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Abstract

Accumulating evidence finds a relative deficiency of peripheral membrane fatty acids in persons
with affective disorders such as unipolar and bipolar depression. Here we sought to investigate
whether postmortem brain fatty acids within the anterior cingulate cortex (BA 24) varied according
to the presence of major depression at the time of death. Using capillary gas chromatography we
measured fatty acids in a depressed group (n=12), and in a control group without lifetime history of
psychiatric diagnosis (n=14). Compared to the control group, the depressed group showed
significantly lower concentrations of numerous saturated and polyunsaturated fatty acids including
both the n-3 and n-6 fatty acids. Additionally, significant correlations between age at death and
precursor (or metabolites) in the n-3 fatty acid pathway were demonstrated in the depressed group
but not in control subjects. In the n-6 fatty acid family, the ratio of 20:3(n-6)/18:2(n-6) was higher
in patients than in control groups, whereas the ratio of 20:4(n-6)/20:3(n-6) was relatively decreased
in patients. Lastly, a significant negative correlation between age and the ratio of 20:4(n-6) to 22:6
(n-3) was found in patients, but not in controls. Taken together, decreases in 22:6(n-3) may be caused,
at least in part, by the diminished formation of 20:5(n-3), which is derived from 20:4(n-3) through
a A5 desaturase reaction. The present findings from postmortem brain tissue raise the possibility that
an increased ratio of 20:4(n-6) to 22:6(n-3) may provide us with a biomarker for depression. Future
research should further investigate these relationships.
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Introduction

Fatty acids are essential components of membrane phospholipids and are highly enriched in
the central nervous system (CNS). The long-chain polyunsaturated n-3 fatty acids,
eicosapentaenate (EPA) and docosahexaenate (DHA), are known to be crucial for growth and
development of the CNS [1,2]. Since the functioning of cellular membranes is dependent on
morphological characteristics, even minute differences in fatty acid composition can influence
receptor binding, neurotransmission, signal transduction, and hormone synthesis [3]. Humans
are unable to synthesize the essential n-3 18-carbon fatty acids de novo and so must obtain
these fats from dietary sources. Specific plant based oils provide the 18-carbon fatty acids while
marine plants and seafood provide the longer chain fatty acids such as EPA and DHA. The 18-
carbon n-6 fatty acid, linoleic acid, is similarly essential; however characteristics of modern-
day diets provide for disproportionate intakes of this fatty acid family, predominantly from
corn and soy oils [4,5]. Inverse correlations have been reported between deficient consumption
of the n-3 fatty acids and prevalence of affective disorders at the population level [6-8]. At the
same time, it has been hypothesized that dramatic increases in the consumption of n-6 fatty
acids may be related to population-wide increases in obesity, cardiovascular disease,
inflammatory disorders, and depression [3].

Cross-sectional studies of humans reveal broad roles of fatty acids in mood and affect
regulation, memory, learning and brain development. For example, individuals with affective
disorders, such as unipolar and bipolar depression, show a humber of fatty acid deficiencies in
peripheral tissues including red blood cells, serum, plasma and adipose tissue [9-13]. Further,
increased ratios of arachidonic acid (AA) to EPA have also been observed in the serum and
RBC lipids of patients with affective disorders and levels correlate with illness severity [14].
Supplementation with the long-chain n-3 PUFAs have been shown to improve mood in
controlled trials in patients with unipolar and bipolar depression [12,15-19]. A meta-analysis
of prospective trials with the long-chain n-3 fatty acids concluded that fatty acid
supplementation significantly reduced symptom severity in bipolar and unipolar depression
[1] although negative trials have been reported (20). Lastly, these associations extend to the
variability of depressive symptomatology such that low serum levels of n-3 fatty acids have
also been associated with mild to moderate depressive symptomatology in healthy adults
[21].

As reviewed above, most studies relating fatty acids to psychopathology and/or normative
variability of mood and behavior have been conducted in peripheral tissues or with dietary
consumption data. It is generally believed that circulating levels of these fatty acids provide a
nutrient supply to the CNS, thereby directly influencing the dynamic nature of neuronal
membrane function. Only Lalovic and colleagues [22] and McNamara et al [23,24] have
conducted postmortem fatty acid analyses on brain tissue. Lalovic and her colleagues [22]
investigated the postmortem fatty acid content of orbitofrontal and ventral prefrontal cortex.
They assessed 49 different fatty acids among three groups, including suicide completers,
suicide completers with major depressive disorder (MDD) and a non-psychiatric control group,
and found no significant between-group differences in these brain areas. However, McNamara
et al [23] reported that cortical DHA composition (from Brodmann Area 10) was reduced by
22% in a small sample of deceased patients with MDD compared to non-psychiatric controls.
Inthe current study, we investigated the brain fatty acid profile in postmortem anterior cingulate
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cortex (ACC; Brodmann area 24), a brain region showing consistent morphological and
metabolic differences in MDD [25], in two groups: one with and one without a diagnosis of
MDD at the time of death.

The ACC has dense interconnections with subcortical limbic areas and the prefrontal cortex
and, thus, plays an important role in attention [26], motivation [27] and the regulation of
emotional behavior [28]. A convergence of findings implicates the ACC in a number of
psychiatric conditions including unipolar and bipolar depression [28], anxiety disorders [29],
and phobias [30]. Surgical lesions of the ACC have successfully treated severe and
unresponsive anxiety and mood disorders [31]. Interestingly, other research suggests that ACC
activity and morphology correlates with autonomic reactivity to psychological stressors [32].
Lastly, pre-treatment metabolic [33] and electrical activity [34] of the ACC predicted treatment
responsiveness in unipolar depressed patients. Since aberrant morphological, electrical and
metabolic characteristics of the ACC predict psychiatric disease, and appear to be related to
the pathogenesis of MDD, we chose to conduct our analyses on this prominent node of the
cortico-limbic circuitry implicated in emotion regulation.

We hypothesized that the associations previously observed in peripheral tissues [35], and in
preliminary structural brain imaging [36] and postmortem studies [23,24] would similarly vary
by diagnostic group and extend to fatty acid contents within the ACC.

Methods and Materials

Postmortem Brain Tissues

Tissue was collected at autopsy, following donation by the family, from several sources in the
Denver area: University Hospital, Denver Veterans Administration Hospital, Arapahoe and
Denver County Coroners, and the Mile High Tissue Bank. Brains with neurodegenerative
diseases were excluded from the present study.

At autopsy, brains were weighed and examined for gross pathology. Each brain was divided
sagittally and one hemisphere, selected randomly, was preserved in formalin for
neuropathological analysis at the macroscopic and microscopic level. Microscopic evaluations
included standard Bielchowsky silver stain on multiple cerebral areas to rule out abnormal
neuropathology, such as plaques and tangles, associated with Alzheimer’s Disease and other
conditions. Subjects with positive neuritic findings or ambiguous neuropathology reports were
excluded from the current study. The hemisphere that was not subjected to neuropathological
analysis was sliced coronally into 1 cm slices, from which multiple regions were dissected in
1-gram blocks, frozen in dry ice snow, and packaged for storage at -80°C [37]. In the present
study, Brodmann’s Area 24 (BA 24), the anterior mid-cingulate region, was used for fatty acid
analyses. All samples were shipped on dry ice by Federal Express to Dr. Yao’s laboratory at
the Highland Drive VA Pittsburgh Healthcare System.

An extensive review of hospital, autopsy, and neuropathology reports were conducted to
determine premorbid agonal and postmortem conditions for each subject. Based upon this
information, an agonal state score was assigned following the four-point rating scale described
by Hardy et al. [38]. These four categories included 1) violent and fast death, almost always
of unnatural causes such as shootings (accidental, homicidal, or suicide) or blunt force trauma;
2) fast death of natural causes, such as the sudden, unexpected deaths of individuals who had
appeared reasonably healthy (the most common cause of death in this group was myocardial
infarction); 3) intermediate death, usually unexpected, even though the patient was ill prior to
death; and 4) slow death, occurring after a long illness (the majority of these patients died of
cancer or chronic pulmonary disease).
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Psychiatric Diagnosis and Non-psychiatric Control Group

Psychiatric illness status was determined independently by two board-certified psychiatrists
from medical records and structured family interviews. Two subjects’ data from the MDD/
BPD group were excluded from analyses due to missing data and one control subjects data was
excluded from analyses due to abnormal values for a number of fatty acids. The final sample
consisted of 14 participants in the control group and 12 in the MDD group. Three of the twelve
subjects in the MDD group had comorbid Bipolar Disorder (BPD) and were determined to be
depressed at the time of death; thus, the group is labeled MDD/BPD. Control subjects were
also evaluated and, had no evidence of psychiatric illness.

Additional parameters, such as age, sex, ethnicity, medication history, psychiatric illness status,
cigarette smoking history and alcohol use, were evaluated through hospital, autopsy, and
neuropathology reports. Family members and physicians were also interviewed to detail the
smoking and alcohol history of the subject. A comparison of participant demographic, cause
of death and brain collection variables is presented in Table 1.

Quantitative Determination of Brain Fatty Acid Composition

Approximately 0.2 g of each brain sample was first weighed and lyophilized before the dry
weight was taken. The method used to extract brain lipids and determine fatty acid composition
by capillary gas chromatography was essentially the same as described by Yao et al. [39,40].
Diheptadecanoy! lecithin (Matraya, Inc.) was used as an internal standard. In brief, the fatty
acid methyl esters were prepared from lipid extracts of brain BA-24 area and analyzed on a
Hewlett-Packard capillary gas chromatograph, Model 5890 Series 11, equipped with a hydrogen
flame ionization detector. A 30 meter, fused silica SP-2380 column, with an inner diameter of
0.32 mm and a 0.20 um film thickness (Suppelco, Inc.) was used. Each sample was run under
a splitless injection mode with hydrogen as the carrier gas (30 mL/min.) and with an inlet
pressure of 6.5 psi. Oven temperature was programmed under three stages: Stage 1 — from 50
to 150°C at a rate of 25°C/min. at 255°C. More than 30 fatty acid methyl esters can be separated
under this condition. Peaks on the chromatograms were identified by comparing the retention
times with those of standard mixtures (Supleco, Inc.) and were calculated by an Agilent
ChemStation, Rev A.09.03, using an internal standard mode. Mean fatty acid composition was
determined as an absolute concentration (nmol/ml) and as a weight percentage.

Edema Measurement in the Anterior Cingulate Cortex Samples

Cerebral edema is commonly seen in a variety of pathological processes in the brain. To
determine the water content in the ACC samples, we measured both fresh and dry weight of
each sample to calculate the percentage of swelling (edema) or of shrinkage using the formula
of Elliott and Jasper [41]. Based on these calculations there were no significant differences
between MDD/BPD and the control group (data not shown).

Effect of Postmortem Interval (PMI) on Cerebral Cortex Fatty Acids

The stability of postmortem cerebral cortex fatty acids was investigated by Carver et al. [42].
Their data indicated that the fatty acid composition of frontal cerebral cortex remained stable
for up to 25 hours after death. Significant hydrolysis of fatty acids from lipid moieties occurs
during the postmortem period. In the present study, the PMI from both control and MDD/BPD
groups was <25 hours (Table 1). Samples were stored at — 70°C and were not previously thawed
prior to the present study. Thus, it is reasonably concluded that the present findings are not due
to different rates of lipid hydrolysis resulting from PMI or storage condition.
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Statistical Analyses

Results

The distributions for all variables were examined using the Kolmogorov-Smirmov test which
quantifies the discrepancy between data distribution and an ideal Gaussian distribution. The
frequency distributions of race, alcohol use, sex and smoking status were compared using X2
analysis. Group means for brain collection, storage parameters and fatty acids were compared
using t-tests for independent samples (two-tailed). The number of comparisons between each
fatty acid family (or ratio) was used for the Bonferroni correction. The Kolmogorov-Smirmov
test indicated that normality transformations were necessary due to skewed distributions of
concentrations (nmol/mg) of 22:4n-6, 20:5n-3 and 22:5n-3. Log-rhythmic transformation
improved the distribution and these adjusted variables were used for all analyses. No
transformations were required for percentage data. Lastly, the following parameters were used
as biochemical indices of the product-substrate relationship for elongation and desaturation in
the n-3 (ratios of 20:5/18:3, 22:5/20:5, 22:6/22:5, and 22:6/18:3) and n-6 (ratios of 20:3/18:2,
20:4/18:2, 20:4/20:3, and 22:4/20:4) polyunsaturated fatty acid pathways.

Correlations between Fatty Acids and Brain Collection and Storage Parameters

No significant differences were observed for brain collection and storage parameters (Table
1). Further, the frequencies of smoking behavior, alcohol use and race were not significantly
different between groups (Table 1).

Quantitative Analyses of ACC Polyunsaturated Fatty Acids by Capillary Gas
Chromatography

The mean concentrations of saturated, polyunsaturated, n-6 and n-3 fatty acids were
significantly lower in the MDD/BPD group compared to the control group (Figure 1). The
monounsaturated fatty acid concentration was not significantly different between the two
groups. Specifically, the MDD/BPD group had significantly lower levels of phospholipid fatty
acids including 14:0, 15:0, 18:2(n-6), 20:2(n-6) and 22:4(n-6), and a “trend-level” difference
for 16:0, 20:4(n-6), 22:5(n-3), and 22:6(n-3) after Bonferroni corrections (Table 2). When
expressed as a weight percentage, there were no significant differences among saturated,
monounsaturated, and polyunsaturated fatty acid families (Table 2).

To characterize the fatty acid elongation and desaturation processes in ACC phospholipid
membranes, ratios of product to substrate in different fatty acid families are shown in Table 3.
In the n-6 fatty acid family, the ratio of 20:3(n-6)/18:2(n-6) was higher (p=0.023, marginally
significant after the Bonferroni correction) in MDD/BPD than in control groups, whereas the
ratio of 20:4(n-6)/20:3(n-6) was relatively decreased. In addition, the ratios of 18:0/16:0 and
20:4(n-6)/22:6(n-3) were also elevated marginally after the Bonferroni correction. Group
differences were not observed for the other fatty acid families.

Effect of Age on Fatty Acid Concentration

The relationship between age and the phospholipid fatty acids was also examined. A significant
(r=—-0.6467, p=0.0231) negative correlation between age and 18:3(n-3) contents was
demonstrated in MDD/BPD, but not in the control group (Fig. 2). A similar correlation (r=
—0.5987, p=0.0397) between age and 20:5(n-3) contents was also observed in MDD/BPD, but
not in the control group (Fig. 2). A marginally significant (r=0.4871, p=0.0773) positive
correlation between age and 22:6(n-3) contents was found in controls, but not in the MDD/
BPD group (data not shown).

Moreover, a significant negative correlation (r=—0.8752, p=0.0002) between age and the ratio
of 20:4(n-6)/22:6(n-3) was demonstrated in the MDD/BPD group, but not in controls (Fig. 3).
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Marginally significant negative correlations between age and the ratios of total n-6 to total n-3
fatty acids were found in both controls (r= —0.5338, p=0.0493) and the MDD/BPD group (r=
—0.5320, p=0.0750) (Fig. 3). No significant correlations between age and levels of other fatty
acids or fatty acid ratios were observed in either control or MDD/BPD groups.

Discussion

The current study reports significant differences in postmortem brain phospholipid fatty acid
concentration in the ACC between adults with and without MDD/BPD. Our findings add to a
small, but growing, literature by showing these differences within the ACC, a key anatomical
node of the limbic circuit supporting emotional arousal and regulation. Despite these findings
a number of limitations are notable. The postmortem approach restricted the sample size and
as a result gender and serum fatty acid concentrations were not assessed. Further, dietary intake
data were not available. Despite these limitations the current finding supports the notion that
the fatty acid concentrations of brain tissue may be an important factor influencing psychiatric
symptomatology. Future study of fatty acid content of other brain regions is suggested.

Similar associations demonstrated in animal models also support a relationship between
depression and brain fatty acid deficiency. In fact, dietary depletion studies in laboratory rats
where the long-chain n-3 fatty acids are removed from the diet lead to reduced monoaminergic
function [43-47], as well as behavioral indices of depression on the forced swim test [48]. In
animals, dendritic arborization and levels of brain-derived neurotrophic factor (BDNF) are
positively associated with intake of the n-3 fatty acids [49,50]. Song et al [51] recently reported
that EPA and not other n-3 and n-6 fatty acids attenuated depressive-like symptoms brought
on by central administration in rats of Interleukin-1, a pro-inflammatory cytokine.

Defective n-6 and n-3 Fatty Acid Families in Postmortem Brain ACC (BA-24) Region from
Depressed Individuals

The ratio of 20:4(n-6)/18:2(n-6) provides a biochemical index of the product- substrate
relationship in the n-6 polyenoic pathology. The n-6 pathway consists of a series of desaturation
(A6, A5, and A8 reaction) and elongations (see Fig. 4). Typically, in human neural membranes,
levels of 18:3(n-6), 20:2(n-6), and 22:5(n-6) fatty acids are very minute. 20:4(n-6) is the major
metabolic product of 18:2(n-6). Therefore, an increased ratio of 20:3(n-6)/18:2(n-6) associated
with relatively decreased ratio of 20:4(n-6)/20:3(n-6), and a normal ratio of 22:4(n-6)/20:4
(n-6) suggest a defect in the A5 desaturation in individuals with MDD/BPD.

22:6(n-3) is formed by a final desaturation at A4. This reaction, however, follows elongation
and A5 desaturation in the n-3 family (Fig. 4). The ratio of 22:6(n-3)/22:5(n-3) was not
significantly different between MDD/BPD and control groups. Therefore, decreases in 22:6
(n-3) may be caused, at least in part, by the diminished formation of 20:5(n-3), which is derived
from 20:4(n-3) by the A5 reaction.

Interestingly, evidence from prior studies of mutations in A5 and A6 [52] support this finding.
Malabera et al. [52] reported strong associations between polymorphisms in A5 (FADS1) and
A6 (FADS?2) and levels of arachidonic acid in a large sample of patients with cardiovascular
disease. Further, Koletzko et al [53] reported that FADS1 and 2 polymorphisms explained 28%
of the variance in serum arachidonic acid levels. Given that disorders of mood and affect
regulation are increasingly associated with inflammation and immunity processes these
findings collectively point to the need for future research to address the possibility that certain
individuals may differentially require increased n-3 or decreased n-6 dietary intakes.
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Effect of Gender and Cigarette Smoking

McNamara et al. [23] have recently shown a selective decrease of 22:6(n-3) in the postmortem
orbitofrontal cortex (OFC) of MDD patients relative to control subjects. Moreover, such
deficits were greater in female MDD patients (—32%) than in male MDD patients (—16%). In
the present study, the gender effect was not evaluated due to the small sample size. However,
the approximate 30% decrease of 22:6(n-3) in postmortem ACC demonstrated in the present
study appears to be in the same range of reduction reported by McNamara et al. [23].

Cigarette smoking may affect PUFA levels [51]. Given the high rates of cigarette smoking in
patients with psychiatric disorders, the potential confounding effect of smoking on PUFA
measures in MDD/BPD patients cannot be ignored [52]. However, the previous study by
McNamara et al. [23] indicated that OFC 22:6(n-3) levels were not significantly influenced by
cigarette smoking in either MDD patients or controls. In the present study, the effect of cigarette
smoking was not assessed due to the small sample size. However, the frequency of cigarette
smoking was not significantly different between MDD/BPD patients and the control group.
Thus, cigarette smoking alone can not account for the PUFA deficits in postmortem ACC from
MDD/BPD patients.

Effect of Age

Previous work by Carver et al. [42] indicated that age was a highly significant predictor of
postmortem cerebral cortex fatty acid levels. Particularly, frontal cortex 22:6(n-3) levels were
positively correlated with age among subjects 318 years whereas changes were not prominent
among subjects >18 years. In the present study, we also demonstrated that the precursors of
22:6(n-3), i.e., 18:3(n-3) and 20:5(n-3), were not correlated significantly with age among
controls aged 27 to 77 years (Fig. 2). However, there were significantly negative correlations
between the precursors of 22:6(n-3) and age in the MDD/BPD patients (Fig. 2), suggesting
that age may be an important confounding factor in regulation of the n-3 fatty acid pathway in
MDD/BD group.

In response to the reductions of orbitofrontal cortex 22:6(n-3) concentrations, McNamara et
al. (23) observed a significantly greater ratio of 20:4(n-6) to 22:6(n-3) in females with MDD.
Dietary-induced elevations in the ratio of 20:4(n-6) to 22:6(n-3) in rat prefrontal cortex have
been associated with deficits in serotonin and dopamine neurotransmission [43-45,47] as well
as increased behavioral indices of depression in the forced swim test [48]. In our study, a
significant negative correlation between the ratio of 20:4(n-6) to 22:6(n-3) and age was found
in the MDD/BPD group, but not in controls (Fig. 3). Thus, our data provide additional evidence
that an increased ratio of 20:4(n-6) to 22:6(n-3) might function as a biomarker for depression.

Brain Morphology and Fatty Acid Intake

Previously, Conklin and colleagues [36] reported that gray matter volume of the ACC, and
other prominent nodes of cortico-limbic circuitry including the hippocampus and amygdala,
were positively associated with dietary long-chain n-3 intake in a sample of healthy adults.
These associations may mediate previously observed effects of n-3 fatty acids on mood and
affect regulation. Unfortunately, few studies have investigated brain morphological correlates
of dietary or serum levels of fatty acids in humans. As discussed previously, McNamara et al.
reported reduced concentrations of 22:6(n-3), in postmortem orbitofrontal cortex of patients
with MDD [23] as well as with BPD [24]. Sublette et al [56] recently examined the association
between plasma EPA, DHA and AA and regional cerebral metabolic glucose utilization
(rCMRglu) in drug-free depressed adults. DHA and AA correlated positively with rCMRglu
in the temporoparietal cortex and negatively in the frontal and anterior cingulate cortices. The
differential association between plasma DHA and cerebral metabolic activity in brain areas
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implicated in affect requlation further substantiates the necessity for future research to explore
how fatty acid deficiency is involved in the pathophysiology of affective disorders.

While some evidence suggests that fatty acid deficiencies may be related to reduced dietary
intake of n-3 fatty acids [6,57], these associations are not fully understood. For example, a
number of enzymatic, desaturation and elongation processes are required for longer chain fatty
acids to be metabolized from their shorter chain parent precursor fatty acids. It could be the
case that in those vulnerable to affective disorders, dysfunctional enzymatic desaturation and
elongation activity preclude an optimal level of serum or brain fatty acids. Increased free radical
production, secondary to behavioral factors associated with mood disorders such as smoking,
alcohol consumption, poor sleep quality, and lack of exercise, could reduce the availability of
polyunsaturated fatty acids despite adequate dietary patterns. Lastly, an inability to optimally
transfer the longer chain fatty acids across the blood brain barrier, could lead to reduced
concentration of brain fatty acids. In the current study, our data suggest a defect or disruption
in the activity of the 35 desaturase which may account for the lower levels of DHA seen in the
depressed group. In order to better understand the complex relationship that peripheral and
central lipids play in psychopathology and also the normative variability in affect, future
research should examine the strength of the correlation between central and peripheral lipids.
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Comparisons of saturated (SAT), monounsaturated (MONO) and polyunsaturated (POLY)
fatty acids in postmortem mid anterior cingulate cortex between the control and major
depressive disorder/bipolar disorder (MDD/BPD) groups. (*, p<0.05)
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Linear regression analyses between age at death and selective n-3 fatty acid concentrations in
postmortem mid anterior cingulate cortex from controls (A) and MDD/BPD groups (B).
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Linear regression analyses between age at death and selective n-6 to n-3 fatty acid ratios in
postmortem mid anterior cingulate cortex from controls (A) and MDD/BPD groups (B).
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The common pathways for biosynthesis of n-6 and n-3 polyunsaturated fatty acids. The
retroconversion is shown in gray, dashed arrows.
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Table 1

Brain collection and storage parameters

Parameters Control MDD/BPD P values

Age (years, range) 53.4 +14.5 (27-77) | 50.7 £15.0 (29-74) 0.522

Sex (M/F) 8/6 8/4 0.618
Race (C/AA/H) 13/0/1 10/1/1 0.537
Smoking (S/FSINS) 3/5/6 6/4/2 0.226
Alcohol use (Y/N/U) 4713 8/3/1 0.149

Cause of death

Suicide 0 4
Accident 2 1
Cardiac related 2 3
Respiratory related 7 3
Other 3 1
Postmortem brain
PMI interval (hrs) 14.4+78 14.4+6.5 0.984
Brain weight (grams) 1311.1+148.9 1391.7 + 157.2 0.192
Storage time (months) 32.1+12.7 40.7£19.0 0.186

Each value represents the mean and standard deviation based on the number of examined brain samples (BA24). MDD/BPD, major depressive disorder
and bipolar disorder; C= Caucasian; AA= African American; H= Hispanic; S = smoker, FS = former smoker, NS = Never Smoked; Y= yes; N= no;
U= unknown; PMI=postmortem interval

1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Prostaglandins Leukot Essent Fatty Acids. Author manuscript; available in PMC 2011 February 1.



Page 17

Conklin et al.

anssn urelq wauownsod Jo (y2wg) uoibal ayenbuld JoLisjue syl ul suonisodwod pioe Anjey auelquuaw Jo uostiedwod dnoib ussmiag

NIH-PA Author Manuscript

2500 00T LTT ¥ 562 00T TIT ¥ /8¢ [elol
€200 | STZ¥8EG 99'L ¥ 29'ST 62T F06'S TE9F v7'2e 9:22
8600 | L00¥ .20 LE0F080 80°0 ¥ 620 ZE0F0TT g2z
9Tv'0 | 6T0F L0 980F LV'T ITOF 70 680F9.T G:02
66T0 | 250¥eST Sy F8SY LG0F0ST SLEF0C9 €87

Alurey g-u
€100 | €€0¥¢€0T 02T+ 86C Ov0FSTT YITF2CY vize
8200 | 9L0¥¢€59 TL'L 75261 66'0 F ¥9'9 96'G ¥ 08'SZ 7:02
1810 | STOF¥80 960 FEV'T 9T0F9L0 060 F16C €102
8000 | L00¥F0T0 ZZ0F 00 90'0 FST'0 82'0 ¥ 85°0 20z
T000> | €20F+90 €LOFILT 9Z0F6L0 9,0%267 z:8T
Alurey 9-u

sauak|od
L9T0 | s90¥6TS £8'9 F£8'ST 050 ¥ 667 89'G ¥ 6€'6T (6-u)T:vC
¥520 | LT0¥190 00T+88T 9T'0 ¥ 650 6TTF8ET (6-u)T:0¢
9010 | sro¥6CS 9/'9 F¥8'ST €907 02'S 89'L ¥ 6502 (L-u)T:8T
vOT0 | ¥Ov¥ce9z | v8YEF€88L | SFEFG0GE | G986 ¥9566 | (6-U)T:8T
LE00 | oT0¥Fe80 UTFSYT 9T'0F880 G6'0 F6EE (L-u)T:9T

Sauaouo
Sr0 | 6TOFEVD 08'0F€ET 600 F 6€°0 VL0F9ST 0:12
9900 | S90¥8E6T | EVTCF00LS | COTFOL8T | 26LIF¥T2L 0:87
v20'0 | 662Fccez | 0z8cFT€69 | OvZFGL¥C | ST8ZFTT'96 0:91
€000 | z00¥9T0 6T°0 ¥870 S0'0 %020 yZ0F9L0 0:5T
0100 | 2T0%80T T60F90°€ 6T0F80T {E60F 307 01

paleinies

% m Aup Bwyjowu % m Aup Bwyjowu spioe Aije

e adg/aan [onuod

c?9lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Prostaglandins Leukot Essent Fatty Acids. Author manuscript; available in PMC 2011 February 1.



Page 18

Conklin et al.

"U01393.1109
1uolIajuog ay) Joj pasn sem Ajiuey proe Ajjes yoes Ulyim suostiedwod o Jaquinu 8y 1583 padtedun pajrel-omy e Buisn sdnoib adg/aain pue |01uU0d Usamiaq UoITeIiuaduod 10} apew Sem SisAjeue [eansiels
*

"UoIIRIASP pJepue)s pue ueaw sjuasaldal (am Aup Bwyjowu) anjea comm;

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Prostaglandins Leukot Essent Fatty Acids. Author manuscript; available in PMC 2011 February 1.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Conklin et al.

Table 3
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Comparisons of fatty acid elongation and desaturation in brain anterior cingulate cortex (BA 24) region between
patients with MDD/BPD and control subjects.

Ratio Control MDD/BPD P
n family
16:0/14:0 2359 +4117 | 21.93+3.45 | 0.272
18:0/16:0 0.76 £ 0.07 0.84+0.11 0.037
n-3 family
20:5/18:3 0.31+0.07 0.32+0.09 0.760
22:5/20:5 0.73+0.31 0.73+0.59 | 0.983
22:6/22:5 21.32+6.22 19.90 £5.45 | 0.540
22:6/18:3 483+2.73 3.65+2.63 0.288
n-6 family
20:3/18:2 1.03+0.27 1.49+0.58 0.023
20:4/20:3 9.02+2.19 7.96 +1.49 0.160
20:4/18:2 9.18+3.15 11.39+356 | 0.111
22:4/20:4 0.17 £ 0.05 0.16 £ 0.04 0.473
n-7 family
18:1/16:1 6.04+1.12 6.58 + 0.96 0.198
n-9 family
18:1/18:0 1.35+0.24 1.36 £0.22 0.899
20:1/18:1 0.023 +0.004 | 0.023+0.004 | 0.887
n-6/n-3 families
18:2n-6/18:3n-3 0.64 £0.36 0.41+0.20 0.058
20:4n-6/20:5n-3 16.98 + 6.96 1458 £6.52 | 0.384
20:4n-6/22:6n-3 1.16+0.21 1.38+0.30 0.048
total n-6/total n-3 1.17+£0.14 1.25+0.11 0.154

*
Statistical analysis (p values) was made between control and MDD/BPD (major depressive disorder and bipolar disorder) groups using a two-tailed

unpaired t-test.

TEach ratio represents mean and standard deviation.
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