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Abstract: The aim of present study is to investigate the cardioprotective effect of a new compound acetyl
ferulaic isosorbide (AFI), composed of ferulaic acid (FA) and isosorbide mononitrate (ISMN) by esterification in
myocardial ischemia/reperfusion (MI/R). Male Sprague-Dawley rats, subjected to 30 minutes of myocardial
ischemia and 3 hours of reperfusion, randomly received one of the following treatments separately: SHAM, I/R
(MI/R + solvent), SF (MI/R+SF, 40 mg-kg™, ig), ISMN (MI/R + ISMN, 30 mg-kg ™', ig), SF + ISMN (MI/R + SF +
ISMN, 40 mg'kg™' + 30 mg-kg ™', ig) and AFI (MI/R + AFI, 10 mg'kg ™', ig). Left ventricle developed pressures
(LVDP) and the maximal first derivative of developed pressure (= dP/dt,..) were monitored throughout the
experiments. Myocardial infarction size, serum creatine kinase (CK) activity, lactate dehydrogenase (LDH)
activity, superoxide dismutase (SOD) activity, hydrogen peroxide (H,0,), malondialdehyde (MDA) and nitric
oxide (NO) production were determined at the end of reperfusion. Compared with SF, ISMN or SF + ISMN
treatment groups, AFI treatment decreased infarction size (n = 8, P < 0.01), improved cardiac function as
evidenced by increased LVDP and + dP/dt,, (n = 8, P < 0.05), increased serum SOD activity, reduced serum CK
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and LDH activities, H,O, and MDA production (n = 8, P < 0.05). The new compound AFI showed a stronger
cardioprotective effect against MI/R injury than SF, ISMN or their combined administration did.

Key words: acetyl ferulaic isosorbide; myocardial ischemia/reperfusion injury; reactive oxygen species;

nitric oxide
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Figure 1 Structures of isosorbide mononitrate (ISMN), ferulaic
acid (FA) and acetyl ferulaic isosorbide (AFI)

MRIFR T &

##l  Sprague-Dawley HEPE K, &5 200~
250 g, MDY R2E L s D Fe it wiEg I
%, YA FUES SCXK (%) 2007-007; FA Al ISMN
(LAl —) ), B (SOCL). = 4%
(Et:N) (R 220 =) ), DU (THF) (Rt
il TF BR A 7)) s FT2ERR 49 (sodium ferulate, SF)
(BABTEIE 2 AT BR 2 7)), WIRR S (CK). FLIR M
2 (LDH). HAMYE L (SOD). W AfbA
(H,0,)~ N (MDA). NO R Fl & (Bt @A ),
RM-6280 % i /E PGS A 0 M AL FE R 48 (AR 2%
J e

AFI B9E R A U E L& s 2 6 1. K 1.94
g (10 mmol) FIEEERIIAR] 5 mL LMREFH, iR
PN, WK HoSOy, 4KEE RN 5 min, K SV
WA 20 mL Kok, @A A E g, bR
KPS AR, LR ABEESS fh, v15 L=
1. FREX 2.36 g (10 mmol) tb54 1, & T 100 mL
JRBE T, S21 I AFZ& 1 — A 10~15 mL, $i
P, IR 3 he VIR GRS, DR &
BRI SO, At AR, 1978 2. FRECRAHIR
SELALEE 2.02 g (10.6 mmol), HIAF 7% THF 100 mL,
FB PR AW, FRIA 42 mL =40, % 3.02 ¢
A 2 (10 mmol) #%Hfi#T 10 mL THF H, ZZ12 i
SRR S (L AL EE (D, &R Y. 8~12 h, TLC
Bl (L8R WAk 30 2) RMNISELR, KRN
WL IE, et HENT 8 (LR LAk 3 0 2),
3 H AR 2.99 g, SR 73 %, 15 154 162.5~163 C.
"H NMR §: 7.64 (d, 1H, J = 15.9 Hz, H-C=C), 7.04~
7.26 (m, 3H, Ar-H), 6.34 (d, 1H, J = 15.9 Hz, C=C-H),
5.38 (br s, 2H, Cy-H), 5.02~5.4 (m, 1H, Cy-H), 4.56~
4.58 (m, 1H, Cy-H), 3.85~4.10 (m, 7H, Cy-H, OCHj,),
2.33 (s, 3H, CH;); IR (cm™): 2 930, 1 760, 1 710, 1 635,
1 625, 1 270, 1 250, 1 070, 1 040, 915, 855, 750;
HRMS (ESI) [M+Na]": Cald. C;sH;sNNaO: 432.090 7;
Found. 432.090 1.

AFI 234k XM GraphPad Prism software 5.0
(GraphPad Software, Inc., San Diego, USA) Ziil-#k
£, F Hill 752 Y = 100/{(1 + ECso/ [SD"} A 133
AFT S 56 M35 7 NO 5 5% s R il 2%



bt e i R IR 167 R Y. 5 R VB TR A e 7 g B Y 1R S AR (DA ER I © 323 -

HaCO HsCO

o ISMN

HsCO

0 0 0
Acy0 SOCl
HO M OH  H2804 AcOOﬂOH AcO W Cl
FA 1 2

H;CO (o] [©) o
HO ONO;, / \N02
(o)
AcO e}
THF O
AFI

Scheme 1  The synthesis of AFI
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Figure 2 Concentration-effect relationship of AFL
Dose of AFI.
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Figure 3  Myocardial infarction in myocardial ischemic/

reperfused rats with different treatments. Myocardial infarction

expressed as tissue wet weight of the infarcted tissue as a per-
centage of area-at-risk (AAR). I/R: myocardial ischemia and
reperfusion (30 min/3 h); SF: sodium ferulate; ISMN: isosorbide
mononitrate; AFI: acetyl ferulaic isosorbide. X +s,n=8.""P<
0.01 vs I/R; ""P < 0.01 vs SF; ““P <0.01 vs ISMN; *"P<0.01 vs
SF + ISMN

255 SF 48 ISMN A LL A7 8 Z > (n=8, PYy
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41 (n=8,P<0.01). SE+ISMN 4] (n=8,P<0.01)
FIAFI 4] (n=8,P<0.01) #BWILEFE(L, SF+ISMN
41135 1 LDH 3 P B 2K T SF (P<0.05). A
AEFRZK B MI/R 3 h Ifitif 1 CK M LDH &£ L 1.
IR RPN, AFL Al b i L4 R sE T, HiX
FhEH 8 T A8 SF 5 ISMN.
5 NO&E

WS AFL Al 5 2 Ry s oo LS, 3E— 00 3
BURIEAT T80, RUZAON &5 5 AFL 0% NO &
ML MDA 45 5. BRI 30 min F3#E 3 h i %ok
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Table 1 Serum creatine kinase (CK), lactate dehydrogenase (LDH), nitric oxide (NO) and malondialdehyde (MDA) in myocardial

ischemic/reperfused rats with different treatments

CK/U-mL™ LDH/U-mL™" NO/pmol-L™ SOD/U-mL™ H,0,/pumol- L™ MDA/nmol-mL™"
SHAM 1.5+0.6 606 + 227 72+2.1 265 + 46 20+8 25+0.8
I/R 1M+1.7 5677+ 738 21+3 114+ 15 204 + 15 11.9+12
SF 78+09" 4193 838" 40 13" 156 = 8" 149 + 8™ 72+06"
ISMN 7.7+1.07 3465 + 828" 238 +45™ 131+ 12 181+7 9.1+1.1"
SF+ISMN 57+06" 2405+ 477" 337.8+55™" 166 + 15 99+ 10" 7.1+06"
AFI 370944 2133 £ 468" 313 58" 216+ 16744 74+ 6" 5.2+ 0.8

I/R: myocardial ischemia and reperfusion (30 min/3 h); SF: sodium ferulate; ISMN: isosorbide mononitrate; AFI: acetyl ferulaic isosor-

bide. X+s,n=28.

I3 o NO & 5% SHAM 4171, SF 41, ISMN 4.
SF + ISMN 4 & AFT 41 % MR 4045 W] T (n =8,
SF 41 P <0.05, HAh#2H P ¥/NT 0.01), AFT 2L 1fiL3#
o NO &% SF A ISMN 43 in, 2t gt 2
B (PE/NT 0.0, AFEHAKXK MUR3 h G
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H AR IR BE )T s T HaO, 22— P4 H Hi &, MDA 2
0 16 FEE R o A A P, s o s R 4 i 5 2 ek
AN N S BB AR . MI/R A I35 v SOD 3F E 45
SHAM 41 W] B F£1I%, 5 MI/R 4L, SF 41 (P<0.05).
SF + ISMN 4] (P <0.05) fl AFI 4l (P <0.01) Ifii
f' SOD V& PEER I S b, AFT 41t &1 SE(P <
0.01).ISMN (P <0.01) 1 SF +ISMN £ (P <0.05).
MI/R fF L H HyO, & 58 SHAM 418 B3 hn, 5
MIR 4L, SF 41. SF + ISMN 41H1 AFI 21 I35
H,O, & EH W I (n = 8, P ¥J/NT 0.01), AFT 4]
WH BT SF (P < 0.05) Al SF + ISMN 4 (P <
0.05). MDA K45 R 5 H0, FAHLER, MI/R
{37 o MDA & 5% SHAM 4] B4 0, 5 MI/R
ZHEE, SF#H. ISMN 41, SF + ISMN 411 AFI 4111
HEH MDA S E#HEEME = 8, PI/MT0.01),
AFI 20t W] 54 T SF (P < 0.05). ISMN (P <0.01) Al
SF + ISMN 41 (P <0.05). A[A4EHEA K MI/R 3 h
I3 o SOD i F1 MDA % & WL 1. NO. SOD Al
MDA Kl 45 B4R, AFT Ry Eef oL a] fg 5 R
J NO FEy/b ROS A4 45455 4 5 o

it
7E MI/R LR R F-7aE ik P Rz 41 i 453475 5 3 eNOS
(N R —SA B A G NO b & 53N T

*P<0.05,""P<0.01 vs /R; "P<0.05, ""P<0.01 vs SF; ““P<0.01 vs ISMN; “P < 0.05 vs SF + ISMN
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i AFT 415 SF + ISMN 41 M35 H NO 5 &% 25 57,
W AFT A 26K PRSI NO 35 48 Y TR TE NO 2B i,
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AR T,

g BT, 1 NO fi 4k ISMN Fl ROS 527124
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