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Abstract. Geraniol is a type of monoterpenoid with a rose 
scent and a slightly sweet flavor. It is found in the volatile oil 
of various plants, and has anti‑inflammatory and anti‑oxidant 
effects. The present study aimed to investigate the protective 
effect of geraniol in inhibiting the inflammatory response, 
oxidative stress and apoptosis in traumatic spinal cord injury 
(SCI), as well as to analyze the mechanism underlying its 
effect. Adult male Sprague‑Dawley rats were induced to 
traumatic SCI through a surgical procedure and were defined 
as the SCI model group. SCI or normal rats were then admin-
istered 250 mg/kg/day geraniol for 4 weeks. The Basso, 
Beattie and Bresnahan (BBB) test and the spinal cord water 
content were used to analyze the effect of geraniol against 
traumatic SCI in rats. The inflammatory response, oxidative 
stress, and caspase‑9 and ‑3 activities were measured using 
commercial ELISA kits. In addition, the associated mecha-
nism was analyzed, using western blot analysis to determine 
the protein expression levels of nuclear factor (NF)‑κB and 
p38 mitogen‑activated protein kinase (MAPK). The results 
of the present study demonstrated that BBB scores were 
significantly increased and the spinal cord water content was 
significantly inhibited in SCI rats after 3 weeks of geraniol 
treatment. Furthermore, the inflammatory response, oxidative 
stress, and the caspase‑9 and ‑3 activities were significantly 
suppressed upon treatment with geraniol. Finally, the mecha-
nism of geraniol against traumatic SCI downregulated the 
NF‑κB and p38 MAPK pathways in SCI rats. Therefore, the 
protective effect of geraniol is suggested to inhibit the inflam-
matory response, oxidative stress and apoptosis in traumatic 
SCI through the modulation of NF‑κB and p38 MAPK.

Introduction

Traumatic spinal cord injury (SCI) refers to injury resulting 
from direct or indirect external factors accompanied with 
motor, sensory and sphincter dysfunction, dystonia and patho-
logical reflex diseases. SCI can be divided into the primary and 
secondary types (1). Primary SCI is caused by an external force 
directly or indirectly exerted on the spinal cord (2). Secondary 
SCI refers to further damages caused by spinal cord compres-
sion due to edema, spinal hematoma, compression fracture 
and fragmentation of the disc, which result from external 
factors (3). Its clinical symptoms are divided into partial and 
incomplete; following injury, certain symptoms occur, such 
as local microvascular spasms, ischemia, increased vascular 
permeability, small vein rupture and secondary hemorrhagic 
necrosis (4).

Traumatic SCI usually causes flaccid paralysis, loss of 
movement, reflexes and sphincter function, impaired micro-
vascular obstruction, hypoxia, spinal cord edema, small 
congestion in central gray matter necrosis, loss of feeling, 
and urinary or fecal incontinence (1). A number of symptoms 
evolve into spastic paralysis after 2‑4 weeks, accompanied 
with an increased muscle tone, tendon hyperreflexia and 
pathological vertebral tract signs, paraplegia, quadriplegia and 
flaccid paralysis amongst other symptoms. The movement and 
deep feeling of an ipsilateral limb below the damaged plane, as 
well as the contralateral limb pain and the temperature sensa-
tion, disappear in traumatic SCI (5). Anterior spinal syndrome 
is a medical condition with severe compression in the front of 
the cervical spinal cord, which may occasionally cause central 
artery occlusion before the spinal cord, as well as quadriplegia. 
Paraplegia is a more severe condition compared with brachial 
diplegia, but the sense and feeling of lower limbs and the 
perineum position remain, and sometimes still preserve a weak 
sense of feeling (4). The majority of spinal cord syndromes in 
the area surrounding the central canal occur following cervical 
hyperextension injury (6). The cervical spinal canal is vulner-
able to large volume changes due to cervical hyperextension, 
and the spinal cord is squeezed by the surrounding wrinkled 
yellow ligaments, intervertebral discs or bone spurs, which 
damage the conduction system around the central canal of the 
spinal cord. This is manifested as quadriplegia below the plane 
of injury, upper limbs superior to the lower limbs, without poor 
prognosis (7).
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Aromatherapy in traditional Chinese medicine has 
been used for the treatment of vaginal candidiasis (8). 
Geraniol (Fig. 1) is a natural plant source of alcohol that 
is widely found in citronella, geranium, vanilla and rose 
oils. It is widely used as a spice ingredient and in cosmetics, 
fragrances, shampoos, soaps and other non-cosmetic prod-
ucts, including household and other detergents (9). The 
global use of geraniol is >1,000 tons per year. Modern phar-
macological studies have revealed that geraniol has a wide 
range of pharmacological activities, including antibacterial, 
fungus resistance, insecticidal, antitumor, reverse bacterial 
resistance and immune regulation properties, while it is also 
considered to be the pesticide with the minimum environ-
mental risk (10,11). 

Therefore, the present study assessed for the first time 
the protective effects of geraniol in the inhibition of inflam-
matory response, oxidative stress and apoptosis in traumatic 
SCI through modulation of nuclear factor‑κB (NF‑κB) and 
p38 mitogen‑activated protein kinase (MAPK) expression 
levels.

Materials and methods

Animals and surgery. Adult male Sprague‑Dawley rats 
(age, 7‑8 weeks) were obtained from the Animal Resource 
Center of the Second Hospital of Tangshan (Tangshan, 
China). The rats weighted 250±30 g, and were housed at an 
ambient temperature of 22±1˚C with a 12‑h light‑dark cycle, 
and free access to food and water. The present study was 
performed in accordance with the Guide for the Care and 
Use of Laboratory Animals of the National Science Council 
of the Republic of China. The study was approved by the 
Ethics Committee of the Second Hospital of Tangshan. All 
experimental procedures attempted to minimize the suffering 
of the experimental rats. The SCI model was established as 
described previously (12). Briefly, the experimental rats were 
anesthetized with intraperitoneal injection of sodium pento-
barbital (50 mg/kg; Sigma-Aldrich; Merck KGaA, Darmstadt, 
Germany). Subsequently, a laminectomy was performed at 
the T10 level to expose the cord beneath it without the dura, 
the T8 and T9 vertebral peduncles were removed, and SCI 
was performed during the laminectomy. The sham group rats 
were subjected to the same procedure without the injury.

Experimental groups and procedures. The experimental rats 
(n=40) were randomly allocated into four groups of 10 mice 
each. The groups were as follows: Sham, geraniol‑treated, SCI 
and SCI+geraniol‑treated groups. SCI or sham surgery rats 
received 250 mg/kg/day geraniol (Sigma-Aldrich) for 4 weeks 
after surgery, and were defined as the SCI+geraniol‑treated 
or geraniol-treated groups, respectively. In addition, SCI or 
normal rats were administered an equal volume of normal 
saline, and were defined as the SCI or sham groups, respec-
tively.

Assessing locomotor recovery. The locomotor recovery was 
assessed by the Basso, Beattie and Bresnahan (BBB) test 
subsequent to SCI operation. A locomotor rating scale of 0 (no 
observable hind‑limb movements) to 21 (normal locomotion) 
was used (13).

Assessing the spinal cord water content. Spinal cord tissue 
specimens were collected following geraniol treatment for 
4 weeks, and dried for 48 h at 80˚C for determining the dry 
weight. The spinal cord water content was determined as 
follows: Spinal cord water content (%) = (wet weight - dry 
weight)/wet weight x 100% formula. In addition, SCI or normal 
rats were administered an equal volume of normal saline, and 
were defined as the SCI or sham groups, respectively. Rats 
were sacrificed by decollation under sodium pentobarbital 
(50 mg/kg) after 4 weeks of treatment.

Assessing inflammation response. Peripheral blood samples 
were collected following geraniol treatment for 4 weeks, and 
centrifuged at 12,000 x g for 10 min at 4˚C. The supernatant 
was collected to assess the activities of serum tumor necrosis 
factor-α (TNF‑α; EK0525), interleukin‑1β (IL-1β; EK0394) 
and interleukin‑6 (IL‑6; EK0412), using ELISA kits according 
to the manufacturer's instructions (Wuhan Boster Biotech-
nology, Inc., Wuhan, China). The absorbance was measured 
by a microplate reader at a wavelength of 450 nm.

Assessing oxidative stress. Peripheral blood samples were 
collected following geraniol treatment for 4 weeks, and centri-
fuged at 12,000 x g for 10 min at 4˚C. The supernatant was 
collected in order to assess the serum levels of malondialde-
hyde (MDA; A003‑1), superoxide dismutase (SOD; A001‑3), 
glutathione (GSH; A006‑2), glutathione peroxidase (GSH‑PX; 
A005) following the manufacturer's instructions (Nanjing 
Jiancheng Bioengineering Institute, Nanjing, China). The 
absorbance was measured by a microplate reader (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) at a wavelength 
of 450 nm.

Assessing caspase‑9 and caspase‑3 concentration in spinal 
cord tissues. Spinal cord tissue samples were collected 
following geraniol treatment for 4 weeks, and incubated with 
100 µl tissue lysis buffer (Beyotime Institute of Biotechnology) 
for 3 min on ice. Homogenates were centrifuged at 12,000 x g 
for 10 min at 4˚C and the supernatant was collected to assess 
the protein concentration using a bicinchoninic acid assay 
(ww) kit following the manufacturer's instructions (KeyGen 
Biotech Co., Ltd., Nanjing, China). Equal quantities of protein 
(80 µg) were incubated with Ac‑LEHD‑pNA (caspase‑9; 
G018) or Ac‑DEVD‑pNA (caspase‑3; G015) at 37˚C for 2 h 
in the dark. The absorbance was measured at a wavelength of 
405 nm using a microplate reader.

Western blot analysis for determination of NF‑κB and 
p38 MAPK expression levels. Spinal cord tissue samples were 
collected following 4‑week geraniol treatment, and incubated 
with 100 µl tissue lysis buffer (Beyotime Institute of Biotech-
nology) for 30 min on ice. Homogenates were centrifuged at 
12,000 x g for 10 min at 4˚C, and the supernatant was collected 
to assess the protein concentration using a BCA kit following the 
manufacturer's instructions (KeyGen Biotech Co., Ltd.). Equal 
protein was separated by 10% SDS-PAGE and transferred 
onto 0.22‑mm polyvinylidene difluoride (PVDF) membranes 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA). Each PVDF 
membrane was blocked with 5% skim milk powder in Tris-
buffered saline plus Tween 20, and incubated with polyclonal 
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NF‑κB (sc‑372; 1:300), polyclonal p-p38 MAPK (sc-7975-R; 
1:300) and polyclonal β‑actin primary antibodies (sc‑130656; 
1:1,000; all Santa Cruz Biotechnology, Inc., Santa Cruz, CA, 
USA) at 4˚C for 12 h. Membranes were incubated with the 
appropriate anti‑rabbit horseradish peroxidase‑conjugated 
secondary antibody (C2247; Applygen Technologies, Inc., 
Beijing, China). The PVDF membrane was then incubated 
with an enhanced chemiluminescence kit (GE Healthcare Life 
Sciences, Chalfont, UK). Subsequently, the relative protein 
expression was determined using an Image Lab 3.0 analysis 
system (Bio‑Rad Laboratories, Inc.).

Statistical analysis. Statistica 17.0 software (StatSoft Hold-
ings, Inc., Taiwan Branch, New Taipei, Taiwan) was used 
for statistical analysis, using one‑way analysis of variance 
followed by Tukey‑Kramer test. The data are expressed as 
the mean ± standard error of the mean. P<0.05 was used to 
indicate a statistically significant difference.

Results

Protective effect of geraniol on locomotor recovery. The 
BBB test was used to analyze locomotor recovery in order 
to detect whether geraniol had a protective effect in SCI rats. 
The BBB scores in the SCI group were significantly lower 
compared with those of the sham or geraniol‑treated groups 
throughout the 4 weeks of the experiment (P<0.01; Fig. 2). 
After 3 and 4 weeks of geraniol treatment, the BBB scores 
were significantly increased by pretreatment with geraniol 
compared with the SCI group (P<0.01; Fig. 2). Thus, geraniol 
may exert a protective effect on locomotor recovery in TSCI 
rats.

Protective effect of geraniol on the spinal cord water content. 
Compared with the sham or geraniol‑treated groups, the spinal 
cord water content was significantly increased in the SCI 
rats (P<0.01; Fig. 3). This indicated that increase of spinal cord 
water content induced damage of the spinal cord in TSCI rats. 
However, after 4 weeks of treatment, treatment with geraniol 
markedly reduced the spinal cord water content in SCI rats 
compared with the SCI group (P<0.01; Fig. 3).

Protective effect of geraniol on inflammatory response. 
Serum TNF‑α (Fig. 4A), IL‑1β (Fig. 4B) and IL‑6 (Fig. 4C) 
activities were significantly increased following SCI in rats, as 
compared with the sham or geraniol‑treated groups. However, 
the SCI‑induced increase in the serum TNF‑α, IL-1β and IL-6 
activities was significantly suppressed upon treatment with 
geraniol in SCI rats (P<0.01; Fig. 4), indicating the protective 
effect of geraniol on inflammatory response.

Effect of geraniol on the NF‑κB protein expression in SCI rats. 
The protective effect of geraniol against changes in NF‑κB 
protein expression was investigated in SCI rats by western 
blot analysis. The results demonstrated that SCI significantly 
increased NF‑κB protein expression compared with that in the 
sham or geraniol‑treated groups (P<0.01; Fig. 5). However, 
the NF‑κB protein expression was significantly suppressed 
by geraniol treatment, when compared with that in the SCI 
group (P<0.01; Fig. 5).

Protective effect of geraniol against oxidative stress. In order 
to examine the protective effect of geraniol against oxida-
tive stress following SCI, the serum MDA, SOD, GSH and 
GSH‑PX activities were measured. The results demonstrated 
a significant increase in the serum MDA activity and a signifi-
cant reduction in the serum SOD, GSH and GSH‑PX activities 
in SCI rats compared with the sham or geraniol‑treated groups 
(all P<0.01; Fig. 6). As shown in Fig. 6, treatment with geraniol 
significantly reversed these changes in SCI rats compared 
with the SCI group (P<0.01), indicating the protective effect of 
geraniol against oxidative stress.

Effect of geraniol on the activities of caspase‑3 and caspase‑9. 
The caspase‑3 and caspase‑9 activities were effectively acti-
vated in SCI rats compared with the sham or geraniol-treated 
groups (P<0.01; Fig. 7). As shown in Fig. 7, treatment with 
geraniol significantly reduced the caspase‑3 and caspase‑9 
activities in SCI rats compared with the SCI group (P<0.01).

Effect of geraniol on p38 MAPK expression. To examine the 
protective effect of geraniol on p38 MAPK passage following 
SCI, the p38 MAPK protein expression was measured by 
western blotting. When compared with the sham or gera-
niol‑treated groups, a significant increase in p‑p38 MAPK 
protein expression was observed in rats following SCI (P<0.01; 
Fig. 8). By contrast, the SCI‑induced increase in p‑p38 protein 
expression was significantly inhibited by treatment with gera-
niol compared with the SCI group (P<0.01; Fig. 8).

Discussion

Traumatic SCI is a common spinal surgical trauma, charac-
terized by high incidence, high morbidity and low mortality 
rate, and it greatly affects the quality of life of patients and 
increases the burden on families (1,3). Recently, the prevalence 
of traumatic SCI has been increasing on a yearly basis due to 
the increase in traffic accidents and falls from height amongst 
other accidents (6). Survey data demonstrated that the annual 
incidence rate of SCI in Beijing was 68/100,000 individ-
uals (14). The present study investigated the effect of geraniol 
following traumatic SCI in rats, and the results indicated that 
geraniol treatment significantly enhanced the BBB scores and 
reduced the spinal cord water content. Thus, the current study 
suggested that geraniol may be a potentially new agent for 
treating traumatic SCI.

Inflammation is a common pathological process of the 
body, which can occur in various tissues and organs, essentially 
through the interaction between proinflammatory cytokines 
and the body (15). In SCI, the immune barrier is damaged 
and immune cells invade, causing a series of inflammatory 
reactions, such as endothelial damage, vascular permeability 
change, edema, inflammatory mediator release, peripheral 

Figure 1. The chemical structure of geraniol.
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neutrophil and macrophage chemotaxis, as well as the activa-
tion of inherent microglia cells in the spinal cord (16). Immune 
cells in the spinal cord tissue and peripherally infiltrated 
neutrophils are able to mediate the damaged immune response 
and aggravate SCI, but serve an important role in the recon-
struction of tissue following SCI (17). Neutrophils are major 
cells in acute inflammation, which initially enter the site of 
injury soon after its occurrence, reach a peak at day 1 and 
begin to decrease after day 3 (16,17). In the current study, treat-
ment with geraniol significantly suppressed the SCI‑induced 
increase in the serum activities TNF‑α, IL-1β and IL-6, which 
are common inflammatory cytokines. Marcuzzi et al (18) 
reported that geraniol reduces the inflammatory marker levels 
both in vitro and in vivo. In addition, Chaudhary et al (19) veri-
fied that geraniol inhibits murine skin tumorigenesis through 
inhibition of the oxidative stress response and inflammation. 
The findings of the present study suggest the anti‑inflammation 
effect of geraniol in treatment for SCI.

NF‑κB is an important regulator of the expression of inflam-
matory cytokine genes (20). It is also an important transcription 
factor, which has a proinflammatory role in the inflammatory 
response and possesses a variety of biological functions (21,22). 
SCI activates NF‑κB in glial, neural and vascular endothelial 
cells, causing the activation of NF‑κB. Once activated, NF‑κB 
regulates the expression of a series of immune and inflamma-
tion‑associated genes at the transcriptional level in the early 
stage, and also induces a variety of inflammatory cytokines. 
Drugs used in the treatment of SCI, including methylpredniso-
lone, have demonstrated a significant inhibitory effect on the 
expression of NF‑κB. There is increasing evidence indicating 
that inhibiting the expression of NF‑κB activity and inflamma-
tion is the key for treating SCI (17). However, further research 

on NF‑κB revealed that the activation of NF‑κB is not only 
significant in mediating the spinal cord damage, but it also has 
extensive functions, including anti‑apoptotic protection effects. 
The present results demonstrated that treatment with geraniol 
significantly suppressed the NF‑κB protein expression in rats 
with SCI. Khan et al (23) suggested that geraniol attenuates 
early tumor promotional changes through p38 and NF‑κB 
protein expression. Furthermore, Su et al (24) suggested that 
geraniol exhibits an anti‑inflammatory activity and induces 
the degradation of NF‑κB p65 in the nucleus. These results 
indicated that the anti‑inflammatory effect of geraniol may 
function through degradation of NF‑κB p65 in SCI rats.

Figure 2. Protective effect of geraniol treatment on locomotor recovery. *P<0.01 vs. sham group; #P<0.01 vs. SCI group. BBB, Basso, Beattie and Bresnahan; 
SCI, spinal cord injury.

Figure 3. Protective effect of geraniol on the spinal cord water content. 
*P<0.05 vs. sham group; #P<0.05 vs. SCI group. SCI, spinal cord injury.

Figure 4. Protective effect of geraniol on inflammatory response, shown by 
the decrease in SCI‑induced serum activities of (A) TNF‑α, (B) IL‑1β and 
(C) IL‑6. *P<0.01 vs. sham group; #P<0.01 vs. SCI group. TNF‑α, tumor 
necrosis factor-α; IL, interleukin; SCI, spinal cord injury.

  A

  B

  C
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Figure 8. Protective effect of geraniol against changes in p38 MAPK protein expression following SCI, as shown in (A) western blotts and (B) quantified 
western blot analysis results. *P<0.01 vs. sham group; #P<0.01 vs. SCI group. MAPK, mitogen‑activated protein kinase; SCI, spinal cord injury.

  A   B

Figure 5. Protective effect of geraniol against SCI‑induced increase in NF‑κB protein expression, as shown in (A) western blots and (B) quantified results of 
western blot analysis. *P<0.01 vs. sham group; #P<0.01 vs. SCI group. NF‑κB, nuclear factor‑κB; SCI, spinal cord injury.

  A   B

Figure 6. Protective effect of geraniol against oxidative stress. The serum activities of (A) MDA, (B) SOD (C) GSH and (D) GSH‑PX were investigated, 
as indicators of oxidative stress. *P<0.01 vs. sham group; #P<0.01 vs. SCI group. MDA, malondialdehyde; SOD, superoxide dismutase; GSH, glutathione; 
GSH‑PX, glutathione‑peroxidase; SCI, spinal cord injury. 

  A   B

  C   D

Figure 7. Protective effect of geraniol against changes in (A) caspase‑3 and (B) caspase‑9 activities, induced by SCI treatment. *P<0.01 vs. sham group; #P<0.01 
vs. SCI group. SCI, spinal cord injury.

  A   B
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The membrane of spinal cord tissue is rich in lipids, and 
a large number of oxygen‑free radicals can be produced and 
released following damage, which act on the unsaturated fatty 
acids in the cell membrane, leading to lipid peroxidation and 
alteration of the membrane permeability (25). In addition, 
these radicals disintegrate proteasomes, resulting in necrosis 
and thus causing secondary damage to the spinal cord (25). 
Intracellular free‑radical scavenging mainly depends on two 
antioxidant systems, including defense enzymatic reactions, 
such as SOD and GSH‑Px. SOD serves a vital role in the 
body balance between oxidation and antioxidation, which can 
scavenge free radicals and protect cells from damage (26). In 
addition, MDA is a decomposition product of lipid peroxida-
tion (27). The body generates oxygen radicals by enzymatic and 
non‑enzymatic systems, which can attack polyunsaturated fatty 
acids of biofilm, causing lipid peroxidation, and thus forming 
lipid peroxidation MDA and causing cell damage (27). MDA 
determination is frequently associated with SOD determination; 
SOD activity directly reflects the body's ability to scavenge free 
radicals, while the level of MDA indirectly reflects the severity 
of the attack on body cells by free radicals (28). The analysis 
results on SOD and MDA can prove whether the anti‑drug 
oxidation of the body has been increased (26). In the present 
study, treatment with geraniol significantly reduced the serum 
MDA activity and increased the serum activities of SOD, 
GSH and GSH‑PX in SCI rats. Hagvall et al (29) indicated 
that geraniol affects skin sensitization through anti‑oxidation. 
Prasad and Muralidhara (30) also revealed that geraniol may 
be a promising therapeutic candidate that acts by reducing 
the levels of oxidative markers in the management of diabetic 
neuropathy in humans. In the present study, the neuroprotec-
tive effect of geraniol against traumatic SCI was shown, which 
resulted from the anti‑oxidative properties of geraniol.

Traumatic SCI is a serious and relatively common injury 
for which there is no clear and effective approach for treat-
ment (31). Following SCI, necrosis and apoptosis occur in 
nerve cells and tissues. Apoptosis is a complex pathophysi-
ological process, mainly completed by the protease cascade 
mediated by caspase family members, in which caspase-3 
serves a key role. Caspase‑3 belongs to the cysteine‑aspartic 
protease family that is important in the implementation 
segment of the apoptosis (31). The present study showed 
that treatment with geraniol significantly weakened the 
caspase‑3 and caspase‑9 activities in SCI rats. Similarly, 
Vinothkumar et al (32) reported that geraniol modulated 
the apoptosis and inflammation by decreasing the activities 
of caspase‑3 and caspase‑9. Thus, the findings of the present 
study suggested that the anti‑apoptotic effect of geraniol has 
an essential protective role in SCI.

p38 MAPK is known to participate in the signal transduc-
tion of neuronal apoptosis, of which the expression strength 
indicates the survival of nerve cells, and shows an emergency 
response performance to different extents of cell damage (33). 
An increase in the expression of p38 MAPK signaling explains 
the existence of changes in the transduction pathway following 
SCI in the apoptosis of neurons and glial cells (34). In the 
present study, geraniol significantly inhibited the increase 
of p‑p38 protein expression of SCI rats. Khan et al (23) 
suggested that geraniol attenuates early tumor promotional 
changes through p38 and NF‑κB. These findings suggest that 

the modulation of NF‑κB and p38 MAPK may support the 
neuroprotective effect of geraniol against traumatic SCI.

In conclusion, geraniol treatment exerted a protective role 
in traumatic SCI by inhibiting the inflammatory response, 
oxidative stress and apoptosis, thereby promoting functional 
recovery through downregulation of NF‑κB and p38 MAPK 
in SCI rats.
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