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Abstract

An integrated microfluidic chip with four repeating structural units was designed and fabricated to
achieve molecular level of Magnolia medicines extracts antioxidant activity analysis. Chip structure
unit includes a serpentine channel, efficient mixing channel and an oval ring detection zone. The Mi-
crofluidic chemiluminescence chip system could successfully complete synchronous detection of sin-
gle sample with different concentration. Using luminol-H,0;-Cu?*chemiluminescence system for Mag-
nolol, Honokiol CL-standard products were tested to verify the reliability of the chip, and optimum
test conditions are: luminol concentration is 0.50 mmol-L-1, the H20; concentration is 1.00 mmol-L-1,
Cu2+ concentration is 0.50 mmol-L-1 and the flow rate is 10.0 pL-min-1. Furthermore Magnolia offici-
nalis extracts from five alcohol antioxidant activity test results showed that the five extracts antioxi-
dant activity, which was extracted under different condition from 1.00 g-mL-1 Magnolia officinalis, has
a certain effect to remove H202, and the order of antioxidant activity strength was: 80% ethanol ex-
tract > 60% ethanol extract > 40% ethanol extract> 20% ethanol extract> aqueous extract.
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WIHFFHIE T —FERA I ER S0 RN % K6 (chemiluminescence, CL)® ', PASEELH
ZiM AN ) F KPR EATE . SHEWE TR SREERE. B IRESBEEMNMHERE
FARANX . BRECLE F RE— KA ERE—HAZRE RN . RAHluminol-H,0,-Cuz+th 2 K IEiE R
St EANE F0 AN bR AT CLIUA AR %00 F AT Stk 8 BB 8 : Luninol3k EH0.50
mmol-L-1, H;03&EN1.00 mmol-L-1, Cuz+¥#E A40.50 mmol-L-1, Ji#10.0 pL-min-1. X EFZ
M AMEERYHATCLANA, SRR, AMIRBINH0:39F —ERERIER, H1.00 g-ml-1f R fR
B S EPEEERTIRTA: 80%ZERIY > 60%ZEEREY > 40% ZERBY > 20%Z
BRI > KIBEW .

XA
Al srEtE, AR08, MRES R

1. 518

JZ41(Magnolia officinalis cortex) A = FHE ) JE AN BRI TR B . iR Kb 2 [1], JEE R
EHZA . 7 (CHURARTEZ) sy ih, rTRHZ M A . P8 CRFLAH ) 108, EFMRE 3
PRI, HEATAAER. R BRSPS TR, IR R BB . SRV IR .
Ak, AL, NI R IUZF P D2, wngiE 2] R3], brg[4]. PraL[s]-[8]
SRR, KN Z. BUREE R UEANS EE A ER B SRR RIS Ak, £
WS METREZ MG, AR BA S BRE RS, ERRE 2 5 0] A7
REEESUER, MR AE Y XA FFR S Em s A D E e s & . O MR E T Rk
MmAERGIEES. Wik, BEAGUEIEEA R BN BATE 5 5 I 7O R

RS B DL . S A A SRS TE R SR = iE L i T % 2 s H, K35 R
FE v R PRIE B RS MBS &, BN AR =43 1 i A R 2% F- Bt . Maliwan [9]453@
L 7E 3R AR SRt (PDMIS) A0 8 388 18 R 1) F SOl i 420 s SR 9,10- (K R 5E) BU(BPEA)
FARETEATRR L, DL AT ERIR-H,0, WAL R etk R E B W Mt ZREHE N R =R R AR 7= 3% 1 i
S HATHUE AR, 45 R R BAEE N X H 0, 175 B 2k SR B (SAHP {4 3.27 x 107 pmol-L™) . Wang [10]
SRR T — P TR R SR P P RO B R TR PR R S A, SR T S R R 2R A S AL
RGN, RN 5> BUAALRE 70 538 NREIZH 23 5 1A R A ROt MBS EE, SR IETHERE AR 1Cso VAT
FEARPUAARE T, ARSI A AL TR R By, TERUR IS A R R T h . AR IR 20, IR e
DR A 2 VeSS 5 TH M TR IR AT, e R A 42 05 1 o W B AR S - 2638 1 1 o0 PO RS IR i 3, 477
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A BORIBT TS 8], TR St 7 At P 0 JE A 2 v 370 S At 2 7 MUK 1 R L 3

A FET RIS TR, 85 G A RO B 1w RBULREE, B AN HA L
WEPEAL S AT R, et Al TR 57K BB AN LA E YER U I B i CL
FER BRI RG F-CL A RS, KA Luminol-H,0,-Cu® b2 KR &R, XAy . A Ao it Al R
FUEAMEHIEAT CL AL, FEXT R B EAMR I 5T A PEEAT BBV . T S i 3 T Rl
RO ST TR B A i REUE . ARTE 55 5 A0 R AFRR e PEAE s, T eh 235 R 2 R s AT
iR PR A IR

2. SRRk
2.1 AFI5HHE

A A A A4, S286 FH /K 8 585 F7/K. Luminol (AR, >97%)E3%F sigma ARl oK B
TR, SRR, TOKBREREN. BREREAN. H,0, (30%). TL KR BRI LT BSR4k Tk
J "o BT SRE 2% ML FH 2 /T F JE /K 2 BER 25 B8 7 /KRR 78 e 19 R T 45

VSRR AT

Luminol 4% £-3(0.10 mmol-L™): FREL Luminol ¥ 0.0886 g, I 0.10 mol-L ™ NaOH VA AR I & 45
T 50 mL A&, EOGA 24 h [FAEH .

Luminol ¥3(0.50 mmol-L™Y): A WAEHEL 250 uL 10.00 mol-L™ Luminol fi %, HI pH = 10.47 B
ERGZ IR R E 25 % 50 mL.

H,0, fi# #-#(0.10 mol-L %) : A RS UES HERA B B 30%H,0, 1.25 mL & T 100 mL 2 &3 1 I 52 & .

H,0, ¥ (1.00 mmol-L ). MG 0.50 mL 0.100 mmo I'L ™" H,0, i 83, 228 Tk Mkt 2 58
2% % 50 mL

CU”* ¥ ¥(0.50 mmol-L™"): FRHL 0.125 g Tu/KERERH, FH £ B T/KE 4 % 1000 mL.

JEFN 2GR KT R 2 FiAE S, 40°CHET 48 h JEARIE, 1T 40 H .

JEANEY . ARSI AR 5 (CigH1802, AR, >98%ISET-PU I 4 s F AE B AR F IR A 7]

2.2. (Mg E

MPI-A B 2 Dhe b 2 R OGRAL 78 22 3 il B R A IR A
MCDR-A 1 2 Ty BE Ak 2% 43 1t 4l Ab 3 AR 5 76 22 5if 1 L 7 B R 2 =]
TG328B ADGH TR HigRE AR A A
PB10 Y pH FREE T B [E 28 2 R MR} A A IR A ]

WS E  52E HARWARD A A

CKQ-50E ZYitE /= il vhas B Ll il A A 2 A TR A 7

RE-2000A 4 Jig % 76 J A 1 it 5 S Rk A PR A ]

TS-NS 7422 Thfe HRBUHE I 1 A S8 % 4% FRA 7]

76-1 AYE I K R M A H A PR A A

2.3. fOREE CL AR THME

RAE CL 3t AR FH Y 2 AR v Ak 2 b 20 B AR AE B0 85 3 3 b AR s AR RV T, BT FH B R
CorelDRAW16.0 B AF i 1E, H @ RO s I HENLAE BB AH R B bl ZIF R, e ZI WU FE e b i 1l
T # 3] SG2506 44 Mt F eI 2 G, F 0.50%NaOH (2442, 78 40°ClaElnKinsaH, F %3 %) ik

)
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WM GEIE, R ER SR T T RS, HEBRS A I R e 2Bk, IRIKHEB 7K. AR
AERAEACRE BB EE Fr IR Be% . F5 L. K PDMS FUR A S BB R Ly 10:1)iR &85, BAUs 5
TEIT L, REAANA PR PDMS 857 3 587 R B R TE T E . R
TIRMTCIK LIEXS BEHEEE Fi A PDMS s Fr [ BRI, AR5 1 IR RLIEAT T, R v & . 15
A% CL S TN MEAE TP e 75°C 464 T E 10 min. B TH3AE R B v 5 56 v ST s &, 1% 4
EREONER, ERERE N AR BRI 1R,

2.4. WFAE CL i xf B4R R FE MR CL B4

241 WRES R-CL BN ARG RS EBRN FEHIL

T 2 RGO R A TR I B e an 1< 2(b) B o BT T R 2 R S S GES R I v
KA By E 2 7l@ N H0, F1 Luminol ¥, A C AFEARFIZEMHERE . R H AL W R H
FERRE B R 3 HH I B2 Ab e SO TN B2 BT Jo /K S BE R 1S BE T, 75 L PDMS &
F, FHBREES, A 5N 1 mm A2 2 mm BIRERE (0 — SR, RERCE i 5 1 mm VRS
BHIE, O 2 e RS &R, E PMT @0 EEEa BafkiR, EEiEES 3 mm x 2 mm
KNI A BT T, K 3L 50 A X I e . S PAIIS A, B S 88 R NAR ARG B AR, JE e e T
WEE, REFFRRENEN IR, BRI, sk RO 2 B 2 R hih & TR

HARBEANMRS A, ZWosE A 15 s 5B, FEEMRZ L RLEAFEARR 10 s, Z ik
BN UGB E MR 5 s, BEAFEANNRE I 24 30 so 243 52 58 — MEA G LIRS 2038 i
i 575 — AN GERY BT RN B 6 PMT 347 AT R

Rz CL MRS R SR A B — R 3 AR o il s A RIVR B AT ek . XD 3R
ik,
2.4.2. [EAMER R FNEFMNEREBR H.0, BE I RVERIERMZRHI{E

SEEGKH Origing.5Version F R4t R M2k B, B b R e ih 2R LR 5B 10N 1o, INAANH]
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Figure 1. Production process of microfluidic CL chip
E 1 MRE CL D R #IMEE 2
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Figure 2. Chip structure diagram (in mm). The total length of the chip size is 56.64 mm, width 30.86 mm:; (b)
the chip unit structure diagram. A, B, C, E is the sample or reagents imported, a diameter of 0.80 mm; W is
the waste outlet, having a diameter of 1.00 mm; D is oval type detection cell, the long axis of 2.00 mm, minor
1.20 mm; (c) an enlarged view of a hybrid structure, the great-circle diameter of 0.68 mm, small round di-
ameter of 0.28 mm; (d) mixed structure microscopic physical map

2. (SR EHREERERA: mm), ©HRRTAK 56.64 mm. 3E 30.86 mm; (b) & B IR
BE, A B\ C\ EA#ASIRAAI#HO, HEHAH 080 mm; WAKKLEO, HEEA 1.00 mm; DX
HERAS M, 1<%h 2.00 mm, 2% 1.20 mm; (c) RALEMMAE, KEEHERZEXN 0.68mm, NEER
7 0.28 mm; (AR &EHBHMEYIE

HiAIIHESE 3 K.
TiZR% = '“I_' (1)
A
lo—7% H 24 K TR s

|—— BN\ PUEA AT G BN KOG P (V1) s

MELME: T:16°C, Hi-V: -800 V.

PAAS IR BERE AT Ha0, HII 2R (Y%o) W AR, REAIREE C (mg-mL ") ARk ARKR, i & e 5 AR
HERNZR, SR SPSS19.0 Fuit i AF 15 %t [ H B4 22 50%HT A M A (1K B 1Cs0 1

2.5. BEFMRIHRENMIXS H,O, FABREENBIRIRE CL B FH i

W S0 ) 2515 2 10 RVVBR IR E 7 AR R 100 mL R ERH, F 50% L - 551 KR
REATEZY, QIR 1.00 gml™, AGREATERECHI B — RIIKEE, % 2.4.1 Bk 74T (2% R OB
(SEBHTK KA 0.10 mol-L ™ NaOH. Jo/K 4% 258 /KIS ez, LARUESEI0 45 R =2 AR
SENE, PITA WREE NS CL G R BT 0.22 um R FLIEMEHEAT 3 I8 DL 3% JE it i, St #2 v
SEHIHITEK CBERURRAREE CL S i, AR R I =k, DA A RO g, il |

3. &ER5vHe
3.1. ks CL AR FREE

T MEMS R SRt IR, DARIEA I U SAA IS VEYI BORIT 78 H b, BEiE TRMIR G Ak
U AN 22 A D RE X R0 Fr o 1A 2 B
Frscit i A g DU S5 T, AN TS Me R EE, A eR A IEE. MR
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st
T

RX Dy —ANEBHE W L AL By Co E VIR . b AL C 43 il TR R AR gz ol 1 sk
W, By E 2BIHT H00 i BAI &G Luminol (& Cu®) b 1. O A i o i i JR VR 438 3 H T
FERBLZ S H0, B TR A, J5u I S B0R A X FRFIIFEA & H,0, 545 Kk 67 Luminol
P PEIR A RSLIX, TRA X 5 BRI B X33 9 i 22 6 A 1 o BT ssE % 80.00 um, % 200.00
um, BT E AR 1.00 mme BRI 5 1 AARFRZ) 0 0.60 Lo BRAEEITEATIIX, 85 5 Foa 5y 35 FH 22
IRARGARE , PRAE T O HL A BB B 2 DA 5 Aok AN X S X APt AR A AE T ZIRIEFRZ H.
Xof FEAREAR [R5 0 A ks i R de B0 & 0818 SR AR & 8 & BA BN RIFINEA R, LAk
W5 R IAF AR AR, ISR E M RAROERE O, FEEANIRSCR A
GRS, FFARIIE 4 2530 E 70 IR R rp i — 850k

3.2. WRES R CL MR F ARt

3.2.1. AFREN & 3R E R

NIRBEZ I EAES, R RFINRRE 5 02 RO IRFR A P e A i, R H R R B et
TP A (PMT)RAES], Rk, Filir il S, R, ERERRE S, uEs
RS, IREEHTRR AR T, MR, WERFEDE, HREET kb il A ER A EIE
YUK RSHE S, AR TR B0 5 5 2 BAR, XFERARI TR M2 RGN R B . A SEa R H
T RS AR P2 0] (RO T, KU ATER 7E 2.0~14.0 plemin Y8 B N 5405 OGRS I 06 2, A8 Ak it 28 1<) 2(a)
PR 45 R ARG TR N CL (5 SR tHBE 2 3 n, 4 A 10 uLemin™ W5 53R B A 25 K ME,
FEHE— B BN RGE R 14 pLemin "B, CL {55 9B MR, 4G 2.0 2 10.0 pLe-min " JEFE A
RN, SN IR A CR EETN, NAE S R REE Z 0: 243H B 10.0 uLemin Tt kSN
) 14.0 pLemin B, SSITE N AG DB TE P O B IRD S BRI, 7E A PR £ B R TR P B K R e A
ML, T PR SRR s R 10.0 plemint M7 FITE BTS2 56 .

3.2.2. MR E XML &R E KR

W RIS B0k BRI, A D BT 2 IR B AT 04k . Luminol fh22 K 0 [ Bifk R
(B AR 1) pH G 10.00~11.00, R IGAR R A bR 3L 2% v A7 (E e S w1 22 R OGS EE, S8 TR H
(22 R0 FE N 0.25 mol-L ™, pH10.47.

SEIG T Luminol 1 H0, [ 8 56 63 B FOSE I HEAT T %48, CuP" ¥R [ 5E 0.50 x 107° mol-L ™" H,0,
WP [ 7€ £E 1.00 mmol-L ™, Luminol # /% 7E 1.00 x 10° mol-L ™! %1 1.00 x 10 mol-L* 2 [d]4¢4k,, 24 Luminol
W SE N 0.50 mmol-L ™ i R 6AS 5 iR Bl A, 38 RIREE, e ROGTRRE ARG N, Hik, RH
0.50 mmol-L* Luminol # 47525 .

¥4 Luminol ¥ % & £ 7 0.50 mmol-L™, ¥ H,0, ¥ 7E 1.00 x 107* mol-L™ %1 0.01 mol-L ™ 2 [A] #4745
e, WEROGEREERE H O, WREEI KM K, (HJ2 HO IR &1, G =0, W ROUE S AR
€, Dk, SRA 1 mmol-L MR EER H,0, #EAT 25 .

S AL CuP ik FE Xk 2 R SR BE R MEAT T 5 %%, B CUIREEMIIE K, b2 Rob1E 5k
JETRREZ 3K, 24 CUP B IR E S Luminol 3% —8UG, ERGESHEB T, Kbk cu™
WS 0.50 mmol-L ™. EARTE LA 3(b)~ 4 3(d)FraR

3.3. EfbE}. FEFMRIRRIRERZHHE

Luminol-H,0,-Cu? th 2 & ek 215 A KM, Kim [11]4 N3 H, i%44 R7E 425 nm K T4 o
Moo EERT H O M NEMFNTAEAE, ARl R R A PUEATIAAAER, AT REETERR H0,, AT
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Figure 3. The effect of microfluidic flow rate on CL chip (a), luminol concentration (b), H,O,
concentration (c) and Cu®* concentration (d) to the CL signal strength (Magnolol concentration
0.2 mg-mL %, honokiol concentration of 0.02 mg-mL?)

B 3. #RE CL A L& (). luminol SRE(b). H,0, iKE ()1 Cu”iRE (d)* CL 15
SR A RN (EFMESREE 0.20 mg-mL™, FAEAMAREE 0.02 mg:mL™)

AR BB IR TS o S [ 52 H,0, AT Luminol 4k 22 & YR &, JFIB ik 22 & e B ik i 5
PUANFIREZ M@ ER KR

K DMSO %7114 J5 ANy A7 5 IiE A% 0.004 mgemL ™. 0.020 mg-mL . 0.100 mg-mL . 0.200 mg-mL ™.
0.500 mg-mL ™ N FE HIAR it 30900 K5 A0 AR By A 5 it A% 0.001 mgemL™.0.005 mg-mL.0.010 mg-mL ",
0.050 mg-mL "t 0.100 mg-mL ™ FLANKE AR AT, 1% 2.4 B itz B8 e ik s iR, kel
Rl 4 fios.

DR ST HoOy T B N NARAR, Ar SR B AR AL bR, RIS bR il 2. fERIRAMTT, 4
FIRJEANEY . AR [FIS 5 FE W 1L R, JEANEY . AU FNEY A SC R EES KT 0.970, AEFMEYAS I R
>4 0.300 pgeml™, % 4 0.010 mgemL ™ 1 JEL AN bR il R RO X bR v (i 25 1 3.46%, FEAFERE BN 1.67
ul, SUAREF A 30's, SR AT IR T CL & BAT R4 A AT PR AR AERE R AR A

KH SPSS17.0 #AFREAT /3T, THE HFR AT HO, i BR N 50%H FT 7 b it < 9 1Cso,  1Cso
ST B JE ANy 5 A0 AN U EALRE FT . 1Cso B/, RIIREADTEALAE S,

JEAMEE R H,0, [ 1Cs 4 0.166 + 0.040 mg-mL ™, A1 JE AN Kk H,0, ) 1Cs, 74 0.038 + 0.005 mg-mL ",
T BB TE Y, FUEANE 1Cs L EANIMR — N R, R, 3% B R R AN S SRR A
JEFNZHE R BRI M B AR G
3.4. EFpRFIBBUIHARR CL RIS Hr

¥ 2.5 JPVEFTARI 5 FEEAIRE 2 S FC A — AN R P s H — Ay, L 38 i AR AR
By bs i, XK A 2.6 BITAGA I 7 B A TR, BRNRBE RE S I E =0k, FFRTHEREAN H0, 17
BR, MRS 1 EET R SRR S B (L 2), £ 3 N 8% LRI ARSI TS . MR
AATE MR BT B A S R
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Figure 4. Different concentrations Magnolol (a), and magnolol (b) standard products chemilu-
minescence test pattern. Test conditions: luminol concentration was 0.50 mmol-L; H,0, con-
centration is 1.00 mmol-L™%; Cu?* concentration was 0.50 mmol-L%; T: 16°C, Hi-V: —800 VV

& 4. FREEREEANR Q) FEAMHOIRRIE L FMAERL, WX : Luminol SREE 050
mmol-L?; H,0,3RE % 1.00 mmol-L?; Cu?SREEH 0.50 mmol-L™; T: 16°C, Hi-V: —800V

Table 1. The regression equation of Magnolol and honokiol antioxidant activity. Test conditions: luminol concentration was 0.50
mmol-L%; H,0, concentration is 1.00 mmol-L%; Cu? concentration was 0.50 mmol-L %, Buffer pH = 10.47, flow rate: 10.00 pL-min™%)
52 1. EAMNEAFNEANA T E WSE YIS FECNIK K4 0.50 mmol-L* Luminol, 1.00 mmol-L™ H,0,, 0.50 mmol-L™
Cu?", &M% pH=10.47, #iE: 10.00 pL-min?)

PLEMFIZE VB RS 52 y = (2 + SD)X + (b = SD)(n = 3)

N % —
(mgeml™) (ugeml™) FHR R H(r) ICso (mg-ml™) LOD
JEFIMB 0.004~0.500 y = (141.4 + 12.8)x + (26.592 + 4.025) 0.984 0.166 + 0.040 1.000
F1JEAMB 0.001~0.100 y = (861.9 + 68.2)x + (16.704 + 2.236) 0.973 0.038 + 0.005 0.300

FiE: x: ﬁu‘ﬁ:%ﬁﬁi‘(mg-ml’l); y: I (%)

Table 2. CL series chip test results of Magnolia extract samples. Test conditions: luminol concentration was 0.50 mmol-L™%;
hydrogen peroxide concentration is 1.00 mmol-L™%; Cu?*" concentration was 0.50 mmol-L ™, Buffer pH = 10.47, flow rate:
10.00 pL+minY)

52 2. BANRFHREUIREARAY CL & B iR 45 58 Gzt &4 0.50 mmol-L ! Luminol, 1.00 mmol-L ™ H,0,, 0.50 mmol-L™*
Cu®, £k pH=10.47, Ri%:10.00 puL-min)

FEA FEAR B (mg-mL ™) lo+ SD 1£SD  “PHHIHIZR (%) ARG (mg FUE AN g wt)
IKIEY) 4,000 13782215 605.0+14.3 56.1 11.4+0.2
20% C BRI 4.000 1401.6 £22.6 740.1+156 47.2 8.8£0.3
40% Z BEH I 1.500 1354.0 £21.3 486.5+126 64.1 36.7+0.3
60% Z B LY 1.200 1406.9 +19.1 597.9+11.3 57.5 39.4+0.1
80% L BRI 0.500 1396.2 +18.8 667.4+15.7 52.2 82.4+0.2

#E: FIEAMEY 1Cs = 0.038 + 0.005 mg-mL .

Table 3. The spiked recovery rate determination results of 80% ethanol extract samples (n = 3); Test conditions: luminol
concentration was 0.50 mmol-L™%; hydrogen peroxide concentration is 1.00 mmol-L™*; Cu?* concentration was 0.50
mmol-L?, Buffer pH = 10.47, flow rate: 10.00pL-min %)

7= 3. 80% Z EE R BRAIAE A MAR RSN ELE R (n = 3); (MK & 0.50 mmol-L ! Luminol, 1.00 mmol-L* H,0,, 0.50
mmol-L ! Cu?*, £ pH = 10.47, 3i%:10.00 pL-min )

FEAR iz (mg-ml ™) SR [N (mgeml ™) RSD (%) 124 [ SC 2 (%)
80% L LA 0.25 0.23 6.7 94.8
0.50 0.52 5.2 104.8
1.00 0.91 7.3 91.2

©,
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