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Abstract: Objective: To establish a high performance liquid chromatography-electrochemical detection (HPLC-ECD)
method for the determination of polyphenolic compounds in the leaves of Houttuynia cordata and investigate the
contribution of different compounds to the antioxidant activity by the correlation analysis. Methods: The leaves of
Houttuynia cordata were extracted by ultrasonic extraction with 80% (v/v) methanol, and the content of 12 polyphenolic
compounds was determined by the established HPLC-ECD method. The total phenolics content of Houttuynia cordata
leaves was determined by the Folin-ciocalteu method. The antioxidant activities were evaluated by radical scavenging
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ability and ferric reducing antioxidant power (FRAP). Cluster heat map and gray correlation analysis were used for

multivariate statistical analysis. Results: The established HPLC-ECD method showed good linearity, precision, repeatability
and stability, with an average recovery of 93.25%~103.97% and RSD value of 1.99%~4.47%. The total phenolic content of
Houttuynia cordata leaves from different sources ranged from 5.98~52.86 mg GAE/g, which was significantly correlated

with ABTS", DPPH radical scavenging ability and ferric ion reduction ability (P<0.05). The polyphenolic compounds with

high content in Houttuynia cordata were derivatives of caffeic acid and quercetin. All of the 12 phenolic compounds had a

high degree of correlation with antioxidant activity, among which isoquercitrin, quercetin, isochlorogenic acid A,

hyperoside and rutin were the highest. The present study elucidated the primary antioxidant components in Houttuynia

cordata leaves, which would provide reference for the quality evaluation and resource development of Houttuynia cordata.

Key words: Houttuynia cordata leaf; content determination; antioxidant activity; polyphenols; high performance liquid
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Table 1  Sources of Houttuynia cordata leaves
RS AL ] P FEi R AL E] 7 PSS SKAE R[] FEHL

S1 202146 H ML S10 202146 H S 3 S19 202147 H bivlEcat
S2 202146 H BB S11 202146 A N $20 20214E6 bNiiNEE S
S3 20214E6 H Bepg i S12 20214E7H BN L S21 20214E6 A SO EETS
S4 20214E6 H LM S13 20214E7H BN L S22 20214E7H pigliE U]
S5 20214E7H B S S14 20214E6 A BN S S23 20214F6 A pRlIE: 5V
S6 20214E6 H S S S15 20214E7H BT S24 20214F6 A SR
S7 20214E6 H GgJIE: 58 S16 202146 DI S S25 20214E7H BN EEY
S8 20214E7H BRONE S17 20214E6 A NS

S9 20214F6 A TN S18 20214F6 A WirE 45 FH

(/KA pH=2.70, B) N7t shAH, HL AL A I 25 1)
LRI E N 650 mV. VBEMLESEE SN 0~18 min, 5%~
8% Aj; 18~38 min, 8%~25% A; 38~40 min, 25%~80%
Aj;42~44 min, 80% A

1.2.2 fHREmntiles  BREX 1.0 g MR RomAE 5
WA, 7E 40 °C 254 T hI 40 mL 80%(v/v) FEE, #
7 30 min, FEEUHEES.C> 5 min( 10000 r/min) BX | 3
W, 28 0.22 pm JERETUE S, HFhUE LT HEF s
HPLC M%E .

1.2.3 HrAEfmid R Eeh] IR S FREL ‘1173
I AY 12 FOERAES I 80% (v/v) HF BS5 it 53- 1)
A% 2.0 mg/mL PIfER W20 C T4 IR
PRS2, H 80% (v/v) Y s ic il e 0T e i
FOTRAARE T AR

1.2.4 BySHENE R Folin-Ciocalteus 5, =
25 3CHR [23], BURBUE R RE 100 {522 J5 B 250 pL i
A 0.25 mol/L Folin B3 250 pL IB-& 5], i
3 min JG A 15% 114 Na,CO, % 500 pL, &34
A, HIRCE 30 min J5E_ IS W T 760 nm &b
MPEW G, FES P r Ay S A TR SR
TR R (mg GAE /g) .

1.2.5 P e

1.2.5.1 ABTS"HHEWERGEES =% 3CHk [31-32],
% B 0.2 mL 6.83 mmol/L ABTS iz % #1 0.2 mL
2.47 mmol/L K,S,O0, fifi#5 MR &, WSV 12 h Ji i
BEE 734 nm A5G RE 0.7+£0.2. HX 400 ul ABTS
TAEWE AT 200 pL 5 (FRRE 120 )RS, THEAL I
W 30 min, PL 80% (v/v) H Ry X B&, 435010 5 7 1
734 nm ZbPRSGIE, THEIERR R,

1.2.5.2 DPPH HHIEERAES) =350k [31-32],
FH 80%(v/v) H EEBL il B 0.14 mmol/L. DPPH % o
HYL 200 pL #£4 (BB 50 %) A 400 pL ) DPPH
BA,IRSE TER FHRYGHE 30 min, e AR
1+ 517 nm ALPYIOSGAE, TR RS

1.2.5.3 FRAP 7%k S 3CHK [31-32], 1% 20 mmol/L
FeCl; ¥ : 10 mmol/L TPTZ % : 300 mmol/L Fig
fH=1:1:10 IS H TPTZ TAEW . WRHL 400 pL k£
i, A 300 uL TPTZ TAEWAE 37 °C )W 10 min

JEFE 593 nm AR HIR G . A Trolox X4 PP
B T EE J1 (mg TE /g) o
1.3 HIEAIE

ST ARSI AR A I R ) R 2L 4 R LA
{E+SD F755; % Origin 2018 RRAFAFXFH: H, K 14
oAl 6 b RS R 35 B DL RIS S ir a5 R A T
2
2 HBRESHh
2.1 HPLC-ECD #7558
2.1.1 HPLC-ECD il JE e FodiliR -G % i
SRS B, FE HPLC HRE FR AL 5 A0 I 35 ) AR 0] i
HJEH 50 mV ZBEFTHE 750 mV, £:E 50 mV 3EEE
—IK, R LANBR A 12 FhZ 2 il e st iy
MR RAE DL . SESRANE 1 B, B RS, g
AR 24 T3] 650 mV B, I EI AR L, ik
JEHARE 650 mV A A IR A ARG I L
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0 e —u— 5 LASR
—— [ReR )R
v JLXFE
—o— IR

T« BYETR
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Fig.1 Optimization of the detection potential for 12
components

2.1.2 JrikERgeE

2.1.2.1 £PEXRFR B1.2.37T F RINEA XTI
VW, ¥4 1.2, 17 W0 Y AR S5 R T 404, AT RS,
R B SRR AR AR, WG R AAL R, il it il
PEATERME M)A, THEAAEIE R B R T 0.999, FKHHiZ
A3 O VS TR A A 0 T U A I R AE G, LAE
W b 25 3 AR I BR, AN [F Ak G 9 B R I B 7R
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Table 2 Linearity, precision, stability and repeatability of 12 components
5 X i ik Fatk V=R
P 45y LIl (mg/L) AMore R LOD(pg/L)
RSD(%)
1 JFILZETR 0.1~10.0 y=29.810x+0.044 0.9992 0.53 1.01 3.85 431
2 Bt IR 2.5~250.0 y=9.250x+3.318 0.9991 2.44 0.61 2.02 1.95
3 LA 0.1~20.0 y=14.914x+3.588 0.9995 0.76 0.85 2.02 2.58
4 (S 0.5~50.0 y=9.223x+8.388 0.9992 1.59 0.64 1.75 1.83
5 U213 0.1~20.0 y=19.217x+5.944 0.9996 5.91 125 3.19 3.99
6 £ 0.5~100. 0 y=8.895x-3.315 0.9993 1.64 0.91 1.67 2.56
7 FRILEE 0.05~5.0 y=25.995x+0.290 0.9991 1.02 1.78 231 2.79
8 T 0.5~50.0 y=2.559x+2.895 0.9996 3.96 1.22 3.14 3.46
9 2y 68 2.5~250.0 y=5.028x+2.274 0.9991 1.75 0.92 2.30 2.70
10 S 0.5~50.0 y=3.074x+1.445 0.9999 1.59 1.33 3.09 331
11 SERETRA 0.15~15.0 y=9.723x+2.219 0.9995 1.63 1.09 4.01 4.30
12 B e 3.50~350.0 y=5.457x+1.160 0.9996 1.92 1.43 2.66 3.55

0.53~5.91 pg/L(FE 2),

2.1.2.2 FEEE BUR— RIS, FEC1.2.17
P R SRR SR, T e R 12 F
A W iy 0 T BB, TS AR X B v e 25 RSD TE
0.61%~1.78% Z[a](F& 2), {NHAKEH I R AT

2.1.2.3 H=EM EFE-—HAEE 13 SRR
25 1 g, WEFRE, LAEEST B A THEE 6 4y
PSR, F 1217 WA A5 R e fa R E
12 Fpfb & i i A, g A RSD 7 1.83%~
4.31% Z a1 2), FIZIkmEZ M R AT
2.1.2.4 FaErE WFE—AEE 13 SEER AU R
W, 71217 WAFESE T, 304 0. 2. 4, 8. 12,
16. 24 h JEFE, I 0w b 12 Fie &9
TERUE, TS AR AR EIR2E RSD 7E 1.67%~4.01% 2
[E](£% 2), 2RAH 24 h PSSR RS AT«
2.1.2.5 [ WOHE RN 3 SR, ST
FREL 6 157, FEEFRE 1.0 g, A —E R IR-A X IE i,
$22 PRI A T A R, i S A R0 i 0 T
o HESE R, g5R 0L 3, 12 Fh2m2iib
AWy SE-34 [RIKCERTE 93.25%~103.56% 22 [A], RSD X

1.99%~4.47%, FNiZIT IR WERGE R AT
22 R2HMEZBMBALEVEE

F2 1217 TS A4 T IEF TR, 8 T EE ST
I RE T 725100 58 AN [R) 7= Hb fa R B - Hr 12 R ik &89
T, RS AR G X IR AT E LE 2. BUANTE]
FEHL A RN, 352 1.2.27 TR S S IS T
FEIERE, ME S AR 12 FhE b &Y & &,
IR DLER 4. 12 PRSI SR S BRI R
Mk Bz 7 > 2t P P> 4 22 Wk > S ik R T > S L >
T >pask )R> ) LAs FE>MEER> 5 4 iR A>JR LIS
fR>FRILEEE . HoA M 1 . Bratimg . & 22k .
SR T B AR AR

KEWFEFR, M2 &) 2 A b im
) SR TR, I HOR B B 2RI Z S
&Y, HARE HA R AR R EE A1 H L5 RER
J7, N ARE | MRS . BT B ILAEDY, I
FRINE B A o) 12 . FIRE I 2 A il a2
PZE SRR, o IR S P BRI S B M =R
T HATT AW, I 22 61T . M1 . b1 i s iR
ZAb A ) S A M ERR A AT A4, s e R

312 PSR RCR B AR R 2 (n=6)

Table 3 Recoveries and relative standard deviations of 12 compounds (n=6)

Hor Fesh i (pg/g) JA = (ng/g) A (ng/g) SR ENCR (%) RSD(%)
JFILZETR 140.78+4.64 150 279.41+8.28 96.09 4.47
B EIR 4654.7+158.20 4500 9269.13+316.67 101.25 2.11

IS 342.1+10.73 350 650.794+20.54 94.02 274
e 417.0£15.45 400 790.27+31.67 96.72 1.99
)l 2l 352.8+14.55 350 659.54+23.30 93.84 4.15
e 491.1+18.51 500 988.61+41.67 99.75 2.72
FILEHE 39.30+1.32 40 82.12+2.54 103.56 2.95

FT 984.6+33.46 1000 1962.51+60.28 98.88 3.62
o2 SE) 4941.1£167.99 5000 10147.33+344.36 102.08 2.86
S e 1023.8+31.71 1000 2019.33+50.47 99.77 3.47

FERIFRRA 187.21+4.49 200 361.08+8.67 93.25 4.46
B 6993.9+£195.80 7000 14549.26+378.27 103.97 3.71
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Fig.2 Chromatogram of Houttuynia cordata leaves samples (A) and standard solution (B)
TE: 1-JEULASIR; 2- 5 R 3- )L R 4- BRI S-MINMERR; 6-2 IR 7-3R LR R 8- 15 O-B 22k 115 10-5 4 B 1 11-5 55
JER Az 12-WH B
4 25 BRI 12 FIBAALAPIN & RIELE R (1)

Table 4 Results of content determination of 12 phenolic compounds in 25 batches of samples (ug/g)

;
% i;: BRI L% [SEStd LIITE LRIETR EJ S T SLPEH St ;;j:(A Hit Rt
S1 48.1+2.20 1748.6+28,10  95.1+4.20  395.1+14.60 112.1£520  721.9£23.80  23.8+0.40  574.7£22.10  5278.8+69.20  1340.3£19.60 134.2£3.20  5576.1+66.50
S2 61.942.00  2977.1£29.40  31.2+0.80 90.8+2.40 27.840.90 1786.9+41.10  107.9+2.30  383.2+14.10 1288.7£18.60  520.2+13.60  70.5%£3.00  3835.9+50.70
S3 142.746.10  4682.9+98.30  352.249.80  428.8£13.10  368.7+11.40  510.8+8.20 36.6+0.80  958.6+23.90  4909.1+118.30  997.5+18.70  179.0£6.90  6947.8+37.50
S4 18.7+0.90 267.5+1.50 7.3+0.20 41.2+1.20 8.1£0.20 38.2+1.20 2.9+0.10 109.4+3.90 454.2+10.40 204.1+2.90 12.0£0.30 1038.0+6.10
S5 157.7£520  3686.3+50.70  200.5£4.10  532.7+16.20  210.8+4.10  582.8+16.10 11.4+0.30 456.8+5.70 3677.9+45.20  1261.7£17.50  140.7+4.60  5231.9£100.30
S6 106.742.90  4212.7£76.60  248.5+5.00  819.9£27.40  245.6£6.20  1194.9428.50 101.5+3.80  824.7+16.60  3284.2+68.60  1320.0+38.10  129.7+4.70  4463.9+84.90
S7 82.3+3.50  2101.8£72.30  143.1x2.90  621.5£22.90 104.142.30  884.7+13.10  22.5+0.70 86.4+3.30 4106.5£85.40  1305.5+16.40 119.6+3.00  4314.4+25.10
S8 62.2+1.90 1796.4+36.00  48.9+1.80  415.3+15.30 51.6+1.40 586.7+5.00 30.6£0.90  448.3+14.20 1830.1£31.30  674.8+19.50  53.2+1.50  3034.5+32.00
S9 80.2+3.90  2822.3+20.20  186.3£7.60  600.2+10.20 187.148.60  805.6+13.50  22.1+0.40  1218.2£20.50  3921.6+58.60  1479.2+16.40 136.4+4.60  6375.2+75.20
S10  22.3%0.70 186.7+1.50 16.7+0.80 75.3+2.40 12.940.60 83.9+1.50 12.3+0.50 100.1+£2.30 1161.4+31.50 461.9+5.60 29.8+1.00 1564.3£22.10
S11 48.1+0.80 1801.8447.50  74.0£3.40  468.5+12.50 55.6+1.60 555.2+13.20  34.4£1.00 245.1+4.50 1629.9+25.80 497.545.00 42.2+1.50  2066.5+24.00
S12 64.0+1.20 1971.8+31.20  77.1+£3.20  450.7+12.30 90.2+3.60 452.9+11.60 18.8+0.40  411.7+11.10 1625.9+88.20 693.7+8.60 86.3+2.60  3752.5£34.70
S13 12174590  3291.2+24.50 294.3+7.10 1271.0£16.80  319.4+6.50  1112.8436.50  72.2+2.40  873.2+20.10 3628.0+4.20 1544.1£27.30  120.5£3.50  4894.6+67.70
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S$25  69.1£2.60  2962.9£77.60  157.9+3.00 67.0+1.80 146.0£5.10  1568.4+14.20 143.0+4.50 1054.4+32.10 4241.0+112.60 1911.0+48.60 186.0£6.10  3580.0+50.90
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88.92%, FRAP 1} 6.50~85.06 mg TE/g 2 [4].
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Table 5 Results of total phenolics content and antioxidant
activity in vitro
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Table 6 Correlation between total phenolics, FRAP values,
ABTS" and DPPH radical scavenging ability of
Houttuynia cordata leaves

oty MEy&fE DPPHH I ABTS A  FRAPMH
WY (mg GAE/g)  WBRR(%) W% (%)  (mg TE/g)
S1 39.68+0.70 32.34+0.33 66.00+0.43 62.13+£0.26
S2 27.13+0.27 25.07+0.12 41.75+£1.27 41.49+0.13
S3 49.24+0.90 51.23+0.15 83.75+1.34 81.62+0.46
S4 5.984+0.35 1.81+0.34 11.57+0.63 6.50+0.57
S5 41.28+1.20 49.92+0.25 74.42+0.46 76.65+1.04
S6 44.84+1.34 58.28+0.77 74.85+1.17 77.26+0.34
S7 37.16+£0.32 38.79+0.69 66.54+0.94 59.96+0.06
S8 20.78+0.60 21.93+0.80 42.50+0.67 32.89+0.97
S9 50.92+1.01 61.37+0.38 88.92+1.02 85.06+1.09
S10 10.96+0.32 14.10+£0.67 21.78+0.50 15.64+0.80
S11 19.59+0.51 20.13+0.54 31.24+0.40 30.13+0.41
S12 26.56+0.57 29.83+0.22 49.97+0.64 39.19+0.52
S13 52.86+0.42 81.42+1.73 88.57+0.22 82.45+0.72
S14 12.86+0.46 17.96+0.70 23.39+1.01 17.77+0.19
S15 26.84+0.78 43.45+0.55 58.3+0.90 43.76+0.43
S16 27.26+£0.69 34.5140.15 49.12+0.82 56.93+0.78
S17 39.46+0.48 62.28+0.39 81.66+0.65 64.25+0.08
S18 12.3840.53 13.84+0.42 24.74+0.66 13.44+0.67
S19 29.27+0.34 45.47+0.41 78.91+0.73 45.76+0.60
S20 9.80+1.20 9.77+0.91 27.57+0.61 12.79+0.80
S21 33.72+0.58 64.30+0.16 68.08+0.32 63.44+0.27
S22 32.70+0.55 43.17+0.58 62.44+0.14 53.50+0.82
S23 27.09+0.49 29.56+0.15 51.97+0.44 41.27+£0.90
S24 31.44+0.60 49.69+0.32 68.40+0.30 56.05+1.60
S25 48.42+0.83 57.55+0.94 84.68+0.48 74.07+1.03

b s PP erapp APTS T
JENLin 1.000 0.902 0.984 0.953
DPPH H i % 1.000 0.908 0.933
FRAPH 1.000 0.944
ABTS' [ 335 2R 1.000

K712 FEBRAEY SHUAMTEPER K (G Bral R
Table 7 Results of grey correlation analysis of 12 phenolic
compounds and antioxidant activities
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JLE#E 0.802 0.753 0.747 0.767 7
MR 0.781 0.774 0.744 0.766 8
JFILASR 0.756 0.744 0.779 0.759 9
SRIFR 0.748 0.726 0.742 0.739 10
(Sl 0.707 0.700 0.713 0.707 11
FILKER 0.659 0.671 0.663 0.664 12
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Fig.3 Heat map of the 12 chemical constituents in Houttuynia cordata leaves
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