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Abstract. Gamboge is the dry resin secreted by 
Garcinia hanburyi Hook.f, with the function of promoting 
blood circulation, detoxification, hemostasis and killing 
insects, used for the treatment of cancer, brain edema and 
other diseases. Gambogic acid is the main effective constituent 
of Gamboge. The present study investigated the protective 
effects of gambogic acid on spinal cord injury (SCI) and its 
anti‑inflammatory mechanism in an SCI model in vivo. Basso, 
Beattie and Bresnahan (BBB) testing was used to detect the 
protective effects of gambogic acid on nerve function of SCI 
rats. The water content of the spinal cord was used to analyze 
the protective effects of gambogic acid on the damage of SCI. 
Treatment with gambogic acid effectively improved BBB 
scores and inhibited water content of the spinal cord in SCI 
rats. Also, gambogic acid significantly reduced inflammatory 
cytokines levels of [tumor necrosis factor‑α, interleukin (IL)‑6, 
IL‑12 and IL‑1β] and oxidative stress (malondialdehyde, 
superoxide dismutase, glutathione and glutathione‑peroxidase) 
factors, and suppressed receptor activator of nuclear factor κB 
ligand, phosphorylated p38 protein expression and toll‑like 
receptor 4/nuclear factor‑κB pathway activation, and increased 
phosphatidylinositol 3‑kinase/protein kinase B (Akt) pathway 
activation in SCI rats. These results provide evidence that 
gambogic acid inhibits SCI and inflammation through 
suppressing the p38 and Akt signaling pathways.

Introduction

Spinal cord injury (SCI) refers to different degrees of injury to 
the spinal cord due to a variety of external direct or indirect 

traumas (1). SCI usually leads to severe consequences, such 
as loss of sensation at the area of injury, partial dysfunction 
of limbs (2). With the rapid development of modern science, 
technology, industry and transportation, the incidence of SCI 
has increased significantly; therefore, the epidemiological 
investigations about SCI are also increasing. Most epidemio-
logical investigations demonstrate that the overall incidence 
rate of SCI increases annually (3). Additionally, previous age 
spectrum studies on SCI revealed that SCI mostly occurs in 
young adults (especially due to traffic‑ and factory‑associated 
accidents) (2). In addition, SCI has very high disability rate, 
which brings serious economic and emotional burdens to 
individuals, families and society (4).

SCI is divided into two stages: One is the injury to specific 
regions of the spinal cord caused by the initial trauma; the 
other is a secondary injury involving a series of biochemical, 
molecular and cellular changes (5). SCI leads to a systemic 
inflammatory response, and inflammatory cells invade other 
remote organs such as the liver, lungs and kidneys, causing 
damage to these organs. Inflammation and oxidative stress are 
two main factors of SCI, and enhance the release of excitatory 
amino acids in the process of cell apoptosis, to upregulate 
the generation of reactive oxygen species and lipid peroxide, 
causing SCI‑induced secondary injury (6).

Protein kinase B (Akt) is a key kinase regulating the 
proliferation, differentiation, apoptosis and death of cells. 
Akt is activated by translocation to the inner surface of 
cell membranes and subsequent phosphorylation  (7). 
Phosphatidylinositol 3‑kinase (PI3K) is activated by the phos-
phorylation of the third hydroxyl group on its inositol ring, 
which further phosphorylates inositol in the cell membrane 
to translocate serine/threonine protein kinase (8). Previous 
studies have indicated that the activation of Akt protects 
nerves by inhibiting the apoptosis of nervous cells, reducing 
the generation of oxygen free radicals and suppressing the 
inflammatory reaction when SCI occurs (7,9).

It is understood that the mitogen activated protein kinase 
(MAPK) signaling pathway is an important intracellular 
signal transduction pathway. The MAPK family has three 
subfamily pathways, including extracellular regulated protein 
kinase (ERK1/2), c‑Jun N‑terminal kinase (JNK) and P38 
MAPK (10). When these MAPK pathways are activated by a 
variety of factors such as lipopolysaccharide, they will produce 
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a large number of inflammatory mediators through complex 
intracellular signal transduction, leading to inflammation and 
promoting its development  (10). Elevated phosphorylation 
is a sign of activation of the ERK1/2, JNK and MAPK P38 
signaling pathway (11).

Gamboge is the dry resin secreted by Garcinia hanburyi 
Hook.f. Gambogic acid, the main active constituent of the 
resin produced by Garcinia hanburyi Hook.f, is a type of 
natural small‑molecule Xanthone drug (Fig. 1) (12). Gambogic 
acid has long been used as anti‑inflammatory, detoxification 
and insecticidal drug in Southeast Asia (13). The present study 
aimed to explore the protective effects of gambogic acid on 
SCI, and its anti‑inflammation mechanism in an SCI model 
in vivo.

Materials and methods

Animals and in vivo treatment. Male Sprague‑Dawley rats 
(weight, 200‑220 g; n=24) were purchased from the Animal 
Experiment Centre of Chongqing Medical University 
(Chongqing, China) housed in a room controlled for 
temperature (23±3˚C) and relative humidity (40‑60%), and 
had free access to food and water. Animal care and study 
protocols were carried out in accordance with the guidelines 
of the Institutional Animal Care and Use Committee of the 
Second Affiliated Hospital of Chongqing Medical University 
(Chongqing, China). Ethical approval was received from 
the medical ethics committee of Hainan General Hospital 
(Haikou, China). All rats were randomly assigned into three 
groups (n=8/group): Sham‑operated (sham), SCI model (SCI) 
and gambogic acid (GA).

An SCI model was induced as previously described (14). 
In the SCI model and GA groups, rats were anesthetized 
with pentobarbital sodium (35  mg/kg, intraperitoneally; 
Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany), and 
laminectomy was performed at the T9‑T11 level in every rat, 
which exposed the underlying cord. A weight‑drop apparatus 
was used to induce spinal cord contusion, at a height of 80 mm 
dropped onto the exposed cord, representing moderate SCI. 
The skin and musculature were sutured. In the sham group, rats 
underwent a sham operation group without inducing SCI. In 
the GA group, rats underwent SCI followed by 2 mg/kg/three 
days GA treatment for 10 weeks.

Behavioral testing and water content of the spinal cord. All 
rats were assessed with the Basso, Beattie and Bresnahan 
(BBB) scale test (15). A score of 0 indicated complete hind 
limb paralysis, and a score of 21 denoted completely normal 
locomotor function. After rats were anesthetized with 10% 
chloral hydrate (3.5 mg/kg, intraperitoneally), rats were sacri-
ficed using decollation and spinal cord tissue samples were 
weighed to obtain the wet weight (g), then dried at 68˚C for 
48 h to obtain the dry weight (g). Water content of spinal cord 
(%)=dry weight/wet weight x100%.

Determination of inf lammatory cytokines, oxidative 
stress and caspase‑3 activity. After rats were anesthetized 
with 10% chloral hydrate (3.5 mg/kg, intraperitoneally), 
and peripheral blood was acquired from the eye socket. 
Following sacrifice by decollation, serum was acquired 

after centrifuging blood at 2,000 x g for 10 min at 4˚C. 
Inflammatory cytokines [tumor necrosis factor (TNF)‑α 
(cat. no.  PT516; Beyotime Institute of Biotechnology, 
Haimen, China), interleukin (IL)‑6 (cat. no. PI328; Beyotime 
Institute of Biotechnology), IL‑12 (cat. no. H010; Beyotime 
Institute of Biotechnology) and IL‑1β (cat. no.  PI303, 
Beyotime Institute of Biotechnology)] and oxidative stress 
factors [malondialdehyde (MDA; cat. no. S0131; Beyotime 
Institute of Biotechnology), superoxide dismutase (SOD; 
cat. no.  S0101; Beyotime Institute of Biotechnology), 
glutathione (GSH; cat. no.  S0052; Beyotime Institute of 
Biotechnology) and glutathione peroxidase (GSH‑PX; 
cat. no. S0058; Beyotime Institute of Biotechnology)] were 
measured using ELISA kits using fluorescence microplate 
reader (Model 680, Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA) at a wavelength of 450 nm. Caspase‑3 activity 
(cat. no. C1116; Beyotime Institute of Biotechnology) was 
measured using an ELISA kit using a fluorescence micro-
plate reader at a wavelength of 405 nm.

Western blot analysis. Radioimmunoprecipitation assay 
lysis buffer containing PMSF was added into spinal cord 
tissue samples for 30 min on ice, and the supernatant was 
harvested by centrifugation at 4˚C at 8,000 x g for 10 min. 
The protein concentration was detected using a bicinchoninic 
acid protein assay kit. Proteins (50 µg) were separated by 
6‑10% SDS‑PAGE and transferred to polyvinylidene difluo-
ride membranes. The membranes were blocked in TBS with 
Tween 20 containing 5% nonfat dry milk for 1 h at 37˚C. 
They were then incubated with the following primary anti-
bodies: Anti‑receptor activator of nuclear factor‑κB ligand 
(RANKL; cat. no. sc‑9073; 1:500), anti‑toll‑like receptor 4 
(TLR4; cat. no. sc‑10741; 1:500), anti‑nuclear factor (NF)‑κB 
(cat. no. sc‑298, 1:500), anti‑phosphorylated (p)‑NF‑κB (cat. 
no. sc‑136548; 1:500), anti‑p‑p38 (cat. no. sc‑7975‑R, 1:500), 
anti‑p38 (cat. no. sc‑7149; 1:500), anti‑PI3K (cat. no. sc‑7174; 
1:500), anti‑Akt (cat. no. sc‑8312; 1:500) and anti‑GADPH 
(cat. no. sc‑25778; 1:500; all Santa Cruz Biotechnology, Inc.) 
at 4˚C overnight. After being washed three times with TBST 
for 15 min, the membranes were incubated with a horseradish 
peroxidase‑conjugated anti‑mouse IgG secondary antibody 
(cat. no. sc‑2030; 1:5,000; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA) for 1 h at 37˚C and visualized by BeyoECL 
Plus (cat. no. P0018A; Beyotime Institute of Biotechnology).

Statistical analysis. Data are presented as the mean ± stan-
dard error and analyzed using SPSS 17.0 software (SPSS, 
Inc., Chicago, IL, USA). Comparisons of data between groups 
were performed by one‑way analysis of variance followed by 
Duncan's multiple range test. P<0.05 was considered to indi-
cate a statistically significant difference.

Figure 1. Chemical structure of gambogic acid.
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Figure 2. Gambogic acid effects on BBB scores and water content of the spinal cord in SCI rats. Gambogic acid effects on (A) BBB scores and (B) water content 
of the spinal cord in SCI rats. Data are presented as the mean ± standard error. ##P<0.05 vs. sham group, ###P<0.05 vs. SCI model group. SCI, spinal cord injury; 
GA, gambogic acid; BBB, Basso, Beattie and Bresnahan.

Figure 3. Gambogic acid effects on inflammatory cytokines in SCI rats. Gambogic acid effects on (A) TNF‑α, (B) IL‑1β, (C) IL‑6 and (D) IL‑12 activities. 
Data are presented as the mean ± standard error. ##P<0.05 vs. sham group, ###P<0.05 vs. SCI model group. SCI, spinal cord injury; GA, gambogic acid; TNF, 
tumor necrosis factor; IL, interleukin.

Figure 4. Gambogic acid effects on oxidative stress in SCI rats. Gambogic acid effects on (A) MDA, (B) SOD, (C) GSH and (D) GSH‑PX. Data are presented 
as the mean ± standard error. ##P<0.05 vs. sham group, ###P<0.05 vs. SCI model group. SCI, spinal cord injury; GA, gambogic acid; MDA, malondialdehyde; 
SOD, superoxide dismutase; GSH, glutathione; PX, peroxidase.

Figure 5. Gambogic acid effects on RANKL protein expression in SCI rats. (A) Quantification and (B) representative western blot images of the effects of 
gambogic acid on RANKL protein expression. GAPDH served as an internal control. Data are presented as the mean ± standard error. ##P<0.05 vs. sham group, 
###P<0.05 vs. SCI model group. SCI, spinal cord injury; GA, gambogic acid; RANKL, receptor activator of nuclear factor κB ligand.
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Results

Gambogic acid effects on BBB scores and the water content 
of the spinal cord in SCI rats. Firstly, SCI rats were used to 
investigate the neuroprotective effects of gambogic acid. 

There was a significant inhibition of BBB scores (Fig. 2A) and 
increase of water content of the spinal cord (Fig. 2B) in the 
SCI model group, compared with the sham group. Following 
treatment with gambogic acid for 10 weeks, BBB scores were 
significantly increased and water content of spinal cord was 
significantly decreased in SCI rats by gambogic acid treatment 
(Fig. 2).

Gambogic acid effects on inflammatory cytokines in SCI rats. 
In the SCI model group, TNF‑α, IL‑6, IL‑12 and IL‑1β levels 
were significantly enhanced, compared with the sham group 
(Fig. 3). Treatment with gambogic acid significantly inhibited 
TNF‑α, IL‑6, IL‑12 and IL‑1β levels in SCI rats, compared 
with the SCI model group (Fig. 3).

Gambogic acid effects on oxidative stress in SCI rats. Next, 
there was a significant increase of MDA activity and inhibition 
of SOD, GSH and GSH‑PX activities in the SCI model group, 
compared with sham group (Fig. 4). Treatment with gambogic 
acid significantly reduced MDA activity and increased SOD, 

Figure 6. Gambogic acid effects on p‑p38 protein expression in SCI rats. (A) Quantification and (B) representative western blot images of the effects of 
gambogic acid on p‑p38 protein expression. GAPDH served as an internal control. Data are presented as the mean ± standard error. ##P<0.05 vs. sham group, 
###P<0.05 vs. SCI model group. SCI, spinal cord injury; GA, gambogic acid; p‑, phosphorylated.

Figure 7. Gambogic acid effects on TLR4/NF‑κB protein expression in SCI rats. (A) Quantification of TLR4 protein expression. (B) Representative western 
blot images of the effects of gambogic acid on TLR4/NF‑κB protein expression. (C) Quantification of NF‑κB protein expression. GAPDH served as an internal 
control. Data are presented as the mean ± standard error. ##P<0.05 vs. sham group, ###P<0.05 vs. SCI model group. SCI, spinal cord injury; GA, gambogic acid; 
TLR4, toll‑like receptor 4; NF, nuclear factor; p‑phosphorylated.

Figure 8. Gambogic acid effects on caspase‑3 activity in SCI rats. Data are 
presented as the mean ± standard error. ##P<0.05 vs. sham group, ###P<0.05 
vs. SCI model group. SCI, spinal cord injury; GA, gambogic acid.
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GSH and GSH‑PX activity inhibition in the SCI rats, compared 
with the SCI model (Fig. 4).

Gambogic acid effects on RANKL protein expression in SCI 
rats. Western blotting was used to determine RANKL protein 
expression in SCI rats. In the SCI model group, there was a 
significant increase of RANKL protein expression, compared 
with the sham group (Fig. 5). As presented in Fig. 5, treat-
ment with gambogic acid significantly suppressed increase of 
RANKL protein expression in SCI rats, compared with the 
SCI model group.

Gambogic acid effects on p‑p38 protein expression in SCI 
rats. The SCI model group exhibited a significant increase 
of p‑p38 protein expression in SCI model rats, compared 
with the sham group (Fig. 6). Treatment with gambogic acid 
significantly suppressed p‑p38 protein expression in SCI rats, 
compared with the SCI model group (Fig. 6).

Gambogic acid effects on TLR4/NF‑κB protein expression 
in SCI rats. To explore the anti‑inflammation mechanism 
of gambogic acid in SCI, TLR4/NF‑κB protein expression 
were measured using western blot analysis. The results of 
western blot analysis demonstrated a significant increase 
of TLR4 and p‑NF‑κB protein expression in the SCI model 
group, compared with the sham group (Fig. 7). However, 
gambogic acid significantly suppressed TLR4 and p‑NF‑κB 
protein expression in SCI rats, compared with the SCI model 
group (Fig. 7).

Gambogic acid effects on caspase‑3 activity in SCI rats. As 
presented in Fig. 8, a significant increase of caspase‑3 activity 
was observed in the SCI model group, compared with the 
sham group. After treatment with gambogic acid for 10 weeks, 
caspase‑3 activity was significantly inhibited in SCI rats, 
compared with the SCI model group (Fig. 8).

Gambogic acid effects on PI3K/Akt protein expression in SCI 
rats. To investigate the anti‑apoptosis mechanism of gambogic 
acid in SCI, PI3K/Akt protein expression was measured using 
western blot analysis. As presented in Fig. 9, PI3K and p‑Akt 
protein expression levels were significantly inhibited in the 
SCI model group, compared with the sham group. Gambogic 
acid significantly induced PI3K and p‑Akt protein expression 
levels in SCI rats, compared with the SCI model group (Fig. 9).

Discussion

SCI, a central nervous system disorder featuring the loss 
of the sensation, movement and reflexes, and dysfunction 
of sphincter under the area of injury, results from vertebral 
fracture and compression to the spinal cord due to mechanical 
injury (2). Common causes of SCI include traffic accidents, 
sports injuries, bullet injury, falls and natural disasters (16). At 
present, SCI is characterized by high incidence, high disability 
rate and a huge economic burden (17). The treatment of SCI 
is a hotspot and difficult problem in clinical research (17). The 
results of the present study demonstrated that gambogic acid 
increased BBB scores and decreased the water content of the 
spinal cord in SCI rats.

Normally, the spinal cord forms an immune privileged 
region through the blood‑brain‑barrier, preventing invasion 
by antibodies and immune cells. However, when the spinal 
cord is injured, the blood‑brain‑barrier will be destroyed, 
thereby leading to an intensive local immune inflammatory 
reaction (18). ILs, TNF‑α inflammatory factors and chemical 
factors will be released to assist to repair the body. However, 
excessive activation of the inflammatory response also 
damages normal cells (19). Therefore, it is important to study 
interventions in the inflammatory response, as appropriately 
controlling the inflammatory response can prevent further 
damage to the body, providing novel ideas for the treatment 
of SCI (20). The present study confirmed that gambogic acid 

Figure 9. Gambogic acid effects on PI3K/Akt protein expression in SCI rats. (A) Quantification of PI3K protein expression. (B) Representative western blot 
images of the effects of gambogic acid on PI3K/Akt protein expression. (C) Quantification of p‑Akt protein expression. GAPDH served as an internal control. 
Data are presented as the mean ± standard error. ##P<0.05 vs. sham group, ###P<0.05 vs. SCI model group. SCI, spinal cord injury; GA, gambogic acid; Akt, 
protein kinase B; p‑, phosphorylated; PI3K, phosphatidylinositol 3‑kinase.
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significantly reduced the levels of inflammatory cytokines 
(TNF‑α, IL‑6, IL‑12 and IL‑1β), oxidative stress factors 
(MDA, SOD, GSH and GSH‑PX) in SCI rats. Cascão et al (21) 
reported that potent anti‑inflammatory effects of gambogic 
acid suppressed antigen‑induced arthritis.

The NF‑κB signaling pathway serves an important role 
in the incidence and development of SCI, and has many 
downstream targets. IκB can be phosphorylated by a variety 
of inflammatory factors, and the subunit p65 is activated and 
then enters into the nucleus (22). The activation of subunit 
p65 enhances the transcription and expression of IL‑1B and 
TNF‑α, which can activate the NF‑κB signaling pathway 
again. The MAPK signaling pathway is widely distributed in 
mammals. NF‑κB, one of the targets of the MAPK signaling 
pathway, is involved in inflammatory responses, as well as the 
proliferation, differentiation and apoptosis of cells (23). The 
MAPK pathway is highly conserved, involving three types of 
kinases, which can be triggered by a variety of factors such 
as growth factors, cytokines, hormones and proteins  (24). 
Through the cascade reaction, the MAPK pathway alters 
the secretion of certain cytokines to initiate their biological 
functions, so as to influence the development and prognosis 
of inflammatory responses (24). The activation of the MAPK 
signaling pathway may increase production of cytokines such 
as TNF‑α, IL‑6, IL‑12 and IL‑1β, leading to inflammation and 
immune responses (25). In the present study, it was demon-
strated that gambogic acid significantly suppressed TLR4 
and NF‑κB protein expression and induced the p‑p38 MAPK 
signaling pathway in SCI rats.

The mechanism of the differentiation of human bone 
marrow stromal cells (hBMSCs) into neurons and glial cells 
in  vitro induced by RANKL needs further investigation, 
and it may be due to the following mechanisms: i) RANKL 
binds to and activates RANK; ii) RANK interacts with TNF 
receptor‑associated factors to activate NF‑κB; iii) NF‑κB 
enters into the nucleus from the cytoplasm rapidly, to bind 
to the κB site of target genes and induce the transcription of 
corresponding target genes; iv) the expression of transcrip-
tion factors involved in the differentiation of neural cells are 
up‑regulated when selective genes are switched on or off, 
to pass signals required in the differentiation of neural cells 
and thus inducing the differentiation of hBMSCs into neural 
cells (26,27). In the present study, gambogic acid significantly 
suppressed the increase of RANKL protein expression in SCI 
rats. Pandey et al (13) demonstrated that gambogic acid inhibits 
multiple myeloma mediated osteoclastogenesis through the 
NF‑κB and RANKL signaling pathways.

Akt is the central point of the cellular signal transduction 
pathway, and is usually stimulated by cytokines and growth 
factors to pass signals, thereby inducing changes under 
stress (28). Akt serves an important role in the metabolism, 
survival, proliferation, differentiation and other key biological 
functions of cells (9). In addition, Akt serves as an important 
central control factor in regulating the survival of neurons 
in the central nervous system, and its signal transduction 
participates in the survival, development, proliferation, 
differentiation, axonal growth and synaptic plasticity of 
neurons (29). In this study, it was demonstrated that gambogic 
acid significantly inhibited caspase‑3 activity and induced 
PI3K and p‑Akt protein expression levels in SCI rats, which 

demonstrated that the PI3K/Akt signaling pathway may be 
involved in the anti‑apoptosis mechanism of gambogic acid in 
SCI. Ma et al (12) demonstrated that Gambogic acid inhibits 
osteoclast formation via RANKL, p38 and Akt.

In conclusion, the results of the present study revealed 
that gambogic acid inhibits SCI and SCI‑induced inflamma-
tion, oxidative stress and apoptosis through the TLR4/NF‑κB 
protein/p38 and Akt signaling pathways. Thus, gambogic acid 
may be a promising approach to treat SCI in the future.
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