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Abstract: Depression is a common non-motor symptom of Parkinson’s disease. Previous studies demonstrated that
hydroxysafflor yellow A had properties of improving motor symptoms of Parkinson’s disease. The effect of
hydroxysafflor yellow A on depression in Parkinson’s disease mice is investigated in this study. To induce Parkinson’s
disease model, male Swiss mice were exposed to rotenone (30 mg/kg) for 6 weeks. The chronic unpredictable mild stress
was employed to induce depression from week 3 to week 6. Sucrose preference, tail suspension, and forced swimming
tests were conducted. Golgi and Nissl staining of hippocampus were carried out. The levels of dopamine, 5-
hydroxytryptamine and the expression of postsynaptic density protein 95, brain-derived neurotrophic factor in
hippocampus were assayed. It showed that HSYA improved the depression-like behaviors of Parkinson’s disease mice.
Hydroxysafflor yellow A attenuated the injury of nerve and elevated contents of dopamine, 5-hydroxytryptamine in
hippocampus. Treatment with hydroxysafflor yellow A also augmented the expression of postsynaptic density protein 95
and brain-derived neurotrophic factor. These findings suggest that hydroxysafflor yellow A ameliorates depression-like
behavior in Parkinson’s disease mice through regulating the contents of postsynaptic density protein 95 and brain-

derived neurotrophic factor, therefore protecting neurons and neuronal dendrites of the hippocampus.
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INTRODUCTION

Parkinson's disease (PD) mainly manifests motor
symptoms including bradykinesia, tremor, postural
instability, and rigidity (Okano et al., 2019). These motor
dysfunctions are caused by injuries of dopaminergic nerve
in substantia nigra and striatum. PD patients are
considered to be affected only by motor dysfunction. This
idea is deeply embedded not only in the minds of patients
and their family members, but also in many physicians.
Recently, researchers found that a great number of PD
patients suffer from depression which is one of hon-motor
symptoms (Ryman and Poston, 2020). In fact, non-motor
features are the source of considerable discomfort and
disability for PD. However, the non-motor aspects have
often received insufficient attention in current clinic.

There are 90% of PD patients experiencing non-motor
symptoms. Depression is the most common psychological
disturbance of PD patients. At some point during PD,
depression affects up to 50% of people. And depression
often occurs in the earliest stages of PD. The cause of
depression in PD is not clear. But it is likely closely
associated with imbalances of dopamine, serotonin, and
norepinephrine in brain (Prange et al., 2022). Depression
reduces the quality of life of PD. It not only worsens the
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neurological function, but also increases the risk of death.
Some PD patients with depression will improve with
adequate treatment of motor symptoms. However, many
others need to be treated with antidepressants (Su et al.,
2021).

Hippocampus is the portion of the temporal lobe cortex. It
plays a key role in memory and reward. Recent studies
demonstrated that the hippocampus of depressed patients
was smaller than those of healthy controls. This finding
has also been confirmed by the studies of meta-analysis
(Liu et al., 2021). Altered hippocampus is an emerging
marker of depression. The hippocampus shrinks in people
with recurrent and poorly treated depression (Roddy et al.,
2019). It  reported that antidepressants  and
electroconvulsive therapy can augment the volume of the
hippocampus in depression patients, suggesting that
protection of nerves of hippocampus is a promising way
to attenuate the clinical symptoms of depression (Wu and
Zhang, 2023). Additionally, fMRI test showed that the
activity of the hippocampus in depressive patients was
decreased. The reduction of functional activity of
hippocampus causes a negative emotion in patients
(Zackova et al., 2021). Hippocampus dysfunction is
associated with the pathogenesis of depression (Sanchez-
Mendoza et al., 2020). And hippocampus is associated
with mood-related brain region such as the amygdala
(Song, 2023). Previous study also demonstrated that
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hippocampal neuroplasticity was closely related to
antidepressant effects (Tartt et al., 2022). Many studies
have linked the presence of depressive symptoms to the
hippocampus, including the reduced number of
hippocampal granule neurons and neural stem cells
(Boldrini et al., 2019). In depression condition, non-
pharmacological interventions such as diet, exercise, or
certain antidepressants can increase hippocampal
neurogenesis (Rosenberg et al., 2020; Berger et al., 2020).

Hydroxysafflor yellow A (HSYA) is a compound with a
monochalcone glycoside structure. In China, HSYA is
used for treating cerebrovascular disease. HSYA
attenuated the injury of cerebral ischemia, effectively
reducing infarct volume, inhibiting apoptosis, and
promoting neurological recovery (Fangma et al., 2021).
Emerging evidence revealed that HSYA possessed an anti-
PD property. Previous study reported that HSYA
attenuated the neurotoxicity by reducing oxidative stress
in mice (Han and Zhao, 2010). HSYA also reduced
defects of the substantia nigra and striatum in a PD mouse
model through decreasing the expression of inflammatory
cytokines. HSYA ameliorated the degeneration of
dopaminergic neurons via its anti-neuroinflammatory and
anti-apoptotic effects (Yang et al., 2020). HSYA promoted
the clearance of alpha-synuclein by regulating the
autophagy in rotenone-induced PD mice (Han et al.,
2018). Lipopolysaccharide-induced neuroinflammation is
a major pathogenesis of PD. HSYA attenuated the damage
of dopaminergic neurons induced by lipopolysaccharide
via reducing the expression of inflammatory cytokines
(Wang et al., 2018). HSYA elevated brain-derived
neurotrophic ~ factor  (BDNF)  level,  protected
dopaminergic neuron integrity, and then improved motor
function in PD animal model (Han et al., 2013). It has
been shown that HSYA improved depressive behavior by
regulating HPA function, inhibiting oxidative stress and
inflammation in hippocampus (Liu et al., 2022). The
present experiment clarified for the first time that HSYA
ameliorated depression-like behavior in PD mice through
regulating the levels of BDNF, PSD-95 and therefore
protecting neurons and neuronal dendrites of the
hippocampus.

MATERIALS AND METHODS

Animals
Jinan Pengyue Experimental Animal Breeding Company

(Shandong, China) provided male Swiss mice (25 to 28 g).

Animals were housed in a room with a controlled room
temperature of 20~22°C and a controlled room relative
humidity of 40%~70%, with a light/dark cycle (12/12 h).
The mice were allowed to access freely to water and food.
The experiments were approved by the Institutional
Animal Ethics Committee of Yantai University (No.
YTDX20220309) and conducted in Yantai University
(Shandong, China).

Experiment design

There were five groups (n =15 per group): control, model,
HSYA (50, 100, or 200mg/kg) groups. To induce PD
model, the mice were administered intragastrically with
rotenone (30mg/kg) for 6 weeks. Then, chronic
unpredictable mild stress (CUMS) was carried out from
week 3 to week 6. From week 6, HSYA groups were
intragastrically administered with HSYA (50, 100, or 200
mg/kg), once a day for 2 weeks. A flow chart (fig. 1) was
provided to illustrate the experimental procedure.

CUMS

CUMS was carried out according to the study (Xie et al.,
2021). It included cage tilt (12 h), soiled cage (24 h),
physical restraint (3 h), tail pinch (1 min), food
deprivation (24 h), water deprivation (24 h), white noise.
Two stressors were randomly employed each day. Body
weight of mice was also recorded.

Forced swimming test

According to previous method (Cojocariu et al., 2020),
forced swimming test (FST) was performed. A tank
(height: 30 cm, diameters: 20 cm) that is filled with water
at 23 to 25°C. A video was used to record the behavior of
mice in the tank. SMART 3.0 (Panlab Harvard Apparatus,
MA, USA) was used to analyze the immobility time.

Tail suspension test

According to the reference (Liu et al., 2021), the tails of
mice were adhered to a tape. Then the animals were
suspended by placing the free end of the tape on a shelf.
The behavior of mice will be recorded with a video. The
immobility time of mice was analyzed using SMART 3.0.

Sucrose preference test

According to previous report (Mendonca et al., 2021),
mice were presented with 2 bottles. One contained water.
The second contained 2% sucrose solution. The bottles
were weighed and then let the animals drink water or
sucrose solution. After 6 h, the bottles were weighed.
Sucrose preference (%) = Sucrose intake (g)/Sucrose
intake (g)+Water intake (g)x100%.

Golgi staining

Golgi staining procedure was carried out in accordance
with the manufacturer’s manual (https://fdneurotech.com/
catalog/fd-rapid-golgistain-kit-small/).

Nissl staining

The brains of mice were coronally sectioned (5 um). The
slices of brain were rehydrated with alcohol and then
stained in 0.5% Cresyl-Violet (Sigma, St. Louis, MO,
USA) for 10 min. Dehydrated with alcohol and cleaned
with xylene, slices were imaged. Neurons were counted
by an experimenter who was blinded to the grouping
using a microscopy (I1X-70, Olympus Corp. Japan).
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60+

504
C
= 404
]
20
< 304
=
Z 20+
>
=
104
04
< N
o
<
>
250 4 C
E 200 i
By * *
2 sk
Z 1504
-
':.
= 1004
=
=]
S 504
=
-
) o o “fc
& & @ S 8
¢S S S &
S & S
o O~ >~
< & N

Behavioral tests
Golgl and Nissl staining

19 #i B
- *
o ek
*ox
E 120 4
o
E 90
=
£
= 60 4
=
g
304
£
04
io\ &‘ \‘S« N \‘5"
\‘Q\ N {\“‘e S s“c‘
C N S
\a Q)
P -~ ¥
~ O &
> & &
100- D
80

Gl

40

20

Sucrose consumtion (%)

()

Fig. 2: Effects of HSYA on body weight and depression-like behavior. A: Body weight. B: Forced swimming test. C:
Tail suspension test. D: Sucrose preference test. The data were expressed with Mean + SD, (n = 15). #p<0.01 compared
with the control group. "p<0.05, “p<0.01 compared with the model group.

Western blot

The hippocampus of mouse was lysed in RIPA buffer
(4°C, 30 min). After centrifugation (4°C, 12,000 g, 20
min), the supernatant was harvested. Proteins (50ug) was
subjected to electrophoresis. Transferring membranes
were carried out for 1 h at 110V. Incubated with the
primary antibodies (BDNF, 1:1000, Sigma, St. Louis, MO,
USA or PSD95, 1:2000, Cell Signaling, Danvers, MA,
USA) followed by incubation with the secondary
antibody (1:3000, Beyotime, Shanghai, China). Bands
were visualized using an ECL kit (Beyotime, Shanghai,
China) and quantified with Image Quant LAS 4000 (GE,
Tokyo, Japan). B-actin was a loading control.

Analysis of the neurotransmitters

The levels of dopamine and 5-HT in hippocampus were
assayed using UHPLC-MS/MS (Agilent, California,
USA). The hippocampus was homogenized with 0.1%
formic acid. The homogenate was centrifuged (4°C,
16,000 g, 10 min). Then separation of 100uL of sample
was conducted using a Waters Acquity UPLC HSS PFP
column. The mobile phase was composed of 0.1% formic
acid in acetonitrile and water, respectively. With column
temperature (40°C) and flow rate (0.3 mL/min), gradient
elution was carried out. Sample (2uL) was assayed with
mass spectrometry and quantitative analysis. The data
were analyzed with Data Processing software version
1.6.2 (AB Sciex).
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Nissl staining. A, F: Control group. B, G: Model group. C, H: HSYA 50 mg/kg group. D, I: HSYA 100 mg/kg group. E,
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Fig. 5: Effects of HSYA on the levels of 5-HT and dopamine. The data were expressed as mean + SD, (n = 6). #p<0.01,
compared with control group. "p<0.05, “p<0.01, compared with model group.
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Fig. 6: Effects of HSYA on the expression of PSD-95 and BDNF. A: Representative strips of PSD-95 and BDNF
proteins in Western blot. B: Histogram for quantitative analysis of PSD-95 protein expression. C: Histogram for
quantitative analysis of BDNF protein expression. The data were the Mean + SD, (n = 3). #p<0.01, compared with
control group. “p<0.05, "p<0.01, compared with model group.

STATISTICAL ANALYSIS

The data were analyzed with GraphPad Prism 6.01. All
data were expressed as mean = SD. One-way analysis of
variance (ANOVA) and Tukey's test are used to observe
statistically significant differences among means of five
groups and to determine statistical differences between
the means of two groups (p-value < 0.05).

RESULTS

Effects of HSYA on body weight and depression-like
behavior

The body weight of animals in model group significantly
reduced (p=0.0001) when compared with the control
group. Compared with the model group, the body weight
of HSYA groups increased (p=0.0001, p=0.0001, p=
0.0001, respectively).

Compared with the control group, the immobility time in
FST, TST significantly increased and the sucrose
consumption decreased (p=0.0001, p=0.0001, p=0.0001)
in the model group of mice. However, treatment with
HSYA not only reduced the immobility time in FST (p=
0.0237, p=0.0074, p=0.0016), TST (p=0.0189, p= 0.0108,
p=0.0005) but also augmented the sucrose consumption
(p=0.0100, p=0.0101, p=0.0001), (fig. 2A, B, C, D).

Effects of HSYA on the number of normal neurons in
hippocampus

Nissl-staining is widely used to observe the morphology
and pathology of neurons. The hippocampus of mice was
collected and then Nissl staining was carried out. In the
control group, the neurons were arrayed normally, and the
Nissl bodies were clear. There were damaged neurons and
disintegrated Nissl body in the model group. The number
of normal neurons in the model group significantly
decreased (p=0.0001). However, HSYA treatment
attenuate the changes of morphology and pathology of
and increased the number of normal neurons in the
hippocampus (p=0.0001, p=0.0001, p=0.0001), (fig. 3).

Effects of HSYA on dendrite of hippocampus

The branching of the neuronal dendrites within the
hippocampus are associated with depression. Compared
with the control group, the dendritic branching and
dendritic length of the model group reduced. The
dendritic branching and dendritic length of hippocampus
in the HSYA (50, 100, 200mg/kg) groups augmented
when compared with the model group (fig. 4).

Effects of HSYA on the levels of 5-HT and dopamine
Monoamine neurotransmitters are closely associated with
depression. fig. 5 showed the levels of dopamine and 5-
HT in the model group were decreased when compared
with the control group (p=0.0042, p=0.0032). However,
treatment with HSYA (50, 100, or 200 mg/kg) increased
the levels of dopamine (p=0.0342, p=0.0280, p=0.0099)
and 5-HT (p=0.0207, p=0.0032, p=0.0067) of
hippocampus.
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Effects of HSYA on the expression of PSD-95 and
BDNF

In fig. 6, the expression of BDNF, PSD-95 in the model
reduced (p=0.0020, p=0.0035). Compared with the model
group, the expression of BDNF (p=0.0134, p=0.0010, p=
0.0020), PSD-95 (p=0.0140, p=0.0090, p=0.0016) in
HSYA groups increased.

DISCUSSION

Previous results of our studies demonstrated that HSYA
had the properties of ameliorating the motor symptoms of
PD. However, PD patients often experience depression,
and it will worsen the quality of life and motor function.
To our knowledge, this study shows for the first that
HSYA can improve the depression-like behavior in PD
mice. And the mechanism of action of HSYA is associated
with regulating the levels of BDNF, PSD-95 and therefore
protecting neurons and neuronal dendrites of the
hippocampus.

Using a rotenone-induced PD model with chronic
unpredictable mild stress and three different tests of
depression-like behavior, this study showed that HSYA
attenuated the depression-like behavior in PD mice. Our
results demonstrated that mice of PD depression model
showed an increase of immobility in the TST, FST and a
decrease of sucrose consumption. However, treatment
with HSYA prevented not only the augmentation of
immobility time but also the reduction of sucrose
consumption. The findings mentioned above indicated
HSYA elicited an antidepressant-like effect.

In addition to playing a key role in learning and memory,
the hippocampus is closely associated with the etiology of
depression. The shrinkage of hippocampus is a common
feature of depression. Smaller hippocampal volume also
indicates an increased risk of depression (Larosa and
Wong, 2022). Preclinical and clinical reports demonstrate
that there was often an impairment of hippocampal
neurogenesis in depression. In animal models of
depression, depression-like behaviors are accompanied by
a decreased neuronal proliferation and differentiation in
the hippocampus (Parul et al., 2021). Several clinical
studies got a consistent observation which demonstrated
that patients with depression had a reduction of
hippocampal volume (Evans et al., 2024). Previous
studies indicated that monoamine in brain played a role in
depression (Rodriguez-Lavado et al., 2022). The
alteration of levels of monoamine including 5-HT and
dopamine is a cardinal factor to cause depression (Bhatt et
al., 2021; Speranza et al., 2021). The degeneration of
serotonergic nervous system may be the pathogenesis of
depression in PD (Wang et al., 2023). The decreased level
of the 5-HT, dopamine and norepinephrine in the limbic
system played a role in PD-related depression (Assogna et
al., 2020; Laux, 2022). BDNF is the neurotrophic factor

of brain, which is involved in neuronal survival,
proliferation, and synaptic neuroplasticity (Rana et al.,
2021). Chronic stress will reduce the expression of BDNF,
leading to a neuronal loss in the hippocampus and an
impairment of hippocampal function. Chronic stress may
cause an injury of neurons and therefore result in an
atrophy dendritic cell (Chai et al., 2019), which
negatively affects neuronal plasticity of the hippocampus.
PSD-95 is a synapse-associated protein. It is involved in
regulating synaptic activity and acts as a marker reflecting
prominent plasticity. The expression of PSD-95 may, to
some extent, reflect synaptic transmission function.
Therefore, the increase of expression of BDNF and PSD-
95 will protect synaptic plasticity and then exert an
antidepressant effect. In the present study, HSYA
attenuated the changes of morphology and pathology of
neurons in PD mice with depression. The dendritic
branching and dendritic length of hippocampus in the
HSYA groups were also augmented. In consistent with the
results of histopathological observation, HSYA treatment
increased the levels of 5-HT and dopamine of
hippocampus. The consequent assay showed that the
expression of PSD-95 and BDNF in HSYA groups
increased. These findings suggested that HSYA had a
property of ameliorating the depression-like behavior in
PD mice through regulating the levels of BDNF, PSD-95
and therefore protecting neurons and neuronal dendrites
of the hippocampus.

The current study has some limitations. Firstly, the
findings cannot exclude the possibility that HSYA may
improve the motor function of PD animals and then
ameliorates the depressive-like behaviors. Secondly, this
study did not observe the signaling pathway which may
regulate the expression of BDNF, PSD-95. Further
experiment should focus on elucidating the effect of
HSYA on the molecular of signaling pathway which
affects the levels of BDNF, PSD-95.

CONCLUSION

In summary, this study suggested that HYSA ameliorates
depression-like behavior in PD mice through regulating
the contents of BDNF, PSD-95, therefore protecting
neurons and neuronal dendrites of the hippocampus.

ACKNOWLEDGMENT

This work was supported by the Natural Science
Foundation of Shandong Province (Grant No.
ZR2020MH377).

REFERENCES

Assogna F, Pellicano C, Savini C, Macchiusi L, Pellicano
GR, Alborghetti M, Caltagirone C, Spalletta G and
Pontieri FE (2020). Drug choices and advancements

428

Pak. J. Pharm. Sci., Vol.37, No.2(Special), March 2024, pp.423-430



for managing depression in parkinson's disease. Curr.
Neuropharmacol., 18(4): 277-287.

Berger T, Lee H, Young AH, Aarsland D and Thuret S
(2020). Adult hippocampal neurogenesis in major
depressive disorder and Alzheimer’s disease. Trends
Mol. Med., 26(9): 803-818.

Bhatt S, Devadoss T, Manjula SN and Rajangam J (2021).
5-HT3 receptor antagonism a potential therapeutic
approach for the treatment of depression and other
disorders. Curr. Neuropharmacol., 19(9): 1545-1559.

Boldrini M, Galfalvy H, Dwork AJ, Rosoklija G,
Trencevska-lvanovska I, Pavlovski G, Hen R, Arango
V and Mann JJ (2019). Resilience is associated with
larger dentate gyrus, while suicide decedents with
major depressive disorder have fewer granule neurons.
Biol. Psychiatry., 85(10): 850-862.

Chai H, Liu B, Zhan H, Li X, He Z, Ye J, Guo Q, Chen J,
Zhang J and Li S (2019). Antidepressant effects of
Rhodomyrtone in mice with chronic unpredictable mild
stress-induced  depression. Int. J.  Neuropsycho-
pharmacol., 22(2): 157-164.

Cojocariu RO, Balmus IM, Lefter R, Hritcu L, Ababei DC,
Ciobica A, Copaci S, Mot SEL, Copolovici L,
Copolovici DM and Jurcoane S (2020). Camelina
sativa methanolic and ethanolic extract potential in
alleviating oxidative stress, memory deficits and
affective impairments in stress exposure-based irritable
bowel syndrome mouse models. Oxidative Med. Cell.
Longev., 2020: 9510305.

Evans JW, Graves MC, Nugent AC and Zarate CA Jr
(2024). Hippocampal volume changes after (R,S)-
ketamine administration in patients with major
depressive disorder and healthy volunteers. Sci. Rep.,
14(1): 4538.

Zackovd L, Jani M, Bréazdil M, Nikolova YS and
Mareckova K (2021). Cognitive impairment and
depression: Meta-analysis of structural magnetic
resonance imaging studies. Neuroimage. Clin., 32:
102830.

Liu MN, Pantouw JG, Yang KC, Hu LY, Liou YJ, Lirng JF
and Chou YH (2021). Sub-regional hippocampal
volumes in first-episode drug-naive major depression
disorder. Neurosci. Lett., 763: 136-178.

Han B, Hu J, Shen J, Gao Y, Lu Y and Wang T (2013).
Neuroprotective effect of hydroxysafflor yellow A on
6-hydroxydopamine-induced Parkinson's disease in rats.
Eur. J. Pharmacol., 714(1-3): 83-88.

Han B, Wang L, Fu F, Wang Z, Zhang L, Qi GJ and Wang
T (2018). Hydroxysafflor yellow A promotes o-
synuclein clearance via regulating autophagy in
rotenone-induced Parkinson's disease mice. Folia
Neuropathol., 56(2): 133-140.

Han B and Zhao H (2010). Effects of hydroxysafflor
yellow A in the attenuation of MPTP neurotoxicity in
mice. Neurochem. Res., 35(1): 107-113.

Rosenberg A, Mangialasche F, Ngandu T, Solomon A and
Kivipelto M (2020). Multidomain interventions to

Huilin Zhang et al

prevent cognitive impairment, alzheimer's disease and
dementia: From finger to world-wide fingers. J. Prev.
Alzheimers. Dis., 7(1): 29-36.

Larosa A and Wong TP (2022). The hippocampus in stress
susceptibility and resilience: Reviewing molecular and
functional markers. Prog. Neuro-Psychopharmacol.
Biol. Psychiatry., 119: 110601.

Laux G (2022). Parkinson and depression: Review and
outlook. J. Neural Transm., 29(5-6): 601-608.

Liu X, Chen W, Wang C, Liu W, Hayashi T, Mizuno K,
Hattori S, Fujisaki H and lkejima T (2021). Silibinin
ameliorates  depression/anxiety-like  behaviors of
Parkinson's disease mouse model and is associated with
attenuated STING-IRF3-IFN-B pathway activation and
neuroinflammation. Physiol. Behav., 241: 113593.

Mendonca IP, Paiva IHR, Duarte-Silva EP, Melo MG,
Silva RSD, Oliveira WH, Costa BLDSAD and Peixoto

CA (2022). Metformin and fluoxetine improve
depressive-like behavior in a murine model of
Parkinsons disease through the modulation of

neuroinflammation, neurogenesis and neuroplasticity.
Int. Immunopharmacol., 102: 108415.

Okano M, Takahata K, Sugimoto J and Muraoka S (2019).
Selegiline recovers synaptic plasticity in the medial
prefrontal cortex and improves corresponding
depression-like behavior in a mouse model of
parkinson's disease. Front. Behav. Neurosci., 13: 176.

Parul, Mishra A, Singh S, Singh S, Tiwari V, Chaturvedi S,
Wahajuddin M, Palit G and Shukla S (2021). Chronic
unpredictable stress negatively regulates hippocampal
neurogenesis and promote anxious depression-like
behavior via up regulating apoptosis and inflammatory
signals in adult rats. Brain. Res. Bull., 172: 164-179.

Prange S, Klinger H, Laurencin C, Danaila T and Thobois
S (2022). Depression in patients with Parkinson’s
disease: current understanding of its neurobiology and
implications for treatment. Drugs Aging, 39(6): 417-
4309.

Rana T, Behl T, Sehgal A, Srivastava P and Bungau S
(2021). Unfolding the role of bdnf as a biomarker for
treatment of depression. J. Mol. Neurosci., 71(10):
2008-2021.

Roddy DW, Farrell C, Doolin K, Roman E, Tozzi L, Frodl
T, OKeane V and O'Hanlon E (2019). The
hippocampus in depression: more than the sum of its
parts? Advanced hippocampal substructure
segmentation in depression. Biol. Psychiatry., 85(6):
487-497.

Rodriguez-Lavado J, Alarcén-Espésito J, Mallea M and
Lorente A (2022). A new paradigm shift in
antidepressant  therapy:  From  dual-action to
multitarget-directed ligands. Curr. Med. Chem., 29(29):
4896-4922.

Ryman SG and Poston KL (2020). MRI biomarkers of
motor and non-motor symptoms in Parkinson's disease.
Parkinsonism. Relat. Disord., 73: 85-93.

Sanchez-Mendoza EH, Camblor-Perujo S, Martins

Pak. J. Pharm. Sci., Vol.37, No.2(Special), March 2024, pp.423-430

429



Hydroxysafflor yellow A ameliorates depression-like behavior in Parkinson's disease mice

Nascentes-Melo L, Dzyubenko E, Fleischer M, Silva
de Carvalho T, Schmitt LI, Leo M, Hagenacker T,
Herring A, Keyvani K, Bera S, Kononenko N,
Kleinschnitz C and Hermann DM  (2020).
Compromised hippocampal neuroplasticity in the
interferon-a and toll-like receptor-3 activation-induced
mouse depression model. Mol. Neurobiol., 57(7): 3171-
3182.

Song J (2023). Amygdala activity and amygdala-
hippocampus  connectivity:  Metabolic  diseases,
dementia and neuropsychiatric issues. Biomed.
Pharmacother., 162: 114647.

Speranza L, di Porzio U, Viggiano D, de Donato A and
Volpicelli F (2021). Dopamine: The neuromodulator of
long-term synaptic plasticity, reward and movement
control. Cells., 10(4): 735.

Su W, Liu H, Jiang Y, Li S, Jin Y, Yan C and Chen H
(2021). Correlation between depression and quality of
life in patients with Parkinson's disease. Clin. Neurol.
Neurosurg., 202: 106523.

Tartt AN, Mariani MB, Hen R, Mann JJ and Boldrini M
(2022).  Dysregulation  of adult  hippocampal
neuroplasticity in major depression: Pathogenesis and
therapeutic implications. Mol. Psychiatr., 27(6): 2689-
2699.

Wang J, Sun J, Gao L, Zhang D, Chen L and Wu T (2023).
Common and unique dysconnectivity profiles of dorsal
and median raphe in Parkinson’s disease. Hum. Brain.
Mapp., 44(3): 1070-1078.

Wang T, Ding YX, He J, Ma CJ, Zhao Y, Wang ZH and
Han B (2018). Hydroxysafflor yellow: A attenuates
lipopolysaccharide-induced neurotoxicity and
neuroinflammation in primary mesencephalic cultures.
Molecules., 23(5): 1210.

Wu A and Zhang J (2023). Neuroinflammation, memory,
and depression: New approaches to hippocampal
neurogenesis. J. Neuroinflamm., 20(1): 283.

Xie J, Bi B, Qin Y, Dong W, Zhong J, Li M, Cheng Y, Xu
J and Wang H (2021). Inhibition of phosphodiesterase-
4 suppresses HMGB1/RAGE signaling pathway and
NLRP3 inflammasome activation in mice exposed to
chronic unpredictable mild stress. Brain Behav. Immun.,
92: 67-77.

Yang X, Li Y, Chen L, Xu M, Wu J, Zhang P, Nel D and
Sun B (2020). Protective effect of hydroxysafflor
yellow A on dopaminergic neurons against 6-
hydroxydopamine, activating anti-apoptotic and anti-
neuroinflammatory pathways. Pharm. Biol., 58(1):
686-694.

Fangma Y, Zhou H, Shao C, Yu L, Yang J, Wan H and He
Y (2021). Hydroxysafflor yellow and anhydrosafflor
yellow b protect against cerebral ischemia/reperfusion
injury by attenuating oxidative stress and apoptosis via
the silent information regulator 1 signaling pathway.
Front. Pharmacol., 12: 739-864.

430

Pak. J. Pharm. Sci., Vol.37, No.2(Special), March 2024, pp.423-430



