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Background: Shen-Qi-Jie-Yu-Fang (SJ Fang) is a herbal preparation used in traditional Chinese
medicine, and is a potentially important new therapeutic agent in postpartum depression (PPD).
Previously, we have elucidated the effects of SJ Fang on hormone receptors and monoamine
neurotransmitters involved in the hypothalamic-pituitary-adrenal and hypothalamic-pituitary-
gonadal axes in PPD rats. However, the immune-modulating effects of SJ Fang in PPD are still
unknown. In this study, we explored the effects of SJ Fang on the immune organs and subsets
of T lymphocytes in PPD rats.

Methods: PPD was created in Sprague-Dawley rats by inducing hormone-simulated pregnancy
followed by hormone withdrawal. After hormone withdrawal, the PPD rats were then treated
with fluoxetine at 1, 2, and 4 weeks, and the SJ Fang rats were also treated at 1, 2, and 4 weeks.
Depressive behavior in the rats was evaluated by the forced swim test, sucrose consumption
test, and open field test. The thymus index and spleen index were calculated. Hematoxylin-eosin
staining was used to identify pathological features in the thymus and spleen. CD3, CD4, and
CD8 lymphocyte subsets were analyzed by flow cytometry.

Results: Both fluoxetine and SJ Fang decreased immobility time, increased sucrose consump-
tion, an horizontal and vertical movement. After 4 weeks of treatment with fluoxetine or SJ
Fang, the thymus index and spleen index were significantly higher than at baseline, and the
morphology of the thymus and spleen were returning to normal. Two weeks after hormone
withdrawal, subsets of T lymphocytes indicated a shift from immune activation to immune
suppression, which was reversed by 4 weeks of treatment with fluoxetine or SJ Fang.
Conclusion: It is suggested that T-cell mediate immune responses which may play a role in the
etiopathology of postpartum depression. SJ Fang had an antidepressant effect on the immune
system in rats with PPD.

Keywords: spleen index, thymus index, Hematoxylin and eosin staining, CD4*/CD8* ratio,
immune activation, immune suppression

Introduction

Postpartum depression (PPD) is a serious postpartum psychological mood disorder that
affects both mothers and their children. A diagnosis of PPD has a significant adverse
impact on women with PPD and their families.' The majority of mothers with PPD
are reluctant to seek treatment because of the risk of medication adversely affecting
the infant via breastfeeding. Therefore, alternative treatment needs to be considered
to alleviate the symptoms of depression with the least side effects for both mother
and baby. Traditional Chinese medicine, eg, Shen-Qi-Jie-Yu-Fang (SJ Fang), may be
an effective therapy for PPD.
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SJ Fang was established in traditional Chinese medicine
theory and subjected to clinical studies 10 years ago by Tang,
who considered that the pathogenesis of PPD included both qi
and blood deficiency, blockade of static blood and turbidity,
dysfunction of brain essence and spirit.> The solution to the
key point was tonifying and replenishing heart and spleen,
harmonizing qi and dispelling stasis, nourishing brain and
enlivening spirit. Thus, SJ Fang was proposed to have a role
in the treatment of PPD. When used clinically, SJ Fang has
been shown to be able to improve symptoms of depression
in PPD.

Our team has researched the ability of SJ Fang to regu-
late the neuroendocrine system in PPD rats. Basing on the
“ovarian steroid withdrawal” hypothesis,>® onset of PPD
is thought to be due to the sudden decrease in estrogen and
progesterone levels after delivery. Clinical reports*’ ' and
animal studies!'"'3 support this hypothesis. More specifi-
cally, it is thought that PPD is caused by changes in levels
of estrogen, progesterone, monoamine neurotransmitters,
their receptors, metabolic products, and other biological
factors within the hypothalamic-pituitary-adrenal (HPA)
and hypothalamic-pituitary-gonadal (HPG) axes.'* In pre-
vious research, also using PPD rats, Yang et al found that
SJ Fang can significantly increase expression of estradiol,
progesterone, gonadotropin-releasing hormone, follicle-
stimulating hormone, and luteinizing hormone in the HPG
axis and decrease levels of corticotropin-releasing hormone,
adrenocorticotropic hormone, and corticosterone in the
HPA axis.'” Further, our research has demonstrated that SJ
Fang upregulates expression of estradiol receptor-o. and
estradiol receptor-f in the prefrontal cortex, hippocam-
pus, and hypothalamus.'® SJ Fang can increase levels of
monoamine neurotransmitters, ie, 5-hydroxytryptamine,
norepinephrine, and dopamine, in the prefrontal cortex
and hippocampus. We have also shown that SJ Fang can
increase the metabolic products of 5-hydroxyindoleacetic
acid and dihydroxyphenylacetic acid in the prefrontal cortex
and hippocampus.!’

The cytokine network and the inflammatory response
system are now thought to be involved in the pathophysiol-
ogy of major depressive disorder.'*?! The etiology of PPD,
as a subtype of major depressive disorder, has also been
proposed to be associated with the immune system and
cytokines.?? Further, hyperfunction in HPA axis altered
in immune system and cytokines have been proposed to
play a role in PPD.?* Further, in the gestational period,
the maternal occurred immunological tolerance with the
allogenic fetus and T lymphocyte response to fetal antigens.?’

T lymphocyte subsets include helper/inducer (CD4*) T-cells
and suppressor/cytotoxic (CD8*) T-cells, which coordinate
the immune response. T lymphocytes induce the immune
balance is the essential condition in maintain the function
with maternal. In such application, flow cytometry was used
to provide absolute counts, percentages and ratios of these
lymphocyte subsets.

Although there is both clinical and experimental evidence
that the immune system is dysfunctional in PPD,?32 the
status of T lymphocyte subpopulations remains unknown.
Further, the ability of SJ Fang to modulate the immune
system in PPD is still not well understood. In this study, we
investigated the effects of SJ Fang on the immune organs
and T lymphocyte subpopulations in PPD rats. We also
compared the immunological effects of SJ Fang with those
of fluoxetine.

Materials and methods

Ethics statement

The experimental protocols used in this research were
approved by the Beijing Institute of Animal Ethics Commit-
tee (Beijing, People’s Republic of China). The procedures
used were carried out in accordance with the Guidelines for
Animal Experimentation of Beijing University of Chinese
Medicine (Beijing, People’s Republic of China). All effort
was made to keep the number of animals used in this study
to a minimum and to minimize their suffering.

Preparation of S} Fang decoction

The SJ Fang decoction used in this study contained 20 g
of Radix astragali, 12 g of Codonopsis pilosula, 15 g of
fried Semen Ziziphi spinosae, 15 g of Fructus corni, 15 g of
Radix curcumae, 10 g of Pericarpium citri reticulatae, 10 g
of Citrus chirocarpus, and 10 g of Angelica sinensis. The
granules containing SJ Fang were sourced from Tcmages
Pharmaceuticals Co Ltd (Beijing, People’s Republic of
China), and authenticated by Dr Lu at the Third Affiliated
Hospital of Beijing University of Chinese Medicine, where
voucher specimens were deposited. Two bags of SJ Fang
granules (containing 107 g of crude drug, equivalent to
an adult dosage for 1 day) were mixed and dissolved in
85.6 mL of double-distilled water to a concentration of
1.25 g/mL. The solution was stored at 4°C, and heated
before gavage.

Animals and drug treatment
Ninety female Sprague-Dawley rats (SCXK 2012-0001,
Charles River Laboratories International Inc, Beijing,
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People’s Republic of China) weighing approximately
190-210 g were group-housed in a temperature-controlled
colony room (21°C£2°C), maintained on a 12-hour light/dark
cycle (lights on from 7:30 am to 7:30 pm), and given free
access to laboratory food and water, except during surgery
and behavioral assessments. After acclimation to their new
environment for 7 days, their behavior was assessed to record
the behavior scores by the open field test (OFT). Basing on
the similar scores, the rats were randomly divided into five
groups: normal rats (naive + double-distilled water, n=6),
sham-operated rats (ovariectomized control + double-dis-
tilled water, n=6), PPD rats (hormone-simulated pregnancy
[HSP] + double-distilled water, n=6), SJ Fang rats (HSP + SJ
Fang, n=6), and fluoxetine rats (HSP + fluoxetine hydrochlo-
ride, n=6). Except for those in the normal and sham-operated
groups, all rats were ovariectomized bilaterally using aseptic
techniques while under 4% chloral hydrate anesthesia. As in
our previous study, the experimental rats were treated with
SJ Fang 1.25 g/mL and fluoxetine hydrochloride (2090A, Eli
Lilly Suzhou Pharmaceutical Co Ltd, USA) 0.25 mg/mL.
After establishing HSP, the normal rats, sham rats, and
PPD rats were given 2 mL of double-distilled water via the
intragastric route. Rats in the SJ Fang group received 2 mL
of SJ Fang via the same route. Rats in the fluoxetine group
received 2 mL of fluoxetine. The double-distilled water,
SJ Fang, and fluoxetine were administered by gavage daily
at 8:30 am for 1, 2, and 4 weeks, respectively.

Procedure used to establish HSP

The procedure used to establish HSP was performed as
described previously.''? Seven days after surgery, the
ovariectomized rats were started on subcutaneous injec-
tions of vehicle or hormone at approximately 8:30 am for
23 days (Table 1). The sham-operated rats received 0.3 mL
of sesame oil daily for 16 days and then 0.1 mL of sesame
oil for 7 days. The PPD rats, SJ Fang rats, and fluoxetine
rats were administered a low dose of estradiol benzoate
(Hangzhou Animal Medicine Factory, Hangzhou, People’s
Republic of China) as 0.1 mL (2.5 pg) and 0.2 mL (4 mg)
of progesterone (Shanghai General Pharmaceutical Co Ltd,

Table | Experimental timeline

Shanghai, People’s Republic of China) daily for 16 days,
followed by a high dose of estradiol benzoate in 0.1 mL
(50 ng) for a further 7 days. On day 24, the injections were
terminated to initiate hormone withdrawal.

Forced swim test

The apparatus consisted of a plexiglas cylindrical container
(60 cm height x25 cm diameter) filled to a depth of 35 cm
with tap water at 24°C-25°C. This depth was sufficient to
ensure that animals could not touch the bottom of the con-
tainer with their hind paws or their tails.** On day 1, the rats
were placed in the container with water for 15 minutes, then
removed from the water, dried, kept warm for 30 minutes, and
put back in their cages. On day 2, the rats were placed into
the water under the same conditions for 5 minutes, and the
amount of time spent immobile, swimming, and struggling
was recorded. Immobility included floating and making only
those movements necessary to keep the head above water.
Swimming included pedaling, circling, and other active
movements in the water. Struggling included climbing and
upward-directed movements of the forepaws against the
walls of the cylinder. A video camera was mounted above
the cylinder and an opaque curtain surrounded the platform
to block all visual cues.

Sucrose consumption test

The sucrose consumption test, whereby the rats were allowed
to drink 1% sucrose water after fluid deprivation for 24 hours,
was used to evaluate anhedonia in response to reward. The
sucrose intake was measured with the consumption over an
hour, by recording the bottle weight (g) prior to and imme-
diately after 1 hour.

Open field test

The OFT was used to explore motivation and anxiety
behavior in a novel environment. The open field apparatus
consisted of an 80x80 cm arena with 40 cm high walls. The
apparatus was painted black except for 2 mm white lines. The
arena was divided into 25 squares of equal size. The room
was kept dark during the test. Each rat was placed in the

Treatment group Days I-16 Days 17-23 Treatment
Normal None None Double-distilled water
Sham 0.3 mL sesame oil 0.1 mL sesame oil Double-distilled water

HSP 0.1 mL (2.5 pg) EB and 0.2 mL (4 mg) P
SJ Fang 0.1 mL (2.5 ug) EB and 0.2 mL (4 mg) P
Fluoxetine 0.1 mL (2.5 ug) EB and 0.2 mL (4 mg) P

0.1 mL (50 ug) EB
0.1 mL (50 pg) EB
0.1 mL (50 ug) EB

Double-distilled water
S) Fang
Fluoxetine

Abbreviations: EB, estradiol benzoate; HSP, hormone-simulated pregnancy; SJ Fang, Shen-Qi-Jie-Yu-Fang; P, progesterone.
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central area within the arena and recorded for 5 minutes by
a video camera positioned above the apparatus. The numbers
of horizontal and vertical movements were counted by two
observers blinded to the experimental protocol. Horizontal
movement was recorded as the number of grid lines crossed
with all four paws, and vertical movement was recorded
as the number of times each rat reared to stand on its hind
limbs. The apparatus was cleaned with 70% alcohol between
testing of each rat.

Body weight

Body weight was calculated once a week during the HSP and
gavage periods. A behavioral evaluation was done before the
rats were euthanized. Body weight was measured before the
behavioral assessment and on the day of euthanasia.

Thymus index and spleen index

Six rats in each group were anesthetized with 4% chloral
hydrate (0.4 mL/100 g). The spleen and thymus were isolated
and wet-weighed immediately. The immune organ index
was calculated as: thymus/spleen index (mg/g) = weight of
thymus or spleen (mg)/body weight of rat (g).

Hematoxylin-eosin staining of thymus

and spleen

Tissue samples from the thymus and spleen were immersed
in 4% paraformaldehyde for 48 hours. After fixation, each
sample was washed using tap water five times for 1 hour.
Three days later, each sample was sliced into 5 mm sections,
and then routinely dehydrated in a graded series of ethanol
(70%, 80%, 90%, 95%, and 100%) for 1 hour each, and 100%
ethanol for 2 hours. The samples were dipped into xylene
twice for 40 minutes, immersed once in paraffin for 1 hour,
2 hours, and left overnight. The tissues were embedded in
liquid paraffin to make the paraffin blocks. The paraffin
blocks were cut to sections of approximately 5 um to adhere
to microscope slides. After being dried at 60°C in an oven for
1 hour, the sections were transferred the slides through the
following solutions: twice in xylene for 15 minutes, twice in
100% ethanol, and once in 95%, 90%, 80%, and 70% ethanol
for 5 minutes each, and then in distilled water for 5 minutes.
Finally, the sections were stained with hematoxylin-eosin.

Percentages of subsets of T lymphocytes

The CD3, CD4, and CD8 lymphocyte subsets in peripheral
arterial blood were analyzed by flow cytometry (BD FACS-
Calibur, BD Biosciences, Franklin Lakes, NJ, USA). The rats
were anesthetized and euthanized. Abdominal aortic blood

was collected into a sodium-heparin tube for immunofluo-
rescence staining. 100 uL of anticoagulated blood was drawn
from the heparinized blood. This anticoagulated blood was
added with membrane surface antibodies of anti-CD3 phyco-
erythrin, anti-CD4 fluorescein isothiocyanate, and anti-CD8
phycoerythrin (all from BD Pharmingen, San Diego, CA,
USA), and incubated at room temperature for 15 minutes in
the dark. Next, 2 mL of red blood cell lysis solution (Solarbio
Bioscience and Technology Co Ltd, Shanghai, People’s
Republic of China) was added to the antibody mixture, fol-
lowed by incubation at room temperature for 20 minutes.
The mixture was then centrifuged at 350x g for 5 minutes,
after which the supernatant was discarded. Next, 2 mL of
cell staining buffer (Biolegend, San Diego, CA, USA) was
added twice to wash by centrifugation at 350 g for 5 minutes,
after which the supernatant was discarded. The immunofiu-
orescence-stained lymphocyte subsets were resuspended in
0.2 mL of 1% paraformaldehyde-phosphate-buffered saline
fixation buffer and analyzed by fluorescence-activated cell
sorting with CellQuest software. The gating strategy enabled
us to count the numbers of CD3*, CD4", and CD8* T-cells.
The ratio of CD4* to CD8* T lymphocytes (CD4*/CD8") was
used to calculate the immunoreactivity index.

Statistical analysis

The data are presented as the mean * standard deviation. The
statistical analysis was performed using Statistical Package
for the Social Sciences version 16.0 software (SPSS Inc, Chi-
cago, IL, USA). Post hoc multiple comparison was performed.
The mean values were compared using one-way analysis of
variance after normal distribution and homogenous variance
tests. The least squares difference method was used to com-
pare differences between two groups. P-values of <0.05 and
<0.01 were considered to be statistically significant.

Results

The antidepressant-like activity of SJ Fang was assessed in
rats by measuring changes in immobility time in the forced
swim test (Figure 1 A). Immobility time in the PPD rats was
significantly increased after the HSP withdrawal phase in
weeks 1 [F(4,25)=15.589, P<<0.01], 2 [F(4,25)=45.534,
P<0.01], and 4 [F(4,25)=31.476, P<0.01]. After treatment
with SJ Fang, there was a significant decrease in immobility
time during the forced swim test at 2 weeks (P<<0.01) and
4 weeks (P<<0.01). Comparison with the positive control
rats indicated no difference between SJ Fang and fluoxetine
with regard to antidepressant-like activity (£>0.05). Both
struggling time (Figure 1B) and swimming time (Figure 1C)
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Figure | Effect of S| Fang on forced swim test in PPD rats with HSP withdrawal.

4w

Notes: Time (mean + standard deviation) of immobility (A), struggling (B), and swimming (C) during 5 minutes in normal, vehicle-treated, and HSP-treated female rats at
weeks |, 2,and 4 of the hormone withdrawal phase (n=6 per group). **P<<0.0| and *P<<0.05 vs normal and sham rats,*P<<0.01 vs PPD rats.
Abbreviations: HSP, hormone-simulated pregnancy; PPD, postpartum depression; SJ Fang, Shen-Qi-Jie-Yu-Fang; w, weeks.

were significant decreased at weeks 1, 2, and 4 after HSP
withdrawal (P<<0.01). Struggling time in the group of PPD
rats treated with SJ Fang increased after 1 week of treatment
[F(4,25)=19.509], as was swimming time [F(4,25)=06.248].
Both struggling time and swimming time were significantly
increased in the PPD rats after treatment with SJ Fang for
2 weeks [F(4,25)=22.125, P<<0.01; F(4,25)=17.001, P<<0.01]
and 4 weeks [F(4,25)=8.833, P<<0.01; F(4,25)=11.972,
P<0.01].

As shown in Figure 2, repeated measures analysis of vari-
ance showed significant differences between the five treat-
ment groups. Sucrose consumption in PPD rats was lower
than in rats in the normal and sham groups (both P<<0.01).
Rats treated with SJ Fang for 2 weeks [F(4,25)=24.323,
P<0.01] and 4 weeks [F(4,25)=17.838, P<0.01] were sig-
nificantly higher than PPD rats. Rats treated with fluoxetine
showed significantly increased sucrose consumption when
compared with PPD rats. There was no statistically significant
difference between rats treated with SJ Fang and those treated
with fluoxetine at 2 weeks or 4 weeks (P>0.05).

As shown in Figure 3, measurements of horizontal and
vertical movements in the five groups showed significant dif-
ferences at all three observation points. Horizontal and vertical
movements in PPD rats were significantly fewer than in normal
and sham rats at weeks 1, 2, and 4 of the hormone withdrawal
phase. After treatment with SJ Fang (Figure 3A), horizontal

movements in PPD rats were significantly increased in week
1 [F(4,25)=44.604, P<<0.01], week 2 [F(4,25)=81.380,
P<0.01], and week 4 [F(4,25)=65.534, P<0.01], as were
vertical movements (Figure 3B) at week 2 [F(4,25)=29.646,
P<0.01] and week 4 [F(4,25)=7.031, P<0.01]. When com-
pared with the positive control rats, there was no difference
between SJ Fang and fluoxetine with regard to improvement
of horizontal and vertical movements (P>0.05).

| ONormal 0 Sham mHSP @& SJFang B Fluoxetine

-
[6,]
)

-
N
L

i w1 1. 71

Sucrose consumption (g)

1w 2w 4w

Figure 2 Effect of S| Fang on 1% sucrose consumption by PPD rats with HSP
withdrawal.

Notes: Sucrose consumption in | hour was carried out in normal, vehicle-treated,
and HSP-treated female rats at weeks |, 2, and 4 of hormone withdrawal phase (n=6
per group). *P<0.01 and *P<<0.05 vs normal and sham rats, #P<<0.01, #P<0.05 vs
PPD rats.

Abbreviations: HSP, hormone-simulated pregnancy; PPD, postpartum depression;
S) Fang, Shen-Qi-Jie-Yu-Fang; w, weeks.
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Figure 3 Effect of S| Fang on open field test in PPD rats with HSP withdrawal.

Notes: Times (mean * standard deviation) of horizontal movements (A), and vertical movements (B), during 5 minutes in normal, vehicle-treated, and HSP-treated female
rats at weeks |, 2, and 4 of the hormone withdrawal phase (n=6 per group). **P<<0.01 vs normal and sham rats, *#P<0.01 vs PPD rats.
Abbreviations: HSP, hormone-simulated pregnancy; PPD, postpartum depression; S| Fang, Shen-Qi-Jie-Yu-Fang; w, weeks.

As shown in Figure 4A, body weights in the PPD rats were
lower than in normal and sham rats. Growth rates were sig-
nificantly slower in PPD rats after the HSP withdrawal phase
(P<<0.01). Body weight in the SJ Fang and fluoxetine groups
was higher than in PPD rats after the HSP withdrawal phase,
and was significantly higher at 2 weeks [F(4,25)=5.506,
P<0.01] and 4 weeks [F(4,25)=18.231, P<0.01].

The thymus index (Figure 4B) and spleen index
(Figure 4C) were both lower in PPD rats than in normal rats.
Compared with normal and sham rats, the thymus index in
PPD rats was significant decreased at 1 week after hormone
withdrawal [F(4,25)=5.784, P<<0.01]. The spleen index was
also significant decreased in PPD rats at 4 weeks after hor-
mone withdrawal [F(4,25)=12.310, P<<0.01]. Both the thymus
index and spleen index were increased after treatment with SJ
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Fang or fluoxetine for 1, 2, and 4 weeks. The spleen index in
the SJ Fang and fluoxetine groups was significant higher than
in PPD rats after treatment for 4 weeks (P<<0.01).
Histopathology showed pathological changes in the
thymus and spleen in PPD rats (Figure 5), which could be
attenuated by SJ Fang. As shown in Figure SA, the boundary
between the cortex and medulla was not clearly observed in
the PPD rat thymus. A thinner cortex and a thicker medulla
were seen in the PPD rats. Thymocytes were decreased in
number, arranged in a loose and disordered manner, and
their nuclei were lighter on staining with hematoxylin-eosin.
Corpuscles and vascular proliferation could be found in the
thymic tissue of PPD rats at 1, 2, and 4 weeks after hormone
withdrawal. After treatment with SJ Fang for 2 weeks, the
cortex of the thymus was thicker and the medulla was thinner.
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Figure 4 Effect of S| Fang on body weight (A), thymus index (B), and spleen index (C) in normal, vehicle-treated, and HSP-treated female rats at weeks |, 2,and 4 of hormone

withdrawal phase (n=6 per group).

Notes: **P<0.0| and *P<<0.05 vs normal and sham rats, *P<<0.01 and *P<<0.05 vs PPD rats.
Abbreviations: HSP, hormone-simulated pregnancy; PPD, postpartum depression; SJ Fang, Shen-Qi-Jie-Yu-Fang; w, weeks.
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The boundary between the cortex and medulla was observed
to become gradually clearer. Thymocytes also increased in
number and became closely aligned. The thymic structures
in PPD rats approached those of a normal thymus after treat-
ment with SJ Fang for 4 weeks.

>

FJ Fang HSP Sham Normal

Fluoxetine

Figure 5 (Continued)

As shown in Figure 5B, the boundary between the red
pulp and white pulp was not clear in the spleen of the PPD rat.
The splenic corpuscles were atrophied and structurally disor-
dered. The splenic sinusoids were extended in mass and the
splenic cords were narrow. Lymphocytes were decreased in
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Figure 5 Effect of S| Fang on visualization of the thymus (A) and spleen (B) in tissue sections stained with hematoxylin-eosin.
Notes: Paraffin-embedded sections (5 tm) of normal, vehicle-treated, and HSP-treated female rats at weeks I, 2,and 4 of hormone withdrawal phase, indicated in the panels

at magnification 400x. Scale bar 50 um.

Abbreviations: HSP, hormone-simulated pregnancy; PPD, postpartum depression; S) Fang, Shen-Qi-Jie-Yu-Fang; w, weeks.

number and vascular hyperplasia could be seen in the PPD rat
spleen at 1, 2, and 4 weeks after hormone withdrawal. After
treatment with SJ Fang for 2 weeks, the boundary between the
red pulp and white pulp in the spleen gradually became clear.
The splenic sinusoids were in order, the splenic cords were

wide and thick, and lymphocytes were increased and arranged
intensively. Splenic structures in the PPD rats were approach-
ing normal after 4 weeks of treatment with SJ Fang.

CD3" T-cell counts were higher in PPD rats (Figure 6)
than in normal or sham rats at 1 week after HSP withdrawal
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[F(4,25)=0.567, P>0.05]. However, compared with nor-
mal and sham rats, CD3* T-cell counts were significantly
decreased in PPD rats by 2 weeks [F(4,25)=8.194, P<<0.01]
and increased by 4 weeks [F(4,25)=21.447, P<<0.01] after
HSP withdrawal. After treatment with SJ Fang, CD3* T-cell
counts were decreased in PPD rats by 1 week (P>0.05) and
significantly so in4 weeks (P<<0.01). Compared with HSP rats,
CD3* T-cell counts were increased in the rats treated with SJ
Fang by 2 weeks (P<<0.05).

As shown in Figure 7, CD4* T-cell counts were sig-
nificantly increased in PPD rats by week 1 [F(4,25)=1.851,
P<0.05] and week 4 after HSP withdrawal [F(4,25)=2.298,
P<0.05] when compared with normal and sham rats.
However, CD4" T-cell counts were lower in PPD rats than
in normal and sham rats at 2 weeks after HSP withdrawal
[F(4,25)=0.649, P>0.05]. Further, CD4* T-cell counts in rats
treated with SJ Fang or fluoxetine were both higher than in
PPD rats at 2 weeks after HSP withdrawal (P>0.05), and
lower than values at 1 week (P>0.05). After 4 weeks of treat-
ment with SJ Fang, CD4* T-cell counts were significantly
decreased in PPD rats (P<<0.05). There was no difference
between SJ Fang and fluoxetine in terms of their effect on
CD4* T-cell counts (P>0.05).

As shown in Figure 8, CD8" T-cell counts were
lower in PPD rats than in normal or sham rats at 1 week
[F(4,25)=0.263, P>0.05] and significantly increased at
4 weeks [F(4,25)=18.660, P<<0.01] after HSP withdrawal.
However, compared with normal and sham rats, CD8* T-cell
counts in PPD rats were significantly decreased at 2 weeks
[F(4,25)=5.877, P<0.01] after HSP withdrawal. After
treatment with SJ Fang, CD8" T cell counts were higher at both
1 and 2 weeks than in PPD rats (P>0.05). However, CD8*
T-cell counts in rats treated with SJ Fang were significantly

decreased at 4 weeks (P<<0.01). Compared with normal and
sham rats, SJ Fang rats was decreased in 2 weeks (P<<0.05).
As shown in Figure 9, the CD4"/CD8" ratio was sig-
nificantly higher in PPD rats than in normal or sham rats at
week 1 [F(4,25)=2.290, P>0.05] and week 2 [F(4,25)=1.991,
P<0.05] after HSP withdrawal. However, compared with
normal and sham rats, the CD4*/CD8* ratio in PPD rats was
significantly decreased at week 4 [F(4,25)=5.877, P<<0.01]
after HSP withdrawal. After SJ Fang treatment for 1 and 2
weeks, CD4*/CD8" ratios were both lower than HSP rats
(P<<0.05). However, the CD4*/CD8" ratio in rats treated with
SJ Fang was significantly increased at week 4 (P<<0.01).

Discussion

The present report provides new experimental evidence of
antidepressant effects and dual-directional immunomodula-
tion activity of SJ Fang in rats with PPD induced by HSP
withdrawal. This study indicates that SJ Fang can allevi-
ate depressive-like behaviors, ie, immobility, anhedonia,
and motivation, in rats with PPD. Treatment with SJ Fang
increased body weight, along with the thymus index and spleen
index. According to regulating the CD4*/CD8", SJ Fang and
fluoxetine could exert antidepressant effects in PPD rats.

S) Fang improved depressive-like
behaviors

Hormone withdrawal from high levels of HSP is a widely
used in animal models of PPD. There are a number of reports
indicating that PPD rats show loss of body weight** and
depressive-like symptomatology manifesting as decreased
mobility in the forced swim test,''>*¢ anhedonia in the sucrose
consumption test,>’3* and decreased exploratory motivation
and increased anxiety status in the OFT.!" Additionally, some
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Figure 6 Regulation effect of S) Fang on T lymphocyte subset counts of CD3" in flow cytometry results.

Notes: Regulatory effect of §] Fang on T lymphocyte subset counts for CD3* (A) in normal, vehicle-treated, and HSP-treated female rats at weeks |, 2, and 4 of hormone
withdrawal phase (n=6 per group). **P<<0.01, *P<<0.05 vs normal and sham rats, #P<<0.01, #P<0.05 vs PPD rats. Flow cytometry results (B) with representative density plots
are shown for peripheral blood from one sample rat in each group.

Abbreviations: HSP, hormone-simulated pregnancy; S) Fang, Shen-Qi-Jie-Yu-Fang; w, weeks; PPD, postpartum depression; CD, cluster of differentiation; FL, fluorescence;
PE, phycoerythrin.
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researchers have shown that this depressive-like symptoma-
tology can be alleviated by antidepressant therapy. Green
et al used the HSP model and found that treating PPD rats
with estrogen and a selective estrogen receptor B agonist
could increase body weight, mobility in the forced swim test,
and anhedonia in the sucrose consumption test.?” Craft et al
observed the immobility time of rats in the forced swim test
on postpartum days 1-7 in the antidepressant drug treatment
with nomifensine, desipramine, and sertraline.* The results
showed that nomifensine, but not desipramine or sertraline,
significantly decreased immobility on postpartum day 2. In
our study, HSP-exposed rats showed loss of body weight,
increased immobility in the forced swim test, decreased
preference for sucrose consumption, and performed fewer
active movements. Treatment with SJ Fang for 1, 2, and
4 weeks had significant antidepressant-like effects in PPD
rats. Interestingly, the antidepressant effect of SJ Fang in the
present study mimics the effects of fluoxetine.

S Fang elevated immune function

To determine the effects of SJ Fang on immune function
and tissue changes, we investigated immune organ indices
and histopathology in PPD rats after treatment for 1, 2 and
4 weeks. To a certain degree, the thymus index and spleen
index reflect immune function in the body. In our study,
SJ Fang improved both hypofunctional immune status and
pathological structures in the thymus and spleen.

S Fang regulated the immune response

Our finding of a dynamic redistribution of T lymphocytes
in PPD rats indicates a change in the T lymphocyte subsets
involved in the immune response and in immunocompetent

cells. SJ Fang could regulate variations in levels of these
cells in PPD rats, returning them to normal levels. Lympho-
cytes coordinate the immune response and play a central
role in cell-mediated immunity.*® A change in numbers of
T lymphocytes can lead to disorders in cellular immune
function.** T lymphocytes (CD3* T-cells) are one of the
major types of immune cells, which develop and matured
in the thymus. The main T lymphocyte subsets are helper/
inducer (CD4") T-cells and suppressor/cytotoxic (CD8")
T-cells. CD4* T-cells induce and proliferate rapidly,
secreting cytokines that send signals and maintain an active
immune response, while CD8" T-cells kill foreign cells
and keep the immune reaction within reasonable limits. A
reduction in the CD4*/CD8" ratio is an important indicator
of immune deficiency.* Recently, observation of T-cell
subtypes in patients with first-onset postpartum psychosis
showed that total T-cells and some T-cell subtypes were
significantly decreased by 4 weeks postpartum, but that
CD8" T-cell levels were not different from those in healthy
postpartum control subjects.** The present study shows that
T lymphocyte subsets in PPD rats were significantly differ-
ent at 1, 2, and 4 weeks after HSP withdrawal. One week
after HSP withdrawal, PPD rats had increased numbers
of CD4" T-cells and CD4*/CD8* ratios, which were due
to high levels of CD4* T-cells with helper activity. This
phase was characterized as immune activation. Notably, by
2 weeks after HSP withdrawal, PPD rats showed decreased
numbers of CD3* and CD8* T-cells, and an increase in
the CD4*/CD8" ratio which was due to low CD8* T-cell
counts with a predominant suppressor/cytotoxic func-
tion. This phase was characterized as immune activation
that would transform to immune suppression. However
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Figure 7 Regulation effect of S| Fang on T lymphocyte subset counts of CD4" in flow cytometry results.

Notes: Regulatory effect of T lymphocyte subset counts for CD4* by S Fang (A) in normal, vehicle-treated, and HSP-treated female rats at weeks |, 2, and 4 of hormone
withdrawal phase (n=6 per group). *P<<0.05 vs normal and sham rats, #P<<0.05 vs PPD rats. (B) Flow cytometry results in peripheral blood for a sample rat from each group.
Abbreviations: HSP, hormone-simulated pregnancy; S) Fang, Shen-Qi-Jie-Yu-Fang; w, weeks; PPD, postpartum depression; CD, cluster of differentiation; FL3-H, fluorescence
3-height; FITC, fluorescein isothiocyanate.
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4 weeks after HSP withdrawal, PPD rats showed an
increased in CD3* T-cells, CD4* T-cells, and CD8* T-cells,
along with a decrease CD4*/CD8" ratio. This phase was
shifted in immune suppression with high CD8* T-cells
counts. These results demonstrate that both cell-mediated
immune activation and suppression were related patho-
logical processes occurring in different phases of PPD.
Therefore, our data support the view that the immune
system reaches a distinct activated point, particularly
with regard to T-cells, in the postpartum period. Across
the female lifespan, the risk of exacerbation of immune
disease is elevated during the postpartum period,**¢ and
there is no definite evidence of alteration of T-cell subsets
in PPD. However, there is some research on T-cell activa-
tion in postpartum women and in mood disorders. Weetman
considers that many postpartum immune syndromes, eg,
postpartum thyroiditis, can be attributed to activation of
the T-cell system in particular.*’” Moreover, activation of
the T-cell system has been shown to be involved in sus-
ceptibility to mood disorder.**-! Further, activation of the
immune response results in regulation of proinflammatory
cytokines. We consider that an imbalance in proinflamma-
tory cytokines plays a role in the etiopathology of mood
shifts in PPD, which were seen in a study by Cheng and
Pickler.> Maes et al reported that activation of the inflam-
matory response, as implied by increased levels of serum
interleukin-6 and the interleukin-1-receptor antagonist, may
cause PPD.>*** Boufidou et al discovered a positive correla-
tion between levels of interleukin-6 in cerebrospinal fluid,
levels of tumor necrosis factor-alpha in cerebrospinal fluid
and serum, and PPD.?¢ In contrast, other researchers have
reported a change in T lymphocyte subpopulations in major
depression,>=% imply a possible mechanism characterized

by immune suppression.’’ Other reports have mentioned
reduced numbers of lymphocytes,’*% CD4* T-cells,*' and
CD8* T-cells®*** being seen in depressed patients. There are
also reports of proportionately equal reductions in numbers
of CD4* T-cells and CD8" T-cells in depressed patients,®
with no difference in the CD4*/CD8* ratio.®*¢*%> A murine
model of depression found a reduction in T-cell populations
and shift in the CD4*/CD8* ratio toward cytotoxic T-cells.®
Depressive-like behavior in mice and rats was associated
with a decrease in CD4*, accumulation of CD8*, and
decrease in the CD4*/CD8" ratio.®”*® Finally, our findings
demonstrate that SJ Fang can regulate both immune activa-
tion and immune suppression in different phases of PPD in
rats that have undergone hormone withdrawal, and is not
significantly different from fluoxetine in this respect.

In summary, accumulating evidence suggests that dys-
function of the immune system is involved in the patho-
genesis of PPD. As shown in Figure 10A, this dysfunction
lies in activation of HPA axis, cytokines, the inflammatory
response, and the innate immune response. In this study,
we established that SJ Fang exerts an antidepressant
effects by regulating the organs of the immune system
and T lymphocyte subsets in rats with PPD (Figure 10B).
However, there are some limitations to our study, includ-
ing the different sustained time in PPD all-stages between
human and rats. Further, we need a novel animal model of
PPD that can mimic human pregnancy, and the postpartum
and lactation periods. Our hypothesis that SJ Fang has a
regulating effect on the organs of the immune system and
T lymphocyte subsets needs to explored further in human
patients with PPD. The transformation between immune
activation and inhibition involved in the pathology stage
of PPD should be verified in humans.
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Figure 8 Regulation effect of S) Fang on T lymphocyte subset counts of CD8" in flow cytometry results.

Notes: Regulatory effect of §) Fang on T lymphocyte subset counts for CD8* (A) in normal, vehicle-treated, and HSP-treated female rats at weeks |, 2, and 4 of hormone withdrawal
phase (n=6 per group). *P<0.01, *P<<0.05 vs normal and sham rats,**P<<0.01 vs PPD rats. (B) Flow cytometry results in peripheral blood for a sample rat from each group.
Abbreviations: HSP, hormone-simulated pregnancy; S) Fang, Shen-Qi-Jie-Yu-Fang; w, weeks; PPD, postpartum depression; CD, cluster of differentiation; FL3-H, fluorescence
3-height; PE, phycoerythrin.
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Figure 9 Regulatory effect of S| Fang on T lymphocyte subset CD4"/CD8" ratio in normal, vehicle-treated, and HSP-treated female rats at weeks I, 2, and 4 of hormone

withdrawal phase (n=6 per group).
Notes: *P<<0.01, *P<<0.05 vs normal and sham rats, #P<<0.0| vs PPD rats.

Abbreviations: HSP, hormone-simulated pregnancy; S) Fang, Shen-Qi-Jie-Yu-Fang; w, weeks; PPD, postpartum depression.

Conclusion

SJ Fang may be an effective therapeutic option for improv-
ing the depressive-like behavior associated with PPD.
SJ Fang has a dual-directional immunoregulating effect
on the immune system, which is associated with enhanced
function of the thymus and spleen and T-cell subsets. These
observations should be investigated further by measuring
more immune variables relevant to pro/anti-inflammatory

cytokines, cytokine receptors, and helper T-cells. Moreover,
the role of SJ Fang in regulating immune activation and
inhibition shifts in PPD need to be explored further. In this
study, we demonstrated that PPD induces immune hypofunc-
tion and an alteration of immune activation to inhibition.
Our findings provide new evidence of the pharmacological
mechanism of action of SJ Fang in PPD. SJ Fang may be a
suitable therapeutic option for women with PPD.
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- Antidepressant effects in PPD

Notes: (A) Activation of the HPA axis, cytokines, the inflammatory response, and the innate immune response plays a role in the etiopathology of PPD. S Fang exerted
antidepressant effects on the immune system in rats with PPD induced by HSP withdrawal. (B) The immune organs and T lymphocyte subsets are impaired in the etiology of PPD.
Dysregulation of the immune system includes a decrease in thymus and spleen function, responses altering in middle and later phases from immune activation to immune suppression
along with progressing in PPD. In brief, immune responses mediated by T-cells were suggested a potential pathogenic factor to PPD. S] Fang plays multiple roles in the immune
system, including enhanced thymus and spleen function, and dual-directional modulation of CD4" and CD8*. The immunoregulatory effect of S| Fang on T-cell subsets may be a
target for improving depression in PPD rats.
Abbreviations: PPD, postpartum depression; HPA, hypothalamic-pituitary-adrenal; HSP, hormone-simulated pregnancy; SJ Fang, Shen-Qi-Jie-Yu-Fang.
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