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Immuno-enhancing and Anti-obesity Effect of Abelmoschus manihot

Root Extracts
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Abstract - In this study, we investigated in vitro immune-enhancing and anti-obesity activity of Abelmoschus manihot roots
(AMR) in mouse macrophage RAW264.7 cells and mouse adipocytes 3T3-L1 cells. AMR increased the production of
immunostimulatory factors such as nitric oxide (NO), inducible nitric oxide synthase (iNOS), interleukin-1(3 (IL-1[3),
interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) in RAW264.7 cells. The inhibition of toll like receptor (TLR) 2
and 4 blocked AMR-mediated production of immunostimulatory factors in RAW?264.7 cells. In addition, the inhibition of
mitogen-activated protein kinases (MAPKSs) signaling pathway reduced AMR-mediated production of immunostimulatory
factors. From these results, AMR is considered to have immune-enhancing activity through TLR2/4-mediated activation of
MAPKSs signaling pathway. In addition, AMR inhibited lipid accumulation and reduced the protein level such as CCAAT
enhancer-binding protein alpha (CEBPa), peroxisome proliferator-activated receptor gamma (PPARY), perilipin-1,
adiponectin and fatty acid binding protein 4 (FABP4) associated with lipid accumulation in 3T3-L1 cells, indicating that
AMR may have anti-obesity activity. Based on these results, AMR is expected to be used as a potential functional agent for

immune enhancement and anti-obesity.
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o7 st Ale2 A3ko g7 A owthCuthbertson et al.,
2020), H|YHS] B AIA| O] HARAS 27| = =8 Hele
2 A A Q) om(Bandaru et al., 2013) H|EE A MA & o2
F3%F AZEA 2 5531 Qlth(Kopelman, 2000), ESH H]
Tt o] Abo]of Ao gt Aol Al HTRE Beell O] F

ofe|X|o] YO0, 0]9] REFHEIILE BHE YT

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Korean J. Plant Res. 34(5) : 411~419(2021)

2 Adol= Aoz B ESR S H(Kosaraju et al,, 2017), 2|

H|TRE- COVID-199} 22 ZH/d mfol 2|2 Zgho] FoRek A
EE ol AP S S Aes dEA ot
(Hussain et al, 2020).

28 F(Abelmoschus manihot)= o} Malvaceae) o] &
Sh, S 2 AlGR At =Y I viztayio s
A E= A ARE S8l ARREoIRk e, B o]
glucose, xylose, D—galactose, L—arabinose 5 &+-51 2] o#2]
& 5he3k A o &2 4 A 9lthJeon and Kang, 2020). 231
= Al Aol A e ZAol| e ofe] avkE Helths dt

gk AbAE] AFHE HEZE §lol RAW264.7 A 29} 3T3-11
A olgalol wela} Bl BAE AT,

ol

ERTRTE

A=

uhe-2 hAANEZQ] RAW264, THIEZ HROKS 913h HfA]Ql
DMEM/F-12+= Lonza (Morristown, NJ, USA)of|A Fulja}4d
T}, Dexamethasone, 3—Isobutyl—1—-methylxanthine (IBMX),
insulin, Oil Red O staining solution, C29 (TLR2 inhibitor),
TAK—-242 (TLR4 inhibitor), PD98059 (ERK1/2 inhibitor),
SB203580 (p38 inhibitor) % SP600125 (JNK inhibitor)=
Sigma—Aldrich (St. Louis, MO, USA)AJllA I8ttt 1
2] 31 Western blot 2432 9151 YA} A9t o]} A S5-2 Cell
Signaling Technology (Danvers, MA, USA)oJ| A S-¢15}3iTh,

FEEAX

B A0 A =79l F8HAbelmoschus manihot) Be)= =t
HAFR ISR AF R AL Aol A AlESH AP & 5
#19) B-Farm (Andong, Korea)olA] A1ZWoIc S27% &
R Fht #e] 20 g& 400 mL T/ oﬂ AR]EF B 1500

A 150 rpm O & wHFSFAA 3Y ¢t = 5]'9511:}. 30] &
15,000 rmpof|A] 1087+ YA Ea]sle] 23T Ma] 22522 3

/\-3]—657:17454_01_04 _4}_1 F,] ==0 AMR §]_;'\_%
17,4992 A3} 5 FBF Be) 2EBAMDE 8
0T 9| Weare] & LEPEEH ATFES 9J3t A EE ARE QI

A ufek
2 01 AL VLA A HIE RAWDSAT ) P92
A AR 3T3-L1-S American Type Culture Collection

(Manassas, VA, USA)oJ|A] 1131 CE RAW264,7 A3+ 10%
fetal bovine serum, 100 U/mL penicillin¥} 100 ug/mL strep—
tomycin®| XZ3HEl DMEM/F-12 v X2 37T, 5% CO, S} A]
uljoFE] Qic} 3T3—L1 Af|3EE 10% bovine calf serum, 100 U/mL
penicillin ¥} 100 ug/mL streptomycin®] Z3FEl DMEM/F—12
A& 37, 5% CO; StollA] HjF= ik,

Griess assay

SoT B FZE(AMR)©]) RAW264, 7A) 30| A nitric oxide
(NO) Ao m]R|= FJFL Griess assay® =A5FHTHSeo
and Jeong, 2020). RAW264, TA| £E- 96—well plateo] well &
2 % 10° cells2 |3} AJE7} wellol] 90% oA} #hS o =3}
7 82) S ROMDE AeokT 24012 5l ck, 20
A7 & A ZufjoFoRa} Griess AJ2F (Sigma—Aldrich, St. Louis,
MO, USA)< 111 Hl&= 3]4]810] /2o A] 1527t Hhg-A7]
5. UV/Visible spectrophotometer (Xma—3000PC, Human
Corporation Co,, Seoul, Korea)E ©]-838}0] 540 nmof| A S5

2 2510

Oil red O staining
w2kt fe] FEE(AMR) o] 3T3-LIA| 2o A A8 W2

ol mjAlE G wekez 2R1st7] 918] Oil Red O staining
2 ST}, 3T3—LIA|3E7} wellofl 100%2}1L 2 Z(DORZ X[ A),
3T3—LIA|EE DMI v A] (10% FBS, 1 #M dexamethasone, 0.5
mM 3—isobutyl—1-methylxanthine¥} 10 ug/mL insulin) o] 48

Al7E 59t v oFstaitt, D2ofl+= 3T3-LIAN S 10% FBS2}H 10 ug
/mL insuling 3£3Fs}= DMEM/F-12 Hjx]of| 4847t 50t uljoF
51T} 115 D49} DBoJl= 10% FBS7} 3£ §HE DMEM/F—-12 Hj}
A= aA|sto] ufekstltt, A 2)E 3T3-L1 A& D8l 24>
5}o] 1 X phosphate—buffered saline (PBS)= 23] A2 & Al
204 1AZE F2t 10% formalin® 2 IAAF T 1A H
3T3-L1 A|3EE DH,OR 23] Al A 3 60% isopropanol-2 | 2|3}
o] 5 Bt Aol WASIGIT). 5 5 3T3-LIALE 3]
AZA7) 2L A Lo A 208 E<t Oil Red O -8H(60% isopro—
panol ¥} 40% water) O 2 HA5}ITH DH,0Z 53] A4 & &M
% 3T3-L1A|22] #]& ‘ﬂol'%g I3k u] 7 (Olympus, Tokyo,
Japan) .2 ZG35Ict FY & 100% isopropanold] =]
UV/Visible spectrophotometer (Xma—3000PC, Human Cor—
poration Co., Seoul, Korea)Z 0]85}0] 500 mol|A] S 4==
24519,
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SDS—PAGE and Western blot analysis

Al z= e Tl s S2617] flef A2 3 A5 4 Coﬂﬁ
025 1 X phosphate—buffered saline (PBS)Z 23] A& &
protease inhibitor cocktail (Sigma—Aldrich Co, )3} phos—
phatase inhibitor cocktail (Sigma—Aldrich Co,)©¢] 3E&H=
radioimmunoprecipitation buffer (Boston Bio Products,
Ashland, MA, USA)E 4T of|A] 30827t A 2|sfo] Thalal-g 3=
=319t} =% T2 Bicinchoninic acid protein assay
(Pierce Biotechnology Inc,, Waltham, MA, USA) & % afH Al
S 2 lako] thal2]-S- 10% SDS—acrylamide gel 2 7] %9%5}
1!, PVDF membrane (Bio—Rad, Hercules, CA, USA)of 0|54
71 & 5% non—fat dry milk & Ah20f| 4] 1A 7} 52t blocking 3}
et IARE 2 12 FAE 5% non—fat dry milke]l &-3A1A
40 oA 16A17F F2oH HES-A17] & membrane 0.05% tween—
200] ZGFE tris—buffered saline (TBS-T)Z 5571 33] A&
Skt 1 % 22} 3HA|l= 5% non—fat dry milkel &38fA]#
membrane®]] A0 A 1X]7F A 28k aL, TBS-TZ 5871 33]
A A & membrane2 ECL western blotting substrate (Amer—
sham Biosciences Co,, Little Chalfont, England)E ©]-835}¢]
el S SiRlale

Reverse transcriptase—polymerase chain reaction (RT—PCR)

A|zof| A RNAS —?—%OM Qe NEZE 4TolM FA1E 1
X PBSZ 23] A|Z & RNeasy Mini kit (QIAGEN GmbH.,
Hilden, Germany)E ©]-&35}] total RNAS =319t} 1 ugQ)
total RNAE Verso c¢DNA synthesis kit (Thermo Fisher
Scientific Inc,, Waltham, MA, USA)E 0]-85}0] cDNAZ 3H4]

Table 1. Sequence of oligonucleotide primers used for RT-PCR

Gene Name Sequence
iNOS ® Forward 5'-ttgtgcatcgacctaggctggaa-3'
® Reverse 5'-gacctttcgcattagcatggaage-3'
13 ® Forward 5'-ggcaggcagtatcactcatt-3'
® Reverse 5'-cccaaggccacaggtattt-3'
16 ® Forward 5'-gaggataccactcccaacagacc-3'
® Reverse 5'-aagtgcatcatcgttgttcataca-3'
TNF-a ® Forward 5'-tggaactggcagaagaggca-3’
® Reverse 5'-tgctcctccacttggtggtt-3'
GAPDH ® Forward 5'-ggactgtggtcatgagcecttcea-3’

® Reverse 5'-actcacggcaaattcaacggcac-3'
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Fig. 1. Effect of AMR on macrophage activation in RAW264.7 cells. RAW264.7 cells were treated with AMR for 24 h. NO level (A),
mRNA level (B). GAPDH was used as internal control for RT-PCR.
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Fig. 2. Effect of TLR2 and TLR4 on the production of immune enhancing factors in AMR-treated RAW264.7 cells. RAW264.7 cells
were pretreated with C29 (TLR2 inhibitor, 100 ;M) or TAK-242 (TLR4 inhibitor, 5 ;M) for 2 h and co-treated with AMR (50 g
/mL) for 24 h. NO level (A) and mRNA level (B) were measured by Griess assay and RT-PCR, respectively. *P <0.05 compared to
the cells without the treatment. #P < 0.05 compared to the cells treated with AMR alone. GAPDH was used as internal control for
RT-PCR.

e s and Akira, 2007), 1|30 45§ E-4417} TLR29} TLRAZ %
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TLR29} TLR47E 857 B8] 3280 Ale ANE  (Emidge, 2010) FIH7F 32 2EZ(MRO] AN ES 55
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oA HHFA AR A v X = FF HF2 QA Aol TLR2, TLRAZF AR O] QLA &
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ol JAlEE A BT = ARTHFig. 24). F7HE 2R
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HIERE AR o) WA 2] 7of o] FB-HO] AR AR 1L
CTHZhang and Liu, 2002), p38 MAPKs9] AlS g7 2=t}

2olo] A15S shalslo] 42 WSS R Aoz

24 9] 21 (Cuadrado and Nebreda, 2010), ERK1/2 MAPKs
L Ao o)% B} 23} ko 1A 2k Ao o
A AtH(Roskoski Jr, 2012), 18] 1L JNK MAPKs= &A=
off oJaf) /s, AlaLo) APE, BE, 235 2E7TH(Seki
et al,, 2012). T 10d £9F MAPKs ARE 1A% Q=
kinases 7-29] FA-L oFE o] Qlo] Q3 HA O 7 of A
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2|3l Qth(Kyriakis and Avruch, 2012), &3f e 225
(AMR)©] MAPKs A1 24" A AE Fa8f 521 Q1A A4/l

ol & | A7) Tlefol] 93l RAw26s, 7 ] AY
o] 2417k &<t PD98059 (ERK1/2 inhibitor), SB203580 (p38
inhibitor), Z12]1 SP600125 (JNK inhibitor) *2] & &

2] 2EROMRE 244172 384 7701 NO U W15
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Fig 3. Effect of MAPK signaling pathway on the production of immune enhancing factors in AMR-treated RAW264.7 cells.
RAW264.7 cells were pretreated with PD98059 (ERK1/2 inhibitor, 40 M), SB203580 (p38 inhibitor, 40 M), SP600125 (JINK
inhibitor, 40 M) for 2 h and then co-treated with AMR for 24 h. NO level (A) and mRNA level (B) were measured by Griess assay
and RT-PCR. (C) RAW264.7 cells were treated with AMR for the indicated times. (D) RAW264.7 cells were pretreated with C29
(TLR2 inhibitor, 100 M) or TAK-242 (TLR4 inhibitor, 5 M) for 2 h and treated with AMR for 1 h. *P <0.05 compared to the cells
without the treatment. #P < 0.05 compared to the cells with AMR alone. GAPDH and Actin were used as internal control for RT-PCR

and Western blot.
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AR} Y0 wistekE S7dsHeltt. SB20358001] 25t p3ge] o]
A2} SPE001259] 2J3F JNKO| oA Zslf Mz 2zE
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A7) SI) BB W) FEBAMRIES AZPEE He]
Western blot. 0 & p38¥} JNKQ| QIASIS B89t 1 AT}
383} INK] QALSH= 712} B3] 9] 2ERAMR) A2 5
Byl 158 S HE Z7185H= 202 UeRdth(Fig, 30). |23t
A= F9f ] 2EE(AMR)2 p3syt JNKQ| T3S &
Eghhe e oJulgith, TLR2/4= MAPKs Al 49<] 23}
S0 AR A 571 4201 2579574

AMR)O] 912 38k JNKS] S31o] TLR2/47} v 3

& ARG 21 A3 C299] 9J3F TLR2 9 A9} TAK-2420]
O TLR4 A= w3t Hie] FEE(AMR) o] o8l fe=le=
p38} INKO| QIASIE 24 A7) A 0.2 WelyThFig, 3D),
Fig, 3] A& n|fo] & o, S35 #e] FEE(AMR) o
AIEOA] TLR2/49) AL S p3sah INKS] B451E &
Esjo] WMAATAAY BHS F7MI7IE A O UL,

23t B 2289 JEsEs} 313-L1 AZ] NF
A v A= 9F

o 2] FEE(AMR)o] APAEAI L] 3T3-L1 A
W AR o S B Si DM A eE 5o
3T3-L1E B3HA7]a1, A4A 0 2 insuline & 2|3lo] 23}1%

Al

3T3-LIMIE Y A 4L FeshdA a3t e] 55
AMR)S % 2]5}9it}. Oil red O staining2 £3 3T3-L1A|3
W A2 24 P2 olat Ax, FokE Be] 23 E(AVR)
DMI/insulin®]] ¢J3}F 3T3-L1 A3 ] A=A T4AA)7]
Ao & UeHthFig, 4A and 4B), 9 2] FEE(AMR

T rlo =

<
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Fig. 4. The effect of AMR on lipid accumulation in 3T3-L1 cells. 3T3-L1 cells were co-treated with DMI/insulin and AMR. *P <0.05
compared to the cells without the treatment. #P < 0.05 compared to the cells treated with DMI/insulin alone. Actin was used as

internal control for Western blot.
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of &J3F 3T3-L1 A3 Wf A1 &S2] AA| 7} A kA 2ol A 2|43 S Ak Aoz UelEThFig, 40), o]=gt AuE v|F
4 9 2] Polak Qxkel CCAAT/enhancer binding o] 2 1, B3HF M) FHEAMRE AAEIA 2234
protein—alpha (CEBPx), peroxisome proliferator—activated W 223} 7 01z}o] vHe-S o A|gte] st A=A oz

=
receptor—gamma (PPARy), perilipin—1, fatty acid binding AAel= Ao 2 HotE )
protein 4 (FABP4), adiponectin®] 2@ Z4o| 71215t A 21X
Bkt CEBPa = AN B F A 2204 HaEy, T3t B2 38 A YAl i 3T3-L1 A9 A3
PPARy = AMFA A o) A] @ =] o] F3} 27|04 F7] AL Bl vA= IF

oo AIE 2Esh= AAZ LA UrkSimu er al, ot 2] F5E(AMR)©] 3T3-L19] A3} A]7] 5 o]
2017). FABPAw= AN Z O} APPA| 2o Wef= A= o = AP7]o] FaFE nAleA] &lsh7] 9fsl] 3T3-L1 AliLo]
24 9tk FABP49] Zheihed-2 vk, a7 Ak DMI/insulin © & 3T3-L1 AJZW A2 §4 2 H2 o2 f=
o] Qlefar Harwal Qltk(Furuhashi et al,, 2014), 18] 3L A T2 2] FEE(AMR)S AP E A28l8ie, 1
perilpin- 1 A AAIEE TASHE 7 SR AAGNE A3 FE el FERAMR AN Bofes
2= 8-S =35} (Hansen ef al,, 2017), adiponectin  3T3-LIAIE U] 2144 & o] Trasl= 2 02 Lpehytt
2 QU0] tfet A4 T R 2] SRR RS (Fig 5Aand 5B), o ATE vlo] 2 u) sk o) 22 %
5= 2102 otel QIchKadowakd and Yamauchi, 2005), F  (AMR)S 8T3-LIAES] AR R 2 273757 &
St 2] $FEROMRDE ABATAN DM insulind] Ofb A B AB24E olaJehe 2102 BekElc), EoFut
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Fig. 5. The effect of AMR on lipid accumulation in 3T3-L1 cells. 3T3-L1 cells were co-treated with DMI/insulin and AMR for
indicated times. *P < 0.05 compared to the cells without the treatment. Actin was used as internal control for Western blot.
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Fig. 6. The effect of AMR on Inhibition of adipocyte differenti-
taion in 3T3-L1 cells. 3T3-L1 cells were co-treated with DMI
and AMR for 48 h. Actin was used as internal control for Western
blot.
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