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Anti-allodynia effect of safranal on neuropathic pain  
induced by spinal nerve transection in rat
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Abstract: In this study, we investigated the anti-allodynia effect of safranal, the main volatile constitute of saffron, 
in spinal nerve transection model of rats. Meanwhile, to elucidate the mechanism, we determined the dynamic 
expression changes of glial activation markers (GFAP and OX-42) and inflammatory cytokines (TNF-α and IL-1β) in 
ipsilateral dorsal horn of lumbar enlargement post surgery. Results showed significant increase of these markers 
along with development of mechanical allodynia. Safranal (0.1 mg/kg, i.p.) attenuated the pain sensitivity and inhib-
ited the expression of these markers. The results demonstrate that the antiallodynia effect of safranal after nerve 
injury might be attributed to its inhibiting effect on glial activation and inflammatory cytokine production in central 
nervous system. 
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Introduction

Safranal (Figure 1) is the main volatile fraction 
of Crocus sativus L. (commonly known as saf-
fron) [1], which has been widely used for pain 
relief and other ailments including broncho-
spasm, asthma and cardiovascular diseases in 
traditional medicine of Iran, India, Greece and 
other countries [2-4]. The main active constitu-
ents of saffron include carotenoid pigments 
called tricrocin, bicrocin and crocin, a bitter gly-
coside called picocrocin, and safranal [5]. 
Ethanolic and aqueous extract of saffron and 
crocin showed anti-allodynia and anti-inflam-
matory effects in different animal models 
[6-10]. As the main volatile constitution of saf-
fron, safranal has also been demonstrated 
antiallodynia effect in the formalin, acetic acid 
or carrageenan induced acute pain, and sciatic 
chronic constriction induced neuropathic pain 
[11, 12]. Besides the antiallodynia effect, phar-
macological studies have suggested the anti-
oxidative, anti-inflammatory, anti-cancer and 
tissue protective effects of safranal [10, 13]. 

Though some study suggested the role of its 
anti-inflammatory and anti-oxidative activities 
[14, 15], the anti-allodynia mechanism of saf-

ranal has yet been elucidated. Moreover, no 
study has been reported to reveal the underly-
ing mechanism of the antiallodynia mechanism 
of safranal under neuropathic pain conditions.

It has been suggested that inflammatory and 
immune mechanisms play key roles in neuro-
pathic pain [16]. In response to nerve damage, 
infiltration of inflammatory cells and activation 
of resident immune cells may lead to the pro-
duction and secretion of inflammatory cyto-
kines, which may in turn activate the neuroim-
mune response and sensitize the primary sen-
sory neurons and contribute to neuropathic 
pain [17, 18]. Inflammatory cytokines such as 
IL-1, TNF-α and IL-6 [16], as well as immune-like 
glia cells including microglia and astrocytes [19, 
20] have been implicated in the development of 
neuropathic pain. 

In this study, we investigated the antiallodynia 
effect of safranal in a model of neuropathic 
pain induced by spinal nerve transection (SNT) 
in rat. Meanwhile, we detected the expression 
changes of glial activation markers (GFAP and 
OX-42) and inflammatory cytokines (TNF-α and 
IL-1β) in the ipsilateral dorsal horn of lumbar 
enlargement. The results suggested that the 
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antiallodynia effect of safranal may, at least in 
part, be attributed to its inhibition of glial acti-
vation and inflammatory cytokine production in 
the nervous system. 

Materials and methods

Animals and drugs

Male SD rats with initial weight of 160-180 g 
were purchased from Animal center of Beijing 
institute of pharmacology and toxicology. Rats 
were housed in an environment of 12 h light/
dark cycle with freedom to food and water. 

Safranal was obtained from Sigma-Aldrich 
Chemical Co. (St. Louis, MO, USA) and diluted in 
saline before use [7]. The purity of safranal was 
confirmed to be > 99% by 1H-NMR analysis. 
Propentofylline (purity > 98%) was purchased 
from Carbone Scientific Co., LTD (London, 
United Kingdom) and diluted in saline before 
use.

Spinal nerve transection and drug administra-
tion

Sixty male SD rats were randomly divided into 
four groups: the sham group, vehicle group (2 
ml/kg, i.p.), propentofylline group (10 mg/kg, 
i.p.) and safranal (0.1 mg/kg, i.p.) group [7]. 
Rats were anesthetized with sodium pentobar-
bital (40 mg/kg, i.p.). A small incision to the 
skin overlying L5-S1 was made and the para-
vertebral musculature was retracted from the 
vertebral transverse processes. By partially 
removing the L6 transverse process, the L4 
and L5 spinal nerves were exposed. The L5 spi-

nal nerve was selectively transected leaving 
the L4 spinal nerve untouched. The wound was 
irrigated with saline and closed in two layers 
with 3-0 suture. Animals in the sham group 
underwent the sham operation without injuring 
the spinal nerve. After surgery, animals were 
administered drugs immediately. Drugs were 
administered daily for 21 consecutive days. 
Animals in sham group were administered with 
saline (2 ml/kg, i.p.).

Behavior study

Mechanical sensitivity of rats was tested with 
von Frey filaments on two consecutive days 
before surgery and 1, 7, 21 days post surgery. 
Animals were placed on an elevated steel mesh 
with a translucent plexiglass cover, and an 
adaptation of 30 min was permitted. The test 
procedure was followed the up-and-down 
method of Dixon [21]. A series of filament were 
presented to the sural nerve innervated area in 
the plantar surface of the injury-side hind paw. 
At least one robust paw lift occurred in every 
two stimuli was recorded as a positive reaction. 
When a positive reaction occurred, a higher fila-
ment was used; otherwise, a lower filament 
was used. After the appearance of positive/
negative cross, another four stimuli were pre-
sented. The fifty percent threshold was calcu-
lated following the formula given by Dixon [21].

Tissue collection

After anesthesia with phenobarbital sodium, 
animals were sacrificed by decapitation. A seg-
ment of vertebral column including the lumbar 
enlargement was cut off. The spinal cord seg-
ment was pushed out by compressed saline 
from an injector manually. The dorsal horn of 
the lumbar enlargement was removed and the 
ipsilateral and contralateral sides were sepa-
rated. The dorsal horn samples were stored at 
-70°C for real-time PCR and western blot 
analysis. 

RNA extraction and real-time PCR

Total RNA was extracted from dorsal horn of 
lumbar enlargement with TRIzol regent follow-
ing the protocol given by the producer 
(Invitrogen, Burlington, Canada). RNA integrity 
was checked in agarose gel electrophoresis. 
The reverse transcription was carried out with 

Figure 1. Chemical structure of Safranal. 



Anti-allodynia effect of safranal

4992 Int J Clin Exp Med 2014;7(12):4990-4996

1 μg of RNA sample under catalysis of M-MLV 
reverse transcriptase (Invitrogen, Burlington, 
Canada). Real-time PCR was carried out in a 20 
μL reaction mixture containing 10 μL 2* SYBR 
Green Master Mix (PE, Biosystems), 2 μL cDNA 
solution, 4 μM forward and reverse primers in a 
ABI Prism 7500 system (PE, Applied Biosystems, 
Foster City, CA). The reaction procedure con-
sists of a pre-incubation of 10 min at 95°C fol-
lowed by 40 cycles at 95°C for 15 sec and 
60°C for 1 min. The relative mRNA content of 
target genes were calculated by 2-ΔΔCt with 
β-actin as the inner control. The primers used 
were as follows: GFAP: forward, 5’-TGGCCAC- 
CAGTAACATGCAA-3’, reverse, 5’-CAGTTGGCGG- 
CGATAGTCAT-3’; OX-42: forward, 5’-CTGCCTCA- 
GGGATCCGTAAAG-3’, reverse, 5’-CCTCTGCCTC- 
AGGAATGACATC-3’ [22]; TNF-α: forward, 5’-TG- 
CCTCAGCCTCTTCTCATTC-3’, reverse, 5’-GCTCC- 
TTCTGCTTGGTGGTTT-3’; IL-1β: forward, 5’-GC- 
ACCTTCTTTTCCTTCATCTTTG-3’, reverse, 5’-TTT- 
GTCGTTGCTTGTCTCTCCTT-3’ [23]. 

Protein extraction and western blot 

To prepare the protein from dorsal horn of the 
lumbar enlargement, the tissue samples were 
homogenized in 10 folds volume of RIPA buffer 
containing protease inhibitors (Thermo Sci- 
entific, Rockford, IL). Protein concentration was 
determined with Bradford method. 30 μg of 
total protein was loaded onto each well of a 
5-10% Bis-Tris acrylamide gel. After electropho-
resis, proteins were transferred onto NC mem-
brane and blocked in 5% non-fat milk for 45 

ghts, IL, USA), and the signal were captured by 
a Fujifilm LAS-1000 imager system. Quanti- 
fication of the proteins was performed using 
the ImageJ software with beta-actin as the 
inner control. 

Statistical analysis

All data was expressed as mean ± SEM. Data 
were analyzed with two-way analysis of vari-
ance, followed by Bonferroni post hoc test. 
Difference with P value lower than 0.05 was 
accepted as significant.

Results

Effects of safranal and propentofylline on me-
chanical allodynia induced by SNT

SNI surgery induced significant mechanical 
allodynia of the injured paw. Across the obser-
vation period, the mechanical withdrawal 
threshold of the model group was significantly 
lower than the sham group, while both propen-
tofylline and safranal significantly attenuated 
the reduction of the mechanical withdrawal 
threshold at 7 and 21 days post surgery (Figure 
2). 

Effects of safranal and propentofylline on pro-
tein levels of OX-42 and GFAP expression in 
dorsal horn after SNT

Protein levels of GFAP and OX-42 in ipsilateral 
dorsal horn of SNI animals increased signifi-
cantly at day 1, 7 and 21 post surgery. 

Figure 2. Development of mechanical allodynia post SNT surgery. Sig-
nificant decrease of mechanical withdrawal threshold of model animals 
in vehicle group was observed throughout the observation period. Both 
propentofylline (10 mg/kg, i.p.) and safranal (0.1 mg/kg, i.p.) inhibited 
the development of mechanical allodynia at 7 and 21 d post surgery. 
$$$P < 0.001, compared to sham group; **P < 0.01, ***P < 0.001, #P 
< 0.05, compared to vehicle group. 

min at room temperature. Then the 
membrane was incubated at 4°C 
overnight with a rabbit polyclonal 
anti-OX42 (1:300, Novus Biologi- 
cals, Inc), or a rabbit polyclonal 
anti-GFAP antibody (1:5000, Novus 
Biologicals, Inc), or a mouse mono-
clonal anti-beta-actin antibody 
(1:3000, Sigma Aldrich). Then the 
membrane were washed with TBS 
containing 0.1% Tween-20 three 
times of 10 min and incubated in 
the secondary antibodies conjugat-
ed with horseradish peroxidase 
(1:2000, Vector) for 1 h at room 
temperature. After three times 
washes of 10 min, the immunore-
active proteins were detected with 
enhanced chemiluminescence (Am- 
ersham Biosciences, Arlington Hei- 
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Propentofylline inhibited the up-
regulation of GFAP and OX-42 
expression at 7 and 21 d post sur-
gery. Safranal inhibited the up-
regulation of OX-42 expression at 
7 and 21 d post surgery and inhib-
ited the up-regulation of GFAP 
expression at 7 d post surgery 
(Figure 3). 

Figure 3. Protein levels of GFAP (A) and OX-42 (B) in ipsilateral dorsal horn of lumbar enlargement of rats post SNT 
surgery. Protein levels of GFAP and OX-42 increased significantly at 7 and 21 d post surgery. Propentofylline signifi-
cantly inhibited the up-regulation of GFAP and OX-42 at 7 and 21 d post surgery. Safranal inhibited the up-regulation 
of GFAP at 7 d post surgery and inhibited the up-regulation of OX-42 at 7 and 21 d post surgery. ***P < 0.001, 
compared to sham group; ##P < 0.01, #P < 0.05, $P < 0.05, compared to vehicle group. 

Figure 4. mRNA levels of GFAP (A) and 
OX-42 (B) in ipsilateral dorsal horn of 
lumbar enlargement of rats post SNT 
surgery. mRNA levels of GFAP and OX-
42 increased significantly at 1, 7 and 
21 d post surgery. Propentofylline sig-
nificantly inhibited the up-regulation 
of GFAP at 7 and 21 d post surgery 
and inhibited the up-regulation of 
OX-42 at 1, 7 and 21 d post surgery. 
Safranal inhibited the up-regulation of 
GFAP and OX-42 at 7 and 21 d post 
surgery. ***P < 0.001, compared to 
sham group; ###P < 0.001, ##P < 
0.01, $$$P < 0.001, $P < 0.05, com-
pared to vehicle group.



Anti-allodynia effect of safranal

4994 Int J Clin Exp Med 2014;7(12):4990-4996

Effects of safranal and propentofylline on 
mRNA levels of OX-42 and GFAP expression in 
dorsal horn after SNT

mRNA levels of GFAP and OX-42 in ipsilateral 
dorsal horn of SNI animals increased signifi-
cantly at day 1, 7 and 21 d post surgery. 
Propentofylline attenuated the increase of 
GFAP at 7 and 21 d post surgery and attenuat-
ed the increase of OX-42 at 1, 7 and 21 d post 
surgery. Safranal attenuated the increase of 
GFAP and OX-42 at 7 and 21 d post surgery 
(Figure 4). 

Effects of safranal and propentofylline on 
mRNA levels of TNF-α in ipsilateral lumbar en-
largement after SNT

mRNA levels of TNF-α and IL-1β in ipsilateral 
dorsal horn increased significantly at 1 and 7 d 

nerve injury [16]. Expression elevation of glial 
fibrillary acidic protein (GFAP) and OX-42 (in 
human known as integrin alpha M (ITGAM) or 
MAC-1, CR3/CD11b) has been widely accepted 
as markers of astrocytic and microglial activa-
tion, respectively [24]. Previous study reported 
long-lasting elevation of GFAP and OX-42 
expression in spinal cord post spinal nerve 
transection in rats [22, 24]. Propentofylline, a 
methylxanthine derivative, has been found a 
glial regulating agent [25, 26] and showed anti-
allodynia effect in SNT rats [24]. In this study, 
we observed the antiallodynia and glial activa-
tion suppression effect of both propentofylline 
and safranal at 7 and 21 d post surgery. This 
suggested that the antiallodynia effect of saf-
ranal under neuropathic pain conditions is 
associated with its inhibiting effect on glial acti-
vation in central nervous system. 

Figure 5. mRNA levels of TNF-α (A) and IL-1β (B) in ipsilateral dorsal horn of 
lumbar enlargement of rats post SNT surgery. mRNA levels of TNF-α and IL-1β 
increased significantly at 1 and 7 d post surgery. Propentofylline significantly 
inhibited the up-regulation of TNF-α at 7 d post surgery and inhibited the up-
regulation of IL-1β at 1 and 7 d post surgery. Safranal inhibited the up-regula-
tion of TNF-α and IL-1β at 7 d post surgery. ***P < 0.001, compared to sham 
group; ###P < 0.001, ##P < 0.01, $P < 0.05, compared to vehicle group.

post surgery. Propentofylline 
inhibited the up-regulation of 
TNF-α at 7 d post surgery and 
inhibited the up-regulation of 
IL-1β at 1 and 7 d post surgery. 
Safranal inhibited the up-regu-
lation of TNF-α and IL-1β at 7 d 
post surgery (Figure 5). 

Discussion

Saffron is a traditional medi-
cine used for pain relief [3], 
and modern pharmacological 
studies have demonstrated 
the antiallodynia effect of its 
extracts including safranal, the 
main volatile constituent, in 
different animal models [6-12]. 
However, no study has been 
reported to reveal the antiallo-
dynia mechanism of safranal 
in neuropathic pain. And in this 
study, with the SNT model of 
rats, we confirmed the antial-
lodynia effect of safranal and 
investigated its influence on 
glial activation and inflamma-
tory cytokine production in spi-
nal cord.

Roles of glial activation and 
inflammatory cytokines in cen-
tral nervous system have been 
well established in neuropath-
ic pain induced by peripheral 
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Inflammatory cytokines such as TNF-α and 
IL-1β are normally expressed at a low level in 
spinal cord. After peripheral nerve injury, the 
infiltrated immune cells and the activated glial 
cells provide source for the increase of these 
inflammatory cytokines, which may in turn con-
tribute to the development of neuropathic pain 
[16]. Many studies have demonstrated the 
expression changes of proinflammatory cyto-
kines, including TNF-α and IL-1β, in spinal cord 
after peripheral nerve injury. Xu et al. observed 
a peak elevation of TNF-α expression in spinal 
cord at 7 d and returned to baseline at 21 d 
post spinal nerve transection [27]. Lee et al. 
examined the mRNA levels of cytokines in the 
spinal cord post chronic constriction injury of 
sciatic nerve and observed an elevation of 
TNF-α within 3 days and elevation of IL-1β with-
in 7 days post injury [28]. In this study, we 
observed an inhibiting effect of propentofylline 
on TNF-α and IL-1β up-regulation in spinal level 
which is in agreement with previous studies 
[29, 30]. Similarly, we also observed the inhibit-
ing effect of safranal on the TNF-α and IL-1β up-
regulation. The anti-inflammatory effect of saf-
ranal has been reported in previous studies on 
inflammatory pain animal and sensitized ani-
mal [10, 13]. Our result suggests the anti-
inflammatory constituent for the antiallodynia 
activity of safranal. 

In summary, we confirmed the antiallodynia 
effect of safranal, main volatile fraction of saf-
fron, in a neuropathic pain model induced by 
spinal nerve transection. Meanwhile, our 
results firstly elucidate that the antiallodynia 
effect of safranal under neuropathic pain con-
ditions should be, in some degree, attributed to 
its suppression on glial activation and proin-
flammatory cytokines production in central ner-
vous system. 
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