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Pediatric sepsis has high morbidity in children, may lead to acute kidney injury (AKI), and further aggravate
the disease. Baicalin is a kind of flavonoid in Scutellaria baicalensis Georgi and has been reported to protect
against several diseases, but its roles in septic AKI remain unclear. This study aimed to uncover the effects of
baicalin in AKI during pediatric sepsis.

Blood urea nitrogen (BUN) and serum creatinine (Cr) levels were detected in 50 pediatric patients, who under-
went basic therapy with or without baicalin adjunctive therapy. Mouse sepsis models were constructed by ce-
cal ligation and puncture (CLP) and treated with baicalin intragastrically, after which BUN and Cr examination,
TUNEL apoptosis assay, and expression analyses of BAX and BCL2 were performed.

Baicalin adjunctive therapy significantly decreased BUN and Cr levels in pediatric sepsis patients (P<0.05). CLP
led to elevated BUN and Cr levels in the mouse model (P<0.01), indicating kidney injury accompanied by sep-
sis. Baicalin decreased BUN and Cr levels (P<0.05), and reduced the apoptotic cell percent in the renal tissue
(P<0.05) of the CLP model. It inhibited BAX and promoted BCL2 in the renal tissue, which was consistent with
cell apoptosis changes.

Baicalin is capable of suppressing renal cell apoptosis and protecting against AKl in pediatric sepsis. This study
provides a potential adjunctive therapy for treating AKI in pediatric sepsis, and further research is necessary
to reveal its deeper mechanisms.
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Material and methods

Sepsis is the systemic inflammation caused by infection with
bacteria, viruses, fungi, parasites, or toxic products, and has
become one of the leading causes of mortality in children [1].
In developed countries, the mortality rate of pediatric sepsis is
about 2-10% and is as high as 50% in developing countries [2].
Pediatric sepsis usually leads to tachycardia, tachypnea, pe-
ripheral vasodilation, fever or hypothermia, and even multiple
organ dysfunction syndrome (MODS) [3]. Frequently-used ap-
plications in pediatric sepsis treatment concentrate on main-
taining metabolic, circulatory, and respiratory stabilities, and
antimicrobial agents, as well as surgical and adjunctive thera-
pies such as nitric oxide and corticosteroids [4,5], which show
great benefits in the outcome of pediatric sepsis treatment.

Acute kidney injury (AKI) is a severe consequence of sepsis
and MODS, and about 15-27% of AKI in children is generat-
ed from pediatric sepsis [6]. The pathophysiology of septic
AKl is related to the altered global renal blood flow, as well as
the comprehensive effects of inflammation, microvasculature
blood flow, and bioenergetics factors [7]. For example, glomer-
ular endothelial injury during AKI progression in a lipopolysac-
charide-induced mouse sepsis model is closely related to tu-
mor necrosis factor and receptor 1 [8]. Due to the increased
risk of mortality caused by septic AKI, it is imperative to ex-
plore effective therapies for controlling AKI in pediatric sepsis.

Baicalin is one of the flavonoid constituents in Scutellaria ba-
icalensis Georgi, a kind of perennial herb with protective ef-
fects against diseases like hydrogen peroxide-induced oxida-
tive stress and cerebral ischemia injury [9-11]. Specifically,
baicalin has been revealed to protect against oxidants [12],
anxiety [13], acute hepatic injury [14], experimental periodon-
titis [15], and sepsis [16]. It also alleviates reperfusion-induced
damage to the myocardium, the mechanism of which may be
associated with its anti-apoptotic roles [17]. Moreover, a re-
cent study found that baicalin can inhibit inflammation and cell
apoptosis, which allows it to protect against ischemia-reperfu-
sion injuries in the kidney [18]. However, few studies have in-
vestigated the role of baicalin in septic AKI or pediatric sepsis.

This study aimed to uncover the effects of baicalin in treating
AKl in pediatric sepsis patients. The baicalin adjunctive thera-
py was tested in pediatric sepsis patients, after which the ef-
fect was compared based on the renal function assessment
from BUN and serum creatinine (Cr). We also performed exper-
iments in the cecal ligation and puncture (CLP)-induced mouse
sepsis model to investigate the effects and potential mecha-
nisms of baicalin in septic AKI. This study lays the foundation
for future application of baicalin in adjunctive therapies for
AKl in pediatric sepsis.

Sample collection

A total of 50 pediatric sepsis patients ages 1-4 years were se-
lected from the patients hospitalized from November 2013 to
October 2015. All 50 patients were diagnosed with pediatric
sepsis based on the diagnostic standard proposed in 2005 [19],
and with AKI at the same time according to the criteria of AKI
proposed by Acute Kidney Injury Net (AKIN) [20]. The following
conditions were excluded: patients with kidney injuries caused
by prerenal or postrenal factors, and patients with a history of
renal diseases such as acute or chronic renal failure. The 50
patients were randomly divided into 2 groups: control and ba-
icalin, each group containing 25 patients. No significant differ-
ence existed in the age between the 2 groups (2.58+0.17 and
2.46+0.20). Patients in the control group received basic treat-
ment, and those in the baicalin group received basic treatment
plus oral baicalin (Inner Chengzi Pharmaceutical, Chifeng, China)
according to the manufacturer’s instructions. The blood sam-
ples were collected 1 day before treatment and 15 days after
treatment for BUN and Cr detection by the hospital. Informed
consent was obtained from parents of patients before the
treatment and sampling procedures. These procedures were
approved by our local ethics committee and were performed
according to the instructions of the hospital.

Animal model

CLP was performed on male C57BL/6 mice (SPF, age 8-10 weeks,
weight 22-26 g) (Vital River Laboratories, Beijing, China) to in-
duce a septic AKI model based on the method in a previous re-
port [21]. The mice were raised in controlled laboratory condi-
tions. Thirty individuals were randomly divided into 3 groups:
sham, CLP, and CLP + baicalin. The mice were anesthetized by
amobarbital sodium (0.05 g/kg). A middle laparotomy was made
to expose the cecum. The cecum was ligated at 1 cm to the dis-
tal end, and double punctures were made to extrude feces into
the abdominal cavity. Then the cecum was relocated to the ab-
dominal cavity, and the abdomen was closed. The mice were re-
suscitated by intraperitoneal injection of 0.9% saline (24 mL/kg).
The sham group underwent all the procedures except cecum li-
gation and puncture. Mice in the CLP + baicalin group were intra-
gastrically administrated with baicalin 200 mg/(kg-d) (PureOne
Biotechnology, Shanghai, China) for 6 days [22], after which all
the mice were anesthetized and killed for blood and renal tis-
sue sampling. BUN and Cr were detected by the hospital. The
animal experiment was approved by our local ethics committee.

TUNEL assay

Cell apoptosis in the mouse renal tissue was detected by TdT-
mediated dUTP nick-end labeling (TUNEL) method with the In
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Figure 1. Baicalin improves renal functions during pediatric sepsis. Altogether, 50 pediatric patients were analyzed. Patients (n=25)
in the control group received only basic therapies and patients (n=25) in the baicalin group received basic therapies plus
adjunctive baicalin oral treatment for 15 days. Blood urea nitrogen (BUN) and serum creatinine (Cr) levels were detected
before and after treatment to reflect renal function changes, as shown in (A) and (B), respectively. P values are indicated for

each comparison.

Situ Cell Death Detection Kit, POD (Roche, Basel, Switzerland)
according to the manufacturer’s instructions. Briefly, the renal
tissue of each mouse was embedded in paraffin and cut into
5-um slices. Fresh TUNEL mix (50 L) was added to the slic-
es for 1-h incubation at 37°C in the dark. Then, 50 pL of con-
verter-POD was added for incubation of 30 min at 37°C in the
dark, after which 50 pL of diaminobenzidine was added to de-
velop positive signals in the dark for 10 min. The slices were
washed in phosphate-buffered saline (PBS) 3 times between
steps, each time lasting 5 min. Slices were then dehydrated,
mounted, and observed with an optical microscope (Olympus,
Tokyo, Japan). Five fields were randomly chosen for each indi-
vidual, and apoptotic cells were counted.

qRT-PCR

Total RNA samples of the mouse renal tissue were extract-
ed by TRIzol (Invitrogen, Carlsbad, CA) according to the man-
ufacturer’s instructions. DNA contamination was removed by
DNase | (Invitrogen) and then the quality and quantity of RNA
samples were examined by NanoDrop 2000 (Thermo Scientific,
Carlsbad, CA). For each mouse, 1 pg of total RNA was used
for reverse transcription catalyzed by SuperScript Il Reverse
Transcriptase (Invitrogen). Then the synthesized complemen-
tary DNA (20 ng) was used in qRT-PCR on the QuantStudio 6
Flex Realtime PCR system (Applied Biosystems, Carlsbad, CA)
with the specific primers for mouse Bax (Fw: 5’-TGTTT GCTGA
TGGCA ACTTC-3’ and Rv: 5’-GATGG TTCTG ATCAG CTCGG-3)
and Bcl2 (Fw: 5’-GTAGA AGAGG GTGTG ACAGC-3’ and Rv:
5’-AGCAC TGACT CTGGG ATCGC-3’). Data were analyzed by the
2744 method with Gapdh (Fw: 5’-TCAAC AGCAA CTCCC ACTCT
TCCA-3’ and Rv: 5’-ACCCT GTTGC TGTAG CCGTA TTCA-3’) as
an internal control.

Western blot

Protein samples of mouse renal tissue were extracted by M-PER
Mammalian Protein Extraction Reagent (Thermo Scientific) and
quantified by Bio-Rad Protein Assay (Bio-Rad, Hercules, CA) ac-
cording to the manufacturers’ instructions. The protein sam-
ples were separated on sodium dodecyl sulfate polyacrylamide
gels and transferred to polyvinylidene fluoride membranes. The
blots were blocked in 5% skim milk for 2 h at room temperature
and then incubated in rabbit monoclonal primary antibodies
for BAX and BCL2 (ab32503 and ab32124, Abcam, Cambridge,
UK) overnight at 4°C. GAPDH (ab181602) was used as an in-
ternal control. After washing in PBS 5 times, the blots were
incubated in goat anti-rabbit horse-radish peroxidase-conju-
gated secondary antibody (ab6721) for 1 h at room tempera-
ture. ECL Plus Western Blotting Substrate (Thermo Scientific)
was used to develop positive signals. Signal intensity was an-
alyzed by ImageJ 1.49 software (National Institutes of Health).

Statistical analysis

All the experiments were repeated 5 times. Data are represent-
ed as the mean * standard deviation. Comparison between
groups was performed with one-way analysis of variance and
t test in SPSS 20 (IBM, New York, NY). P<0.05 was considered
to be statistically significant.

Results

Baicalin attenuates AKI in pediatric sepsis patients

In the treatment of 50 pediatric sepsis patients, 25 received
adjunctive therapy of oral baicalin for 15 days and the other
25 patients received only basic therapies. Results showed that
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Figure 2. Baicalin improves renal functions in the cecal ligation and puncture (CLP)-induced mouse sepsis model. Altogether, 30 mice
were analyzed. The sham group (n=10) went through all the surgical procedures except CLP. The CLP group (n=10) went
through CLP to induce sepsis. The CLP + baicalin group (n=10) received baicalin treatment intragastrically after CLP. Blood
urea nitrogen (BUN) and serum creatinine (Cr) levels were detected after 6 days, as shown in (A) and (B), respectively. P

values are indicated for each comparison.
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Figure 3. Baicalin inhibits renal cell apoptosis in the cecal ligation and puncture (CLP)-induced mouse sepsis model. (A) TUNEL assay
was performed to assess cell apoptosis in the renal tissue of the 3 mouse groups. Apoptotic cells were dyed brown. Bar
indicates 25 pm. (B) Average percent of apoptotic cells in the 3 mouse groups. P values are indicated for each comparison.

both BUN and Cr levels in the serum of the control group did
not changed greatly after basic therapies (P=0.2842 and 0.2135,
Figure 1A, 1B), while those of the baicalin group were signifi-
cantly decreased after baicalin adjunctive therapy (P=0.0191
and 0.0077). It could be inferred based on the 2 indexes that
the renal functions of the baicalin group were improved, possi-
bly due to the baicalin adjunctive therapy. Thus, baicalin might
attenuate AKI in these pediatric sepsis patients.

Baicalin improves renal functions in the CLP-induced
mouse model

We next performed experiments in the mouse model to ana-
lyze the function of baicalin in septic AKI. Mice in the CLP group
showed significantly elevated BUN and Cr levels (P=0.0001
and 0.0013, Figure 2A, 2B), suggesting that the kidney injury
occurred after CLP. Both BUN and Cr levels were significantly
decreased in the CLP + baicalin group (P=0.0181 and 0.0225),

indicating that baicalin treatment effectively alleviated kidney
injury in the CLP-induced mouse sepsis model.

Baicalin inhibits renal cell apoptosis

The possible mechanism of baicalin in protecting against sep-
tic kidney injury of the mouse model was investigated from
changes in cell apoptosis. TUNEL assay showed more apop-
totic cells in the CLP group compared to the sham group, and
baicalin treatment reduced apoptotic cell numbers (Figure 3A),
with significant differences between groups (P=0.0087 and
0.0359, Figure 3B). Thus, baicalin had suppressive effects on
renal cell apoptosis in the CLP-induced mouse model.

BAX and BCL2, 2 factors indicating cell apoptosis, were detect-
ed at both mRNA and protein levels to verify the changes in
renal cell apoptosis. gRT-PCR results showed that Bax mRNA
level was significantly elevated in the CLP group (P=0.0108)
and then was down-regulated by baicalin treatment (P=0.0256,
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Figure 4. Baicalin regulates BAX and BCL2 expression in the cecal ligation and punctures (CLP)-induced mouse sepsis model. (A)
gRT-PCR showing the expression of BCL2-associated X protein (Bax) mRNA in the 3 mouse groups. (B) qRT-PCR showing
the expression of B-cell CLL/lymphoma 2 (Bcl2) mRNA in the 3 mouse groups. P values are indicated for each comparison.
(C) Western blot analysis showing the protein levels of BAX and BCL2 in the 3 mouse groups. GAPDH is an internal control.

Figure 4A). Bcl2 mRNA level showed the opposite changing
pattern to Bax, with significant differences between groups
(P=0.0004 and 0.0069, Figure 4B). Protein level changes of
the 2 factors were consistent with their mRNAs, as shown by
Western blot analysis (Figure 4C). Since up-regulated BAX and
down-regulated BCL2 are usually correlated with promoted cell
apoptosis [23,24], these results further confirmed that CLP in-
duced renal cell apoptosis and that baicalin suppressed apop-
tosis in the mouse sepsis model.

Discussion

This study performed investigations in pediatric sepsis pa-
tients and in a CLP-induced mouse sepsis model to reveal the
role of baicalin in AKI of pediatric sepsis. Baicalin adjunctive
therapy in the patients and treatment in the mouse model
decreased BUN and Cr levels. Further histological and expres-
sion analyses suggested the suppressive function of baicalin
in renal cell apoptosis.

The 50 pediatric patients participating in this study were cho-
sen from pediatric sepsis patients diagnosed with AKI, and
the mouse model induced by CLP was detected with elevated
BUN and Cr levels, which suggested potential kidney injury.
Previous studies using mouse sepsis models used various ba-
icalin treatment methods, including topical application on the
mouse skin to analyze the effect of baicalin on epidermis [25],

intraperitoneal injection to investigate the role of baicalin in
mammary glands [26], and baicalin-containing diets to study
liver injury, inflammation in the kidney, and lung carcino-
ma [22,27-29]. In these studies, the dose of baicalin was usu-
ally 100-200 mg/(kg-d), and the duration ranged from 3 to 50
days. Thus, in the present study we chose to perform baicalin
treatment in the model mouse via intragastric administration
of 200 mg/(kg-d) for 6 days, and the significantly elevated BUN
and Cr levels in the CLP group compared to the sham group
indicated that this treatment method effectively induced kid-
ney injury in the mouse sepsis model.

Clinical trials with baicalin adjunctive therapy have focused on
its protective roles in ulcerative colitis, hepatic fibrosis, and
diabetes mellitus [30-32], and several studies have investi-
gated the potential of baicalin in treating patients with early
diabetic nephropathy, in which baicalin inhibits aldose reduc-
tase activity and reduces urinary albumin excretion rate and
the blood p2-microglobulin [33]. The present study further dis-
covered the protective role of baicalin against AKI in pediat-
ric sepsis patients, which was reflected in the reduced BUN
and Cr levels. Moreover, the experiments in the mouse mod-
el confirmed that baicalin treatment in a sepsis animal mod-
el could improve renal functions. These findings show the po-
tential of using baicalin to attenuate AKI in pediatric sepsis
patients, but the proper dosage and possible complications
need to be assessed in future research.
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We also investigated the underlying mechanisms of baicalin
in attenuating kidney injury in sepsis. TUNEL results showed
that baicalin treatment in the mouse model significantly sup-
pressed renal cell apoptosis, and Western blot and gRT-PCR
analyses indicated consistent changes in the expression of BAX
and BCL2. A similar mechanism has been reported in mouse
mammary glands, where baicalin inhibits cell apoptosis via
regulating BAX and BCL2 [26]. In addition, baicalin inhibits
hepatocyte apoptosis in mouse kidney injury induced by con-
canavalin A [34]; therefore, suppressing renal cell apoptosis
is likely to be one of the mechanisms by which baicalin atten-
uates septic kidney injury. However, the anti-proliferative role
of baicalin has also been reported in studies on lung cancer
and mouse embryonic stem cells [28,35], and it is converted
to baicalin by intestinal gut flora to act as a pro-apoptotic and
anti-proliferative substance [36]. Baicalin is capable of promot-
ing neuronal differentiation, and thus may benefit therapies
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