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Neuroprotective Effects of Rehmanniae Radix on PC12 Cells and
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The present study investigated neuroprotective effects Rehmanniae Radix on PC12 cells and hippocampal neural
cells. PC12 cells were damage by H2O> and nitric oxide and organotypic hippocampal slice cultures were damaged
by oxygen-glucose deprivation. Then methanol extract of Rehmanniae Radix was treated with 0.5, 5, and 50 pg/ml in
culture media. Effects of Rehmanniae Radix were evaluated with cell viability assay, Pl-staining, and TUNEL-labeling.
Treatment of Rehmanniae Radix (with 5 and 50 pg/ml) produced significant increase of cell viability of PC12 cells
damaged by H-O, and by SNP-induced nitric oxide. Treatment of Rehmanniae Radix produced significant decrease of
Pl-uptake % in CA1 (with 5 and 50 pg/ml) and DG (with 50 jg/ml) regions of organotypic hippocampal slice cultures
damaged by oxygen-glucose deprivation. Moreover, treatment of Rehmanniae Radix produced significant decrease of
TUNEL- positive cells in CA1 (with 5 and 50 pg/ml) and DG (with 50 jag/ml) regions of organotypic hippocampal slice
cultures damaged by oxygen-glucose deprivation. These results suggest that methanol extract of Rehmanniae Radix
has neuroprotective effects on PC12 cells damaged by oxidative stress and on organotypic hippocampal slice cultures
damaged by oxygen-glucose deprivation.
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Fig. 1. Effect of Rehmanniae Radix on cell vialbility of PC12 cells
damaged by H20, and SNP. Methanol extract of Rehmanniae Radix demonstrated
significant anti-oxidative effect against PC12 cells damaged by H.0, and SNP at 5 and 50
ug/ml concentration (x, P<0.05; =+ P<0.01).
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Fig. 2. Effect of Rehmanniae Radix on neuronal cell death in

organotypic hippocampal slice cultures damaged by oxygen-glucose

deprivation. Methanol extract of Rehmanniae Radix demonstrated  significant

anti-ischemia effect on CA1 (with 5 and 50 pg/ml) and DG (with 50 kg/mi) regions of the

hippocampus damaged by oxygen-glucose deprivation (x, P<0.05; * P<0.01).

- 1403 -



rdor Tl

Fig. 3. Propidium iodide (PlI) stained sections of organotypic
hippocampal slice cultures damaged by oxygen-glucose deprivation
(x40). Red colored regions are Pl incorporated area by neuronal cell death. SUH means
Rehmanniae Radix and 0.5, 5. and 50 indicate concentration of methanol extract of
Rehmanniae Radix. SJH-5 and SJH-50 sections show significant decrease of Pl uptake
compared to the control section.
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Fig. 4. Effect of Rehmanniae Radix on TUNEL-positive cells in
organotypic hippocampal slice cultures damaged by oxygen-glucose
deprivation. Methanol extract of Rehmanniae Radix demonstrated  significant
anti-apoptotic cell death on CA1 (with 5 and 50 pg/ml) and DG (with 50 pg/mi) regions
of the hippocampus damaged by oxygen-glucose deprivation (x, P<0.05; = P<0.01).
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Fig. 5. TUNEL immuno-reactioned sections of organotypic

hippocampal slice cultures damaged by oxygen-glucose deprivation.
Dark brown colored cells are TUNEL-positive cells in stage of apoptotic cell death. SJH
means Rehmanniae Radix and 0.5, 5, and 50 indicate concentration of methanol extract of
Rehmanniae Radix. SJH-50 sections show significant decrease of TUNEL-positive cells
compared to the control sections in both CA1 and DG. Scale bars are 100 pm (x200).

i
BARE B RRERSE B0l 49715 £
A7) J50] dthe AFSo] BauEo] oY HoE i
o] &< catalpol©] HzOz°ﬂ o AkshA &4 PC12 Al E ol

e o

a1

5} caspase 7] A&t cytochrome ¢ #HIE A Sk
2 agem™, gerbile] YA A A S P thate] AARMEE
3 Eiﬁ?ﬂ By v o B A6 e @] 3

o] 3 AAMNE B3 ESS BEe] YaiA, ez A
BAES kst &5 A F 71AATF] Bol AHEEHIL e
neural crestol] A 2318 A A ATHE PC12 M EPel U et 3
A3 B5S FAskATh PCI2 Al X0 HiO,E AHsHE &5
el i e FEES Held A9 5 2 50 pg/mle X

[e]

238k oA controlTdl HlEFe] P<0.01 ¥ P<0.059] 24
AZAEEY] F77F BFHJT (Fig. 1). 05 pg/ mls A
e B I0eH, 5 pg/mls A 7o) 50 pg/mls A
2 2ol Higt] o ¢ st A5 UEUleRR, T
o HlgHolA = AT, o] s 73Jer fiEii o] AR ML A
34 &4E dAlse & ZHAL dvke A& BRAFATh
Nitric oxidex= AAAQ AAMENN= AAAEL AT A
9A2A 9E A A Hdd 2+ AAE
g9 AooA = WHEH WEE dovle 3 aQlo] "Erke AL
Ao Z dEA gon, AHAHE nitric oxideE T FEZ A
3101'99\ “H /‘]73 Aol gate] AEZAAAL 7S e A
Abg 224 i vitro 23 ol A nitric oxideo] )&
%%3}7] A= 8849 nitric oxide A& A}
sodium nitroprusside (SNP)E o] At&3t1 lti?.
A PC12 Al Eo] SNPE A 2]3} nitric oxided] <]3F
e ohg b ol A g A7

A

rir

r°"

i
o]
o
o=
w

g

0

=

ﬂll

Lo

2

(e} (e} A=e)
£4s S FEES

- 1404 -



fEH o] PC12 A E 2

5 3 50 pg/mls A2 g 7 EFlA controlwtol Hl3te] P<0.05
o froA e AZAEEY SV FEHAD(Fig. 1). o2 F
A= [ o] nitric oxideol 23k ANAMEL] 4t3}E &£t
daME qAaso ASS

ol X et 2ol fipiizio] ABAMES AstA Aol tis)A
F3 dAaT] Athe AL UFALBE, Holr} Hsfrt
9] P& e ass BESA Aot JE &R 7t
& e Fege AL e 978 et & 49 A jlen,
Hafvke] 2Hu < WE-L in vivodl Al B F AT AAANEIY
ARAR S 243 zta o= HlA in vitro 23] B30
Hehd & ool B AHS /AT AgPP, agee Hsnte
71¢x2 AHu Yk (organotypic hippocampal slice culture,

OHSCQ)oll 449} glucoses YAIH O 2 AHTste s1dEd 2d
(oxygen-glucose deprivation, OGD)2 A7 =9 &4ES
SHAA, FFANEA ARG 9 ABAH Y] excitotoxicity %—
& AFshed gol olgHa JAoP. AAAEAE Y] A%
ZA87] AsiM e Mgz s PIE F3EH stk PI= *1]4-
7P AME7IR S dogd Axte] E4HER AZXWE FFs)
A EE o] DNAC F&ete] FFS LA HEZ A ZAL
FHshed gol AgEgY
£ A3l OHSCell 45832 OGDA ste] s|dE4S
Frdetal 24X E St fif e FEES AT A, A
v22 CAl F9IME 5 % 50 pg/ml& A2 & A control
7ol HIEte] P<0.05 2 P<0.019] fro4 A= ABAZANES o
AEFH7E B2E AL, Atz DGTHlAM = 50 ng/mlS A
23k ol 7 controlitoll HEe] P<0.052] F-2A4 AU A AA
x }‘344 ﬁ*ﬂﬁﬂra 45}4915} (Fig. 2, 3). ol&13 A+ fiflt
ol & ARHZAPE EH°H"1 B
7)\ ojt}. ol 9ol #o g E5e yEhd
7} PC12 Al 2] in vitro Aol M=
%3 A= 50 pg/ml o]t} o]t
Aol 2 v g 3 FE 13]4 ol ddAzFY vjo} 244
A we] ol o3k Aoz YztdETh
NEAAAE 2AH 0 Baste WY F Bel o] &H
= Zo] AEAAAL FAAM AEF ] DNAZE ZdekA= 7]1d
< ©]-8-3}%d terminal deoxynucleotidyl transferase-mediated dUTP
nick-end labeling (TUNEL)E dh= ot B A3 A
OHSCell 45%3k2] OGDel| ejate] Sd &S Fdatal 2443
Qi NS FEES A3 2F, etz CA1T oA
+ 5 % 50 pg/ml< A g el A controlel Hldte] P<0.05 2
P<0.019] #94 1= TUNEL-$4HE-E ABAE 9 HAaF0
7b B2H A3, Hejrtzd DGl M= 50 pg/mls A 2g o
S A5k controliol| HI3}e] P<0.059] 24 A= TUNEL-4/dwt
S ABAE o] FLaFE BEH PLEF = T AAA
FAPE Y] A AT M} FUF ARE ‘/}E}lﬂ ATt (Fig. 4, 5).
1218 Aate il ASSFEE0] SR I3 ABA
o] AdAtel thaiA —“@—EE""] Ve BAF= A0
£ AYY ZAES FESY, b o %—?‘-%%—f_’—

i

e

KN
=

.
i
ﬁ
i-ﬂ

[«

&

_n

vt ABAE £l viA e 9F

nitric oxide 59 843 &334 HYLP hatel FoIW B

E52 veEglon, oled A%t @kl in vive 49
9598 &4 dAHE 939 REESS dehd ¢ dre
N2H 2AREE ANGE Ao AZE.

jih)

=

o] HAAAE &£ nAe TS FE37] A8t
of, PC12 Al Z 2] HyO, ¥ nitric ox1de°ﬂ 23l 43

st & 0“’]' H°H”]'-4 F71%x
B

1)

ne
32
o
o)
=
H
Lo
9,
o
. o
. o
e
i
rlo
w
@)
5]
Y
b
1o
&
|

el }Oﬂlc 5% 50 I«g/mla A FoAA Fo4 e AE
JEL 9 77 R S S FEES Hevt &
1922 ARG JZEde st CAITF A= 5 &
50 pg/mlg A 23 &, DGT YoM = 50 pg/mle 223 Lo
A Fol e ABAZAFE Y] AA 7 AZH AT I i
AFEFEEL Halvt A71%x2] dAuj <t &Gl st
o] CAITYolME 5 % 50 pg/mle APF T, DGTYNME
50 pg/mls A Tl FeAd = TUNEL-F3wHs A7
AE o] a7t BREHUY. o)) AT Hol [l o

>

P

N
o

-2 FE 52 nitric oxide 52 AH3}4 £y vl P
Aol el G REES5e JeEls Aoz AZE
N

£ A= BK 21 Al 93] ALE A+

%} 9. pp 467-469, 2001.
2. 0], ke, AR §HoFQl 3-8 A&, A RAL pp 105-

el B2 A2, o AL p 105, 1975.
4. o)A R ExZE. A&, IFAR p 1205, 1975.

5. A9, $84. AAF(LHI S Fei7k vh92e] AU
2 Agud weol VAL JT BUABIGAE A

3 10: 207-218, 1987.

7. Dai, Y., But, P.P.,, Chan, Y.P.,, Matsuda, H.,, Kubo, M
Antipruritic and antiinflammatory effects of aqueous extract
from Si-Wu-Tang. Biol. Pharm. Bull. 25(9):1175-1178, 2002.

8w, 474, A% £ ARA A5 LAY WA A

<}
A5 vAE 9T WA T3] A 11(1):225-239, 1994.

- 1405 -



10

11.

12

13

14

15

16

17.

18

19.

FEZ, 487, F02 AY A Fo7} wxg
# Aldosterone ¥ Atrial Natriuretic

Peptide T=oll W] X& & ohekete]3t3] 4] 17(1):329-335, 199%.
. Lee, H.S., Kim, S.T., Cho, D.K. Effects of rehmanniae radix
water extract on renal function and renin secretion rate in
unanesthetized rabbits. Am. J. Chin. Med. 21(2):179-186, 1993.
Agd, 97, FEZ. AAL 2 dATE A g%
A FF¥. FFId=EF b

L
i

Prothrombin Time®||
259-268, 1982.

. Kubo, M., Asano, T., Matsuda, H., Yutani, S., Honda, S.
Studies on Rehmanniae radix. IIl. The relation between

of
hemorheology with the processing of roots of Rehmannia
glutinosa. Yakugaku Zasshi, 116(2):158-168, 199.

. Kubo, M., Asano, T., Shiomoto, H., Matsuda, H. Studies on

rehmanniae radix. I. Effect of 50% ethanolic extract from

changes constituents and improvable effects on

steamed and dried rehmanniae radix on hemorheology in

arthritic and thrombosic rats. Biol. Pharm. Bull
17(9):1282-1286, 1994.

. Jiang, B., Liu, J.H., Bao, Y.M., An, L]. Catalpol inhibits
apoptosis in hydrogen peroxide-induced PC12 cells by
preventing cytochrome c release and inactivating of
caspase cascade. Toxicon. 43(1):53-59, 2004.

. Li, D.Q., Bao, YM., Zhao, ]J.J., Liu, C.P., Liu, Y., An, L.J.
Neuroprotective properties of catalpol in transient global
cerebral ischemia in gerbils: dose-response, therapeutic
time-window  and Brain  Res.
1029(2):179-185, 2004.

. Li, D.Q., Duan, Y.L, Bao, Y.M,, Liu, C.P, Liu, Y., An, L.J.
Neuroprotection of catalpol in transient global ischemia in
gerbils. Neurosci. Res. 50(2):169-177, 2004.

Trembovler, V., Abu-Raya, S., Shohami, E. Synergism

long-term  efficacy.

between tumor necrosis factor-alpha and H,O, enhances

cell damage in rat PCI12 cells. Neurosci. Lett.

353(2):115-118, 2003.

. Mosmann, T. Rapid colorimetric assay for cellular growth
and survival: application to proliferation and cytotoxic
assays. J. Immunol. Meth. 65: 55-63, 1983.

T

organization of slice cultures of the rat hippocampus and

fascia dentata. ]. Comp. Neurol. 228: 432-446, 1984.

Zimmer, Gahwiler, B.H. Cellular and connective

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

- 1406 -

Bonde, C., Noraberg, J., Zimmer, J. Nuclear shrinkage and
other markers of neuronal cell death after oxygen-glucose
deprivation in rat hippocampal slice cultures. Neurosci.
Lett. 327: 49-52, 2002.

Monette, R, Small, D.L, Mealing, G, Morley, P. A
fluorescence confocal assay to asses neuronal viability in
brain slices. Brain Res. Protoc. 2:99-108, 1998.

Gavrieli, Y., Sherman, Y., Ben-Sasson, S.A. Identification of
programmed cell death in situ via specific labeling of
nuclear DNA fragmentation. ]. Cell. Biol. 119: 493-501, 1992.
Desolea, M.S., Sciolab, L., Sircanaa, S., Godania, C.,
Mighelia, R, Delogua, M.R,, Pirasa, G., De Natalea, G.,
Mielea, E. Protective effect of deferoxamine on sodium
nitroprusside induced apoptosis in PC12 cells. Neurosci.
Lett. 247: 1-4, 1998.

Dawson, V.L., Dawson, T.M. Nitric oxide actions in
neurochemistry. Neurochem. Int. 29: 97-110, 1996.
Garthwaite, J., Boultom, C.L. Nitric oxide signaling in the
central nervous system. Annu. Rev. Physiol. 57: 683-686, 1995.
Youdim, M.B.H., Ben-Shachar, D., Eshel, G., Finterg, ] P.M.,
Risderer, P. The neurotoxicity of iron and nitric oxide.
Relevance to the etiology of Parkinson’s disease. Adv.
Neurol. 60: 259-266, 1993.

Rief, D.W., Simmons, R.D. Nitric oxide mediates iron release
from ferritin. Arch. Biochem. Biophys. 283: 537-541, 1990.
Gahwiler, B.H., Capogna, M., Debanne, D., McKinney, R.A.,
Thompson, SM. Organotypic slice cultures: a technique
has come of age. Trends Neurosci. 20: 471-477, 1997.

Xu, G.P., Dave, KR., Vivero, R., Schmidt-Kastner, R., Sick,
T.J., Porez-Pinzon M.A. Improvement in neuronal survival
after ischemic preconditioning slice
cultures. Brain Res. 952: 153-158, 2002.

Brana, C., Benham, C., Sundstrom, L. A method for

characterising cell death in vitro by combining propidium

in hippocampal

iodide staining with immunohistochemistry. Brain Res.
Protoc. 10: 109-114, 2002.
Hilton, D.A., Love, S. Barber,

apoptotic cells in tissue sections by in situ hybridization

R. Demonstration of

using digoxigenin-labeled poly(A) oligonucleotide probes
to detect thymidine-rich DNA sequences. ]. Histochem.
Cytochem. 45: 13-20, 1997.



