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CerviCal spondylotic myelopathy is a potentially 
debilitating disorder caused by both primary me-
chanical and secondary biological SCI. Its surgi-

cal management has undergone significant evolution in 
the past few decades, improving our ability to address 
the primary mechanical injury. Despite advancements in 
spinal instrumentation and operative technique, however, 
neurological recovery can still be relatively limited in 
many patients following surgery.

One of our greatest current challenges in treating pa-
tients with CSM is an inability to directly treat the insidi-
ous secondary biological injury that ubiquitously occurs 

with this disorder. It is likely that this barrier is primarily 
responsible for the lack of meaningful neurological re-
covery in some patients after surgery as well as the prop-
agation of SCI and progression of disease in those treated 
nonoperatively. Thus, there is a distinct need to develop 
therapies and treatment algorithms that directly address 
the secondary biological injury associated with chronic 
SCI and that can enhance repair processes following non-
operative treatment or surgical decompression.

In recent years there has been increasing interest in 
the influence of dietary factors on specific molecular sys-
tems and mechanisms within the CNS. In particular, the 
omega-3 fatty acid DHA has shown therapeutic potential 
based on its effects in reducing inflammation and provid-

Dietary therapy to promote neuroprotection in chronic 
spinal cord injury

Laboratory investigation

Langston t. HoLLy, M.D.,1 DonaLD BLaskiewicz, M.D.,1 aiguo wu, PH.D.,2 
caMeron Feng, B.s.,2 zHe ying, B.s.,2 anD FernanDo goMez-PiniLLa, PH.D.1,2

1Department of Neurosurgery, David Geffen School of Medicine at UCLA; and 2Department of Integrative 
Biology and Physiology, University of California, Los Angeles, California

Object. The pathogenesis of cervical spondylotic myelopathy (CSM) is related to both primary mechanical and 
secondary biological injury. The authors of this study explored a novel, noninvasive method of promoting neuropro-
tection in myelopathy by using curcumin to minimize oxidative cellular injury and the capacity of omega-3 fatty acids 
to support membrane structure and improve neurotransmission.

Methods. An animal model of CSM was created using a nonresorbable expandable polymer placed in the tho-
racic epidural space, which induced delayed myelopathy. Animals that underwent placement of the expandable poly-
mer were exposed to either a diet rich in docosahexaenoic acid and curcumin (DHA-Cur) or a standard Western diet 
(WD). Twenty-seven animals underwent serial gait testing, and spinal cord molecular assessments were performed 
after the 6-week study period.

Results. At the conclusion of the study period, gait analysis revealed significantly worse function in the WD 
group than in the DHA-Cur group. Levels of brain-derived neurotrophic factor (BDNF), syntaxin-3, and 4-hy-
droxynonenal (4-HNE) were measured in the thoracic region affected by compression and lumbar enlargement. 
Results showed that BDNF levels in the DHA-Cur group were not significantly different from those in the intact 
animals but were significantly greater than in the WD group. Significantly higher lumbar enlargement syntaxin-3 in 
the DHA-Cur animals combined with a reduction in lipid peroxidation (4-HNE) indicated a possible healing effect 
on the plasma membrane.

Conclusions. Data in this study demonstrated that DHA-Cur can promote spinal cord neuroprotection and neu-
tralize the clinical and biochemical effects of myelopathy.
(http://thejns.org/doi/abs/10.3171/2012.5.SPINE1216)

key worDs      •      myelopathy      •      docosahexaenoic acid      •      curcumin      • 
membrane      •      spinal cord injury      •      rat

Abbreviations used in this paper: AdV-BDNF = adenovirus-
mediated BDNF; BDNF = brain-derived neurotrophic factor; CSM 
= cervical spondylotic myelopathy; Cur = curcumin; DHA = 
docosahexaenoic acid; SCI = spinal cord injury; WD = Western diet; 
4-HNE = 4-hydroxynonenal.

This article contains some figures that are displayed in color 
on line but in black-and-white in the print edition. 



J Neurosurg: Spine / Volume 17 / August 2012

Dietary therapy to promote neuroprotection

135

ing structural material to plasma membranes and on its 
effects on overall neuronal function.3 In turn, curcumin 
possesses strong antiinflammatory and antioxidant ca-
pacity20,23 such that the combined actions of DHA and 
curcumin could be a potential strategy to counteract the 
biological injury encountered in CSM.

Most attention has been directed toward the brain, 
and a number of studies have shown the benefit of dietary 
supplementation on cerebral function, such as memory 
and learning, as well as in enhancing the neural repair 
of damage caused by pathological processes, including 
Alzheimer disease,4 epilepsy,8 and traumatic brain in-
jury.20,23 In contrast, comparatively little information has 
been published regarding the use of dietary supplementa-
tion to enhance neural repair in disorders affecting the 
spine, and this represents a fertile area for study. The goal 
of the present study was to investigate a novel, noninva-
sive method of promoting neuroprotection in an animal 
model of myelopathy by using the combined application 
of DHA and curcumin.

Methods
Experimental Design

Twenty-seven male Sprague-Dawley rats (Charles 
River) weighing between 200 and 250 g were housed 2–3 
per cage and maintained in environmentally controlled 
rooms (22°–24°C) with a 12-hour light/dark cycle. After 
1 week of acclimation, the rats were randomly assigned 
to 3 groups consisting of 9 animals each: spinal compres-
sion and a diet supplemented with saturated fats designed 
to replicate a Western society diet9 (62% saturated fats, 
34% sucrose; D12079B, Research Diets, Inc.; WD group), 
spinal compression and a diet (102566, Dyets, Inc.) sup-
plemented with DHA (1.2%, Nordic Naturals, Inc.) and 
curcumin (500 ppm, Sigma Corp.; DHA-Cur group), and 
intact with a standard diet (control group). Spinal com-
pression animals underwent placement of a thin epidural 
nonresorbable polymer in the midthoracic spine, designed 
to induce a delayed neurological deficit. The assigned di-
ets were administered to the rats after the surgery, and 
the animals were allowed to feed ad libitum for 6 weeks. 
Examiners of the molecular and functional testing were 
blinded to the treatment arms.

Experiments were performed in accordance with the 
National Research Council’s Guide for the Care and Use 
of Laboratory Animals. The UCLA Chancellor’s Animal 
Research Committee approved all procedures.

Surgical Procedures
The surgical procedures were performed under ster-

ile conditions. Animals were given an analgesic (Bu-
prenex) subcutaneously to alleviate pain associated with 
the procedure. Rats were maintained in a deep anesthetic 
state with isoflurane gas throughout the surgery. The cau-
dal-most ribs were palpated, and the midthoracic region 
was localized. Under a magnification loupe (× 3.5), a 1.5-
cm midline incision was created and a self-retaining re-
tractor was placed. The spinous processes were identified, 
and 2 adjacent vertebral levels were further skeletonized. 
The spinous process of the superjacent level was grasped 

with a clamp and gently elevated to open the intralaminar 
space. At this point, a needle-nose rongeur was used to 
create a bilateral partial laminectomy. Hemostasis was es-
tablished, and the spinal canal and dura mater were iden-
tified. At this point a precut 2 × 4 × 1–mm piece of dry 
expandable polyvinyl alcohol sponge (Merocel, Medtron-
ic, Inc.) was gently inserted through the intralaminar de-
fect and seated beneath the cephalad lamina. Care was 
taken to insert the sponge in an atraumatic fashion with-
out causing a neurological deficit. The polyvinyl alcohol 
sponge expands to approximately 3 times its size after 
absorbing liquid. The sponge was kept dry until seated in 
the epidural space. The self-retaining retractors were then 
removed, and the skin was closed with 4-0 nylon sutures. 
The rat was injected with analgesics and saline and then 
recovered on a warming pad.

Magnetic Resonance Imaging Procedure
Three animals underwent thoracic spine MRI 2 

weeks postoperatively to obtain radiographic confirma-
tion that spinal canal compression was induced by the 
model (Fig. 1). A high-field, small-bore Bruker MRI Bio-
Spec 70/30 (Bruker BioSpin) 7-T magnet was used. It has 
a 30-cm bore with Avance electronics and is controlled by 
ParaVision 5.0 operating software. Images were obtained 
using a 166-mm BGA gradient system and a 60-cm-vol-
ume transceiver.

Behavioral Testing

CatWalk Test. Prior to surgery the animals underwent 
baseline gait testing utilizing the CatWalk automated gait 
analysis system (Noldus Information Technology). The 
apparatus is made of a 1.3-m-long glass plate with dim 
fluorescent light beamed into the glass from the side. In 
a darkened environment (below 1 lux of illumination), 
the light is reflected downward, and when the animal’s 
paws come in contact with the glass surface, images of 
the footprints are recorded by the camera under the walk-
way (Fig. 2). The images from each trial were converted 
into digital signals and processed with a threshold set at 
30 au (range 0–225 au), meaning that all pixels brighter 
than 30 au were used. The imaging setting used in this 
study defined 1 pixel as 0.085 mm. Rats were subjected 
to 3 consecutive runs in each test. Data were collected in 
the computer and analyzed using CatWalk XT software.

Beam-Walk Test. The beam-walk test was performed 
as previously described.25 This test was used to evaluate 
the fine motor coordination of all animals. The device 
consists of a narrow wooden beam 10 mm wide and 180 
mm in length and is suspended 400 mm from the table-
top. Rats were videotaped as they walked both directions 
of the beam. The foot faults (missing or grasping the sides 
of the beam) over 50 steps were counted in either direc-
tion on the beam.

Molecular Assessment
All rats were euthanized 42 days after the surgical 

procedure, even the intact ones. The midthoracic region 
(approximately 5 mm cephalad and caudal to the indented 
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region of spinal cord where the sponge was placed) and 
the lumbar enlargement region were dissected and saved 
at -70 C° for protein analysis. Protein extracts were pre-
pared in lysis buffer (137 mM NaCl; 20 mM Tris-HCl, pH 
8.0; 1% NP-40; 10% glycerol; 1 mM phenylmethylsulfo-
nyl fluoride; 10 mg/ml aprotinin; 1 mg/ml leupeptin; and 
0.5 mM sodium vanadate). Homogenates were processed 
in a centrifuge, and supernatants were collected. Total 
proteins were quantified according to the MicroBCA pro-
cedure (Pierce).

Twenty-five micrograms of protein from each sam-
ple was used for Western blot analysis. The membranes 
were incubated overnight with the following primary an-
tibodies: anti-BDNF (1:1000, Santa Cruz Biotechnology), 
anti–4-HNE (1:1000), antisyntaxin-3 (1:1000), and anti-
actin (1:2000) used as an internal standard. Secondary 
antibodies were anti–goat or anti–rabbit immunoglobulin 
G–horseradish peroxidase (Santa Cruz Biotechnology). 
After rinsing with buffer (0.1% Tween-20 in TBS), im-
munocomplexes were visualized by chemiluminescence 
using the Amersham ECL Plus Western blotting detec-
tion kit (GE Healthcare Life Sciences) according to the 
manufacturer’s instructions. Film signals were digitally 
scanned using a Hewlett-Packard scanner (HP Scanjet 
3970) and quantified with NIH Image software, normal-
ized for actin levels.

Statistical Analysis
All statistical analyses were performed using SPSS 

16.0 software (SPSS, Inc.). Group differences were con-
sidered significant at p < 0.05. Results were expressed as 
the mean percent of intact control values and represent 
the mean ± standard error of the mean for protein mea-
surements. All data were analyzed with 1-way ANOVA. 
Post hoc tests were conducted using Bonferroni compari-
sons.

Results
Behavioral Assessment

The CSM model was successful in creating a de-
layed neurological deficit. In the WD group, worsening 
gait function was initially observed at the postoperative 
Day 21 time point. This worsening was manifested by an 
increase in foot faults while attempting to ambulate on 
the beam walk, which were not observed immediately 
postoperatively. Animals fed the diet supplemented with 
DHA and Cur had fewer foot faults than those fed the 
WD (Fig. 2 and Videos 1 and 2).

ViDeo 1. Clip of an animal from the WD group demon-
strating significant gait difficulty while walking across the 
beam at the postoperative Day 42 time point. Click here to view 
with Media Player. Click here to view with Quicktime.

ViDeo 2. Clip of an animal from the DHA-Cur group 
am bulating across the beam without any foot faults at the 
postoperative Day 42 time point. Click here to view with Media 
Player. Click here to view with Quicktime.

Fig. 1. Sagittal thoracic MR image showing spinal cord compression 
caused by the posteriorly placed sponge (red arrow). The blue arrow 
indicates an area of normal spinal cord caliber rostral to the area of 
compression.

Fig. 2. Upper: Photograph of an animal from the DHA-Cur group 
showing feet appropriately placed on the balance beam while walking 
during behavioral testing. Lower: Photograph of an animal from the 
WD group demonstrating a foot fault with the right hind leg slipping over 
the side of the beam.

http://mfile.akamai.com/21490/wmv/digitalwbc.download.akamai.com/21492/wm.digitalsource-na-regional/spine12-16_video_1.asx
http://mfile.akamai.com/21488/mov/digitalwbc.download.akamai.com/21492/qt.digitalsource-global/spine12-16_video_1.mov
http://mfile.akamai.com/21490/wmv/digitalwbc.download.akamai.com/21492/wm.digitalsource-na-regional/spine12-16_video_2.asx
http://mfile.akamai.com/21488/mov/digitalwbc.download.akamai.com/21492/qt.digitalsource-global/spine12-16_video_2.mov
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The gait decline was confirmed further by using CatWalk 
XT software data analysis. The WD group demonstrated 
significant worsening in specific ambulation parameters, 
such as cadence (p < 0.02), mean stepping intensity (p 
< 0.03; Fig. 3), and print width (p < 0.04; Fig. 4), at Day 
42 as compared with baseline (Table 1). The gait decline 
in this group became significantly worse than baseline at 
the postoperative Day 21 time point and continued to be 
significantly worse throughout the remainder of the study. 
In contrast, there was no significant difference in the 
baseline and postoperative Day 42 gait parameters for the 
DHA-Cur animals. Additionally, although the 2 groups 
started with statistically equivalent performance in these 
parameters, the DHA-Cur group had significantly better 
gait function than the WD group at the final postoperative 
Day 42 time point (p < 0.05).

Molecular Assessment
Effects of Diet in the Thoracic Region. The 4-HNE 

levels in the thoracic region at the site of compression 
were significantly elevated in the WD group (180% of in-
tact animals) as compared with those in both the intact 
animals (p < 0.01) and the rats that had received DHA-
Cur (89% of intact animals, p < 0.01), indicating severe 
cellular membrane damage. In comparison, rats in the 
DHA-Cur group had thoracic spinal cord 4-HNE levels 
that were not significantly different from those in the in-
tact control animals (p > 0.05; Fig. 5A). Syntaxin-3 levels 
in the thoracic region were significantly lower in the WD 
group (61% of intact) than in both the control group (p < 
0.01) and the DHA-Cur group (91% of intact, p < 0.05). 
There was no statistical difference in syntaxin-3 levels 
between the DHA-Cur and intact groups (Fig. 5B). Tho-
racic spinal cord BDNF levels were significantly lower 
in the WD group (79% of intact) than in both the intact 
group (p < 0.05) and the DHA-Cur group (106% of in-
tact, p < 0.05). The thoracic spinal cord BDNF levels in 
the DHA-Cur group were not significantly different from 
those in the intact control animals (p > 0.05; Fig. 5C).

Effects of Diet in the Lumbar Enlargement Region. The 
4-HNE levels in lumbar enlargement were also signifi-
cantly higher in the WD group (154% of intact) than in 
both the intact control group (p < 0.05) and the DHA-Cur 
group (93% of intact, p < 0.05; Fig. 6A). There was no 
significant difference in lumbar 4-HNE levels between 
the DHA-Cur group and the intact group (p > 0.05). The 
lumbar syntaxin-3 levels were significantly lower in the 
WD group (67% of control) than in both the intact group 
(p < 0.05) and the DHA-Cur group (112% of control, p < 
0.05). There was no significant difference in syntaxin-3 
levels between the DHA-Cur group and the intact group 
(p > 0.05; Fig. 6B). The lumbar enlargement BDNF levels 
were significantly lower in the WD group (65% of control) 
than in both the intact group (p < 0.05) and the DHA-Cur 
group (108% of control, p < 0.05). There was no signifi-
cant difference in BDNF levels between the DHA-Cur 
group and the intact group (p > 0.05; Fig. 6C).

Discussion
Dietary Supplementation

In recent years, there has been rapidly increasing in-
terest in the utility of dietary supplementation to augment 
CNS function. Most attention has been directed at the 
brain, and, in fact, many adults regularly ingest supple-
mental nutrients to enhance important brain functions 
such as memory and cognition. Some of the most com-
monly used nutritional supplements for this purpose are 
the omega-3 fatty acids, which have been demonstrated to 
upregulate genes critical for maintaining synaptic func-
tion and plasticity in rodents.24 Of the omega-3 fatty ac-
ids, DHA has been one of the most used clinically and 
has been extensively studied in a variety of animal mod-
els. Docosahexaenoic acid is essential for CNS structure 
and function, as it is an important constituent of neuronal 
membrane phospholipids.6,18 In addition, DHA reduces 
inflammation and improves neurotransmission.1,6,21

Fig. 3. Noldus CatWalk image showing gait patterns of representa-
tive animals from each of the 3 groups. The print area size and stepping 
intensity fluorescence of the right hind leg are similar in the control (up-
per) and DHA-Cur groups (lower) but significantly less in the WD group 
(center). 

Fig. 4. Bar graph showing print width data obtained using the Noldus 
CatWalk software. There is statistically significant worsening between 
the print width baseline and postoperative Day 42 (POD42) in the WD 
group (p < 0.04) but not in the DHA-Cur group. There is a significant 
difference between the WD and DHA-Cur groups on POD42 (p < 0.04).
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Curcumin is one of the principle components of the 
Indian curry spice turmeric and has been used medici-
nally for its antiinflammatory and antibacterial properties 
for centuries. Recent studies have also demonstrated an-
tioxidant properties, and therapeutic applications of cur-
cumin within the CNS have been described in the treat-
ment of Alzheimer disease, subarachnoid hemorrhage,22 
and ischemic stroke.14 As with DHA, the neuroprotective 
effects of curcumin have been predominantly studied in 
the brain, where it has been shown to promote neural re-
pair by restoring energy homeostasis that is critical for 
synaptic function.23

Cervical Spondylotic Myelopathy Secondary Biological 
Injury and the Role of BDNF

Our injury model reduced levels of BDNF protein 
while DHA-Cur dietary treatment counteracted these 
effects. The described actions of neurotrophins to limit 
neurological injury and enhance neural repair have a po-
tentially strong application in the treatment of CSM. One 
of the main characteristics of the secondary neuronal in-
jury in chronic SCI is the decreased concentration of crit-
ical axonal growth factors that could enhance functional 
spinal circuit repair. Of the key growth factors involved in 
neural repair, BDNF has demonstrated particular prom-
ise, as it has been shown to have important roles in axo-
nal regeneration, promoting neuronal survival, regulating 
synapse formation and stabilization, increasing dendritic 
complexity, and enhancing synaptic efficacy.15 Brain-de-
rived neurotrophic factor has also been shown to suppress 
the delayed apoptosis of oligodendrocytes after SCI in a 
rodent model.13 Apoptotic oligodendrocyte cell loss oc-
curs in the evolution of CSM, and the extent of this loss 
correlates with the severity of neurological injury.11 Even 

more importantly, the powerful action of BDNF in pro-
moting neuronal excitability is crucial to enhance neuro-
nal function and the transmission of information across 
the synapse.

Kasahara et al.10 progressively compressed the spinal 
cords of rats by placing a thin expanding polymer sheet 
under the T-7 lamina. Parallel cohorts underwent laminec-
tomy with removal of the polymer at 6, 9, and 12 weeks 
postcompression, were euthanized, and underwent histo-
pathological examination. In the nonlaminectomy group, 
BDNF protein levels were elevated 6 weeks after com-
pression but declined after 12 weeks. The decompressive 
procedure was effective in preventing neuronal loss in the 
6-week group but was not effective in the 9- and 12-week 
groups. The authors suggested that the initial upregulation 
of BDNF expression probably served as a compensatory 
mechanism to protect against neural injury and that the de-
creasing level of BDNF may be one of the mechanisms of 
compression-induced spinal cord neuronal death.

These findings were supported in part by Xu et al.,26 
who evaluated adenovirus-mediated BDNF (AdV-BDNF) 
gene transfer in and around the area of mechanical com-
pression in the twy/twy hyperostotic mouse model. Ret-
rograde spinal cord delivery of either AdV-LacZ or AdV-
BDNF was performed via sternocleidomastoid injection, 
and 4 weeks later the upper cervical segments were har-
vested and subjected to pathohistological analysis. Immu-
noreactivity to BDNF and the number of surviving ante-
rior horn neurons were much higher in the AdV-BDNF 
cohort. The overall results seem to suggest a protective 
action of BDNF that mitigates the effects of chronic SCI.

Dietary Supplementation in Myelopathy
In the present study we used a model similar to that 

TABLE 1: Effect of diet on gait spatial parameters

Cadence (step/second) Mean Intensity (au) Print Width (mm)
Group Before Surgery Postop Day 42 Before Surgery Postop Day 42 Before Surgery Postop Day 42

Western diet 6.92 ± 1.04 4.08 ± 0.59* 94.25 ± 6.05 80.33 ± 1.58* 21.49 ± 0.76 19.05 ± 0.90* 
diet along w/ DHA + Cur 6.89 ± 0.47 5.84 ± 0.79† 96.96 ± 4.22 98.09 ± 2.41† 22.06 ± 1.32 21.14 ± 0.40†

* Intragroup comparison for Western diet before surgery versus postoperative Day 42 shows significant difference in all 3 parameters. 
† Intergroup comparison for Western diet versus DHA-Cur diet at postsurgery Day 42 shows significant difference in all 3 parameters.

Fig. 5. Bar graphs showing results of thoracic region molecular analysis. A: The 4-HNE levels in the thoracic region at the 
site of compression were significantly elevated in the WD group as compared with both the intact and the DHA-Cur groups (**p 
< 0.01). B: Syntaxin-3 (STX-3) levels were significantly lower in the WD group than in both the intact group (p < 0.01, larger 
asterisk at left) and the DHA-Cur group (p < 0.05, smaller asterisk at right). C: Spinal cord BDNF levels were significantly lower 
in the WD group than in both the intact group and the DHA-Cur group (*p < 0.05).
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used by Kasahara et al.10 and Kim et al.;12 we placed a 
thin expandable nonresorbable polymer, polyvinyl alco-
hol, underneath the thoracic lamina of laboratory animals 
to induce delayed myelopathy with resultant neurological 
symptomatology. The polymer was carefully placed in an 
atraumatic fashion to ensure that an acute SCI was not in-
duced. Development of the neurological deficit was princi-
pally related to the stretch injury across the narrowed seg-
ment during animal motion over time, akin to the etiology 
of dynamic myelopathy encountered in human CSM.5

The rationale for using curcumin and DHA to com-
bat the secondary biological injury in myelopathy is sev-
eralfold. We have previously shown that dietary treatment 
using a curcumin derivative resulted in the elevation of 
spinal cord BDNF levels as compared with levels in ani-
mals not receiving the supplementation.25 Moreover, stud-
ies in vitro or in vivo have shown that DHA promotes 
the growth of CNS neurons by involving the action of 
BDNF.24 Thus, one of the postulated mechanisms of neu-
ral repair in the present study was to use curcumin and 
DHA to maintain levels of BDNF within the damaged 
spinal cord and potentiate its effects. 

Additionally, oxidative membrane damage is a major 
cause of neuronal death and a reduction in the viability 
and function of remaining neurons after CNS injury.17 
Plasma membranes are particularly susceptible to oxida-
tive damage, which can significantly impair neurotrans-
mission and cellular function. Docosahexaenoic acid is 
a major component of the phospholipidic structure of 
plasma membranes and has been demonstrated to reduce 
oxidative cellular injury following acute SCI.7 As free 
radical–mediated cell damage is a leading mechanism 
of SCI in CSM,11,27 we hypothesized that curcumin and 
DHA could have substantial beneficial effects in limiting 
oxidative membrane injury and promoting neural repair. 
Cellular membrane oxidative damage at the site of com-
pression in this model was confirmed by the elevation of 
spinal cord 4-HNE levels in the animals that did not re-
ceive dietary supplementation. Neuronal injury has been 
associated with oxidative damage to membranes, which 
involves reactions of free radicals with double bonds of 
fatty acids that produce a,b-unsaturated aldehydes such 
as 4-HNE.19 Similarly, the 4-HNE levels were significant-
ly higher within the lumbar enlargement in the animals 
that did not have dietary supplementation, indicating sig-

nificant lipid peroxidation. The significance of the lumbar 
enlargement is that this is the location of the motor neu-
rons and nerves fibers that innervate the hind limbs. Thus, 
injury to the primary corticospinal tract fibers also re-
sulted in downstream cellular membrane damage within 
the lumbar enlargement.

We further analyzed the cellular membrane injury 
by measuring syntaxin-3 levels in the region of lumbar 
enlargement. This protein is localized to the presynaptic 
plasma membrane, which plays a crucial role in the dock-
ing and fusion of vesicles during neurotransmitter re-
lease.16 Given that syntaxin-3 has been shown to be under 
the influence of DHA2 and is located in areas of synaptic 
contacts, it is a suitable marker to assess the effects of our 
dietary treatment on the plasma membrane. Accordingly, 
our data demonstrated significantly higher lumbar syn-
taxin-3 in the DHA-Cur group and, in conjunction with a 
reduction in lipid peroxidation (4-HNE), indicated a pos-
sible healing effect on the plasma membrane.

The animals that received DHA-Cur maintained 
significantly higher levels of spinal cord BDNF both at 
the level of compression and in the region of lumbar en-
largement than those that did not receive dietary supple-
mentation. Based on the aforementioned animal CSM 
studies and other laboratory investigations of BDNF, it 
is likely that the maintained levels of spinal cord BDNF, 
combined with decreased cellular membrane injury, were 
critical factors in the preserved neurological function ob-
served in the DHA-Cur group.

Conclusions
There is a great need for the development of neural 

repair strategies to help neutralize the secondary biologi-
cal injury encountered during both the nonoperative and 
operative treatment of patients with CSM. Dietary sup-
plementation has proven to be successful in the treatment 
of a variety of pathological conditions throughout the 
CNS. In an animal model of myelopathy, we have dem-
onstrated that DHA and curcumin can counteract the ef-
fects of chronic spinal cord compression through several 
molecular mechanisms, resulting in the preservation of 
neurological function.
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Fig. 6. Bar graphs showing results of lumbar enlargement molecular analysis. A: The 4-HNE levels in the region of lumbar 
enlargement were significantly higher in the WD group than in both the intact and the DHA-Cur groups (*p < 0.05). B: Syn-
taxin-3 levels were significantly lower in the WD group as compared with both the intact and the DHA-Cur group (*p < 0.05). C: 
Lumbar enlargement BDNF levels were significantly lower in the WD group than in both the intact group and the DHA-Cur group 
(*p < 0.05).
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