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Abstract: Preliminary study was conducted on the mechanism underlying the anti-anemia function of an aqueous extract of Hibiscus
sabdariffa L. (HS). The IDA rat model was established and the resulting rats were randomly divided into 4 groups. The IDA rats were
administered with low, medium and high doses of HS. After 30 days, the rats were dissected and their duodenum and liver were taken. Then,
Q-PCR and Western blot techniques were used to detect the expression levels of divalent metal transporter 1 (DMT-1), ferroportin (FPN),
hephaestin (Hp) and their mRNA in the duodenum as well as the expression of hepcidin and its mRNA in the liver of the rats. The results
showed that the decreases in the expression levels of DMT-1, FPN-1 and Hp for the low and medium HS dose groups were not more than 9%,
while the mRNA expression level were over 50%, compared with those of low-iron control group. There were no significant difference in Hp
mRNA between the low dose and medium dose groups. The decreases in the expression of DMT-1, FPN-1, Hp and their mRNA induced by the
high-dose HS varied. The expression level of Hepcidin-25 in the low-dose group was 1.61 times as high as that for the low-iron control group,
whilst the expression level in the high-dose group decreased by 65.79%. HS at different doses all showed an inhibitory effect on the mRNA
expression. Therefore, HS promotes the absorption of iron in the body by providing active constituents, thereby affecting the expression of
DMT-1, FPN-1, Hp, Hepcidin-25 and its mRNA in IDA rats, to maintain the iron homeostasis inside the body.
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Q-PCR #1 Western blot AR 73 il il 22 BUR ALK HEH)
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JE ) IDA KB 48 A rh oA SC A R A B
FRIBIKF, DU R AN SR KPR R HAEH
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L1 R

2 HS 1097 /511 IDA KR+ 38T, i
MEZHZAR BRI R (Hepeidin-25) A+ —Felig i) —
4@ izk (Divalent metal transporter 1, DMT-1)+
fEkEIZ 8 (Ferroportin 1, FPN-1). JEERFLIZ BN
HH (Hephaestin, Hp) A& mRNA )& &EKFKH
Western blot 1 Q-PCR (W& AT RFZH LT
=AMEER, BEAFEREE IR
12 FZRA

FPN-1 fiifk (£85: AB239511). DMT-1 #ifk (T2
5+ AB55735). Hepcidin-25 $iifk (585: AB95137).
Hp fitfk (H85: AB95137) ¥ H T ¥ [E ABcam 2
7]; GAPDH Fitfk (#8%5: KC-5G4) WH T LifRERL
AV TREARAT; HRP EH/NR 1gG (F75:
BA1050). HRP ¥Jifk IgG ($85: BA1054) WWH T
WU A TREA IR AR S E ARG, &
BB AL BT 771 . BCA-100 2K A E &2 i
& (B85 K3000) WHT HigEREMRHARA
#]; PVDF 5 (155 : IPVH00010) ) 5 T-3€ [ Millipore
AHE]; 2 RNA $#BEGAT & (B9 LS1040) I9H T

_F¥#F Promega A ] WG (K1622) WHT
Thermo Scientific; Markerl (—#1) ($%%5: MI1081)
W BT AR RHA R AT .
13 (Uit s

FastPrep-24 21%Hl, MP A#]; 5424 FHAIE L
Bl, 8 Eppendorf A AF]; YXQ-LS-30S 11 375
JE 1A OK A, g EIRSO A R AR EIT ST
RCT INFEEF 1 FE4S 18R (IKAD R4 F]; ZF-288
BB G TG SIS Hr s A IR A
Step One Q-PCR 1%, Applied Biosystems; VORTEX Jji
WIREH, FEIAWSOVARAR; VE-180 (il H
HLUKAE | VE-186 ¥ #2 HiUkil, ks RESnlA RA A
SPH-344 [liafRIR, g tH-FEiem & AR AR .

1.4 HS ol &

RIS R AR S K B £ . BUORALE T
Fes s, of 60 B, 516k K. mEERE L Chy
KK 1:15, Zi10.5 h, FIZ 1 h, \Z2Amdirid
U8, VEWA e 75 KRR IR DG B ARE N 1 g 4B
Z§/mL. TERCIEAE b, Bl EN 0.5, 025 ¢
AZ5/mL B HS FEit, 73%E, 4 CIRIERH.

1.5 A0 HS &84 4 &F0 pH 1H

BRI =R A (K. . mIRED
WM 025 g AZ5/mL. 0.5 g 4EZG/mL. 1 g A Z5/mL)
(kS BZHER BN Al RO A T, Al
JriEMHE GB 5009.90-2016 55 ik H pH AEAIN B S
553 N AR R R AT

1.6 A Rk sk A i A

KT UK BRAE SEBOFA G FIER 5 d J5, B
IEFRIRZEAE, AR BRIT AR ARk RN 2 8
Ky RAAENIEFIGRE, SRR bgkE 4. |
552 TR, BRSO R BRSO T TR0, T
MEL) 1 mL/R, 353 0, WSS 3 YO i 3
5E Hb.

1.7 HS 77 IDA KRR Z R B

#237 IDA KA, ZEHHGB <100 g/L (¥R H
TERRI SN, WY KA HGB 7KF, BN
NIRBAHRZ (ModeD) . FHTEXTIRAL (FeSO,) A
7 & (Low-dose aqueous extract of Hibiscus sabdariffa

L., L-HS). #l& (Medium-dose aqueous extract of
Hibiscus sabdariffa L., M-HS). 5 7f|& (High-dose
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aqueous extract of Hibiscus sabdariffa L., H-HS) 3 %
PR, IR X R4 (Normal), &40 8 K.
L-HS. M-HS. H-HS =/M¥ SR mls TARIKEE
(250 mg/kg'bw). HIKE (500 mg/kgbw). =ikE
(1000 mg/kgbw) [¥) HS FEfh, FeSO4 H4 T 2
mg/kg-bw FeSO, ¥, RERXT HRAL AN IEH X EZH 25 T
FAFE R AR ER K . 100 Ta) A4 a6 2 4k 4 TG ik
TRPRIRN 25 851K, 15 X R A v S sl At gk
FERAEIE 1 mL/100 g-bw 2 ERE 1K, %E4E30d.
WRIRAE T, AFEATRH AR, MR S
. + 48, BRESIEZRDEMMRL, TR K
e, TR K Sy, GECK A R+ R
BERZRGEA G A7 T-80 CRYRIE KA+, AT
J £E11) Q-PCR 1 Western blot 15l .

1.8 AR KK BRI

B MEARALSFRE 50 mg B THIN KIS HKE
RS AI3R A RS 500 mL RIPAL 5 L PMSF
PLR 5 uL BEIREEHIHI7, AT B A3 . KT
FEYIEERSZE 2.0 mL 1B OEH, KR (4 °C) miEE
0 30 mino BOASHE, HUEIEM, MRS HR BCA-100
B A S TR A U T B R, (4
PR SRE b G R IR TR 20 g/l f4dAk
FREECT: BN loading buffer(5x), 78437~ 2~3 min,
B 100 CH/KIS 10 min, SEAREDN, RFE
B THAT BRAE . %, fFIFES G T
-80 C.

1.9 Western blot 4 #f

TH VK, RIRASIIbRES (Marker) FIEEZ34T
FEdh, R driedn EAEEN 10 ul, B 40 pg. 1EFE 80
V AE T K, A5 BRI G i B IA P R A S

Ab, FEHRE) 120 V IEIEARS YK, B R IRMEGRT
T R R AL, BT ik lykiRE . Ik RS,
BEAFFE PVDF L, fH TBST ZZMiiEdt
PVDF [l 5 min, BEEFHDERMIK. HE LSRN
T, % PVDF BSAE E (F 5% BSA) 1, HHT
REIRIRSN, B 2 ho 3 RU0H T R N 2o — Pk
BERMEMNARE, HE4 CTPmEER. —PiFELSR
Jii, J TBST PR 10 min, BEE MBI 3 K. —Hi
FiRE 15000%, 50 r/min ZRPEIR 1 h, TBST Ll
BEMEE 10 min, B 3 K. IREIT ECL (K00, &
SAE R . I HAEH SensiAnsys F AT H I
WA IKEE AT

1.10 % RNA 325

FEEZHZA RNA B, & 40~60 mg 270 500
uL RNA 24, TE51HAL EHHMTRUR, SRE A 500
uL RNA #RER, 7a5mEs], =iRFHE S min, (KES
HESC 10 mine TEIEW, N 0.5 f5AEFRITIK S
B, VEAFE, VK 10 min BLUTIE RNA. BUHES
O, KREHEREELEY, 12000~14000 r/min
B0 1 min, FEPEMG M 600 uL RNA P, =i
(12000~14000 r/min) B0 45 s, FUEW; K 50 uL
DNA [ T W& WINPT E 5
min; JIA 600 pL RNA %, 12000~14000 r/min 25
045 s, FUEH, HEE K. BEEEOE N
FEEER |, 7E 12000~14000 r/min IR S T 2O
2 min; BEEW B OEFER VIS L, R gin
18 pL TeA% R /K , %R & 2 min, 12000~14000 r/min
FEEL, FEER, WERNA, f/4FT-70 C, 5
HEHT TPk,

L1T # 4 5%

®1 BERASMFIR~ IR BRKE

Table 1 The primer sequences and length of product fragments

Primer % #& A3 (5-37) F35 ¥ K E/bp

. Forward primer: GCAGGAGTACGATGAGTCCG

fractin g everse primer: GGGTGTAAAACGCAGCTCAG T TV-0311443 83
Forward primer: TGGTTAGCGTGGCTTATCTGG

DMT-1 NM_013173.2 204
Reverse primer: ACACACTGGCTCTGATGGCT
Forward primer: GGGCTTCGACTGTATCACCA

FPN-1 NM_133315.2 130
Reverse primer: TCGACGTAGCCAAGTGAAGG
Forward primer: TCTACTGCTCATTGCTCTGGC

Hp NM_133304.1 231
Reverse primer: CCTTTCCACTACCTCTACCCCT

Hepeidin-25 Forward primer: CAGACGAGACAGACTACGGC NM_053469.1 95

Reverse primer: TCTCGCTTCCTTCGCTTCAG

18



MK EmBHL

Modern Food Science and Technology

2019, Vol .35, No.11

2 O-PCR RRIAR R &M
Table 2 The Q-PCR reaction system and conditions

Q-PCR R Rk ‘
KA AR P QPCR i 444
CDNA ##5. ims UDG #1432 50 °C 2 min
SYBRGreen/ROXPCR Master Mix (2x) 5L TR M 95l°C 10 min
A1 (10uM) 0.5 uL HH95C 15
F14-2 (10 uM) 0.5 uL !
ddH,O AMKE 10 1L iBK 60 Cl 1 min 40 7538
SR 10 uL Melt

7E 1.5 mL EP EHIAFHFER (£0.5 pg) &
B RNA, 1 pL Oligo (dT) 18/u6 RT primer/mir21 RT
primer 5|4, I DEPC /K, i3 & FIAFUN 12 ul,
B0 2 mine 65 C/K¥S S min J&, BUEUK EHTAE,
PR G, M 4 uL Sxreaction Buffer, 1 pL
RibolockTM Ribonuclease Inhibitor, 2 uL. (10 mmol)
dNTP mix, 1pL (200 U/uL) ReverAid M-MuLV Jx %
SR, BRI NARRA 20 uLe BRSO, 42 C
K 60 min BEAT R IFESR; 1E 70 CHAMET, Wl
/K K5 5 min, SRS IR, UK EREIE-20 C
17, 5 PCR #:4E. MRIEL AT
CtfH, LA B-actin ANZ, T SIREX RA AT
B, RH 2P BT R E R . RIEE S
FEHIET IR 1 Fis.

L12 ROt & R el
Q-PCR IR NI 5 L 25 A A 2.
L13 HAms 2 5 447

FIHS%0E DOPHME A% ( x+SD) FoR, 4
[B) 22 S PEAS ) SPSS 19.0 BT B 3R 5 2 70T s
{81 Graph Pad prism 7 ST K], p<0.05 Fon 2
R EAEEE.

2 HZBR50H

2.1 HS #8445 F pH E

7 3 HS HENEk & EF1 pH (B
Table 3 The iron content and pH value in HS (x£SD)

85 %EF/(ugml) pHAE

L-HS 185.00+0.02 2.53+0.02
M-HS 313.00+0.01 2.38+0.05
H-HS 569.00+0.01 2.06+0.02

ik (025 g Z25/mL). 1 (0.5 g AZ4)/mL). =ik
FE (1 g/4:245 mL) BORA/KEE = ARIGLH A k&

2 X H pH 4%k 3 iR
22 HS -+ =45+ DMT-1 % 3 mRNA #
w3 3k KT R

DMT-1 -”. —

FPN-| o — —_

Hp

L-actin - — i —_—
> D N I R
Groupéoé“b @cbz' Qz*%o \))2‘ @?2” *232\
&1 DMT-1, FPN-1 X Hp BAFRIAEHE
Fig.1 The protein expression bands of DMT-1, FPN-1 and Hp
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Normal Model FeSO, L-HS M-HS H-HS
& 2 FLERR-+45R5 DMT-1 HEXTFRIAEKTE
Fig.2 The relative expression levels of DMT-1 in the duodenum
of each group of rats

7E: 5 Normal Z8 045 : #p<0.05; 55 Model Z8 045 : *p<0.05.
THEF.

FARBAFe i DMT-1 J 3L mRNA %%
EACFRIZERILE 1~3. IDA KREZLS T HS &
S, &AEHRR =R i DMT-1 22 mRNA
FAXT ALK B KT Model 2H, L-HS. M-HS %
H-HS =24 K DMT-1 FHX} ik & 77 1) /& Model 4 1)
0.04 f%. 0.01 f&A1 0.03 i, FHAHXRIA] mRNA 7K1
7390 T B 52.83%. 51.44%71 51.33%. 5 Normal 41t
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B, HS &HIEAKR 38+ DMT-1 KF7 02
Normal Z1f] 0.49 5. 0.18 £i5F1 0.39 fi5, HHARIEE
BE TR (p<0.05) 5 1M mRNA /K55 T 4.59
5. 698 f5H 6.77 i, HPHFRik=NHEAS

(p<0.05) ; FeSO4ZH K =48 DMT-1 /K-
HIHK, (HIH mRNA FRIEK IR L.

100 DMT-1 mRNA

1)
S N )

(=) (=) (=)

T

[\
S

Relative expression levels of mRNA(DM

Normal Model FeSO, L-HS
[E 3 ZEKRER+#EAHH DMT-1 mRNA HEXTRIZK T
Fig.3 The relative expression levels of DMT-1 mRNA in the

M-HS H-HS

duodenum of each group of rats

SRR AT 5T I SF— RV, Bt B e
REME 3, SEEEARG, A e R
FEEPE . B, ANERBEA BT RS LR
TR ORI e R R AR S . BEE T WA,
DMT-1. FPN-1. Hp A1 Hepcidin 5% S5H 44 kR 15
MU 1) B0 R 5 A4k B R B, Fo9 DMT-1.FPN-1
N Hp B+ 8@ ERiA. DMT-1 2% 4
&S AT i, MR SRR
4T R B A b ks & ™, H mRNA
FRIBIK-5Z B A ERRBL T, 58S & 2000
PR, Model AR HT HHEL IDA FIRIE, ML
W+ de b SR 12 A OCH DMT-1 & H
mRNA [JRIE K MR T 4 HS Y697 )5,
DMT-1 AHXRIAKFIE N, HIFEEA: —2&4 7R
HS 7]y IDA KRSt 2o, 1675 IDA KR
B P 08k B IRk 2 B IEH 7KF, IDA KR+
el ) DMT-1 J2H mRNA UMK R 2
HS X IDA KEs-+ =454 ) DMT-1 2 H mRNA 11
FILBAMENWEH. [EfEERE, HS 45 Normal
HELEL, MDT-1 mRNA A RIEKFI R I, 5
EHNRIAEHAIFARLIE —BE, 77T AT R
B G . sl 20 A Bl e a3 1L )
IR RAE PRI Ferh 45 R o, SRR L
%, DMT-1 mRNA RIA/KF-BI R N FE, T A2 A
BERTIEFH, HFHARRNE A RREKT
DRI LA A 5 BRI AE R (IEH KRR 5 IDA
KERAEFLRMZES)  HS I EANAT T )44
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AR, FIHMETTRE DMT-1 FIA ] 5 HAbAH G
AR EAERA R AARRA R PIRARTT,
AR AT 7V MTE A 7 R ] sl ) 3
fllAH AR RIS R IGHIE

2.3 HS 3+ =387 % FPN-1 & 3 mRNA 4 %f

KRN FH

HAH KRBT 8 FPN-1 K& mRNA Fxf#
AR R WA 1. 4. 5. L-HS. M-HS & H-HS
=H KR+ 18 FPN-1 A1) ik 570 A& Model
ZH11)0.02 5+ 0.002 F5A10.14 4%, FAHX R mRNA
K3 BB 70.37%. 63.70%F1 73.33%; 5 Model
MR, PIFARN R BERL, ZREA%
TR Y (p<0.05) . 5 Normal ZHH#E, FeSO44H %
HS &FIELR R 487 FPN-1 /K35 52 TG

(L-HS+ M-HS & H-HS 21505 R T 6.84%- 0.85%-
47.01%) , &K FPN-1 mRNA A} EiEKFA
BAEgGMEE L (p>0.05) .

ar FPN-1
#

Relative FPN-1/ S-actin levels

# #
# # # =
. - : 1l
Normal Model FeSO, L-HS M-HS H-HS

& 4 FLERER-+"15R FPN-1 HEXTFRIAKTE
Fig.4 The relative expression levels of FPN-1 in the duodenum

of each group of rats

N
(=]
1

FPN-1 mRNA

0.5}

Relative expression levels of mRNA(FPN-1)

0.0

Normal Model FeSO, L-HS
E 5 FHXER+#EAFH FPN-1 mRNA X RIZK T
Fig.5 The relative expression levels of FPN-1 mRNA in the

M-HS H-HS

duodenum of each group of rats
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MR, RIS T A 481, FPN-1 A
REEERFIE —ME T, HES Hp di6 4 ael it
BEMPAEER PN, R KM b ek T 8
1 (IRP) mRNA 45535 P52 40 M IR R s,
Sipk s S smp 225 RIS REH, IDA KR
RN IR A2 T AN, IR IE T AR 2
AP, IR T FPN-1 3 mRNA RN RIEK
o FATHEN HS H T BE B S LLyE M e 0 T
FPN-1 mRNA FE R A2 A/ B+ Hepeidin-25 1F
FTF/ M2 B 4t B T % FPN-1 252,

24 HS -+ =488+ Hp X H mRNA 43t %

KB R

40 # Hp
30+
20+

10+

Relative Hp / f-actin levels

* I

#

*

* I

*

Normal Model FeSO, L-HS M-HS H-HS
& 6 FLARER-+ 185 Ho HEXTRIKKFE
Fig.6 The relative expression levels of Hp in the duodenum of

each group of rats

g
(=]
1

Hp mRNA

0.5

Relative expression levels of mRNA(Hp)

0.0

Normal Model FeSO, L-HS M-HS H-HS
&7 FLERBR+ 85 Hp mRNA HEXTERIAKF
Fig.7 The relative expression levels of Hp mRNA in the

duodenum of each group of rats

FHKR A 8 Hp M mRNA KM%
EACEFILE 1. 64 7. 5 Model 41EE%%, L-HS. M-HS
S H-HS KB —4a i Hp AHX kK435
TP T 6.08%. 8.70%F162.61%; L-HS 4. M-HS 41

KEH) Hp mRNA /KPR EMEER (p>0.05) ;
FeSO, 205 H-HS 41 KR Hp mRNA /K- i 2 B
(O33N 63.71%F1 35.48%) , ERHSGIHFEEX

(p<0.05) . 5 Normal ZHIt%Z, L-HS. M-HS /2 H-HS
HARER T 387+ Hp AHXTRIAEF 5 1 2.33 £%.3.33
f5H0 24 5, H-HS KR+ =451+ Hp mRNA 7K~
TFET 47.83%, ZREAGT 2R X (p<0.05) ; L-HS
#H . M-HS ZHF1 FeSO4 A B+ 481 Hp mRNA
AP RESEZERT (p>0.05) .

Hp M EZAER MG AR, —Rfs ek,
BN P8 FPN-1 K Ak e+ M b e 4t iis 22 i fg 3
iy SERSH5TMEE TFIALL, BB =M
B, WIGL RN T HS REWHH Hp M2 mRNA
ik, HBEA—ErREKEE. o, JATER
I H-HS 4K Hp MRIA SR L-HS. M-HS A1
2 EF, F mRNA kKB R, #Ell2 H-HS
W H R S ORI AR SRR A, AT
18 Hp mRNA 7KF T i

2.5 HS xtAF B Hepcidin-25 % H mRNA #

XAk A #

K RATAE S Hepeidin-25 3 mRNA F%
LA EE SR LK 8~10. 5 Model ZHAHLE, L-HS 4H
(") Hepeidin-25 AHXIFIAKFFHE T 1.61 £, M-HS
HICHH AR, H-HS N2 TR T 65.79%; FeSO4
HRRATHES Hepeidin-25 mRNA 7K H B 212
5, 10 HS #5520 K RAFE A Hepeidin-25 mRNA 7K
PRI AR L. 5 Normal 41 EL#E, HS &5E4H
] Hepcidin-25 23 mRNA X ik K FE B T
W, [FIN Hepeidin-25 ik BA IS .

Hepcidin s M= A 1/ N2 1K, 2
SR N A A AR S e s R -, Bl
RIL=F Hepcidin, 437N Hepcidin 22+ Hepcidin 25
A1 Hepeidin 20, 1M f5 %34 /& Hepcidin (1) 3 EAFAE I
3271, Hepcidin 75T P 4% P h e g s A5
YER, kot 20, Hepeidin 2355 E I 14 m,
YERRAE FPN-1 PN ACHA B AR BELLE i 2k i, Bl
IERAGGLEE S, ki = 241 Hepeidin (17
A, S NE R R SCR TR AMILA A 2252,
It, TENUAEAE IDA B, Hepcidin k&2 R, LA
(EHEHLAR SR AR s 3BT 347 3541 IDA K RRFFIE
1 Hepcidin-25 M mRNA Fik /K FHIRIGSE R, 7]
DL Model ZH 1)K B TR N = BB ER, SEWLA
IS N, NI Hepeidin-25 K mRNA {15
B o AREG S5 S IR HS 2111 Hepcidin-25 3512
ZKT Normal 41, 1fif¥ H-HS 41ff) Hepcidin-25 &%
KT Model #H, UiBHIX MR T, HS He 4
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Hepcidin-25 i MR R, B 575E 2
FHIHE. 15 Model 4HEL4L, & HS 41 Hepeidin-25
mRNA ¥ A B AR, 328 HS $#7#1 Hepcidin-25 [1)5£
IEANEE L] Hepeidin-25 mRNA [R5 k5281,
AIRERAE 5 TR, A BARER B 2k
W7 8P  Hepcidin 2234 52 B 5L 5E (5 5@ M 10
P, Hoz —J& BMP/SMAD f{55i@H, HS #iH
Hepcidin-25 FRIAE R 5 IE A ¢, KREATF—
BRI AR

Hepcidin-25 - AR - .-

GAPDI G G G P W
Growp & é@a S 32(9 32% Q:/Z(?
£ ¥ ¢ v s
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