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Although Ashwagandha (root of Withania somnifera) has been used for multi purposes but mainly as a tonic in the
traditional Indian Ayurvedic medicine, this review focused on nootropic effects of Ashwagandha itself and isolated com-
pounds from it. Several reports showed sitoindosides VII - X as active compounds for cognitive enhancer. However, our
study revealed other active constituents, withanolide A, withanoside IV and withaneside VI, could improve AB (25-35)-
induced memory impairment, neuronal atrophy and synaptic loss in the cerebral cortex and the hippocampus.
Treatment with Af (25-35) induced axonal and dendritic atrophy, and pre-synaptic and post-synaptic losses also in cul-
tured rat cortical neurons. Subsequent treatment with withanolide A, withanoside IV and withanoside VI induced sig-
nificant reconstruction of pre-synapses and post-synapses, in addition to regeneration of both axons and dendrites in
the neurons. Withanolide A, withanoside IV and withanoside VI are therefore important candidates for the therapeutic
treatment of neurodegenerative diseases, as it is able to reconstruct neuronal networks.
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I. Introduction

Ashwagandha (Withania somnifera Dunal ; Solanaceae,
roots and leaves) is widely used as a multi-purpose medici-
nal plant in Ayurvedic medicine, the traditional medical sys-
tem of India. It is popular as Indian ginseng and winter
cherry, and has been used historically as a tonic to increase
energy, improve overall health and longevity, prevent

Ashwagandha, dementia, nootropic effect, synaptic regeneration.

disease in athletes, and the elderly.? At present, at least 12
alkaloids, 35 withanolides, and several sitoindosides have
been isolated from this plant. Clinical trials and animal re-
searches support the use of Ashwagandha for cognitive and
neurological disorders, anxiety, inflammation, cancer and so
on using the extract or isolated compounds (Table 1).
Concerning an activity for cognitive enhancement,
sitoindosides were demonstrated as active principles in
Ashwagandha. In our studies, however, withanolide A,

Table 1 Pharmacological effects of extracts and constituents of Ashwagandha

Effect B Constituents - References
cognitive enhancement water-soluble fraction of 50% ethanol extract of roots s
extract of roots o 6
equimolar mixture of sitoindosides VII - X and withaferin A 4,17
| sitoindoside IX, sitoindoside X 3
witnanolide A, withanoside IV, withanoside VI 19, 23
anti-inflammation | powder ofroots 1129 30,3132
methanol extract of roots .{3 7 B
sitoindoside IX, sitoindoside X - iw ]
anti-tumor aqueous-methanolic extract of leaves | 34 -
Ethar]ol exiract of roots o - 35/ -
\_withaferin A, withanolide D 26, 27, 36
sitoindoside IX, sitoindoside X 3
anti-stress powder of roots 37
sitoindoside VII, sitoindoside VIII 28
anti-oxidant powder of roots 38
authenticated extract of roots [ 39
adaptogenic water-soluble fraction of 50% ethanol extract of roots } 5
authenticated extract of roots & 40 o
hypothyroidism aqueous extract of roots 41

*To whom correspondence should be addressed. e-mail : chihiro@ms.toyama-mpu.ac.jp
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withanoside IV and withanoside VI which are also constitu-
ents in Ashwagandha, are shown to have strong activity for
regeneration of the neuronal network, and improve memory
disorder. This review focuses on effects of Ashwagandha on
neurological disorder, especially dementia, and proposes
usefulness of several constituents based on scientific re-
searches.

I1. Effect of Ashwagandha in normal animals

In Wistar strain albino rats, withaferin A, sitoindoside
IX or sitoindosideX was given per os at 50 mg/kg for 3 con-
secutive days.” Learning acquisition and memory retention
were assessed by the passive avoidance test. Sitoindoside IX
and sitoindosideX facilitated short-term memory acquisi-
tion, and long-term memory consolidation in old (14 - 16
months) as well as young (5 - 6 months) rats. Withaferin A
showed no effect.

An equimolar mixture of sitoindosides VII, VIII, IX
and X, and withaferin A was injected intraperitoneally for 7
days at 40 mg/kg in adult Wistar rats.? Acetylcholinesterase
staining was significantly increased in with the lateral sep-
tum and globus pallidus in rats which were injected the mix-
ture. Binding levels of muscarinic acetylcholine receptors
(mAChR) M1 and M2 were also determined in the rats. M1-
mAChR binding sites were increased in the frontal cortex,
lateral and medial septum following treatment with the mix-
ture. Whereas, M2-mAChR binding sites were increased by
treatment the mixture in the cingulated cortex, the frontal
cortex, the hindlimb and forelimb areas, the parietal cortex,
and the piriform and retrosplenial cortex. GABAA,
benzodiazepine, NMDA and AMPA receptors in any of the
cortical or subcortical regions were not changed by injection
of the mixture.

III. Effect of Ashwagandha in disorder model ani-
mals - stress, scopolamine, and iboteinic acid mod-
els

Water-soluble fraction of 50% ethanol extract of roots
of Ashwagandha was administered in adult Wistar rats per
os at 25 or 50 mg/kg for 21 days.” This fraction contains
sitoindosides VII, VIII, IX and X, and withaferin A. The
rats were subjected to once daily 1 h footshock through a
grid floor for 21 days. The chronic stress significantly and
adversely affected retention of learning in the transfer la-
tency (elevated plus maze test) and passive avoidance test.
Treatment with the water-soluble fraction showed memory-
enhancing effect in a dose dependent manner.

Scopolamine, anticholinergic agent, produced deficits
in learning as well as in memory retention. Authenticated
root extract of Ashwagandha was administered per os at
50 - 200 mg/kg in albino mice.? In a passive avoidance test,
treatment with the extract 30 min after scopolamine (0.3
mg/kg) injection significantly reversed scopolamine-
induced delay in the latency to reach the shock-free zone
dose-dependently. In an elevated plus maze test, scopola-
mine-induced increase in transfer latency was reduced by

177

withanoside IV H
withanoside VI

R1 RZ
withaferin A H OH
withanolide D OH H

CH3R
CH,
Palmitoy!
|
oL
OH
[o! R

T Sitoindoside I1X H

Y\/\< Sitoindoside X
e}
Sitoindoside Vill

Fig. 1 Structures of withanolide A, withanoside IV, withanoside VI,
withaferin A, withanolide D and sitoindosides VII - X.
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prior treatment with the extract dose-dependently.

Ibotenic acid (10 pg) was injected into the right side of
nucleus basalis magnocellularis (NBM) of adult Wistar rats.
This iboteinic acid lesion of NBM caused significantly a
deficit in the memory retention in an active avoidance test,
a marked reduction of acetylcholine concentrations and
choline acetyltransferase (ChAT) activity and number of
mAChHR in the frontal cortex and the hippocampus. An
equimolar mixture of sitoindosides VII, VIII, IX and X, and
withaferin A was orally administered at 20 or 50 mg/kg for
7 or 14 days after iboteinic acid lesion.” Cognitive deficit,
reductions of cholinergic markers induced by iboteinic acid
lesion were reversed dose-dependently by treatment with the
mixture.

IV. Effect of Ashwagandha in disorder model ani-
mals - Alzheimer's disease model

Amyloid B is a major pathological cause of Alzheimer's
disease due to the formation of a B-sheet structure®; amyloid
forms deposits in the brain, and subsequently induces neu-
ronal cell death,” neuritic atrophy,'®'" and synaptic loss.'?
AB (25-35) is an active partial fragment of amyloid B. This
fragment also forms a B-sheet structure'® and induces neu-
ronal cell death,'>'¥ neuritic atrophy,'*'® synaptic loss'>"”
and memory impairment.'*'® A (25-35) (25 nmol) was
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injected into the right ventricle of ddY mice. Seven days
after an i.c.v. injection of AP (25-35), withanolide A (10
umol/kg),'” withanoside VI (10 umol/kg) or the vehicle
(0.5% gum arabic solution) was administered orally once
daily for 13 days. It was previously confirmed that neuritic
and synaptic losses occurred in the hippocampus and the
cerebral cortex of mice 7 days after the i.c.v. administration
of AP (25-35), and these losses continued for at least 30
days after the ic.v. administration of AP (25-35).
Furthermore, we also confirmed that spatial memory deficit
was maintained even 30 days after the i.c.v. administration
of AB (25-35). We therefore started p.o. administration of
withanolide A from 7 days after the i.c.v. administration of
AP (25-35), when neuronal and synaptic losses had already
occurred. Mice were trained in the water maze for 6 days,
starting 7 days after the p.o. administration of drugs, i.e., 14
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Fig. 2 The effect of withanolide A and withanoside VI on spatial memory
deficit induced by AB (25-35)

(A)Escape latencies of four trials are shown on training day 5 in a
Morris water maze.

(B) Crossing numbers over the position where the platform had been
located were measured for 60 s at 7 days after the last training day. This
was also 7 days after the discontinuance of drug treatment. The time
schedule of the experiment is shown below the Figure. The values repre-
sent the means and s.e.m. of 6-9 mice. *p < 0.05 when compared with
Veh.

J. Trad. Med. (Vol. 22 Suppl.1 2005)

days after the i.c.v. administration of AP (25-35). All the
mice reduced the time to reach the platform (escape latency)
training-day dependently. At training day 5, AB (25-35)-
injected mice tended to increase the escape latencies com-
pared with control mice (Fig. 2A), while the administration
of withanolide A" or withanoside VI decreased the escape
latencies compared with administration of the vehicle. From
the day after the last training day, serial drug administration
was discontinued, and then 7 days after the last training day,
the retention test was performed. In the retention test, the
number of crossings over the platform position significantly
decreased in the AP (25-35)-injected mice compared with
the control mice (Fig. 2B), while administrations of
withanolide A'” and withanoside VI increased the crossing
numbers compared with administration of the vehicle.

After the retention test, the expression levels of
phosphorylated NF-H, MAP2, synaptophysin, and PSD-95
were measured in the mouse brain. We observed two corti-
cal regions (parietal cortex and temporal cortex) and three
hippocampal regions (CA1, CA3, and dentate gyrus) where
neuronal degeneration occurred also in Alzheimer's disease
patients®»?" and Alzheimer's disease model mice.”? In AP
(25-35)-injected mice, phosphorylated NF-H- (axon marker),
MAP2- (dendrite marker), and synaptophysin-positive areas
(presynapse marker) were remarkably decreased in most re-
gions compared with control mice, while the administration
of withanolide A' and withanoside VI increased NF-H-
(Fig. 3A), MAP2- (Fig. 3B), and synaptophysin (Fig. 3C)-
positive areas, compared with administration of the vehicle.
It can be considered that these increases of neuritic and syn-
aptic marker proteins contribute to the recovery of memory
deficits of mice induced by AP (25-35).

V. Neuritic and synaptic regeneration by withanolide
A, withanoside IV and withanoside VI

Rat cortical neurons were cultured only with AR (25-
35) for 4 days, after that, withanolide A (1 pM), withanoside
VI (1 uM), NGF (100 ng/ml), or the vehicle (0.1% DMSO)
was added. After the drug treatment for 4 days, the cells
were fixed and immunostained for phosphorylated NF-H or
MAP2. Lengths of axons and dendrites in the neurons
treated with the vehicle were shorter than the control at 8
days after treatment with AB (25-35), whereas treatments
with withanolide A' and withanoside VI significantly in-
creased the lengths of both axons and dendrites, as com-
pared with treatment with the vehicle (Fig. 4).

It is crucial to determine whether regenerated neurites
are also able to reconstruct synapses. Since withanolide A
and withanoside VI were shown to regenerate axons and
dendrites, we tested the effects of these drugs on pre-
synaptic and post-synaptic maturation. Four days after the
addition of AP (25-35), the cells were fixed and
immunostained with an antibody for synaptophysin or PSD-
95. Dendritic shafts were visualized by double-
immunostaining with a MAP2 antibody. The number and
fluorescence intensity of synaptophysin- and PSD-95-
positive puncta on dendrites were obviously decreased by
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Fig. 3 Quantified effects of withanolide A and withanoside VI on neuritic atro-

phy and synaptic loss in vivo induced by AP (25-35)
NF-H- (A), MAP2- (B) and synaptophysin- (C) positive areas were meas-
ured in the parietal cortex (PC) and temporal cortex (TC), and the
hippocampal CA1, CA3. Control mice (open columns) were treated with an
i.c.v. injection of saline and p.o. administration of the vehicle. AB (25-35)
i.c.v.-injected mice were treated with p.o. administration of the vehicle
(closed columns), withanolide A (hatched columns) or withanoside VI (cross
hatched columns). The values represent the means and s.e.m. of 3 mice.
*p < 0.05 when compared with AB (25-35) plus the vehicle-treated group.

treatment with AP (25-35). Quantified areas of
synaptophysin- and PSD-95-positive puncta were signifi-
cantly decreased by treatment with AP (25-35) for 4 days
(53.4% and 66.9% of the control, respectively). These re-
sults indicate that AP (25-35) induced the losses of both pre-
synaptic and post-synaptic structures in long term-cultured
cortical neurons.

Withanolide A and withanoside VI, NGF and the vehi-
cle were added to the culture medium after treatment with A
B (25-35) for 4 days when synaptic loss had already oc-
curred. Seven days after addition of the test drug, the cells
were fixed and immunostained for synaptophysin or PSD-
95. Synaptophysin-positive (Fig. SA) areas and PSD95-
positive (Fig. 5B) areas in the neurons treated with the
vehicle continued to decrease 11 days after treatment with A
B (25-35) compared with control neurons. On the other
hand, treatment with withanolide A and withanoside VI

Compounds

Fig. 4 The effects of withanolide A and withanoside VI on axonal
and dendritic regeneration after AP (25-35)-induced atrophy

Cortical neurons were cultured for 24 h, and were then treated
with or without (Cont) 10 M A (25-35). Four days after the ad-
ministration of AP (25-35), the cells were treated with withanolide
A (WL-A) or withanoside VI at a concentration of 1 M; or NGF
at a concentration of 100 ng/ml; or the vehicle (Veh). Four days
after treatment, the cells were fixed and immunostained for
phosphorylated NF-H or MAP2. The lengths of NF-H-positive (A)
or MAP2-positive (B) neurites were measured in each treatment.

The values represent the means and s.e.m. of 30 cells. *p < 0.05
when compared with Veh.

significantly increased in synaptophysin and PSD-95 ex-
pressions, as compared with treatment with the vehicle.
These results indicate that withanolide A and withanoside
VI facilitated the reconstruction of pre-synaptic and post-
synaptic regions in neurons in which severe synaptic loss
had already occurred. Withanoside IV also showed the same
activities of neuritic and synaptic regeneration.

VI. Effect and safety of constituents of Ashwagandha

Neurite extension activity, a basis of synaptic forma-
tion, was assessed using 18 compounds isolated from the
methanol extract of Ashwagandha. Besides withanolide A,
withanoside IV and withanoside VI, 3 other compounds
((20S, 22R)-4B, 5B, 27-trihydroxy-3a., 6a-epoxy-1-oxowitha-
24-enolide, (20S, 22R)-4B 5B, 6a, 27-tetrahydroxy-l-
oxowitha-2, 24-dienolide, coagulin Q) had also neurite
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Fig. 5 The effects of withanolide A and withanoside VI on pre-synaptic
and post-synaptic reconstruction after AB (25-35)-induced synaptic loss
After culture for 21 days, the cortical neurons were treated with or
without (Cont) AB (25-35). The cells were then treated with withanolide
A (WL-A) or withanoside VI at a concentration of 1 M; or NGF at a
concentration of 100 ng/ml; or with the vehicle (Veh). Seven days after
treatment, the cells were double-immunostained for synaptophysin or
PSD-95, plus MAP2. Areas of synaptophysin- (A) PSD-95- (B) positive
puncta per pm of dendrites were measured. The values represent the
means and s.e.m. of 20-35 dendrites. *p < 0.05 when compared with
Veh.

extension activity at 1 uM.” The methanol extract of
Ashwagandha roots also induced neurite extension at 5
pg/ml, but cell death at 50 pg/ml.> In our investigation,
contents of withanolide A, withanoside IV and withanoside
VI in the methanol extract was estimated approximately
0.14 - 0.18%, 0.84 - 3.5% and 0.50 - 0.97%, respectively.
Among isolated compounds, withaferin A and withanolide
D which are famous as major constituents of Ashwagandha,
and are contained in the methanol extract at the same level
as withanoside IV or more.”® Although withaferin A and
withanolide D were reported to have antitumor activity,>**”
these showed strong cytotoxicity at 1 pM in primary cul-
tured normal cortical neurons (Fig. 6) and as well as
neuroblastoma SH-SY5Y.? Traditionally, Ashwagandha

J. Trad. Med. (Vol. 22 Suppl.1 2005)
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Fig. 6 Effects of withanolide A, withanosides IV and VI, withaferin A and
withanolide D on neuronal viability
The cortical neurons were treated with withanolide A (WL-A),
withanoside TV (WS-1V), withanoside VI (WS-VI), withaferin A (WF-
A), or withanolide D (WL-D) at a concentration of 1 uM. Four days
after, cell viability was quantificd by a WST-8 assay, and the survived
cell rate was shown compared with vehicle treatment (Cont). The values
represent the means and s.e.m. of 3 wells. *p < 0.05 when compared
with Cont.

has been considered to have no side effects. However, sys-
tematic study was hardly seen, which include acute, sub-
acute, or chronic toxicity of powder or extracts of
Ashwagandha. Aqueous-methanol extracts of Ashwagandha
roots, and equimolar mixture of sitoindosides VII and VIII
and withaferin A were studied for acute toxicity in mice.”
The acute LDso of the extract and the mixture was 1076
+ 78 mg/kg and 1564 * 92 mg/kg, respectively. In our
animal study, 10 pmol/kg of withanolide A, withanoside IV
or withanoside VI was effective for memory disorder. If the
methanol extract of Ashwagandha were to be taken, a quite
high dose, approximately 350 - 1080 mg/kg, of extract
would be needed to reach effective doses of the active 3
compounds. Although the extract has a merit, which con-
tains multiple active constituents, it may be accompanied
with risk of acute toxicity and neuronal death at high doses,
or no effect at low doses at least for anti-dementia purpose.

VII. Conclusion

Among constituents of Ashwagandha, withanolide A,
withanoside IV and withanoside VI could facilitate the re-
generation of axons and dendrites, and this compound led to
the dramatic reconstruction of synapses, when neuron dam-
age had already progressed. Moreover, these compounds
could ameliorate the memory deficit in mice, and could gen-
erate neurites and synapses in the cerebral cortex and the
hippocampus, suggesting that withanolide A, withanoside
IV and withanoside VI have potential as an essentially use-
ful drug to treat neurodegenerative diseases when used to-
gether with treatments preventing pathogenesis and
neuronal death. Other constituents, sitoindoside VII - X
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have also activating effects against cholinergic neurons, and
cause cognitive improvement. Therefore, Ashwagandha
may be useful drug for dementia. However, contents of
cytotoxic constituents should be considered carefully.
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