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Abstract - The occurrence of resistance to chemotherapeutic drugs is a major problem for successful cancer treatment.
This resistant phenotype of cancer cell frequently reveals a broad spectrum to structurally and/or functionally unrelated anti-
cancer drugs, termed multidrug resistance (MDR). Overexpression of P-glycoprotein (P-gp), a transmembrane drug efflux pump,
is a major mechanism of MDR. Accordingly, considerable effort has been directed towards to development of compounds
that inhibit P-gp, reverse the MDR phenotype and sensitize cancer cells to conventional chemotherapy without undesired
toxicological effects. In an effort to search for novel MDR reversal agent, we tested the cytotoxicity of paclitaxel, a well-
known substrate of P-gp, against P-gp-expressing HCT15 and HCT15/CL02 human colorectal cancer cells in the presence
or absence of benzotriazepin analogues, as well as against P-gp-negative A549 human non-small cell lung and SK-OV-3 human
ovarian cancer cells iz vitro. Among the compounds tested, the agents that have phenyl amide moiety at 3 position remark-
ably increased the cytotoxicity of paclitaxel against P-gp-expressing cancer cells, but not against P-gp-negative cancer cells.
BTZ-15 and BTZ-16 at 4 uM revealed similar MDR reversal activity to 10 pM verapamil, a well-known MDR reversal agent.
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verapamil 2] Tl A&7 207 Wit o]l o}
okst ofEEo| Tkl AAladrT 9ol wEH| 1 Qi) o
S AAARS] #Ado) Sl EAERE verapamil(VER)
& 4H]E3}ed, cephalanthine, phenothiazine, cyclosporine A,
dipyridamol, quinidine, progesterone, cefoperazone & TF4~2]
oFEYo| 27k B H1 9lon 39 Hiloi= dexverapamil,
dexniguldipine, Ro11-2933, PSC-833, S9788, LY335979, XR-
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5-Phenyl-1,3-dihydrobenzo[e][1,2,4]triazepin-2-one(BTZ-01),
(2-Oxo0-5-phenyl-1,2-dihydrobenzo[e][1,2,4]triazepin-3-ylacetic
acid ethyl ester(BTZ-02), (7-Chloro-2-oxo-5-phenyl-1,2-dihy-
drobenzo[e](1,2 4]triazepin-3-yl)acetic acid ethyl ester(BTZ-03),
(1-Methyl-2-oxo-5-phenyl-1,2-dihydrobenzo[e][1,2,4]triazepin-3-
yDacetic acid ethyl ester(BTZ-04), (1-Methyl-2-oxo-5-phenyl-
1,2-dihydrobenzo[e][1,2,4]triazepin-3-yl)acetic acid(BTZ-05), N-
(4-Chlorophenyl)-2-(1-methyl-2-oxo-5-phenyl-1,2-dihydrobenzo[e]
[1,2,4]triazepin-3-yl)acetamide(BTZ-06), 2-(1-Methyl-2-ox0-5-
phenyl-1,2-dihydrobenzo[e][1,2,4]triazepin-3-yl)-N-m-tolyl-
acetamide(BTZ-07), N-(4-Fluorophenyl)-2-(1-methyl-2-0x0-5-
phenyl-1,2-dihydrobenzofe][1,2,4]triazepin-3-yl)acetamide
(BTZ-08), N-(2-Fluorophenyl)-2-(1-methyl-2-oxo-5-phenyl-1,2-
dihydrobenzole][1,2,4]triazepin-3-yhacetamide (BTZ-09), N-(4-
Methoxyphenyl)-2-(1-methyl-2-0xo0-5-phenyl-1,2-dihydro-
benzo[e][1,2,4]triazepin-3-ylacetamide (BTZ-10), 2-(7-Chloro-
1-methyl-2-o0x0-5-phenyl-1,2-dihydrobenzole][1,2,4]triazepin-3-
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Fig. 1 - Structures of benzotriazepain derivatives tested.

yD)-N-phenylacetamide(BTZ-11), 2-(7-Chloro-1-methyl-2-0x0-5-
phenyl-1,2-dihydrobenzole][1,2,4]triazepin-3-yl)-N-p-
tolylacetamide(BTZ-12), 2-(7-Chloro-1-methyl-2-ox0-5-phenyl-
1,2-dihydrobenzo[e][1,2,4]triazepin-3-yl)-N-m-tolylacetamide
(BTZ-13),  2-(7-Chloro-1-methyl-2-0x0-5-phenyl-1,2-dihydro-
benzo[e][1,2,4]triazepin-3-yl)-N-o-tolylacetamide(BTZ-14), 2-(7-
Chloro-1-methyl-2-ox0-5-phenyl-1,2-dihydrobenzole][1,2,4]
triazepin-3-y1)-N-(4-fluoro-phenylacetamide(BTZ-15), 2-(7-Chloro-
1-methyl-2-ox0-5-phenyl-1,2-dihydrobenzo[e][1,2,4]triazepin-3-
y1)-N-(4-chloro-phenyl) acetamide(BTZ-16) & =+ Benzotri-
azepin H=A1E (Fig. D& T35 ATAAN Tsio] AMgs}
9.

Mazefel 2l M =4 A7el ARS8 Sodium bicarbonate,
amphotericin, gentamycin, 1, 2-cyclohexanediaminetetraacetic
acid(CDTA), Sulforhodamine B(SRB), Trisma base, Trichloacetic
acid(TCA), TAX 4! VER 5¢] A2k Sigma Chemical ~HSt.
Louis, MO) A|F-2 AMS-8ISITE AlZufeke $13) ARE-gF T-25,
T-75 H9jF27]2F 96-well plate 2! 7|} AjEnfodel] AMEE o
3|8 ZXF+= B Falcon AHLincon Park, N)A|&-& AL&-35}
et
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A549 W Aok 9l SK-OV-3 &} P-gehlials whash= ol
AEF2H g HEFQ HCTIS AZEL vl et o
TA2RE Hokdlol AM23)9iT), 3E HCT15/CLO2 HIZE &
=3 atd T Yol A HCT15 Al Eof doxorubicing A|&£2 07
gsle] B} 73 el S Zie A gisto] Akgst
At?

M Zujokd © 2= Glutamine, Sodium bicarbonate, Genta-
mycin ¥ Amphotericing 37}gt RPMI1640 §-4& 5% FBS
= H7RE v E ARSIl e, 37°C, 5% ©otshetA, 95% ¥

7] % 100% &%) Z27elA wjeFst, 3~4Uo] A Al
A
MESY o

AFEA] £74L Skehan 50 WHE 4F A5 A%
s}t = Q22 96-well plateol] B8k A7} plate B}
g ol FAHTE 24X7F T3 st F ugAE AAstaL
7t B2 FEE X2sE T CO, W7ol 72417 E9t u)
oot wlieke] Ed &, vkl AASHIL 10% TCASHC
2 NZE 2388 F 1% acetic acid £%0l 52 0.4% SRB &
Ao 7 AES G} o382 SRBE 1% acetic acid £
o7 At AAG F, A4 AEFo)] 10mM Trisma
base(pH 10.5) 49& 7I5}] SRBE €% AZth 2 plated] &
#= = microplate readers ©]831 520 nm LA Z7J3)
Qon oS 713x] 9k well(CC)H 28 X 718 o
well(Tz) 2 2F2-8 713} Z} wellDT)E B3}y, DT=TR! 73
2ofl= (DT-TzY/(CC-T2)1x 1002] s+ 2% DT<Tz! 745l
= [(DT-T2)/(T2)]x 1009 2102 oFg2] ME=AE AAlst
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A ZEL 96-well plateol] #5331, M7} plate vlEr Ao
HAL T2 24A7F T2t wjoksigith AlE7) plate wieh wol B
25t Gof ujkal-g A A&} TAXS) benzotrizepin -5 4| (4
mM) %= verapamil(10 uM)= -8 2jglstz 728z %< CO,
HjoF7 el A wjoFetict. viefe] Bd ¥ MEEAe) AP o
9] SRB W& ol g3siirt )

SAHRA

2E A% 248 Microsoft Excel T2 738 o] 8-3l] Byt
}T BFAE ANXtIsleH, f94 AL Sigma Stat TF
13 ¢] Student-Newman Keuls testol] 2]3+ one-way analysis
of variance(ANOVAYZ ©]8313itt. 243 7372 patel 0.050]
31l 7ol felido] e Ao AT

g3 o ¥

Ao ARG benzotriazepin FEAMES] M) AXEIE &
Aetal ek A Adel A S EE A3
A549, SK-OV-3, HCT15 % HCT15/CL02 MEZE tlifo = 7
FEAEY HE=Y A8 FP513 T A3 ARgS gy
9] benzotriazepin FT=AIS-2 10 uM7HA] 24 QU= A5
o] AR gkeron, BTZ-07, BTZ-12 @ BTZ-13< 3 uM7}
A AxEAo] TEFHA| gkt 10 uMellM= Aldel AR
3 BE AZM 60~80%2] AlEEF A Ert Qle Ao
E veht padhEe] s AEsA 7k At le
Zo® Uelgth Ade| ARE B
9] 50% A|EA47 A3 &= (Effective concentration that
cause 50% cell growth inhibition; EC5)7} 5 uM ©143-& e}
o, Wl B Ao benzotriazepin F+EAIES] thoF
AU A 23E SAs] 2%t AR EE 4uME A3t
of AMg-aISiTHTable ). 348, 4 uM S=o14 BTZ07 2 BTZ-
132 A AE=Ae] e AR Yebtou, BTZ-12¢ A
A 5ol TR AUkt

Benzotriazepin -5 EAE2] thekAA oA 295 £
Y3l iz 71x] A7 o MEo] TAXS benzotriazepin
FEAES WE Azl TAXY AIxsY Hals &gsisit
TAXE @502 HCT15 A2 X2 A} ECy, kel 0.092
UMz Veltow | Adlef AMEE benzotriazepin FEAIES W
& A2 e B BTZ-045 Adgt i F72] 724 TAXS]
ECy, #tol #-2d Al stolrl= A o= velyit}. s BTZ-
162 W 22§ A TAXS] ECy, #°] 0.003 uM= 71

N

Benzotriazepin #5415

Table I - Cytotoxicity of benzotriazepin analogues

ECs** (M)
Compounds
A549 SK-OV-3 HCT15 HCT15/CLO2
+BTZ-01 >10.0 >10.0 >10.0 >10.0
+BTZ-02 >10.0 >10.0 >10.0 >10.0
+BTZ-03 >10.0 >10.0 >10.0 >10.0
+BTZ-04 >10.0 >10.0 >10.0 >10.0
+BTZ-05 >10.0 >10.0 >10.0 >10.0
+BTZ-06 >10.0 >10.0 >10.0 >10.0
+BTZ-07 5.4% 5.6 54 5.7
+BTZ-08 >10.0 >10.0 >10.0 >10.0
+BTZ-09 >10.0 >10.0 >10.0 >10.0
+BTZ-10 >10.0 >10.0 >10.0 >10.0
+BTZ-11 >10.0 >10.0 >10.0 >10.0
+BTZ-12 5.8 5.6 5.7 5.8
+BTZ-13 5.6 5.2 5.7 55
+BTZ-14 >10.0 >10.0 >10.0 >10.0
+BTZ-15 >10.0 >10.0 >10.0 >10.0
+BTZ-16 >10.0 >10.0 >10.0 >10.0

*A representative value of two distinct experiments.
**EC,,; Effective concentration that cause 50% cell growth
inhibition.
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Fo AEEA S 2t Qe ACR Jehter, o) dz
oFE R AMESH 10 uM VERT fARSE AEo] TS 371 &
P Hoj= Ao 7 vehdth TAXS] HCT15/CLO2 Aol o sl
3t ECy ok 0.375 pMZ UFERE o™, BTZ-03, BTZ-06, BTZ-
08, BTZ-09, BTZ-10, BTZ-11, BTZ-12, BTZ-14, BTZ-15 ¥
BTZ-16& W4 2% 2-$ TAXS] ECy w2 Z+2H 0133,
0.046, 0.102, 0.093, 0.118, 0.071, 0.049, 0.047, 0.015 Z 0.012
uMzE Yeht AEEAo] F24 UA Sk FloE UER
o} 8, 10 uM VER:: W88 Agjgt A4-9olli= TAXS] ECs, o
o] 0.008 uM= “FER} 4 uM BTZ-15 % BTZ-16% ¥4 32
& A9 SARHp>0.05) Hizo] ATEEA =7} a2 Byt
3HH 2]9] benzetriazepin S5 2 VERE A549 ¥ SK-
OV-3 AMlaEel] TAXS} B8 2]t Aol AEsA F24
ok= ZoP YeR ) ooitK Table I Agdel] AL&3 benzotrizepin
FEAE 5 ek AEY 9% Ao vehd BTZ-
06, BTZ-12, BTZ-14, BTZ-15 ¥ BTZ-1639} VERS TAX%} ¥
& HeE 99 @A Fg. 2] Vet T ot (o a4 abt BT208 o W13
njsre] Pt taol e oA kaAAe] A8k 60 ’

106 F
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| HCT15/CLO2
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Paclitaxel [Log(M)]

(M), BTZ-14 (A), BTZ-15 ([]) and BTZ-16 (A ) against
o] A7 & NEFTEE o83l ¥33EZQ rhodamine- A549, SK-OV-3, HCT15 and HCT15/CLOZ cells. Cell
: o} Mgl AT o] privhuiz] whae] wlAE ¥ survival fractions were assessed after continuous drug-
123(Rho-123)°} &3} A9} PR o] WAe #d exposure for 3 days by SRB assay. Each data point
o] &S BIEALE? w5t o)F ugho g J)Ze]| AFEH d) represents the mean of at least three experiments, and bar
o]e] wlo] 28} Holgli= okZe] MEEAS 7MY rhodamine- r(?veals standard error asso;iated with the mean. *Signiﬁcaptly
N ] - -~ different from control (paclitaxel only) at same concentration,
1239] &I} AR Al AE3E Yehis 58 sohl $<0.05
a1, o5& vlekdulAd & A|#9) verapamil @ cyclosporin A%}
3§ Fofglel, olgo] PEuel /|49 wEick e £ TR9l BYe) ADWAE AFsigon), PYuue) 7] o
AR oS Pl AAAE AANete] e PREE B3 PERd AA| Alolel] 72 #EAdE X Fei
A AAAE Zohigitt, §H, oA Ftolxl kRSl tislel th F, PREYAL dids] 28 71 SoldE 7, 71t

Table II -MDR reversal activity of benzotriazepin analogues

EC5 (M)
Sample (UM)
A549 SK-OV-3 HCT15 HCT15/CLO2
TAX only 0.002+0.000 0.005+0.001 0.092+0.008 0.375+0.022
+Verapamil (10) 0.001+0.000 0.003x0.000 0.0020.000* 0.008+0.001*
+BTZ-01(4) 0.001+0.000 0.002+0.000 0.034+0.007* 0.326+0.020
+BTZ-02(4) 0.001+0.000 0.002+0.000 0.030+0.004* 0.226+0.017
+BTZ-03(4) 0.001+0.000 0.002+0.000 0.018+0.003* 0.133+0.015*
+BTZ-04(4) 0.002+0.000 0.0030.000 0.074%0.010 0.214%+0.019
+BTZ-05(4) 0.001+0.000 0.004+0.000 0.032+0.006* 0.273+0.009
+BTZ-06(4) 0.001+0.000 0.003=0.000 0.011:0.002* 0.046+0.008*
+BTZ-07(4) CT** CT CT CT
+BTZ-08(4) 0.001+0.000 0.003+0.001 0.014+0.003* 0.102x0.009*
+BTZ-09(4) 0.001+0.000 0.005+0.001 0.015+0.002* 0.093+0.010*
+BTZ-10(4) 0.001+0.000 0.0060.001 0.019+0.002* 0.118+0.012*
+BTZ-11(4) 0.001+0.000 0.002+0.000 0.012+0.001* 0.071x0.008*
+BTZ-12(4) 0.001+0.000 0.010+0.004 0.0080.001%* 0.049+0.007*
+BTZ-13(4) CT CT CT CT
+BTZ-14(4) 0.001+0.000 0.005+0.001 0.0070.002* 0.047x0.004*
+BTZ-15(4) 0.001+0.000 0.002x0.000 0.011%0.002* 0.015+0.004*
+BTZ-16(4) 0.001+0.000 0.002+0.000 0.003x0.000* 0.012+0.003*

*Significantly different from the control (paclitaxel only), p <0.05.

#*CT; cytotoxic at 4 uM.
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2 AT o] AAE 7hRof b, Aojx 1870 o]t ¥
A2 T Ak FES 2, 2 olvA] $F(Ehomo) ¥ 3}
} ode] 4F A4 (tertiary nitrogen atom)g E&slojof g}
3 g3}

E A3oj|x] Al2-3} benzotriazepin F-=AIE2] Tl o
A a9E v 52E 34 AR Z4(side chain)ol H'd 1L
7 725 ks AREE 2 AEAE] dd 18 2
22 o A vlE] $gt a9E Z2te FoF Jehd
t}. o} ¢ko] njFZHUATA] AFola Pyghmze] 7]2
o] AE|TEE tg Tdiths A YRlske Aer, 2
ATHIT Qs o] teAud dAAER AZ Feld o
g0 nETFRE o]FolA] Slrke AT YAk gz A
E2e2]=

shH 7 ¥ YR|o] FAEAE ZH= benzotriazepin =S}
olF XA G FEAES] vk IA &a7E vlws)
B BTZ-06% BTZ-122] 9ol A2 zpo|7} s AL
Uebton], BTZ-08 U BTZ-159] ZA-$olx % HCT15 A|Zo
A9 terugd oA &= FARHA UERsEe t HCT15/CL02
M)A BTZ-157F Bk 978 2348 Uehls A2= v}
efgith, WAl olefdt 24 xjoli= thekAlulg A &l
£ e WRXE o= A0T Kol F t AE AT
7t 28 RAow AzArt. ghd H¥ el A3t benzotriazepin
FEAE £ BTZ-159 BTZ-160] 7FF 953 tlekAhAd oA
a7} e AoR Yelgton, webx ol5e) 7 Sl A
A9 #Hd 189 B4 T g4 Bl pdduidste) A3t
M T3 9EE & Zlo7 FHEr). 3kE BTZ-15 9 BTZ-
162 Rho-1239} B &30 A Eof &3 A9 HCTI5 U
HCT15/CL02 MZlA Rho-1238) A& &30 Frkeh= A
< B3R 4= 9)9itk(Data not shown).

EARIE 2sbd & FRE ANg vk ARFE Q] 50% o]
ZgollA] o]u] FMFESL & 71A] o)) kAU 7)2kE W)
2% ¥y Hu Qlok L3, FEHoF o $xle) 90% ©]
ol & FF7 o] kAR el o8 APA B
ET8IL APdshe 208 13 11 glom, Hojr) dojd
AEAA ol2fgt eFAlUAg o] o] HS: S7kEE oz Uy
] QUEEI59 walr, o) tlekAl S S g AT
o] tekstAl Fg= 1 glon], ek A i &

7lelE 71 FEES Yoz by dAEHE Zhe
2L Foge wYEo] o)Fo] Fon, ZdaAd JAA|, Z
2EY oAA|, 28 TE= AHRO|E FEA|, SA8A), A
37 ok 9 AlolaEAYR 5o RS0 ol#st tekAlAg
A aE Zhe 202 Ry Hglov, oFE AL 2 B4
FAZ oadollA AR 3= Qe okERE /e gaigin !
uEbx] Bt ZEsial o] gle oFE o) sio] olfoif L
19904t} ©]%o]| dexverapamil, PSC833 @ MS-209 53 o]
A 24 ek AAAEe] AREe] YA Fojzke
L TR ofEE0] kg ol e kL B4 59 B
AR o] Fehd Aejolth dE, HIe VX710,
GF120918, LY335979 ¥ XR9576 5-& H]E3F wr} 978 oF
At AL 548 724 Al 3 Al tekAUA AA S A
Ha glon, o)F A PR date AR ERE B
o|x|= Ealar glrh3 E3) H2ol= cytochrome P450 3A47}
pe Al 714 50]do] AJ3] FAlete], P o)A
o] A W §o37} cytochrome P450 3A4¢) 2)3t oFE-9] tjA}
off ¥ag v)x FTFHOE WG Foi=HE FUA A o <F
EEE 9 grle] W3l e 21E uEAn Quk2® mekd
cytochrome P450 3A4olE QS wiX|A] QoA pguiulz
R AIE = Qe AEAS 2 AAIAQ Ade] AlE2- 7}
AZ =T gk B AgelA MdE SREE GA FF 1
ok B A7) o]FolRof & ol o]Hd A7t T
Aoz R} 953 tekAulg AAAE sk T8g

Z Aolrh
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