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Loganin attenuates intestinal injury in severely burned rats by
regulating the toll-like receptor 4/NF-kB signaling pathway
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Abstract. Severe burns may lead to intestinal inflammation
and oxidative stress, resulting in intestinal barrier damage
and gut dysfunction. Loganin, an iridoid glycoside compound,
has been isolated from Cornus officinalis Sieb. et Zucc;
however, its role in the treatment of burn injury is yet to be
fully elucidated. Therefore, the present study examined the
effect of loganin administration on burn-induced intestinal
inflammation and oxidative stress after severe burns in
male Sprague-Dawley rats. Histological injury was assessed
by hematoxylin and eosin staining. Furthermore, cytokine
expression in intestinal tissues was measured by ELISA
and reverse transcription-quantitative PCR. Antioxidative
activities were assessed by determining the levels of reactive
oxygen species (ROS), superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GSH-Px) and malondialde-
hyde (MDA). Apoptosis was detected by flow cytometry.
Apoptosis-related proteins, toll-like receptor 4 (TLR4) protein
and NF-«kB translocation were examined by western blotting.
Immunohistochemical staining was used to observe TLR4 and
NF-kB p65 expression in intestinal tissues. The present study
suggested that loganin administration significantly reduced
burn injury-induced intestinal histological changes, tumor
necrosis factor-a, interleukin (IL)-6 and IL-1p production
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and oxidative stress, evidenced by decreased ROS levels and
MDA content (P<0.05). Furthermore, loganin increased SOD,
CAT and GSH-Px levels and intestinal epithelial cell apop-
tosis. Loganin treatment also significantly inhibited activation
of the TLR4/NF-«xB signaling pathway in the intestine of
severely burned rats (P<0.05). In conclusion, loganin reduced
burns-induced intestinal inflammation and oxidative stress,
potentially by regulating the TLR4/NF-«B signaling pathway.

Introduction

The intestinal epithelium functions as a natural barrier against
the invasion of intestinal bacteria, toxins and other harmful
substances, and serves and important role in the occurrence
and development of multiple organ dysfunction syndrome
(MODS) (1). Intestinal injury is the most common organ
damage during the early stages of severe burn injuries (2).
Severe burns can directly or indirectly result in the overgrowth
of pathogenic bacteria in the intestines and the disruption of
intestinal mechanical barriers, which in turn can trigger the
translocation of intestinal bacteria or toxins, leading to systemic
inflammatory response syndrome, sepsis and MODS (3,4).
Meanwhile, apoptotic and necrotic intestinal epithelial cells
enhance intestinal mucosal permeability, oxidative stress and
the inflammatory response, thereby damaging the mechanical
and immune barriers of the intestinal tissues (5,6). Therefore,
intestinal protection plays an important role in the treatment
of severe burns (7).

It has become increasingly clear that the inflammatory
response and oxidative stress play crucial roles in the patho-
logical process of burn injury (8). Toll-like receptor 4 (TLR4)
is an innate immunity pattern recognition receptor, which initi-
ates the immune response and oxidative damage by activating
NF-«kB, a crucial proinflammatory transcription factor (9,10).
Therefore, it has been proposed that therapeutic targets that
abolish intestinal inflammation and oxidative stress may
function by mediating the TLR4 signaling pathway (11). For
example, Zhou et al (12) reported that pharmacological admin-
istration of the mTOR inhibitor AZD8055 or the autophagy
activator rapamycin significantly attenuated lipopolysaccharide
(LPS)-induced intestinal inflammation and oxidative stress by
inhibiting the TLR4-MyD88-mitogen-activated protein kinase
and the NF-«B signaling pathways.
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Loganin is an iridoid glycoside extracted from the crude
herb Cornus officinalis Sieb. et Zucc. (13). A number of previous
studies have reported that loganin displays anti-inflammatory,
neuroprotective, antiatherosclerotic and antidiabetic activities
in acute pancreatitis (14), neurodegenerative disorders (15),
atherosclerosis (16) and diabetes (17), respectively. However,
the role of loganin in the treatment of burn injury is not
completely understood. The aim of the present study was
to establish an experimental model of burn injury in rats to
evaluate the effects of loganin on intestinal inflammation and
oxidative stress. Therefore, the present study provided novel
insights into the potential anti-inflammatory and antioxidant
effects of loganin in vivo.

Materials and methods

Animals. Male Sprague-Dawley rats aged 4-6 weeks and
weighing 150-200 g (n=18) were purchased from the Laboratory
Animal Center of The Affiliated Hospital of Chengde Medical
University. Before experimentation, all rats were allowed to
acclimatize for one week under specific pathogen-free condi-
tions. The rats were maintained at 25°C with the humidity of
55% and 12-h light/dark cycles and were fed a standard chow
diet with free access to food and water. All animals were
handled according to the Animal Welfare Guidelines issued
by The Affiliated Hospital of Chengde Medical University for
the Care and Use of Laboratory Animals. The experimental
procedures were approved by the Animal Care and Use
Committee of The Affiliated Hospital of Chengde Medical
University.

Burn procedure. Burn injuries were established by scalding the
skin of the rats' back using boiling water as described in previ-
ously published studies (5). Briefly, the rats were anesthetized
by the intraperitoneal injection of 30 mg/kg sodium pento-
barbital. The dorsal area was then dehaired and completely
immersed in 100°C water for 15 sec to create a 20% total body
surface area (TBSA) full-thickness burn.

Experimental design. A total of 18 rats were randomly divided
into three groups as follows: i) Sham-operated rats, which
served as the control group (n=6); ii) rats subjected to burn
injury, which served as the burn group (n=6); and iii) rats intra-
gastrically administered 50 mg/kg loganin (Sigma-Aldrich;
Merck KGaA; 5 mg loganin dissolved in 1 ml normal saline;
extrasynthese) daily for 7 days before burn injury, which served
as the burn + loganin group (n=6). Additionally, untreated rats
were used as blank normal controls (n=6). All rats were anes-
thetized by the intraperitoneal injection of 30 mg/kg sodium
pentobarbital, placed in room temperature water for 15 sec and
administered an equal volume of normal saline to the loganin
dose. At 24 h after burn injury, all rats were euthanized by the
intraperitoneal injection of 120 mg/kg sodium pentobarbital,
as previously described (18). Following euthanasia, intestinal
tissues were surgically resected and immediately immersed in
10% formalin overnight at 4°C.

Histopathological examination. Intestines were fixed in 10%
formalin overnight at 4°C and were subsequently embedded in
paraffin. After deparaffinization with xylene and rehydration
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using a graded ethanol series, the 5-um thick sections were
stained for 5 min with hematoxylin, rinsed, and stained for
30 sec using 0.5% eosin at room temperature for histological
assessment of intestinal damage. The images were observed by
a pathologist from the Affiliated Hospital of Chengde Medical
University, and five randomly selected areas were examined
using a light microscope (magnification, x400; Leica DM1000,
Leica Microsystems, Inc.).

ELISA. The intestinal levels of tumor necrosis factor (TNF)-a
(cat. no. 550610), interleukin (IL)-6 (cat. no. 550799) and IL-1{3
(cat. no. 557966) were determined by commercial ELISA Kkits
(BD Biosciences), according to the manufacturer's instructions.
Expression levels were determined at a wavelength of 450 nm.
Each sample was assayed in duplicate.

Reverse transcription-quantitative PCR (RT-qPCR). The
RT-qPCR experiments were independently carried out three
times, with three repeats each. Total RNA was extracted
from intestinal tissues using TRIzol® reagent (Thermo Fisher
Scientific, Inc.), according to the manufacturer's instruc-
tions. RNA was then reverse transcribed to cDNA using
the PrimeScript™ 1st Strand cDNA Synthesis kit (Takara
Biotechnology Co., Ltd.) according to manufacturer's protocol.
gPCR was subsequently performed using the Primer-ScriptTM
One Step RT-PCR kit (Takara Biotechnology Co., Ltd.) on a
7900 HT Fast Real-Time PCR system (Applied Biosystems;
Thermo Fisher Scientific, Inc.). The thermocycling conditions
were as follows: pre-denaturation at 95°C for 30 sec, followed
by 95°C for 5 sec, annealing at 60°C for 20 sec, extension at 72°C
for 30 sec for a total of 40 cycles. The primer sequences used
were as follows: TNF-a forward, 5-GCCCACGTCGTAGCA
A-3" and reverse, 5'-GTCTTTGAGATCCATGCCAT-3"; IL-6
forward, 5'-AGAAGACCAGAGCAGATTTT-3' and reverse,
5'-GAGAAAGAGTTGTGCAATG-3"; IL-1p forward, 5'-GAG
CTGAAAGCTCTCCACCT-3" and reverse, 5S-TTCCATCTT
CTTCTTTGGGT-3'; and (-actin forward, 5'-GAAGATCAA
GATCATTGCTCCT-3' and reverse, 5S“TACTCCTGCTTG
CTGATCCA-3'. The relative expression levels of TNF-a,
IL-6 and IL-1p were analyzed by the 2-24°4 method (19) and
normalized to [3-actin.

Measurement of antioxidative activities. The experiments
were independently carried out three times, with three repeats
each. Intestinal tissues were centrifuged at 1,500 x g for
15 min at 4°C and homogenized in normal saline. The super-
natant was transferred into new tubes for evaluation of reactive
oxygen species (ROS) accumulation and superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GSH-Px) and
malondialdehyde (MDA) activities, according to the manu-
facturer's protocol. Intracellular ROS accumulation (Reactive
oxygen species Assay kit; cat. no. E004-1-1; Nanjing Jiancheng
Bioengineering Institute) was measured using a spectrofluoro-
photometer at excitation/emission wavelengths of 488/525 nm.
SOD level was detected by a water-soluble tetrazolium salt
method (Superoxide Dismutase assay Kkit; cat. no. AO01-3-2;
Nanjing Jiancheng Bioengineering Institute), and the sample
absorbance was analyzed using a microplate reader at a
wavelength of 450 nm. The levels of CAT (Catalase assay kit;
cat. no. AOO7-1-1; Nanjing Jiancheng Bioengineering Institute),



EXPERIMENTAL AND THERAPEUTIC MEDICINE 20: 591-598, 2020

GSH-Px (Glutathione Peroxidase assay kit; cat. no. AO05-1-2;
Nanjing Jiancheng Bioengineering Institute) and MDA
(Malondialdehyde assay kit; cat. no. A003-1-2; Nanjing
Jiancheng Bioengineering Institute) were determined colori-
metrically using a spectrophotometer at a wavelength of 405,
412 and 532 nm, respectively.

Apoptosis detection. The experiments were independently
carried out three times, with three repeats each. Following
trypsinization for 2 h using 0.05% trypsin at 4°C, resected
segments of intestines were washed with PBS to collect the
intestinal epithelial cells. Cell apoptosis was assessed using
the Annexin V-FITC/PI detection kit (Sigma-Aldrich; Merck
KGaA), according to the manufacturer's instructions. Briefly,
the intestinal epithelial cells (1x10° cells) were resuspended in
the binding buffer and stained with the Annexin V/FITC for
15 min and PI solution for 5 min at 4°C. The early and late
apoptosis was analyzed using a flow cytometer and estimated
using the ModFit software (version 3.0; BD Biosciences).

Western blotting. The frozen intestines were lysed in RIPA
buffer (Santa Cruz Biotechnology, Inc.). The lysates were
centrifuged at 12,000 x g at 4°C for 20 min. The protein
content in the supernatant was measured by the bicinchoninic
acid protein assay (Pierce; Thermo Fisher Scientific, Inc.).
Protein samples (30 ug) were resolved in 10% SDS-PAGE
gels and transferred onto PVDF membranes in 5% non-fat dry
milk in tris-buffered saline containing 0.1% Tween 20 for 2 h
at room temperature. Immunoblotting was performed on the
membranes using the following primary antibodies: Anti-Bcl-2
(cat. no. 3498; 1:1,000; Cell Signaling Technology, Inc.),
anti-Bax (cat. no. 5023; 1:1,000; Cell Signaling Technology,
Inc.), anti-cleaved caspase-3 (cat. no. 9661; 1:1,000; Cell
Signaling Technology, Inc.), anti-TLR4 (cat. no. 14358;
1:1,000; Cell Signaling Technology, Inc.), anti-phosphorylated
(p)-inhibitor of xB-a (IxkB-a; cat. no. 2859; 1:1,000; Cell
Signaling Technology, Inc.), anti-IkB-a (cat. no. 4812;
1:1,000; Cell Signaling Technology, Inc.), anti-p-NF-xB
p65 (cat. no. 8214; 1:1,000; Cell Signaling Technology, Inc.)
and anti-NF-kB p65 (cat. no. 8242; 1:1,000; Cell Signaling
Technology, Inc.) overnight at 4°C. Subsequently, membranes
were incubated with horseradish peroxidase-conjugated
secondary antibodies (cat. no. 7076; 1:1,000; Cell Signaling
Technology, Inc.) at room temperature for 2 h. Immunoreactive
bands were visualized using the ECL western blot detection
system (Abcam). The same membranes were probed with
GAPDH (cat.no.5176; 1:1,000; Cell Signaling Technology, Inc.)
as a loading control. Quantitative results of Western blotting
were obtained by densitometry using ImagelJ software (version
1.46; National Institutes of Health). The experiments were
independently carried out three times, with three repeats each.

Immunohistochemical staining. Formalin-fixed, paraffin-
embedded intestines were cut into 5-um thick slices and
permeabilized in 0.3% Triton X-100 for 20 min at 4°C.
The sections were incubated overnight at 4°C with primary
antibodies against TLR4 (cat. no. ab22048; 1:100; Abcam)
and NF-kB p65 (cat. no. ab207297; 1:2,000; Abcam).
Subsequently, the sections were incubated with horseradish
peroxidase-conjugated secondary antibodies (cat. no. 3900;
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1:1,000; Cell Signaling Technology, Inc.) for 30 min at 37°C.
After sections were washed three times with PBS, slides were
stained with 3,3'-diaminobenzidine for 5 min at 37°C, counter-
stained with hematoxylin for 2 min at 37°C, and imaged under
a light microscope (x400 magnification).

Statistical analysis. All data are expressed as mean + standard
deviation. SPSS software (version 19.0; IBM Corp.) was used
for statistical analysis. The results were analyzed by one-way
ANOVA with Student-Newman-Keuls or Tukey's post hoc test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Loganin ameliorates intestinal histopathology caused by
severe burn in rats. The normal group displayed normal
histopathology (Fig. 1). The control group also displayed no
destructive changes in the hematoxylin and eosin-stained
intestinal tissues (Fig. 1). At 24 h after 20% TBSA burn injury,
rats displayed intestinal damage characterized by intestinal
edema, the loss of villi integrity and inflammatory cell infiltra-
tion (Fig. 1). By contrast, intragastric injection of loganin to
rats with severe burns resulted in less histological inflamma-
tion compared with the burn group (Fig. 1).

Loganin inhibits TNF-a, IL-6 and IL-18 production induced
by burn injury. Inflammation plays a critical role in the patho-
genesis of burn injury (20). To determine the effect of loganin
on the inflammatory response induced by severe burns in
rats, the expression levels of the proinflammatory cytokines
TNF-a, IL-6 and IL-1p in the intestinal tissues were exam-
ined by ELISA and RT-qPCR. The protein levels of TNF-a,
IL-6 and IL-1p in the intestinal tissues from rats with severe
burns were significantly elevated compared with those from
the control rats (Fig. 2A; P<0.05). However, compared with
the burned rats, loganin treatment significantly decreased the
intestinal expression of TNF-a, IL-6 and IL-1f at the protein
level (P<0.05). Furthermore, the administration of loganin
significantly reduced burns-induced upregulation of TNF-a,
IL-6 and IL-1p mRNA levels compared with the burned rats
(Fig. 2B; P<0.05).

Loganin ameliorates oxidative stress in intestinal tissues
in the rat burn model. Subsequently, changes in oxidative
stress marker activity in the intestinal tissues were measured.
The results suggested that loganin treatment suppressed
the burn-induced production of ROS (Fig. 3) and oxidative
damage of the intestines, as indicated by increased SOD, CAT
and GSH-Px levels, as well as reduced MDA level, compared
with the burn group (Fig. 3).

Loganin reduces intestinal epithelial cell apoptosis in severely
burned rats. Apoptosis of intestinal epithelial cells was then
assessed by Annexin V-FITC/PI double staining and flow
cytometry. The percentage of apoptotic intestinal epithelial
cells was significantly increased in the burn group compared
with the control group, while loganin treatment reduced
the level of burns-induced apoptosis of intestinal epithelial
cells compared with the burn group (Fig. 4A; P<0.05). To
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Figure 1. Effect of loganin on burn-induced intestinal histological changes. Representative micrographs of hematoxylin and eosin-stained intestinal sections
(magnification, x400) in the (A) normal, (B) control, (C) burn and (D) burn + loganin groups (n=6 per group). The black arrows indicate the features that
differed between the burn rats and burn + loganin rats. Burned rats displayed intestinal damage characterized by intestinal edema, the loss of villi integrity
and inflammatory cell infiltration. By contrast, intragastric injection of loganin to rats with severe burns resulted in less histological inflammation compared

with the burn group.
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Figure 2. Effect of loganin on the burn-induced intestinal inflammatory response. The (A) protein and (B) mRNA expression levels of IL-6, TNF-o and
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further investigate the antiapoptotic effects of loganin, the
effects of loganin on the expression of the apoptosis-related
proteins Bax, Bcl-2 and cleaved-caspase-3 were analyzed
by western blotting. Loganin significantly reduced the burn
injury-induced upregulation of Bax and cleaved-caspase-3 and
the downregulation of Bcl-2, compared with the burn group
(Fig. 4B; P<0.05).

Loganin suppresses severe burn-induced TLR4/NF-«kB
signaling pathway activation in intestinal tissues. The
TLR/NF-«B signaling pathway plays an important role
in inflammation and oxidative stress (9,10). Hence, the
present study investigated whether loganin could inhibit
burns-induced TLR4/NF-«B signaling pathway activation.
Immunohistochemical analysis suggested that loganin limited
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Figure 3. Effect of loganin on burn-induced intestinal oxidative stress. The levels of ROS, SOD, MDA, GSH-Px and CAT in intestinal tissues of the control,
burn and burn + loganin groups (n=6 per group). "P<0.05 vs. the control group; “P<0.05 vs. the burn group. ROS, reactive oxygen species; SOD, superoxide
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the expression of TLR4 and NF-kB p65 in intestinal tissues of
burned rats (Fig. 5A). Furthermore, the burn group displayed
significant TLR4 upregulation and induction of IxBa and
NF-xB p65 phosphorylation in intestinal tissues compared
with the control group (P<0.05). By contrast, compared with
the burn group, administration of loganin downregulated
TLR4 protein levels, impaired IkBa degradation and reduced
the phosphorylation of NF-xB p65 (Fig. 5B; P<0.05).

Discussion

The present study demonstrated that the administration of
loganin inhibited severe burn-induced intestinal pathology,
intestinal inflammation, oxidative stress and intestinal epithe-
lial cell apoptosis by targeting the TLR4/NF-«kB signaling
pathway.

Thermal burn injury is a leading cause of mortality and
disability worldwide (21,22). Previous studies support the exis-
tence of intestinal injury following severe burn in rats (23,24).
Histopathological examination in the present study further

suggested that the intestinal tissues were noticeably damaged
at 24 h after 20% TBSA full-thickness burn wound induction.
Severe burns result in intestinal inflammation and oxidative
stress, eventually leading to intestinal barrier damage and
gut dysfunction (8,25,26). The present study suggested that
damaged intestines of Sprague-Dawley rats following severe
burn injuries displayed intracellular ROS overproduction,
subsequent excessive consumption of SOD, CAT, GSH-Px
and increased lipid peroxidation compared with control rats.
Oxidative stress can provoke the production of inflammatory
cytokines, which contribute to chronic and acute inflamma-
tory reactions (27). The present study observed a significant
increase in the mRNA and protein levels of the proinflamma-
tory cytokines TNF-a, IL-6 and IL-1f in the intestinal tissues
of rats with burns (P<0.05). Growing evidence suggests that gut
epithelial apoptosis is implicated in changes in mucosal integ-
rity and impaired intestinal barrier function after severe burns,
provoking further oxidative stress and inflammation (28,29).
The present study demonstrated that the percentage of apop-
totic cells in the intestinal tissues significantly increased 24 h
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after the burn injury (P<0.05). The TLR4/NF-«B signaling
pathway is involved in the regulation of the inflammatory
response and cell apoptosis (9,10). Wang er al (8) suggested
that isoquercetin mitigated myocardial inflammation and
apoptosis by suppressing the TLR4/NF-«B signaling pathway.
Furthermore, Minden-Birkenmaier et al (26) indicated that
harmine attenuated LPS-induced acute kidney injury by
reducing oxidative stress and inflammatory responses via
inhibition of the TLR4-NF-«B signaling pathway. Similarly,
the present study suggested that severe burn injury induced
NF-«B signaling pathway activation and TLR4 upregulation.

Itis generally accepted that loganin is a bioactive compo-
nent with anti-inflammatory and antioxidant effects (13,16).
For example, Fei et al (27) illustrated that loganin could
attenuate neuroinflammation in BV-2 microglia cells by
inhibiting the activation of the TLR4 signaling pathway.
Furthermore, Carter er al (28) suggested that loganin
exerted a neuroprotective effect by decreasing neuronal
apoptosis and oxidative stress. The present study used a rat
burn injury model to evaluate the role of loganin in intes-
tinal protection following burn injury. The results revealed
that the intragastric injection of loganin (50 mg/kg) after
severe burn injury ameliorated intestinal pathological
changes. Following the intragastric administration of
loganin in the burn + loganin group, the production of ROS,
MDA, TNF-a, IL-6 and IL-1p were significantly reduced,
while SOD, CAT and GSH-Px levels improved in intestinal
tissue samples, compared with the untreated burn group
(P<0.05). Loganin has been well documented to antagonize
the oxidative stress-induced apoptosis of various cell types,
including renal mesangial cells (13), neurons (30) and hepa-
tocytes (31) in vivo. The present study demonstrated that
loganin treatment significantly decreased the percentage of
apoptotic intestinal epithelial cells following severe burn
injury (P<0.05). This suggested that loganin protected
intestinal epithelial cells from burns-induced apoptosis.
Additionally, loganin inhibited the burn injury-induced
upregulation of cleaved caspase-3 and Bax expression,
and downregulation of Bcl-2 expression. Furthermore,
treatment with loganin significantly attenuated the burn
injury-induced TLR4 activation and phosphorylation of
NF-xB p65 (P<0.05). These results suggested that the
protective effects of loganin against burns-induced apop-
tosis in the intestinal epithelium may be due to mediation
of the TLR4/NF-kB signaling pathway.

Despite the lack of clinical data and in vitro
experiments, the present study suggested that the
anti-inflammatory and antioxidant effects of loganin
in severe burn injury may be mediated by targeting the
TLR4/NF-«B signaling pathway. Further investigations
are required to verify the therapeutic action of loganin in
severe burn injury.
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