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Extraction, Composition and Hypouricemic Activity of Total
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Abstract: This study was aimed to extract the total flavonoids from the flowers of Abelmoschus manihot (L.) Medicus,
clarify the composition of the individual flavonoid compounds as well as its ameliorative effect on hyperuricemia in mice.
The dried flower of Abelmoschus manihot (L.) Medicus was used as raw materials for this study. Both single-factor and
response surface approaches were performed to optimize the parameters for the isolation of total flavonoid from
Abelmoschus manihot (L.) Medicus. The molecular composition of Abelmoschus manihot (L.) Medicus extract was
analyzed using the targeted metabolomics approach. Furthermore, an animal model of hyperuricemia was established to

elucidate the hypouricemic activity of total flavonoid. The maximum content of total flavonoid could reach 19.73+
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0.11 mg/g when the extraction lasting for 35 min under the conditions set at a liquid/material ratio 25:1 mL/g, ultrasonic

power 250 W and microwave power 190 W. The targeted metabolomics data revealed that the dominant flavonoid

compounds were myricetin, phenylalanine, rutin, quercetin 3-glucoside, quercetin, etc. Compared to the level of uric acid

(124.95426.22 pmol/L) in the hyperuricemic mice, the administration with low- and high-dose of total flavonoid extract

significantly decreased the uric acid levels, being 52.62+2.76 umol/L and 43.80+£9.94 umol/L, respectively. The findings

indicated that total flavonoid extract could exert hypouricemic effects by alleviating kidney and liver damage in mice,

lowering levels of interleukin-14, interleukin-6, tumor necrosis factor, creatinine and urinary nitrogen in the serum,

malondialdehyde content in the kidney, and xanthine oxidase activity in the liver, while enhancing the activity of

superoxide dismutase and catalase in the kidney. These findings are expected to provide theoretical guidance and data

support for the value-added utilization of Abelmoschus manihot (L.) Medicus and also for the development of novel

hypouricemic products.
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Table 1 Factors and the corresponding levels selected
for response surface methodology
HER
K AR B % (e ZIES DRI 1]
(mL/g) (W) (W) (min)
-1 15:1 100 100 30
0 20:1 200 200 35
1 25:1 300 300 40

1.2.4 &AEZ% B Er
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SRR B T SN T T AR vERZR . 1.0 mL AR [F]SE
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RETRGVE MR IOGRE, I A Rl 2 E R 3 Ik
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o v il 28, AR vfE R £R 5 B2 A y=0.000624x+0.05165,
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Fig.1 Impact of liquid-material ratio on the level of total
flavonoid in the crude extract
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Fig.2 Impact of ultrasound power on the level of total
flavonoid in the crude extract

2.1.3 FHPFEDIRXT S 0L A& E e AN[E
g =(0. 100, 200. 300. 400 W) X 4= £EZE 42 Ht

YRS BRI UE 3 iR, 0~400 W 35
PN, A AESEFR I Hh R B R ) 7S B Se N S AR
13
a
%
é‘) 12 be 2 .
iz
5 ;
=
fif( 11
bz}
10 . . . . .
0 100 200 300 400
L DI (W)
B3 Sl DRI T R R A 43 7K S RS

Fig.3 Impact of microwave power on the level of total
flavonoid in the crude extract
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AsfbibadA, MR DI 200 W, FER S E ks F)
B KAE, S 12.55+0.12 mg/g. % v BEVE FH nl mk
IRE AL LMK, SECEEIZL &0 1, (84N
SR DR g, FE AR R R B R AT SR T R 2 45
AP ERE B v R B i RO, R ST Al
SR, SR 200 W ARBEEUY) A S SR K
2l 25 T (P<0.05) Hifb S804, R b vl e
200 W A DA
2.1.4 HRHUA A XY 4 A0 28 BN & s ai i 1& 4
IR T S AEZERR B A R R KT B R B A TR)
FOAS kA . RN TAIFE 35 min DAPYET, $EEU
SRR AR SR ERA TR S B IEAR &M, 35 min A A E]
% KAH 12.91%0.03 mg/g, I .35 (P<0.05) =5 T HAth
PEHETTRL N OB . AE PRI TR (T 00 T, ZET
FE N RES B R B TR A T BRI . Bl A PRI
HF AT 2, AR AR P A FH S Tt A TR o, 32 1
BB B S A IR, B BRI R AR
R, #1252 35 min iR BT TE]

14

10 T T T T T
20 25 30 35 40

Fisf 1] (min)
B4 SRR B TR 73 /KT () 5 ]

Fig.4 Impact of extraction time on the level of total flavonoid

in the crude extract

2.2 ENmEIREMHER
2.2.1 KRZFEREREN TSR
B Tas R LR 2,
222 TIRTPRBCFARI Sy R YR R 53T
25 R B R A HRE AR A IR SR S e 22 1R A BT
LA g . R1=—13701.26—4071.26A+87.69B+4.27C+
3239.52D—0.57AB+1.09AC+6.83AD+0.01BC—1.20BD—
0.22CD+100.61A?—0.09B*—0.05C>*—44.60D?,

LIASR vh— YR W R B AR YE , 1 2 A R 2 805%
AR G AEZE A M TR IR i 22, A>D>
B>C, HIVBA} > H2 B a]>8 75 D 3R> fip =R
223 FEZEHHEER TIRENE AT T 22
MR ILER 3, HAA B E M2 S I FE RS BT
S AR (P<0.01), —KIT A(P<0.01), AC. BD
AEHAEA(P<0.05), WK A%, D*, B2, C*(P<0.01),
M) I, 2k L0 AN G 25 (P>0.05) , 6 3 )5 19 R,
(0.9504) S5 HLL G HE R, (0.9039) 35 2 [H] 25 1A
IINT 0.2, WG E>A, LU G5 I dE ST s R Al
JFHTF A A28 S0 B e o7 AL ) T 221

NSl ) & ST VAT Z:

2 WANL AR R

Table 2 Results for response surface methodology

ey A B C D AEA SRR
1 0 1 1 0 12.46
2 0 0 -1 -1 12.25
3 1 0 0 1 16.65
4 0 1 -1 0 12.09
5 0 -1 0 1 12.06
6 1 1 0 0 16.63
7 0 -1 0 -1 11.22
8 -1 0 0 -1 14.45
9 1 0 0 -1 16.96
10 1 0 1 0 18.19
11 0 0 -1 1 12.55
12 0 0 0 0 14.28
13 -1 -1 0 0 13.70
14 -1 1 0 0 14.50
15 -1 0 -1 0 14.70
16 -1 0 0 1 13.46
17 0 0 1 1 11.95
18 1 -1 0 0 16.97
19 0 0 1 -1 12.10
20 0 1 0 11.34
21 0 -1 1 12.85
22 0 1 0 -1 12.90
23 1 0 -1 0 16.93
24 -1 0 1 0 13.77
25 0 0 0 14.63
26 0 -1 -1 0 12.88
27 0 0 0 13.54
28 0 0 0 0 13.70
29 0 0 0 0 13.37

3 IERRL) 22 0 el R
Table 3 ANOVA data of the established regression model

TRV M HegE oy FHE P BEME

FHEAD  98797330.58 14 7057000 3929 <0.0001  **
A 26244529.83 26240000 146.11 <0.0001

*
*

1
B 4637.00 1 4637.01 003 08746 A#F
C 653.68 1 652.69  0.00 09528 AR
D 286919.06 1 286900  1.60 02269 A
AB 329728.61 1 329700  1.84  0.1969 A
AC 1196650.03 1 1197000  6.66  0.0218 *
AD 116451.56 1 116500  0.65 04342 AhF
BC 38144.04 1 38144.04 021 0.6520 AEE
BD 1438440.42 1 1438000 8.01  0.0134 *
CD 50458.64 1 50458.64 028  0.6044 A
A’ 41032964.67 1 41030000 228.45 <0.0001  **
B 5248191.58 1 5248000 29.22 <0.0001  **
c 1673444.30 1 1673000  9.32  0.0086  **
D’ 8064943.28 1 8065000 44.90 <0.0001  **

iz 2514624.85 14 179600

RPIT 1384401.90 10 138400  0.49 0.2841 ABFH
HWHRZE  1130222.95 4 282600 <0.0001
S 10131195543 28 7057000 <0.0001

bigclEs 2222

e * R R A 2 (P<0.05), ** 7% i 2% (P<0.01) .

2.2.4 WARITSMHTEESR: Oy 25 P HTas S s, WOkl L
RTINS B 1 5 A R0
SR G AL S A PRI T SR i g AT



415 E T

Wt , S SAESE SRR, B AT AR N REBR IR T - 233 -

Hb ) B 25 PR 2R Z A B9 22 AR, A B Deign Expert
13.0 FRAFHUE H T2 AR f o 7 TR ST AAR ]

=

100 150 200 250 300
AR (W)

P 5 o T S A P R 2 v £ ]

Fig.5 Response surface stereograms and contour plots
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AR A B PRI 3= 230 o B R, 4 PRIRHE 3245
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Table 4 Composition of the dominant flavonoid compounds
detected in the Abelmoschus manihot (L.) Medicus

BUgfER PR e

5 EY (m/z) (min) Frit (ng/g)
1 LTS 319.0/153.0  6.0425  76870.51+323.04
2 KNER 166.1/103.1  1.7226  46237.87+545.41
3 T 611.0/303.0 4.1890 40664.51£126.77
4 W R3-AHMET 465.0/303.0 4.5717  22112.95£176.01
5 Mipe %= 303.0/153.0 7.3675 12857.14+£263.88
6 BEFILER 305.0/125.0 1.9273  6033.48+242.31
7 REETILER 30501250 25331 5363.54+56.31
8 RILKZE 289.0/203.0 3.3596  3171.51+48.16
9 ARMEEZET-O-HAEMTT 449.0287.0 4.6914 554.56+9.49
10 AL 289.0/153.0 5.9132 196.95+7.75
11 IS 289.0/245.0 2.8479  180.79+14.77
12 XEGR 165.0/147.0  4.0208 167.22+9.70
13 1L 21y 287.0/153.0  8.4098 114.65+8.25
14 NS 287.0/153.0  7.4221 76.95+6.50
15 B/ KT 417.0/255.0  3.9251 48.14+1.70
16 FRAER 317.0302.0  8.6445 44.26+4.85
17 filifz % 271.0/151.0  8.1625 31.26+5.85
18 P ERR 193.0/134.0 4.5215 21.61£3.19
19 MRz 447.0/301.0  5.5802 16.27+4.51
20 SH 289.0/153.0  7.1288 14.68+2.08
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Fig.6 Effect of different treatments on the hematoxylin-Eosin

staining of kidney tissues of mice
T A TEH X (CK) 41, B 8% (HUA) 41, C 55 (ALLO)
21, D B BEERCH i (L-level) 41, B B3R = 77 i (H-level ) 41 .

2.4.2 AS[EIALBRNT /)N BRI PR AR AN 9&E R T 7K S 1)
S 7 B, S (HUA) 207N B PR IR
BB, N 124.95+£26.22 umol/L, 3 (P<0.01) &
T CK 4H(45.67+8.65 pmol/L), 2B 25 JRER MUAE /) B
FERIRG T . AN [RIZKOP- G A 55 S B T Tl 31
J&, 7N B PRI 5 B 40 2 35 (P<0.0 1) FEAIL, SR
v 7 (HD ZH RS e Ay B ., w025 26 4 A6 25 R0 v T
ELAABPRERDIRETS . B WIoT 3, R DB
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Fig.7 Effect of different treatments on the content of uric acid
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Fig.8 Effect of different treatments on the content of IL-15,
IL-6, TNF-a in the serum
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Fig.9 Impact of different treatments on the content

of creatinine and blood urea nitrogen in the serum
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Fig.10 Impact of different treatments on the content
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Impact of different treatments on the activity of catalase
in the kidney of mice
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Fig.13 Impact of different treatments on the hematoxylin-Eosin
staining of liver tissues of mice
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Fig.15 Heat map of correlation between urea content
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