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Objective: Cholesterol levels have been reported to be lower in suicidal patients, and alterations in blood levels of polyunsaturated fatty
acids have been found in people with depression. Given that the evidence for the link between lipid metabolism and psychopathology
thus far has almost exclusively hinged on alterations of these variables in blood, this study aimed to address whether similar alterations
in fatty acids would be evident in the brains of people who complete suicide. Methods: Using gas chromatography, we measured 49 dif-
ferent fatty acids in the orbitofrontal cortex and the ventral prefrontal cortex of people who had completed suicide with (n = 16) and with-
out (n = 23) major depression and in control subjects (n = 19) with no current psychopathology and whose cause of death was sudden.
Results: Comparisons of fatty acids between the 3 groups did not reveal significant differences. Conclusion: Further research is re-
quired to better understand the link between fatty acids in the peripheral circulation and those in the central nervous system before deter-
mining whether fatty acids play a mediating role in suicidal behaviour.

Obijectif : On a signalé des niveaux de cholestérol moins élevés chez les patients suicidaires et on a constaté des altérations des concen-
trations sanguines d’acides gras polyinsaturés chez les personnes atteintes de dépression. Etant donné que les preuves relatives au lien
entre le métabolisme des lipides et la psychopathologie reposent jusqu’a maintenant presque exclusivement sur des altérations de ces vari-
ables du sang, I'étude visait a déterminer si des altérations semblables au niveau des acides gras seraient évidentes dans le cerveau de
personnes qui se sont suicidées. Méthodes : Nous avons utilisé la chromatographie en phase gazeuse pour mesurer 49 acides gras dif-
férents dans le cortex orbitofrontal et le cortex préfrontal ventral de personnes qui se sont suicidées (n = 16) et de sujets (n = 23) sans dé-
pression majeure et de sujets témoins (n = 19) qui n’avaient aucune psychopathologie courante et qui sont morts subitement. Résultats :
Les comparaisons des acides gras entre les trois groupes n'ont pas révélé de différences significatives. Conclusion : Une recherche plus
poussée s'impose pour mieux comprendre le lien entre les acides gras dans la circulation périphérique et ceux que I'on retrouve dans le

systeme nerveux central avant de déterminer si les acides gras jouent un réle de médiation dans le comportement suicidaire.

Introduction

There has been growing interest in investigating lipid metab-
olism in relation to normal central nervous system (CNS) de-
velopment and function and in the possible role of lipid
metabolism alterations in mental health problems such as
suicidal behaviour and major depression (MD). Low levels of
serum cholesterol have been linked to suicidality and vio-
lence in many different types of studies."” The data support-
ing the link come from studies correlating serum cholesterol
measurements with violent or suicidal behaviours, or both, in

psychiatric patients,” in people who attempt suicide®™ and
in violent populations."™ Data are derived from large cohort
studies®®® and from studies in animals.?** It remains unclear,
however, how serum cholesterol might be involved in in-
creasing the risk of suicidal or violent behaviour. It has been
hypothesized that low serum cholesterol reflects reduced
cholesterol content in the brain, specifically in brain cell
membranes. This might impact on the serotonergic system,
due to the lowering of the lipid microviscosity of the brain
cell membranes.* Alternatively, reduced brain cholesterol
might affect synaptic plasticity, because cholesterol is re-
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quired for synapse formation.” We previously reported our
finding of significantly reduced cholesterol content in the
frontal cortex of people who had completed suicide using vi-
olent, compared with nonviolent, methods.” This observation
led us to question whether there are alterations in other lipid
classes in the brains of people who had completed suicide.
This is a particularly relevant question given some recent re-
ports suggesting that polyunsaturated fatty acids (PUFAs)
may play a role in suicidality.

In an epidemiological survey of 1767 subjects from the gen-
eral population in Finland, those who frequently ate fish —
which is a rich source of omega-3 fatty acids — were found to
have a significantly lower risk of suicidal ideation compared
with people who ate fish less frequently.” Extending the link
with suicidality beyond dietary assessments to actual mea-
sures of fatty acids in the blood, Huan and colleagues® con-
ducted a case-control study in China of 100 people who had
attempted suicide and 100 hospital admission control sub-
jects and found that those who had attempted suicide had
significantly lower levels of omega-3 fatty acids, including
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA), in the total phospholipid fraction of red blood cells
(RBCs). Similarly, in a study of patients with depression
monitored for suicide attempt over a 2-year period, survival
analysis revealed that lower proportions of omega-3 fatty
acids, particularly DHA, in plasma were predictive of suicide
attempt.” Not all studies have found a link between suicidal-
ity and fatty acids. A large cohort study of 29 133 men ob-
served for up to 8 years did not find a link between dietary
consumption of fatty acids and death from suicide.” Since the
substantiation supporting the link between fatty acids and
suicide is scarce, more research is warranted, especially con-
sidering growing evidence emphasizing the relation between
fatty acids and mood disorders.

Several studies have shown a link between low blood lev-
els of omega-3 fatty acids, or an elevated omega-6—-to—omega-
3 ratio, and depressive disorders, including MD, bipolar
disorder and postpartum depression” (see Parker and oth-
ers® for review). Maes and colleagues® found that patients
with MD had higher omega-6—-to-omega-3 ratios and lower
omega-3 levels in serum cholesteryl ester fractions, compared
with healthy control subjects. Similarly, Edwards and col-
leagues™ found an association between low omega-3 levels in
RBC membranes and severity of depression. Epidemiological
studies worldwide have revealed inverse correlations be-
tween fish consumption and depressive disorders.”™ These
findings have led researchers to investigate the possibility of
using dietary omega-3 supplements as a treatment for de-
pression. Double-blind randomized controlled trials of PUFA
supplementation in patients with bipolar disorder or MD
have typically used EPA, DHA or both as an adjunct to stan-
dard treatment, and most** — but not all** — have re-
ported improvements in mood in the PUFA supplement
groups, as reflected in reduced scores on depression rating
scales. Overall, the evidence points to an association between
alterations in PUFAs and depression, but it is apparent that a
clearer picture of the possible mechanisms by which PUFAs
might influence depressive symptoms is necessary before ap-

plying the findings to a clinical setting and concluding that
supplementation is safe and effective.

As with the reported association between serum cholesterol
and suicidality, it is important to address whether fatty acid
alterations observed in the peripheral circulation are also evi-
dent in the brain. This has not been investigated in studies ex-
amining fatty acids in relation to either suicidality or MD,
despite the suggested crucial role of omega-3 fatty acids in
brain functioning.**' Given what is known about the relation
between cholesterol and fatty acids in the blood and given the
evidence suggesting that these parameters are related to suici-
dality and depression, respectively, disruptions in PUFAs
(particularly omega-3 and omega-6) might also be expected in
the brains of people who complete suicide. We therefore mea-
sured fatty acids in brain tissue from people who had com-
pleted suicide and control subjects to explore possible fatty
acid profile alterations in those who completed suicide, with
and without MD.

Methods
Subjects

Brain tissue samples used in this study were obtained from
the Quebec Suicide Brain Bank (QSBB) in collaboration with
the Quebec Coroner’s Office. We included in this study 39
men who died by suicide. Of these, 16 had a diagnosis of
MD. We considered this group separately from the remain-
ing 23 subjects who had completed suicide and who did not
have MD, given the evidence linking peripheral fatty acid al-
terations to MD.** The control group comprised 19 men
who died suddenly from causes that had no direct influence
on brain tissue. Cause of death was ascertained by the coro-
ner’s office. Toxicological screening with either body fluid or
tissue samples was performed to assist in determining the
cause of death; thus, information on drug and alcohol use at
the time of death was available for some subjects. There were
no signs of prolonged agonal state in any of the deaths, nor
was there any evidence of neurodegeneration or other abnor-
malities in any of the brains.

Psychological autopsies were performed to obtain informa-
tion on psychiatric history, medical history and other relevant
clinical and sociodemographic data, as previously described.”*
The Structured Clinical Interview for the DSM-IV (SCID-1)* was
administered to 1 or more informants of the deceased. SCID-I
assessments, case reports, coroner’s notes and medical records
were reviewed by a panel of clinicials to obtain consensus psy-
chiatric diagnoses. Approval for this study was granted by our
local institutional review board, and written informed consent
was obtained from each participating family of the deceased
before the subject’s inclusion in the study.

Fatty acid analysis in brain tissue

Whole brains were processed and sectioned as previously
outlined® and kept frozen at -80°C. The average period be-
tween death and brain tissue collection was approximately 25
hours. The brain tissue specimens used for the analysis of
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fatty acid content were dissected from 2 regions of the frontal
cortex from the left hemisphere of all subjects. Samples were
obtained from the orbitofrontal cortex (Brodmann’s area [BA]
11) and ventral prefrontal cortex (BA 47), because these 2
frontal cortical regions have been shown to play a role in sui-
cidality*; we have reported significantly lower cholesterol
content in people who used violent, compared with nonvio-
lent, methods to complete suicide in these 2 regions.* A small
portion of grey matter approximately 100 to 300 mg (wet
weight) in size was carefully dissected at 4°C from each
frontal region and stored in a plastic vial kept at -80°C.

Each brain tissue sample was weighed while frozen just be-
fore homogenization on ice in saline containing 0.005%
(weight/volume) butylated hydroxy-toluene (BHT). An
aliquot of homogenate was lipid-extracted with 2:1 chloro-
form:methanol (volume/volume)” and internal standard and
BHT. The samples were agitated at room temperature for 1
hour and centrifuged; the inferior phase containing the lipid
fraction was recovered and evaporated under a fine stream of
nitrogen. NaOCH, was added, and the samples were left at
room temperature for 30 minutes before hydrochloric acid-
methanol was added. After a 5-minute wait at room tempera-
ture, boron trifluoride,-methanol was added and the samples
were incubated at 100°C for 20 seconds. Saline was then
added. The samples were centrifuged at room temperature to
recover the superior phase for analysis by gas chromatogra-
phy (GC), as previously described,” using the Varian 8400 GC
Autosampler system (Cole-Parmer, Ill., Vernon Hills), with

Table 1: Subject characteristics

helium as the carrier gas, a flow rate of 1.0 mL/min and a
coupled flame ionization detector. The fatty acids were identi-
fied by comparison with the expected retention times of
known standards and were analyzed with Galaxie Chro-
matography Data System software (Varian Inc., Palo Alto,
Calif.). The amount of each fatty acid in the brain sample is
expressed either as umol/g (wet weight) of brain tissue or as a
percentage of total fatty acids. An aliquot of homogenate was
also taken for cholesterol analysis, as previously described.*

Statistical analyses

Differences in dichotomous variables were analyzed with
Pearson’s chi-squared test or Fisher’s exact test, and continu-
ous variables were compared with 1-way analysis of variance
(ANOVA) or 2-tailed Student’s f test. Pearson’s correlation
coefficient was used to test for correlations among continu-
ous variables. We used SPSS version 11 to conduct statistical
analyses.

Results

Table 1 shows the main characteristics of the subjects included
in this study, with the people who had completed suicide di-
vided into 2 groups according to the absence or presence of a
diagnosis of MD within the 6 months before death.

In total, 49 different species of fatty acids were measured in
each sample, using GC. Although the principal fatty acids of

Group; no. of subjects (and %)*t

Control subjects

Completed suicide, no MD Completed suicide, with MD

Characteristics (n=19) (n=23) (n=16)
Mean age, yrt 36.7 (11.5) 34.8 (10.4) 33.9 (11.0)
Postmortem interval, hr§ 24.0 (6.2) 26.6 (9.7) 24.8 (6.1)
Brain tissue pH| 6.4 (0.3) 6.3 (0.3) 6.5 (0.4)
Causes of death
Cardiac related 11 (57.9) — —
Hanging — 12 (52.2) 11 (68.8)
Car accident 5(26.3) — —
CO poisoning — 5(21.7) 2(12.5)
Drug overdose 2(10.5) 2(8.7) 1(6.3)
Respiratory failure 1(5.3) — —
Drowning — 1(4.3) 1(6.3)
Cutting 1(4.3) — —
Firearm — 1(4.3) 1(6.3)
Present axis | diagnosis** 5(35.7) 10 (76.9) 16 (100)
Major depression — — 16 (100)
Substance misuse 4 (28.6) 7 (53.8) 10 (62.5)
Past axis | diagnosistt 6 (42.9) 10 (76.9) 14 (87.5)
Major depression 3(15.8) — 11 (68.7)
Substance misuse 5(35.7) 8 (61.5) 10 (62.5)
Axis Il diagnosis — 7 (53.8) 6 (37.5)

*Unless otherwise indicated.

tPercentages are given according to the number of subjects for whom the data were available.

tp=0.74.

§p=0.57.

flp=0.42.

**Diagnosis of at least 1 axis | disorder within the 6 mo before death.

ttDiagnosis of at least 1 axis | disorder in the past, excluding the 6 mo before death.
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Table 2: Fatty acid composition in grey matter samples taken from the orbitofrontal cortex (BA 11) and ventral prefrontal cortex (BA 47) of control
subjects (n = 19), subjects without MD who completed suicide (n = 23) and subjects with MD who completed suicide (n= 16)

Group; mean (and SD)

BA 11~ BA 47~

Fatty acid o] S D p value o] S D p value
7:0 0.00(0.00)  0.00(0.00) 0.0 (0.00) 0.00(0.00)  0.00(0.00)  0.00 (0.00)

8:0 0.08(0.04)  008(0.02)  0.10(0.07) 055 0.08(0.03)  0.08(0.03)  0.09(0.04) 035
9:0 0.13(0.06)  0.13(0.04)  0.15(0.11) 0.60 013(0.06)  0.12(0.04)  0.14(0.05) 073
10:0 074(0.37)  065(022)  0.75(0.26) 0.47 073(0.36)  0.72(028)  0.79 (0.35) 0.80
11:0 0.05(0.05)  0.03(0.02)  0.05(0.04) 0.08 0.02(0.01)  0.02(0.01)  0.04(0.04) 0.09
12:0 022(0.11)  020(0.06)  0.22(0.08) 075 021(0.10)  0.21(0.06)  0.24(0.10) 0.51
13:0 0.06(0.07)  003(0.04)  0.10(0.21) 0.20 002(0.03)  0.02(0.01)  0.04(0.10) 0.26
14:0 063(0.09)  063(0.06)  0.67(0.10) 0.23 062(0.08)  0.62(0.04)  0.65(0.07) 0.35
15:0 015(0.07)  0.13(0.01)  0.14(0.03) 0.33 0.16(0.07)  0.14(0.01)  0.14(0.02) 0.30
16:0 (palmitic) 2161 (0.90) 21.32 (1.46)  20.46 (2.54) 0.13 2132 (1.66)  21.08(0.96  21.22(0.88) 0.82
17:0 035(0.15)  0.32(0.06)  0.34(0.08) 0.60 036(0.14)  0.33(0.05)  0.35(0.06) 0.58
18:0 (stearic) 18.92 (0.59)  18.96 (0.55)  19.09 (1.10) 077 18.91 (0.52)  18.83(0.54)  19.03 (0.55) 052
19:0 0.06(0.02)  0.06(0.02)  0.06(0.03) 067 0.07(0.02)  0.06(0.01)  0.06(0.02) 0.39
20:0 010(0.02)  0.10(0.01)  0.13(0.11) 0.31 010(0.02)  0.10(0.01)  0.11(0.02) 078
22:0 0.07(0.08)  0.05(0.01)  0.06(0.03) 0.69 0.05(0.01)  0.05(0.02)  0.05(0.01) 0.99
24:0 068(0.68)  053(0.56)  1.02(1.02) 0.13 024(012)  0.41(050)  0.47(0.76) 0.39
Total saturated 4384 (1.13) 4320 (1.50)  43.35 (2.33) 0.37 43.04 (2.18)  42.80(1.43)  43.42(1.12) 0.52
11:1 0.00(0.00)  0.00(0.00) 0.0 (0.00) 0.00(0.00)  0.00(0.00)  0.00 (0.00)

12:1 0.00(0.00)  0.00(0.00)  0.01(0.01) 0.14 0.00(0.00)  0.00(0.00)  0.01(0.01) 0.87
13:1 0.01(0.02)  001(0.01)  0.01(0.01) 0.37 0.01(0.01)  0.01(0.01)  0.01(0.01) 0.58
14:1 0.00(0.00)  0.00(0.00) 0.0 (0.00) 0.64 0.00(0.00)  0.00(0.00)  0.00(0.00) 0.69
15:1 0.06(0.21)  002(0.02)  0.03(0.04) 0.46 002(0.03)  0.02(0.02)  0.03(0.04) 0.34
16:1 1.96(1.35)  2.01(0.99)  1.67(1.14) 0.65 1.99(0.97)  2.01(1.36)  2.05(1.35) 0.99
17:1 0.01(0.03)  001(0.01)  0.01(0.02) 0.60 0.01(0.01)  0.01(0.01)  0.01(0.01) 0.37
18:1n-7 372(0.34)  4.09(0.65)  3.92(0.59) 0.10 425(1.08)  435(0.84)  4.09(0.58) 067
18:1n-9 (oleic) 1478 (1.47) 1616 (3.25)  15.99 (2.06) 017 15.89 (5.29) 16.72(2.73)  16.19 (1.88) 075
18:1n-12 0.13(0.06)  0.15(0.06)  0.18(0.14) 0.32 0.14(0.06)  0.15(0.03)  0.15(0.04) 078
20:1n-9 078(0.30)  0.87(0.48)  0.97 (0.33) 0.34 0.91(0.53)  0.93(0.39)  0.90(0.33) 0.97
20:1n-12 0.04(0.03)  0.07(0.05)  0.06(0.04) 0.16 0.06(0.03)  0.05(0.03)  0.05(0.04) 0.69
20:1n-15 021(0.89)  001(0.02)  0.01(0.02) 0.38 0.01(0.01)  0.01(0.01)  0.01(0.01) 0.52
22:1n-9 0.34(0.64)  020(0.09)  0.21(0.12) 043 021(012)  021(007)  0.23(0.12) 0.84
24:1n-9 0.15(0.47)  0.06(0.07)  0.05(0.04) 0.46 0.03(0.01)  0.04(0.02)  0.04(0.03) 0.27
Total monounsaturated ~ 22.21 (2.27)  23.66 (4.26)  23.13 (2.79) 0.38 2352 (6.66)  24.51(3.64)  23.76 (2.31) 077
16:1T9 0.18(0.06)  021(012)  0.17(0.09) 0.40 022(012)  0.22(0.09)  0.21(0.06) 0.96
18:1T9 0.06(0.03)  0.07(0.02)  0.08(0.05) 0.38 007(0.03)  0.07(0.01)  0.07(0.02) 0.83
18:1T7 0.13(0.09)  0.14(0.08)  0.16(0.09) 0.59 084(3.18)  0.14(0.09)  0.15(0.08) 0.40
18:2TT 0.01(0.00)  0.01(0.00)  0.01(0.01) 067 0.01(0.00)  0.01(0.00)  0.01(0.00) 075
Total trans 037(0.13)  043(0.14)  0.41(0.15) 043 113(3.16)  0.43(0.10)  0.44(0.07) 0.40
18:3n-3 (ALA) 0.06(0.04)  010(0.19)  0.07 (0.03) 063 007(0.07)  0.07(0.03)  0.08(0.04) 0.74
20:3n-3 0.02(0.03)  001(0.02)  0.03(0.04) 0.11 0.01(0.01)  0.01(002)  0.01(0.02) 0.96
20:5n-3 (EPA) 0.03(0.01)  0.04(0.04)  0.03(0.02) 078 003(0.03)  0.03(0.02)  0.03(0.01) 0.74
22:3n-3 0.00(0.00)  0.00(0.00)  0.00 (0.00) 0.00(0.00)  0.00(0.00)  0.00(0.00)

22:5n-3 042(0.09)  041(011)  0.42(0.10) 0.93 0.38(0.09)  0.38(0.08)  0.40(0.06) 0.89
22:6n-3 (DHA) 1512 (1.00)  14.48 (2.42)  14.64 (2.17) 0.58 14.42 (2.99)  14.66 (2.28)  14.77 (1.54) 0.90
Total omega-3 15.65(1.09)  15.03 (2.49)  15.19 (2.15) 0.61 1492 (3.09) 1514 (2.34)  15.28 (1.57) 0.91
18:2n-6 (LA) 062(0.12)  061(0.11)  0.66(0.21) 057 066(0.19)  0.63(0.13)  0.64(0.07) 0.79
18:3n-6 0.03(0.03)  0.01(0.01)  0.04(0.07) 0.12 002(0.03)  0.01(0.02)  0.03(0.05) 0.23
20:2n-6 0.34(0.58)  029(0.54)  0.28(0.47) 0.92 0.41(0.03)  0.11(0.03)  0.11(0.05) 077
20:3n-6 087(0.14)  086(0.16)  0.95(0.13) 0.18 084(0.15)  0.83(0.15)  0.90(0.13) 0.28
20:4n-6 (AA) 963(0.77)  9.29(1.06)  9.41(1.25) 057 921 (1.16)  9.05(0.79)  9.08 (0.60) 0.82
22:2n-6 0.02(0.01)  004(0.05)  0.02(0.02) 0.10 003(0.02)  0.03(0.02)  0.03(0.02) 0.80
22:4n-6 (DTA) 6.22(0.36)  6.38(0.52)  6.38(0.48) 0.50 6.32(0.84)  6.24(055  6.10(0.41) 0.58
Total omega-6 17.73(1.34)  17.47 (1.13)  17.73 (1.64) 078 1718 (1.04)  16.90 (0.95)  16.90 (0.77) 0.56
20:3n-9 (ETA) 019(0.03)  021(0.05)  0.19(0.03) 0.16 0.21(0.05)  0.21(0.05  0.20(0.05) 077
Total polyunsaturated ~ 33.57 (1.72)  32.71 (2.99)  33.11 (3.24) 0.60 32.32 (3.45) 32.25(2.36)  32.38 (1.66) 0.99
Total FA uM/g brain 1031715 1015712 1029297 0.95 1096350 1050181 1038491 0.49

(120558) (174385) (200593) (164122) (166827) (121144)

BA = Brodmann's area; MD = major depression; SD = standard deviation; C = control subjects; S = people without MD who completed suicide; D = subjects with MD who completed
suicide; ALA = alpha-linolenic acid; EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; LA = linoleic acid; AA = arachidonic acid; DTA = docosatetraenoic acid; ETA =

eicosatrienoic acid; FA = fatty acid.
*Values for fatty acids are expressed as a percentage of the grand total of all fatty acids measured, except in the final row, where the mean total of all fatty acids measured is given as
micromoles per gram (wet weight) of brain tissue for each group.
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interest were the omega-3 and omega-6 PUFAs, statistical
comparisons were performed for all the fatty acids measured.
No significant differences were found for any of these fatty
acids when compared among control subjects, people who
had completed suicide without MD and those who had MD
and who completed suicide for either of the 2 brain regions
examined (Table 2). No significant differences were revealed
when the 2 suicide groups (with and without MD) were com-
bined and then compared with control subjects (data not
shown). Table 2 summarizes the values for the different fatty
acids measured, and Table 3 compares relevant fatty acid ra-
tios and desaturase activity indices.

In view of the association that has been reported among
depression, cardiovascular disease and low levels of omega-3
fatty acids,” we considered that any alterations in fatty acids
in people with MD who completed suicide might be masked
owing to similar alterations that could be present among the
control subjects who died from cardiac-related problems. To
test for this, the control group was divided into 2 groups ac-
cording to the cause of death: cardiac related (n = 11) and
noncardiac related (1 = 8). Fatty acids measured in each brain
region were compared between the 2 control group subsets,
and the same set of ANOVA comparisons summarized in
Table 2 were repeated. None of these comparisons revealed
any significant differences between groups (data not shown),
suggesting that the cardiac-related deaths in the control
group would not confound the results.

Other potential confounders, such as age and postmortem in-
terval, were also considered, and these variables were not found
to significantly differ between the groups (Table 1). Further, cor-
relations of age and postmortem interval with measures of the
total fatty acids did not reveal any significant associations
among these variables in both BA 11 (age r =-0.07, p = 0.60; PMI
r=0.05,p=0.73) and BA 47 (age r=0.11, p = 0.41; PMI r =—0.21,
p=0.14).

We obtained measures of the cholesterol content for each

subject in both brain regions to determine whether there is a
relation between fatty acids and cholesterol in the brain.
Analyses revealed highly significant correlations between to-
tal cholesterol and total fatty acids in both BA 11 (Fig. 1) and
BA 47 (Fig. 2).

Toxicological assessments revealing the presence of alcohol
or drugs were found for too few subjects to make meaningful
comparisons of the effects of these substances on fatty acid
profiles. Exploratory comparisons of groups classified
according to the presence or absence of a past or current
diagnosis of alcohol or drug abuse or dependence, or axis II
diagnosis (irrespective of subject status) did not reveal any
significant associations between these diagnoses and fatty
acids (data not shown).
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Fig. 1: Relation between total fatty acids and cholesterol in the or-
bitofrontal cortex (BA 11) for all subjects (n = 58). Significant corre-
lation: r=0.657, p < 0.0005. BA = Brodmann'’s area.

Table 3: Fattty acid ratios and desaturase activity indices in grey matter samples from the orbitofrontal cortex (BA 11) and ventral prefrontal cortex
(BA 47) of control subjects (n = 19), subjects without MD who completed suicide (n = 23) and subjects with MD who completed suicide (n = 16)

Group; mean (and SD)

BA 11 BA 47

FA ratio or desaturase Al C S D pvalue C S D pvalue
Polyunsaturated/saturated 0.77 (0.04) 0.76 (0.05) 0.77 (0.1) 0.84 0.75 (0.06) 0.75 (0.04) 0.75 (0.04) 0.89
omega-6/omega-3 1.14(0.12) 1.21(0.32) 1.19(0.17) 0.61 1.25 (0.57) 1.15(0.26) 1.12(0.14) 0.52
EFA/non-EFA 0.01 (0.001) 0.01 (0.002) 0.01 (0.002) 0.82 0.01 (0.003) 0.01 (0.001) 0.01 (0.001) 0.76
ALA/LA 0.1 (0.05) 0.17 (0.33) 0.11 (0.04) 0.57 0.1 (0.05) 0.1 (0.04) 0.12 (0.06) 0.64
ALA/EPA 2.29 (1.74) 2.39 (1.12) 2.46 (1.27) 0.94 3.06 (2.05) 2.79 (1.11) 3.39 (1.78) 0.54
EPA/DHA 0.002 (0.001) 0.003 (0.003) 0.002 (0.001) 0.72 0.007 (0.003) 0.007 (0.001) 0.007 (0.001) 0.73
DHA/AA 1.58 (0.17) 1.56 (0.21) 1.56 (0.17) 0.91 1.55 (0.26) 1.62 (0.25) 1.63(0.16) 0.55
ETA/AA 0.02 (0.003) 0.02 (0.007 0.02 (0.004) 0.07 0.02 (0.01) 0.02 (0.007) 0.02 (0.007) 0.75
A6 desaturase

Al = 20:3n-6/18:2n-6 1.47 (0.42) 1.47 (0.36) 1.52 (0.34) 0.88 1.38 (0.51) 1.37 (0.34) 1.40 (0.21) 0.95
A9 desaturase

Al =18:1n-9/18:0 0.78 (0.08) 0.86 (0.19) 0.84 (0.11) 0.23 0.89 (0.22) 0.89 (0.15) 0.85 (0.10) 0.72

BA = Brodmann's area; MD = major depression; SD = standard deviation; FA = fatty acid; Al = activity index; C = control subjects; S = subjects without MD who completed suicide;
D = subjects with MD who completed suicide; EFA = essential fatty acids; ALA = alpha-linolenic acid; LA = linoleic acid; EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid;
ETA = eicosatrienoic acid; AA = arachidonic acid.
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Discussion

We measured fatty acids in brain tissue from people who had
completed suicide partly as a follow-up to our study of
cholesterol content in the brains of people who had completed
suicide; we also wanted to investigate the relation among PU-
FAs, depression and suicidality beyond correlational studies
in blood and add some insight into whether these alterations
are apparent in the CNS. We measured 49 different fatty
acids, and these values for all 3 groups overall fell into the
range of those previously reported in brain tissue from nor-
mal subjects.*" Also consistent with the literature is our find-
ing of no correlation between age and total fatty acid content
in our sample as a whole.”** We did, however, find significant
correlations between total fatty acids and cholesterol. Choles-
terol levels and fatty acids are correlated in blood,* so it is not
surprising that this relation is also found in the brain. We
would therefore expect that the alterations in PUFAs — par-
ticularly omega-3 and omega-6 — observed in blood from pa-
tients with depressive disorders would similarly be found in
brain tissue from patients with MD or suicidal ideation. Our
findings do not support this idea.

We did not find any significant differences among the
control subjects and those who had completed suicide, with
or without MD, in either of the 2 frontal cortical regions ex-
amined. Conversely, our results do not negate the existence
of a link between fatty acids and depression or suicidality. It
may be that the alterations in fatty acids in the peripheral
circulation reported in previous studies are related to alter-
ations in other substances in the CNS, with brain fatty acid
levels not reflecting peripheral alterations. It is also possible
that fatty acid alterations do not play a major role in suici-
dality, while they do in MD. The data linking fatty acids to
suicidality are considerably less abundant than those for de-
pression, and there have been some conflicting findings.*”
In particular, 1 study found no link between dietary intake
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Fig. 2: Relation between total fatty acids and cholesterol in the
ventral prefrontal cortex (BA 47) for all subjects (n = 58). Signifi-
cant correlation: r=0.512, p < 0.0005. BA = Brodmann’s area.

of fatty acids and death from suicide in a large cohort observed
for 8 years.* Perhaps suicide completion, representing a homo-
geneous or discrete phenotype within the suicidality spectrum,
is not related to fatty acid alterations and the link is limited
to suicidal ideation and mood disturbances, especially MD.

A study by McNamara and colleagues® investigating the
fatty acid composition in the postmortem orbitofrontal cortex
of patients with major depressive disorder (MDD) did not
find a significant difference in fatty acids examined between
the patients who did and did not die by suicide, which agrees
with our study findings. Although they found significantly
reduced DHA in MDD patients, compared with psychiatri-
cally normal control subjects, this finding was restricted to
the female MDD patients. This raises the issue of possible sex
effects, given that some studies have reported a link between
decreased dietary fatty acid intake and depression among
female subjects and not in males.”* Our sample consisted en-
tirely of men; thus we are unable to determine whether alter-
ations in brain fatty acids would be present in female subjects
who died by suicide.

In another study investigating fatty acids in postmortem
brain tissue, Yao and colleagues® reported significantly lower
amounts of saturated fatty acids and total PUFAs in brains
from schizophrenia patients but did not find any significant
differences in fatty acids in brains from patients with psychi-
atric disorders other than schizophrenia, compared with
psychiatrically normal control subjects. Our results are in
agreement with this aspect of their finding, although they did
not provide information regarding the cause of death and
specific diagnosis of psychiatric patients with no schizophre-
nia. The extent to which their findings might reflect a lack of
association between alterations in postmortem brain fatty
acids and suicide or MD cannot be assessed.

We could not address dietary effects in this study because
we did not have data on dietary assessments before death,
nor did we have access to blood samples for the analysis of
fatty acids in the peripheral circulation. This information
would have been interesting to examine in relation to our
measures of fatty acids in the brain.

An alternative explanation for our observation of no signifi-
cant difference in fatty acid measures among the 3 groups is
that maybe our sample was not large enough to provide
enough power to detect small alterations in the fatty acids. An-
other potential limitation is the inclusion of a small number of
control subjects with a history of an axis I disorder (either MD
or substance misuse). Although GC is a sensitive method, the
extraction and purification steps required for its analysis are
potential sources of error and could lead to problems deter-
mining the absolute amounts of fatty acids due to recovery
losses. We controlled for this to a certain extent by considering
relative amounts (i.e., percentage of total fatty acid) in our
comparisons. Another potential source of error is the inclusion
of different cell types present in varying proportions in the
brain tissue homogenate that might contain different amounts
of each of the fatty acids; this could mask any slight alterations
in fatty acids present in the groups. These points reinforce the
possibility that minor alterations in fatty acids in the mem-
branes of specific cell types may play a role in suicidality,
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particularly when considering the limited but growing knowl-
edge about fatty acid biochemistry in the brain.

Fatty acids are important constituents of the brain cell
membrane, with arachidonic acid and DHA being the most
abundant PUFAs in the brain. The flexible nature of PUFAs
contributes to the fluidity of the membrane, and alterations in
membrane fluidity can lead to changes in the function of inte-
gral membrane enzymes, receptors and ion channels, with
consequences to neurotransmission.” One hypothesis about
the mechanism behind the relation between fatty acids and
depression incorporates the notion that fatty acid alterations
lead to changes in membrane fluidity that could affect the
function of serotonin receptors or the transporter — a neuro-
transmitter system implicated in depression.” Also, they can
activate transcription factors and therefore mediate cellular
function via their effects on gene expression.” Additionally,
fatty acids are released from the cell membrane by phospho-
lipases and serve as precursors for eicosanoids, with result-
ing proinflammatory or antiinflammatory effects.® This has
been cited as an alternative means through which fatty acids
might play a role in MD. Specifically, an increased ratio of
omega-6—to—omega-3 fatty acids could lead to increased pro-
duction of proinflammatory cytokines, and an increased in-
flammatory response of the immune system has been linked
to depression.* Given the diverse range of functional roles
that fatty acids play in the brain, it is evident that alterations
in fatty acids can have numerous effects on brain function
and, thus, behaviour.

Although our global assessment of the fatty acids in grey
matter samples taken from 2 frontal cortical regions of men
who had completed suicide did not reveal any significant
alterations, the possible role of fatty acids in suicide and de-
pression should not be dismissed and is worthy of closer ex-
amination. Future studies should focus on enzymes related to
lipid metabolism in the brain, or on carrier proteins that are
associated with the transport of lipids both in the CNS and
into the brain from the peripheral circulation, since perhaps
the blood fatty acid alterations linked to depression are re-
flected in CNS changes related to these factors rather than to
the absolute quantities of fatty acids in the brain.
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