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ABSTRACT

According to European traditional pharmacopeia, as well as in Chinese traditional medicine, watercress (Nasturtium
officinale) has a property in enhancing physical stamina during stress condition. The aim of the study was to evaluate the
neuroprotective effects of watercress extract (WCE) on dexamethasone-induced neurodegeneration in mice. Swiss albino
male mice (35-40 g) were divided into 6 groups: double distilled water (DW) and normal saline solution (NSS) (DW+NSS),
DW and dexamethasone (DW+DEX)-treated for 21 days, 80 mg/kg of watercress extract (WCE) and NSS (SOWCE+NSS), and
WCE-treated (14 days prior to and during dexamethasone treatment) at variable doses of 20 mg/kg (20WCE+DEX), 40
mglkg (40WCE+DEX), and 80 mg/kg (SOWCE+DEX). At the end of the experiment, animals were tested for spatial memory
and learning ability by Morris Water Maze apparatus to determine the escape latency time (ELT), and the density of
parvalbumin (Pv)-immunoreactive (PV-ir) neurons in the hippocampus of the brain, using immunohistochemistry. After
dexamethasone treatment, the animals had significantly lower body weight, higher ELT and reduced density of Pv-ir
neurons in the CAIl and CA2 regions of the hippocampus, compared to the control animals. These parameters partially
improved in animals supplemented with WCE but without a dose-related pattern. This study suggests that WCE may be
beneficial for neuroprotection in stress-induced neurodegeneration.
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ABSTRAK

Menurut farmakopeia tradisi Eropah dan perubatan tradisi China, selada air (Nasturtium officinale) mempunyai sifat
dalam meningkatkan stamina fizikal semasa keadaan stres. Tujuan kajian ini adalah untuk menilai kesan neuropelindung
daripada ekstrak selada air (WCE) pada deksametason-teraruh neurodegenerasi pada tikus. Tikus jantan Swiss Albino
(35-40 g) telah dibahagikan kepada 6 kumpulan: Air suling dua kali (DW) dan larutan garam biasa (NSS) (DW + NSS), DW
dan deksametason (DW + DEX)-dirawat selama 21 hari, 80 mg/kg daripada ekstrak selada air (WCE) dan NSS (80WCE +
NSS), dan WCE-dirawat (14 hari sebelum dan semasa rawatan deksametason) pada pelbagai dos 20 mg/kg (20WCE + DEX),
40 mg/kg (4OWCE + DEX), dan 80 mg/kg (8OWCE + DEX). Pada akhir uji kaji, haiwan telah diuji untuk ingatan ruang dan
keupayaan belajar menggunakan perkakasan Lorongan Keliru Morris untuk menentukan waktu lepas kependaman (ELT),
dan ketumpatan neuron parvalbumin (PV)-imunoreaktif (Pv-ir) pada hipokampus otak menggunakan imunohistokimia.
Selepas rawatan deksametason, tikus mempunyai berat badan yang jauh lebih rendah, ELT lebih tinggi dan kurang
ketumpatan neuron PV-ir di kawasan CAI dan CA2 hipokampus berbanding dengan tikus kawalan. Parameter ini
sebahagiannya bertambah baik pada haiwan yang diberikan WCE tetapi tanpa corak yang berkaitan dengan dos. Kajian
ini menunjukkan bahawa WCE mungkin bermanfaat untuk neuropelindung dalam neurodegeneratif teraruh tekanan.

Kata kunci: Hipokampus; ingatan ruang,; Nasturtium officinale; neurodegeneratif; parvalbumin neuron

INTRODUCTION vital for cognition, learning, and memory (Ballard et al.

Dementia is a Syndrome indicated by the deterioration 201 1) In Alzheimer’s disease, in which all the mentioned
of cognitive function (Ng 2016). The patients’ clinical defects are its hallmarks, the hippocampus is almost always
presentation includes various types of erroneous cognitive ~ damaged (Ball 1978; Coleman & Flood 1987). This brain
behaviors such as the cognitive deficit, the inability of doing area is very sensitive to hypoxia and oxidative stress (Behl
household tasks or malfunction of learning ability. Elderly ~ 1998). The hippocampus possesses specific receptors for
people are at the highest risk of developing dementia due glucocorticoids, and long-term exposure to the hormones
to their advanced age, which may cause malfunction or ~ led to dendritic atrophy and neuronal apoptosis in the
death of neurons in the hippocampus; this brain area is ~ region (Chrousos & Kino 2009; Woolley et al. 1990;
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Yun et al. 2003). The glucocorticoid-receptor binding
induces alteration in Ca™ homeostasis, increases reactive
oxygen species and alters outer membrane permeability of
mitochondria (Hu et al. 2010). These pathological changes
in neurons in the hippocampal region correspond well with
clinical findings of glucocorticoids modulated acquisition,
consolidation, and retrieval of spatial memory in rats and
humans (Rashidy-Pour et al. 2004), and with negative
effects on declarative and working memory (Brown 2009).
Dexamethasone, a highly potent synthetic glucocorticoid
(Kawata 1995; Yahaya et al. 2018), induces neuronal
apoptosis in the hippocampus (Almeida et al. 2000; Reagan
& McEwen 1997).

Neurons in the hippocampus damaged by high levels
of glucocorticoids or dexamethasone are mostly non-
pyramidal, GABAergic interneurons (Filipovic et al. 2013;
Hu et al. 2010). Despite targeted by the hormones, these
neurons also contain a substance called parvalbumin (PVv),
a Ca'"-binding protein that could prevent the damage by
sequestering excessive Ca™ results from the hormonal
assault (Bergmann et al. 1991; Celio 1986; Plogmann
& Celio 1993; McPhalen et al. 1994; Sloviter 1989).
Therefore, these interneurons possess naturally protective
mechanisms, which might yield to the damage caused by
an excessive level of glucocorticoids in their surroundings.
The damage of these interneurons could also lead to a
compromise in their inhibitory actions on other types of
neurons in the hippocampus.

The function of these Pv-containing, GABAergic
interneurons in the hippocampus is to modulate short-
term synaptic plasticity (Caillard et al. 2000) and, thus,
are essential for spatial working memory (Murray et al.
2011; Ognjanovski et al. 2017). This may partially explain
why alteration in the number of these interneurons in
Alzheimer’s disease and age-related cognitive defects
affects learning and memory process (Cowan et al. 1990;
Verret et al. 2012).

The watercress, Nasturtium officinale R.Br. (locally
called Phak-nam Be-tong), a leafy perennial herb found
in southern Thailand (Betong district, Yala province), has
been listed among Chinese traditional herbs with anti-
oxidant activity that enhances physical stamina during
exercise-induced stress condition (Fogarty et al. 2013;
Hun Lee et al. 2013). Its active components include
ascorbic acid, beta-carotene and other phenolic compounds
(Yazdanparast et al. 2008). With its antioxidant activity,
the plant has been proposed for its potential to prevent
chronic diseases such as cancer (Gill et al. 2007) and heart
diseases (Yazdanparast et al. 2008). Thus far, no scientific
report of neuroprotective action of this plant extracts has
appeared in literature; the objective of this study was
therefore, to investigate if the watercress, N. officinale,
has any neuroprotective effect in dexamethasone-induced
neurodegeneration in mouse model, using learning ability
of the animals and the density of PvV-containing, GABAergic
interneurons in the hippocampus of the mouse brain as
indicators.

MATERIALS AND METHODS

PLANT PREPARATION

The watercress, N. officinale, were originally collected
from Betong district, Yala province during March-April
0f 2012 and kept at the herbarium library (Herbarium no.
SKP210141501), Department of Pharmacognosy, Faculty
of Pharmaceutical Sciences, Prince of Songkla University.
Twenty kg of the aerial part of the plant were dried in an
oven at 50°C for three days to obtain 500 g dry material,
which was milled and extracted with ethanol by percolation
method (Shahrokhi et al. 2009). Rotary evaporator under
reduced pressure was used to remove ethanol from the
crude extract, which was approximately 7% yield of the
total dry material. The watercress extract (WCE) was kept
under airtight and light-protected conditions at -20°C
until use.

RADICAL SCAVENGING ASSAY OF 2, 2-DIPHENYL-1-
PICRYLHYDRAZYL (DPPH)
DPPH assay was carried out by modifying the method of
Jothy et al. (2011), using butylated hydroxyl toluene (BHT),
a known antioxidant agent, as the standard control. Briefly,
2 mg of the WCE was dissolved in 10 mL of absolute ethanol
to make a stock solution, from which 2 mL were mixed
with 2 mL of DPPH solution and incubated for 20 min. The
reaction mixture was read by a spectrophotometer at 520
nm OD against blank (a mixture of 2 mL each of watercress
extract and absolute ethanol). The control sample was
composed of a mixture of 2 mL each of absolute ethanol
and DPPH. The antioxidant activity was calculated as: %
inhibition = (OD OD_ ) x 100/0D

control sample control *

ANIMAL PREPARATION

Male Swiss albino mice (35-40 g) were obtained from the
National Animal Center, Salaya, Nakhon Pathom, Thailand.
The animals were housed in controlled temperature at
25 + 2°C and a light-dark cycle of 12 h each with food
and water ad libitum. They were randomly assigned to
different interventions for 6 groups, 10 mice each. All
protocols used for the animals were approved by the
Animal Ethics Committee of Prince of Songkla University
(MOE0521.11/1075). The animals were divided into 6
groups: Double distilled water (DW) and normal saline
solution (NSS) (DW+NSS), DW and dexamethasone-treated
for 21 days (DW+DEX), 80 mg/kg of watercress extract
(WCE) and NSS (80WCE+NSS), and WCE-treated at variable
doses 20 mg/kg (20WCE+DEX), 40 mg/kg (40WCE+DEX),
and 80 mg/kg (80WCE+DEX). The animals received WCE
per oral daily for 14 days, followed by intraperitoneal
injection of 60 mg dexamethasone per kg body weight
(BW) of the animal daily for 21 days, meanwhile the
animals were continuously supplied with WCE. Control
animals received distilled water (DW) instead of WCE and
normal saline solution (NSS) instead of dexamethasone.
The dose and duration of dexamethasone treatment were



modified from the work of Tongjaroenbuangam et al.
(2011). Dexamethasone was prepared by diluting Dexon®
(General Drugs House co., Ltd.) with normal saline
solution (0.9% NaCl) to the final concentration (60 mg/mL
BW). The dose and duration of WCE treatment were adapted
from the results of Uabundit et al. (2010).

COGNITION, LEARNING AND MEMORY TEST

At the end of the experimental treatment (Day 35),
cognition, learning, and memory test was performed
using a modified Morris Water Maze (MWM) apparatus
from the work of D’Hooge and Deyn (2001). The test,
a swimming-based model in which the animal learns to
escape to a hidden platform, is widely used to investigate
spatial learning and memory capacity in rodents (Morris
1984). The training sessions were composed of three trials
per day and continued for three consecutive days. For the
training period, the water level in MWM was decreased
beneath the platform for 1 cm. The platform was located
in a fixed position until finishing the test. In the training
session, animals were individually placed into the maze by
tail-end first and allowed to swim freely in the tank for 60
s. If the animals could find the platform within the given
time, they would be allowed to stay on the platform for 15
s before being removed from the maze. The animals that
failed to achieve the task were guided by the researcher
to the platform. In the test session, the level of water was
raised to 1 cm above the platform. The water surface was
blinded by non-toxic milk powder. The time that animals
spent to find the platform was recorded as escape latency
time (ELT).

BRAIN SPECIMEN PREPARATION

Upon completing the water maze experiment, the animals
were deeply anesthetized by intraperitoneal injection of
Anesthal® (Jagsonpal Pharma) at 60 mg/kg mouse BW
and perfused transcardially with 4% paraformaldehyde
in pH7.4 phosphate buffer solution (PBS). The brains
were removed, post-fixed with 4% paraformaldehyde in
PBS for 72 h at room temperature and cryoprotected by
equilibration with 30% sucrose in PBS until being saturated.
Serial frozen sections with 40 um-thickness were prepared
coronally using a cryostat (LEICA CM 1850). Every fifth
section of the brain was randomly selected and coded so
that all subsequent analyses were carried out blind.

IMMUNOHISTOCHEMISTRY

Immunohistochemical method to detect PV in the mouse
brains was carried out, using a protocol modified from the
works of Udomuksorn et al. (2011) and Vongvatcharanon
et al. (2010). Briefly, the sections were incubated in 10%
normal horse serum (Vector Lab, Burlingame, CA) with
0.2% Triton-X 100 (J.T. Baker Inc, Phillipsburg, NJ)
for 30 min. The sections were then incubated in anti-PV
mouse monoclonal antibody at a dilution 1:200 (Sigma-
Aldrich Chemical Company, St. Louis, MO) overnight
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at 4°C. After washing with 0.1 M PBS, the sections were
incubated in Texas red-conjugated anti-mouse IgG (1:200
dilution, Vector Lab, Burlingame, CA) for 1 h. Finally, the
sections were washed with 0.1 M PBS and mounted with
Vectashield (Vector Lab, Burlingame, CA), cover-slipped
and sealed with nail polish. Controls were performed by
either omitting the first or secondary antibody. None of
these controls showed any labeling.

QUANTIFICATION OF PV-IMMUNOREACTIVE NEURONS

Four regions of the hippocampus were examined: cornu
ammonis (CA) 1, CA2, CA3, and dentate gyrus. Ten
sections from individual animals were analyzed for
immunolabelling of PV-immunoreactive neurons (PV-
ir neurons). Images taken from selected sections were
captured by a digital camera (DP50, Olympus, Japan). The
number of PV-ir neurons in each micrograph was counted
and the area of each examined section was measured using
image analysis software. The results were expressed as
numbers of PV-ir neurons per mm?.

STATISTICAL ANALYSIS

Data were expressed as mean + SD. Comparing the
differences of means among groups were carried out by
one-way ANOVA followed by Tukey-HSD. The significant
difference was considered at p<0.05.

RESULTS AND DISCUSSION

DPPH RADICAL SCAVENGING ASSAY OF WCE

The general appearance of WCE was dark-green color
with viscous property. In DPPH assay, it showed 58.3%
inhibition, while BHT, a standard antioxidant agent, showed
54 9% inhibition. In addition, IC50 of WCE and BHT were
6.7 and 5.1 mg/mL, respectively.

SURVIVAL AND BODY WEIGHTS OF THE ANIMALS

The animals of DW + NSS and 80WCE + NSS groups,
which did not receive dexamethasone, had 100% survival
(Figure 1(a)); while the animals in other groups that
received dexamethasone had variable levels of survival,
the animals of DW + DEX group that received only
dexamethasone survived at 50%. The animals of 20WCE +
DEX, 40WCE + DEX, and 80WCE + DEX groups, that received
dexamethasone and WCE at 20, 40, and 80 mg/kg BW daily
survived at 75%, 70%, and 80%, respectively. The BW of
the animals in all groups before dexamethasone treatment,
at day 14 of the experiment, did not differ statistically
(Figure 1(b)). However, at the end of the experiment, at
day 35, the animals in DW + DEXA, 40WCE + DEX, and
80WCE + DEX groups had significantly (p<0.05) lower
BW, compared to that of DW + NSS, 8OWCE + NSS, and
20WCE + DEX groups (Figure 1(b)). The findings that
dexamethasone treatment reduced survival and body
weight of the experimental mice correspond to previous
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reports that glucocorticoids inhibit somatic growth in rats
by decreasing growth hormone secretion and increasing
protein catabolism (Tulipano et al. 2007). Induced by the
metabolic changes, dexamethasone also inhibits appetite
resulting from an indirect action on the hypothalamus
(Liu et al. 2011). In this study, oral administration of WCE
prior to and during the dexamethasone treatment reduced
the effects of dexamethasone on the survival but not the
body weight of the animals. As mentioned, dexamethasone
has effects on eating behavior and the release of growth
hormone of the animals, so the findings suggest that WCE
could not counteract these effects.

MORRIS WATER MAZE TEST

The level of learning ability and spatial memory
performance, represented by ELT, showed a statistically
significant difference among groups (Figure 1(c)). The
control animals in DW + NSS and 80WCE + NSS groups
had the lowest duration of ELT, which was presumably
the basic score of ELT of normal mice. The mice in DW
+ DEX group which received only dexamethasone, had
significantly (p<0.05) higher ELT than that of DW + NSS
and 80WCE + NSS groups, suggesting the impairment of
their memory function. This impairment might partially
improve by WCE, as the ELT was shortened in 20WCE + DEX,
40WCE + DEX, and 80WCE + DEX groups, which received
dexamethasone and variable levels of WCE. However, the
effect of WCE was not dose-related, as only 40WCE + DEX
group, which received 40 mg WCE showed significantly
lower (p<0.05) ELT than that of DW + DEX_group. The
focus of this study, however, was on the recognition and
memory function of the animals. The mice treated with
dexamethasone DW + DEX group had prolonged ELT,
suggesting that the dexamethasone treatment affected the
learning and memory of the animals. Similar findings were
previously reported by other investigators (Almeida et al.
2000; Hu et al. 2010; Reagan & McEwen 1997; Woolley
et al. 1990; Yun et al. 2003).

Animals treated with WCE showed a reduced level
of ELT but a significant reduction was found only in the
animals receiving 40 mg/kg BW. Although the results
suggested that learning ability and spatial memory
performance impaired by dexamethasone treatment could
be partially improved by WCE, the effect of WCE was not
dose-related. The ELT test is a behavioral test and therefore
the results may not be accurately graded when doses of
WCE were compared.

DENSITY OF PV-IR NEURONS IN THE HIPPOCAMPUS

All four regions of the hippocampus: CAl, CA2, CA3, and
DG showed that PV-ir neurons, with more abundant of the
neurons in CA1 and CA2 than those in CA3 and DG (Figures
2 and 4). Following dexamethasone treatment (DW + DEX),
PV-ir neurons were reduced in density, visually (Figure 3)
and quantitatively (Figure 4); the reduction was clearly
observed in CAl and CA2 regions, but not in CA3 and DG
regions. In CAl region, the animals that received only

WCE at 80 mg/kg BW (80WCE + NSS) showed a significant
(p<0.05) increase in the density of the neurons, compared
to that of the control animals that received only distilled
water and normal saline solution (DW + NSS). The animals
that were supplemented with WCE while treated with
dexamethasone (20WCE + DEX, 40WCE + DEX and 8OWCE
+ DEX groups) decreased in the density, but only 80WCE
+ DEX group (receiving 80 mg/kg BW) was significantly
(p<0.05) lower than that of DW + NSS group. The densities
of these three groups of animals did not differ significantly
from each other but were significantly (p<0.01) higher
than the density in DW + DEX group, suggesting a partial
improvement of the neuronal numbers suppressed by
dexamethasone treatment. This improvement may not be
dose-related as the density was not increased by increasing
the levels of WCE supplement. On the contrary, with higher
levels of supplement, the density tended to decrease, and
the 80WCE + DEX group (with 80 mg/kg BW supplement)
showed significant (p<0.05) difference from that of DW +
NSS group. In CA2, the density of the PV-ir neurons seemed
to follow that of CA1. Exceptional was that no significant
difference in density was found between DW + NSS and
80WCE + DEX groups. The density of Pv-ir neurons in the
CA3 and DG was much lower than that of the CA1 and CA2,
and no statistical difference was detected among the groups
within the same brain region.

Additionally, to up-to-date knowledge, our study
suggests that dexamethasone treatment reduces the
density of Pv-ir neurons in the CAl and the CA2 regions
of the hippocampus. Activity in the CA1 is important for
consolidating episodic memories, with PV-expressing
interneurons function as coordinating hippocampal network
dynamically involves memory consolidation (Ognjanovski
etal.2017). Therefore, the decreased density of PV-neurons
in the CAl and CA2 as consequence of dexamethasone
treatment could be one of the mechanisms leading to the
decrease of learning ability and spatial memory. This
reduction likely signifies the death of neurons containing
PV, which may result from an alteration of calcium
homeostasis in the neuronal cytoplasm (McPhalen et al.
1994; Plogmann & Celio 1993).

The finding that all groups of the mice supplemented
with WCE had a significantly higher number of PV-ir
neurons in the CAl and CA2 than those treated with
dexamethasone alone, but still lower than those of the
control mice, suggests that WCE could partially protect Pv-ir
neurons from dexamethasone. Similar to the ELT results, the
protective effect of WCE on the neurons was the same at all
levels of WCE tested. The dose of dexamethasone treatment
might be too high for WCE to counteract, and therefore the
level of protection cannot be graded by different doses of
the extract. Nevertheless, a certain degree of protection
was detected.

The density of the Pv-ir neurons in the mice given
only 80 mg/kg BW of WCE (80WCE + NSS group) was
significantly higher than that of the control mice that
received only vehicles. This unexpected result suggests that
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FIGURE 1. Survival (a), body weight (b) and escape latency time (c) of mice treated with
dexamethasone, with and without watercress extract administration (n= 10)
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FIGURE 2. Photomicrographed immunohistochemical sections of normal mice with parvalbumin (PV)-
specific antibody, in the hippocampus (a), and its individual regions (b-e). Arrows point to examples of
PV-immunoreactive neurons in each region. CA, cornu ammonis; DG, dentate gyrus

WCE could increase the density of neurons, although this
was not accompanied by the lower ELT value. How WCE
causes the increase in the neuronal density is an interesting
topic for further research.

Mechanism(s) by which WCE protect(s) the brain from
dexamethasone-induced learning and memory impairment
remained unknown, although this study showed its anti-
oxidant activity as shown by the DPPH radical scavenging
assay. Major components in WCE include ascorbic acid,
[-carotene, and other phenolic compound (Gill et al. 2007);
most of these compounds are natural anti-oxidant and
has potential to recycle a-tocopherol in the lipid bilayer.
Besides the anti-oxidants, WCE serves as a rich source
of glucosinolates (Jeon et al. 2017; Voutsina et al. 2016;
Zeb2015). Among several glucosinolates, gluconasturtiin
(2-phenethyl glucosinolate) was the substance that is
worth to explore further. The substance, hydrolyzed by
myrosinase to a 2-phennethyl isothiocyanate, suppresses
carcinogen activation through the inhibition of phase
I enzymes (such as the cytochrome P450 family) and
induction of phase II enzymes (such as the glutathione

transferase family) and thus prevent DNA damage (Johnson
2002). How these mechanisms are related to the protective
effect of WCE against dexamethasone assault of the PV-ir
neurons in the hippocampus is not yet identified but it is
unlikely that the protection could be explained only by the
antioxidant effect of WCE.

CONCLUSION

Mice pre-treated with WCE were partially protected against
dexamethasone-induced neurotoxicity. Watercress might
have potential for the prevention of stress-induced physical
and cognitive decline. Further studies to identify the active
compounds and their mechanism of actions are on-going.
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FIGURE 3. Photomicrographed immunohistochemical sections of mouse brain showing PV-immunoreactive neurons
in the CA1 region of the hippocampus. Each section was CA1 from different groups of animals (n = 6)
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FIGURE 4. Density of PV-immunoreactive neurons in different regions of
hippocampus of different groups of mice
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