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effects on a rat chronic unpredictable mild stress model by involving
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Abstract
The dried roots of Rehmannia glutinosa Libosch. (Scrophulariaceae) are of both medicinal and nutritional importance. Our
previous study has found that the 80% ethanol extract of R. glutinosa (RGEE) produced antidepressant-like activities in mouse
behavioral despair depression models. However, its mechanisms are still unclear. The present study aimed to observe the
antidepressant-like mechanisms of RGEE on a rat chronic unpredictable mild stress (CUMS)model by involvingmonoaminergic
neurotransmitters and brain-derived neurotrophic factor (BDNF). CUMS-stressed rats were orally given RGEE daily (150, 300,
and 600 mg/kg) or fluoxetine hydrochloride (FH) for 3 weeks after starting the CUMS procedure. Sucrose preference test was
carried out to observe depression-like behavior, and serum and brain tissues were used for neurochemical and fluorescent
quantitative reverse transcription PCR analysis. Results demonstrated that CUMS induced depression-like behavior, whereas
RGEE and FH administration inhibited this symptom. Furthermore, CUMS caused excessively elevated levels of serum corti-
costerone (CORT), an index of hypothalamic–pituitary–adrenal (HPA) axis hyperactivity, in a manner attenuated by RGEE and
FH administration. RGEE administration also further elevated monoamine neurotransmitters and BDNF levels, up-regulated the
mRNA expression of BDNF and tropomyosin-related kinase B (TrkB) in hippocampus of rats suffering CUMS. Together, our
findings suggest that RGEE can improve CUMS-evoked depression-like behavior, and indicate its mechanisms may partially be
associated with restoring HPA axis dysfunctions, enhancing monoamineergic nervous systems, and up-regulating BDNF and
TrkB expression.
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Introduction

Depression is very common but serious threat to human life.
According to a statistics from the World Health Organization
(WHO), depression has been the world’s 4th largest disease
with the global incidence about 11%, and will be up to the 2nd
largest disease in 2020 following the heart disease and gradu-
ally become the main killer of the human in the twenty-first
century (Kowalska et al. 2013). In recent years, the develop-
ment of new antidepressants from natural herbal medicine has
become one of the important research hotspots (Mou et al.
2017; Ren et al. 2017; Ye et al. 2017).

The dried roots of Rehmannia glutinosa Libosch.
(Scrophulariaceae) are firstly recorded in the BShen Nong’s
Materia Medica^ as listed one of Btop grades^ in Han
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Dynasty of China with over 2000 years of medicinal history
(Zhang et al. 2016a, b). R. glutinosa is traditionally thought as
a tonic brain medicine, and commonly used in the prevention
and treatment of some central nervous system (CNS)-related
diseases such as depression, cognitive impairment, ischemic
stroke, anti-anxiety, etc. (Cui et al. 2013; Dong et al. 2016; Lee
et al. 2011; Zhang et al. 2016a, b). Among them, especially in
the treatment of depression is the most common (Zhang et al.
2016a, b). In clinic, RG and RG-contained traditional pre-
scriptions including Baihe Dihuang decoction, Yiguan
Decoction, Xuefu Zhuyu Decoction, etc., have been used in
the treatment of depression (Zhang et al. 2016a, b). However,
as for its antidepressant mechanisms, it is unclear until now.

Monoamine deficiency and hypothalamic–pituitary–adre-
nal (HPA) axis hyperactivity are thought involving the patho-
genesis of depression (Freitas et al. 2010; Pariante and
Lightman 2008). Growing evidence demonstrates that depres-
sion in patients with central brain-derived neurotrophic factor
(BDNF) and its cognate receptor tropomycin-related kinase B
(TrkB) expression decreased, while given antidepressant drug
treatment, can significantly up-regulate BDNF and TrkB ex-
pression, suggesting BDNF and TrkB also participate in the
pathophysiology of depression (Dwivedi 2009; Haghighi
et al. 2013; Ladea and Bran 2013; Ray et al. 2014).

Our previous study confirmed that the 80% ethanol extract
of R. glutinosa (RGEE) shortened the immobility time during
forced swim and tail suspension tests in mice (Wang et al.
2014), suggesting that RGEE exhibits an antidepressant-like
effect on mouse behavioral despair depression models.
However, the therapeutic effects of RGEE on the chronic un-
predictable mild stress (CUMS) model of depression and
whether the antidepressant-like action of RGEE involves
monoamine, HPA axis and BDNF remain unknown.
Therefore, the purpose of this study was to explore the
antidepressant-like effect of RGEE by involving mono-
amine, HPA axis and BDNF on a rat model of depression
evoked by CUMS.

Materials and methods

Experimental animals

Sprague Dawley (SD) male rats weighted from 180 g to 220 g
were provided by Shandong Lukang Pharmaceutical Co., Ltd.
(Jining, China). Rats were given rodent laboratory chow and
water ad libitum and kept under controlled conditions with a
temperature of 22 ± 1 °C, relative humidity of 60% ± 10%,
and a 12/12 h light/dark cycle (lights on at 7:00 A.M.). All
the procedures were in strict accordance with the P.R. China
legislation on the use and care of laboratory animals and
guidelines formulated by the Institute for Experimental
Animals of Henan University of Chinese Medicine. The

procedures were approved by the university committee for
animal experiments.

Reagents and drugs

R. glutinosa roots were collected from Wuzhi county in
Jiaozuo City of Henan province (Wuzhi, China) and identified
by Prof. Cheng-Ming Dong, at the Department of
Pharmacognosy, College of Pharmacy, Henan University of
Chinese Medicine (Zhengzhou, China). RGEE was prepared
with 80% ethanol by conventional reflux extraction according
to our previous report (Wang et al. 2014). The content of
catalpol in RRGE was 33.48 mg/g as assayed by high-
performance liquid chromatography (HPLC) (Wang et al.
2014). Fluoxetine hydrochloride (FH) was provided by
Changzhou Siyao Pharmaceuticals Co., Ltd. (Changzhou,
China). Rat corticosterone (CORT), norepinephrine (NE), do-
pamine (DA), serotonin (5-HT), 5-hydroxy-indoleacetic acid
(5-HIAA) and BDNF enzyme-linked immunosorbent assay
(ELISA) kits were provided by R&D Systems China Co.,
Ltd. (Shanghai, China).

CUMS procedure

CUMS procedure was slightly modified in terms of a previous
report from Willner et al. (Willner et al. 1987). The weekly
stress included deprivation of drinking water and eating, stro-
boscopic illumination, white noise, light/dark succession ev-
ery 2 h, overnight illumination, 45° cage tilt, soiled cage, and
pair housing. All the stress is done separately and continuous-
ly. Rats in the control group (non-CUMS-evoked) were placed
in a separate room without contact with the CUMS-evoked
animals, and only received solvent containing 0.5% sodium
carboxymethyl cellulose (CMC-Na) rather than any pressure
or medication.

Sucrose preference and drug administrations

All rats were given 1% sucrose solution for 24 h before the
start of CUMS. The rats then drank sugar and fresh water for
another 24 h. After deprivation of drinking for 23 h, rats were
given 1% sucrose solution and fresh water for another 1 h.
After such a sucrose consumption training field, animals were
randomly divided into 6 groups (n = 8): control, Vehicle
(CUMS), CUMS-FH (positive control, 10 mg/kg), and
CUMS-RGEE at doses of 150, 300, and 600 mg/kg. These
groups, except the control, underwent CUMS procedure for
3 weeks. All drugs were suspended in 0.5% CMC-Na and
administered by by intragastric administration (ig) once a
day at 11:00 A.M. for 3 weeks. Through the period of
CUMS and treatment, sucrose preference test was conducted
following an 18 h food and water deprivation at 11:00 A.M.
every Thursday. Sucrose preference was calculated as sucrose
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preference (%) = sucrose intake (mL)/[sucrose intake (mL) +
water intake (mL)] × 100%.

Collection of blood and brain tissue samples

At 1 h after completing the last stress and administration, all
rats were killed between 11:00 A.M. and 1:00 P.M. to avoid
fluctuations in hormone levels. After immediately collecting
blood samples, the hippocampus of each hemisphere was in-
dependently separated on an ice plate and stored at −80 °C
until analysis.

Assay for serum CORT and brain BDNF

Serum CORT and brain BDNF levels were measured by the
commercial ELISA kits (R&D Systems China Co. Ltd.,
China) according to the manufacturer’s protocols.

Fluorescent quantitative reverse transcription PCR
(FQ-RT-PCR)

Hippocampus total RNA was extracted by using TRIzol re-
agent following the manufacturer’s instructions. RT was per-
formed according to the manufacturer’s instructions using the
cDNA synthesis kit. The gene, glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), was used as an internal control.
The PCR primer sequences were as follows: BDNF forward
5 ’ -CAGGGGCATAGACAAAAG-3 ′ , r eve r se 5 ’ -
CTTCCCCTTTTAATGGTC-3′ (153 bp product); TrkB for-
ward 5’-TTTCCGCCACCTTGACTTG-3′, reverse 5’-
ACAGGAACACGTGAACGGATT-3′ (61 bp product); and
GAPDH forward 5’-CAAGGTCATCCATGACAACTTTG-
3′, reverse 5’-GGGCCATCCACAGTCTTCTG-3′ (90 bp
product). FQ-RT-PCR was performed using Hot Start
Fluorescent PCR Core Reagent Kits (SYBR Green I) on a
real-time PCR instrument (ABI StepOnePlus, Applied
Biosystems). The PCR thermal cycling parameters were as
follows: denaturing step at 94 °C for 4 min, followed by 40 cy-
cles of annealing step at 94, 60, and 72 °C for 30, 30, and 30 s,
respectively. All amplifications and detections were per-
formed in a MicroAmp optical 96-well reaction plate with
optical adhesive covers. The relative expression of mRNA
(%) was obtained as follows: 2-ΔCT(1–2) × 100%, where CT
represents the threshold cycle, ΔCT1 = CT(BDNF) −
CT(GAPDH), and ΔCT2 = CT(TrkB) −CT(GAPDH).

Statistical analysis

All experimental data were expressed as mean ± standard de-
viation of the means. The treatment effect was determined
through one-way ANOVA followed by least significant dif-
ference (P < 0.05) using the Statistics Package for Social

Science program version 17.0. A value of P < 0.05 was con-
sidered statistically significant.

Results

Effects of RGEE on sucrose preference and body
weight in CUMS rats

As shown in Fig. 1a, there was no significant difference in the
sucrose preference among groups from the beginning of the
CMUS procedure. CUMS caused obvious decrease in sucrose
preference beginning from week 1 and maintaining in the
following two weeks (P < 0.01). After 3 weeks of administra-
tion, RGEE (150, 300 and 600) and FH (10 mg/kg) all
prevented the CUMS-caused decrease of sucrose preference
(P < 0.05, P < 0.05, P < 0.01, and P < 0.01).

As shown in Fig. 1b, there was no significant difference in
body weight per group of rats before the CUMS procedure
was performed. After 3 weeks, the body weight of rats in the
CUMS group was significantly reduced compared to that in
the control (non-CUMS) group. There was no significant
change in bodyweight in each administration group compared
with CUMS group.

RGEE decreased serum CORT levels in CUMS-exposed
rats

As shown in Fig. 2, compared with the control group, CUMS
procedure significantly elevated the serum CORT levels of
rats (P < 0.01). Compared with the CUMS group, chronic
FH (10 mg/kg) and RGEE (150, 300 and 600 mg/kg) admin-
istration all significantly reduced the excessively high CORT
levels in the serum of rats (P < 0.01, P < 0.05, P < 0.01,
P < 0.01). Furthermore, no significance was found in serum
CORT levels of rats among the three groups of FH (10 mg/kg)
and RGEE (300 and 600 mg/kg).

RGEE enhanced central monoamine neurotransmitter
levels

The levels of central monoamine neurotransmitters in-
cluding 5-HT, 5-HIAA, NE and DA in hippocampus were
assessed to investigate whether monoamineergic nervous
system involves CUMS-evoked depression. As shown in
Fig. 3, CUMS evoked significant reduction in the levels
of 5-HT, 5-HIAA, NE and DA compared with the control
group (P < 0.01, P < 0.01, P < 0.05 and P < 0.05).
Administration with RGEE (150, 300 and 600 mg/kg) or
FH (10 mg/kg) all significantly elevated the levels of 5-
HT (P < 0.05, P < 0.05, P < 0.01 and P < 0.01) and 5-
HIAA (P < 0.05, P < 0.01, P < 0.01 and P < 0.01).
Moreover, RGEE at the dose of 600 mg/kg prevented
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the CUMS-induced decrease of the levels of NE (P < 0.05)
and DA (P < 0.05) but FH at the dose of 10 mg/kg did not.

RGEE increased BDNF levels, and upregulated BDNF
and TrkB mRNA expression

The level of BDNF, and the mRNA expression of BDNF and
its cognate receptor TrkB in hippocampus were evaluated to

observe whether BDNF participates in CUMS-evoked depres-
sion. As shown in Fig. 4, the BDNF level was significantly
decreased in CUMS rats compared with those in the control
group (P < 0.01) but were increased by administering 150,
300 and 600 mg/kg of RGEE (P < 0.05, P < 0.01 and
P < 0.01) and 10 mg/kg of FH (P < 0.01). As shown in
Fig. 5, BDNF and TrkB mRNA expression was significantly
down-regulated in CUMS rats compared with that in the con-
trol group (both P < 0.01) and was reversed when 150, 300
and 600 mg/kg of RGEE (P < 0.05, P < 0.01 and P < 0.01)
and 10 mg/kg of FH (both P < 0.01) were administered.

Discussion

Chronic stress is a common cause of depression, and some of
the symptoms induced by it are similar to those of depression
(Mou et al. 2017; Ren et al. 2017; Workman et al. 2016; Ye
et al. 2017). CUMS is one of the most commonly used animal
models of depression. It is not only widely used in the screen-
ing of antidepressants, but also more suitable for the study of
depression and antidepressant mechanisms than acute stress
models (Farhan et al. 2014; Ye et al. 2017). During the CUMS
process, animals suffered a variety of mild stress, thus mim-
icking the daily life events of chronic stress in human
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depression and resulting in a core symptom of human depres-
sion: loss of pleasure (Farhan et al. 2014; Ye et al. 2017). As a
result, CUMS induces a decrease in the sugar preference,
which can be restored by the use of potent antidepressants
(Ye et al. 2017). Thus, in this study, CUMS-evoked decrease
in sucrose preference was obviously reversed by chronic
RGEE administration at the dosages of 150, 300 and
600 mg/kg with obvious dose-dependent manners, further
suggesting the antidepressant-like effects of RGEE.

There are many Bhypotheses^ about the pathogenesis of
depression, including the Bmonoamine deficiency
hypothesis^ (Wang et al. 2017), BHPA axis hyperactivity
hypothesis^ (Aihara et al. 2007; Mou et al. 2017; Pariante
and Lightman 2008), BBDNF deficiency hypothesis^
(Dwivedi 2009; Haghighi et al. 2013; Ladea and Bran 2013;
Ray et al. 2014; Ye et al. 2017) and so on.

Firstly, as for the monoamine deficiency hypothesis of de-
pression, which has been widely recognized and concerned, it
is commonly believed that depression in the central mono-
amine neurotransmitters mainly including 5-HT, 5-HIAA,

NE, and (or) DA levels are lower, but after treatment with
antidepressant drugs can be improved (Colla et al. 2014; de
Sousa et al. 2014; Nutt 2006; Tian et al. 2006; Yu et al. 2015;
Wang et al. 2017). In this study, CUMS induced the mono-
amine deficiency through evidenced by the reduction of hip-
pocampus levels of monoamines including 5-HT, 5-HIAA,
DA and NE, and RGEE (600 mg/kg) administration signifi-
cantly reversed these reduction (P < 0.01, P < 0.01, P < 0.05
and P < 0.05, respectively), suggesting that promoting
monoamineergic nervous systems may play key roles in the
antidepressant-like mechanisms of RGEE, and to a certain
extent, RRGE is more sensitive to 5-HT and its metabolite
5-HIAA than DA and NE. Moreover, it’s interesting to note
that positive control FH at 10 mg/kg has no effect on hippo-
campal NE and DA but RGEE at 600 mg/kg shows a benefi-
cial effect. Why would such phenomenon happen? We spec-
ulate that this may be related to the lower dose of FH and the
higher dose of RRGE, and may also be related to the experi-
mental environment, experimental period, experimental ani-
mals and other factors, and even different mechanisms.
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Secondly, as for the HPA axis hyperactivity hypothesis
of depression, which has been to some extent recognized
and concerned, it is commonly believed that depression
may be in the HPA axis hyperactivity state, but after treat-
ment with antidepressant drugs can be improved (Aihara
et al. 2007; Garza et al. 2012; Mou et al. 2017; Nguyen
et al. 2017; Pariante and Lightman 2008). In this study,
CUMS at least partially induced the HPA axis hyperactiv-
ity through evidenced by the excessive elevation of serum
CORT level, and RGEE (150, 300 and 600 mg/kg) ad-
ministration all significantly reversed such elevation, sug-
gesting that inhibiting HPA axis hyperactivity may be at least
partially involved in the antidepressant-like mechanisms of

RGEE. In this regard, similar results to RRGE occurred fol-
lowing FH administration.

Thirdly, as for the BDNF deficiency hypothesis of depres-
sion, which has been widely recognized and concerned, it is
commonly believed that depression in the central BDNF and
its cognate receptor TrkB expression levels are down-regulated,
but after treatment with antidepressant drugs can be improved
(Dwivedi 2009; Haghighi et al. 2013; Ladea and Bran 2013;
Ray et al. 2014; Ye et al. 2017). In this study, CUMS induced
the BDNF deficiency through evidenced by the down-
regulation of hippocampus mRNA expression of BDNF and
its cognate receptor TrkB, and RGEE (150, 300 and 600 mg/
kg) administration all significantly reversed such reduction.
Actually, previous studies had reported the BDNF-up-
regulated activities from both the R. glutinosa extract and it-
contained compound catalpol (Liu et al. 2006; Wang et al.
2009; Zhang et al. 2014). These results indicate that RGEE
partially exhibits antidepressant effects by inhibiting or reversing
CUMS-evoked abnormalities in the BDNF expression. In this
regard, similar results to RRGE occurred following FH
administration.

In fact, hyperactivity of the HPA axis may damage hippo-
campal monoaminergic neurons, leading to a decrease in
monoamine neurotransmitters. Antidepressants may protect
monoaminergic neurons from damage by inhibiting HPA axis
hyperactivity. Moreover, monoamine neurotransmitters can ac-
tivate BDNF and its cognate receptor TrkB through some sig-
nal pathways. Taken together, based on the experimental re-
sults, we speculate that RRGE may enhance the monoamines
by inhibiting the hyperactivity of HPA axis or enhance
the BDNF-TrkB signal by increasing the monoamines, there-
by generating antidepressant effects.
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