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The Anti-depressive Effect of Rehmanniae Radix Preparata via
Anti-inflammatory Activity

Eung Sun Kim', Myongsoo Chong®*

'Dept. of Third Medicine, Professional Graduate School of Korean Medicine, Wonkwang University
"Dept. of Preventive Medicine, College of Korean Medicine & Research Center of Traditional Korean Medicine,
Wonkwang University

Objectives: Rehmanniae Radix Preparata (RRP) has been used as a traditional remedy to treat gynecology and
endocrine diseases. Recently, studies on antioxidant and anti-inflammatory effects of RRP have been reported, so it
was judged that RRP extracts would have an anti-depressive effect.

Methods: We investigated the anti-neuroinflammatory and anti-depressive effect of RRP on lipopolysaccharide
(LPS)-induced depression and LPS-stimulated BV2 microglia. RRP inhibited the LPS-stimulated excessive release of
nitrite in the BV2 cells. RRP also significantly inhibited the inflammatory cytokines such as tumor necrosis factor
(TNF)-alpha, interleukin (IL)-1beta and IL-6 in LPS-stimulated BV2 microglial cells.

Results: RRP significantly suppressed the LPS-induced mitogen-activated protein kinase (MAPKs) and nuclear factor
(NF)- £ B activation. In addition, administration of RRP not only inhibited the immobility time in the forced
swimming test (FST) but also increased the total travel distance in the open field test (OFT). Also, RRP inhibited
the elevation of TNF-alpha, IL-1beta, and IL-6 in brain of LPS-injected mice.

Conclusions: Considering the overall results, our study showed that RRP exhibited the anti-neuroinflammatory and
anti-depressive activities via deactivation of MAPKs and NF- « B.

Key Words - Rehmanniae Radix Preparata (RRF), Anti-neuroinflammatory effect, Anti-depressive effect,
inflammatory cytokine, Microglia cell
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QI+ #iEi(Rehmanniae Radix Preparata, RRP)
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Hh#i(Rehmanniae Radix Crudus)o|2} o}l i
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AA|, RPMI 1640 Media 52 Gibco(Grand Island,
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anti-phospho ERK1/2 antibody, anti-phospho JNK
antibody+= Cell Signaling(MA, USA)°|A 45}
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= Santa Cruz(CA, USA)A sttt
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ARE 54L& HEZEEor g4 aad o5
formazan AYFEZ WHOl= 3-(4,5-dimethylthiazol
-2-yl)-2,5-diphenyl-2H-tetrazolium bromide(MTT)
AbS Bgsto] ekt AL A 2 x
10° cellsymLE @& &, 0.1, 0.2, 0.5, 1, 2 mg/mL
9| Z4719] FEE AES A2 SIoiTth 24417 52t
O % MTT 8942 wello] 87 5 308 5t
WoET. 45 AAT oF $7180hE Bt
5F0] formazanS =0]1, 1 W9 THTE 540 mn
oA} Spectrophotometer(Molecular devices, MD,
USAYE o]&sto] 3.

3) OFEAME(Nitrite)sE X

Griess reagentS -g&3lo] 24319t AlZL: Hf
Aol A 2x10° cells/mLE #EFSIGLT, 0.1, 02, 0.5
mg/mLY] ZYZ}0] 5L 2 #thiEE, 10 uM fluoxetine
(FXT)E A5kt LPS(1 pg/mL)A7} & 24A)7¢
% Higstth Al S Aol 100 4Lo] griess
reagentS A713F &, spectrophotometer(Molecular
devices, MD, USA)E ARE3] 540 molA EE2]
FHEe 2.

4) RNA 22| ¥ Quantitative RT-PCR

Easy Blue(Intron, USA)A|2FS &3] Total RNA
£ Yo} AxERE FE5%00h Easy Blue 833
1 mLE 4o] X 52 AxE &ejAHh of7]d
chloroform 100 xLE A7Ist F, 15,000 rpmojA]
5 7t 9A4EESIo] supernantE harvests}Sitt.
1 % isopropanolZ F%F 42 & 15,000 rpmofA]
5 22t YAEEs6te] supernanti= B, pellet=
80% ethanolZ 3 3] AJZst & AZRAF. upr|et
02 pelleto] DEPC treated waterE 15 pL* go]
Aol cDNA= 1 ug RNASQ} cDNA synthesis
kit(Toyobo, Japan)E ©]-&3|A A5t}

3= cDNA, PCR master mix (Toyobo, Japan),
primerS Y1 92TCO)A 30 %, 60COIA 45 %, 7
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2C9A 30 25 35 cycleZ HFEAAL. A 5
GAHRSo)] 291 forward(f)2} reverse(r) primer= I
ARAE (Dagjeon, Korea)o| A TAJSH AL AR5}
At} ARESE primer= Table 13} Zt}.

st
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Table 1. The Primer of IL-18, IL-6, TNF-a, GAPDH

Gene Primer
118 5"-CCT CGT GCT GTC GGA CCC AT-3’ (forward)
5"-CAG GCT TGT GCT CTG CTT GTG A-3’ (reverse)
L6 5"-CCG GAG AGG AGA CTT CAC AG-3’(forward)
5"-CAG AAT TGC CAT TGC ACA AC-3’(reverse)
TNF 5"-GTG GAA CTG GCA GAA GAG GC-3'(forward)
5"-AGA CAG AAG AGC GTG GTG GC-3'(reverse)
GAPDH 5"-TGT GTC CGT CGT GGA TCT GA-3’ (forward)
5'-TTG CTG TTG AAG TCG CAG GAG-3’ (reverse)

5) Western blot analysis

5 x 10° cells/dish2 AEZE wjoksta 12 At
starvationA|Zth. o]& #iFES FAg 5}1 LPSZE
308 A=5t3iTt o]F cold PBSE 23] AlE & Al
IS F5oigith g5e AEZE YAE(5,000
rpm, 5 min)ote] 71 FFHE WL cell pellets
Z =519t} RIPA lysis buffers go] Thide &
SHAIA 15,000 rpmoflA 20 E7F P4E| s}
pellets 7HHoHR & Thld 2 Agoiqiet. o
S5XAEE HEHE Zo] do] 42 T MES 0%
SDS-PAGE®] electrophoresis §t & membrane©]|
711 skim milk®Z blocking S}ich. Tz o] dt
FL2 ECL detection &% (Amersham, UK)2.2 &
Qlstgith

6) LPSZ LSt 225 24
LPSZE &3t 985 nde 7|20 =R25 &
17510, mouse©] 0.5 mg/kg LPSE &7} FAIZ &

Aooinh. AdA BAHoIA AGAIZ] mouse
=, LPS A3t thx73} i Fo] Fof u
0.1 ghkg oI, 0.2 ghkg T, FXT 20 mg/kgd
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7) Forced swimming test (FST)

FSTO] AMSH W2 Detke 5270 2] AtE
WS o] &oiltt. TE2 T olaE Y%l &
Z A& Flof AR 158 555 £ W
T2 24A17F Fof 582 2 AdE Agsiolth
Addoi= 529 F-5AA(immobility) A7k
Aottt FSTE Al °”°} 0]&9] AL XA
AW E715 TP cageol] THA] L3I AFof AR
g 2 7 AS AR guic A2 o A4S
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8) Open field test (OFT)

LPS Foj& QI3t 9-&50] 5ol nA= JF
< YolE IR}, Open fieldofA P52 SIS
28] o] &% Open field= 60 x 60 x 30 cm 712
o] YRE = Ao, Bigdl= 15 cm 7H49]
718, Ao g uiEwt moko] 1alo] UkolAd 9]
ot 5E &<t Open fieldo] A9 52 H&HL,
HPEE 52 7ISoIlth BPLE2 ARkolA
9 ZZQl ALE A oA,

L

9) SAIXZ

AR A 33 ANt 1 Higs VIRE
MeantS.D.2 UYERH 1, A3 Ho|E+= one way
ANOVAE ZAslqltt. #4138t Ho[H7t p < 0.05
9 A% Qo Ao ek olge] FAL
SPSS (V 12.0/% AH831o] AeIch
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BV2 AEZo|A] #igo] AEEA] JFS F=
A gelstr] flsto] MITE 0|85t NE BEES
Z4olglth. AlZ=4go] Qe ] ss 2A
7] Y3ll, BV2 MZof #uti#S 0.1, 0.2, 0.5, 1, 2
mg/mLOZ 24A17FEQ HEjelgitt. e A
SHA] k2 273t B 0.1 mg/mL 5ofA]
0.5 mg/mL F=7HA] A2jet Agi Aol A A
2oll= F94 Sl Aol7h §licth T At
I mgmL odd 3¢, FoH| Al ApHo| T
= IchFig. 1). ol2jdt dE 79O R BV2 AE
oA Bt AYEEE 0.1, 0.2, 0.5 mg/mLE A
skl
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Fig. 1. Effect of RRP on cell viability in BV2 cells.

Cells were treated with saline or the RRP (0.1, 0.2, 0.5, 1, and 2
mg/mL) for 24 h. Cell viability was determined by MTT assay, as
described in Methods. Data are the mean + S.D.(n = 3). 0 ¢ 0.05
versus the saline. RRP: Rehmanniae Radix Preparata.

2. LPSZ XI2= BV2 MZOA ztitizo)
Nitrite A&l i%| &1}

BV2 N Zo|A #ytiFo| nitrite] BAE A=
AIF A=A 2AE] $I8], BV2 Al Btz
¥} 0.1, 0.2, 0.5 mg/mLZ A3t o} LPSZ A}
2ot FANRZOE A F-2AZ AR EH L
Ql+= fluoxetine(FXT)S 10 pMZ Zo] A 2|5}t

SAY FEEY] FET S S T 2 (103

LPSZ Ap=Elo] /45 nitrite?] F7h= dR7ol
Bl fod A F7kstelt LS A=o& Qg
nitrite®] F7H= #utiE A2o] oo e 0w
AAge gelstgon, £3] 0.5 mg/mL FojZ9]
4% FAYZRERA FXTHD: 93t oA 5315 &
ol QCh(Fig. 2).

20 1
15 +

10 1

Nitrite (M)

0
RRP {mg/mL})

01 02 05 FXT

01 02 05 FXT
LPS

Fig. 2. Effect of RRP on LPS-induced nitrite production
in BV2 cells.

BV2 cells were incubated with saline, RRP(0.1, 0.2, and 0.5 mg/mL)
or FXT(Fluoxetine 10 uM), and then stimulated with 1 ug/mL of LPS
for 24 h. The concentrations of nitrite were determined by Griess
reagent, as described in methods. Data are the mean = S.D.(n =
3). "o { 0.05 versus the saline, Tp ¢ 0.05 versus LPS. RRP:
Rehmanniae Radix Preparata, FXT: Fluoxetine.

3. LPSZ X== BV2 MZOAN o

ASM cytokine M| &1t

BV2 AZojA #tio] FAS AHE AR
9stod, BV2 Alxo] #ti#S st o2 LPSZ
A=sto] G54 cytokine(IL-148, IL-6, TNF-q)
mRNA I&E qPCRS &0 ZRlsoich. 1 2
BV2 A|ZojA LPSo| 95 &7}t IL-18, IL-6,
TNF-¢9] o] #e] Ao g3 BF 5%
e or FATE gelstirkFig. 3).

4. LPSZ X== BV2 MZOAM zhES| HS
AH| 71 AT

o] mitogen-activated protein kinases(MAPKSs;

ERK, INK, p38)2} I¢-Be AlSHY A= L&
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Fig. 3. Effect of RRP on inflammatory cytokine expression in LPS-stimulated BV2 cells.

Cells were pre-treated with saline or RRP(0.1, 0.2, and 0.5 mg/mL) or FXT(Fluoxetine 10 uM) for 1 h and then stimulated with 1 ug/mL of
LPS for 24 h. The mRNA expression level of IL-18, IL-6, TNF-a were measured by gPCR. Data are the mean + S.D.(n = 3). "p { 0.05 versus
saline, Tp ¢ 0.05 versus LPS. RRP: Rehmanniae Radix Preparata, FXT: Fluoxetine.
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282407 9l5led immobility A|7to] IA =7}
SFoIT}. SHAINE #utiE Folof sf immobility A7k
o] AT WEY & Atk Ak FHEL
ol FXT9} A9 vlgt $208 74 AIE Hol
ZAth(Fig. 5).
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E0j3t 3 Open field test(OFT)E A|8j5slo] 3% 9
35 oIt LPSE A3t ¥ salined Foigh
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27t 94 IA AL SHAYE Rtz Foio]
o} olF A7t 7S TET 4 Siot Bt
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Fig. 4. Effect of RRP on the activation of MAPKs and the
degradation of Ik-Ba in LPS-stimulated BV2 cells.
Cells were treated with the saline or RRP(0.5 mg/mL) for 1 h, and
then stimulated with 1 ug/mL of LPS for 30 min. The protein
expressions were measured by western blot. The experiment was
repeated three times, and similar results were obtained. RRP:
Rehmanniae Radix Preparata, FXT: Fluoxetine.
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Fig. 5. Effect of RRP on Force swimming test (FST) in
the LPS-induced depressive-like behavior.

Data are the mean *+ S.D.(n = 3). "p ¢ 0.05 versus saline, 'p { 0.05
versus LPS. RRP: Rehmanniae Radix Preparata, FXT: Fluoxetine.

15000 T
H
=~ 10000 -
g
=
z
o 5000 -
]
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RRPig/kg) - - 01 0.2 FXT
LPS

Fig. 6. Effect of RRP on Open field test (OFT) in the
LPS-induced depressive-like behavior.

Data are the mean #+ S.D.(n = 3). "p ¢ 0.05 versus saline, 'p { 0.05
versus LPS. RRP: Rehmanniae Radix Preparata, FXT: Fluoxetine.

FXTHET B 943 AAGIE HojSQlrk(Fig. 7).
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& Wejsh 7o) 98] ololAA
USIARE, RO AREY, L2otbddd, &
wel 5o Bioltlo] X5 Ago] $82S
Shcha Az QIePY, 71 Qo gammaaminobutyric
acid (GABAYZA 74, glutamate system T4,
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Fig. 7. Effect of RRP on inflammatory cytokines in the LPS-induced depressive-like model

The mRNA expression level of IL-18, IL-6, TNF-a were measured by qPCR. Data are the mean + S.D.(n = 3). "o 0.05 versus saline, Tp ¢
0.05 versus LPS. RRP: Rehmanniae Radix Preparata, FXT: Fluoxetine.

o| Aot A Ze] 9Jst A7 EZ(neuro-inflammation) t}. LPS+= thost cytokineS AAAI7]1L, E5E &
o Uloz ARHT Y, o] AL A4 W] dhge] Wg AFndz GRso] Yov,
B infarmaion) 71 67 9% o ¥ 45 1 4 B Sl 65 o 3

Slich A3 @52 cytokine, AFHEED, HPA  ARsHA Yepdt)?. ofd] E  djoxe BV2
axis®] W3S 53 op7|== WA, AFA, HEH  microglia A EoJA LPSZ AF=3to] LA A5 HE

A7k QI FT AA WSO, Trypophan® 33} 5k940] LPSE Fofalo] WIS 985 2
Y2 $EH0] serotonin 5O2 ABHHIL, o] B oA %A% 5114*— Wik
of|A] glutamatergic neurotransmissiong OF7]5}H, SLoJslo| A= O 2Z0|gk= LolE AMESHA] %A

o Fl e tlfypwphan2 AZEYR AAAE i 2530 AR e &3 %8, MERHE, K

S TAAA 540 9% =o' x| e oI BEe YU WEALY LA
d-gF Whgo] 2% 35 AFS Wofole IS 19 SMEY RRAGCE E £ 9o 1% &
Sl A& 7FeHE HaET Yk PAMPY RS 9 fiELHifo] Sa3% ¥dos qopHdY. 9&%
s oAOHIAIES ERY lignd2A 1R AlRo] MBE dok ot BY @0 hEE®,
ghe|2]oFQl Lipopolysaccharaide(LPS)7F &4 3 AT, &, AAE A, oFEAl wzer dls) B
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5ol 7V Bo] AREEE FoRA], ®eob MmO &
£ AAT 4 AE o] FE o|FATt. AT drf
ABle BEE Qe EECE QI3 9-220] WL}
EolUa glong, RS Mg EFolHA, &
S4E AT A2 kA A4t dasit.
metA B AFAE fille 25T 5 e 242
S Aot A+E Aot

P KERo] &3 SAEE R i E=
S| ] Felo sigEe, 4dES
#9] 1AL phfo] B o] BkRol] S =
2] st A, HpRR o R ik
@S] BI7E Qlok. i <lEAEHE>Ol <z,
wHSE, TR Girh, B, SEEE, R, PR
R, B, EELR, ANRGAE, —0itEE, £
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