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Studies on the metabolism of a triptolide derivative
(5R)-5-hydroxytriptolide in vitro
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Abstract: The purpose of current study is to investigate the metabolic profile of a triptolide derivative (5R)-5-
hydroxytriptolide in vitro. (5R)-5-Hydroxytriptolide was incubated with the hepatocytes of human, monkey, dog,
rat or mouse, respectively. Compared with inactivated hepatocytes, four metabolites were identified in hepatocytes
from all five species: oxidative ring-opening metabolite (M1), glutathione-conjugating metabolite (M2), and
monooxidative combined with glutathione-conjugating metabolites (M3-1 and M3-2), respectively. In human or rat
liver microsomes, seven metabolites of (5R)-5-hydroxytriptolide were found, dehydrogenated metabolite (M4) and
monooxidative metabolites (M5-1 - M5-6), respectively. Reference standards for the metabolites were obtained
either through chemical semisynthesis or biotransformation through rat primary hepatocytes. The structures of
five metabolites were confirmed, which were 12,13-epoxy ring-opening metabolite M1, 12-glutathione-conjugating
metabolite M2, (16S)-, (2R)- and (19R)-monohydroxylated metabolites M5-1, M5-4, and M5-5, respectively.
In vitro activity assay revealed that only (2R)-hydroxylated metabolite exhibited weak immunosuppressive activity
with less than one-tenth the activity of its parent drug, and a significant decrease in toxicity was observed. It is
suggested that (5R)-5-hydroxytriptolide might undergo metabolic inactivation and detoxification in vivo.

Key words: (5R)-5-hydroxytriptolide; metabolism; metabolite confirmation; hepatocytes; liver microsomes

Wk 13 2019-04-24; &1l FH 3: 2019-06-03.

FEETH: H X BRI BT E (81373479).

*JE I {E Tel: 86-21-50800738, E-mail: dfzhong@simm.ac.cn; ycli@mail.shenc.ac.cn; xuht@shanghaitech.edu.cn
DOI: 10.16438/j.0513-4870.2019-0327



TR OIHAE TR AR TR AT E AT I A MR AL 1485 -

AR R AP ZE AR (Tripterygium wilfordii
Hook. F., TWHF) 3 %0k 75 H e B AR ik &4, T
1972 4F JER 2 ik T SR L B tH R, D FR AR i Y IR R
WEY, BA R % MR RL K T 18 B P S
PEBL, SR, B 2 H 3t P R e\ o e & A TR I
) BEORUE, Bl an AR BE R G B M SRS, X e S
PR BRI 778 A B RIS A . N T2 R
R 25 VR 7R A TR A R AT AR, 2504 S SO
AT T REW S EUES. FBEIENE AP RS
MBGE T A —, R E AT R BR)-M B AT
A, 5 AR BA LA 25 B 58,

T &7 VE N 1208 24, 2008 4F H K IR PR, H1 4R IE
RHIE 9 2 MU 56 H5 47, T 2000 48 143 I 7 ik
SR . 2017 4F T W AF S LR 1O R7AIE— 3 Wi 19
P S 8 S RS — ) K 2 B RS T
HE, IF T 2018 4R 3R 15 1 I R At A (http://www.,
sphchina.com/news_center/news_detail.htmI?id=29).

JRUE TR &Y 2 B VAR B 1T B o A
Ft, 8 AT 2 AR 5 1R BIF SR T AR S b
TE BT HA R 70 P, 1R RS A B R 2L, s
&t E i CYP3A4 (1 64.2%) 1R, 15 A& 6 HAR it
YIEAT RAE

i UL BB R, AU H H 2l i R S ME R
R (JFE 4 M A BOREAA) BT 70 5 0 8T BRI RAIE, I
AT 1A P 25 R EAT BRAIE, IR PRIE AT 3R it —
RIS HF

MRS A%

MRIEIRF  HiEE (5 T8-235-95, 99.11%)
B b = 24 4 [ R et T B A R B A (), b ZE
KA (451 YI6N6C5757) ) H L Ja A kL
FRA A (), & A Z (5 O1006AS) 4 H K
HEECEVEARARAF (FHE), KR {5 21027)
AN (5 23418) JH- kA& ) 5 BD & =] (Woburn,
MA, USA), 1B & JEAC A BT (it 5 1410266) .78 &
JEAC £ A AT 20 i (1L 5 1610047) Vi & JR A b
% R JF 20 (45 1 1610325) . VR & J5 AL 1 74 Sprague-
Dawley K 5 AT 40 i (FIk 5 1610175) VR & R A HE M
CD-1 /)N BT L (Fik 5 1510134) ¥ [ 3% [ Xenotech
A A, I8 T R T i iR N e R E R B R (S
10380624, nicotinamide adenine dinucleotide phosphate,
NADPH) It [ 8 [ 2 [R A &), 52 B4R 4 3= A (L5
SLBT6423, sodium carboxymethylcellulose, CMC-Na)
I [ Sigma-Aldrich (St. Louis, MO), ¥ i (it 5 :
10951807816) A1 Z fiF (L5 : JA06330, HPLC 2%) 4

f# [ Merck /A @] (Darmstadt, Germany), H 2 (3t 5 :
37UHN-HN, 7 #7 4k) 4 H Fluka 2 7] (St. Louis, MO,
USA); % & 7 /K B Millipore Milli-Q 4f /K 1% ] %
(Millipore, Molsheim, France). H i 32 71 &0 oF 28 05 ik
LA, 0 B [ 2L A, o drati.

RSNBT SRR 1L SE38 5 i 7 i & W B DMSO
il 2% o R F SRR 100 pL, 475 William's
Medium E 3% 3% 3E (pH 7.4), 613 41 o % 15 N & = TF
1.0x10° A T 41 B F1 24 94 J& v 50 pmol - L™ (1) 5 5 %7,
37 ‘CHAL, 7€ % 180 min J& Il AN UK ¥ 2,115 100 pL £
1B R BE, BT SEACRE AR B URE A o K A0 o XU
AA I, AHCEFFFE R, NN 2 400 pL, i 1 min,
2,05 min (11 000 xg), B H 43 L& W & T 10 mL ik
B, T 40 CEAW FWRT, B LHE-7K (1:9)
120 uL B . BUE 5 ul T UPLC-UVIQ TOF
5600* MS HEAE 34T

RONBF UK L SR 3G W A 1A R (200 pL) B
5 W W2 22 vP (100 mmol - L, pH 7.4), K & B A JF
WORLAA (1 mg-mL*), & 5 &7 (50 pmol - L) 1 NADPH
(2 mmol - LY. & — R BAR FRHE B XFEA, DLAS N
NADPH [k RAIE N BIPEXTFRZH . 37 CIE L h)s, H
PR AR BRI UK A 2065 (400 pL) 2 1b N . TR S IR
JRBZ)J5, 11 000 xg B 0r 5 min, 4= 0 E B iE 5 R 2 10
B, T 40 CHEAU FWRT, FRE L ZHE-7K (1:9)
120 L E 9% . BE W W5 ub Al T UPLC-UV/Q TOF
5600* MS HEAE 73T

N RALRBIREM W E &R (100 uL) £
FE W 1R 2% PV (100 mmol - L%, pH 7.4), K B 3 A AT
fRLAR (1 mg-mLY), & % &F (3 umol- L) F1 NADPH
(2mmol-L*Y). &— R MNAAREE G XFEA, 37 Ch
B, KRR A 9 B A A 3 1 0.5.10.15, 30
45 F1 60 min 7B F] 5, A FFB80RL 4 T 020,40 min
1.2.3.6 h B[] s, FHSE RS WAR (FF AR &R
1 pmol-LY) (UK 215 (100 pL) &1k . JBEW
IR 215, 11 000 xg #5005 min, 4 F#HL 3% T 40 C
B R, SR L 7K (1:9) 120 L B4 -
B B AR IR FH SRR I R AR AT A A A I 2% A

LS FNAE T 5% 14

R RRE I fd H Triple TOF 5600* 74 U # #1 -
TKAT B TE] AR BB B AX (Q-TOF MS), it 4% Hi Mt 25 i1
25 (ESI J5) Ml CDS H #h 1 IE & 4¢, 3% & Applied
Biosystems 24 @ ; Acquity UPLC WA (3% R 45, 45 —
JCHTR AR « B AR S RIS B AML, 32 [E Waters
YNGR

3% 4y 8 K H Waters £ 7 (100 mmx2.1 mm,
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1.8 um ID), HIR BN 40 C, HBh M FE S RIE N4 C.
AN AH A 5 mmol - L R B2 KV W 0.1% F IR (A
AH) A 2 (B AH), 3% M 0.4 mL - min, SR BA vk
Jiit, 0~3.00 min, 5% B #H, 3.00~15.00 min, B #3 M
5% 1 Jiin 3] 45%, 15.00 ~ 17.00 min, B 4 M 45% 4 Jin
F99%, 17.00~21.00 min, B #H M 99% [% £ 5% .

JRIERI @i Triple TOF 5600 MS (AB Sciex).
5 B3 [l ¥ 9 m/z: 100~1 000, FE % L B U5, 1F 5 1
R A 5, 25 7 IR HE D 5 500 V, YRR R 550 C, B
TY5S4A 1 4 55 psi (1 psi ~ 6.9 kPa), & T k2 N
55 psi, 7 AN 40 psi, ZFFEHEE N80V, — 4
F ] AE 48 BE 5 10 eV, 7R RS 0 A I A R e
20 = 10 eV, 43 il Jy m/z 100~1 000, % H E 2h#% 1E
R Y1 (CDS) Ahbr A% 1E T 2 4L, 15 B AH 4 77 X
(information-dependent acquisition, IDA) 15t & 5 it
7€ (mass defect filter, MDF) JL[EF T80k —iiE-R4ee.

K IR Rl &

15 B B ) A AR AR DR R ) %
FERE PR T VR A BRI A A
GG R S FE BT AT A, Wk LR . JL
HAL B 3 1 BT 15 U 22 1R SC E R A

(a)

PBS
(pI14.0)

OH ———

(16R)-16-Hydroxytriptolide 5a

Scheme 1 The processes of the synthesis of compounds 1-5 (a—d)

K AT (SeO,) 73 sl Ak (16S)-#4 2 1 43 ik P Bis
fii (hydroxytriptolide) F1 (16R)-¥% 3 T 23 i A g i U 1)
I%5 AT (C-5) 159 2 AH B ) C-5 17 $2 3L 4L & ) 4a Fl Ba,
SRJE S AL SN (NaBH,) 38 7 3 C-14 £ 3 5615 B4k
EWARS, AW 1.2.4 F15 1A L FE R IR R .
A LA s FRECE 5 %7 (25 mg, 0.065 mmol)
B T 100 mL J B A, N 18 R 2% b % i 50 mL
(pH = 4.0), [B13 % 5. 24 h, A2 =05, I — & H
ot R, AU FH R A 3K B K B, & Bk
454 HPLC 73 2543 216 &4 1 (11.5 mg, 0.029 mmol,
45%, 1t [EH 1£). 'H NMR (300 MHz, CD,0D) ¢ 4.94
(dd, J = 14.9, 10.7 Hz, 2H), 4.02 (dd, J = 5.5, 1.7 Hz,
1H), 3.79 (d, J = 5.6 Hz, 1H), 3.33 (d, J = 6.6 Hz, 1H),
3.25 (d, J = 1.7 Hz, 1H), 2.48~2.00 (m, 4H), 1.90~
1.71 (m, 1H), 1.31 (dd, J = 11.8, 3.7 Hz, 1H), 1.14 (s,
3H), 1.01 (d, J = 6.9 Hz, 3H), 0.91 (d, J = 6.9 Hz, 3H);
13C NMR (125 MHz, MeOD) 6 175.7, 161.8, 128.4, 77.8,
76.3, 73.1, 70.6, 70.1, 65.3, 61.9, 60.4, 59.5, 41.4, 31.5,
28.5, 26.0, 18.1, 17.1, 16.0, 15.9; HRMS (ESI) Calcd.
for C,H,,04 [M+H]* 395.170 6, found 395.171 1.
A9 2 (4 R FREUA J 1 25 bt H Ik (76.8 ma,
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0.25 mmol) & T 100 mL J S, I\ Bk BR 44 2% i i
7 (pH 9.2) 20 mL, 28 J5 A NaOH %5 # (0.5 mol - L) ¥
pH 8.4, 2 Ja IANEH & B (20 mg, 0.05 mmol) 1974
SR 5 mL, IR R NS, A &
Jot R, AU PR AT 3K B K BN, &R Rk
i J5 2 HPLC 43 519 1L &4 2 (26.6 mg, 0.039 mmol,
79%, & [H14). H NMR (300 MHz, D,0) § 4.91 (q,
J =18.4 Hz, 2H), 4.53 (dd, J = 9.4, 4.6 Hz, 2H), 3.92 (d,
J=5.4Hz, 1H), 3.69 (t, J = 9.8 Hz, 2H), 3.56 (t, J = 6.3
Hz, 1H), 3.44 (d, J = 5.5 Hz, 1H), 3.31 (d, J = 5.2 Hz,
1H), 3.28~3.14 (m, 2H), 2.91 (dd, J = 14.1, 9.7 Hz,
1H), 2.51~2.14 (m, 7H), 2.12~1.92 (m, 4H), 1.63 (dq,
J =85, 6.4 Hz, 1H), 1.26 (dd, J = 12.5, 5.0 Hz, 1H),
0.96 (s, 3H), 0.84 (d, J = 6.7 Hz, 3H), 0.74 (d, J = 6.8
Hz, 3H); 3C NMR (100 MHz, D,0) § 176.2, 175.8,
174.8, 171.5, 160.3, 126.8, 78.1, 74.2, 71.4, 69.9, 66.9,
60.5, 60.0, 58.8, 53.9, 52.6, 45.5, 43.0, 39.7, 33.1, 31.2,
29.0, 28.4, 26.8, 23.9, 16.1, 15.6, 14.6, 14.4; HRMS
(ESI) Calcd. for C,H,,N;0,; [M+H]* 684.243 8, found
684.244 5,

WA 414 i FREUE A4 4a (20 mg, 0.051 mmol)
BT 10 mL R, INANHEEL mL, % EF]0 Cz
J& i X\ NaBH, (3.8 mg, 0.1 mmol), #i ## 2 & 30 min
JG, & HPLC 7 B 15 3L A9 4 (5.1 mg, 25%, [ 4[]
£). 'H NMR (500 MHz, MeOD) 6 4.96~4.91 (m, 2H),
3.87 (d, J = 3.1 Hz, 1H), 3.68 (d, J = 2.7 Hz, 1H), 3.49
(s, 1H), 3.46 (dd, J = 10.9, 7.8 Hz, 1H), 3.40~3.34 (m,
2H), 2.29 (d, J = 15.4 Hz, 1H), 2.40~2.12 (m, 3H), 2.14~
1.99 (m, 2H), 1.82 (td, J = 11.9, 6.2 Hz, 1H), 1.64~1.55
(m, 1H), 1.25 (dd, J = 12.8, 5.4 Hz, 1H), 1.14 (s, 3H),
0.97 (d, J = 7.1 Hz, 3H); 3C NMR (125 MHz, MeOD) §
174.5,162.2,125.7,72.8,70.7,68.9, 63.3, 62.4, 62.2, 61.2,
58.9, 56.5, 54.9, 40.4, 36.5, 30.5, 23.4, 16.7, 15.4, 11.4;
HRMS (ESI) Calcd. for C,H,s05 [M+H]* 393.154 9,
found 393.154 9.

A5 A i FREUE A4 5a (15 mg, 0.038 mmol)
BT 10mL ZBEH, IMANHFE 1 mL, A#H 20 Cla
B\ NaBH, (2.9 mg, 0.076 mmol), $i % 5 5 30 min Ji,

Primary hepatocytes
transformation

(5R)-5-Hydroxytriptolide
Scheme 2 The process of obtaining of compounds 6 and 7

22 HPLC 4y &5 13 2116 &4 5 (3.6 mg, 24%, [ {0 [l 14£).
IH NMR (500 MHz, MeOD) § 4.97~4.90 (m, 2H), 3.88
(d, J = 3.0 Hz, 1H), 3.69 (dd, J = 11.1, 6.3 Hz, 1H), 3.58
~3.56 (m, 2H), 3.51 (dd, J = 11.1, 6.5 Hz, 1H), 3.36 (d,
J = 5.3 Hz, 1H), 2.29 (d, J = 15.4 Hz, 1H), 2.25~2.15
(m, 3H), 2.14~2.00 (m, 2H), 1.96 (dt, J = 14.0, 7.0 Hz,
1H), 1.82 (td, J = 12.0, 6.2 Hz, 1H), 1.63~1.55 (m, 1H),
1.27~1.19 (m, 1H), 1.14 (s, 3H), 0.97 (d, J = 7.1 Hz, 3H);
13C NMR (125 MHz, MeOD) 6 174.6, 162.2, 125.7, 72.3,
70.7, 68.9, 63.9, 63.3, 62.3, 61.2, 59.0, 56.4, 55.1, 40.4,
38.8, 30.5, 23.4, 16.7, 15.4, 11.1; HRMS (ESI) Calcd.
for C,,H,s0, [M+H]* 393.154 9, found 393.154 7.

iSO S /B AR IR SR AVR LTI /DO S X 2
Sprague-Dawley K §s, (6~8 J&#i%, 200~220 g) 4 FI L
Wik e st S W) A B A A [& 4 E 50 SCXK ()
2007-0005], #% 1 77 T8 1 Wi 7% 5 A, 204 5
EREE 2, AN R E, 12 h B IE . Fra shi)se
¥ 2 v R R B 25t T B SRR sh A B 2R
[ARSE iRl

A3 RMEHE 4 T %KY (50 mg-kgt-d?,
CMC-Na i &), FI H 5 25 HE % 2 2 il 2% K B ARHF
M. AU A I AR A R R T &Y 100 pmol - L5
E 1] 10 R BRI IR AR 40 B VR BV (B 22 T 1.0 208 4N 41
Jio) LR AL, AL AR N 50 mL, L1043, 37 CHE B
4 h, WA, B0 ERUUIE S, W48, FIH 6 &
WA o B afifh, e 245 2 A s g 6 fn 7
(2K 2).

th &6 ([ 1£K): TH NMR (500 MHz, MeOD)
5 5.04~4.90 (m, 1H), 4.49 (d, J = 5.4 Hz, 1H), 3.86 (d,
J = 3.1 Hz, 1H), 3.58 (d, J = 2.8 Hz, 1H), 3.47 (s, 1H),
3.35 (s, 1H), 2.38 (d, J = 15.4 Hz, 1H), 2.28~2.20 (m,
1H), 2.18 (d, J = 5.5 Hz, 1H), 2.05 (dd, J = 13.9, 5.8 Hz,
1H), 1.43 (d, J = 13.9 Hz, 1H), 1.32 (s, 3H), 0.99 (d, J =
7.0 Hz, 3H), 0.86 (d, J = 6.9 Hz, 3H); 3C NMR (125
MHz, MeOD) ¢ 175.0, 165.7, 127.6, 73.8, 72.2, 70.0,
65.6, 64.6, 62.9, 60.4, 60.1, 58.2, 56.1, 41.8, 34.5, 31.8,
29.2, 20.1, 18.0, 17.1; HRMS (ESI) Calcd. for C,,H,;O4
[M+H]* 393.154 9, found 393.155 9.
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&7 (A EEZ): 'H NMR (500 MHz, MeOD)
J 6.45 (s, 1H), 3.88 (d, J = 3.1 Hz, 1H), 3.60 (d, J = 2.9
Hz, 1H), 3.50 (s, 1H), 3.36 (d, J = 5.4 Hz, 1H), 2.49 (dd,
J =158, 5.2 Hz, 1H), 2.38 (d, J = 15.8 Hz, 1H), 2.32~
2.21 (m, 2H), 2.21~2.12 (m, 1H), 1.83 (td, J = 12.0, 6.3
Hz, 1H), 1.25 (dd, J = 12.7, 5.6 Hz, 1H), 1.17 (s, 3H), 1.02
(d, J = 7.0 Hz, 3H), 0.89 (d, J = 6.9 Hz, 3H); 3C NMR
(125 MHz, MeOD) ¢ 171.7, 162.0, 129.8, 100.5, 72.4,
71.2, 64.1, 63.2, 61.2, 59.1, 56.5, 54.7, 40.4, 30.3, 27.8,
23.3, 17.2, 16.6, 15.7, 15.5; HRMS (ESI) Calcd. for
CoH,s0, [M+H]* 393.154 9, found 393.155 2.

K4 & 1 0 e R HNHE N

S %% BALB/C /N R (HETE, 6~8 A, W H
R S SR B A R A ) TE TG B BB N A AT,
TECRGAE, 25 BRAm MO Rg 1 RO R AT B, 1) 2% g B A g A 4
LB . 214 M Tris-SAk 4 92 v (0.155 mol - L
NH,CIA116.5 mmol-L* Tris, pH 7.2) 2. k%40 i
Yela, HEAH &% (100 u-LTY) f155E% 2 (100 pg-mL™)
(1) RPMI 1640 £% 7 3 8 & . R AbSEIG T, F 5 R/ R
AR VR 5 FH T 440 P 1 %

MTT 256 40 il 75 P S 5 R H MTT (thiazolyl
blue tetrazolium bromide) ¥ 5, ¥ I 40 i B (KR 4L
1x10% 100 pL) 158 M5 &7 5 T WG &7 AT AEY) (&)
1~7) 198 10% i 2 138 1O 55 729 (100 pL) — ke 7%
48 h, ZFEARFAT . AINZG A /e TR . 2 5]
Bk 24530 120 ub, BEFLIDAHTEEEC B 1Y MTT 3539 (20 pL,
5mg-mL?), BIZIKE 1 mg-mL?, 37 C R34 h,
AN 2 b3, LI DMSO 150 ul, 7 % 10 min,
2 J5 T 570 nm &b i H OD 18 H it 4 e T % .

Yy ZL SN M 4 5 5 mg-mLt ) R
H A (concanavalin A, ConA) 5 10 mg-mL™* I§ £
(lipopolysaccharide, LPS). & it &F sk HATAEY (tb &9
1~7) T37 CHAHFE48 h, =FEAR V4T, B 4G
HOHT 4 8 h in A [PH]-thymidine 25 pL, 4R & 4k 45 55 5%
48 h, 5 J5 W A i B T BB 4T i g 2% o, 48 Beta

DR 5 25 SR 2 T3S 1

HABALTE AU E I FE LK H AB Sciex 2
] 1) Analyst® TF V1.6 1 Waters 2 @] 1] Masslynx V4.1
A AT HoiE K42, SR FH AB Sciex A F] [ Peak View®
V1.2 fl MetabolitePilot V1.5 % {4 i 17 £ 4f 4 4t

g e M m T Analyst #4 (1.6.2; AB Sciex,
Foster City, CA, USA) K4&, 45 L FI ] Excel F 44k 22,
PLSFEME (UFEAR) Fom . FFIEFE A ISR % (CLy,) i
SR CAR 77 k02830 U & R & o SR 25 Y0 In (R
ARFR) P I AR B, HEAT 2 A5 B R R k1%
A LSRG 2 IR ST B 2 32 0 (ty,, min) F1 CL,
(mL-mint-kg?):

t,, = -0.693/k
cL,, = 0.693 WEE AR (mL) 5 ik (mg ) )
"7 t,  Mokdk(mg) B (g)
ME(g)
AT (Kka) 1
K3 (kg) @)
#R

1 EBESFESHEBEAMRP RN

FJH MetabolitePilot # {4 %7 5 5 &7 19N VR K
B /0 Bt JH 200 6 Bt A e ot 8080 AT AL R, SRASAH S 1Y
AR I 1% P A28 A (3l B (T 1) 5 20 JHE 4t A
b, BRIETE 25940, 12N IR R R BRURA /DS B4 i i £k
P it H L I 31 3 MAR OGBS 1, 4 DN AL T B AR
7P (ML) 4 e H Ik 45 & AR ™ 40 (M2) FE S AL T
B HEH RS & A=Y (M3-1F1M3-2), & 1. BriE
JH 248 v k00 380 4 5 3 A A = 4 Ak, Atk R )
2 i v 5 ks B 5
2 TRBEFEANFIKBRBFRURL A AR 54

Wi = 4 B s & AN K BRSOk AR 3L RN A
FH MetabolitePilot % {1 75 i &7 F ORL A4 4 it K40 3k
AT A0, SRAFAE SRS B (B 2) . SRR XT RR4
AL, BRETE 25948, NSOk A b %5 e 15 21 4 S A6
PR, R B ORE (A 55 e 15 3] 7 MRS e . Horb

Table 1 The UPLC/Q-TOF-MS information of (5R)-5-hydroxytriptolide metabolites in the hepatocytes of human, monkey, dog, rat and

mouse
X . . LC-MS peak area
Metabolite Metabolic pathway Formula m/z ppm  t/min
Human Monkey Dog Rat Mouse
MO Parent C,H,,0; 3771592  -0.6 9.36 4.89E+04 6.64E+04 7.04E+04 5.96E+04 5.39E+04
M1 Hydrolysis of epoxy group  C,H,,O, 395.1688 3.2 8.13  6.03E+02 6.90E+02
M2 Glutathione conjugation CyH,N;O,,S  684.243 5 0.3 7.08 1.23E+04 5.97E+04 9.48E+03 1.12E+04 3.20E+04
Glutathione conjugation
M3-1 HISEIOnS GONJAgEt C,HuN,0,S 7002367 -22  6.14 2.70E+03
and oxidation
Glutathione conjugation
M3-2 19 CyH,N,0,,S 7002372 -14  6.46 3.63E+03 2.49E+03

and oxidation
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Metabolic profiles of (5R)-5-hydroxytriptolide in human (A), monkey (B), dog (C), rat (D) and mouse (E) hepatocyte
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Figure 2 Metabolite profiles of (5R)-5-hydroxytriptolide in human (A) and rat liver microsomes (B)
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Table 2 The UPLC/Q-TOF-MS information of (5R)-5-hydroxytriptolide metabolites in human liver microsomes (HLM) and rat liver
microsomes (RLM). *M5 is actually a mono-oxidation metabolite of (5R)-5-hydroxytriptolide which is assumed to be unstable in the ioniza-

tion source
. . : LC-MS peak area
Metabolite Metabolic pathway Formula m/z ppm tz/min Y] RLM
MO Parent C,H,,0; 377.1605 2.6 9.37 5.25E+05 2.38E+05
M4 Desaturation CyoH,,0; 375.144 5 17 10.1 9.71E+02 4.70E+03
M5-1 Oxidation C,H,,04 393.155 6 3.1 6.72 5.14E+03
M5-2 Oxidation C,H,,04 393.1552 21 6.85 1.17E+04 7.02E+03
M5-3 Oxidation CyoH,i04 393.155 4 2.6 6.96 1.29E+03
M5-4 Oxidation CyoH,i04 393.155 3 2.4 7.39 3.04E+02 8.38E+03
M5-5% Desaturation CyoH,,0, 375.145 0 3.2 8.46 5.01E+03
M5-6 Oxidation CyoHy 04 393.154 7 0.9 8.78 9.87E+02 4.48E+03
A +T0FMS w935 min ORI P o 1 3 2 2 T NSO SR PR S
g 1500 i oHus05 Y N 2 . —
S IR AT, Gl P PR 1 77 3 o 15 3 1R AR AR E M B AT AL B
Z ol V15 B 10 55 W 4 7 C BT RR St (03158 3600
B . 373 374 375 376 377 318 319 380 381 30.2 min, ééﬁ%{’t}ﬁ ﬁ‘ﬁ%‘ £ E/] ?'?E%%?’ E,‘] j( B }HH}JI-
B STOF MS/MS of 377.1588 G ﬁ?%ﬁ%%y‘j‘llz mL'kg_l'minio *Hﬁﬂ@jjﬁiﬁ_ﬁ?%
W ™~ y PR AN Ny N N -
8 3711582 FI) () FR 1 7 AE N AWORL A4 b i A 2 22 19104 893 miin,
g™ DI (6 B 45 35 B 28 4 0.973 mL - kgt min.
N Y N R 6 {KEHIRAIHIEETEN
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Figure 3 UPLC/Q-TOF-MS analysis of (5R) -5-hydroxytrip- T UL LSRRI LM F A AT AN ConAFEST

tolide solution. A: MS spectrum of m/z (5R)-5-hydroxytriptolide;
B: MS/MS spectrum of (5R)-5-hydroxytriptolide

43 ¥ M3 ([M+H]*, m/z 700.239) M3-1 fI
M3-2 [ #E 1 7 1 o1 &= A ), HE I oy 7 R s
CaoHiN30.,S, 5IREZ5WMI LG in 7 323 Da, fii7m M3 4
o ET BRI A IDE T IR S S A, AR SR AT
4.4 R MA (IM+H]", m/z 375.144) R 45 AE 2>
T8, HEMIL AT 3RYLCN CooH,,0,, 5 E K25 WAH EL i
/b7 2 Da, BUSTE 250 % — 50+ H,, LA SR A
45 R4 M5 (M+H]+, m/z 393.155) M5-1~M5-6
SIER254AH L8N 7 16 Da. ARAEHERA 7> 7R &, HE
M FL Ay F R BH CyoH,,0,, 1571 M5 R T 547 B A1k
AU o M5-5 0K 31 BB 1 it 25— 4r 7 H,0
J TR 5 7, AR S E A AR T B E, IS 5
RAEFHNEM, ER—2TFHO. &t 5&%3~7
HEAT TR A AT O B EEX, I M5-1.M5-4 F M5-5
1S R AT 9 A S E P 4.6 F1 T AH— 2L

B AR ) M5-1 1 [T 254 (16S) -4 B fin S AR
W, M5-4 R JETE 254 (2R)-L 1) B i AR 4, M5-5
NG 254 (L9R)-r 5 AR A . B 4 94 ¥ 7
i B AR SMR B R A
5 TEBEFAIMOSTREM

P AR AR e PRSI0 45 SRR I, T T BT A K BRI

2 i 389 BE AT LPS 155 ) B 4H I8 FE A AR T . AR
3H LA 7 ML UL & 6 R M5-4 B T
55 1 G BEAM ATV, SR T AN A2 SRR 25 Wi R I+ o)
2, [ 40 0 R A A AR TR 25 WD) o

Table 3
activity of (5R)-5-hydroxytriptolide and its derivatives. Cytotoxic

Evaluation of cytotoxicity and immunosuppressive

concentration of the compound that reduces cell viability by 50%.
®Inhibitory concentration of the compound that reduces cell prolife-
ration by 50%

Compound CC,, ICy, / pmol - L%
/umol - L T cell B cell
(5R)-5-Hydroxytriptolide 0.408 +0.014 0.105+0.021 0.139 + 0.017

1 >10 >10 >10

2 >10 >10 >10

3 >10 >10 >10

4 >10 >10 >10

5 >10 >10 >10

6 2.50+0.22 1.30+0.15 1.23+0.10

7 >10 >10 >10

g

ASHIF FE R A 4 40 B A0 T ARAORE A Xot 5 i 7 1) 4
AMR S AR AR AT AT . SEIR R A 5 A
Tl J (%) JH- 248 M 43 3 55 s & 3R AT 4K, 5 P B i
40 B A 21 4 SR, 30 12,1307 3 S K fig
TR AR ML 28 B H IR 45 & 90 M2 LR A AL I
B RS A M3-1FTM3-2.
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Figure 4 Proposed metabolic profile of (5R)-5-hydroxytriptolide in vitro. hHe: Human hepatocytes; rmHe: Rhesus monkey hepatocytes
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