 90dsGmmEwgdom
396535000l 356939 s BoLO MBoMBdOLLL. n=3; + SD.

KRR-ob 89mjo390mdol 390xmdILgds 300M©YYIPOMYPOX0
300dgMhgdols  gs9mygbgdom.  33wg30Lb  Fgdpmdo  dobsbo  ogm
0993050039D0MM0  3mwodgmgdol  253wgbol Fgifogems  KRR-oLbsfiamsgme
50LMOBE0sDY. 11331930 MBOGIGHOL BOMBIMTo3IZHMIWO  35653gBHMIdOL
39503500Lfjobgdom dgmbgrme 0dbs 898ga0 d3meodgmgdo: boGmbsbo (CH),
s0a9bowo ywmEsGombo (GSH), bo@dmBsb-gawm@o@Gombol ©s 3mero-
0300wol 97935 - awvy@sGombol  (PAA-GSH)  3mbowas@gdo.
000390f93500Mmds Fglfogeom 0dbs 500 - 600 Q@ cm? TEER-ob dJmbg Caco-2
9bM056 MxMH9g0bDY. 9Ju39M0896EH0 F080bsMYMdEs Hgdmm sefigdow
300Mmdgddo. m®IbGHOZ0  GHMbL3AMMGHOMIdOL 33293900, 9.0. 53035¢OIMHO
Bofowosb — BB ol (AP— BL) ©s dsBmms@ghmwosbh —
3303006 (BL —AP) dbotgl, Bo@sts 30600v99 bisdx gd; bagzgwgzo mdogd@ol
3Mb396GHMo305 0gm 20 ug/mlL.

9Ju39M0096GOL  ALggE™MdOLLL  Lszbol  ™m®ogg dbotgl MEM-ob
BoBo33wgds bgdmes HEPES dm@g®do 9mdbswgdvyewo GSH, CH-GSH 56
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PAA-GSH @5 ULo3gerg3zo bogmoghgool blbsMgdom. TEER oBmdgdmos
bssondo  ghombge;  5J393G™O0L  IbMosd  60dIgdol  smgds o
UoGMobldmM@Gm  sMmom  Bobs3zegds o193y  bgdMms  LESMMIMOIS.
BLMOBOMYdMo  bd33wg30  bsghmol  MomEgbmdmogo  sbsgrobo
oM gdms HPLC dgmmpoo.

doegdmo 9ggagdol dobg300  JevyGe@Gombo s 3MmE0s3MHOWOL
053530L 3060A5G0 3EB900Mbmab - 3603369wM356 4ogwgbals o6 sbgbgb
KRR-0b  29053560L  9839J@Hm6mdsbg 93035606 35Bmms@ghhyemo
0005600 gd00 3o3dg B533wg30 65030009M9B0L  BHOBLIMOEHMYPdLMD
39005609000 (LM500 11 A). 2aEOGHO0Mb0m BMEPOBOE0MIIMEO bodmbsbo
53gbs  KRR-ob  990fjg3o0mdol  4o0xmdglgdol  domowr  9839JdLu
0530LBS BOMRS3BMO0EMSL FgsMgd0m - KRR-0b G&sblidm®@otmgdol
6560 5060360 3M0TgHol Mb5MdOLL fo0boMs 1.36-x9O.

18 BKRR ®KRR+GSH BKRR+CH-GSH ®KRRIPAA-GSH BKRR BA DKRR+CH-GSH BA

B
16 A 0
2 14
= : 15
w0
s o
3 £
A E
2
o
1 2 3
2

Permeate
fed KRR [%]

»
n

o
1 3
Time [h] Time (k]

bmEomo 11. 3me0odgMgdol g03wgbs KRR-0b 50LbmMd3099w GGBL3MGOEbY
(A) 5 CH-GSH @o3w9bs 35Bm@s@ghvm  GMobbdmd@by (B) Caco-2
9603056 MxMHggdT0. n=3; + SD.

15330930 BogHomol 05bMWIGHIOHM BHMbL3MOEGH0MYDdsbY
90000530306 90990 boGMmBsbol gogegbols Iglfagesd 583965, H@I (LGsmo
11 B) CH-GSH-L 3m300bs30580 KRR-0l 950009365 05Dmems@gmvgemmosb
5303500 d0dsMmvgdom  960836g0mzbo g™ LmbGos 3oy
oG KRR-0b; Loggamgzo md09d@ol 99mfg3s0mdol bodugsamm s3s09b@maro
3098030960  (Papp) sdbm®dEovmo dodsGmvmadom 2.79+0.91 - x96
MBOM OO 04 JGsGH0mbom  ImEoxoEoMIdIo  bo@GmBsbols
5650m00LsL  30Mg Lyxgms KRR-ol 990mbggzsdo. dowgdmwo 89093900
LoTmogdol  9353eg3l 35133600,  OHMT  boBHMBIb-yemEsGombol
3MBoMeBL  99Mdosm  goordxmdgLmL  1533¢930  BEsgmbmool
AMBL3MOEHO0MY0s 9OHIM056 Caco-2 vxMgwgdo.

3939 53330 MdOYIEBHOL s SBY3g Lb3SILBZS 3ME0TYMGOMB dobo
30000b530900L 93035000  98gIGHOL  Fgbfagwol  gwgagdo  bofierogol
05M09MHM M30L989dBY s B939E0 BMbOL gsdmsbg BmEgd s LvyHomBy
12., Loosbog Psbl, GmI Fgobodbgds TEER -ob 956396900l  350qbs
6098900 53035 E FboMgl 53¢r035300LsL. TEER 058396900l 89930690
05609MH0L EsH0sBYdIBY F0OMdL, MoE s930MgOL 930mgerowydol bl
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d9Go© 99003065 TEER 85839690900 300069 gl dmbs gemv@o@omboom
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osbmgdoo 76%, KRR+CH-GSH-bogol 80% s KRR+ GSH-LogoL 84%,
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TEER (%) of initial value
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Time (h)

bom@smo  12. KRR, KRR+GSH, KRR+CH-GSH s KRR+PAA-GSH-
obgogargbs Caco-2 »xM9gdob TEER MHgbobdwmemmdsbyg. n=3; + SD.

bs 5006036mb, Mmd TEER -0l co®mbBy 0s8m30090me 39930609050,
63 3963060MmdIMWwo ogm KRR-ob 30m3d0botgdomn CH-GSH-Lmsb, dm3ggs
KRR-b  36BL3m®HGH0Mgd0L  g5H6m©s, o3 80Mmomgdl M) OHgdmcobo
09900L  glmbBads®y, 9.0. Fooblbs xMIEINMOLo Fbgdo B3zgMEgdMOg
300 30M3gnfi39mdol  B59MHMIBdOLIMZOL 930 oMol  FO3E0.
98009 )Mo  BdM0gOYo  FbJgool @3R3 IXOIQYO
3sM0HgOoLIs OGBIMIHE05E00L ©3MRZ0L 35MOEgMBO 3OHM3ILOS,
033 MIXMIIO0L  ©IB0sBIds Fgmd(303905© 9O bgds s Bom G-
©05IM96(305300L MBIMO 5VMEYJOIM 24 Lo do.

33930l 3983 9@s3L Fomdmaagbs dgmBgmwo dmeodg@oom KRR
0993050039D0M6M0  GHodwg@Jool ImTBogds s 85000 d0MmIYMFg35MOOL
990006905 LO3MBBHOMWM  BOdWYBHIPMb  Lo3zzwgzo  bogmoghgdom. 50
dobbom Bggbl doghH o0m33wgMe 0dbs KRR 393m039Bomdo LobEgdol
™60 60dmdo: F 1 oo F 2. F 1 -8o sd@owdo Bogmoghgds oym sbbboro
906005¢0Ho  mEgbmdol  odgmowlyymamdbodo, bmwmem F 2 -Go -
00600scHo  mEgbmdol  gmsbmedo. 8mdBsIdMo 3300039 BoMO
GVWIGHI0  IgaPMEs  33:m5©3gbowMo  FoGGoEobsash (20 dp),
6mdgedog obdghaomMgdywo ogm KRR (25%); cromgowmobotgdmeo CH-
GSH (70%) 0> GSH (5%) 5 2534mzo dMmolysb - 3®msbmma@o (Godag@ol
0oLob 42%); G909 goob sfbgbgs Imbs 8 kN §bggol J399; doomgdmes 533
©0599HMoL s 188 LTl GHOdWYEHIDO. 439s GHodEgGHOL FgdmasmLZs
bgdms bofersgdo blbso as®loom Eudragit L 100-oo(Germany).
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00m390F9350mdOL Fgufoges ho@ostms Caco-2 dmbmdMosh MxMgqdby
bgmo s0fgmowo dgmmEol Jobgz0m. 53035MG s BIBMESGHIOTI
dbogl  SOLMEOBEOWWO @S BBMELBHIOMYO  GHMIBL3MOEHOLmMZ0L
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-9 30PsMm@s KRR-0b G®obLEmOEH0Mgds 530350)M0 @5 ©aobermgdom
2,78 o 1.65 %96 89593060 5dbMOHBIE0w0 F0ToHMNMEIGO00 (350039 SVIOWIEn
1533093  60300gMgdslbmsb  GgoMgdom.  8930Msbol  FE0sbMdOL
30bGOMmol  dobbom Caco-2 Mxcggdol TEER o0bmdgdmes domgwo
9du39M009bGHOL  3gMomEdo s Folo EILEOWWIdOL 9g0IRSE. 33930l
5805309000 4-5 Losool 9989y TEER oomgdol meosbs 90y,
bowon 24 Losoob 99893  Y39ws  MIROIEOLMZOL  0gm  LEHWYYM0S©

>0Epgbowo.
099305039D0MOMds 3065306 SLMEOMEYdS FORO0MKR3IIOOL MBOMMb.

04930503gBovyco 30r0dgMgdol 39X 0MX 39000 SR N oRtepTytelactytelo)
060033690m356  ogamgbsll sbgbgb  s@39BonH  m3z0LYdYPRLS s
3Ma9P0MHMdOL  MBomBg.  Pyeol  Tgfimzol  bs@o  aobolLabrgdo
305300930 IgomEOm. GdWg@Jool 063MdoMmgds bogdmes 0.1 M
BbRMOIF35L 0MBgHMeE blbs@do (pH 6.8) 37°C. 25bLsBO3OW™o MOl

0639603509080 bgdmEs GHod@gBHIOoL s9megds Lsob3MdoEom 5MHY6 ©
99fmzowo fiyol GHom@gbmdol a5%Bmdzs 3Mo3089GMWs©. J0MIdIMEO
390092900 dobggoo Ch-GSH-ob 89833900 Goderg@gdol dsts 90 fmmol
9990099 350DMEs bEMmgdom 137.14%-00m, bergrm 8gdmeyas®lsago, dsG@m
15330930 Bogm0gMgdol F99339e0  GHodgGHIdol sy 3o  428.57%-om.
9Jb39M009BEHOL  dMEIML, 56 EOBoJLOMGDMS  BHOdYEHIOOL ghmDbos b
©53d. Bgaro aox0Mx3900L 3GMmEglo bgal »fgmdl 3mbowas@ol dswon
3M39Bome »30L9d9dL.

093503900 bobEgdosb  (F1  gmeddnwsgos)  KRR-ob
390mm30bR3EgdolL Lobdatyg Tgobfagergdmes in vitro dgommeoom (USP
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General characterization of the work

Relevance of the topic - Flavonoids are large class of biologically active natural
substances widely distributed in the plant kingdom and characterized by various
pharmacological effectiveness, such as: anti-inflammatory, hepatoprotective,
nephroprotective, antialergic, thrombolytic, antiviral, anti-carcinogenic and
others. In recent decades, the interest in flavonoids has greatly increased due to
their high antioxidant activity.

At the same time, when taken orally, the bioavailability of these compounds is
low and consequently their therapeutic effect is restricted. Incomplete absorption
of flavonoids is due to their poor ability to penetrate the cell lipid membrane;
because of high molecular weight, they are poorly absorbed and therefore
biological efficiency is low. The aim of our research is improvement of this
condition by increasing the bioavailability of flavonoids in order to increase their
effectiveness. In particular, for the expression of nephroprotective properties of
flavonoid glycoside -Kaempferol-3-O-robinoside-7-O-rhamnoside(KRR), it is
important to develop effective drug delivery system and increase bioavailability.
An innovative way of solving such problems is the use of nanotechnologies in the
pharmaceutical industry.

In drug delivery technologies, nanocarriers are designed to protect a drug from
in vivo degradation; enhance drug absorption by facilitating diffusion through
epithelium; modify pharmacokinetics and drug tissue distribution profile;
improve intracellular penetration and subcellular distribution. Furthermore,
surface modification of pharmaceutical nanocarriers is used to control the
movement of drug throughout the body. The most important results of such
modification include an increased stability and half-life of nanocarriers in the
blood circulation, passive or active targeting into the required pathological zone
and responsiveness to local stimuli such as pathology associated changes in local
pH and/or temperature.

The aim of the research. Investigation of bioavailability of nephroprotective
flavonoidand selection of optimal drug delivery system on the bases of complex
studies, such as technological, physical-chemical, chemical and
biopharmaceutical.
To achive this goals following tasks were set:

- Investigation the rheological and technological properties of KRR.

- Development quantitative analysis method for KRR in biological fluids.

- Stability study of KRR.

- Evaluation ofintestinal permeability of KRR using human colon

adenocarcinomic cells (Caco-2) as an intestinal barrier model.
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- Evaluation tipical P-gpinvolved transport properties.
- Investigation the influence of mucoadhesive polymers on KRR
intestinal absorption.

Scientific novelty of the work. The rheological and technological properties of
nephroprotective bioflavonoid were investigated. According to the obtained data
KRR exhibits multimodal size distribution and poor flowability, that requires a
critical approach to ingredient selection and suitable drug delivery system
development.

A simple, specific and sufficiently sensitive HPLC method was developed to
analyse KRR in biological fluids. The method was validated according related
parameters. The lower limit of detection (LOD) was 10 ng/mL.

The stability of KRRin tested mediums was evaluated in the presence and
absence of ascorbic acid. It was established that compound is stable during the
experiments and ascorbic acid had no significant effect on its stability.

The permeation ability of KRR across Caco-2 cells was investigated. The
obtained results suggested that tested compound has typical P-gp-involved
transport properties including preferential transport in the basolateral to apical
direction. The mean apparent permeability coefficient (Papp) of KRR in the
absorptive direction was 2.14 fold higher than in the secretory direction. The co-
presence of P-gp inhibitor substantially reduced the basolateral to apical efflux of
KRR and 1.6 fold increased.

The influence of mucoadhesive biodegradable polymers on bioavailability of
tested compound was evaluated in Caco-2 cells. The transport experiments
showed that absorptive transport of KRR in presence of chitosan-glutathione
conjugate was 1.36-fold improved and basolateral to apical efflux was 2.79 fold
decreased than pure KRR. Contrariwise, the glutathione and Polyacrylic acid -
glutathione showed no significant effect at all.

The obtained data demonstrated that glutathione modified chitosan may be
used for improvment the permeability of orally injected KRR across small
intestine.

Theoretical and methodological basis of the research. High-performance liquid
chromatography(HPLC) is used for quantitative analysis of tested compounds.
HPLC is a technique used to separate, identify and quantify each component in a
mixture on the basis of their molecular structure and molecular composition.

The granulometric analyses of tested compound was performed by standard
sieve Retsch VE1000 (Haan, Germany) and laser diffraction analyzer (LS 100 Q
Instrument (Beckman Coulter Particle Characterization) according to the
European Pharmacopoeia 8.
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The powder rheological parameters was determined by tap tester (tapping
machine (J. Englesman, Ludwigshafen, Germany) and Powder Flow Tester (FT
300) according to methods discribed in European Pharmacopoeia 8.

The bioavailability was evaluated In vitro experiments using human colon
adenocarcinoma cell lines (Caco-2). Transepithelial electrical resistance (TEER)
was measured to determine the integrity of tight junction in cells.

The ststistical analyses were performed according to the student's test.
P-values <0.005 were considered to indicate statistically significant differences.
All data are expressed as the means + SD of the results of 3 experiments.

Practical value of the work. The bioavailability of KRR was investigated using
biopharmaceutical studies in the human intestinal Caco-2 cells.

It is established that KRR has tipical P-gp involved transport proprties, that
reduces its orall bioavailability.

On the basis of obtaines data, the mucoadhesive drug delivery system and
suitable polymers were selected. The initialformulation of mucodhesive tablets
has been developed

The structure and volume of the work . The thesis is comprised by: annotation
(in Georgian and English), introduction, literature review; experimental section
describing tested materials, research methods, results of own experiments and
their discussion, conclusions; the list of used literature where 109 sources are
indicated. The work is illustrated with 7 tables, 15 schemes and 43 pictures. The
volume of the thesis is 109 pages.

The basic content of the work

Materials: Kaempferol 3-robinoside 7- rhamnoside (KRR). CAS N: 301-19-9.
obtained fromplant leaves Robinia pseudoacacia L. Chitosan CAS N: 9012-76-4-
(medium molecular mass: 400 kDa; degree of deacetylation: 83-85%); L-
glutathione reduced form(GSH), CAS N: 70-18-8; MW: 307.32, Poly(acrylic acid)
(PAA) - CAS N 9003-01-4; MW: 1800; fetal calfserum (FCS) (NR. 26140-079); N-
(2-hydroxyethyl) piperazine-N-(2-ethanesulfonic acid) (HEPES), minimum
essential medium (MEM) and other chemicalsand solvents were obtained from
Sigma. All chemicals were of analytical grade.

Investigation of Technological Properties of nephroprotective bioflavonoid.
Properties of the active pharmaceutical ingredients are the primary driver of the
technology choice. Knowledge of the API technological characteristicsis essential
for successful dosage form design and development. The aim of the present study
was to investigate technological properties, such as particle size and distribution,
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tap and bulk densities, angle of repose (AOR) and flowability of nephroprotective
KRR.

The particle size analyses were performed by standard sieve and laser
diffraction analyzer. According to the obtained data (Figure 1. A, B) tasted sample
mainly contains (72.69%) particles ranging in size between 140-250um; the
particle’s narrow distribution range (og = 1.70) indicates the homogeneity of
powder. The main parameters: Dio = 6.76pm, Dso = 90.51pm, Doo = 240.7um and
the Sauter mean diameter D (3, 2) =18.19, were defined for the tested powder.

As shown in Figure 2.1 B, KRR exhibits multimodal size distribution with the
higher peak around 100-250 um (modal diameter is 116.03pm) and the lower
peak around 700 - 800um; the presence of the lower peak may be a result of the
observed agglomerated particles in the system; and the low values of width and
height of this peak verify the homogeneity of tested substance. The deviations
between the values obtained by sieve analysis and laser diffraction are due to the
different measurements obtained with each method.

Distributian; %

Volume (%)
- o e e oo o

S0 1D 200 300 4 LS00 1000 oI),1 1 10 100 1000 3000
Sicvesscreensize, mkm Particle Size ()

Figure 1. Particle size distribution of KRR determined by standard test sieves (A)
and laser light diffractometry (B). n=3; + SD.

The particle shape, size and variation in size affect on the flowability of
powders. Carr’s index and Hausner ratio are the simple and fast method for
predicting flowability properties of powders. These two commonly used indexes
are calculated from the bulk and tapped densities. The Hausner Index
(pmax/pmin) values above 1.25 demonstrate poor flow, while lesser values are
associated with moderate to excellent flow. Carr Index ([(pmax - pmin) /
pmax]100%) values above 20% indicate poor flow while values less than 15%
indicate excellent flow.

The Angle of Repose (AOR) is a measure of powder cohesiveness and is a
popular determination as it is an easy method to indicate powder flowability.
Most free-flowing materials have angles of less than 50°. However, these indexes
alone do not adequately assess powder flowability.
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To characterize the flowability, the mean flow index (o’/a ref) of the powder was
determined on apparatus SOTAX FLOWTESTER and the mean flow rate was
evaluated by linear regression (Fig 2).

Flowability analysis
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Figure 2.Flow analyses of KRR by FLOW TESTER.

The technological parameters values listed in table 1. According to the
obtained data, flow of KRR was rated as ‘very poor’: Ic (27.31%), HR (1.38), Flow
index (o’/oref = 0.37)and AOR =58.15°and for successfully formulating it requires
a critical approach to ingredient selection and suitable drug delivery system
development.

Tablel. Rheological Tasting Results

Substan | Bulk Tapped Ic (%) HR AOR° o’/aref
ce density density (<20%) <1.2 (<45-50°)

(g/cm3) (g/cm3)

Mean + | Mean + | Mean+SD | Mean <+ | Mean +SD Mean +

SD SD SD SD
KRR 0.50 + | 069 =+ | 2731 + | 1.38 + | 58.15 + | 0.37

0.05 0.07 1.09 0.02 1.14
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Development of analyses method for quantification KRR in biological fluids.
To assess the bioavailability of nephroprotective bioflavonoid the quantitative
determination method in biological fluids has been developed. Considering the
physico-chemical properties of tested compound Fisetin was chosenas an internal
standard.

In order to optimize mass spectrum parameters, the standard solutions of KRR
and Fisetin was prepared in methanol/aqueous solution (50:50, v/v). The analyse
was carried out on an Applied Biosystem API 3000 triple-quadruple tandem mass
spectrometer (Applied Biosystem, Foster City, CA); chromatographic separation
was achieved using XTerra MS C18 column (2.1x100mm i.d., 3.5_m; Waters
Corporation, USA). The precursor ions ([M-H]-) for KRR and its internal
standard - fisetin were observed at m/z 739.2and 285.2 respectively. The
fragment ions had a m/z ratio of 593 for KRR, and 135.1 for fisetin(Figure 3,4).
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Figure 3.Q1 full scan (A) and product ion scan (B) mass spectra of KRR.
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Figure 3. Q1 full scan (A) and product ion scan (B) mass spectra of fisetin.

The analysis were carried out on Waters HPLC system (Milford, MA, USA).
The optimal separation of tested compound from internal standard (IS) was
achieved using a reverse phase column Platinum EPS C-18 (250x4,6 mm i.d., 5
pm, purchased from Alltech Associates, Inc.) characterising by wide range of
selectivity.

For the selection of mobile phase the mixture of tetrahydrofuran-methanol-
isopropanol with various buffer solutions, as well as aqueous solution of
acetonitrile were investigated. Good separation was achieved using the mobile
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phase consisted of solvents A: 5% methanol in phosphate buffer (pH 2.0; 0.01 M)
and B: tetrahydrofuran—isopropanol-methanol-water (150:200:67,5:32,5 v/v/v/v)
at the ratio of 60:40 (A: B); The mobile phase was delivered isocratically with a
flow rate of 1.0 ml/min; the analysis run time was 15 minute. The mobile phase
was passed under vacuum through a 0,45um membrane filter and degassed
before use. Under these conditions, the retention time of KRR and fisetin was
3.54 and 6.45 min respectively (Fig.5).

A

0.004

=
e e E

S LS R R RARa B B AR RSN EAAR LARRN LR
100200 300 40 500 600 700 GO0 9 1000 T1UDT20 T 20 a0 40 50 6m 700 a0 W 1000 10010
Minutes Minutes

OH
Fisetin

=3352

Figure 5. Chromatograms of KRR(A) and fisetin (B) at the concentration of 1
pg/ml in mobile phase.

Fot the optimisation of method for quantification KRR in biological fluids in
experiments were used Caco 2 cell lysates. Individual stock solutions of 1mg/ml
of tested compound and 0.25 mg/ml of fisetin were prepared in DMSO. The
standard work solutions were made by diluting of stock solutions with methanol.
To prepare calibration curves, samples of KRR were added to blank cell lyses
solution to give final concentrations of 25, 50, 100, 250, 500, 1000 ng/ml. For
evaluation accuracy and precision three concentrations (50, 100, 500 ng/ml) of
the test compound were prepared. The assays were performed three times on the
same day for intra-day and on five separate days for inter-day (n=3) accuracy and
precision.
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Figure 6. Chromatograms of 50 ng/ml KRR and 20 ng/ml fisetin accumulated in
Caco-2 cells (A); Typical chromatogram of extract of blank Caco-2 cell lysis
solution(B).

Prior to analysis, the equal volume of methanol was added to samples and
briefly vortex-mixedfor precipitating proteins. After vigorous vortexing, the
samples were centrifuged for 10 min with 13,000 rpm at 4°C. The supernatant
was transferred into another test tube and added double volume of methanol, IS
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and evaporated to dryness with nitrogen. The residue was reconstituted in 100 pl
mobile phase and aliquot of resulting solution was injected into the HPLC system.
There were no interfering peaks co-eluting with the compounds of interest and a
good separation of flavonoids was achieved under this chromatographic condition
(Fig.6).

Calibration curves for KRR (IS fisetin), constructed by plotting the analyte /
internal standard peak area ratio against analyte concentration were linear over
the concentration range of 25 to 1000 ng/ml (Fig. 7). The regression equation of
calibration curves wasy = 0.008 x — 0.0111. The correlation coefficientwas found
to be quite high (R2 = 0.999), which shows that the method is capable of
producing good response in UV-detector.

y=0L.008x - 0011
*=0.999

L1} 500 1000 1500
Concentration ng/ml
Figure 7. Calibration curve for the HPLC analysis of KRR (IS fisetin) in cell lysis
solution. n=3; + SD.

The accuracy of developed method was evaluated by the results of analyses of
quality control samples in cell lysates at three concentrations. The measurement
was performed in triplicate. The obtained data are presented in Table 2. The
mean recovery value obtained on the same day by repeated analysis was 102.1%;
the intraday accuracy was within 98.4 -104.6%. These results show that
developed HPLC method exhibits satisfactory accuracy.

Table 2 Method validation results

|Analyte | Target Intra-day assay Inter-day assay
concentr
ation
(ug/ml)
Measured Accur | Prec | Measured Acc Precis
concentratio acy”, ision [oncentratio urac | ion,%
n (pg/ml) % ,% h(pg/ml) y*,%
KRR 0.05 0.058+0.003 116.3 | 4.16 |0.052+0.001 | 103.7 | 1.66
0.10 0.102+0.004 102.0 | 4.19 |0.103+0,001 | 102.9| 1.33
0.50 0.49510.021 99.1 4.23 [0.502+0,012 | 100.3 | 2.35

* -mean of triplicate determinations

The relative standard deviation (R.S.D.), which was used for the evaluation of
precision, were below 5 for intra-day, and below 9 for inter-day repeatability for
KRR respectively. The low values of RSD indicate the repeatability and
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reproducibility of the method. The limit of detection(LOD), defined as the lowest
sample concentration which can be detected (S/N = 10) was 10 ng/ml.

Extraction efficiency from cell lysis solution was evaluated (n=3) at three
concentrations (50, 100, 500 ng/ml) by comparing the peak areas of an extracted
samples containing a known amount of KRR with the peak areas obtained from
direct injections of the solution containing the same concentration of compound
in mobile phase. Amount of compound, discovered in mobile phase was taken for
100 per cent (Fig. 5). Mean extraction efficiency for testedcompound varied from
61 to 70%.

The stability of KRR was evaluated in the presence or absence of ascorbic
acidin mobile phase and HEPES medium. It was established that KRR is stable
during the storage in different conditions and ascorbic acid had no significant
effect on stability of tested compound. The re-appearance range of KRR stored at
- 20 and 20°C was 76.9 - 97 % and 97.7-102.2 % respectively for 50 and 100 ng/ml
concentrations (Figure 8). In HEPES mediumre-appearance range of tested
compound was 97.64-99.1% and 98.67-98.82% in the absence or presence of

ascorbic acid.
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Figure 8. Influence of storage temperature and HEPES medium on stability of
KRR. n=3; + SD.

In-vitro evaluation of KRR bioavailability. Next aim of our investigations was
to determine intestinal permeability of nephroprotective KRR using human colon
adenocarcinoma cell lines (Caco-2) as a model of the intestinal barrier. Caco-
2 cells have been of great utility in intestinal absorption studies due to their
exclusive capability to model human absorption properties and expressing several
morphological and functional characteristics of the mature enterocyte.

Prior to use Caco-2 cells in the transport experiments P-gp over expression
was confirmed by Western blotting analysis (Figure9 A); MCF-7/sensitive and
MCF-7/ADR cells were used as P-gp negative and positive control.
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Figure 9. P-gp expression in MCF-7/sensitive, MCF-7/ADR and Caco-2 cells by
Western blotting (A); calibration courve (B).

The immunoblotted samples were quantified by standard curve. The
calibration curve was linear upto 1500 ug / ml concentration of standard; all
samples were diluted in the above mentioned range(Figure 9.B).

Permeation studies were performed with Caco-2 cell monolayers cultured for
24 days. Caco-2 cell monolayers with TEER values in the range of 500 to 600 Q
cm? were used for permeation studies. Bidirectional transport experiments, ie,
apical—basolateral and basolateral—apical, were conducted in triplicate at the
concentration 20 pg/mL for tested compound.

The transport experiments were performed by replacing MEM medium on
both sides with HEPES buffer adjusted to pH 6.8. Investigational compound
solution was added to the donor side for absorptive (AP to BL) and receiver side
for basolateral (BL to AP) transport. TEER was measured every hour and samples
of 200 pL were taken every hour from the acceptor compartment and replaced by
transport medium. After completion of the permeation studies Caco-2 cell
monolayers were allowed to regenerate for 24 h in the CO2-incubator.

The samples were centrifuged at 15000 g for 5 min at room temperature and
50 pL of supernatant was subjected to HPLC. Inhibition of KRR transport was
tasted with known P-gp inhibitor Verapamil (100 pM) applied in either the apical
or basolateral chamber. Unidirectional and net flux of KRR was measured in the
presence and absence of Verapamil.

The apparent permeability coefficient, Papp, expressed in cm/s was calculated
according to the following equation: Papp = (A Q/At) / (AxCo); where AQ/Atis
the permeability rate (pg/s) of the investigational compound, A is the surface area
of the cell monolayer (cm2), and Co is the initial concentration in the donor
chamber (ug /mL). Percent transport was calculated as the ratio of permeated
KRR in the receiver chamber to the initial concentration in the donor chamber X
100. Transport was monitored for a period of 3 h.

In experiments KRR demonstrated bidirectional transport (Figure 10); BL-to-
AP flux for tested compound was found to be significantly higher than AP-to-BL;
the mean apparent permeability coefficients (Papp) of KRR in the absorptive
direction was 2.14+0.61 fold higher (P raio> 2) than in the secretory direction. P-
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gp efflux resulted in higher BL to AP transport than AP to BL transport. The co-
presence of P-gp inhibitor substantially reduced the basolateral to apical efflux of
KRR and significantly increased (1.6 fold) the AB-BL flux, thus provided
supportive evidence for the involvement of an ATP-dependent active mechanism
for intestinal transport of this compound.
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Figurel0.Transepithelial transport of KRR across Caco-2 cells in the absorptive
(A) and secretory directions (B) in the presence or absence of Verapamil.n=3; +
SD.

Bioavailability enhancement of KRR using biodegradable polymeric materials.
The aim of the present study was to investigate the effect of mucoadhesive
polymers on intestinal permeability of KRR. Considering the biopharmaceutical
properties of tested compound the following polymers were selected: chitosan
(CH), reduced glutathione (GSH), chitosan-glutathione (CH-GSH) andpoly-
acrylic acid - glutathione (PAA-GSH) conjugates. In the experiments were used
Caco-2 cell monolayer with TEER values in the range of 500 - 600 Q cm?
Bidirectional =~ transport  experiments, ie,  apical—basolateral  and
basolateral—apical, were conducted in triplicate at the concentration 20 pg/mL
for tested compound. The transport experiments were performed by replacing the
medium on both sides with HEPES buffer containing GSH, CH-GSH or PAA-
GSH, and the tested compound. TEER was measured every hour and samples
were taken every hour from the acceptor compartment and replaced by fresh
buffer. The amount of permeated tested compound was analysed by HPLC
method. According to the obtained data free glutathione and poly(acrylic acid)-
glutathione conjugate have no significant influence on transfer efficiency of KRR
from the apical to basolateral side comparing to KRR alone (Figure 11. A). The
glutathione modified chitosan showed an increased permeation-enhancing effect
on KRR in comparison to free tested compound; the transport profile of KRR was
increased 1.36-fold compared to pure KRR.
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Figure 11. Effect of polymers on the absorptive transport (A) and influence of CH-
GSH on the basolateral transport of KRR across Caco-2 cell monolayer.n=3; + SD.

The investigations on influence of modified chitosan on basolateral transport
of tested compound showed that (Fig. 11.B) the basolateral to apical efflux of
KRR in combination of CH-GSH was found to be significantly lower than pure
KRR; the mean apparent permeability coefficients (Papp) of KRR in the presence
of glutathione modified chitosan in the absorptive direction was 2.79+0.91 fold
lower than of KRR alone. These data suggests that chitosan-glutathione
conjugates could promote tested flavonoid transport across the Caco-2 cell
monolayer.

The reversible effects of free tested compound and its combination with
different polymers on the barrier properties and opening the intestinal tight
junctions are presented in Figure 12. As can be seen, the drop in TEER appears
after apical application of samples. A decrease in TEER is an indicator of barrier
disruption, which diminishes the epithelium’s capacity to prevent uncontrolled
passage of molecules. Combination of KRR with poly(acrylic acid)-
glutathione conjugate reduced the TEER value more substantially than with
glutathione modified chitosan or glutathione. After three hours the quantity of
opening tight junction is about 76% for KRR+PAA-GSH, 80% for KRR+CH-GSH
and 84% for KRR+ GSH of the initial value versus about 93% for free KRR.
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Figure 12. Effects of KRR, KRR+GSH, KRR+CH-GSH and KRR+PAA-GSH on
TEER of Caco-2 cell monolayer.n=3; + SD.
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It should be noticed that a time dependent decrease of the TEER under the
influence of combination KRR with CH-GSH, followed by an increase of KRR
transport, indicating a loosening of the tightness of intercellular junctions, i.e. the
opening of the paracellular route across the epithelium for normally low-
absorbable compounds. The loss of epithelial barrier function is paralleled by a
loss of cellular polarization and differentiation, but the cells are obviously not
irreversibly damaged and are still capable to redifferentiate after 24 hours.

The next aim of this study was to develop gastrointestinal patch systemson
the bases of selected biopolymer and compareits bioavailability with control
tablets containing tested compound. In this regard two samples of KRR
comprising mucoadhesive systems F 1 and F 2 were investigated. In F 1 —
formulation active ingredient was dissolved in minimal amount of DMSO, while
in F 2 formulation was dissolved in minimal amount of ethanol. Prepared
mucoadhesive tablets were composed by the matrix (20 mg) with KRR (25%),
Lyophilized CH-GSH (70%) and GSH (5%) and separation layer - granulate (42%
of tablets weight). Pressure of 8 kN was kept constant during the preparation of
all tablets. The obtained flat-faced tablets diameter was 5.0 mm and height — 1
mm. Thereafter, all tablets were enteric coated with Eudragit L100 (Germany).

The bioavailability studies were performed using Caco-2 cell monolayeras
described above. The transport experiments were performed by replacing the
medium on both sides with HEPES buffer containing KRR or mucoadhesive
systems in presence of free GSH. According to the obtained data Ch-GSH in
combination with unbound GSH in formulations F1 and F2 caused respectively a
1. 66 and 1.32 -fold higher basolateral and 2.78 and 1.65-fold decreased apical
transport of KRR in comparison to KRR alone. TEER was measured during and
after permeation studies with Caco-2 cell monolayers to ensure integrity of the
membrane. 4-5 h after treatment TEER nearly recovered completely and after 24
h TEER of all membranes recovered full.

Mucoadhesion is directly associated with swelling behaviour. The swelling
behaviour of mucoadhesive polymers has considerable influence on their
adhesive properties and cohesiveness. The water-absorbing capacity was
determined by a gravimetric method. Test tablets were incubated in a 0.1 M
phosphate buffer pH 6.8 at 37°C. At scheduled time intervals the hydrated test
tablets were taken out of the incubation medium, excess water was removed and
the amount of water uptake was determined gravimetrically on a balance. The
weight from patch systems after 90 min with Ch-GSH increased to about
137.14% and the weight from uncoated tablets containing only KRR increased to
about 428.57%. At the end of the experiment, no erosion or dissolving of the
tablets and the patch systems was observed. The slow swelling process favours
the high cohesive properties of the conjugate.

35



The release rate of KRR from patch systems (F1) was analysed in vitro

(USPharmacopoeia). The studies showed that tested compound was released from
patches over a period longer than 8 h; during the first 2 h no release of KRR was
observed. After changing the pH 59.78 +0.82% of KRR was released within 6 h.
The release behaviour of the patches could be explained with their designed
constitution as drug delivery system and using the Ch-GSH as a carrier of the

primary matrix. The polymer matrix probably combines two major types’ of
mechanisms for drug release: controlled diffusion and swelling. Considering all

above mentioned, it can be concluded, that mucoadhesive systems of drug
delivery could be succsefully used for effective absorption of KRR.

Conclusions

1.

The granulometric properties of nephroprotective bioflavonoid were
investigated. According to the obtained data KRR exhibits multimodal
size distribution and mainly contains (72.69%) particles ranging in size

between 140-250Lm; the particle’s narrow distribution range (Og =
1.70) indicates the homogeneity of powder;Dio = 6.76um, Dso =
90.51um, Do = 240.7um and the Sauter mean diameter D (3, 2) =18.19
were defined also for the tested powder.

The rheological properties of KRR were evaluated.It was determined
that KRR possess poor flowability: AOR =58.10; Ic = 27.31%, HR =1.38,
o’/aref = 0.37.

A simple, specific and sufficiently sensitive HPLC method was
developed to analyse KRR in biological fluids. The method was
validated: the intra day accuracy and precision werel02.1%, R.S.D <5
and the inter-day accuracy and precision were in the range of -98.4 -
104.6%, R.S.D <9. The lower limit of detection (LOD) was 10 ng/mL.
The permeation ability of KRR across Caco-2 cells was investigated. The
obtained results suggested that tested compound has typical P-gp-
involved transport properties including preferential transport in the
basolateral to apical direction.

The influence of biodegradable polymers on bioavailability of tested
compound was evaluated. The transport experiments showed that
absorptive transport of KRR in presence of chitosan-glutathione
conjugate was 1.36-fold improved and basolateral to apical efflux was
significantly decreased (2.79 fold) than pure KRR. Contrariwise, the
glutathione and Polyacrylic acid - glutathione showed no significant
effect at all.
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The obtained results from in vitro experiments showed the reversible
effects of KRR alone and in co-presence of polymers on barrier
properties of intestine.

The obtained data demonstrated that glutathione modified chitosan
may be used for improving the permeability of KRR across small
intestine.
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