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Study on Chemical Compounds and in vitro Antibacterial and Antioxidant Activities of Monoraphidium dy-
bowskii

ZHAO Zhenyu,LUO Ning, CHEN Chen, LI Ang,MA Shasha, LIU Jiguang, WANG Meng, LIU Pinghuai(College
of Materials and Chemical Engineering, Hainan University/Key Laboratory of Protection and Development Utili-
zation of Tropical Crop Germplasm Resources, Ministry of Education, Haikou 570228, China)

ABSTRACT OBJECTIVE: To study chemical compounds of Monoraphidium dybowskii, and to investigate the in vitro antibacte-
rial and antioxidant activities of isolated compounds. METHODS: The ethanol extract of M. dybowskii were extracted with aether
petrolei, ethyl acetate and n-butyl alcohol. The ethyl acetate extract was separated from M. dybowskii and chemical components
were analyzed by sillica gel column chromatogram, HPLC and GC-MS. Their structures were identified according to physicochemi-
cal properties and NMR. MIC of 4 isolated compounds to Pseudomonas aeruginosa, Candida albicans, Bacillus subtilis and Esche-
richia coli were determined by resazurin disc test. Free radical scavenging rate (concluated by ICs) and reducing capacity were mea-
sured by 1, 1-diphenyl-2-picryl-diazanyl (DPPH) and ferric reducing antioxidant power (FRAP) assay. RESULTS: Compounds
1-6 were obtained from E4 and E5 segments of ethyl acetate extract of M. dybowskii, and their structures were identified as stigmas-
terol, diisonoyladipate, indole-3-carboxylic acid, (+)-epiloliolide, (-)-loliolide, 5-hydroxy-3,4-dimethy-5-pentyl-2(5H)-furanone.
MIC of compounds 3-6 were 10-500 pg/mL, and ICs ranged 22.02-71.01 pg/mL; FRAP ranged (62.04 + 5.36)-(281.22 + 8.3)
umol/L. CONCLUSIONS: M. dybowskii contains multiple lipid and alkanoic acid, and possesses certain in vitro antibacterial and
antioxidant activities.

KEYWORDS  Monoraphidium dybowskii; Ethyl acetate; Extract; Chemical components; Identification; Antibacterial; Antioxi-

dant

AL (Monoraphidium dybowskii) J& T 2% ] B4t
BE . AR EA R B IR R
SR, SCBRR W by vh A 5 I AR JHLAT 4E R
I AR oA B e 85 B R
YrocR"Y,

H A S S Y F AR T AR R BRI TR
X HAR 22 153 S P S IFAE M R DL SOk . e &
DIBLER 3 (C29) WA 4 B R e M A i B4t P &
MR £ BR B AL A2 B I 25 5 L HT I Ak M o
FAETSEETE PR 25 U T &5 R AR AR AR A0

1 ##l
1.1 s

P230 =5 BB AH 35 (L 7748 RIERFIFE A A]) 5
xMark i #51 ( 3€ [ Bio-Rad /A Al ) s RV10 JiE 5% 78 K& AY
(T 1= IKA 22 7)) s Hp6890/5973MSD “UAH 4,335 Bt i3k
(GC-MS) X (£ [H B /3 F] ) ; Varian Unity600 7% M 4%
(NMR){Y (£ Varian 23 #] ) .

1.2 it RAS5RKF

FE SR AE B A8 AN T 52 50k, e K
RS T 2B A TR S = L MR 8% oy +F2F
W) M 58 N BB B Monoraphidium dybowskii , %4 55 3% |
ZUBER A VR TR A0 B S I BGEE RS , A — 40 CUKFE
285 H 5 S At g VSV (LU AR 5 Tk 2 oM £ AT IR Ay A B 2
], 5 : H20080170, 4l : 95% ) 5 1, 1- 2R Fk-3 KL JiF
#& (DPPH, ¥ [F Johnason Matthey 2\ ) , it 5 : MFCD-
00007231, 463 :96% ) 32, 6- KU T Fext By (BHT, |
AL 2R FI T, 415 : MCFD00026300, 45 )3 : 98 % ) ; 4
R CIVC, BT hi T ( ) A BR 2w, fit 5 : MFCD-
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00064328, 4l : 98 % | ; HoAth a5 35 77 43 Hr i
1.3 HE#k

HLAR ST (P, aeruginosa) | 10 SERH (M. albi-
can) MEZERUFTFEE (B. subtilis) T35 (E. coli) ¥4
K ARG KRR S0 TR B A TR S =
2 AEEHER
2.1 BiRRERN

FREUCHET 30 3 kg, F 5 AR IO /K S LRI 11 5
W BRR S d, B RPE R R 3~5 K, IR TR £ DR ik
RS TCER O RS . TS 1Y S FE L) 305 ¢
OYEUT R K R TR, TR TR /N B R A
S 2R TR R IE T BE AT 3 UK, 45 A I ik 2K I
(PE)200 g, Z R L BE#E B (EA) 110 g iE T EEAEHUY
(NA)11 g FUKAHAEUY (WH) 18 g,
22 ZBMZESMIEENIBES5LE
2.2.1  4yE S TTE WREPTE MBTE AT PR Y
EA %5 AREIRZ AL b, LI hBE- 2R £ Big (100: 0,95
5.90:10.80:20.70:30.60:40.50:50.30:70.0:100)
TTRRBEVRI , 3K75 EL~E10 3L 10N 40, P B1 A 2
AR B2 Rk B (0 A B3 AR S iRy . v
15 GC-MS 50 #r o PR MR 2038 2 ok o A e i L oo TR AR
3 T B, X B4 R ES FRRIEA 140, AT k- 2. R
ZBRIATYER o R 2 G X Fr A i 4 A 7 B F
T E6~E10 & i b LA SEA T AL S W45 85, T AR
SCREAKTIX 5 A4 A TilE— 2540 Hr o 8 32 B i
ARG, B4 H 43 Ak A9 1(4.7 mg) L&) 2
(4.5 mg)[£51: FEE-7K (70:30) , i3~ 3.0 mL/min]; A
E5 H 4y Ak 69 3(14.5 mg) LA 4(31.7 mg) L
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A1 5(29.3 mg) AL A4 6 (18.0 mg) [ 4514 « H -7k
(85:15), it 4 3.0 mL/min]. JRIE LS RH GC-MS
AT AT, G B — VR DA 25 2H 43 A AR O 35 i, IRt
H A4 K MS 'H-NMR , "C-NMR 451 7% 5%E . GC 4%
1 47 9E L 4045 #E HP-FFAP (0.25 mmx30 m, 0.25 um) ;
FEFFHEM 160 CHUR, PL6 °C/min T+ % 250 °C, P-HF5
min; X <N He, M 8 0 1.0 mL/min; #E 4L 0 IR JE R
250 C, 4ty 50: 1, MS &k i35 I, i
B 70 eV, BRI EE 230 °C, 4949 [ 10~500
aum, JFAEE 1.0 L.

2.2.2 LR CTEIALAGHE ST E1~E3 [ GC-MS 43
Mr MERET B R SR TR AL ARG 3 0y A i 14k il 40
E1~E3, % GC-MS 43#71 /5 /R, E1 FI E2 43 HEAAH ]
FE BT MRS YRR R RS TG 22 S TR
Ferp FRLLF SO \BRAR TR 0y 3, 18 G AR A 4
A R ; Ak ECBEZE AT DL B KGRI RN i 055 . T
El 5 B2 75 = 25 J7 [ 0 AN K, 84 SRR E3 #5647 43
Mro E34rHrai Rk 1.

F1 B ECBRIEMUEBEEIRSTNER

Tab 1 Analysis result of fat-soluble component E3 in

ethyl acetate extract from M. dybowwskii

4% (REATE], min sy AR aFE AR, %
1 16.601 FIbERR CiHxO, 28 0.28
2 17.709 + bR CsHy0, 242 044
3 17.858 12-FE- PUe i 5 T CiHyOs 284 1.02
4 19.403 T bER R CrHy0 270 034
5 20018 E+75biR CiHnOs 256 78.84
6 22.729 9, 12-+ \Bi SR CiH:O, 314 17.52
7 28.400 AR TR QNEREE  CHRO, 418 092
8 35.060 JO i CxHiO 386 0.20
9 36.667 R CsHs0 412 022

M 1450 F H, B3 It g S e th 9 Fiib &
W, bR R 99.78 % , H R ERLA AREIRIL (97.08% ) |
F25(2.28% ) , ik 7545 /it 1 IR [ 52 (0.20 % ) 1§55 i
(0.22%).
2.2.3 BA~E5 /bW %E X E4~E5 408
) 6 MBS Pt MS NMR 255 7 45 HLbH , 45
3R S BE(LA Y 1, 4.7 mg) AFOR R N I
(k&9 2,4.5 mg) 3-Me R (LA 3,14.5 mg) B
HZHERULGYA4,31.7 mg) BEFNE (LG 5,29.3
mg) Fl 5-¥25E-3, 4- I L5 1% -2 (5 H) - Pk IRg i (fb A5
16,18.0 mg) .

AW 1 VEEPIRES &, S T H I EI-MS : 412.4
(M "), 351.3, 300.2, 255.2, 207.0, 133.1, 97.1, 55.2;
"H-NMR (C,Ds, 600 MHz)d:5.45(1H,m,H-6),5.31 (1H,
dd, J=16.14, 7.03 Hz, H-22) , 5.15 (1H, dd, J=15.75,
5.87 Hz,H-23),3.55(1H,m,H-3), 1.25,1.15,1.12,1.03,
1.01,0.96(6 /1~ CH:) o 549 1 (% 5 SCHR 318 —
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A 2: TR, 2 i T W ; 'H-NMR (CD-
Cl;,600 MHz)6:7.72(2H,dd,J=8.7,3.0 Hz,H-2,H-5) ,
7.53(2H, m, H-3,H-4),4.30(2H, m, H-1" ,H-1" ), 1.72
(4H,s,H-2' ,H-2" ),0.97(6H,s,H-3' ,H-3" ) ; "C-NMR
(CDCl;, 150 MHz)5: 167.9(C-7,C-8),132.5(C-1,C-6),
131.1(C-2,C-5),129.1(C-3,C-4),65.7(C-1",1”),29.9
(C-2,C-2"),13.9(C-3",C-3") . k&M 2 m%dE S 3
FBR[ATHRE — 350, B e B 2 AR IR — Il

&Y 3: HE kAR, 5 T EE; 'HNMR
(DMSO-ds, 800 MHz) 64:10.92(1H, s, 3-COOH) , 8.47
(1H,brs,NH), 7.60(1H,d,J=7.7 Hz,H-4),7.33(1H,d,
J=8.0 Hz,H-7) ,7.17(1H, s, H-2) , 7.06 (1H, t, J=7.4
Hz, H-5) , 698 (1H, t, J=7.3 Hz, H-6) ; "C-NMR
(DMSO-ds, 200 MHz) dc: 167.5(s, 3-COOH) , 136.1 (s,
C-Ta), 127.1(s, C-3a) , 124.0(d, C-2) , 121.0(d, C-6) ,
118.5(d,C-5),118.3(d, C-4), 111.4(d, C-7), 109.2 (s,
C-3). LAY 3 ny%ds 5 SCR (5]l — 30, MUE e &
W32y 3-5| TR

a4 kR, 5T HEE; 'H-NMR(CD,OD,
800 MHz) 64:5.77(1H,s,H-3),4.09(1H, m,H-6) , 2.46
(1H,ddd,J=11.7,3.9,2.2 Hz,H-7a) , 2.00(1H,ddd,J=
13.0,4.2,2.2 Hz, H-5a) , 1.58 (3H, s, H-8) , 1.41 (1H, t,
J=11.7 Hz,H-7b),1.30(3H,s,H-9),1.28(3H,s,H-10),
1.28 (1H, overlap, H-5b) ; "C-NMR (CD,OD-d;, 200
MHz) 6c:184.5(s,C-3a),174.5(s,C-2),114.2(d, C-3),
89.1(s,C-7a),65.7(d,C-6),51.2(t,C-5),49.8(t,C-7),
36.6 (s, C-4) , 30.8 (q, C-8) , 26.3 (q, C-9) , 25.8 (q,
C-10) . L& 4 (%ds 5 STk 6] 48 — 2, s e i
G4 NBERR,

&Y 5: AR AR, 5T HEE; 'H-NMR (CD;,OD,
800 MHz) 64:5.75(1H,s,H-3),4.22(1H, m,H-6) , 2.43
(1H,dt,J=13.8,2.6 Hz,H-5a),2.00(1H, dt,J=14.3,2.6
Hz,H-7a),1.76(3H,s,H-10),1.75(1H,dd,J=13.8, 3.9
Hz, H-5b) , 1.53 (1H, dd, J=14.3, 3.6 Hz, H-Tb) , 1.46
(3H,s,H-8),1.27(3H,s,H-9) ; “C-NMR (CD,0D-d;,, 200
MHz) d.: 186.3(s,C-3a),175.0(s,C-2),113.8(d,C-3),
89.5(s,C-7a),67.7(d,C-6) ,48.4(t,C-5),46.9(t,C-7),
37.7 (s, C-4) , 31.5(q, C-8) , 27.9 (q, C-9) , 275 (q,
C-10) . fb&% 5 M %E 5 SCHR[6]4 8 — 3, B 2 1k
G5 N R RN

AP 6: kR, 5% T HEE; 'H-NMR (CD;OD,
800 MHz) dy:1.92(3H,d,J=1.0 Hz,H-11),1.78(3H,d,
J=8.4 Hz,H-12),1.84(2H,m,H-6), 1.29(4H, overlap,
H-8/9),1.18(2H,m,H-7),0.88(3H,t,J=7.2 Hz,H-10) ;
“C-NMR (CD;OD-ds, 200 MHz) §¢:175.1(s,C-2), 160.9
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(s,C-4),126.2(s,C-3), 109.7(s,C-5),37.4(t,C-6),33.2
(t,C-7),24.3(t,C-8),24.0(t,C-9),14.8(q, C-10),11.3
(q,C-11),8.7(q,C-12) ., fb5% 6 %k 5 SCHR[ 714 0E
— B R AR 6 8 5-FR -3, 4- T -5k -2
(5H)-WENR T
2.3 FSMLE IS TEENE
2.3.1 WEE PASKIRAhRE A FEAE X BE, MR 4k SCRR[8)
(759, R JTR & Bt A RS i s ik & (L &4
3.4.5.6) A THUIA CHi AR SRR ERT K 35 A 1T Al e 28
FOLFF T L 6 A R B ) 15 PR A2, R N R v
(MIC) . K¢ B B A 500,250 ,175,100,50,25,10.5
1 pg/mL, 3 7] 7] R O 96 fL Ak b 8 95 1Y Tl
WA TR

PLBHT . VC Ky BEPE XS B AR SCRR[9109 5 12: , R
DPPH 32l 7 75 BR A8, B A 5 7 B 200,150,
100.75.50.,20.,10.2 pg/mL R4 i FFARIE A 20
TR (% ) = (Ado— A i)/ A0x 100 % (A, 55 ] BRI S
A v ARG RS ) TSR AP 3.4.5.6 XF A H
FEATE R AEEOEBRUE (1Cs) s 2 BESCHR[ 101/ 7%,
K FH 8R4 5 e 1125 [ LA FRAP (Ferric reducing antioxi-
dant potential assay ) {H 111 & EA 5 RE ST (L5 3.4,
5.6 JTI HH i A O ) 45 1 mg/mL, #¢F 3R A
fE J7:4=0.001 467+0.119 42 (R*=0.993 55) (4 } Wt
JE, THFRAPH).
2.3.2 AFMEEYIRRSMTETE TEIE S5 R SRR X
ARRBIMICZE SR W2 2,

®2 BHMITAKERMIC R (ng/mL)
Tab2 MIC of samples on 4 strains(pg/mL)

FEf HSREE  KARAR MR 2RI [Bfikesii|
K 100 250 10 175
a4 25 175 25 500
ams 500 500 100 500
fa96 50 100 250 500
LAtufbng 3 5 3 4

HT 2% 2 R UL, XA 8 2 A A BRI 1 € A R A ) i
VEFRLIME G 3 ficiik , MIC 430 10 pg/mLA1175 pg/mL;
Xof ] o Al P B R B A FH AR 4 4 B5esii , MIC oA 25
pg/mL s X R 35 A B A il 4 T AR G4 6 d5cii , MIC
47100 pg/mL,
2.3.3 AFMEA YIRS AR TR ESS R (DA
VSRR . 4% FE 50 1) DPPH I 5 6 L 1Cs M 52 45 52 1,
3,

28 3 0] I, & FE 56 DPPH [ H LT85 BR RE 1 1Y R
55 DL IC FI K R E) /N g VC>BHT >4k &) 3> 164
Wos>EW 4> a6, i fbaY 3 1 1C7E 4 Fl
A RAR , W6 DPPH [ L A9T- IR BE J7 5o ;
& 3 F15 k2, A4 6 %F DPPH H Hi BRI R BE
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*3 BHMBHDPPHERZE IC, . FRAPE
Tab 3 DPPH clearance rate, IC:; and FRAP of sample
Hefh DPPH [ HIFEHR(200 wg/mL), % ICq, pg/mL FRAP(1 mg/mL), wmol/L

a3 85.67 2.0 281.22+830
feaya 96.42 6135 138.54+5.12
&S 89.25 39.88 166.21£3.12
kame 5591 71.01 62.04£5.36

BHT 75.42 672 487.94+10.12

Ve 9128 3.64 603.14+6.12

(2) BB JRRE J1 o 5 & ) FRAP {2 45 2L L

i‘% 3 o

FH 2% 3 0] I, BHAPEXT I VC A BHT 3 B 1R 58 A8
JREE ST, 4 R b & PR SR — R B L RE T 5 4 Fh ik
Y LA EY 3 iR EE T Bk, b A1) 6 1938 R BE
J1H5c 59, — 35 FRAP{H 43 7}y (281.22 £8.3) . (62.04 +
5.36) umol/L. 6 Fftf it () FRAP {i M i B HE > 0
VC>BHT> &4 3> (&5 5> (s 4> 1L 546,
3 it

TH T B A2 B A T A0, SRR i
T ZRIRZE R T, HHA B AR SN B A
AARTE P, 3R B B AT S AR R B A AL i ok
U8, IR AE R 25 U A ) e B RIS i 5
S 3k
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