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Abstract Chronic alcohol consumption induces damage to
the brain that can cause various forms of dementia. An
abundance of acetaldehyde is produced by excessive
alcohol consumption and accumulates in the body to
induce oxidative stress, apoptosis, and inflammation in
neuronal cells, which results in learning and cognitive
decline. In the present study, C57TBL/N mice were orally
administered alcohol (16%) and Carthamus tinctorius L.
seed (CTS) (100 and 200 mg/kg/day). Behavioral experi-
ments showed that memory and cognitive abilities were
significantly higher in the CTS groups than the alcohol-
treated control group in the T-maze test, novel object
recognition test, and Morris water maze test. In addition,
CTS inhibited alcohol-induced lipid peroxidation and nitric
oxide production in the brain, kidney, and liver. Moreover,
alcohol increased acetylcholinesterase activity in the brain,
but this was significantly decreased by the administration
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of CTS. Therefore, CTS may play role in the prevention of
alcohol-related dementia.
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Introduction

Alcohol is known to cause various medical symptoms and
has been attributed to the occurrence of alcoholic disease
(Room et al., 2005). Alcoholism is one of the most
prevalent causes of mental disorders worldwide, and
chronic consumption may induce the deterioration of
cognitive function (Grant et al., 2004). Neurological dys-
functions, including difficulties with abstract problem-
solving abilities, visual and language learning and memory,
perceptual motor skills, and even motor functions are
commonly found in alcoholism (Harper and Matsumoto,
2005). In particular, chronic alcohol consumption is the
main cause of alcohol-related dementia (ARD) (Thomas
and Rockwood, 2001). Alcohol is metabolized to
acetaldehyde, which causes brain damage and contributes
to the progression of ARD (Holownia et al., 1996;
Holownia et al., 1999; Tong et al., 2011).

Antioxidants may be beneficial for the reduction of
oxidative stress, which is one of the causes of ARD.
Vitamins, flavonoids, and carotenoids from various natural
sources can be used to prevent or reduce the progression of
ARD. Polyphenols are reported to exert antioxidant activity
and to attenuate oxidative stress caused by reactive oxygen
species (ROS). In particular, serotonin and kaempferol
have been shown to improve cognitive performance in
Alzheimer’s disease (Seyedabadi et al., 2014; Zhang et al.,
2016).
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Carthamus tinctorius L., which is distributed widely
throughout the world, including China, India, Southern
Europe, and North America, has been reported to have anti-
inflammatory (Jun et al., 2011), anti-oxidative, and neuro-
protective effects (Wang et al., 2014). It contains several
bioactive flavonoids and polyunsaturated fatty acids such
as linoleic acid. In particular, safflower yellow and car-
thamin, a red pigment, from C. tinctorius have been used
widely as natural dyes (Hiramatsu et al., 2014). C. tincto-
rius L. seed (CTS) has been reported to exert anti-cancer
(Hou et al., 2010), anti-oxidant (Herrera et al., 2003), anti-
inflammatory effects (Bae et al., 2002), and to improve
lipid metabolism (Kang et al., 1999; Roh et al., 1999; Takii
et al.,, 1999). Lignans and flavonoids isolated from CTS,
such as serotonin, kaempferol, and acacetin, showed
health-beneficial activities (Cho et al., 2004). Moreover,
CTS oil comprises more than 70% of linoleic acid, which is
known to play a protective role in brain function (Kalmijn,
2000; Zhang et al., 2016). However, a study of the pro-
tective effects of CTS on cognitive function impaired by
alcohol consumption has not yet been conducted. In this
study, we investigated the neuro-protective effect of CTS
on cognitive dysfunction induced by chronic alcohol intake
in an in vivo mouse model.

Materials and methods
Sample preparation

CTS was obtained from Geunyang Oriental Medicine Co.
(Chungcheongbuk-do, Korea). A voucher herbarium
specimen has been deposited at the Department of
Medicinal Crop Research, National Institute of Horticul-
tural and Herbal Science, Rural Development Adminis-
tration, and was identified by a plant systematist from the
Herbal Crop Research Division. Dried CTS was pulverized
and extracted twice in 70% ethanol (EtOH) by ultrasound
(60 Hz, 19 °C#£2 °C, 3 h). The solvent was evaporated in
vacuo to give an extract with a yield of 4.65% by weight of
the original CTS. The EtOH extracts from CTS were dis-
solved in 1% carboxymethyl cellulose sodium salt (CMC)
solution.

Animals and experimental protocols

Male C57BL/6 N mice (Orient Inc., Gyeonggi-do, Korea)
were given ad libitum access to food and distilled water,
and maintained in a 12 h light-dark cycle at a controlled
temperature (20 °C£2 °C) and humidity (50%=+10%). The
experimental protocols complied with the animal care and
use guidelines approved by the Pusan National University-
Institutional Animal Care and Use Committee (PNU-
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IACUC, Approval No. PNU-2017-1510). The animals
were divided into four groups each consisting of nine
individuals. The normal group was administered distilled
water + 1% CMC solution. The alcohol-treated control
group was administered 16% EtOH (Duksan Co.,
Gyeonggi-do, Korea) (5.0 g/kg/day) + 1% CMC solution.
The CTS 100 group was administered 16% EtOH (5.0 g/
kg/day) + CTS (100 mg/kg/day in 1% CMC solution).
The CTS 200 group was administered 16% EtOH (5.0
g/kg/day) + CTS (200 mg/kg/day in 1% CMC solution).
All reagents were administered orally by using a feeding
needle. The schedule of treatment and behavioral experi-
ments is shown in Fig. 1.

T-maze test

The T-maze test was performed according to the method of
Montgomery (1952). The T-maze box consisted of black
acrylic with no visible outside, starting arm, left arm, and
right arm (width 12 cm, height 20 cm, starting arm 76 cm,
right arm and left arm, 31.5 cm each). A blocking door was
installed and used. On the first day, the mice were placed at
the beginning of the T-maze box, the right arm was
blocked, and the mice were allowed to freely navigate for
10 min. The number of times that the left arm was entered
was recorded. After 24 h, the blocking door was removed,
the mice were placed in the same position, and the number
of entries to the old route and the new route were measured
over 10 min. The spatial perception ability (%) was cal-
culated by recording the number of entries to the whole
passage and the number of entries to the left and right arm,
multiplied by 100.

Novel object recognition test

For the object recognition test, a black acrylic box
(40 x 40 x 40 cm3) was made to be invisible from the
inside according to the method of Bevins and Besheer
(2006). Two objects of the same shape and size (A, A’)
were fixed in the box. On the first day, the mice were
started from the center of the box and allowed to touch
each object freely for 10 min, and the number of touches
was recorded. After 24 h, one of the two objects was
changed to a new object (A, B), and the mice were started
at the same position. The number of touches of the old
object (A) and the new object (B) was observed. The object
cognitive ability (%) was calculated from the comparison
of the number of touches of both objects with the number
of touches of the old object and the new object.
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Fig. 1 Experimental schedule of behavioral tests for mice treated with alcohol (16%). CTS Carthamus tinctorius L. seed

Morris water maze test

The Morris water maze test was conducted according to the
experimental method of Morris (1984). The round water
pool (150 cm in diameter, 30 cm in height) used in the
experiment was divided into four quadrants and marked
with different marks at each position. The temperature of
the water was maintained at 22 °Cx1 °C and non-toxic
white paint was mixed with water to make it opaque, so
that the mice could not go directly to the escape platform.
An invisible escape platform (8 cm in diameter) was
placed 1 cm below the surface of the water in the center of
one quadrant. During the training period, the position of the
escape platform was not changed, and visual cues were
provided to locate the escape platform by attaching four
spatial cues to the walls of each and quadrant of the water
pool. The training period was three intervals of 4 h for
3 days. In the training trials, the mouse was placed in the
water facing the pool wall at an arbitrary starting point and
allowed 60 s to find the hidden platform; the time taken
was recorded. When the mouse found the hidden platform,
a rest of 15 s was allowed on the platform. If the hidden
platform was not found within 60 s, the mice were guided
to the escape platform and trained for 15 s to recognize the
clues on the escape platform. Three tests were performed
on the fourth day after the training was completed. The first
test was performed in the same way as before to record the
time to find the hidden platform. The second test was to
remove the escape platform and allow the mouse to freely
navigate in the water pool for 60 s. Then, the percentage of
time spent in the target quadrant was calculated. The final
test measured the time to reach the exposed platform.

Measurement of lipid peroxidation

The malondialdehyde (MDA) content of the tissues was
measured by using the method of Ohkawa et al. (1979).
The brain, kidney, and liver tissue were homogenized with
physiological saline (0.9% NaCl) using a homogenizer
(Next Advance Inc., Averill Park, NY, USA) and

centrifuged at 1150xg for 10 min (UNION 32R, Hanil
Science Industrial Co., Ltd., Incheon, Korea). The tissue
supernatant was mixed with 1% phosphoric acid (Samchun
Pure Chemical Co., Gyeonggi-do, Korea) and 0.67%
thiobarbituric acid solution (Acros Organics, Morris Plains,
NJ, USA) and incubated at 100 °C for 20 min. After
cooling on ice, 7.5 mL of n-butanol was added, centrifuged
at 1150x g for 10 min, and the absorbance of supernatant
was measured using microplate reader at 540 nm (BMG
LAB-TECH, Ortenberg, Germany). The degree of lipid
peroxidation was calculated from the standard curve.

Measurement of nitric oxide (NO)

The NO content of tissues was measured by using the
method of Schmidt et al. (1992). Briefly, 150 pL of brain,
kidney, and liver tissue homogenate was mixed with
130 L of distilled water. Subsequently, 5% phosphoric
acid containing 1% sulfanilic acid and 0.1% N-(1-naph-
thyl) ethylenediamine dihydrochloride solution were mixed
with 1:1 (v/v). After incubation at room temperature for
15 min, the absorbance at 540 nm was measured. The
inhibition of NO production was calculated from a standard
curve of NaNO, (Junsei Chemical Co., Tokyo, Japan)
concentration.

Acetylcholinesterase (AChE) activity assay

The AChE activity was determined in brain tissue by using
an AChE assay kit (Sigma Aldrich Co., St Louis, MO,
USA) in accordance with the manufacturer’s instructions.
After centrifugation at 18,000xg for 5 min, the working
reagent was added to the supernatant for 2 min (initial) or
10 min (final). The absorbance at 412 nm was measured
and calculated relative to the control group (100%).

AChE activity (units/L)
= [(AbSfingi —AbSinitiar ) / (AbScalibrator — AbSbiank )]
x 20 x 100
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Statistical analysis

All results were expressed as the mean 4+ SD. The statis-
tical significances of results were analyzed by one-way
ANOVA and Duncan’s multiple test (p < 0.05) using IBM
SPSS statistics programs 23 (IBM Corporation, Armonk,
NY, USA). In the T-maze test and novel recognition test
experiments, significance differences between the training
session and the test session were compared by two-tailed
Student’s #-test (p < 0.05).

Results and discussion

Chronic alcohol consumption is a typical risk factor for
liver disease (Wang et al., 2018), neuropsychiatric disor-
ders (Gerridzen et al., 2018), brain damage (Guo and Li,
2017), and various forms of dementia, including ARD
(Huang et al., 2016). Chronic alcohol consumption causes
morphological changes in the brain and it accelerates brain
shrinkage. These changes in the brain are associated with
the loss of neuronal cells, leading to critical neurodegen-
erative function and cognitive decline (Jensen and
Pakkenberg, 1993; Kril and Halliday, 1999). In addition,
chronic intake of alcohol impairs cholinergic neurons or
decreases receptors of cholinergic system, which plays
important role in memory function (Arendt, 1994). More
than 90% of alcohol is metabolized to acetaldehyde by
alcohol dehydrogenase (ADH) in the liver. Acetaldehyde is
converted into acetic acid and released from the body
(Smith et al., 1997). However, when excessive consump-
tion of alcohol occurs, acetaldehyde is not converted to
acetic acid and accumulates in the body. The accumulation
of acetaldehyde and fatty acid ethyl ester, which are toxic
metabolites of EtOH, inhibits functions of mitochondria
and causes damage to cells or tissues (Nakamura et al.,
2003; Quertemont et al., 2005). Brain is easily damaged by
free radical attacks as compared to other organs because of
high density of polyunsaturated fatty acids, its high meta-
bolic activity, and relatively low antioxidant defense sys-
tem (Friedman, 2011; Halliwell and Gutteridge, 1985).
EtOH can cross the blood-brain-barrier very easily and is
metabolized in the brain by ADH, catalase, or cytochrome
P450 (CYP2E1). Exposure to a high concentration of EtOH
or its metabolic products (acetaldehyde) enhances exces-
sive ROS generation via this process, leading to damage to
neuronal cell (Haorah et al., 2008; Koop, 2006). Further-
more, increased ROS are associated with neuroinflamma-
tion and neuronal apoptosis, contributing to cognitive
impairment (Tiwari and Chopra, 2012). Climent et al.
(2002) reported that exposure to EtOH downregulates
brain-derived neurotrophic factor and interferes with
intracellular signaling systems involved in cell survival,
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growth, and differentiation of brain. In addition, chronic
intake of EtOH also leads to elevate pro-inflammatory
mediators (such as inducible nitric oxide synthase,
cyclooxygenase-2, and interleukin-1f) in the brain and to
activate neuroinflammation—related signaling pathway.
They are responsible for the neuropathological responses
associated with behavioral deficits (Qin et al., 2008; Vallés
et al., 2004). Many previous studies have suggested that
natural antioxidants are attractive candidates for scaveng-
ing ROS and alcohol neurotoxicity due to its safety and
tolerance by oral administration (Asari et al., 2013; Chen
and Luo, 2016; Tiwari et al., 2010).

CTS is an important source of linoleic acid, proteins,
and dietary fiber. In addition, it contains a variety of
polyphenols, such as serotonin, kaempferol, and acacetin,
which are now widely consumed as antioxidants (Saka-
mura et al., 1980). Recent studies have reported its phys-
iological effects such as fracture healing (Seo et al., 2000),
anti-oxidative activity (Kang et al., 1999; Kim et al., 2007,
Roh et al 1999; Zhang et al., 1997), LDL oxidation inhi-
bition (Cho et al., 2006), and improvement of lipid meta-
bolism (Cho et al., 2004; Moon et al., 2001). In particular,
serotonin and kaempferol in CTS have been reported to
exert protection against memory impairment (Buhot et al.,
2000; Yu et al., 2013). However, the ability of CTS to
ameliorate the cognitive impairment induced by alcohol
consumption was not previously studied. Therefore, we
investigated the protective effect of CTS on cognitive
impairment in a chronic alcohol-induced mice model.

The intake of alcohol (from 12 to 35%) showed learning
and memory impairment and apoptotic neurodegenerative
responses (Olney et al., 2002; Tiwari et al., 2009; Wagner
et al., 2014). On the basis of these evidences, in the present
study, the EtOH exposure of 5 g/kg/day (16%) was deter-
mined. Our preliminary study showed that intake of EtOH
increased in serum GPT, whereas the activity of GPT was
significantly reduced in CTS-administered group. No sig-
nificant differences were found in the serum GOT activity
by administration of EtOH or CTS (data not shown).
According to previous study, non-toxic effect was observed
in serum or urine after feeding the CTS diet at oral doses of
1 to 350 mg/kg/day (Lee et al., 2009; Song et al., 2002).
Supplementation of 350 mg/kg/day of CTS extract for
8 weeks enhanced bone formation in rat model without any
toxicity. In addition, Park et al. (2018) demonstrated that
administration of CTS extracts (100 and 200 mg/kg/day)
inhibited cisplatin-induced renal damage in mice model,
thus we decided to assess the effect of CTS at a concen-
tration 100 and 200 mg/kg/day.

The T-maze test and novel object recognition test are
based on the spontaneous and natural exploratory behavior
of mice on new environment and serve to examine short-
term memory and learning function (Lalonde, 2002). In the
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Fig. 2 Effect of the Carthamus tinctorius L. seed on the T-maze test
in alcohol-treated mice. The values are the mean 4+ SD (n = 7). *The
space perception of the old and new routes was significantly different
as determined by Student’s #-test (p < 0.05). *®Means with different
letters among groups are significantly different (p < 0.05) by
Duncan’s multiple range test. Normal = distilled water + 1% CMC

T-maze test, the normal group showed higher perception of
the new route than the old route, whereas the alcohol-
treated control group did not show any significant prefer-
ence for the old route or the new route (Fig. 2). However,
the CTS 100 and CTS 200 groups had an increased number
of entries to the new route, suggesting that CTS amelio-
rated alcohol-induced cognitive impairment and improved
spatial learning memory. The novel object recognition test
showed that normal group had a higher number of touches
on the novel object than the familiar object, whereas the
alcohol-treated control group was not able to recognize the
novel object, with no significant variation in the explo-
ration rate of the novel and familiar objects (Fig. 3). In
contrast, the CTS 100 and 200-treated groups were more
interested in the novel object than the familiar object, as
shown by the significantly higher the number of touches on
the novel object. These results suggested that the admin-
istration of CTS could protect against the alcohol-induced
impairment of object recognition. The Morris water maze
test was performed to investigate the effect of CTS
administration on long-term learning and memory ability.
During the training period of 3 days, the time to reach the
platform decreased, except for the alcohol-treated control
group [Fig. 4(A)]. The CTS 100 and CTS 200 groups
showed a considerable decrease in the time to reach the
escape platform compared with the alcohol-treated control

solution; Control = 16% EtOH (5.0 g/kg/day) + 1% CMC solution;
CTS 100 = 16% EtOH (5.0 g/kg/day) + Carthamus tinctorius L.
seed (100 mg/kg/day in 1% CMC solution); CTS 200 = 16% EtOH
(5.0 g/kglday) + Carthamus tinctorius L. seed (200 mg/kg/day in 1%
CMC solution)

group [Fig. 4(B)]. In the final test, the normal group
showed higher occupancy of the target quadrant (63.0%)
than the alcohol-treated control group (25.0%). Likewise,
The CTS 100 and 200 groups spent significantly more time
in the target quadrant than the alcohol-treated control
group, showing 40.5% and 49.7%, respectively [Fig. 4(C)].
In addition, The CTS-treated group required a shorter time
to reach the hidden platform than the alcohol-treated con-
trol group, whereas the time to reach the exposed platform
was not significantly different among the experimental
groups [Fig. 4(D)]. These results indicated that the pro-
tective effect of CTS was related to the improvement of
cognitive function regardless of visual perception or
physical activity.

AChE degrades acetylcholine (ACh) in the cholinergic
system into acetate and choline (Woolf, 1997). ACh acti-
vates the muscarinic receptors bound to phospholipid
metabolism to induce the proliferation of neurons and can
act as a nutrient factor to prevent apoptotic cell death and
to grow neurons (Croxson et al., 2012). Alcohol was shown
to inhibit the effects of ACh in vitro (Balduini and Costa,
1989) and to induce nerve dysfunction and loss of neurons
(Guerri, 1998). A previous report demonstrated that AChE
activity in animal brains was elevated by chronic alcohol
consumption with cognitive impairment (Tiwari and Cho-
pra, 2013). In this study, the effect of CTS administration
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Fig. 3 Effect of the Carthamus tinctorius L. seed on novel object
recognition test in alcohol-treated mice. The values are the mean +
SD (n = 7). *The object cognitive abilities for familiar and novel
objects were significantly different as determined (p < 0.05) by
Student r-test. *~°Means with different letters among groups are
significantly different (p < 0.05) by Duncan’s multiple range test
Normal = distilled water + 1% CMC solution; Control = 16% EtOH
(5.0 g/kg/day) + 1% CMC solution; CTS 100 = 16% EtOH (5.0 g/
kg/day) + Carthamus tinctorius L. seed (100 mg/kg/day in 1% CMC
solution); CTS 200 = 16% EtOH (5.0 g/kg/day) + Carthamus tinc-
torius L. seed (200 mg/kg/day in 1% CMC solution)

on AChE activity was measured in the brain (Fig. 5). The
administration of alcohol resulted in a high AChE activity
of 118.47% relative to the normal group (100%). In con-
trast, the CTS 100 and CTS 200 groups had reduced
enzymatic activity of 88.36% and 59.72%, respectively.
Many studies indicated that dysfunction of learning and
memory was caused by the degeneration of cholinergic
nervous system, and increased AChE activity in the brain
could elevate the risk of cognitive disorders (Cohen et al.,
2007; Jamal et al., 2010; Srikumar et al., 2004). Tiwari
et al. (2009) demonstrated that enhanced AChE activity in
cerebral cortex and hippocampus of EtOH-treated rats is
involved in cognitive deficit. Our results also showed that
AChE activity was increased in the brain tissue of chronic
alcohol-administered mice, while supplementation of CTS
significantly decreased in elevated AChE activity. There-
fore, we suggested that suppression of AChE activity by
administration of CTS may be one of the mechanisms
involved in the improvement of cognitive deficits in alco-
hol-treated mice.

Alcohol metabolism is directly or indirectly involved in
the production of ROS and reactive nitrogen species
(RNS). These cause the modification of biological struc-
tures and consequently result in cellular or tissue dys-
function, which can be found in most organs. In particular,
brain, liver and kidneys are major organs affected by the
administration of alcohol consumption (Montoliu et al.,
1994; Shaw and Jayatilleke, 1990). Alcohol is mainly
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broken down in the liver and stimulates ROS production,
leading to cell and tissue injury (Wu and Cederbaum,
2003). Kidney, like brain, is highly vulnerable to oxidative
damage due to abundance of long-chain polyunsaturated
fatty acids in lipid composition (Ozbek, 2012). Tissue
damage induced by alcohol consumption can release MDA
and NO, in turn, further stimulate oxidative stress (Epstein,
1997). Consistent with previous study, oral administration
of plant extract significantly restored the antioxidant
defense system in kidney and liver of rat against alcohol-
induced oxidative stress (Esmaeili et al., 2009). Therefore,
we investigated whether CTS prevent oxidative damage
induced by alcohol consumption in the brain, kidney, and
liver. The accumulation of MDA not only affects mem-
brane function, but also promotes protein degeneration and
DNA damage (Niess et al., 1999), ultimately resulting in
nerve oxidative stress and cell death. Previous studies have
shown that chronic alcohol intake increased MDA levels
(Draper and Hadley, 1990). Our results showed that the
administration of alcohol significantly increased the con-
centration of MDA in the brain, kidney, and liver
(Table 1A). In the alcohol-administered control group, the
levels of MDA were significantly increased compared to
normal group (from 24.22 to 33.22 nmol/mg protein).
However, CTS 100 and 200 groups decreased the MDA
concentration in the mice brain, showing 30.37 and
26.49 nmol/mg protein, respectively. The CTS 100
(5.26 nmol/mg protein) and CTS 200 (5.48 nmol/mg pro-
tein) groups exhibited lower MDA concentration in the
kidneys than the alcohol-treated control group (6.22 nmol/
mg protein). In addition, MDA concentration in the liver of
the CTS 100 (1.69 nmol/mg protein) and CTS 200
(1.44 nmol/mg protein) groups was significantly lower than
the alcohol-treated control group (2.24 nmol/mg protein).
Therefore, we confirmed that CTS administration inhibited
alcohol-induced lipid peroxidation in the brain, kidney and
the liver.

NO plays an important role in the regulation of a variety
of physiological activities through mediation of the sig-
naling pathways of neuronal regulation, neurotransmission,
and synaptic plasticity (Lowenstein et al., 1994). Several
studies demonstrated that excessive alcohol consumption
increased the plasma concentration of NO precursors and
metabolites (Kavitha et al., 2008). Excessive alcohol in the
brain increases O3 and NO production; these molecules are
associated with ADH and CYP2EI, which play an impor-
tant role in neuronal cell death (Zimatkin et al., 2006).
Therefore, measurement of NO concentration provides an
indication of nerve cell damage. In this study, the effect of
CTS on NO production in the brain, kidney, and liver of
alcohol-treated mice is shown in Table 1B. The NO con-
centration in the brain of the normal group was 8.96 pmol/
L/mg protein, whereas the concentration in the alcohol-
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Fig. 4 Effect of Carthamus tinctorius L. seed on the Morris water
maze test in alcohol-treated mice. (A) Effect of Carthamus tinctorius
L. seed on escape latency to the platform in alcohol-treated mice.
(B) Effect of Carthamus tinctorius L. seed on the time required to
reach the hidden platform on the final test in alcohol-treated mice.
(C) Effect of Carthamus tinctorius L. seed on occupancy time of the
target quadrant in alcohol-treated mice. (D) Effect of Carthamus
tinctorius L. seed on the time required to reach the exposed platform

treated control group was 10.14 pmol/L/mg protein.
However, the elevated NO concentration was attenuated to
9.10 umol/L/mg protein in the CTS 200 group. The NO
concentration in the kidney in the alcohol-treated control
group was 31.98 pmol/L/mg protein, whereas the NO
concentration was decreased in the CTS 100 and CTS 200
groups to 27.58 and 26.26 pmol/L/mg protein, respec-
tively. The NO concentration in the liver of the alcohol-
treated control group was increased from 35.72 pmol/L/mg
protein to 45.97 pumol/L/mg protein. However, the CTS
100 and CTS 200 groups had significantly lower NO
concentrations of 31.70 and 31.51 umol/L/mg protein,
respectively. These findings suggested that the oral

in alcohol-treated mice. NS No significance differences. The values
are mean & SD (n = 7). *™°Means with different letters are signif-
icantly different (p < 0.05) by Duncan’s multiple range test.
Normal = distilled water + 1% CMC solution; Control = 16% EtOH
(5.0 g/kg/day) + 1% CMC solution; CTS 100 = 16% EtOH (5.0 g/
kg/day) + Carthamus tinctorius L. seed (100 mg/kg/day in 1% CMC
solution); CTS 200 = 16% EtOH (5.0 g/kg/day) + Carthamus tinc-
torius L. seed (200 mg/kg/day in 1% CMC solution)

administration of CTS inhibited the alcohol-induced for-
mation of NO in the brain, kidney, and liver.

In conclusion, the administration of alcohol resulted in
impairment of learning ability and cognitive function, and
caused oxidative stress in the brain, kidney, and liver. Our
results showed that the oral administration of 100 and
200 mg/kg/day CTS exerted protective effects against
ARD through the improvement of cognitive and memory
function. The alleviation of short-term memory decline was
confirmed in the T-maze test and novel object recognition
test through a comparison of alcohol-administered mice
treated with or without CTS. The Morris water maze test
demonstrated that CTS improved long-term memory and
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Fig. 5 Effect of Carthamus 140
tinctorius L. seed on AChE
activity in mice brain. The
values are the mean + SD 120 b
(n = 7). *>*Means with the \’?
different letters are significantly < I
different (p < 0.05) by £ 100
Duncan’s multiple range test. E
Normal = distilled water + 1% 2
CMC solution; Control = 16% 2 80
EtOH (5.0 g/kg/day) + 1% g
CMC solution; CTS 100 = 16% § 60
EtOH (5.0 g/ 2
kg/day) + Carthamus tinctorius =
L. seed (100 mg/kg/day in 1% f, 40
CMC solution); CTS z
200 = 16% EtOH (5.0 g/ 3
kg/day) + Carthamus tinctorius < 20
L. seed (200 mg/kg/day in 1%
CMC solution)

0

Normal

Table 1 Effect of Carthamus tinctorius L. seed on lipid peroxidation
(A) and NO production (B) in the brain, kidney, and liver of alcohol-
treated mice

(A)
Group MDA (nmol/mg protein)
Brain Kidney Liver
Normal 24.22 + 2.98° 5.77 £+ 0.53% 1.59 £+ 0.29°
Control 33.22 + 7.69° 6.22 + 0.53% 2.24 £ 0.72°
CTS 100 30.37 + 6.92° 5.26 £+ 0.25° 1.69 &+ 0.22°
CTS 200 26.49 + 6.72%° 5.48 + 0.32° 1.44 4+ 027°
(B)
Group NaNO; (umol/L/mg protein)
Brain Kidney Liver
Normal 8.96 + 0.54° 29.42 + 1.95° 35.72 + 7.73°
Control 10.14 + 0.84*  31.98 + 2.35° 4597 + 8.50°
CTS 100 10.14 £ 0.58*  27.58 + 1.14>  31.70 + 8.90°
CTS 200  9.10 + 0.64® 26.26 + 0.49° 31.51 + 9.75°

The values are the mean &+ SD (n = 6)

abCMeans with different letters are significantly different (p < 0.05)
by Duncan’s multiple range test. Normal = distilled water + 1%
CMC solution; Control = 16% EtOH (5.0 g/kg/day) + 1% CMC
solution; CTS 100 = 16% EtOH (5.0 g/kg/day) + Carthamus tinc-
torius L. seed (100 mg/kg/day in 1% CMC solution); CTS 200 = 16%
EtOH (5.0 g/kg/day) + Carthamus tinctorius L. seed (200 mg/kg/day
in 1% CMC solution)

spatial cognitive ability. In addition, CTS attenuated
oxidative stress through the inhibition of lipid peroxidation
and NO production in the brain, kidney and liver. Fur-
thermore, alcohol-induced AChE activity was suppressed

@ Springer

CTS 100 CTS 200

Control

by administration of CTS in the brain. These results indi-
cated that CTS was a good resource for the inhibition of
cognitive impairment and the increase of learning ability.
CTS may therefore be a promising agent for the protection
and delay of memory impairment observed in ARD.
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