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Introduction
The neocortex is the part of the mammalian brain involved in higher-

order brain functions and it is in general acknowledged this is the brain 
part which makes us human [1]. We can learn about the evolution of 
the human brain through archaeological findings by the skull endocasts 
of fossil archaic primates and early hominids [2] but we can also study 
biochemical composition with modern LCMS techniques [3] in order to 
attempt unravel evolution. Previously, it was believed the brain made all 
the fat it needed itself but a landmark study [4] discovered that Mfsd2a 
protein is the transporter for LPCs and carrier of the “fish” omega-3 DHA 
across the Blood-Brain Barrier (BBB). However DHA is in such a scanty 
amount (<0.05%) in the neocortex it can never explain the tremendous 
growth of Homo sapiens brain. A mouse model with overgrown brain 
demonstrated this could be attributed to specific Triacylglycerols (TGs) 
from bovine lard [5] directing to a meat source from savannah. Here we 
present the lipid composition of modern human brain and its possible 
places of transport of “Very Long Chain Fatty Acids (VLCFA)” across 
the “leaky” BBB which can fuel the brain. These new findings give a new 
perception on evolution with emphasis on the TGs for skull expansion 
and not solely DHA. We hypothesized in a previous manuscript early 
hominids lived at the savannah following the herds of early African 
buffaloes (direct hunter-prey correlation) and that accumulation of 
specific TGs from bovine lard could have contributed to encephalization 
in human evolution [6].

Briefly, the human brain is made up of about 75% water while it is 
the fattest organ in our body, a 60% of the brain structural material (dry 
weight) is lipid [7]. In addition, it contains the highest concentration 
of lipids, immediately after adipose tissue [8]. Brain lipids are not 
similar to White Adipose Tissue (WAT) because a large part of the “fat” 
in the brain is in the form of myelin membrane, which insulates the 
axons of neurons. The myelin membrane is an extended and highly 
specialized plasma membrane synthesized by myelinating glial cells: 

Oligo-dendrocytes in the Central Nervous System (CNS) and Schwann 
cells in the Peripheral Nervous System (PNS) [9]. These specialized 
cells are almost entirely composed of extra cellular membrane, and 
thus have a high lipid content which gives the brain as a whole a high 
lipid concentration because of these structural lipid compounds which 
cannot be catabolized.

The myelin fat content has already been determined for the adult rat 
in 1973 [9], but for human brain tissue no studies have been performed 
on this topic. In addition, biochemical data on the lipid composition of 
the human brain are rare or old-fashioned [10].

What is known about the brain is a scanty amount of information 
despite its importance in human evolution. From fossil record in early 
Pleistocene cranial capacity increased over a period of 700,000 years 
from 850 cm3 towards ≈1500 cm3 (Figure 1) [11] which is equivalent to 
every generation having an additional 125,000 neurons more than their 
parents, but what were the building blocks for these neurons? It would 
be a daunting task to describe the human brain based on biochemical 
composition of each cell type. Here we perform based on a holistic 
Systems Biology lipidomics approach an attempt describing the brain 
biochemical lipid composition based on the homogenate of a part 
(gyrus) of the neocortex of post mortem material of the “Dutch Brain 
Bank” [12] with LCMS techniques [5,12]. From evolutionary perception 
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What is known about the brain is a scanty amount of information despite its importance in human evolution. Here 

we perform based on a holistic Systems Biology lipidomics approach an attempt describing the brain biochemical 
lipid composition based on the homogenate of a part (gyrus) of the neocortex of post mortem material of the “Dutch 
Brain Bank” with LCMS techniques. From evolutionary perception the occurrence of the “fish oils” in blood and/
or brain is interesting and their ability to pass the Blood-Brain Barrier (BBB). Both omega-3 “fish oil” Fatty Acids 
(FA) Eicosapentaenoic Acid (EPA) and Docosahexaenoic Acid (DHA). EPA and DHA are found in rather high 
concentrations respectively 0.277% and 0.258% respectively in blood plasma but not in the brain. EPA is not found 
in grey or white neocortex matter so probably it cannot pass the BBB while this is the case for DHA giving values 
of respectively ≈0.00015% while Triacylglycerols (TGs) are the major constituent of the human brain with a mean 
value of the neocortex of ≈72%. We finally conclude the TGs have played a major role in the process of human brain 
growth and encephalization during course of evolution. 
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the occurrence of the “fish oils” in blood and/or brain is interesting 
and their ability to pass the BBB. Based on our observations we open 
the debate which lipid class-the PUFAs vs. the TGs-have played a 
major unambiguously role in the process of human brain growth and 
encephalization. Our initial hypothesis is that the TGs have played a 
major role in human brain skull expansion or encephalization and that 
the “fish oil” DHA is a tiny fraction of the FA in the brain and is of 
minor importance of human encephalization.

Material and Methods 
We quantified and qualified the rearrangement and repartitioning 

of these fat stores in the brain of male post mortem subjects (Control 
n=8; 73.5 ± 10.5 years; Type-2 diabetes n=8; 77.3 ± 7.2 years) which 
were obtained from the ‘Netherlands Brain Bank’. We quantified 109 
lipid compounds based on mass and polarity using LCMS methods as 
described earlier [5,12]. Briefly, we followed next protocol.

Brain-tissue: Human Brain tissue was obtained from the 
“Netherlands Brain Bank”. Causes of death causes are presented in 
Table 1 [12]. Time of post mortem dissection varied between 4.4 and 
24.5 h (Table 1) [12]. The region of post mortem collection of the 
tissue material was mainly the cortex (Table 1) [12]. Visually, a clear 
separation could be made between grey and white matter in the cortex. 
A tissue homogenate of the brain tissue (grey or white; ~10% wet 

weight/volume) in Phosphate-Buffered Saline (PBS) was made with the 
Mini-beat Beater.

Blood plasma: Blood was centrifuged at 8000 × g for 5 min. The 
plasma was aliquoted and stored at -80ºC at the “Netherlands Brain 
Bank” pending analysis 

LC-MS: Lipids and free fatty acids (FFA) were analyzed with 
electrospray LC-MS as earlier performed. For blood plasma 10 µl 
samples were extracted with 300 µl of isopropanol (IPA) containing 
several internal standards (IS: C17:0 lysophosphatidylcholine, di-C12:0 
phosphatidylcholine, tri-C17:0 glycerol ester, C17:0 cholesterol ester 
and heptadecanoic acid (C17:0)). Fifty μL of the brain homogenate was 
mixed with 1000 μL IPA containing 4 internal standards. After mixing 
and centrifugation the supernatant was transferred to an autosampler 
vial. Lipids were separated on a 150 × 3.2 mm i.d. C4 Prosphere column 
(Alltech, USA) using a methanol gradient in 5 mM ammonium acetate 
and 0.1% formic acid (mobile phase A: 5% methanol, mobile phase B: 
90% methanol). The flowrate was 0.4 ml/min and the gradient was as 
follows: 0-2 min-20% B, 2-3 min-20% to 80% B, 3-15 min-80% to 100% 
B, 15-25 min-hold 100% B, 25-32 min-condition at 20% B. 

The instrument used was a Thermo LTQ equipped with a Thermo 
Surveyor HPLC pump. Data were acquired by scanning the instrument 
from m/z 300 to 1200 at a scan rate of approximately 2 scans/s in 
positive ion ESI mode.

Figure 1: (a & b)  Depicted ration  [brain-ChEs] / [blood-ChEs]   for grey neocortical matter. Right panel without the dominant C:18-0 peak (stearic acid). Mean (blue) 
and red (std) of 8 Control Human subjects. (c and d) Depicted ration [brain-ChEs] / [blood-ChEs]   for white neocortical matter. Right panel without the dominant 
C:18-0 peak.  Mean (blue) and red (std) of 8 Control Human subjects.
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The FFA LC-MS platform employs the same sample and similar 
HPLC conditions as the lipid method. The ammonium acetate 
concentration is 2 mM instead of 5 mM and no formic acid was added. 
The gradient: 0-2 min-30% B, 2-3 min-30% to 70% B, 3-10 min-70% 
to 100% B, 10-15 min-hold 100% B, 15-20 min-condition at 30% B. 
Detection of FFA is performed in negative ion ESI mode. Combined 
the two methods provide (semi)quantitative data for approximately 200 
different identified lipids and FFA.

Each extract was injected three times (10 µl), once for the LC-MS 
FFA platform and two times for the LC-MS lipid platform. Furthermore, 
a Quality Control (QC) sample was prepared by pooling the samples. 
The pool was divided into 10 µl aliquots that were extracted the same as 
the study samples. The QC samples were placed at regular intervals in 
the analysis sequence (one QC after every 10 samples). The QC samples 
served two purposes. The first is a regular quality control sample to 
monitor the LC-MS response in time. After the response has been 
characterized, the QC samples were used as standards of unknown 
composition to calibrate the data.

In plasma samples, the 6 dominant lipid classes observed with 
these two methods are the lyso-phosphatidylcholines (IS used: 
C17:0 lyso-phosphatidylcholine), phosphatidylcholines (IS used: 
di-C12:0 phosphatidylcholine), sphingomyelines (IS used: di-C12:0 
phosphatidylcholine), cholesterylesters (IS used: C17:0 cholesteryl- 
ester), triacylglycerols (IS used: tri-C17:0 glycerol ester), and free fatty 
acids (IS used: C17:0 FFA) (Figure 1a and 1b; Annex 1). In addition 
to these lipids, the extracts also contain minor lipids, but these were 
either not detected (concentration too low relative to very abundant 
lipids like phosphatidylcholines and diacylglycerols, DG) or they were 
not included in data processing with exception of the DG. The LC-MS 
lipid and LC-MS FFA data were processed using the LC-Quan software 
(Thermo).

Analysis of plasmalogens: Analysis of Cholesterylesters (ChE), 
Lysophosphatidyl-cholines (LPC), Phosphatidylcholine (PC), 
Sphingomyelin (SPM) and Triacylglycerols (TGs) were based on 
molecular mass and retention time using internal standards. Because 
no standards for the plasmalogens exist, mass lists determined by using 
Atmospheric Pressure Chemical Ionization (APCI) and Electrospray 
Ionization (ESI), Mass Spectrometry (MS) techniques were used. These 
mass lists were published on internet www.byrdwell.com/plasmogens 
and www.byrdwell.com/-PhosphatidylEthanolamine.

Calculations “Hot-spot” passage Blood-Brain Barrier: Next we 
calculated at the molecular level for every individual lipid in blood 
plasma vs. brain across the Blood-Brain Barrier for Cholesterylesters 
and Triacylglycerols ratios following: 

• Ration [brain-ChEs]/[blood-ChEs] for grey neocortical 
matter vs. white neocortical matter. 

• Ration [brain-TGs]/[blood-TGs] for white neocortical 
matter vs. grey neocortical matter.

Statistics: For all measured parameters the mean value of the control 
post-mortem human group was compared to the mean value of the 
post-mortem T2DM human group. Statistics were performed via SPSS 
using one-way ANOVA for differences between control and T2DM 
groups. P ≤ 0.05 was considered as statistically significant. Normality of 
the data and homogeneity of variances were checked by Kolmogorov-
Smirnov and Fmax tests, respectively [5,12]. 

Results
From Table 1 no significant differences in the major lipid classes 

(MG, LPC, SPM, PC, DG, ChE, TG) in blood plasma or the ratios AA/
DHA and AA/EPA ratios were observed between the experimental 
groups. Because we measured for every patient directly linked the 
biochemical brain homogenate (grey and white) composition together 
with blood plasma this enables us to calculate the gradient for every 
lipid molecule across the BBB for Cholesterylesters (ChEs Figure 1a-
1d) and Triacylglycerols (TGs Figure 2a-2d). 

For blood plasma (Table 1) our major findings were that PCs are 
the major constituent (44.36%) followed by the by diet-influenced 
TGs (27.9%). The PUFAs (≈Cholesterylesters) take an important place 
(13.61%) as well as their carriers the LPC lipid compound (5.64%) 
[13-16]. Interestingly, both omega-3 “fish oil” FA EPA and DHA are 
found in rather high concentrations respectively 0.277% and 0.258% 
respectively in blood plasma but not in the brain. EPA is not found in 
grey or white neocortex matter so probably it cannot pass the blood-
brain barrier (BBB) while this is the case for DHA giving values of 
respectively 0.00014% vs. 0.000162% for white and grey matter (P ≤ 
0.213; Table 2).

Another important observation is that the TGs are the major 

Compound Control  human blood plasma Mean ± SD (n=8) % Type-2 diabetes human blood plasma Mean ± SD (n=8) % T-test P-value
∑-MG  0.172 ± 0.070 0.42%  0.339 ± 0.218 0.68% P ≤ 0.058 
∑-LPC  2.320 ± 1.778 5.64% 1.566 ± 0.560 3.15% P ≤ 0.272
∑-SPM  3.051 ± 1.485 7.42% 3.862 ± 1.280 7.78% P ≤ 0.261
∑-PC  18.252 ± 6.828 44.36%  19.688 ± 5.617 39.64% P ≤ 0.653
∑-DG  0.271 ± 0.215 0.66%  0.533 ± 0.541 1.07% P ≤ 0.224
∑-ChE  5.598 ± 2.695 13.61% 6.293 ± 1.704 12.67% P ≤ 0.548
∑-TG  11.478 ± 7.070 27.90% 17.390 ± 14.070 35.01% P ≤ 0.306

∑-Total blood  41.142 100.0%  49.671 100.0%  
DGLA (C20:3n6) 0.070 ± 0.054 0.170% 0.078 ± 0.043 0.157% P ≤ 0.754
AA (C:20-4-ChE) 0.983 ± 0.620 2.389% 1.354 ± 0.671 2.726% P ≤ 0.270
EPA (C:20-5-ChE) 0.114 ± 0.131 0.277% 0.186 ± 0.111 0.374% P ≤ 0.251
DHA (C:22-6-ChE) 0.106 ± 0.080 0.258% 0.170 ± 0.083 0.342% P ≤ 0.134

AA/DHA 11.52 ± 5.085 - 8.17 ± 2.166 - P ≤ 0.108
AA/EPA 14.01 ± 7.903 - 9.07 ± 5.184 - P ≤ 0.162

Table 1: Summarized relative concentrations determined with LC-MS techniques of the different lipid compounds in human blood plasma of two patients groups: one 
Control-group (N=8) and one Diabetes-2 group (N=8). DGLA: Dihomo-γ-linolenic Acid; AA: Arachidonic Acid; EPA: Eicosapentaenoic Acid; DHA: Docosahexaenoic Acid.

http://www.byrdwell.com/plasmogens
http://www.byrdwell.com/-PhosphatidylEthanolamine
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constituent of the human brain for white vs. grey respectively 68.32 vs. 
75.96% respectively (P ≤ 0.968) with a mean value of the neocortex of 
≈72%. So the [brain-TGs]/[blood-TGs] ratio=72%/28%=2.57.

This is in general so important PUFAs (≈ChE) exemplify solely a 
minor lipid fraction in the human brain giving values of respectively 
0.05% vs. 0.05% for white and grey matter (P ≤ 0.05; Table 2), giving 
a mean value of the neocortex of ≈0.05%. So the [brain-ChE]/[blood-
ChEs] ratio=0.05%/13.61%=0.0037.

Brain phospholipids are distinctive from in that they tend to contain 
a higher proportion of phosphatidylcholine (≈18.8%) and much 
lower values for the phosphatidylethanolamine (≈1.3%) especially 
in plasmalogen form (∑-PC-plasmalogens and ∑-PE-plasmalogens 
between ≈1-2%; Table 2). 

Next we calculated at the molecular level for every individual 
lipid in blood plasma vs. brain across the BBB similar ratios which 
are depicted in Figure 1 (a, b vs. c, d). From these observations we can 
conclude from the in Figure 1 depicted ration [brain-ChEs]/[blood-
ChEs] for grey neocortical matter vs. white neocortical matter that 

the C18:0 ChE ration (stearic acid) is the most abundant so the BBB is 
in theory the most “leaky” for this ChE (relative range grey ≈ 33.0 vs. 
white ≈ 33.5) (left panels). If we eliminate this peak the most abundant 
ChEs for grey (Figure 1b) and white (Figure 1d) are C16:0; C16:1; C18:1 
ChEs (range ≈ 1.8-5.0).

If we consider the TGs fraction (Figure 2a and 2b white vs. Figure 3a 
and 3b grey) with depicted ration [brain-TGs]/[blood-TGs] for white 
neocortical matter vs. grey neocortical matter we can conclude that 
C:54-1 TG is the most abundant peak ≈83000.0 (white) ≈78000.0 (grey) 
so the BBB is the most “leaky” for this lipid molecule. If we eliminate 
this optional important evolutionary peak we see depicted in Figure 2 
(b vs. d) that the BBB is “leaky” for a whole range of TGs, to mention 
in the range from C:46-C:60 unsaturated and saturated TGs which may 
have contribute for further brain growth. 

Discussion and Conclusion
Recent investigations are indicative that brain health could be 

associated with many different physiological and pathophysiological 

 
(a) 

 
(b) 

Figure 2: With depicted ration [brain-TGs]/[blood-TGs] for white neocortical matter. When from Figure 2a (top) the dominant TG-C:54-1 peak ≈83000.0 is eliminated 
we get in Figure 2b (bottom) variety of TGs fatty acids fatty acids of varying degrees of unsaturation and chain length which possibly fuel the brain. Mean (blue) 
and red (std) of 8 control human subjects
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(a) 

 
(b) 

Figure 3: With depicted ration [brain-TGs]/[blood-TGs] for grey neocortical matter. When from Figure 3a (top) the dominant TG-C:54-1 peak ≈78000.0 is eliminated 
we get in Figure 3b (bottom) variety of TGs fatty acids fatty acids of varying degrees of unsaturation and chain length which possibly fuel the brain. Mean (blue) 
and red (std) of 8 control human subjects.

Figure 4: Human evolution based on skull endocasts of fossil archaic primates and early hominids. We hypothesize Triacylglycerols (TGs) were the trigger for human 
encephalization which was the growth factor for logarithmic skull expansion from Homo erectus towards Homo sapiens during course of evolution (Figure 1) [11].
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states and this might be stimulated by a physiological level of 
Arachidonic Acid (ARA) [13]. But probably many other compounds 
of mainly the Cholesteryl fraction (PUFAs) are involved, and for this 
reasoning we will elucidate this topic related to optional passive/active 
carriers in the BBB. Recently, the opinion is contradicted that Very 
Long Chain Fatty Acids (VLCFA) can pass the BBB to fuel the brain 
[14]. Our findings are opposite and give awareness of a predominant 
role of the TGs.

From our observations the TG C:54-1 (Figure 3a) can be 
considered-following our “membrane-model”- the most “leaky” 
position in the BBB which can be based on several TGs combinations 
like: a) Two times C18:0 stearate; b) One times C18:1 oleate (SSO); or 
c) The combination C16:0; C18:0 and C20:0. If we eliminate this peak a 
whole range smaller C:46-C:60 TGs lipid molecules are possibly fueling 
the brain according to our observations. These are in contrast towards 
the theories of considering the ability of VLCFA to fuel the brain [14]. 
Following our “membrane” approach the transporter for “fishy” PUFA, 
DHA is not detected which is in contrast to the research of the studies of 
Nguyen et al.; Ben-Zvi et al.; Guemez-Gamboa et al. [4,16,17], focusses 

on the Mfsd2a protein as “leaky position” in the BBB for the “fishy” 
omega-3 DHA.

In addition, the perception consists that some systemic fatty acids 
are likely to cross the human Blood-Brain Barrier (BBB) and thereby 
influence central fatty acid concentrations [18]. However, our data 
are indicative that the TGs are the major constituents passing the 
BBB and consequently we hypothesize that the quantitative aspect of 
encephalization has to come from the TGs (Table 2).

The biological activities of omega-3 fatty acids (n-3 FAs) have 
been under extensive study for several decades and its role in 
brain functioning and mental health is beyond scope of extremely 
importance from qualitative perception [19,20]. An abundance of the 
Polyunsaturated Fatty Acid (PUFAs)-among them DHA in seafood- 
has been suggested as being helpful in the development of a large 
brain [20]. The harvesting, processing, and consuming of seafood are 
ancient practices with archaeological evidence dating back well into the 
Paleolithic [21]. In contrast, other researchers claim a terrestrial diet 
could also have provided the necessary DHA [21]. The latter vision we 
support, considering the futile existence of DHA and complete lack of 

Compound Control-white brain Mean ± SD (n=8) % Control-grey brain Mean ± SD (n=8) % T-test P-value
∑-LPC 0.412 ± 0.1022 0.30% 0.250 ± 0.0498 0.20% P ≤ 0.0024**
∑-SPM 8.731 ± 1.190 6.32% 3.039 ± 0.6128 2.46% P ≤ 0.00000001****
∑-DG 0.457 ± 0.1472 0.33% 0.074 ± 0.0237 0.06% P ≤ 0.0001***
∑-PC 25.773 ± 1.355 18.65% 23.385 ± 2.1260 18.90% P ≤ 0.0202*
∑-PE 1.680 ± 0.1719 1.22% 1.692 ± 0.3036 1.38% P ≤ 0.926

∑-PC-plasmalogens 2.651 ± 0.1833 1.92% 0.869 ± 0.5206 0.70% P ≤ 0.00000001****
∑-PE-plasmalogens 3.936 0.4561 2.85% 1.034 ± 0.5453 0.84% P ≤ 0.000000021****

∑-ChE 0.069 ± 0.0053 0.05% 0.063 ± 0.0053 0.05% P ≤ 0.0463
∑-TG 94.419 ± 26.4829 68.32% 93.971 ± 24.7624 75.96% P ≤ 0.9682

∑-Total 138.200 ± 26.765 ≈100% 123.712 ± 23.6108 ≈100% P ≤ 0.2704
DGLA (C20:3n6) 0.0022 ± 0.0004 0.00159% 0.0014 ± 0.0003 0.00113% P ≤ 0.0007**
AA (C:20-4-ChE) 0.008 ± 0.0015 0.00579% 0.007 ± 0.0016 0.00565% P ≤ 0.0422*
EPA (C:20-5-ChE) Not detected - Not detected - -
DHA (C:22-6-ChE) 0.0002 ± 0.0003 0.00014% 0.002 ± 0.0005 0.00162% P ≤ 0.2129

AA/DHA 5.16 ± 1.051 - 3.44 ± 0.638 - P ≤ 0.0021**
AA/EPA - - - - -

Compound Diabetes2-white brain
Mean ± SD (n=8)

Diabetes-2-grey brain
Mean ± SD (n=8) P-value

∑-LPC 0.338 ± 0.0868 0.22% 0.222 ± 0.0434 0.14% P ≤ 0.0069**
∑-SPM 8.978 ± 2.5746 5.81% 3.246 ± 0.4956 2.07% P ≤ 0.000253***
∑-DG 0.440 ± 0.21419 0.29% 0.078 ± 0.0376 0.05% P ≤ 0.0018**
∑-PC 24.568 ± 0.906 15.91% 23.393 ± 0.971 14.94% P ≤ 0.025346*
∑-PE 1.692 ± 0.3036 1.09% 1.018 ± 0.0839 0.66% P ≤ 0.0003***

∑-PC-plasmalogens 2.599 ± 0.5507 1.68% 0.805 ± 0.5707 0.51% P ≤ 0.0000001****
∑-PE-plasmalogens 3.960 ± 1.0,552 2.56% 0.9814 ± 0.57105 0.63% P ≤ 0.0000001****

∑-ChE 0.0780 ± 0.0130 0.05% 0.069 ± 0.0097 0.44% P ≤ 0.1172
∑-TG 112.592 ± 28.9164 72.90% 126.715 ± 54.6613 80.93% P ≤0.5320

∑-Total 154.439 ± 28.0851 ≈100% 156.576 ± 52.7645 ≈100% P ≤ 0.9253
DGLA (C20:3n6) 0.00258 ± 0.00079 0.00167% 0.00128 ± 0.00032 0.00082% P ≤ 0.0018**
AA (C:20-4-ChE) 0.01041 ± 0.00396 0.0067% 0.00765 ± 0.00252 0.0049% P ≤ 0.1227
EPA (C:20-5-ChE) Not detected - Not detected - -
DHA (C:22-6-ChE) 0.00172 ± 0.00014 0.0011% 0.00206 ± 0.00024 0.0013% P ≤ 0.005**

AA/DHA  6.14 ± 2.41 - 3.68 ± 0.927 - P ≤ 0.0244**
AA/EPA - - - - -

Table 2: Summarized relative concentrations determined with LC-MS techniques of the different lipid compounds in human brain homogenate (white vs. grey) of two 
patients groups: one control-group (N=8) and one Diabetes-2 group (N=8). DGLA: Dihomo-γ-linolenic Acid; AA: Arachidonic Acid; EPA: Eicosapentaenoic Acid; DHA: 
Docosahexaenoic Acid.
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EPA in human brain.. Presently, there is an important dichotomous 
approach in evolutionary sciences which lipid fraction plays a major 
role in human encephalization: the omega-3 PUFAs or the TGs. Earlier 
we described the observation in a C56bl6 High-Fat diet induced obese 
mouse model on bovine lard with large amounts of unsaturated TGs 
C50:1; C:50-2; C:52-2; C:54-3; C:54-4 and C:56-3 TGs might have 
played a role in mammalian encephalization [5,11]. Our observations 
support this new insight that TGs (≈VLCFA) can pass the BBB and fuel 
the modern human brain. On the other hand during course of human 
evolution these TGs were the trigger for human encephalization which 
was the growth factor for logarithmic skull expansion from Homo erectus 
towards Homo sapiens during course of evolution [11] ] (Figure 1 and 4).

With the expected pandemic of about one billion people with a 
form of dementia or mild-Alzheimer around 2030 [22], our findings 
can also be applied in finding appropriate nutrition and pharma with 
more emphasis on TGs to respond to this wave of mental disorders 
among our elderly.
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