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Tamoxifen reduces infiltration of inflammatory cells, apoptosis
and inhibits IKK/NF-kB pathway after spinal cord injury in rats
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Abstract In this study, neuroprotective effect of tamox-

ifen has been explored in spinal cord injury (SCI) in rats by

examining factors influencing IKK/NF-kB pathway in SCI

in rats. It has been shown in several studies that IKK/NF-

kB signaling pathway plays a key role in pathophysiology

of SCI. In this study, three groups of rats (n = 17 each)

were selected that included, tamoxifen group (here

tamoxifen was injected after SCI in rats), SCI group (here

only dimethylsulfoxide was administered after inducing

SCI in rats) and sham group (here only laminectomy was

performed). The effect of tamoxifen (5 mg/kg) on various

factors responsible for activation of IKK/NF-kB signaling

pathway including NF-kB p65, phosphorylated I-kBa was

studied through Western blotting as well as densitometry.

The examination of expression of active caspase-3 and

myeloperoxidase activity was also carried out through

Western blot analysis and densitometry. A comparison of

three groups of rats showed that administration of tamox-

ifen significantly reduced the expression of NF-kB p65 and

phosphorylated I-kBa (P \ 0.05) compared to control. It

also attenuated the expression of active caspase-3 resulting

in the reduction of apoptosis, and infiltration of leukocytes

to the injury site was also greatly reduced in the group

where tamoxifen was administered. Statistical analysis

through SPSS 13.0 software showed a significant decrease

in the expression of inflammatory factors in groups where

tamoxifen was administered. We conclude that tamoxifen

possesses the potential neuroprotective effects that can be

explored further for future therapeutic techniques in treat-

ing spinal cord injuries.
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Introduction

Tamoxifen is well-known compound that is used as anti-

estrogen (endocrine therapy) in premenopausal and post-

menopausal women for the treatment of breast cancer in

receptor-positive breast cancer. Different reports regarding

other useful effects of tamoxifen from different experi-

mental studies suggest potential neuroprotective roles in

spinal cord injury (SCI), brain ischemia, intracerebral

hemorrhage and hypoxic ischemia brain injury [1–3].

In experimental ischemic strokes, this compound has

been found to be a potent inhibitor of cell swelling anion

channels [4, 5]. Tamoxifen is reported to inhibit different

pathways which are involved in central nervous system

damage along with those amino acids which are released as

a result of anion channels creation resulting from swelling

of astrocytes [6]. It is also responsible for removing reac-

tive oxygen species and considerably decreasing the syn-

thesis of peroxynitrated protein in ischemia [7, 8]. In

mouse and rat microglial cells, it triggers anti-inflamma-

tory response through signaling cascades of lipopoly-

saccharides-activated proteins [9].

In case of traumatic SCI, several neural structures are

affected [10, 11]. Several studies have been performed on

SCI, but so far only a few therapies have been reported as

pathophysiology of SCI is quite complex. Several
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approaches have been made to study secondary injuries to

alleviate problems concerning with secondary injuries and

to help maintain the necessary anatomical structures for

functional recovery [12, 13]. In case of secondary injury,

inflammatory responses play a major role and are a central

player in pathogenesis of SCI [14]. The expression of

inflammatory genes and regulation of many cytokines that

play a potential role in mediating inflammatory pathways

in injuries to central nervous system is mainly regulated by

nuclear factor kappa B (NF-kB) family of transcription

factors [15, 16]. Therefore, it has been shown that sec-

ondary damage in SCI can be controlled to much an extent

by inhibiting the activation of NF-kB [17, 18]. It has been

shown that a new approach towards neuroprotective effects

can be adopted by the use of compounds that are capable of

inhibiting biochemical mediators that are involved in sec-

ondary degeneration. An example is glutamate amino acid

which is normally a physiological transmitter, but can be

toxic in case present in high concentration. The increase in

glutamate, (an example of excitatory amino acid) due to

injury can cause damage to tissues which can be prevented

by the use of glutamate receptor antagonists [19]. The

prevention of nerve atrophy by the use neurotrophic com-

pounds that result in neuroprotection is also an example of

the use of such therapy [20, 21].

Tamoxifen has been reported to attenuate the sub-

arachnoid hemorrhage (SAH) induced activation of TLR4/

NF-kB signaling pathway in the cortex region and can

potentially influence behavioral recovery and neurological

function after SAH [22]. However, the protective effect of

tamoxifen in SCI models remains a question mark and an

effort has been made in this study to explore the neuro-

protective effect of tamoxifen in SCI-induced rat models.

In the current study, we evaluated the effect of tamox-

ifen on activation of IKK’NF-kB pathway by studying the

expression of I-kBa and NF-kB p65. The expression of

activated caspase-3 was studied to examine the apoptotic

events and myeloperoxidase activity was measured to

study the infiltration of inflammatory cells.

Materials and methods

A total of 51 female Sprague–Dawley rats (pathogen-free

grade, aged 10–12 weeks, and weighing 200–220 g) were

obtained from China-Japan friendship hospital Beijing and

all the work carried out was approved by the Ethics com-

mittee of China-Japan friendship hospital Beijing.

The rats were divided into three groups all having equal

number of animals prior to the operation which were, SCI

group (n = 17, SCI ? subdural dimethyl sulfoxide injec-

tion), tamoxifen group (n = 17, SCI ? subdural injection of

tamoxifen) and sham group (n = 17, here only laminectomy

was performed without SCI). In all cases, SCI was performed

according to the previously described reports [25] and

induction of injury was made on T12 segment. The NYU

impactor was used for creating the SCI and vertebrae lamina

was held in a position to withstand momentum from the rod.

The rod was dropped from 12.5 mm height for induction of

SCI. In sham group, spinal cord was not injured, however,

vertical plate at T11–T13 segment was removed.

In tamoxifen group, rats received tamoxifen (Sigma-

Aldrich, St Louis, MO, USA) that was dissolved in 2 %

dimethylsulfoxide in (1 mg/ml) distilled water and was

administered 30 min post-injury by intraperitoneal injec-

tion at 5 mg/kg, according to the previously described

reports [5, 6]. The injection was administered near the

injury site. Rats in SCI group received 2 % dimethylsulf-

oxide dissolved in distilled water and the same amount of

dose as was given to tamoxifen group, but in SCI group

tamoxifen was not administered. All the postoperative care

procedures were carried out and bladders of rats were

emptied manually twice a day.

After 24 h of SCI, animals were given a dose of 10 %

chloral hydrate (600 mg/kg) and were anesthetized. Nor-

mal saline with 1 U/ml heparin was used to perform intra-

cardiac perfusion and dissections of 10 mm injured spinal

cord segments were carried out then.

Western blotting was used to examine NF-kB p65,

phosphorylated I-kBa and activated caspase-3 according to

the previously described techniques [23] with some modifi-

cations. Total Protein extraction kit (Applygen Technologies

Inc., Beijing, China) was used to isolate total proteins from a

10 mm spinal cord segment containing the injury epicenter.

BCA protein assay kit was used to determine protein con-

centrations according to the manufacturer’s protocol (Ap-

plygen Technologies Inc., Beijing, china). Samples were

boiled for 5 min after diluting with sample buffer and 50 lg

of protein from each sample was loaded on 4–20 % poly-

acrylamide gel, then it was transferred to polyvinylidene

difluoride membrane after separation by electrophoresis.

Then, the membrane was incubated with specific primary

antibodies after blocking, mouse anti-rat NF-kB p65

monoclonal antibody (1:1,000 Santa Cruz Biotechnology

Santa Cruz, CA, USA); monoclonal rabbit anti-reactivated

caspase-3 antibody(1:1,000; Cell Signalling Technology,

Danvers, MA, USA; monoclonal rabbit anti-rat phosphory-

lated I-kBa (ser32) antibody (1:500, cell Signalling Tech-

nology, Danvers, MA, USA). The visualization of reactive

protein bands was carried out using horseradish peroxidase-

conjugated anti-rabbit or anti-mouse IgG antibodies

(1:2,000; Jackson West Grove, PA, USA), and an ECL

Western blotting kit (Applygen Technologies Inc, Beijing,

China) and was performed according to manufacturer’s

instructions. X-ray film was used to which membranes were

exposed for 10 s to 1 min. Actin was used as a loading

1764 Neurol Sci (2014) 35:1763–1768

123



control and a polyclonal rabbit anti-actin antibody (1:500,

Santa Cruz Co., Santa Cruz, CA, USA) was used to detect

actin in samples. Optical density (OD) value of each protein

band was determined after bands were scanned and digitized

using Gel Pro Analyser 4.0 software.

After 24 h of SCI, MPO activity in spinal cord tissues was

determined to examine infiltration of inflammatory cells

according to previously described studies [18]. Commercially

used kits (Nanjing, Jiancheng Co., China) were used to measure

the MPO activity; procedures were performed according to

manufacturer’s protocol. MPO activity was defined as the

amount of enzyme degraded with 1 lmol of peroxidase at

37 �C, expressed as number of units of MPO/mg of proteins.

For statistical analysis, SPSS 13.0 software (SPSS,

Chicago, IL, USA) was used. Mean ± SD value expressed

the experimental data. One-way analysis of variance was

used to analyze the results followed by a Bonferroni post

hoc test for multiple comparisons. P value of less than 0.05

was considered significant.

Results

Expression of NF-kB p65

To examine the effect of tamoxifen against IKK/NF-kB

pathway in spinal cord after 24 h of inducing SCI, Western

blotting was used to study the expression of NF-kB p65 in

spinal cord tissues. Comparing all three groups, it was

observed that an increase in NF-kB p65 protein occurs in

SCI group where dimethylsulfoxide was administered as

compared to sham group (P \ 0.01), while administration

of tamoxifen significantly reduced the expression of NF-kB

p65 after SCI in rats under study (Fig. 1).

Expression of phosphorylated I-kBa

The expression of phosphorylated I-kBa in spinal cord

tissues was also studied using Western blotting and it was

observed that a significant increase in phosphorylated

I-kBa is experienced in SCI group as compared to sham

animal (P \ 0.01), however, treatment with tamoxifen

resulted in significant inhibition of production of phos-

phorylated I-kBa in spinal cord tissues after induction of

injury and administration of tamoxifen (P \ 0.05), results

are shown in Fig. 2.

Results showing expression of active caspase-3

in all groups

To study the expression patterns of proteins associated with

apoptosis the expression of active caspase-3 in spinal cord

tissues after 24 h of inducing SCI Western blotting was

used. The analysis showed a significant decrease in the

expression of activated caspase-3 in group of rats treated

with tamoxifen (P \ 0.05), however, the expression

Fig. 1 Tamoxifen was able to affect expression of NF-kB p65 in SCI.

a Western blotting showing levels of NF-kB p65 in all groups at 24 h

after SCI where b-actin is used as a loading control. b OD values

relative to control are shown of the densitometry of Western blots

where significant difference in tamoxifen group values is indicated by

PB \ 0.01 and significant difference in SCI group is indicated by

PA \ 0.05

Fig. 2 Effect of tamoxifen on expression of phosphorylated I-kBa in

SCI. a Phosphorylated I-kBa production in spinal cord tissues from

all the groups shown in representative Western blots. b Densitometry

analysis of Western blots showing optical density (OD) values

relative to controls. Significant differences in SCI as compared to

sham group are indicated by PA \ 0.01 and significant difference in

tamoxifen-treated group is shown in the graph by PB \ 0.05
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remained significantly lower in sham group and signifi-

cantly increased in SCI group as compared to sham group

(P \ 0.01), shown in Fig. 3.

Results showing MPO activity in all three groups

under study

The effect of tamoxifen on infiltration of neutrophiles in

SCI was studied where MPO activity in spinal cord tissues

was investigated. It was observed that MPO activity was

significantly increased in SCI group as compared to sham

group after 24 h examination of induction of SCI, however,

in case of tamoxifen administration this activity was

reduced considerably. It is shown in Fig. 4.

Discussion

Several studies have focused on the neuroprotective effect

of tamoxifen in several nerve injury models. In an intra-

cerebral hemorrhage model, tamoxifen was reported to

reduce perihematomal brain edema with an improved

functional outcome by Xie et al. [2]. Inhibition of inflam-

matory response and reduction in cell apoptosis after SCI

in adult rats was reported by Tian et al. [1].

The role of IKK/NF-kB pathway in secondary inflam-

mation associated with SCI has been reported in several

studies [18, 24]. Successful targeting of IKK/NF-kB path-

way has been reported to be effective in reducing patho-

genesis in SCI [17, 18]. Different compounds from

traditional Chinese herbal medicine have been studied and

reported for blocking NF-kB and NF-kB gene products

in vitro [25]. In this study, we made an effort to determine

whether tamoxifen possesses neuroprotective effects

in vivo or not. Mechanisms underlying these neuroprotec-

tive effects were also studied. It was observed that

tamoxifen successfully attenuates the activation of IKK/

NF-kB pathway, expression of these factors and infiltration

of inflammatory cells.

A major transcriptional regulator of inflammatory genes in

SCI is NF-kB that is constituted of various Rel family proteins,

p65, p50, p52, RelB and c-Rel. Activation of NF-kB can occur

in different ways in which classical conical pathway involves

I-kB kinase complex which plays an important role for the

activation of innate immunity and inflammation [26]. IKKb is

the main subunit of IKK and it plays a role in activation of NF-

kB after phosphorylating I-kB inhibitory proteins [27]. This

study showed that expression of I-kBa was significantly

reduced in spinal cord tissues in rats after SCI by adminis-

tering tamoxifen. A decrease in the expression of NF-kB p65

was also observed in rats treated with tamoxifen, therefore, it

was concluded that tamoxifen affects IKK/NF-kB canonical

pathway in rats after SCI and has potential neuroprotective

effects after SCI on rats.

As inflammatory responses are triggered after SCI, in

these responses inflammatory cells are responsible for

releasing massive proinflammatory mediators along with

neurotoxins that result in generation of reactive oxygen and

nitrogen species which can cause cellular damage [28, 29].

Among leucocytes neutrophiles are the first invaders of the

injury site invading the injured spinal cord [30–32]. To

examine the anti-inflammatory effect of tamoxifen the

infiltration of leucocytes to injury site was studied using

MPO activity. This is an indicator of polymorphonuclear

leucocytes accumulation as myeloperoxidase which is a

lysosomal protein is stored in azurophilic granules of

neutrophiles. It was observed that in rats with SCI a

downregulation of neutrophile infiltration occurs where

tamoxifen was administered, while in case of SCI where

Fig. 3 Expression of caspase-3 is reduced after treatment with

Tamoxifen a Western blot analysis of protein expression in all three

groups. b Densitometry of Western blots showing OD values relative

to control. Significant reduction in tamoxifen-treated group is

indicated by PB \ 0.05, while expression remains increased in SCI

group as compared to Sham group indicated by PA \ 0.01

Fig. 4 Illustration of MPO activity in all three groups where

increased MPO activity is observed in spinal cord tissues in SCI

group as compared with sham group (PA \ 0.01), while a signifi-

cantly reduced MPO activity is observed in group treated with

tamoxifen as depicted by (PB \ 0.01)
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tamoxifen was not administered an increased neutrophile

infiltration was observed.

One of the key pathological events in case of SCI is

apoptosis where axonal degeneration and demyelination of

white matter tracts can result in functional problems of

neurons [33–35]. In the process of apoptosis, activation of

caspase-3 in many types of cells of central nervous system

occurs, therefore, the assessment of expression of caspase-

3 is an important indicator of examining the process of

apoptosis. The suppression of expression of caspase-3 by

tamoxifen in the current study shows that tamoxifen pos-

sesses anti-apoptotic properties in case of SCI.

All results in the current study suggest neuroprotective

effects of tamoxifen in SCI in vivo and to the best of our

knowledge this is the first report of mentioned properties of

tamoxifen in vivo. Therefore, further efforts should be

made to explore these properties of the potential neuro-

protective effects of tamoxifen so that possible therapeutic

approach to SCI can be established in future.

Conclusion

The current study suggests that tamoxifen successfully

reduces the expression of NF-kB p65 and I-kBa and it can

be used as a successful inhibitor of IKK/NF-kB pathway.

Moreover, it also attenuates the infiltration of leukocytes as

shown by the study of MPO activity and possesses anti-

apoptotic properties as it attenuates the active caspase-3.
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