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Ashwagandha (root of Withania somnifera) has been used for many purposes, it is mainly considered a tonic in
traditional Ayurvedic medicine. This review focuses on the effects of compounds isolated from Ashwagandha on demen-
tia models and on the spinal cord injury model. Our study demonstrated that the active constituents, withanolide A,
withanoside IV, and withanoside VI, restored presynapses and postsynapses, in addition to both axons and dendrites in
cortical neurons after AB(25-35) -induced injury. In vivo, oral withanolide A, withanoside IV, and withanoside VI (10
umol/kg/day for 12 days) improved AB(25-35) -induced memory impairment, neurite atrophy, and synaptic loss in the
cerebral cortex and hippocampus in mice. Since spinal cord injury (SCI) is also difficult to treat, and therefore practical
and curable strategies for SCI are desired. Oral treatment with withanoside IV improved locomotor functions in mice
with SCI. In mice treated with withanoside IV (10 umol/kg/day for 21 days) , the axonal density and peripheral nervous
system myelin level increased. The loss of CNS myelin and increase in reactive gliosis were not affected by withanoside
IV. Additionally, sominone, an aglycone of withanoside IV, was identified as the main metabolite after oral administra-
tion of withanoside IV in mice. Withanolide A, withanoside IV, and withanoside VI are therefore important candidates
for the therapeutic treatment of neurodegenerative diseases. In particular, withanoside IV was shown to control neurons
as well as glial cells for reconstruction neuronal networks. To clarify key events in overcoming neurodegeneration, we
are now studying the molecular targets and signal cascades of sominone.
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Fig. 2. Effects of Withanolides on Axons After AB(25-35)-
induced Atrophy

Cortical neurons were cultured for 24 h and were then treated with or
without 10 uM ApB(25-35). Four days after the administration of AB (25~
35), cells were treated with withanolide A (WL-A; 1 4M), withanoside IV
(WS-IV; 1 uM), withanoside VI (WS-VI; 1 uM), NGF (100 ng/ml), or ve-
hicle (0.1% DMSO, Veh). Four days after treatment, the cells were fixed and
immunostained for phosphorylated NF-H. The lengths of immunopositive
neurites were measured. Values are means +s.e.m. of data from 30 cells. *p
<0.05 when compared with Veh. Scale=100 um.
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Fig. 3. Effects of Withanolides on Dendrites after AB(25-35) -
induced Atrophy

Cortical neurons were cultured for 24 h and were then treated with or
without 10 uM ApB(25-35). Four days after the administration of A (25—
35), cells were treated with withanolide A (WL-A; 1 uM), withanoside IV
(WS-1V; 1 uM), withanoside VI (WS-VI; 1 uM), NGF (100 ng/ml), or ve-
hicle (0.1% DMSO, Veh). Four days after treatment, the cells were fixed and
immunostained for MAP2a & 2b. The lengths of immunopositive neurites
were measured. Values are means+s.e.m. of data from 30 cells. *p<<0.05
when compared with Veh. Scale=100 um.

withanolide A, 1516 withanoside IV, !” withanoside
VIO 2 0 # 5 L /=B TIlL, escape latencies 13 &
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[Fig. 6(A)].
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Fig. 4. Effects of Withanolides on Synaptic Reconstruction
After AB(25-35)-induced Presynaptic Loss

After cultivation for 21 days, the cortical neurons were treated with or
without AB(25-35). Four days after the administration of AB(25-35), the
cells were treated with withanolide A (WL-A; 1 uM), withanoside IV (WS-
IV; 1 uM), withanoside VI (WS-VI; 1 uM), NGF (100 ng/ml), or vehicle
(0.1% DMSO, Veh). Seven days after the drug treatment, the cells were fix-
ed and double-immunostained for synaptophysin (green) and MAP2a & 2b
(red). Areas of synaptophysin-positive puncta per 1 um of dendrites were
measured. Values are means+s.e.m. of data from 20-25 dendrites. *p<0.05
when compared with Veh. Scale=20 um.
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Fig. 5. Effects of Withanolides on Synaptic Reconstruction
After AB(25-35)-induced Postsynaptic Loss

After cultivation for 21 days, the cortical neurons were treated with or
without AB(25-35). Four days after the administration of AB(25-35), the
cells were treated with withanolide A (WL-A; 1 uM), withanoside IV (WS-
IV; 1 uM), withanoside VI (WS-VI; 1 uM), NGF (100 ng/ml), or vehicle
(0.1% DMSO, Veh). Seven days after the drug treatment, the cells were fix-
ed and double-immunostained for PSD-95 (green) and MAP2a & 2b (red).
Areas of synaptophysin-positive puncta per 1 um of dendrites were meas-
ured. Values are means+s.e.m. of data from 20-25 dendrites. *p<{0.05
when compared with Veh. Scale=20 um.
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Fig. 9. Regenerative Effects of Withanoside IV on Damage to
Axons and Myelin

Twenty-one days after SCI, spinal cords were immunostained with the
anti-P-NF-H antibody or double immunostained with the anti-P-NF-H and
-MBP antibodies (A), or anti-P-NF-H and -PMP-22 antibodies (B). P-NF-
H-positive axons are shown in green, and MBP- or PMP-22-positive myelin
is shown in red. The expression levels of MBP (C) and PMP-22 (D) are
shown as the ratios of fluorescence intensity in the center of lesion to that in
the distal site 800-1100 um apart from the center of lesion in the white mat-
ter. Values represent mean and SEM. *p<(0.05 when compared with vehicle-
treated SCI group (Cont) (Student’s f-test).
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Fig. 10. Cohesive Effects of Inflammatory Cells by Withano-
side IV

Fourteen days after SCI, spinal cords were immunostained with the anti-
GFAP antibody and anti-CD11b antibody. Surrounded area by GFAP-posi-
tive cells (B) and CD11b-positive area (C) in sham-operated (open column,
n=3), vehicle-treated SCI (closed column, n=5), and withanoside IV-treat-
ed SCI (hatched column, n=35) mice are shown. Values represent mean and
SEM of 3-5 mice. *p<0.05 when compared with vehicle-treated SCI group
(Cont) (Student’s t-test).
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Fig. 6. Effect of Withanolides on Spatial Memory Deficits
Induced by AB(25-35)

Withanolide A (WL-A; 1uM), withanoside IV (WS-IV; 1uM),
withanoside VI (WS-VI; 1 uM), or vehicle (Veh) was administered per oral-
ly 7 days after i.c.v. injection of AB(25-35) into mice. (A) Escape latencies
at 5 days after starting the memory acquisition test. (B) The memory reten-
tion test was performed 7 days after the last acquisition test. Crossing num-
bers over the position where the platform had been located were measured
for 60 s. The time schedule of the experiment is illustrated. Data are means +
s.e.m. of values from 6-9 mice. *»p<{0.05 when compared with Veh.
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Treatment with Withanoside IV Improves Hindlimb Function

To the Sham-operated control group, vehicle was administered (open circles, n=10) . To SCI mice, withanoside IV at a dose of 1 umol/kg body weight (open
squares, n=4) or 10 umol/kg body weight (gray squares, n=9), 50 umol/kg body weight (closed squares, n=9), or vehicle alone (closed circles, n=8) was ad-
ministered orally for 21 days. Hindlimb behavior was assessed using a BBB locomotor scale for 20 days after SCI (A, C). The frequency of open-field rearing behav-
ior on hindlimbs was determined for 5 min (B, D). Values represent mean and SEM. *p<(0.05; »p<0.05 when compared with vehicle-treated SCI group (*: repeat-

ed measures two-way ANOVA, t : Kruskal-Wallis one-way ANOVA) .

3-2. Withanoside N D#RMEEER 185 21
Ht&, BHEUR Z2ERL, BB ——Th2HY
LA NF-H Jiik & W TN RERE s>
7= [Fig. 8(A)]. HEIZPWTIIHEMEEY =D D
iR D2 EZMNE L [Fig. 8(B), 8(C)]. —4
IR B W TR AR % 725 1012 & 5 THRS
LTHD, flxDMBROEIZHET S ENAH
i /=%, U CEELEI NF-H Q8 EEZETEL
7z [Figs. 8(D),8(B)]. a> hO—)LEOHAEIZ
B HRIE, WEEE KR O RAREE O 5 T sham #
ChEUARICE AL, ZHicH L, withano-
side IVE¢ G-HETIE, WIS K O AT oD 1t 1] C i 4%
DA A 5 N7 [Figs. 8(B), 8(C)]. £/, 1
ChO—=)VEEDOKHAE TS, WHERE, KORBAKEIC
BT sham B & g U TR EE OK TN AERIC
HHNT. FNIZx L, withanoside V¥ 5T
&, 32 O VBT B E R O B AN A )3 A
5417~ [Figs. 8(D), 8(B)].

3-3. Withanoside VD4 1) 7 kg~ D{ER

U EAERINF-H EHREI Y >0 —H—
Td % MBP [Fig. 9(A)], H2 WiV >R
NF-H ERKEI Y > O~ —H—TdH % PMP-22

[Fig. 9(B)] 1T T 25ikDfAGHE 2 H\WHHf
U o _—EREBEREEZIT> . MBP, KU
PMP-22 O3B, G Tdh 2 HEEEMEBITHT 2
BEPLEOBENEE DI X > TRl L 7=,
Sham % D {5 %4 Tld MBP ORE A SN /-
—J%, a2 bo—)VETIE, BEHOEHAAL T MBP
Bk, SRbbHREI T D ORENBRIN
7. EEOEE, MBP OFEH L X)L sham #f &
e LA EICHA L7z [Fig. 9(C)]. Withanoside
IV#ERE T, #BEHLERA TR MENBR SN
TW3HOO, FIREITY > OREOREIR, O
hOo—J)VEEEOERFASNEN D /= [Figs. 9
(A), 9(O)].

—%, RMEITY > OFREH%E/RT PMP-22 O
B MEERAL VL sham BETIIF S A CBR I N2> 72
[Fig. 9(B)]. ZHuckL, > bao—)LEEDHEE
THETIX, EEPOEALTH I IZ PMP-22 O %
BN A 53, withanoside IV 58 Tl, R
DIHBENALNDAETI > bO—)VEEE LA
BT PMP-22 OFBIHEIL 7z [Figs. 9(B), 9(D)].
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Fig. 8. Treatment with Withanoside IV Induces the Growth
of Axons

The length of phosphorylated NF-H-positive axons in the rostral (A) or
caudal (B) site adjacent to the center of lesion in the white matter was meas-
ured in the sham-operated (open column, n=3), vehicle-treated SCI (closed
column, n=3) and withanoside IV-treated SCI (gray column, n=35) mice.
The fluorescence intensity of phosphorylated NF-H-positive areas in the ros-
tral (C) or caudal (D) site adjacent to the center of lesion (proximal site:
Prox) in the gray matter was measured in the sham-operated (open column,
n=>5), vehicle-treated SCI (closed column, n=4) and withanoside IV-treat-
ed SCI (hatched column, n=>5) mice. In a photograph, the center of lesion
(arrow) and measured sites were indicated as follows; the rostral white mat-
ter: RW, the caudal white matter: CW, the rostral gray matter: RG, the
caudal gray matter: CG. Values represent mean and SEM. *p<(0.05 when
compared with vehicle-treated SCI group (Cont) (Student’s f-test).
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e~ A 207Uy OREEGHOA BRI RAS
nrz.

4. BOFE5 & N7- Withanoside NV O3EMHEA{E

W ERORGTHWSEE, T OEYIIKRNIT
PN SN TImHIZBITL, ENEGSICBWTERZ
FET D, ROKGINZEDI, KB EAROEE
G ~NERA T 525G &, HE, cytochrome
P450, BNMIEEICLODR#I E2> TIEHT S
BEnd 5, RBEWHRDOILEY, FrICBFERIC
BWTIE, BNMEIC X208 %220 260012 < A&
53 %. Withanoside IViZ 3 fZi2Z )V I — AN 2D
MAELEATOA RYRZ O THD720, #RO%KE
BITIIACEH S N TERNITIRI E 115 FTREPE S .

< 7 212 withanoside IV (1000 umol/kg) 7% Hi[A]
BOFELT, 105, 1548, 304, 3B, 78
M, 12 FFR#% O Mg 2 HPLC THH L /=, WS-IV
(BRFFER 14 2010 13T NoImEN S bR S
NY, &5 3 REERZRICRRERR 18 2 FhE (k&
2) 3508 ke D) 122 D0Fi e —»
MR EN, mE—2 & TRERICRKITR S .

Withanoside IV (1000 umol/kg) 7% Hi[E|#%E %5
LC7RB#%OME %A \WT, LC/MS HIEZE{T>
7= (Fig. 11). UV 27O~ b7 S5 Az L4
withanoside IV 5~ ™7 2 O Ifil i& #1112 1%  [Fig. 11
(B)], fR#W 1 (PREFEERT 13.9 43), @2 (f&
FeERfE] 12.6 73) RSNz,

R# 1 D411 A 2 E—2 m/z 459.3 13 with-
anoside VOY Ry E&Ex oz, —F, #H
M2 @ m/z 800.2 {3 withanoside IVIZ 4T & 18 @
—i DA A B2 FAF 2 E—ITHS
EEZONEM, EOXIBAFANMAMLTNWS
DOMEDIMIIARBHTH > /=. Withanoside VI 5 7
BRI D MG H1ici, UV 70~ K75 4 [Fig. 11
(B)] TBWwTHMS 7o~ ~7 L [Figs. 11
(C), 11(D)] IZHBNWTH, withanoside IV R FFRF
MBI —r 3B TERN=. Lo T,
MSZ7HOx h755EUVIZOR KNI ILTOE —
7 O—IZKD, Y 1 % sominone E[H]E L 7z
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Fig. 11. LC/MS Chromatograms of Serum From Mice After
Oral Administration of Withanoside IV

A UV chromatograms at 220 nm of serum from mice at 7 h after oral
administration of vehicle (A) or withanoside IV (1000 umol/kg) (B) were
shown. MS chromatograms at m/z 783 (C), m/z 800 (D), m/z 459 (E) and
475 (F) of serum at 7 h after oral administration of withanoside IV (1000
umol/kg) were shown. A UV chromatogram at 220 nm (G) and a MS chro-
matogram at m/z 783 (H) and m/z 800 (I) of standard withanoside IV, and
a UV chromatogram at 220 nm (J) and a MS chromatogram at m/z 459 (K)
of standard sominone are shown as references. MS spectra of peaks with
retention times of 13.8 min (M) and 12.5 (N) min in a UV chromatogram of
the serum from mice after oral administration of withanoside IV were
shown. A pattern of molecular ion peaks of retention times 11.7 min (L) of a
standard withanoside IV and 13.8 min (O) of standard sominone in a UV
chromatogram was shown as a reference.

5. &HYIC

BE, IR THOWSLN TWAHERANERT, EIR
DETZESELDRR LIRS THRN, 20
fitl, Fk& 7RBLED S RBAEBEENERIN TN S
73, synapse JERAEA DR S N TV A AT L A
Ernny, FEEEICTB W TH OSBRI FE
MICKDEHORERPRKEDOZATOA REETH
0, WHEREZREIE2HOTIERWN., SEES
L 7= withanolide A, withanoside IV, withanoside VI
DRIV TNOWEEZE BT D&, —kF
72 ER T3/ <, MRROMEN 2 ZE M, BEk

FEINDILITEDBOTHDHLEEZLN, T
STERZER T 2L, BEED L WIXREE
DX ELUTHEREICEHMTH S, £-Pia<td
withanoside IVIZ, axon i}, synapse JE%, KIg
PEI T U M, microglia 5/ & W o R DB
LERESEHREREZE<DBOTHD. FBZD
EEARIRTH % sominone DIEA A, ERET &
5T EITRD, MREHIIL 2 2RI RV D 2 < #
HRDOEEZIWICHIEAT S, 2T ANZZXLDE
EWZDBMNEBDEEZ, WREEITHTHS.

BE AR, (B SLERERKZE -
B RT - TR >y —, RO (B Ek
o FEEEAR O - RIREMHFE L >
B — « BRI BN TITONZHDTHD ET
n, IR DFRAE (R - OB > 5 —BE
%, B EEEREREAER) OIS ST
FIUT A — LN 2D THD, ZOHER
B L TLXDEHEB L BT ET. SEEEN LN
L, ARILAREL () - BFINEER AT
=) iz oEEL B - REERKS) O
¥ 172 B0 AN USRI e o 72 i
ThHD, TZITLEDEHEL BFET. £k
DHBEAZL TFE> /=, M &1L, Mesehy
Ragab Meselhy t&+:, # M+ 2 #FELO
HRITEB WL ET. 2 OO —EE H A1
IREABE R EMB ST LD ERI N L2 M
FEWALET.
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