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Abstract

The proprietary Chinese medicine preparation Kaiyu Granule is made of bupleurum, nutgrass ga-
lingale rhizome, szechwan lovage rhizome, turmeric root tuber, white peony alba, cape jasmine fruit,
fried semen ziziphi jujubae, and prepared liquorice root. It is a common recipe for the clinical
treatment of depression in China. In this study, after 21 days of unpredictable stress exposure,
Wistar rats exhibited similar behavioral changes to patients with depression. Moreover,
G-protein-coupled inwardly rectifying K* channel 1 mRNA and protein expression were significantly
reduced in rat hippocampal CA1 and CA3 regions. However, G-protein-coupled inwardly rectifying
K" channel 1 mRNA, protein expression, and rat behavior were clearly better after administration of
12, 8, or 4 g/kg of Kaiyu Granule when depression model rats underwent stress. 12 g/kg of Kaiyu
Granule had the most obvious effects on the increased expression of G-protein-coupled inwardly
rectifying K* channel 1 mRNA and protein in rat hippocampal CA1 and CA3 regions. These results
suggested that Kaiyu Granule improved depression by affecting G-protein-coupled inwardly
fying K* channel 1 expression in the rat hippocampus.
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mone levels, and increased sucrose water

INTRODUCTION

intake in stressed rats, indicating that Chai-

hu Shugan Powder adjusts disordered func-
tion in rat models of chronic restraint stress.

Chaihu Shugan Powder is a representative
recipe for dispersing depressed liver-energy
and regulating vital energy in Chinese medi-
icine. Zhu and colleagues™ confirmed that
Chaihu  Shugan  Powder diminished
P-endorphin levels in rat plasma and hypo-
thalamus and indicated that Chaihu Shugan
Powder regulated hypothalamic-pituitary-
adrenal axis in rat models of chronic re-
straint stress. Xiong and zZhu'@ verified that
Chaihu Shugan Powder partially antago-
nized stress-induced slow increases in body
weight, elevated adrenocorticotropic hor-

However, previous studies mainly focused on
the effects of Chinese drugs on
mitters (serotonin, noradrenalin, dopamine
and acetylcholine) in animal models of de-
pression, and have not studied
tide protein expression levels in the nerve
conduction pathway. Kaiyu Granule is a
recipe after addition and subtraction of
Chaihu Shugan Powder, prepared by a
Hospital Affiliated to Changchun University
of Chinese Medicine, China. Nevertheless,
the mechanism of action of Chaihu Shugan
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Powder on depression, especially effects on
depression-related protein expression levels
remain unclear.

The G-protein-coupled inwardly rectifying K*
channel (GIRK) is a member of inwardly rec-
tifying K" channel family. It can be directly
activated by G-protein 3- and y-subunits, and
it regulates presynaptic membrane neuro-
transmitter release and neuronal excitability. A
previous study verified that GIRK directly
coupled to many neurotransmitters and neu-
ropeptide receptors, and is a direct effector
between the heart and many neurotransmit-
ters®. GIRK is a member of a seven member
subfamily of inwardly rectifying K" channel and
is composed of five subunits (i.e., GIRK 1-5).
Of these subunits, GIRK1 protein is expressed
in hippocampal CAl1, CA2 and CA3. GIRK
exists as a tetramer. At present, in situ hybri-
dization results show that GIRK is extensively
distributed in various tissues, couples to vari-
ous receptors in the central nervous system,
and play important roles in maintaining resting
potentials and slow postsynaptic inhibition. A
study of G-protein-coupled ion channels has
been performed on the acetylcholine potas-
sium channel, which has been shown to be
constructed by GIRK 1-4F. Acetylcho-
line-induced GIRK opening and K* efflux
through the G protein induced hyperpolariza-
tion. Another study found that each subunit of
GIRK1-3 was widely distributed in the brain,
such as in the hippocampus, neocortex, ol-
factory system, diencephalon, and cerebel-
lum®. GIRK4 is mainly distributed to the ce-
rebellar granular cell layer, superior colliculus,
lateral septal nuclei, and hippocampal CA3
pyramidal neurons”. Numerous inhibitory
neurotransmitters act on their corresponding
receptors and then activate GIRK by activat-
ing the pertussis toxin-sensitive G protein.
GIRK suppresses neuronal excitability by
producing slow, inhibitory postsynaptic poten-
tials GIRK regulates neurotransmitter release
via presynaptic inhibition in the brain. GIRK1
protein in the paraventricular hypothalamic
nucleus exists presynaptically but not post-
synaptically. Neurons projecting to the para-
ventricular nucleus are located in several
nerve nuclei (such as the nucleus raphe dor-
salis and parabrachial nuclei) of the hypotha-

lamus, limbic system, and brain stem®. In
situ hybridization results have confirmed that
GIRK1 mRNA exists in these neurons, and
these neurons contain dopamine, noradrena-
lin, and neuropeptide. Dopamine, noradrena-
lin, and neuropeptide receptor have been
shown to couple to GIRK in neurons and
heterogeneous cells®. In the hippocampal
CA1 region, GIRK is connected to excitatory
synapses but not to inhibitory synapse, indi-
cating that these channels regulate excitatory
synapse-mediated signal afference™®. When
noradrenergic neurons are in a persistent
depolarized excitatory state, GIRKs are in a
closed inhibitory state for a long time, and
GIRK density on the cell membrane can de-
crease. This can result in GIRK1 mRNA ex-
pression in the hippocampus and parietal
cortex that is noticeably lower in depression
model subjects compared to controls™. In
situ hybridization results demonstrate that
GIRK1 mRNA expression is lower in the
brain of depression model rats. However,
GIRK reduced the frequency peak potentials
of neurons, produces slow inhibitory post-
synaptic potentials, exerts postsynaptic in-
hibitory effects, and finally suppresses neu-
ronal excitability™. Therefore, GIRK1
mainly exerts postsynaptic inhibitory effects
in neurons that can release inhibitory neu-
rotransmitters, such as GABAergic neurons.
Reduced GIRK1 expression leads to in-
creased inhibitory effects of GABAergic
neurons, possibly suppressing the excitabil-
ity of aminergic neurons, and providing a
biochemical basis for the onset of depres-
sion™?,

In this study, we sought to establish models
of depression using classical chronic stress
and isolation methods, which are different
from pharmacological models and models of
olfactory tubercle resection. We analyzed the
the effects of Kaiyu Granule on GIRK1 pro-
tein expression in the hippocampal CAl and
CAS regions of depression model rats using
in situ hybridization, which has been rarely
used previously to study traditional Chinese
medicine. We determined the mechanisms
of action of Kaiyu Granule for the treatment
of depression at the molecular level in the
neuroendocrine system.
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RESULTS

Quantitative analysis of experimental animals

A total of 72 rats were equally and randomly assigned to
six groups: normal, model, fluoxetine, low-, moderate-
and high-dose Kaiyu Granule groups. Models of depres-
sion were established using chronic stress in the latter
five groups. The rats in the high-, moderate-, and
low-dose Kaiyu Granule groups were intragastrically
administered 12, 8 or 4 g/kg Kaiyu Granule. The rats in
the fluoxetine group were intragastrically administered
fluoxetine hydrochloride capsules. All rats were included
in the final analysis.

Kaiyu Granule improved the behavioral performance
of depression model rats

Body weight, sucrose water consumption, locomotor
activity, and rearing activity significantly increased in
depression rats at 22 days of the experiment (at 1 day
after drug administration) in the Kaiyu Granule groups
compared to those in the model group (P < 0.01, P <
0.05). Moreover, no significant difference in behavior
was detected between the Kaiyu Granule groups and the
fluoxetine group (P > 0.05; Tables 1, 2).

Kaiyu Granule increased GIRK1 expression in the

hippocampal CA1 and CA3 regions of depression
model rats

GIRK1 expression increased in the hippocampal CA1 and
CAZ3 regions in depression model rats as compared with
the normal group. At 21 days after drug administration, no
significant alteration in GIRK1 expression was detected in
the low-dose Kaiyu Granule group (P > 0.05), but GIRK1
expression significantly increased in the moderate- and
high-dose Kaiyu Granule groups and fluoxetine group (P <
0.05, P < 0.01). It is worthwhile to note that GIRK1 ex-
pression in the hippocampal CA1 and CA3 regions was
similar in the moderate- and high-dose Kaiyu Granule
groups and fluoxetine group (P > 0.05; Figure 1, Table 3).

Kaiyu Granule increased GIRK1 mRNA expression in
hippocampal CA1 and CA3 regions of depression
model rats

GIRK1 mRNA expression increased in the hippocampal
CAl and CA3 regions of depression model rats as
compared with the normal group. At 21 days after drug
administration, GIRK1 mRNA expression significantly
increased in various Kaiyu Granule groups and the flu-
oxetine group (P < 0.05, P < 0.01). It is worthwhile to
note that GIRK1 mRNA expression in the hippocampal
CAl and CA3 regions of depression rats was similar
between the high-dose Kaiyu Granule and fluoxetine
groups (P > 0.05; Figure 2, Table 4).

Table 1 Effects of Kaiyu Granule on body weight (g) and sucrose water consumption (mL) in depression model rats

Body weight (g)

Sucrose water consumption (mL)

Group Dose (g/kg)
Pre-experiment Day 22 post-experiment Pre-experiment Day 22 post-experiment

Normal 270.4+22.6 327.4+19.8 31.2+3.6 37.6+2.8
Model 281.2+23.5 305.3+22.5% 28.4+4.0 16.6+3.97
Fluoxetine 0.02 272.9+18.2 322.4+25.8" 29.4+3.4 31.4+3.6°
Kaiyu Granule

Low-dose 4 276.3+19.6 305.3+22.5 29.4+35 26.7+4.0°

Moderate-dose 8 273.3+20.2 312.6+23.6" 29.0+£3.5 28.3+4.8°

High-dose 12 276.8+21.5 320.3+20.8° 28.5+4.2 34.0+4.2°

Data are expressed as the mean + SD. Each group contained 12 rats. Intergroup differences were compared with one-way analysis of variance.
Paired comparisons were performed using two-sample t-tests. ®P < 0.01, vs. normal group; °P < 0.05, °P < 0.01, vs. model group.

Table 2  Effects of Kaiyu Granule on locomotor activity (point/5 minutes) and rearing activity (point/5 minutes) in depression

model rats
Locomotor activity Rearing activity
Group Dose (g/kg)
Pre-experiment Day 22 post-experiment Pre-experiment  Day 22 post-experiment

Normal 44.2+4.2 45.2+4.1 14.3+3.5 13.8+2.3
Model 42.6+2.6 25.4+3.6 13.4+2.3 7.6x1.7%
Fluoxetine 0.02 47.4+2.7 36.7+2.1° 14.0+2.6 10.5+2.0°
Kaiyu Granule

Low-dose 4 45,5435 35.7+3.0° 15.5+2.4 10.4+2.6°

Moderate-dose 8 46.4+3.9 37.4+3.6" 15.4+1.7 10.2+1.3

High-dose 12 43.4+4.6 36.3+2.4° 14.0+2.6 10.4+1.5°

Data are expressed as the mean + SD. Each group contained 12 rats. Intergroup differences were compared with one-way analysis of variance.
Paired comparisons were performed using two-sample t-tests. ®P < 0.01, vs. normal group; °P < 0.01, °P < 0.05, vs. model group.
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Figure 1 GIRK1 expression in the rat hippocampal CA1 and CA3 regions (immunohistochemistry, x 40).

Moderate- and high-dose Kaiyu Granule evidently increased GIRK1 expression in the hippocampal CA1 and CA3 regions of
depression model rats, and their effects were similar to those of fluoxetine. GIRK1-positive expression was brownish red color.
GIRK: G-protein-coupled inwardly rectifying K™ channel.

high-dose Kaiyu Granule and fluoxetine groups com-
pared to the untreated depression model group. GIRK1
expression in the hippocampal CA1 region was also high
in the low- and moderate-dose Kaiyu Granule groups,

Table 3 Effects of Kaiyu Granule on GIRK1 expression
(absorbance) in hippocammpal CA1 and CA3 regions of
depression model rats

Data are expressed as mean + SD. Each group contained 12 rats.
Intergroup differences were compared with one-way analysis of
variance. Paired comparisons were performed using two-sample
t-tests. 3P < 0.01, vs. normal group; °P < 0.05, °P < 0.01, vs. model
group. GIRK: G-protein-coupled inwardly rectifying K™ channel.

DISCUSSION

This study demonstrated that GIRK1 expression in the
hippocampal CA1 region was significantly higher in the

Hippocampal Hippocampal .

Group Dose CA1 region CA3 region but apparently reduced in the model group. GIRK1 ex-
Normal — 211.2+4.2 205.245.6 pression in the hippocampal CA3 region was also evi-
Model - 185.8+8.8% 182.3+1.6% dently increased in the high- and moderate-dose Kaiyu

H a a
E':i%eg?:nule 0.02 205.9+3.9 201.6+1.2 Granule groups and fluoxetine group. GIRK1 expression

Lomdess 4 186.2+3.2° 184.8+4.2° in the hippocampal CA3 region was also high in the
Moderate-dose 8 191.9+5.2° 190.0+11.8° low-dose Kaiyu Granule group, but obviously diminished
High-dose 12 200.6+7.6° 198.2+13.9°

in the model group. Kaiyu Granule obviously reduced
the decrease in body weight in depression model rats
and increased sucrose water consumption, which sug-
gested that Kaiyu Granule improved their behavior,
increased locomotor activity and rearing activity, and
improved depression symptoms. Increased GIRK1
mRNA expression reduced postsynaptic inhibitory ef-
fects, increased neuronal excitability, diminished the
number of neurons that could release inhibitory neuro-
transmitters such as GABAergic neurons, and de-
creased postsynaptic inhibitory effects.

Normal group Model group Fluoxetine group

Hippocampal
CAL1 region . - g . e

Hippocampal
CA3 region

— -

Low-dose Kaiyu
Granule group

Moderate-dose Kaiyu
Granule group

High-dose Kaiyu
Granule group

>

Figure 2 GIRK1 mRNA expression in the rat hippocampal CA1 and CA3 regions (in situ hybridization, x 40).

Various doses of Kaiyu Granule evidently increased GIRK1 mRNA expression in the hippocampal CA1 and CA3 regions of
depression model rats, and their effects were similar to those of fluoxetine. GIRK1 mRNA-positive expression was brownish red
color. GIRK: G-protein-coupled inwardly rectifying K* channel.
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Table 4 Effects of Kaiyu Granule on GIRK1 mRNA
expression (gray scale) in the hippocammpal CA1 and CA3
regions of depression model rats

Hippocampal Hippocampal
Group Dose CALl region CAS3 region
Normal — 145.3+10.8% 140.0£13.22
Model — 105.2+1.4 114.5+3.3
Fluoxetine 0.02 150.945.9? 146.0+10.0%
Kaiyu Granule
Low-dose 4 137.0£19.7°°  125.2+16.7%*
Moderate-dose 8 138.8410.3"  132.0+7.4%
High-dose 12 150.7+15.2% 143.2+13.92

Data are expressed as mean + SD. Each group contained 12 rats.
Intergroup differences were compared with one-way analysis of
variance. Paired comparisons were performed using two-sample
t-tests. P < 0.01, °P < 0.05, vs. model group. GIRK: G-protein-
coupled inwardly rectifying K* channel.

Increased GIRK1 expression reduced the inhibitory
effects of GABAergic neurons and possibly increased
monoaminergic neuronal excitability™ decreased de-
pression-like symptoms. In summary, Kaiyu Granule
could increase GIRK1 expression in hippocampal CA1
and CA3 regions of depression rats, indirectly increase
the secretion of monoamine neurotransmitters, and
finally reduce depression-like symptoms.

MATERIALS AND METHODS

Design
A randomized controlled animal study.

Time and setting
Experiments were performed in the College of Pharmacy,
Jilin University, China, from June 2006 to March 2007.

Materials

Animals

A total of 72 clean adult male Wistar rats aged 2 months
and weighing 180-220 g were provided by Changchun
Gaoxin Animal Center, China, animal license No. SCXK-
(Ji) 2007-0003. Animals were allowed free access to
food and water (except during fasting diet and water
deprivation stress). They were housed at 18-22°C (ex-
cept during hot and cold stress) and at a humidity of
60-70%. The protocols were conducted in accordance
with the Guidance Suggestions for the Care and Use of
Laboratory Animals, formulated by the Ministry of
Science and Technology of China!®.

Drugs
Kaiyu Granule was provided by Department of Pharmacy,
Changchun University of Chinese Medicine, China.

Kaiyu Granule (nosocomial preparation) was made of
bupleurum, nutgrass galingale rhizome, szechwan lo-
vage rhizome, turmeric root tuber, white peony alba,
cape jasmine fruit, fried semen ziziphi jujubae, and pre-
pared liquorice root. All materials were decocted three
times with an eight-times volume of distilled water, with
the first decoction for 2 hours, second decoction for 2
hours, and third decoction for 1 hour. Decoction solutions
were mixed and filtered. Filtrate was condensed to clear
paste, which was dried and triturated. The preparation
was mixed with sucrose, treated with 75% alcohol, gra-
nulated, dried at 80°C, and made into granules®. 1
mL herb liquor containing 1 g crude drug was ensured,
and then the preparation was stored at 4°C.

Fluoxetine hydrochloride capsules (C;;H15FsNO-HCI)
were produced by Apotex Inc., Canada, repacked by
Liaoyuan Yadong Pharmaceutical Factory, specification:
20 mg/granule; permission number of import drugs
H20040354.

Methods

Preparation of depression model rats

Depression model rats were established by a chronic
stress method™"*®. Each rat was isolated in an individual
cage, and underwent various stressors over 21 days,
including swimming in cold water (4°C, 5 minutes), water
deprivation (24 hours), a high temperature environment
(45°C, 5 minutes), fasting diet (24 hours), tail-clamping
(1 minute), weaving (once a second, 5 minutes), electric
shock on a footplate (5 mV, one stimulus was done every
30 seconds, each for 10 seconds, totally 15 times), and
daytime or nighttime inversion. Over these 21 days, one
stressor was pseudorandomly chosen and given each
day. Each kind of stressor was given 2-3 times. The
same stressor was not given 2 days in a row. Thus, the
rats could not predict which stressor they would receive.
In the normal group, six rats were housed in each cage
and allowed free access to food and water, but they did
not receive any stressors.

Intragastric administration of Kaiyu Granule

The rats in the high-, moderate-, and low-dose Kaiyu
Granule groups were intragastrically administrated 12, 8,
or 4 g crude drugs/kg Kaiyu Granule during chronic
stress, separately at 50, 20, and 5 times the clinical
dose™ . The rats in the fluoxetine group were given
2 mg/kg fluoxetine hydrochloride capsules, which is
seven times the clinical dose (0.333 mg/kg). The outer
coating of the capsule was removed, and the drugs were
dissolved in distilled water. The rats were intragastrically
administered the drug once at 8 a.m. every day for 21
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consecutive days®?”. The rats in the normal and model
groups were given 10 mL/g distilled water by intragastric
administration at 8 a.m., once a day, for 21 consecutive
days.

Behavior detection

Body weight: The body weights of the rats in each group
were determined with an electronic balance before the
experiment and after 21 days of stress.

Sucrose preference test: At 10:00 a.m., 1% sucrose wa-
ter and plain water were separately laid around the sides
of the cage in each group. The position of the water
container was exchanged every 12 hours over 48 hours
to acclimate the subjects to the container. After 24 hours
of water deprivation and fasting, all rats were adminis-
tered bottles of 1% sucrose water and plain water. The
sucrose consumption percentage within 3 hours was
calculated as: sucrose consumption percentage (%) =
sucrose consumption/(sucrose + plain water consump-
tion) x 100%.

Open field test: The open-field box was made of wood,
with a length, width, and height of 80 cm x 80 cm x 40
cm, and contained 25 squares of equal area. The inner
wall and undersurface were black. The test was con-
ducted after model induction and after drug administra-
tion. The rats were placed in the center of an open-field
box under quiet conditions at room temperature with soft
light. The frequency of crossing the square was used to
determine locomotor activity. Three or four claws enter-
ing the square was scored as 1. The frequency of rearing
was determined by rearing activity. Removing two fore-
limbs from the ground (> 1 cm) once was scored 1. Each
rat was measured once each session and the additional
rat was not assessed until the box was cleared.

Preparation of specimens

After 21 days of daily stress, the rats were anesthetized
with sodium pentobarbital 1 mL/200 g (Tianjin Pharma-
ceutical Group Xinzheng Co., Ltd., Xinzheng, Henan
Province, China). By left ventricular intubation, the rats
were fixed with saline and 4% paraformaldehyde (pre-
pared with PBS). The brain was obtained by decapitation,
postfixed in 4% paraformaldehyde for further use, and
then serially sliced into 6-8 pum-thick coronal sections
with a cryostat. The brain sections containing the hippo-
campus?? were placed in 0.1 mol/L PBSZ*%,

Immunocytochemical staining of GIRK1 expression
in rat hippocampus
The sections were dewaxed, treated with 3% H,O, at
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room temperature for 10 minutes to deactivate endo-
genous enzymse, washed three times with distilled water,
immersed in 0.01 mol/L citrate buffer (pH 6.0), and
heated with a microwave oven. The power supply was
cut off until boiling, with an interval of 5-10 minutes, re-
peated for 1-2 times. After cooling, the sections were
washed twice with PBS (pH 7.2-7.6) and blocked with
fetal bovine serum at room temperature for 20 minutes.
Any unnecessary liquid was discarded. Without washing,
the sections were incubated in mouse anti-rat GIRK1
monoclonal antibody (1:100; Shanghai Hengfei Biologi-
cal Technology Co., Ltd., Shanghai, China) at 7°C for 1
hour, washed with PBS (2 minutes x 3), incubated with
biotinylated goat anti-mouse IgG (1:50; Beijing Hon-
gyuechuangxin Technology Co., Ltd., Beijing, China) at
37°C for 20 minutes, washed with PBS (2 minutes x 3).
Subsequently, the sections were incubated in streptavi-
din-peroxidase complex at 37°C for 20 minutes, washed
with PBS (5 minutes x 4), visualized with 3,3’- diamino-
benzidine, lightly counterstained with hematoxylin, de-
hydrated, permeabilized, and mounted®. Images of the
sections were analyzed using a light microscope
(Olympus, Japan) and high-definition color pathological
image analysis system (Huida Instruments Co., Ltd.,
Hubei Province, China). Absorbance values were meas-
ured after the gray scale was regulated. Three visual
fields of each section was selected, and the average
value was calculated®®*"],

In situ hybridization of GIRK1 mRNA expression in
rat hippocampus

Each rat hippocampus was dewaxed. The sections were
immersed in 0.1 mol/L PBS at room temperature (5 mi-
nutes x 3), washed with 0.1 mol/L glycine and 0.1 mol/L
PBS for 5 minutes, at room temperature, followed by a
wash with 0.4%Triton X-100-PBS for 10 minutes at room
temperature to induce protein denaturation and to in-
crease penetration of the probe. The sections were
washed with 0.1 mol/L PBS (5 minutes x 3) at room
temperature, digested with 1 yg/mL proteinase K 37°C
for 30 minutes. Detected mMRNA was exposed. The reac-
tion was terminated by 4% paraformaldehyde for 5 mi-
nutes at room temperature and washed in 0.1 mol/L PBS
(5 minutes x 3). Excess fixative solution was removed.
The specimens were treated with 0.25% acetic anhy-
dride (prepared by 0.1 mol/L triethanolamine) for
10 minutes at room temperature, prehybridized in pre-
hybridization solution (5 x standard saline citrate, 50%
formamide) at 37°C for 2 hours, and hybridized in hybri-
dization solution at 42°C for 12-18 hours (the probe
concentration was 250 ng/mL). Subsequently, the sec-
tions were washed with 4 x with standard saline citrate at
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room temperature (10 minutes x 3), 2 x with standard
saline citrate at room temperature (10 minutes x 3), 2 x
with standard saline citrate + RNaseA (10 upg/mL) at
37°C for 30 minutes, 0.1 x with standard saline citrate at
room temperature (10 minutes x 3), and washed with
TSM1 at room temperature for 10 minutes. The sections
were incubated with TSM2 containing anti-DIG antibody
(1:1 000-3 000) at room temperature for 3 hours,
washed with TSM1 at room temperature for 10 minutes,
washed with TSM3 at room temperature for 5 minutes,
and then visualized in TSM3 containing nitro blue tetra-
zolium and 5-bromo-4-chloro-3-indolyl phosphate for 3—-6
hours in the dark. The reactions were terminated by
adding TE buffer. The sections were placed on
chrome-alum gelatin-coated slides at 37°C overnight,
dehydrated, permeabilized, and mounted with neutral
gum. All hybridization procedures were conducted after
RNA enzyme was deactivated in accordance with a di-
goxin-labeled oligonucleotide probe in situ hybridization
kit?®?! (Boster, Wuhan, Hubei Province, China). The
average gray value was calculated using a light micro-
scope (Olympus) and high-definition color pathological
image analysis system®’. Three visual fields of each
section was selected, and the average value was calcu-
lated®?.

Statistical analysis

The data are expressed as mean * SD, and analyzed
using SPSS 13.0 software (SPSS, Chicago, IL, USA).
Intergroup differences were compared with one-way
analysis of variance. Paired comparisons were per-
formed using two-sample t-tests. A value of P < 0.05 was
considered statistically significant.

Research background: GIRK has been shown to directly
couple to many inhibitory transmitter receptors, and it is a direct
effector between the heart and many neurotransmitters in the
brain.

Research frontiers: The mechanisms of many traditional
Chinese drug compound preparations are unclear. This study
investigated the effects of GIRK1 mRNA expression in the hip-
pocampus of rats undergoing chronic stress, and discovered
the partial mechanisms of Kaiyu Granule in treatment of de-
pression.

Clinical significance: Results confirmed that Kaiyu Granule
could improve depression symptom by affecting the expression
of GIRK1. Kaiyu Granule is an effective drug for depression.
Academic terminology: Inwardly rectifying K™ channels are a
specific subset of potassium selective ion channels and allow
K" to move more easily into rather than out of the cell.

Peer review: This study established depression model rats,
used fluoxetine as a positive control, and found that Kaiyu

Granule obviously increased the expression of GIRK1 in the
hippocampal CA3 and CALl regions, and confirmed the effects
of Kaiyu Granule against depression.
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