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Original Article 
Angelica Sinensis restores motor  
function and reduces inflammation as well  
as apoptosis in CD1 mice with spinal cord injury
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Abstract: In this study the possible effects of Angelica Sinensis extract on traumatic SCI mice were explored. Four 
experimental groups of mice were used (n=15 each), which included Sham + Vehicle group where only laminec-
tomy was performed, Sham + Angelica Sinensis (AS) group where only laminectomy was performed, SCI + Vehicle 
group where SCI was induced through clip compression technique and SCI/AS group where after inducing SCI, AS 
was used intraperitoneally to observe the possible therapeutic effects compared to controls. Locomotor function 
in experimental mice improved after 20 days of treatment with AS evident by BMS scaled score performed by blind 
observers and TUNEL assay also showed antiapoptotic effect. It was observed that NF-κB p65 levels and phosphory-
lated NF-κB p65 levels were significantly reduced after treatment with AS. Proinflammatory cytokines, TNF-α and 
IL-1β levels were also reduced alongwith MPO activity in treated mice. Statistical analysis was performed by one 
way ANOVA followed by Bonferroni post hoc analysis for multiple comparisons and a p value of less than 0.01 was 
considered significant. It was observed that Angelica Sinensis (20 mg/kg, body weight dose) restored locomotor 
function alongwith antiapoptotic effects, reduced infiltration of neutrophils and attenuation of other inflammatory 
markers that helps in the reduction of inflammation which is an important part of secondary phase of SCI pathology.
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Introduction

Spinal cord injury (SCI) has been a cause of 
concern due to its complex pathophysiology [1]. 
Although advances in medical care and phar-
macology have improved patients outcome 
however, the problems related to neuronal inju-
ry are still persistent. It has been observed that 
traumatic injury to the spinal cord causes death 
to a number of neurons which not only pose a 
problem regarding their regeneration but the 
death of neurons continue for hours after trau-
matic SCI [2]. This phase of spinal cord injury 
after mechanical injury is termed as “second-
ary phase” where different biochemical, molec-
ular and cellular events continue damaging the 
injured site. As a result inflammatory responses 
then participate in amplification of secondary 

damage [3]. After SCI microglia are activated 
and macrophages cross the blood brain barrier 
(BBB) where they act as intrinsic spinal phago-
cytes. As a result proinflammatory cytokines, 
reactive oxygen species (ROS) and nitrogen 
species are released [4, 5].

Injury to spinal cord is important in central ner-
vous system (CNS) as it causes sensory and 
motor dysfunction in patients. Morphological 
changes also occur in tissues after mechanical 
injury to spinal cord which includes hemor-
rhage, ischemia and edema [6, 7]. It has been 
demonstrated that activation of MAPK signal-
ing pathways is a crucial step in inflammatory 
responses [8]. Studies have shown that NF-κB 
is one of the major transcription factors that 
help in the regulation of production of proin-
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flammatory cytokines in the CNS [9, 10]. In sec-
ondary injury after SCI it has been demonstrat-
ed that apoptosis is a major event which is 
regulated by caspase and Bcl-2 families [11-
13]. As apoptosis is involved in secondary dam-
age and degeneration therefore it can lead to 
functional disability in the spinal cord. For treat-
ing SCI such a therapy can be effective that can 
be aimed at multiple targets.

Angelica Sinensis also known as Danggui is a 
traditional Chinese medicine that has been 
used in variety of gynecological disorders with 
demonstrated clinical efficacy [14]. Different 
other uses of compounds extracted from the 
roots of A. Sinensis include increase of myocar-
dial blood flow and reduction in tissue damage 
caused by radiation [15-17]. For the treatment 
of cancer patients it has been demonstrated to 
possess a number of advantages and little tox-
icity [18].

Therefore, in this study we decided to explore 
the possible therapeutic effects of A. Sinensis 
roots extract on locomotor function recovery 
after SCI in mice as well as the possible effects 
on apoptosis and inflammation that cause a 
major problem in secondary damage after 
mechanical injury in SCI. 

Materials and methods

In this study adult male CD1 mice (25-30 g) 
were used. Mice were kept in controlled envi-
ronment and complete care was taken accord-
ing to the ethical guideline of Integrated 

Chinese and Western Medicine Hospital of 
Zhejiang Province, Hangzhou, China. For induc-
ing SCI a clip compression model was used 
[19]. After anaesthetizing mice using chloral 
hydrate (400 mg/kg body weight) an incision 
was made on midline of the back longitudinally 
and paravertebral muscles were exposed which 
were dissected for exposing T5-T8 vertebrae. 
After exposing spinal cord by four levels T5-T8 
laminectomy, SCI was induced at T6-T7 level 
using aneurysm clip with a 24 g force. Spinal 
cord was compressed for 1 minute in injured 
groups while only laminectomy was performed 
in sham animals. 1.0cc saline was used subcu-
taneously for making up the blood volume lost 
during surgery in all animals. These animals 
were housed in controlled environment for 20 
days and food, water was provided to them. 
During this time period bladder was emptied 
manually until normal bladder function of the 
mice was restored.

Mice were divided into four groups randomly 
that included Group 1: sham + vehicle group 
where only laminectomy was performed and 
mice were treated with vehicle, n=15, Group 2 
sham + AS (Angelica Sinensis), here AS was 
administered after 1 hour and 6 hour of per-
forming laminectomy, n=15, Group 3 was SCI + 
vehicle group where mice were administered 
vehicle at 1 hour and 6 hour after performing 
SCI, n=15, Group 4 where mice were treated 
with AS (20 mg/kg, body weight, intraperitone-
ally) at 1 hour and 6 hour after performing SCI. 
For studying locomotor function recovery a sep-
arate set of mice (n=15) for each group was 
used where AS was administered at 1 hour and 
6 hour after SCI as well as daily once for a peri-
od of 19 days, where sham groups served as 
control for comparisons.

After 24 h animals were deeply anesthetized 
with sodium pentobarbital and then perfused 
transcardially using phosphate buffered saline 
(PBS, 0.1 M) and 4% paraformaldehyde after-
wards in 0.1 M PBS at pH 7.4. Tissue segments 
were removed, 1 cm on each side of the lesion 
and embedded in paraffin, then these were cut 
longitudinally for exposing posterior area of spi-
nal cord and performing other immunohisto-
chemical procedures.

Motor function recovery of mice (n=15) for each 
group was assessed for 20 days using Basso 
Mouse Scale (BMS) open field score [20] which 

Figure 1. Motor function recovery can be seen at 
enhanced levels in mice treated with Angelica Si-
nensis as apparent from the graphical representa-
tion of BMS scaled motor score, where *P<0.01 and 
ºP<0.01.
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is a 0 to 9 points scale ranging from complete 
paralysis at 0 to effective hind limb function at 
9. Evaluations were made by two blind observ-
ers for each group.

For analysis of phospho NF-κB p65 (serine 
536), NF-κB p65, Bax and Bcl-2 through west-
ern blotting, spinal cord extracts were prepared 
according to previous reports with slight modifi-
cations [21]. At first filters were blocked with 5% 
non-fat dried milk (AppliChem GmbH Germany) 
in PBS at room temperature for 40 minutes  
and then specific antibodies were used, phos- 
pho-NF-κB p65 (serine 536) (Cell Signaling, 
1:1,000), or anti-Bax (1:500; Santa Cruz Bio- 
technology, Santa Cruz, CA, U.S.A.), or anti-
Bcl-2 (1:500; Santa Cruz Biotechnology, Santa 
Cruz, CA, U.S.A.), or anti-NF-κB p65 (1:1,000; 
Santa Cruz Biotechnology, Santa Cruz, CA, 
U.S.A.) in PM with 0.1% Tween-20 (Sigma-
Aldrich, Milan, Italy) (PMT) at 4°C, overnight. 
For incubation of membranes peroxidase con-
jugated bovine anti mouse IgG secondary anti-
body or peroxidase conjugated goat anti rabbit 
IgG antibody (1:2000, Jackson ImmunoRese- 
arch, West Grove, PA, USA) for 1 h at room tem-

Figure 2. Figure showing result of TUNEL-like staining. A. Shows sham control where almost no apoptotic cells are 
seen. B. Shows the presence of apoptotic cells in untreated SCI mice spinal tissues and intracellular apoptotic frag-
ments which are dark brown in color. C. Shows significant reduction in the presence of apoptotic cells in SCI mice 
treated with AS. D. Representative figure showing results for positive presence of apoptotic cells counted in 10 fields 
per slide by blind observer, where significant presence in untreated mice can be seen as compared to untreated 
mice, here *P<0.01 and ºP<0.01.

Figure 3. Increased MPO activity can be observed in 
mice after 24 h of injury however treatment did at-
tenuate MPO activity in spinal cord tissues studied, 
where, *P<0.01 and ºP<0.01.
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perature. Antibodies against β-actin and lamin 
A/C (1:10,000 Sigma Aldrich, Milan, Italy) were 
used. Then relative bands of phospho NF-κB, 
phospho NF-κB p65, Bax and Bcl-2 were quan-
tified using densitometery.

Terminal Deoxynucleotidyltransferase-Mediat- 
ed UTP End Labeling (TUNEL) Assay was con-
ducted using TUNEL Assay Kit (Apotag, HRP kit 
DBA, Milan, Italy according to manufacturer’s 
instructions and previously described reports 
[12] and signals were visualized using diamino- 
benzidine.

Polymorphonuclear leukocytes accumulation 
was determined through MPO activity accord-
ing to previously described reports [22] and it 
was reported in units/mg protein. For measur-
ing levels of TNF-α and IL-1β tissues colorime-
teric commercial kit DuoSet ELISA development 
Systems (R&D systems, Milan, Italy) was used. 
Tissue extracts were used after homogenizing 
in PBS containing 2 mmol/L of phenyl-methyl-
sulfonyl fluoride.

All the experiments were performed in triplica- 
te and values expressed in results section as 
mean ± SEM. Analysis of all the results was car-
ried out by one way ANOVA followed by Bon- 

ferroni post-hoc analysis for performing multi-
ple comparisons where p value less than 0.01 
was considered significant, while BMS scale 
data was analyzed using Mann-Whitney test 
and p value less than 0.01 was considered 
significant.

Results

Motor function recovery yielded positive resul- 
ts that indicated a better recovery of SCI mice 
after treatment with Angelica Sinensis (Figure 
1). TUNEL staining showed that apoptotic cells 
were absent is sham operated animals and sig-
nificant appearance was observed in SCI mice 
that were left untreated however, treated mice 
showed significant reduction in the presence of 
apoptotic cells (Figure 2).

Influx of leukocytes was studied using myelo-
peroxidase (MPO) activity and elevated levels 
were observed in tissues with spinal cord injury 
as compared to sham operated animals while a 
much attenuated level was observed in treated 
experimental models (Figure 3).

Western blot analysis performed for the evalua-
tion of phosphorylation of Ser536 on NF-κB 

Figure 4. Western blot figures showing the effect of Angelica Sinensis treatment on SCI. A. Shows Western blots 
where significant increase on phosphorylation of Ser536 of NF-κB p65 can be seen in SCI mice compared to other 
groups. B. Western blots show significant decrease in levels of NFkB in AS treated mice with traumatic SCI. C. Shows 
the levels of phosphorylation of Ser 536 of NF-κB p65 compared to other groups where *P<0.01 and ºP<0.01. D. 
Shows the levels of nuclear protein NFkB where significant decrease can be observed in spinal cord tissues where 
AS treatment was observed as compared to SCI untreated group, *P<0.01 and ºP<0.01. 
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subunit p65 and NF-κB p65 showed that after 
SCI a significant increase occurred in phos-
phorylation of Ser 536 on NF-κB p65 at 24 h 
after injury while treatment with Angelica 
Sinensis showed significant decrease in levels 
of NF-κB p65, the levels in SCI group were also 
elevated in comparison with sham operated 
animals (Figure 4).

Western blotting was performed for Bax and 
Bcl-2 on spinal cord tissues that showed a 
strong positive result for blots on tissues taken 
from SCI group for Bax while sham operated 
animals showed negative results for Bax, how-
ever, tissues from AS treated group with SCI 
showed positive result for Bax blotting but the 

degree of positivity was low in this group. A dif-
ferent result was observed for Bcl-2 where sh- 
am operated mice gave strong positive bands 
for Bcl-2 and in SCI mice bands were signifi-
cantly low however, in treated animals it was 
observed that AS treatment restored the levels 
of Bcl-2 in spinal tissues (Figure 5).

In order to understand the effect of AS treat-
ment on proinflammatory cytokines levels the 
level of TNF-α and IL-1β were established in all 
the groups. Here it was observed that levels of 
both these proinflammatory cytokines increa- 
sed in tissues from SCI group which was un- 
treated as compared to significantly reduced 
levels in AS treated group with SCI and almost 

Figure 5. Representative Western blot showing relative Bax and Bcl-2 levels standardized against β-actin. A. An 
increase in Bax levels of SCI in untreated mice can be seen while a significant attenuation of Bax levels can be 
observed in mice treated with Angelica Sinensis (AS). B. Densitometeric analysis of Bax levels shows a significant 
difference in Bax levels in SCI untreated mice, SCI treated mice and sham control where, **P<0.01 and ººP<0.01. 
C. Western blots show an increased expression of Bcl-2 expression in treated mice while a significantly attenuated 
expression was found in untreated mice and sham control. D. A significantly attenuated level of Bcl-2 expression 
can be observed in untreated SCI mice and a basal level expression in sham control while a decreased level was 
observed in SCI mice, where, *P<0.01 and ººP<0.01.
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negligible amounts in sham operated animals 
(Figure 6).

Discussion

Spinal Cord Injury has a complex pathophysiol-
ogy and it is divided into two phases distinc-
tively. A primary phase that is caused by trau-
matic injury and then a secondary phase is 
characterized by inflammatory responses. Th- 
ese responses then cause severe devastation 
and hinder the outcome for functional recovery 
in such patients. Different problems accompa-
nying these responses include apoptosis, nec- 
rosis of neurons and development of scar tis-
sue [23].

Different events accompanying inflammatory 
responses and then leading to damage after 
spinal cord injury include infiltration of neutro-
phils which are the first cells to arrive at the site 
of injury and this results in the release of reac-
tive mediators which cause damage to endo-
thelial cells and as a result vascular permeabil-
ity is increased which in turn causes increased 
movement of immune cells to the spinal cord 
and increasing damage [8]. MPO activity was 
evaluated to determine the effect of Angelica 
Sinensis treatment on traumatic SCI mice that 
showed a marked decrease in treated mice as 
compared to mice where only SCI was induced.

It has been observed that macrophages and 
microglia are dominant in the immune respons-
es after SCI and play major role in secondary 
damage caused in patients [3]. Proinflammatory 
cytokines that are released such as TNF-α and 
IL-1β play a major role towards demylination of 
axons as well as cell death [24, 25].

Another important factor in secondary injury of 
SCI is apoptosis that can be triggered by a vari-
ety of factors contributing towards demylina-
tion and also results in loss of cells [26, 27]. 
TUNEL assay showed an increase in apoptosis 
after spinal cord injury, while Angelica Sinensis 
treatment attenuated apoptotic response. It 
was also observed that proapoptotic Bax levels 
decreased significantly in treated mice while 
antiapoptotic protein levels of Bcl-2 protein 
increased. These protein levels are important 
for the development of apoptosis and it was 
established by the BMS score scales that loco-
motor functional recovery in mice was also 
restored in treated mice.

Different studies have shown therapeutic effe- 
cts of Angelica Sinensis in different experimen-
tal models, however, to the best of our knowl-
edge this is the first report of the use Angelic 
Sinensis on functional locomotor recovery in 
mice after traumatic SCI and it has been con-
cluded that the factors leading towards second-
ary pathology of SCI are attenuated to a signifi-
cant extent by the use of 20 mg/kg AS dose 
intraperitoneally. This study can further help to 
understand and develop targeted therapies for 
pathophysiological mechanisms of spinal cord 
injuries.
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Figure 6. Effect of Angelica Sinensis treatment on levels of TNF-α and IL-1β in traumatic mice. A. A significant in-
crease in the levels of TNF-α can be seen in rats with SCI after 24 h while treatment with AS decreased the levels as 
compared with untreated mice and sham controls, *P<0.01 and ºP<0.01. B. Similarly attenuated levels for IL-1β can 
be seen in treated animals as compared to sham control and untreated mice, *P<0.01 and ºP<0.01.
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