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Abstract
Background: Natural extracts and compounds used in tradi-
tional home medicine are known for their safety and a vari-
ety of health promoting and therapeutic potentials. In con-
trast to the single molecule mediated targets, the combina-
tional therapies are preferred for their multi-functional and 
limited toxic regimens and may be useful for disease thera-
peutics as well as to increase the quality of life during a vari-
ety of environmental stresses. Purpose: We aimed to com-
bine the active ingredients of Chinese (Helicteres angustifo-
lia) and Indian (Withania somnifera) ginsengs to develop a 
natural, efficient, and welfare combinatorial mixture with 
high anti-stress and glial differentiation potentials. Meth-
ods: Using cultured cells as a model system, we developed a 
combination of active ingredients of Chinese (Cucurbitacin 

B [Cuc]) and Indian (Withanone [Wi-N]) ginsengs. Eleven 
chemical models of environmental stresses were used. Cyto-
toxicity studies were performed using human skin fibroblast 
for anti-stress and rat glioma cells for glial differentiation ef-
fects. Results: We demonstrate that the novel combination 
of Cuc and Wi-N, CucWi-N, was non-toxic to normal cells. It 
caused stress protection in assays using normal human fi-
broblasts subjected to a variety of stresses. Of note, cells 
showed remarkable protection against oxidative and UV 
stresses and marked by decrease in DNA damage and reac-
tive oxygen species. We examined and found the glial differ-
entiation potential of CucWi-N in rat glioblastoma cells. Cuc-
Wi-N clearly induced differentiation phenotype, well-marked 
with upregulation of GAP43, MAP2, and GFAP, which have 
been shown to play a key role in glial differentiation. Conclu-
sion: These data demonstrate anti-stress and glial differen-
tiation potential of CucWi-N (a novel combination of Cuc and 
Wi-N) that could be recruited in nutraceutical and pharma-
ceutical avenues and hence warrant further evaluation and 
mechanistic studies. © 2018 S. Karger AG, Basel
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Introduction

Stress is a state of living system, wherein an absence of 
essential or presence of an undesired agent triggers mo-
lecular and functional changes in survival signaling, lead-
ing to reversible and/or permanent changes. It has been 
implicated in a large variety of diseases, most of these 
emerge from decline in tissue functions, which is also a 
hall-mark of aging [1, 2]. In view of this, stress has been 
entitled as an important aging-instigating and aggravat-
ing factor; anti-stress reagents are predicted to delay age-
related tissue malfunctions and increase quality of life 
(QOL) especially in the later years of life [3]. Cancer has 
also been characterized as a stressed state of cells wherein 
cells lose their normal functions, and dedifferentiate and 
proliferate infinitely disrupting normal body functions 
[4, 5]. Cancer incidence has been seen to increase expo-
nentially due to prolonged human lifespan in last 3–4 de-
cades amounting to old-age societies world-wide, and in-
crease in environmental stresses due to industrialization 
and heavy use of chemicals in daily life [6]. At the same 
time, neurodegenerative diseases that mark old age afflict 
QOL at individual, family, social levels at large, and be-
come high burden on social and health-care systems. In 
view of these, research on the identification of anti-stress 
natural reagents, studying their molecular mechanisms of 
action and use in preventive and therapeutic use have 
been prioritized.

Cell culture has been established as a reliable model 
system for not only in stress biology research but also for 
screening natural and synthetic anti-stress compounds 
[7]. Amongst a large variety of chemical models of stress, 
such as benzo[a]pyrene for smoke, sodium arsenite for 
heavy metal, 2-nitro-9-fluorenone for diesel, bisphenol A 
bis(chloroformate) for plastics, cobalt chloride for hy-
poxia, hydrogen peroxide for oxidative stress, and UV ra-
diations for DNA damage stress, the last two have been 
used most widely in the laboratory using cultured mam-
malian cells [8]. A large number of natural and synthetic 
anti-oxidant compounds that cause either attenuation of 
production or destruction of reactive oxygen species 
(ROS)  (charged super-ions continually generated and re-
leased in the cells) have been identified and promoted to 
nutraceutical as well as pharmaceutical industries [9–11]. 
Molecular mechanisms of their action and specific effects 
either on cancer or age-related neurodegenerative diseas-
es are only beginning to be attempted and resolved [12, 
13]. 

Screening of anticancer compounds is relatively easy as 
it relies on identification of cytotoxic properties and cell 

death mechanisms. The latter could be achieved in short-
term experiments. On the other hand, screening of com-
pounds with potentials to modulate stress and brain func-
tions is challenging as it demands identification of non-
toxic and safe compounds, and characterization of 
functional properties of living cells in long-term assays. 
Prevention  and control of stress-related anomalies is a 
complex and complicated task as it requires comprehen-
sive characterization of chemical as well as physiological 
effects on normal as well as diseased cell and tissue states. 
Whereas single synthetic molecules were favored for tar-
geted therapies in the past, they have been associated with 
shortcomings including toxicity, high cost, and drug re-
sistance phenotypes [14, 15]. Natural home medicine in-
gredients have been shown to provide a safer and holistic 
remedies for treatment of stress and cancer and are often 
predicted to offer additional benefits such as higher and 
broad spectrum efficacy [16, 17]. 

We have earlier demonstrated that ashwagandha 
 (Indian ginseng)-derived withanolides possess significant 
anticancer activity in in vitro and in vivo [18–25]. Low 
doses of the bioactive withanolides (Withaferin A [Wi-A] 
and Withanone [Wi-N]) caused protection of normal 
cells against oxidative and DNA damage [26, 27]. Molecu-
lar studies have demonstrated activation of tumor sup-
pressor function, oxidative and DNA damage selectively 
in cancer cells [21, 24]. Furthermore, methoxy-Withafer-
in A, although inactive for cancer cells, was shown to pos-
sess anti-stress potential in normal cells [28] suggesting 
side benefits of holistic extracts used in traditional home 
medicine that has been in practice for centuries in Ayurve-
da. On similar lines, we earlier identified anticancer activ-
ity in the root extract of Chinese ginseng, Helicteres angus-
tifolia [29]. However, the active component of the extract, 
Cucurbitacin B (Cuc) showed cytotoxicity not only on 
cancer but also on normal cells [30]. In view of these find-
ings, we engineered a combination of Cuc and Wi-N 
(CucWi-N) that was selectively toxic to cancer cells (un-
published data). In the present study, we characterized the 
effect of CucWi-N on normal cells under a variety of 
stressed conditions. We found that CucWi-N not only 
protects normal cells against a variety of stresses, but also 
triggers differentiation in glioblastoma cells suggesting its 
potential in enhancing QOL and brain functions.

Materials and Methods

Cells and Reagents
Human normal skin fibroblasts (TIG-3) and rat glioblastoma 

cells (C6) were cultured in Dulbecco’s modified Eagle’s medium 
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(Invitrogen) supplemented with 5% fetal bovine serum and 1% 
penicillin/streptomycin in a humidified incubator (37  ° C and 5% 
CO2). Cuc (Sigma-Aldrich) and Wi-N (Funakoshi) were dissolved 
in dimethyl sulfoxide (DMSO) to prepare stock and working solu-
tions. Antibodies against GAP43 (SC-33705, Santa Cruz), MAP2 
(M3696, Sigma  Aldrich), GFAP (G9269, Sigma Aldrich), mortalin 
[31], and β-actin (ab49900, AbCam) proteins were used for im-
munoblotting and immunostaining. 

Cell Viability, Stress, and Anti-Stress Assays
The cytotoxicities of Cuc, Wi-N, and CucWi-N was deter-

mined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT)-based assay. Cells (2 × 103/well) were plated in 
96-well plate, allowed to settle overnight, and treated with varying 
doses of the compounds. The control (DMSO) or treated cells were 
incubated for 48 h followed by addition of 10 µL of phosphate buff-
ered saline (PBS) containing 5 mg/mL MTT (M6494, Life Tech-
nologies), and further incubated for 4 h. Media containing MTT 
was aspirated and replaced with DMSO. The plates were placed on 
a shaker for 5 min followed by measurement of optical density at 
570 nm using Tecan infinite M200® Pro microplate reader (Tecan 
Group Ltd., Mannedorf, Switzerland). Cell viability was calculated 
in percentage against the control. Cells were stressed with indi-
cated chemical models of stress for 60 min, followed by recovery 
in either control or CucWi-N-supplemented medium for 48 h. UV 
chamber (FS-800, FUNA®-UV-linker) was used to induce UV-
radiation stress. For visual observations, cells were fixed in 100% 
methanol, incubated with 0.5% crystal violet stain for 2 h, exces-
sively washed in PBS, air dried and visualized under the micro-
scope.

DNA Damage and ROS Detection
In order to explore DNA damaging effect of CucWi-N, comet 

assay was done using single cell gel neutral comet assay (Trevigen’s 
Comet Assay®) electrophoresis system following the manufactur-
er’s protocol. ROS levels were determined by ROS Live Stain Assay 
performed using commercially available Image-ITTM LIVE Green 
Reactive Oxygen Species Detection Kit, for microscopy (I36007, 
Invitrogen) following the manufacturer’s protocol.

Immunoblotting
Control and treated cells were harvested and washed with PBS 

(X2), followed by lysis in RIPA buffer (89900, Thermo Fisher) con-
taining complete protease inhibitor cocktail (4693159001, Roche 
Applied Science) on ice for 45 min. Lysates were separated on a 
SDS-polyacrylamide gel using Mini-Protean® Tetra cell equip-
ment (Bio-Rad, Hercules, CA, USA), and subjected to Western 
blotting [24] using protein-specific antibodies as indicated and 
horseradish peroxidase-conjugated secondary HRP antibody 
(31430, Thermo Fisher or 31460, Thermo Fisher). Blots were de-
veloped using chemiluminescence solution (GE Healthcare, UK) 
and visualized using Lumino Image Analyzer (LAS3000-mini; Fuji 
Film).

Immunostaining
Cells were plated on coverslips placed in 12-well plates and 

allowed to settle overnight, followed by culture either in control 
or CucWi-N-supplemented medium. Control and treated cells 
were fixed in methanol: acetone (1: 1) on ice for 5 min, rinsed with 
PBS (X3), permeabilized with 0.2% PBST (0.2% TritonX-100 in 

PBS) for 20 min, washed with PBS for 15 min, and blocked with 
2% bovine serum albumin protein dissolved in PBST for 45 min. 
Fixed cells were immunostained using primary antibodies (as in-
dicated) and matched secondary antibodies as described earlier 
[24].

Statistical Analysis
All the calculations were done using Microsoft® office. Statisti-

cal significance was calculated by unpaired t test of GraphPad soft-
ware® (2017) using mean, SD, and N from 3 independent experi-
ments, and shown as * p < 0.05, ** p < 0.01, *** p < 0.001.

Results

CucWi-N Possesses Anti-Stress Potential
In order to investigate the anti-stress potential of 

CucWi-N, dose response of human normal skin fibro-
blasts to CucWi-N was first determined. As shown in 
Figure 1a, whereas Cuc 5–10 µM begins to show toxic-
ity to TIG-3 cells, its combination with Wi-N (2.5–
5.0 µM) was inert. We then established the response of 
cells to the treatment with H2O2 and UV. Dose-depen-
dent decrease in viability was obtained in cells treated 
with H2O2 (Fig. 1b) as well as UV (Fig. 1c). By multiple 
assays, we chose 650 µM of H2O2 and UV 5mJ/cm2 
(IC50) as appropriate stress inducing conditions. We 
then used 9 other chemical models of various environ-
mental stresses (Fig.  1d) and determined their effect 
on TIG-3 cell viability. By multiple experiments, IC10–
IC50 doses of stresses were determined previously [8]; 
~IC20 doses were used to determine the anti-stress 
 effect of CucWi-N. By several independent experi-
ments, we found that CucWi-N caused increase in sur-
vival of cells exposed to chemical models of stresses in-
cluding diesel (2-nitro-9-fluorenone), anger (epineph-
rine), cans (vanadium oxide), plastics (bisphenol A 
bis(chloroformate), battery (cadmium nitrate tetrahy-
drate), hypoxia (cobalt chloride), paint (formaldehyde), 
oxidation (hydrogen peroxide), and DNA damage (ul-
traviolet radiations; Fig. 1d–f). We, next, chose UV and 
H2O2 stresses and determined their effect on control 
and CucWi-N-treated cells. As shown in Figure 2a, 
Comet assay showed increase in tail DNA (indicative of 
DNA damage) in UV-treated cells. Of note, CucWi-N-
treated control cells did not show any increase in tail 
DNA (Fig. 2a). ROS assay in control and H2O2-stressed 
cells with/without CucWi-N clearly revealed its in-
crease in H2O2-treated cells and its decrease when cells 
were recovered in CucWi-N-supplemented medium 
(Fig. 2b).



Garg/Kaul/WadhwaAnn Neurosci 2018;25:201–209204
DOI: 10.1159/000490693

0
0

0

50

100

150

4
2

8
4

16
8

32
16

64
32

125
64

Cuc, nM
Wi-N, µM

Vi
ab

ili
ty

, %
TIG-3

CucWi-N~
Cuc (5 nM) + Wi-N (2.5 µM)

* **
***

***
***

*** ***

***

Cuc Wi-N
Cuc

a

TIG-3

**
*** *** ***

b
0 600 700 800 900

0

50

100

150

Vi
ab

ili
ty

, %

H2O2, µM

H2O2 IC50 ~ 650 µM

d

TIG-3

**
*** *** ***

c
0 3 6 9 12

0

50

100

150

Vi
ab

ili
ty

, %

UV, mJ/cm2

UVIC50 ~ 5 mJ/cm2

0

1

2

3

4

5

6

7

8

9

10

11

Stress

Control

Sodium (meta) arsenite

Benzo[a]pyrene

2-Nitro-9-fluorenone

Epinephrine

Vanadium oxide

Bisphenol A bis (chloroformate)

Cadmium nitrate tetrahydrate

Cobalt chloride

Formaldehyde

Hydrogen peroxide

Ultraviolet radiations

-

NaAsO2

C20H12

C13H7NO3

C9H13NO3

V2O5

(CICO2C6H4)2C(CH3)2
CdH8N2O10

CoCl2
CH2O

H2O2

UV

Type

-

Heavy metal

Smoke

Diesel

Anger

Cans

Plastics

Battery

Hypoxia

Paintings

Oxidation

DNA damage

e

0

50

100

150

Vi
ab

ili
ty

, %

Stress

TIG-3

0 1 2 3 4 5 6 7 8 9 10 11

* *
*

** ** **

***

***
* *

Control
CucWi-N

f –15

0

15

30

45

An
ti-

st
re

ss
 p

ot
en

tia
l o

f C
uc

W
i-N

fo
ld

 c
ha

ng
e 

in
 v

ia
bi

lit
y 

w.
r.t

. c
on

tro
l

Stress

TIG-3

1 2
3 4 5 6 7 8 9 10 11

Fig. 1. Anti-stress potential of CucWi-N in normal skin fibro-
blasts (TIG-3). a Dose response of cells to Cuc and CucWi-N dur-
ing 48 h treatment; (b), dose titration and determination of IC50 
of 48 h H2O2 treatment; (c), dose titration and determination of 
IC50 of 48 h UV treatment; (d), tabulated chemical/physical mod-
els of environmental stresses; (e), viability of control and CucWi-

N-treated cells exposed to stresses as indicated by numbered with 
reference to d; (f), graphical representation of the percent fold 
change in cell viability of cells exposed to stresses and recovery in 
CucWi-N supplemented medium with respect to the ones recov-
ered in normal medium. CucWi-N, Cucurbitacin B and Witha-
none. * p < 0.05, ** p < 0.01, *** p < 0.001.
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CucWi-N has Glial Differentiation Potential
Based on the anti-stress activity of CucWi-N as de-

scribed above, we next questioned whether it has an abil-
ity to promote brain function and improve QOL by en-
hancing the differentiation capacity of brain derived 
cells. As a model, we used rat glioma (C6) cells that offer 
an easy culture system for assessment of glial differentia-
tion potential of drugs [22]. Dose response of C6 cells to 
CucWi-N was first established (Fig. 3a) and 3 combina-
torial doses were selected for analysis of their glial differ-
entiation potential. Cells were subjected to low (IC01), 
medium (IC10) and high (IC50) doses of CucWi-N and 
first examined for differentiation morphology during 
14 days of culture. As shown in Figure 3b, cells showed 
distinct differentiation phenotype in a dose-dependent 
manner. Of note, the high dose showed toxicity and dif-
ferentiation together suggesting that it may be recruited 
as a drug for differentiation therapy for glioblastoma tu-
mors that are extremely difficult to be treated by radio 
and chemotherapy regimens. Differentiation therapy 
may offer a milder, safer, and functional alternative in 
such cases. In order to confirm the differentiation phe-
notype, we generated GFP-tagged cells and confirmed 
their CucWi-N-induced differentiation in a dose-depen-

dent manner (Fig. 3b). Furthermore, we examined the 
expression level of proteins that play a key role in glial 
differentiation. As shown in Figure 4a, cells treated with 
CucWi-N showed upregulation in GAP43, MAP2, and 
GFAP proteins in a dose-dependent manner. The find-
ings were endorsed by Western blot analysis using spe-
cific antibodies (Fig. 4b).

Discussion

Stress is a state of a living system, biologically per-
ceived as a disturbance in the homeostasis [2]. It involves 
cascade of responses including structural and functional 
changes in biomolecules yielding peculiar disease pheno-
types that may range from common cold, inflammation, 
decline in brain functions, and cancer. Although con-
nected to almost all known diseases, stress is not defined 
as a disease by itself and is an unavoidable part of normal 
life. Traditional home medicine systems offer a huge and 
healthy resource of information on herbs, their extracts, 
and pure compounds with anti-stress properties that 
could be recruited for enhancing QOL in the normal or 
diseased states. Whereas pure compounds are preferred 
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Fig. 2. Effect of CucWi-N on stress-induced increase in DNA dam-
age and ROS levels in normal skin fibroblasts (TIG-3). a Comet 
assay images of control and CucWi-N-treated TIG-3 cells with/
without UV stress (5 mJ/cm2). Length of the “tail” corresponds to 
the extent of DNA damage. Whereas UV-treated cells showed in-
crease in tail DNA, CucWi-N treatment caused decrease in tail 

length; (b), ROS assay images of control and H2O2 (600 µM) 
stressed cells recovered either in control or CucWi-N-supple-
mented medium. CucWi-N-treated cells showed protection 
against H2O2-induced increase in ROS. Quantitation of (a) and 
(b) is shown on the right panels, respectively. * p < 0.05, ** p < 0.01, 
*** p < 0.001.



Garg/Kaul/WadhwaAnn Neurosci 2018;25:201–209206
DOI: 10.1159/000490693

for botanical drug development, extracts are preferred for 
disease preventive and boosting QOL. 

Brain function is an extremely important aspect of 
stress biology. It is directly involved in initiation of stress 
signaling, persistence, and attenuation. Although several 
synthetic and natural anti-stress molecules are available 
as nutraceuticals in the market, they are limited in terms 
of experimental evidence to their claimed effects and of-
ten raise undesired adverse effects [32]. There is a com-
pelling need to develop natural, efficient, and welfare 
combinatorial compounds/extracts with broad and safe 
spectrum of effects in functional preventive and thera-
peutic medicine. Glial cells (astrocytes, microglia, oligo-
dendrocytes, Schwann cells, and radial glia) are the major 
constituent of the central nervous system that function to 
provide anchorage, nutrients, oxygen, and insulation to 
the neurons and excrete waste away [33, 34]. They are an 
extremely important constituent of memory, motor, and 
other functions of CNS, and are subjected to high internal 
and external stresses. As a result, the incidence of a variety 
of diseases including cancer in glial cells (glioblastoma) is 
high. Such diseases are further complicated by extremely 
poor prognosis and difficult to treat. Brain functions in 
normal and diseased states are highly influenced by stress 
and hence demand interventions with natural, efficient, 
and welfare compounds.

Several studies have earlier reported therapeutic po-
tential of Cuc for treatment of cancer, cardiac, liver, lung, 

neuronal and skin injuries, systemic infections, general-
ized inflammation, sex-related disorders, and adipocyte 
differentiation abnormalities [30]. It has been shown to 
possess anti-oxidant, anti-viral, anti-pyretic, analgesic, 
and anti-malarial properties. Cuc protected the heart 
against pressure overload cardiac hypertrophy and fibro-
sis, prevented sepsis-induced acute lung injury, counter-
acted psoriatic lesions and neuronal injuries, and fatty 
liver in various in vivo and clinical systems. It was shown 
to inhibit growth of human glioblastoma multiforme cells 
by intense disturbance in its internal cytoskeleton [35]. 
Within 15–30 min of treatment, it caused loss of pseudo-
podia, mutlinucleation, and skirting up of cells associated 
with disruption of actin and microtubules that was im-
mediately followed by the activation of cell survival path-
ways. Touihri-Barakati et al. [36] also suggested the role 
of integrin in Cuc-mediated inhibition of proliferation 
and glio-differentiation. Its therapeutic value has been 
dampened by severe toxicity in vivo [37] as shown by 
symptoms including diarrheal gastric upset, syncope, and 
respiratory failure [30]. We also previously reported its 
toxicity on cultured human normal fibroblasts [29].

Wi-N (C28H38O6), on the other hand, is one of the 
relatively less studied bioactive that is derived from 
Withania somnifera. It was shown to cause selective cy-
totoxicity on cancer cells by irreversibly damaging DNA 
repair mechanisms, disturbing the cellular assembly and 
organization, and mortalin-p53 function [18, 19, 24]. 
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Several studies have suggested anti-inflammatory and 
anti-stress potential of Wi-N [38, 39]; they have attrib-
uted this property to the oxidized 5–7 carbons in its 
chemistry [40] that translates into weak binding affinity 
to target proteins [19]. In the normal cells, it delayed the 
onset of stress-induced senescence [27], and protected 
brain-derived cells from oxidative and glutamate stresses 
[22]. Moreover, Wi-N also prevented memory loss in 
mice model against scopolamine-mediated toxicity [20]. 
It was shown to enhance both short-term and long-term 
memories by upregulation of proteins involved in mem-
ory [41]. 

In the present study, we used CucWi-N, a combina-
tion of Cuc and Wi-N (1: 500 molar ratio) that showed 

significant protection against a variety of stresses. Fur-
thermore, it induced remarkable differentiation in glial 
cells in a dose-dependent manner. We propose that Cuc-
Wi-N is a stress protective and glial differentiation induc-
ing combination with potentials for enhancing the QOL 
in normal or diseased states. Further functional analyses 
are warranted for its adoption in either nutraceuticals or 
pharmaceuticals.
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