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Abstract
Objective: The current study investigated the effect of Sophora flavescens, known as Kushen decoction (KSD) on body temperature
and metabolism against fever induction in Wistar rats.
Methods: Firstly UPLC-Q-TOF/MSE analysis was carried out for identifying the KSD composition. Fever model was induced
by dry yeast and, orally administered at dose of KSD (500 mg/kg) to the rats. The alteration of the rectal temperature (TR) was
estimated to evaluate the positive effect of KSD. TR changes were recorded over time. In addition, the antipyretic effect was
confirmed from the hypothalamus of rats through real-time PCR.
Results: The model and treatment groups showed significantly increased TR and the mRNA expression of IL-1 and IL-6 after 5
hours, even though the expression level of arginine vasopressin (AVP) and TNF-alpha were not altered. The TR tests indicated
the administration of KSD to fevered rats attenuated yeast-induced fever and, significantly reduced PGE2 expression levels in
hypothalamus. The mRNA expression results reveal that dry yeast-induced fever could be mediated by PGE2 production.
Conclusions: KSD could play the antipyretic effect by reducing PGE2 expression in the hypothalamus. Subsequently, KSD inhibited
the development of yeast-induced fever.
Keywords: Sophora flavescens decoction; Antipyretic effect; PGE2; Chemical composition

Introduction
Fever is commonly caused by infection, injury and
inflammation. The higher body temperature than normal
rage is a physiological response to systemic inflammation and
pathological infection. It is a result of the complex pathological
process between the peripheral immune system and the
brain, which is assisting a host defense response [1,2]. After
contact with a pathogen such as bacteria, viruses, fungi or an
inflammatory stimulus, macrophages and other immune cells
are activated to produce the proinflammatory mediators (IL1β, IL-6, TNF-α) [3,4]. The proinflammatory mediators have
originally acted on the body temperature regulation. These
cytokines further induce the expression of cyclooxygenase-2
(COX-2) enzyme in the brain, which increase the synthesis
of, cAMP, arginine vasopressin (AVP), prostaglandin E2
(PGE2) at hypothalamus area and causing the increase of heat

production or reduction of heat dissipation, and eventually
elevating the body temperature [3,5]. Current medicinal
approaches for fever have focused on inhibiting the activity of
COXs. As antipyretic drugs, nonsteroidal anti-inflammatory
drugs (NSAIDs) are the most widely used [6] even though it
has reported gastrointestinal side effects and cardiovascular
risks [7,8].
Recently, there is an increasing interest in the herbal medicines.
Many medicinal plants and herbs might possess antiinflammatory and antipyretic properties through inhibition
of prostaglandin production or inhibiting the production
and/ or activity of proinflammatory mediators [9-11].
Sophora flavescens (S. flavescens) is often used in traditional
medicine prescription as a functional food ingredient for
health problem including fevers. S. flavescens, also named
‘KuShen’ in China, is a popular medicinal plant in ease Asia
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and, used in decoction forms for the treatment, the boiling
extraction method. The form of decoction is the process of
the molecule transference from the original structure into
the solution. Previous studies reported KuShen includes
lots of phytochemicals such as quinolizidine alkalonids,
flavonoids and triterpenoids [12,13]. So far, it is unclear
how the major components of KuShen in the decoction have
positive functions on the antipyretic effect. Therefore, our
present study investigated the possible involvement of proinflammatory cytokines in this mechanism.

Materials and Methods
Plant extract preparation
A powdered concentrate of KSD was provided by Affiliated
Hospital of Inner Mongolia University for Nationalities,
Tongliao, China. A 1000 g of powder was macerated in
5000 mL of distilled water for 1h. Then the mixture was
boiled for 30min. After cooling, the supernatant (decoction)
was collected and filtered with filter paper. After filtration,
the decoction was evaporated to dryness under rotary
evaporators. The yield of the extraction was 8.6%.

UPLC-MS analysis
Preparation of sample solutions: KSD powder (0.5 g)
was sonicated in 100 ml of methanol for 30 min followed
by centrifugation for 10 min at 3000 rpm. The supernatant
was diluted with methanol, then ﬁltered through 0.22 µm
membrane and a 2 µl aliquot was injected into the UPLC
system for analysis.
Liquid-Phase Conditions: The analysis was performed on
a Waters Acquity UPLC System. The column was a Waters
Acquity BEH - C18 (100 mm x 2.1 mm, 1.7 μm) operated at
40°C. The elution solvents were aqueous 0.1% formic acid (A)
- acetonitrile (B). Samples were eluted using a linear gradient
from 5% to 10% B in the first 0-5 min, followed by a linear
gradient from 10% to 30% B from 5-20 min, 30% to 55% B
from 20-45 min, and then 55% to 5% B from 45-50 min. The
flow rate was 0.3 mL/min.
Mass Spectrometry Conditions: Mass spectrometry was
performed with a Xevo G2S TOF (Waters MS Technologies,
UK) using a mass spectrometer with ESI operating in negative
ion mode for scanning. The scanning range was m/z 100 to
1000. The capillary voltage was 2.5 kV, and the sampling cone
voltage was 40V. The ion source temperature was 100°C, and
the atomization temperature was 280°C. The desolvation
flow rate was 650 L/h. L-enk was the lock mass, and sodium
formate was used to correct the mass axis. Spectral data were
examined using MassLynx V4.1.

UPLC-Q-TOF/MSE analysis: The chemical structures of
18 components were characterized based on their retention
behavior and MS information, and from reference to
databases such as Scifinder and Chemspider, as well as the
general literature.

Animals
The study was conducted using male Wistar rats (200-220 g),
housed at 23 ± 1 ◦C and 40-60% humidity under a 12-h light
dark cycle (lights on at 06:00 AM) with free access to food
and water. The animals were habituated for at least one week
before the experiment began. The experiments described
here were approved by the Animal Ethics Committee
(approval number: NM-LL-2021-06-15-1) of Inner Mongolia
University for Nationalities in compliance with the Provisions
and General Recommendation of the Chinese Experimental
Animals Administration Legislation.

Dry yeast induced fever in rats and drug administration
In the first experiment, we assessed the fever model induced by
commercially available dry yeast (production license number
QS420528010005, China) in rats. Twenty rats were divided
into two groups containing ten in each. Animals were trained
for two consecutive days for habituation to rectal temperature
(TR) measurement using a lubricated thermocouple inserted
into the rectum. After measuring the initial TR in the
experimental day, animals were subcutaneously injected
with 1g/kg of dry yeast as a 20% suspension in 0.9% saline
solution (Engelhardt et al., 1995). TR changes were recorded
and evaluated every 30 min up to 15 h. The pattern of TR
changes in the yeast-induced fever rats were associated with
immature and mature phase in TMM theory.
In the second experiment, we assessed whether KSD prevents
yeast-induced fever in rats. The animals were injected with
dry yeast (20% yeast at 1g/kg) or vehicle (0.9% NaCl) to
induce fever. Meanwhile, previously injected with yeast rats
immediately received oral administration of KSD (500 mg/
kg) or vehicle (5% Tween 80 in 0.9% NaCl). In the end,
animals were anesthetized and decapitated at 5h and 9h after
drug administration. The brain tissue was then collected for
gene expression analysis.

Real time PCR analysis
Real time PCR assays were developed to study the expression
of fever related genes in rats’ brain. The sequences of the
primers used are listed in supplementary Table 1. In brief,
the methodology consisted of the total RNA extraction from
the tissue samples using a TRIZOL-chloroform method.
Purification and cDNA synthesis were performed using Qiagen
RNeasy column and Qiagen Reverse transcription kit. The
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Table 1: Sequences of primers, fragment sizes.
Gene

GB.accession#

GAPDH

NM_017008.4

IL-1

NM_031512.2

IL-6

NM_012589.2

PGE2

NM_031088.1

TNF-a

NM_012675.3

AVP

NM_016992.2

F
R
F
R
F
R
F
R
F
R
F
R

Primer Sequence 5'→3'
TGCTGAGTATGTCGTGGAG
GTCTTCTGAGTGGCAGTGAT
TGTCCGTGTGTATGGGATGAA
TCATCAAAATGATGTGCTTGTGCT
CCCAACTTCCAATGCTCTCCT
AGCACACTAGGTTTGCCGAG
AAAAGTGGGACCTCCGAGC
CAACAGAGGACTGAGCGCAT
GTGATCGGTCCCAACAAGGA
CGCTTGGTGGTTTGCTACG
AGCGATGAGAGCTGCGTG
GCCAGCTGTACCAGCCTAAG

Amplicon
288
141
142
115
141
134

Figure1: Rectal temperature of rats in each group. A. effect of subcutaneous administration of vehicle (0.9% NaCl) or dry
yeast (20% yeast at 1g/kg) on rectal temperature change (TR) over time. B. Effect of the subcutaneous administration of saline
(0.9% NaCl), vehicle (5% Tween 80 in 0.9% NaCl), and KSD (500 mg/kg) on dry yeast (20% yeast at 1g/kg). Dry yeast was
injected at time zero. The arrow indicates time of animal sacrifice. Values represent mean ± SEM change. ** indicates P<0.01
compared with dry yeast-treated or vehicle group.
real time qPCR assays were carried out using SYBR green in
a ViiATM 7 Real-Time PCR system (Applied Biosystems, Life
Technologies). The relative gene expression levels were estimated
using the Pfaffl method (Pfaffl, 2001) that taking into account
the cycle threshold (CT) values of both the candidate genes and
of the two-reference gene GAPDH. The single products/bands
of the predicted size of PCR products from the specific primers
were performed on Agarose gels (2%) electrophoresis.

Statistical analysis
The data were analysed by one-way ANOVA using GraphPad
Prism 7 (Graph Pad Software, Inc). Carcass P2 and loin muscle
depth were analysed using the hot carcass weight (HCW) as
a covariant. Linear and quadratic polynomial contrasts were
used to evaluate the effects of the dose response. All reported
means are least square means. Comparisons among groups
were assessed using LSD Multiple Comparisons test. Linear
regression and Pearson correlation analysis was performed

using GraphPad Prism 7 (Graph Pad Software, Inc). In
double-choice preference test, the average preference rate
of different treatments was compared to the neutral value
(50%) by using the Student’s t test. The significance level and
tendency were considered at P ≤ 0.05 and P ≤ 0.10.

Results
Dry yeast induced fever and the effects of KSD on dry
yeast-induced pyrexia
The effect of KSD on body temperature was investigated using
yeast-induced pyrexia mice model. Subcutaneous injection of
dry yeast evoked a significant elevation of rectal temperature
(TR) 5hours later, and reached the peak within 9h (P<0.01), then
declined gradually during time period observed (Figure 1A). The
results showed that yeast could cause significant increase of fever.
The rectal temperature (TR) of young rats over time is shown in
Figure 1B. The elevation of TR was significantly suppressed by
KSD after 5 hours from the onset of the pyrexia.
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Phytochemical Analysis of Sophora flavescens
Decoction by UPLC-Q/TOF-MS
In this study, UPLC-Q/TOF-MS analysis was conducted on
KSD to confirm its biological composition. All compounds were
tentatively assigned by matching the empirical molecular formula
of each constituent with those of the published compounds and/
or by elucidating the quasi-molecular ions and fragment ions. A
total of 18 of them were identified (Table 2). Typical base peak
intensity (BPI) chromatogram of the KSD is presented in Figure
2, with the properties of identified compounds listed in Table 2.
The chemical structures of seven representative compounds are
illustrated in Figure 2. The majority of them had been reported
as the main bioactive compounds of KSD.

The effects of KSD on inhibiting production of
pyrogenic factors
The Real-time PCR method detected the mRNA expression
in the hypothalamus of rats in each experimental group.
The expression results are shown in Figure 3. The mRNA
expression level of IL-1β, IL-6, PGE2, TNF-α and AVP in
different groups were shown in Figure 3. The level of IL-1β,
and IL-6 in both model and KSD group were all increased
at 5 hours (p<0.05). And compared with model group, ones
of KSD group had higher expression (p<0.01). Whereas, the
expression level of those two were significantly decreased at
9 hours (p<0.05). The AVP and TNF-α expression was not
altered in all groups. The expression level of PGE2 in model
group was increased at 9 hours, while the expression of PGE2
was dramatically reduced in KSD group.

Table 2: The identified phytochemical compounds in as
Sophora flavescens (KSD) decoction detected by UHPLC-MS.
RT
(minute)
2.986

No.

Identification

1

3

Monobenzyl phthalate
3-Carboxy-4-methyl-5-propyl-2furanpropanoic acid
Acacetin or Biochanin A

4

Biochanin A

10.205

5

Baicalein

11.574

6

Pectolinarin

14.545

7

Reserpine

15.084

8

3-Hydroxy-3'-methoxyflavon

15.387

9

3',4'-Dihydroxyflavone

16.642

10

5,7-Dihydroxy-2'-methoxyflavone

17.197

11

7-Hydroxy-2'-methoxyflavone

23.941

12

Xanthohumol

26.111

13

Kushenol N

29.781

14

Kurarinone

31.755

15

Kotanin

33.606

16

Dihomo-alpha-linolenic acid

34.849

17

Blasticidin

35.302

18

sophoraflavanone G

36.978

2

6.731
9.784

RT means retention time

Figure 2: Representative base peak intensity (BPI) chromatograms of Sophoraflavescens decoction analysed by UHPLC-MS.
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Figure 3: Effects of Sophora flavescens decoction on the RNA expression levels of the inflammatory mediators. A-E. relative
mRNA expression level of TNF-alpha, IL-1𝛽, and IL-6, PGE2, AVP in rats’ brains under dry yeast induced fever. (n=5, *P <
0.05, **P < 0.01 versus control or model group).

Discussion
In the present study, to identify protective effects of KuShen
decoction (KSD) on the dry yeast induced pyrexia, we
evaluated if the specific compound has antifungal activity and/
or alteration of the mRNA expression level of leukocyte and
cytokine in hypothalamus. we first identified 38 compounds
in KSD by UPLC-Q/TOF-MS and then investigated that the
compounds could prevent the increase of body temperature
induced by dry yeast. For the investigation of plants extracts
and, synthesis of drugs regarding its antipyretic effect, the
pyrogens, which induce fever in animal such as dry yeast,

lipopolysaccharides (LPS) and 2, 4-dinitrophenol are often
used as a fever model in rat [14,15]. Especially, the dry yeast
induced fever model is preferred due to its’ good stability,
reproducibility and availability [16]. As expected, our model
group clearly indicated the increased rectal temperature after
5 hours and, the highest temperature was reached at 9 hours
after the dry yeast injection.
The dry yeast-induced fever coincided with a dramatic
increase in mRNA expression level of IL-1 and IL-6 at 5
hours, yet those were not differentially expressed at 9 hours
(Figure 3). These results indicated that KSD had different
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time of callback effects on IL-1β, IL-6, and PGE2 in fevered
rats. The external pyrogens like bacterial endotoxins trigger
the release of endogenous pyrogens including IL-1, IL-6
and TNF-α induce fever and other inflammatory response,
which impair homeostasis of the immune system [17]. In this
study, the dry yeast effectively activated the cytokine network,
which stimulates IL-1 and IL-6. These IL-1b and IL-6 as
primary mediators are involved in acute phase response
and additional stimulation of central thermoregulatory
organ, hypothalamus [18,19]. The inflammatory signals
in the peripheral organs and tissues stimulate a cross
communication between the CNS and the immune system,
which promotes the CNS to balance the immune system
[20,21]. Then, antipyretic mechanisms are initiated to balance
the released pro-inflammatory cytokines. The mechanisms
stimulate the production of anti-inflammatory cytokines
such as internalization of endotoxins-receptor complexes,
down regulation of cytokine and the circulation of IL-1 and
TNF receptors and its antagonists [22,23]. The expression
of IL-1b, and IL-6 in the hypothalamus indicated the fever
development in this study, but the inhibitory effect of KSD on
cytokine production or release was not shown in the mRNA
expression, which implies that KSD may not directly inhibit
dry yeast-induced fever by decreasing pyrogenic cytokine
levels.
On the other hand, in our study, pre-treatment with
KSD inhibited PGE2 expression in the brain tissues. We
confirm that at 9 hours KSD attenuated expression level of
prostaglandin E2 (PGE2) in the hypothalamus. KSD seems to
play an important role in reduction of PGE2 expression. It is
well known that PGE2 plays a very important role in central
temperature regulation. The dry yeast induced pathogenic
fever is activated by the high synthesis of prostaglandin
[24]. Prostaglandins such as PGE2 are considered the main
messenger of dry yeast-induced fever [25]. Thus, inhibiting
PGE2 production had antipyretic effect. The results indicated
KSD prevented the fever induced by the hypothalamic PGE2.
PGE2 production is mainly catalyzed by cyclooxygenase
(COX) enzymes including two distinct isoforms, COX-1 and
COX-2 [26]. The pro-inflammatory mediators (or cytokines)
such as IL-1, IL-6 and TNF-a promote cerebrovascular cells to
stimulate COX-2 expression, which result in initiating fever
[27]. In details, COX-2 enzyme induced by the cytokines in
the brain could transform arachidonic acid to the formation
of PGE2. The PGE2 disturbs the heat loss and heat retention
[28,29]. As mentioned above, the mRNA expressions of IL1, Il-6 and TNF-a were not significantly different between
model and treatment group. Thus, the antipyretic effect of
KSD might not be associated with interfering with pro-

inflammatory mediators, but might straightly inhibiting
COX-2 activity. It is well-known the paracetamol exerts the
antipyretic action from paracetamol prevented the increase
of PGE2 in cerebrospinal fluid and blocking the activity
of COX-2. It is reasonable to conclude that mechanisms
down-regulation of the PGE2 mediate the antipyretic effect.
Consequently, the results suggested that KSD has antipyretic
effect against yeast-induced fever, and indicate that this effect
appears to be due to inhibition of PGE2 production.

Conclusion
The present study reported that the administration of Sophora
flavescens (Kushen) decoction has a role of Antipyretic effect
in rats. The elevation of rectal temperature was significantly
suppressed by KSD after 5 hours. In the mRNA expression,
the level of IL-1b, and IL-6 in hypothalamus was not decreased
but, PGE2 expression was significantly decreased by KSD.
These findings provide scientific evidence for antipyretic
effect of KSD. Thus, further studies require the isolation and
characterization of the active compounds of KSD responsible
for PGE2 expression and antipyretic effect.
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