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INTRODUCON

Osteoporosis is a common disease that can affect
persons with spinal cord injury (SCI).l'¥ Several clinical
studies have reported that osteoporosis after SCI can be
the inflammation-induced base condition. Moreover,
interleukins (IL-1, IL-6) and tumor necrosis factor
(TNF-a) were also able to stimulate bone resorption,
and prostaglandin E2 (PGE2) is an important factor in
mediating the effects of these cytokine.[*>7]

PGE2 is one of the important mediators that can
stimulate inflammation-induced bone resorption
markers. Therefore, PGE2 could stimulate the release
of these cytokines from various mesenchymal cell
lines. [l

Many studies show that n-3 polyunsaturated fatty
acids (PUFA) enhance bone formation and suppress the

production of pro-inflammatory cytokines like tumor
necrosis factor (TNF-a) and interleukin (IL-1f3 and IL-6)
in human and animal models.>7

In a previous and unique interventional study,!"Javierre
et al. evaluated the possible effect of n-3 PUFA (1.5 g
of DHA and 0.75 g of EPA) on plasma lipid profile in
19 adult males with SCI for 6 months. However, there
were no observable differences in lipid profile during
the study.

SCI per se is associated with a low-grade chronic
inflammatory state.>'! All of human studies that
evaluated the effect of n3 PUFA on inflammation
markers have focused on different diseases, but to the
best of our knowledge, there is no study about the effect
on these nutrients in SCI patients. So, we designed this

Address for correspondence: Dr. Farzad Shidfar, Tehran University of Medical Sciences, No: 60. Alvand St .Argentine Sq. Tehran, Postcode:
15875-4199, Iran. E-mail: farzadshidfar@yahoo.com
Received: 04-10-2011; Revised: 02-11-2011; Accepted: 25-11-2011

322

Journal of Research in Medical Sciences

| April 2012 |



Sabour, et al.; Inflammatory markers in chronic spinal cord injury

study to evaluate the possible effect of n-3PUFAs on pro-
inflammatory cytokine bone change in chronic spinal cord
injured patients.

METHODS

Study samples

This double-blind, placebo-controlled trial (138905102709N7:
August 28, 2010) is designed in two groups in Brain
and Spinal Injury Repair Research center (BASIR) from
our previous cross-sectional studies.'*¥] We selected 75
(69 males and 13 females) persons who were willing to
participate in the study. Patients who met the initial criteria
during a phone screen entered the study. Individuals were
included for study according to the following criteria:
traumatic spinal cord injured patients, 18 years of age or
older, 1-year post injury. Required data were collected
in the BASIR Research Center at Tehran University of
Medical Sciences (Tehran, Iran) from January 2011 to July
2011. Anthropometric measurements and baseline blood
sampling of the participants were evaluated after giving
the informed consent. The protocol was approved by the
ethics committee at Tehran University of Medical Sciences
(Approval number: 1421 at July 18, 2010).

Osteoporosis was diagnosed by evaluating BMD with
dual energy X-ray absorptiometry at femur and lumbar
vertebrae. BMD was measured by DXA using Lunar DPX-
MD device (Lunar Corporation, Madison, Wisconsin,

53713, USA).*13 The calibration for instrument was done
weekly by using appropriate phantoms. The precision error
for bone mineral density measurements was 2 to 3 in the
femoral and 1 to 1.5 in the lumbar regions. All scans were
performed according to the manufacturer’s guidelines. BMD
was determined using DXA method. Osteoporosis was
defined as T score <-2.5 in femoral neck region.!J All study
participants were medically stable upon inclusion into the
study. The participant’s demographic data including sex,
age, possible supplement, and drug intakes were assessed.

Patients with history of diabetes, cancer, endocrinology
disease, acute infection, use of special medications such as
glucocorticoid, hormones, GnRH analogs, anticonvulsive
drugs, heparin, aluminum containing antacids, thyroid
hormones, lithium, chronic use of antiepileptic, omega 3
fatty acids, or other nutrients supplement, and smoking or
alcohol consumption were excluded.

Study design

Forty-three patients in the treatment group and 39 patients
in the control group were randomized by using Permuted
Balanced Block Randomization Method. All participants
received 1000 mg calcium and 400 IU vitamin D daily. The

patients received two MorDHA capsules (435 g of DHA and
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65 mg of EPA per day) or two placebo capsules (one with
lunch, and another one with dinner) in the treatment and
control groups, respectively. These were supplied in the
form of gelatin pearls a day, taken with the two principal
meals.

We used pill count method for assessment of compliance
based on a confidence relationship between patient and
physician and was reported at every 4 weeks. All participants
recommended having a usual diet. Patients were not given
specific advice on food intake during the study. No lifestyle,
diet, or medication changes were recorded at every 4 weeks
by phone call or face-to-face interview.

Calcium capsules were provided by Darou Pakhsh Pharm
Co. (Iran). Omega 3 placebo capsules were provided by
Minami Nutrition Co. (Belgium) and placebo capsules
were supplied by Zahravi Pharmaceutical Co. (Iran). Both
capsules were similar in color, shape, and taste. The patients
were supplemented for 4 months.

Laboratory measurements

Antecubital venous blood samples were taken under
antiseptic conditions in the post-absorptive state after an
overnight (12 hours) fast. Blood samples were collected
and centrifuged at 3 000 rpm for 10 minutes at 4°C. To
reduce inter-assay variation in serum samples, single
session analysis was used. Then, samples were sent to the
Endocrinology and Metabolism Research Center (EMRC)
laboratory for analysis and were frozen immediately.
Serum TNF-g, IL-6, and IL-1f levels were measured using
photometric enzyme-linked immunosorbent assay (ELISA)
obtained from ID Labs (Canada) in the EMRC laboratory.
The limit of detection serum for TNF-q, IL-6, and IL-13 were
8,10, and 4 pg/ml, respectively.

Dietary intake

Dietary intakes of the patients were assessed by 3-d
food records in the beginning and end of the study. The
intake of calorie and the other nutrients was analyzed by
using Nutritionist IV software (version 3.5.3.; N-Squared
Computing, Salem, OR), modified for Iranian foods.!>!¢!

Anthropometric measures

All measurements were conducted by the same investigator.
Body weight was measured using a digital wheelchair scale,
Body height was obtained measuring the supine length, and
BMI was calculated using the formula: BMI (kg/m?) = Body
Weight (kg)/ (Body Height)? (m?).

Neurologic assessment

SCI history included date of onset, cause of SCI, level and
extent of SCI (complete vs incomplete). American Spinal
Injury Association (ASIA) Impairment Scale was used
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for the assessment of spinal injury in our participants.’”)
Completeness was classified as either complete (no
sensory or motor function preserved in the sacral segments
[S4-S5]) or incomplete (sensory but variable motor function
preserved below the neurological level of injury).!**]

Statistical analyses All statistical analyses were performed
using SPSS software, Version 18.0 (SPSS Inc., Chicago IL,
USA). Continuous variables are expressed as mean +
SD and categorical data are expressed as percentage.
P<0.05 was considered as statistically significant. The
distribution of continuous variables was assessed by
Kolmogorov-Smirnov test. Baseline factors were
compared between groups by Student's t test for
continuous variables and by Chi square test for categorical
variable. To investigate whether one of two groups
changed more than another group at the end of 4th
month, at first we calculated change scores (mean
difference) for each group and compared them by using
Student's t test.

RESULT

Patient characteristics

Forty-three patients were randomly assigned to the
MorDHA group and 39 to the control group. Seventy-five
(13 females, 62 males) patients completed the study over

4 months [Figure 1]. Four patients were dropout in the
supplement group (one because he had spinal cord surgery
and one because he lived too far away from the study site
and two because of gastrointestinal adverse events that
disappeared after stopping supplement intake). Three in
the control group were dropout (one because he lived far
away from the study site and two gastrointestinal adverse
events that disappeared after stopping supplement intake).

There were no significant differences in age, BMI, time since
injury between two groups [Table 1], and dietary intakes
[Table 2]. Compliance with supplement averaged 80% in
both groups over the 4 months of observation.
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Figure 1: Study design of our study
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Table 3 presents the between-group comparisons of the
IL-1B, IL-6, and TNF-a as well as mean difference of all
variables from the beginning to the end of the study. All
variables in both groups have been improved to some extent
but the difference between two groups was not significant
in any.

Two adverse events occurred in the MorDHA group: (one
diarrhea and one pyrosis); two gastrointestinal adverse
events occurred in the control group. No hospitalization

Table 1: Baseline characteristics of participants

MorDHA plus Ca-D (n =36 P
Ca-D (n =39) Mean (SD) (t-test)
Mean (SD)

Age (years) 40.11 (14.55)
Body mass index (kg/cm) 19.57 (4.09)
Time since SCI (years) 13.67 (25.87)

38.36 (12.28) 0.3
19.80 (3.57) 05
9.22 (7.49) 0.2

Neck.T -235(1.23)  -2.41(1.08)  0.83
Troch.T 213 (0.8) 2,04 112)  0.70
Inter.T 239 (0.95)  -252 (111)  0.60
Total.T 246 (0.83)  -2.51 (1.14)  0.87
Z score (Neck.T) 04 (0.93)  -045(0.82) 0.83
Z score (Total.T) -0.45(0.78)  -0.48 (1.07)  0.87

No significant differences between two groups by t test

Table 2: Dietary characteristics of participants

MorDHA plus Ca-D (n = 36) P
Ca-D (n = 39) Mean (SD) (t-test)
Mean (SD)
Calcium intake (mg/day) 816.52 (570.17) 786.32 (862.59) 0.9
Fat (gr/day) 85.8 (72.36) 56.68 (37.38) 0.3

Magnesium (mg/day)
manganese (mg/day)
zinc (mg/day)
Kilocalorie Kcal/day
carbohydrate (g/day)
Cholesterol (mg/day)
Phosphorus (mg/day)

303.93 (258.60) 1315.87 (567.27) 0.8
313 (2.28) 329 (589) 0.9
10.31 (5.71) 9.01 (6.87) 06

2002.52 (658.04) 1588.96 (709.24) 0.43

25017 (91.63)  221.44 (93.78) 0.65

321.30 (241.00) 245.51 (267.38) 0.21

1285.03 (721.79) 1020.46 (690.02) 0.31

Copper (mg/day) 1.82 (3.38) 1.23 (1.34) 0.45
Selenium (ug/day) .09 (.04) .08 (.05) 0.34
Molybdenum (mg/day) 30.21 (38.48) 56.34 (171.98) 0.45
Fluoride (g/day) 18.9 (15.24) 14.43 (11.46) 0.8
Vitamin k (mg/day) 115.02 (121.24) 381.54 (1609.94) 0.23
Vitamin D (IU) 1.19 (1.63) 1.69 (3.03) 0.1
Dietary fiber (g/day) 13.02 13.97 (15.28) 0.3

No significant differences between two groups by t test

or death caused by adverse events occurred in the
supplemented group.

DISCUSSION

In vivo and in vitro studies have shown that the dietary
n3-PUFA may play an important role in suppressing the
production of bone absorption, pro-inflammatory cytokine,
and improving of lipid profile.>'*?l However, data are very
few in human studies.”*?®! Until now, no conclusive data are
available in SCI patients.

This study evaluated the anti-inflammatory aspect of
omega-3 fatty acids relative to cytokines and their clinical
effects in osteoporotic SCI patients. Mean differences in all
pro-inflammatory cytokines were not significant in both
treatment and control groups during the study (P>0.05).

In some recent studies, n-3 PUFA present in fish oil that were
shown to decrease the production of three inflammatory
cytokines, IL-6, IL-1 B, and TNF-«a in vitro.5%21 Recent
studies in normal volunteers indicate that the beneficial
effects of dietary PUFA on risk of chronic inflammatory
disease (cardiovascular disease, rheumatoid arthritis,
asthma, and periodontitis)®'” is based on decrease in
production of interleukins.

It seems that the anti-inflammatory effects of DHA may
be much more effective than EPA[*53 It might be, in part,
due to the inhibition of transcription nuclear factor-kB
intracellular signaling activation and activation of another
transcription factor peroxisome proliferator-activated
receptor-y.%7231 In a recent study, treatment with fish oil for
two years retards the rate at which renal function is lost.*
The omega-3 fatty acids in fish oil affect cytokine production
in patients with IgA nephropathy®®? and Iupus nephritis.[*34
Kelley et al.? evaluated the effect of DHA on the production
of TNF-a and IL-1 in young healthy men. They were shown
that DHA (6 g/d) had no effect on cytokines production.

In agreement with our study, some human studies had shown
no effect of fish oils on pro-inflammatory cytokines.?3!
In another double-blind study, 42 healthy subjects were
randomly allocated to receive supplementation with either

Table 3: Between group differences in Serum IL-1f3, IL-6, and TNF-a of variables from the beginning to the end of the

study {Mean (SD)}

MorDHA group*

Control group**

Parameter Mean difference 0 months 4 months Mean Difference 0 months 4 months
11-B (pg/ml) -23.70 (24.60) 46.47 (18.42) 31.54 (46.33) -22.01 (28.79) 46.75 (14.06) 27.71 (32.42)
IL6 (pg/ml) -16.54 (38.41) 66.46 (36.25) 49.92 (26.51) -11.63 (31.94) 62.48 (25.86) 50.48 (23.82)

TNF-a (pg/ml) 116 (23.12) 52.88 (64.96)

35.84 (19.66)

4.59 (16.52) 34.91 (17.94) 30.32 (9.09)

*MorDHA group: 1000mg (435 mg DHA, 65 mg EPA) (Minami Nutrition Co. Belgium) plus Ca (mg1000)- Vitamin D (400 1U) (Darou Pakhsh Drug Co. Iran); **Placebo: Gelatin 1000 mg
(Zahravi Pharmaceutical Co. Iran) plus Ca (mg 1000)- Vitamin D (400 IU) (Darou Pakhsh Drug Co. Iran); - No significant differences between two groups by t test
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placebo (olive oil), EPA (4.7 g/d), or DHA (4.9 g/d) for 4
weeks.

No significant effect of fish oils was found on cytokine
production.™ In a study,”! researchers evaluated the effect
of n-3 fatty acids on bone biomarkers in 25 osteoporotic
post-menopausal women. Patients received 900 mg n-3 fatty
acid capsules or placebo for 6 months.

No significant changes were seen in bone resorption or
formation markers, except for urine pyridinoline in this study.

Given the continued interest in the modulatory effects
of n-3PUFAs on inflammation-based bone resorption
and lack of information about SCI patients, led ours to
design this study to investigate the effect of omega-3
fatty acids on inflammatory cytokines in SCI patients.
However, in most of these studies, the dosage and period
of supplementation were substantially greater than those
used in our study.

It seems that considerable inconsistency has been shown
in the reported effects of n -3PUFAs on production of
inflammatory cytokines. This variation may be due to
differences in doses that are used in variable studies.[?3¢
However, some studies using high doses of n -3 PUFAs!253840]
showed no significant positive effect, whereas others using
low doses have shown inhibitory effect on production of
cytokines." It seems that these researches may estimate
their power studies based on earlier studies that evaluate
the effect of n3-PUFAs on inflammatory cytokines and
bone modulation with flawed design. Consequently, the
later studies failed to confirm the results of the earlier
studies. Therefore, reevaluation of this interesting field
with responsible design, sample size, and different doses
is clearly essential.

LIMITATIONS

In spite of the fact that both genders were used in our study
along with a greater number of participants, our sample
was still fairly small and limited our power to recognize
small differences between groups. Moreover, time scarcity
was another limitation of our study. Our study was done
in 4 months, and it seems that estimation of BMD can give
us more reliability. So, designing of a study with a longer
duration of at least 1 to 2 years to evaluate the changes
of BMD in parallel with inflammation markers could be
helpful.

ACKNOWLEDGMENTS

The Thanks are extended to Minami Nutrition, Belgium for supplying us with
MorDHA soft gels. The authors thank the participants of the study for their
enthusiastic support. This study has been supported by a grant from the
Tehran University of Medical Sciences (Grant No: 7538 /5/2008).

326 Journal of Research in Medical Sciences

REFERENCES

1. Maimoun L, Couret I, Mariano-Goulart D, Dupuy AM, Micallef
JP, Peruchon E, et al. Changes in osteoprotegerin/RANKL system,
bone mineral density, and bone biochemicals markers in patients
with recent spinal cord injury. Calcif Tissue Int 2005,76:404-11.

2. Maimoun L, Fattal C, Micallef JP, Peruchon E, Rabischong P. Bone
loss in spinal cord-injured patients: From physiopathology to
therapy. Spinal Cord 2006;44:203-10.

3. Jiang SD, Jiang LS, Dai LY. Mechanisms of osteoporosis in spinal
cord injury. Clin Endocrinol (Oxf) 2006;65:555-65.

4. Garland DE, Adkins RH, Scott M, Singh H, Massih M, Stewart
C. Bone loss at the os calcis compared with bone loss at the
knee in individuals with spinal cord injury. ] Spinal Cord Med
2004;27:207-11.

5. Lerner UH. Inflammation-induced bone remodeling in periodontal
disease and the influence of post-menopausal osteoporosis. ] Dent
Res 2006;85:596-607.

6. Watkins BA, Li Y, Lippman HE, Seifert MF. Omega-3
polyunsaturated fatty acids and skeletal health. Exp Biol Med
(Maywood) 2001;226:485-97.

7. Watkins BA, Li Y, Lippman HE, Feng S. Modulatory effect of
omega-3 polyunsaturated fatty acids on osteoblast function and
bone metabolism. Prostaglandins Leukot Essent Fatty Acids
2003;68:387-98.

8. Rahman MM, Bhattacharya A, Fernandes G. Docosahexaenoic acid
is more potent inhibitor of osteoclast differentiation in RAW 264.7
cells than eicosapentaenoic acid. ] Cell Physiol 2008;214:201-9.

9. Simopoulos AP. Omega-3 fatty acids in inflammation and
autoimmune diseases. ] Am Coll Nutr 2002;21:495-505.

10. Javierre C, Vidal J, Segura R, Medina ], Garrido E. Continual
supplementation with n-3 fatty acids does not modify plasma lipid
profile in spinal cord injury patients. Spinal Cord 2005;43:527-30.

11. Wang TD, Wang YH, Huang TS, Su TC, Pan SL, Chen SY.
Circulating levels of markers of inflammation and endothelial
activation are increased in men with chronic spinal cord injury. J
Formos Med Assoc 2007;106:919-28.

12. Sabour H, Javidan AN, Vafa MR, Shidfar F, Nazari M, Saberi H,
et al. Calorie and macronutrients intake in people with spinal cord
injuries: An analysis by sex and injury-related variables. Nutrition
2011 [In press].

13. Sabour H, Javidan AN, Vafa MR, Shidfar F, Nazari M, Saberi H,
et al. Obesity predictorsin people with chronicspinal cord injury:
An analysis by injury related variables. ] Res Med Sci 2011;16:335-9.

14. Larijani B, Bekheirnia MR, Soltani A, Khalili-Far A, Adibi H, Jalili
RB. Bone mineral density is related to blood pressure in men. Am
J Hum Biol 2004;16:168-71.

15. Larijani B, Moayyeri A, Keshtkar AA, Hossein-Nezhad A, Soltani
A, Bahrami A, et al. Peak bone mass of Iranian population:
The Iranian Multicenter Osteoporosis Study. ] Clin Densitom
2006;9:367-74.

16. Esmaillzadeh A, Azadbakht L. Food intake patterns may explain
the high prevalence of cardiovascular risk factors among Iranian
women. ] Nutr 2008;138:1469-75.

17. Groah SL, Nash MS, Ljungberg IH, Libin A, Hamm LF, Ward E,
et al. Nutrient intake and body habitus after spinal cord injury: An
analysis by sex and level of injury. ] Spinal Cord Med 2009;32:25-33.

18. Edwards LA, Bugaresti JM, Buchholz AC. Visceral adipose tissue
and the ratio of visceral to subcutaneous adipose tissue are greater
in adults with than in those without spinal cord injury, despite
matching waist circumferences. Am J Clin Nutr 2008;87:600-7.

19. Maimoun L, Fattal C, Sultan C. Bone remodeling and calcium
homeostasis in patients with spinal cord injury: A review.
Metabolism 2011;60:1655-63.

| April 2012 |



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

| April 2012 |

Sabour, et al.; Inflammatory markers in chronic spinal cord injury

Dionyssiotis Y, Trovas G, Galanos A, Raptou P, Papaioannou N,
Papagelopoulos P, et al. Bone loss and mechanical properties of
tibia in spinal cord injured men. ] Musculoskelet Neuronal Interact
2007;7:62-8.

Garland DE, Stewart CA, Adkins RH, Hu SS, Rosen C, Liotta FJ,
et al. Osteoporosis after spinal cord injury. ] Orthop Res
1992;10:371-8.

Garland DE, Adkins RH, Kushwaha V, Stewart C. Risk factors for
osteoporosis at the knee in the spinal cord injury population. J
Spinal Cord Med 2004;27:202-6.

Shidfar F, Keshavarz A, Jallali M, Miri R, Eshraghian M.
Comparison of the effects of simultaneous administration of
vitamin C and omega-3 fatty acids on lipoproteins, apo A-I, apo
B, and malondialdehyde in hyperlipidemic patients. Int ] Vitam
Nutr Res 2003;73:163-70.

Watkins BA, Reinwald S, Li Y, Seifert MF. Protective actions of soy
isoflavones and n-3 PUFAs on bone mass in ovariectomized rats.
J Nutr Biochem 2005;16:479-88.

Zhao G, Etherton TD, Martin KR, Vanden Heuvel JP, Gillies PJ,
West SG, et al. Anti-inflammatory effects of polyunsaturated
fatty acids in THP-1 cells. Biochem Biophys Res Commun 2005;
336:909-17.

Li Q, Zhang Q, Wang M, Zhao S, Xu G, Li J. n-3 polyunsaturated
fatty acids prevent disruption of epithelial barrier function induced
by proinflammatory cytokines. Mol Immunol 2008;45:1356-65.
Watkins BA, Li Y, Seifert MF. Dietary ratio of n-6/n-3 PUFAs
and docosahexaenoic acid: Actions on bone mineral and serum
biomarkers in ovariectomized rats. ] Nutr Biochem 2006;17:282-9.
Kew S, Mesa MD, Tricon S, Buckley R, Minihane AM, Yaqoob P.
Effects of oils rich in eicosapentaenoic and docosahexaenoic acids
onimmune cell composition and function in healthy humans. Am
J Clin Nutr 2004;79:674-81.

Kesavalu L, Vasudevan B, Raghu B, Browning E, Dawson D, Novak
JM, et al. Omega-3 fatty acid effect on alveolar bone loss in rats. J
Dent Res 2006;85:648-52.

Kishida E, Tajiri M, Masuzawa Y. Docosahexaenoic acid enrichment
can reduce 1929 cell necrosis induced by tumor necrosis factor.
Biochim Biophys Acta 2006;1761:454-62.

Griel AE, Kris-Etherton PM, Hilpert KF, Zhao G, West SG, Corwin
RL. An increase in dietary n-3 fatty acids decreases a marker of

bone resorption in humans. Nutr ] 2007;6:2.

32. Donadio JV Jr., Bergstralh EJ, Offord KP, Spencer DC, Holley KE.
A controlled trial of fish oil in IgA nephropathy. Mayo Nephrology
Collaborative Group. N Engl ] Med 1994;331:1194-9.

33. Walton AJ, Snaith ML, Locniskar M, Cumberland AG, Morrow
W], Isenberg DA. Dietary fish oil and the severity of symptoms
in patients with systemic lupus erythematosus. Ann Rheum Dis
1991;50:463-6.

34. Clark WF, Parbtani A, Naylor CD, Levinton CM, Muirhead N,
Spanner E, et al. Fish oil in lupus nephritis: Clinical findings and
methodological implications. Kidney Int 1993;44:75-86.

35. Kelley DS, Taylor PC, Nelson GJ, Mackey BE. Dietary
docosahexaenoicacid and immunocompetence in young healthy
men. Lipids 1998;33:559-66.

36. Yaqoob P. Lipids and the immune response: From molecular
mechanisms to clinical applications. Curr Opin Clin Nutr Metab
Care 2003;6:133-50.

37. Salari Sharif P, Asalforoush M, Ameri F, Larijani B, Abdollahi
M. The effect of n-3 fatty acids on bone biomarkers in Iranian
postmenopausal osteoporotic women: A randomized clinical trial.
Age (Dordr) 2010;32:179-86.

38. Yaqoob P, Pala HS, Cortina-Borja M, Newsholme EA, Calder PC.
Encapsulated fish oil enriched in alpha-tocopherol alters plasma
phospholipid and mononuclear cell fatty acid compositions but
not mononuclear cell functions. Eur ] Clin Invest 2000;30:260-74.

39. Soyland E, Lea T, Sandstad B, Drevon A. Dietary supplementation
with very long-chain n-3 fatty acids in man decreases expression
of the interleukin-2 receptor (CD25) on mitogen-stimulated
lymphocytes from patients with inflammatory skin diseases. Eur
J Clin Invest 1994;24:236-42.

40. Caughey GE, Mantzioris E, Gibson RA, Cleland LG, James MJ. The
effect on human tumor necrosis factor alpha and interleukin 1 beta
production of diets enriched in n-3 fatty acids from vegetable oil
or fish oil. Am J Clin Nutr 1996;63:116-22.

How to cite this article: Sabour H, Larijani B, Vafa MR, Hadian MR, Heshmat
R, Aghaei Meybodi H, Emami Razavi H, Norouz Javidan A, Shidfar F. The
effects of n-3 fatty acids on inflammatory cytokines in osteoporotic spinal cord
injured patients: A randomized clinical trial. J Res Med Sci 2012; 17(4): 322-7.

Source of Support: Tehran University of Medical Sciences (Grant No: 7538

/5/2008)., Conflict of Interest: None declared.

Journal of Research in Medical Sciences 327




