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TG KT, BBEEMRR, JEHRYUGETALAKRE N4, FF SLB-DEA fl DHSLB-PIP 7£ K B 44 i f
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Abstract: Two novel Mannich base derivatives of silybin, SLB-DEA and DHSLB-PIP, were designed and
synthesized. All the structures of new Mannich base derivatives of silybin were characterized by ‘HNMR and
HR-MS. Their protective action against CCl ,-induced liver injury in mice were investigated. The changes of
alanine aminotransferase (ALT), aspartate transaminase (AST), lactate dehydrogenase (LDH), total cholesterol
(TC) and triglyceride (TG) were determined and the histopathological changes in liver tissues were examined.
Pretreatment with a higher dosage of DHSLB-PIP (40 mg-kg™) prevented CCl,-induced liver injury as indicated
by the reduced levels of ALT, AST, LDH and TG. Meanwhile, liver histopathological improvement was
observed in the model groups. The pharmacokinetics study in rats showed that the relative bioavailability of
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SLB-DEA and DHSLB-PIP were 172.5% and 259.8% compared with silybin. All the results suggest that
SLB-DEA and DHSLB-PIP may protect liver against injury by CCl, and the relative bioavailability was
significantly increased, which is worth of further investigation for their druggability.

Key words: silybin derivatives; structure modification; Mannich reaction; biological activity; relative

biocavailability
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Scheme 1l Synthesis of target compounds. Reagents and conditions: (i) Diethylamine, formaldehyde, methanal, rt. 40 h; (ii) Piperidine,
formaldehyde, methanal, rt. 40 h; (iii) Hydrochloric acid, methanol, rt. 0.5 h
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Table1l Physical propertiesand *H NMR and HR-MS data of target compounds

Compd Appearance  Yield/%

'H NMR and HR-MS

SLB-DEA White solid 60.6

H NMR (400 MHz, DM SO-ds) & 7.02-6.80 (6H, m, Ar-H), 5.01 (1H, d, J = 8.2 Hz, 2-H), 492 (1H, d, J =

7.6 Hz, 11-H), 4.43 (1H, d, J = 7.5 Hz, 3-H), 4.18-4.16 (1H, m, 10-H), 3.78 (3H, s, -OCH ), 3.52 (1H, d, J =
10.2 Hz, 23a-H), 3.33 (1H, d, J = 7.5 Hz, 23b-H), 2.87-2.81 (4H, m, -NCHy-), 1.09-1.01 (6H, m, -CH3);
HR-MS (ESI) CasHasN2010 [M+H]* Calcd. 653.307 4, Found: 653.308 5

DHSLB-PIP  Yellow solid 52.9

'H NMR (400 MHz, DMSO-ds) 5 7.81-6.82 (6H, m, Ar-H), 4.98 (1H, d, J = 8.0 Hz, 11-H), 4.26-4.24 (1H,

m, 10-H), 3.78 (3H, s, -OCHy), 3.75 (2H, 5, -CH,-), 3.67 (2H, 5, -CH»-), 359 (1H, d, J = 10.1 Hz, 23a-H),
3.39 (1H, d, J = 7.8 Hz, 23b-H), 2.55 (4H, m, -NCH-), 2.45 (4H, m, -NCH2-), 1.55-1.45 (12H, m, -CH,-):
HR-MS (ES') C37H42N2010 [M+H]+ Calcd. 675.291 8, Found: 675.290 7

DHSLB-PIP 5 /55 & 20 /I U 53 = R0 JHF Uk 4 250
B (P<0.05); ¥/ SLB-DEA 1 DHSLB-PIP
Xf CCly B U405 BA R EH o & 4/ B IE
Fa A E 45 R WK 2.

2.2 SLB-DEA #1 DHSLB-PIP %t CCl, ¥ &R
VR IME ALT. AST. LDH, TC X TG jEMHHIE
Mo &7 2H /)N BRI i bl 5 45 2R L3R 3. W e 45
FEoR, BAA/NRIEEES CCl, 55 IE# H L,
MiEH ALT. AST. LDH i&PE 3 i (P<0.05),
R GE R OS2 BRI, TR A7 T 48 i Py 1R A Ul K
B, FRRIER ST . BH 25 K X B 4 S A A
AR % ALT.AST.LDH ¥ 2 F &K (P<0.05), #
U R BT ARS fE /7; SLB-DEA & AR B 4] S
TRIHAH L BE ASTALT SRR, HZE R LS4
X; DHSLB-PIP & . {&#|&4 ALT. AST. LDH {&
R A 3 B 2 PRK (P < 0.05), Hh il & 4 B AR
W8 B2 e N B, e T IR 4K, S H X CCl,

O R A B RER, I B ERESCR R

BN IEF AL, miEdh TC &=L H
B, HIEWAML, SEANEY TG SR
Fr# (P<0.05), i8] CCl, 7] 7 5/ BT AR AL -
SLB-DEA H S5 LL, TC. TG & &L E#H
75, {H DHSLB-PIP m#lE4 TG & & W% 1K
(P <0.05), M DHSLB-PIP &7 %t/ &R ) i fig 7
o EL G B AR . R R AT 4 TS AR,
DHSLB-PIP B&W5 3 50 T 40 M b 4345 66 77, o503 A4t
P/ R AR AR e, B 35 P B s
2.3 SLB-DEA #1 DHSLB-PIP X CCl, &M
N R AT AR R IR F RIS

TR A 45 R 1 R IER A (A) /N BT EAT
ARG, FF/NE e R, FFA gt RS IR,
A Az KT B HARSA 7, SR GEH L. B4 (B)
JH- 2 R B R A 45, A 2R S5 R 2L, 20 PR e i 5
DLIRFE, 20PN TE T, 40 MA% 0 A 4L, JEERE A

Table 2 Effects of different dose groups on liver index in mice. n=8, x+s. ““P<0.01 vs normal; "P<0.05, “P<0.01 vs model
group
Group Dose/mg-kg* Body mass/g Liver mass/g Liver index/%
Normal control - 26.27 +0.90 1.18+0.31 4.65+0.20
CCl, model - 2545+ 1.47 1.44+0.06"" 5.00 £ 0.32°"
Positive control 40 26.18 +1.28 1.29 + 0.07" 462+025"
SLB-DEA 20 26.23+0.93 1.23+0.13" 4.67+0.40"
SLB-DEA 40 25.76 + 1.24 1.18+0.11" 457+0.344"
DHSLB-PIP 20 26.05 + 0.78 1.23+0.08" 472+ 027
DHSLB-PIP 40 26.34 + 1.40 1.17 +0.07" 444+ 012"

Table3 Effects of SLB-DEA and DHSLB-PIP on the activity of ALT, AST, LDH, TC and TG induced by CCl, in mice serum. n=8§,
x+s. “P<0.05 ““P<0.01 vsnormal; "P<0.05, “"P<0.01 vs model group

Group Dose/mg-kg* ALT/IU-L? AST/IU-L™? LDH/U-L? TC/mmol-L™? TG/mmol-L™*
Normal control - 19.94 + 3.54 72.58 + 13.09 538.50 + 121.50 4.15+0.35 0.65+0.13
CCl, model - 107.74 + 35.22°" 144.26 + 29.60" 1016.13 +120.7°" 4.11+047 1.71+0.68"
Positive control 40 43.99 + 16.07 85.29+ 12.79" 875.86 + 142.92" 4.29+0.28 1.45+ 0.32
SLB-DEA 20 57.63 + 23.34 118.41 + 15.59 861.75 + 111.64" 459+ 0.62 1.85+0.40
SLB-DEA 40 50.10 + 23.07 102.96 + 16.40 778.63 + 120.00° 4.48 +0.63 1.90 + 0.46
DHSLB-PIP 20 52.96 + 18.72 95.78 + 18.02" 630.00 + 88.72" 4.06 +0.33 1.04+0.29
DHSLB-PIP 40 36.10 + 14.98 83.73+10.53" 671.25 + 151.11"" 4.25+ 0.46 053+ 017"
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e D

Figurel Liver histological evaluation of SLB-DEA and DHSLB-PIP treated mice. A: Normal control; B: CCl4 group; C: Positive
control; D: SLB-DEA (20 mg-kg™); E: SLB-DEA (40 mg-kg™); F: DHSLB-PIP (20 mg-kg™); G: DHSLB-PIP (40 mg-kg ™)
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H1 DHSLB-PIP £ K B4 A FR) ik g If ) BH Sl 4 0, 245
Vg dE W E . FAAR (X AEYR A E =

Table4 Pharmacokinetic parameters of three groups of rats.
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Figure 2 Plasma concentration-time curves of three components
inratsinvivo inthreegroups. n=3, X=+s

AUCq g n i/ AUCq g 1 imznx100%) THH AN A4 F
F £, SLB-DEA £ DHSLB-PIP [ A= ¥ 81 F B 9
R 172.5% 11 250.8%; it 45 K %£MH, 5 SLB ML,
JKiEPE SLB-DEA £ DHSLB-PIP 7£ K Bl A4 I f WK Wiz
BB, FUIRAYIRI B 4
4 N

7K TR i K TV 5 5 O B R R 2 AL
A, Hrf A PR C-6 Al C-8 Jyaa# e i 0t A
WL A FR C-6 F1 C-8 1 H JFi 15 4l /e FH B /K I
AT Mannich J Bz, 45 F R I N RER S5 R, I
T I R A A5 B AN KA MK K ET S Mannich
BATA %) SLB-DEA #1 DHSLB-PIP. *HNMR # HR-
MS ZE$0 I I — F N 6,8- XA AT AW . & H %

n=3, x+s. P<0.05 “P<0.01vsSLB group

PK parameter SLB SLB-DEA DHSLB-PIP
AUCq g, /ug-(L-h)* 588.792 + 45.805 1 015.639 + 136.986™ 1530.818 + 145.907
AUCq, /ug-(L-h)™* 737.526 + 253.826 1069.023 + 211.746" 1.863.966 + 140.540"
MRTygn /h 3.395 + 0.343 1.791 + 0.460" 2912+ 0.214”
MRT,, /h 5.235 + 3.071 2.185+0.985" 4.809 + 1.829
tyz /h 2.788 +2.713 1.646 + 0.813" 3.245 + 1.758
tma /D 3.000 + 0.235 0.333+0.012"" 0.222 +0.032""
CLzZ/F/L-(h-kg)™* 72.612 + 21.032 71.965 + 13.004 41.627 +3.109
Crnex Ing'L? 197.333 + 35.698 1112.000 + 229.678" 811.333 + 53.003"
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BE TR 51N AT DA s K R s = BEAA R K 1, AT
REEMRIAE, RS &R SEOS G IE
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N, XHFIEA — 2 FORYER . [FBF, CClyi& i)
JFF 453493 A5 B o 2 7 A KR R SR A B, X
ENEEE IR IR N E T s PN Wit ) Y E SN
() RS 0 I T M A . BV AH /N RIS T & TG i 71
i, T E DHSLB-PIP AT 2as BT 451475 /0 5 g 2%
R, TG & R RK, WE R IEWHKT, H
PEFMLEI AT BEA BRI P9 i o A OB, st 4t
T G 9 Dy e 5

KN IZR3) /1% 7t R B, SLB-DEA Al
DHSLB-PIP X+ SLB [AHXF A4 FI FH B 2 5N
172.5% F1 259.8%, Cinex i BN, Tonex B 5400, 10
B SLB-DEA £l DHSLB-PIP {4 P W s, A= 41 H
FE 52 i o IX AT BE 2 [K] 5 SLB-DEA Al DHSLB-PIP
ERER ER VA AR LA B B OGE, M T A4E I B
o b K aH e 71, AT 2 ikia . (2259
W, A R P A B R R

AW BT A K G FEATAEY) SLB-DEA Al
DHSLB-PIP HA R I B /K 1 B P 4545 A= i
H AR BEAR BT K W =38 B S, DR, W]
VB ot 2 i e P idk — S0 0t 50 L 2 1k

SEREERSY
AB Sciex = H U #} #T 5500™ LC/MS/MS,
SHIMADZU UPLC (H A 8y ); 8 i kol bl e i

(Waters ACQUITY UPLC); Waters Q-TOF Premier i
A% Varian INOVA 400 MHz ¥ G LR, 4B 3hE
oA (7020 B, HALAFAEF); Milli-Q 4K &5
(Millipore 22 /); 8 PGV (Rl A A E IR
Awl). FEZHFHT BT25S 84011 K °F; HGC24A 24 1L,
WAL R TTE SR K e A R A A]); XW-80A 7
U IR A A (LW P MR AR AF); TG
16W i i B Ol (K0P FUXERAGER A TR A F]).

KRR (KARAE), HUA%: BEKL 35 mg, K
HR ) 2R 2 BR A R, SLB-DEA, 4% 98%,
DHSLB-PIP, 4iiJ¥ 97%, HATHI& . = L&, IRNE, 47
Mrafi, [E 254 R A IR A\ 37%H S K,
arpra, Frh TRAAERA R, AWEEE (ALT).
BRHEIEEH (AST). FLRMEAR (LDH). & H & BE
(TO). Hui=Mg (TG) WM& k30T Feil ), H
AR FR 5 e e, R RRBHERECA TR A A

SPF i IfEME ICR /MR 70 A, Rk 20~22 g, )
PIERAES: SCXK (5%) 2017-0001; Wistar K (6
JAEY) 9 K, k5 & 300~330 g, ¥FATiE: SCXK (i)
2018-0001, #5) b 3¢ 4 8 R AL SIS S H AR F IR 2
ik
1 EEMK
1.1 K XEEZZ Mannich i§, (SLB-DEA) H1&
A BK KEI T (5.0 g, 10.4 mmol) . 37% I 7K 35 TR
(3.37 g, 41.5 mmol). —Z % (3.03 g, 41.5 mmol) &
T 25 mL HifiEH, =EHiHE. TLC (& H i H =
10: 1) PREFIIL, 40 h S BisE 4, b vio Yk g
F43H5 5.7 9, IMAZFEZHE 100 mL 4T3 2 h, &
JERLUE G, SRR (1% (CHLCl-CH;OH =10 1~
8:1) 7 Ef5 SLB-DEA 4.1 g (it 60.6%). F#i#l15
) SLB-DEA ¥ T HI - BRI W (100 mL) h, HiH
0.5h, 245 T 15155 SLB-DEA ihiRik 4.3 9.
1.2 BRE/KKBEIRIKLEE Mannich i (DHSLB-PIP)
BAR BBE/K EE % (5.09,10.4 mmol). 37%H
17K (3.38 g, 41.7 mmol) . WREE (3.55 g, 41.7 mmol)
BT 25 mL HEE, sElEsiE, TLC (& i HRE=
10: 1) PREFII, 40 h K BisE 4, ik vio Yk g
T34 6.5 g, IMA LR ZHE 100 mL 4T3 2 h, &
JERLUE G, SRERCRE (1% (CHLCl-CH;OH =10 1~
7:1) 435575 DHSLB-PIP 3.7 g (I 52.9%). ¥4l
131 DHSLB-PIP ¥ T H -3 B2 %W (100 mL) v,
fiE#E 0.5 h, L4 T 1543 DHSLB-PIP #: £ #; 3.9 9.
2 i CClLEAMRGEMMAR

WRVIRRE, g, BN SRR N TH,
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R IEH AL R B 2640 (K ARAE, 40 mg-kg ™).
SLB-DEA &5 &E4 (20 mg-kg ™). SLB-DEA &7l &
41 (40 mg-kg Y). DHSLB-PIP &FIE4]l (20 mg-kg ™).
DHSLB-PIP &7 (40 mgkg ), 41 10 R, &
PR SR B, IE s 2H R 8 20 43 591l 45 % A [F) AR AR
M ati K R IE (2% i KA R) B, HREU
STMHRBFEREBSY, BH 1R, ES5% 8 K.
T4 8 KAWL 2 h j5 LRI 0.08% CCl,{£4:
TVEWE 0.01 mg-kg ™ MG, Bl ED AR AR K,
RS 16 h fAREREMZ) 1 mL, 4000 r-min * &0
10 min, HUIMLIE —40 CHRAFFFN . R4 5 3 A
W 5E My ALT. AST. LDH. TC & TG /KF; [AIHT
HURFAE, FHAE 3 Eh /K ph e 4L 2006 B DABR 25 i, I8 4K
Wt JERRE, THE R AR S =& (g)/
R (g) x100%. F5FR 8 58 BE BUIF 2, & T
P R, FIAEEE., VIR HE Jefa, 75k
SN WA T U EE 2= AR 4K . R A SPSS 17.0
GE T ERPE T S0 B S AT Gt S A, /) BRI i
ALT. AST. LDH. TG K TC HJiE ¥ K /N B
ELIREI LA X £5 Kow, 2 ALIRFEA IS $L R
K& 7 201, UL P<0.05 NZERBAE S i35 L.
3 KRHEAARNWEMR

31 ®ifgM Mkl ACQUITY UPLC BEH C18
1.7 um, 2.1 mmx 100 mm, st HEE (A): 0.1%
FEE/K (B); Viid: 0.4 mL-minY B MiAs 7 0~
1.5 min ¥ 10% (v/v) A, 1.5~2.5 min ¥ 10% A~ 100%
A, 25~2.9 min 4 100% A, 2.9~3.3 min 4 100%
A~10% A, 3.3~45 min y 10% A; #Eff&E: 10 pL;
FEiR: 40°C.

32 RFUEEH WIHEAAH MRM i, Bk
75 RAEATRE 20 HT, 0.1 min BT 28 55 Bk AR B R 3
SLB-DEA. DHSLB-PIP Fl A #5 3 & M4 5% F IE & 1
B AT, B RN 4800 V, B TFLIEEN
480 °C; 7K K E AT P AR Hb i o SR AR R SR
I, EE S RN -4 500 V; BT ALIRESN 550 C;
SR G ANE, 45 psi (1 psi=6.9 kPa); =,
%K 20 psi; FHT € &0 I E R BL 0 miz
481.1—m/z 300.1 (/K K &i ). m/z 653.0>m/z 580.3
(SLB-DEA). m/z 675.2—»m/z575.1 (DHSLB-PIP). m/z
779.3 - m/z 649.2 (W ArHLE E). miz 3215 — m/z
152.1 (W bR A e, RibHERE 73l & —27. 36, 42,
~53 #1147 eV. /] Analyst® 1.6.2 K5I 4bHE
Hds o

33 MPHRRE K9 H Wistar KEEEHLH A 34,
3 W, SLIHT 12 h ZA A% K. 3 HRE 7
SR HE 5 4525 SLB (50 mg-kg ). SLB-DEA (75.1
mg-kg ). SLB-PIP (77.3 mg-kg Y. 4%l T-45 251 &%
45745 0.083. 0.333. 0.667. 1.0, 2.0. 3.0. 4.0. 6.0.
8.0 h J5 THRHEF K A HC il 300 pL, B FHREL
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150 ub, BT 20 CLRAF, FF.
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100 uL, MNZ.BR 2.8 3 mL, e 3 min, T 4500 rmin*
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WG LB ahAH 100 pb 2%, HL 10 pL #E. RH
DAS 3.2.6 #fF, VLA A R4 b 3 1 if 25 94
FEERE, THE SN MZ3% 24 KA SPSS 17.0
TR B A3 2L T ) e M 22 5
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