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Nature is a constant source of inspiration for scientific advancement. Examples are too numerous to count:
> solar cells to mimic photosynthesis s
> aspirin from willow bark @
> penicillin from bread mould

The ocean is no exception; both vertebrates and invertebrates are exploited
in the quest for new medicinal compounds.

Phytoplankton and marine algae, for example, are ca-
pable of doing what mammals cannot - producing a
variety of omega-3 (w-3) polyunsaturated fatty acids
(PUFASs). This natural product is vital to basic meta-
bolic processes, including basic brain and heart activ-
ity. PUFAs are also thought to decrease inflammation
and have anti-cancer activity.

o , Humans’ main source of PUFAs is a diet that includes the fish that

" =SS feed on these w-3 rich microorganisms. The designation ‘w-3'refers
docosaherancic ackl (DHA) 226 to a double bond originating from the third carbon from the chain ter-

. ] minus. There are a variety of molecules in the -3 class, differing in

a-wenow,  Chain length and degree of saturation. The three most important are
" shown here: DHA, EPA and ALA.

EPA acts as a precursor to a series of eicosanoids that are involved
inimportant feedback loops in blood regulation, including platelet ag-
gregation and white blood cells activation.
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DHA is the primary component of the cerebral cortex, skin, and retina. It can be metabolized directly or synthe-
sized in vivo from ALA. This is a vital fatty acid and has been shown to:

> maintain proper brain function > improve the efficiency of chemotherapy

> slow the progression of Alzheimer's > inhibit the growth of some type of tumors

> improve cardiovascular health

As many human diets lack sufficient w-3 and typically injest too high of a w-6/w-3 ratio, a variety of supple-
ments are available. Herein, we describe the differences between four of these alternatives using both
standard 400 MHz and benchtop 60 MHz 'H NMR Spectroscopy.

> w-3 supplements > cod liver oil

> wild salmon oil > shark liver oil
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Omega-3 Supplements

The label of a typical v-3 supplement will usually list:

Fish Oil Concentrate (PUFA-EE) Omega-3 Fatty Acids (PUFA)
Eicosapentaenoic Acid (EPA) Docosahexaenoic Acid (DHA)

Fish oil concentrate is unique to
w-3 supplements. It is not naturally

occuring, but rather it's formed .

through a simple transesterification 0

reaction. As depicted here, this in- o~ — DHA-ethyl ester
volves areaction of a triglyceride of o ow Y
PUFA with ethanol (EtOH) to elimi- 3 EtOH °

nate the triglyceride linkage as %o e J\/\k:\%

glycerol and afford the o-3s as w X o . EPA-ethylester
ethyl ester derivatives. triglyceride of PUFA = o

This is process is done because it o glycerol

renders the PUFAs easier to refine, J o -ethyl ester

purify and concentrate. These de-
rivatives, howevesr, are considered
less bicavailable as they have to be
re-converted to the triglyceride
form in vivo.

The ethyl ester derivativegives rise in both 60 and 400 MHz "H NMR to a quartet at 4 4.09 ppm

H S -CH,-
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Although the ethyl ester derivative is 2
considered more difficult to absorb, 400 MHz \ i LJ
the strength in these supplements is

that they are prepared in the absence

of excess saturated or monounsatu- 1
rated fatty acids or toxins that remain 60 MHz

from the nutrient source.




Wild Salmon OQil

Fish oils, like this wild salmon example, are a less processed supplement:

> Wild Alaskan Salmon Oil
> Eicosapentaenoic Acid (EPA)

2
Palmitic acid, C16:0 Linoleic Acid, C18:2

R= o 0
o by =y,

Oleic Acid, C18:1 DHA, C22:6

Saturated fats have been shown 1o increase the risk of car-
diovascular diease. Although there is evidence to suggest
that monounsaturated fatty acids reduce inflammation and
are heneficial for maintaining normal cell growth, most West-
ern diets contain significantly more w-6 than w-3. If this ratio
is too high, it has been found to be detrimental to human
health2
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> Docosahexaenoic Acid (DHA)

Salmon oil is mostly comprised of the natural form
of fatty acids, the triglyceride, that is combined
with some extra EPA and DHA. As it is less pro-
cessed, this supplement contains a higher amount
of saturated (e.g., palmitic acid) and monounsatu-
rated (e.g,, oleic acid) fatty acids in addition to the
desired PUFAs (e.g, linoleic acid, DHA). The mole-
cules depicted here are genera\l¥ found in the high-
est concentration in salmon oil

60 MHz 400 MHz fference

Terminal methyl
~CH,

9.41 9.16 2.82

n/a

Like the @-3 supplements, there is good agree-
ment between the 60 and 400 MHz data for per-
cent composition of the nutritional supplement.
The ratio of w-3:0-6 acids can be determined by
400 MHz NMR, but there is insufficient resolution
at 60 MHz to determine the ratio precisely. Re-
gardless, the saturates and monounsaturates
can be obseved through:

> significantly greater alkyl -CH,- component

{~47% cf.,, 24% in w-3 supplement)
> ahigher olefin to bis-allylic ratio
{1.7 ¢f, 1.2 in ©-3 supplement)

The triglyceride linkage is easily observable via
the multiplet centered at § 4.21 ppm.

BAursand, M. et. al. JAOCS, 1993, 70(10), 971
BiSimopoulous, A. P., Biomed Pharmacother, 2002, 56(8), 365



Cod Liver Oil

A cod liver oil supplement typically includes:

Cod Liver Oil Vitamin A (palmitate) Vitamin D (cholecalciferol)
Like the previous two supplements, cod liver oil is an excellent source of w-3, particularly EPA and DHA. These free
fatty acids are in their naturally occuring triglyceride form. The relative compasition is also very similar to that of
salmon oil - containing a large amount of saturated fatty acids {e.g. palmitic and stearic), monounsaturated w-9 (2.9,
aleic acid), and »-6 {e.g, linoleic acid).!
The distinguishing feature of cod liver ail is the amount of vitamins A and D, present. Vitamin Dis ¢y,
in lower concentration {~0.01 mg/capsu\e) and is below the limit of detection for both the 60 and

400 MHz 1D "H NMR spectrum. Although vitamin A is present in an much higher amount {(~0.8 mg/- .
capsule) resonances are not readily evident in either spactra. A more sensitive technique would be g N
necessary to identify these companents. 53
o o "
S
v 2, 8
Palmitic acid, C16:0  Stearic acid, C18:0 5 Q1o
o OyAR £ 559
Y e Q 3 3 g
a gm0 Re W _ 3 S 5g
/\( 4 4 i‘ 7 2 ] 5 %
Oleic Acid, C18:1 Linoleic Acid, C18:2 g 5| °
o o < '
N . e ‘ |
EPA, C20:5 DHA, C22:6 400 MHz I
% MHz | 400 MHz |%Difference
11.4¢ 12/ 2.
i i - 60 MHz
glyceride
"y 400 4.00 -0.12
bis-allylic
e | 6 684 -0.50 8 7 6 5 4 3 2 1 0 A
gl e | meD 175
il
alkyl o
il | 48.40 47.60 1.67 Mo
Terminal methyl
“oh, 8381 8.89 -0.95
Total % 100.00 100.00 n/a amin
Nevertheless, the amount of retinyl palmitate present can be Vitamin A (Retinyl palmitate) (Cholecalciferol)

cause for concern because it approaches the upper tolerable
level for humans. Vitamin A, although vital for many functions in-

cluding vision, is a fat-soluble vitamin and is known to bicaccumu- Chh_— — O
N . - N <
late in fat tissue. People taking cod liver oil generally are required \ /7 \ / Ot | jO;C‘M
to regulate and limit other sources of vitamin A in their diets, and it i biphenyl i “egdir ioxi
is recommended that they do so under guidance of a physician. (PCB) (PCDD)
Additionally, as the liver is used to remove toxins, thers is also the O
potential for trace amounts of contaminants {e.g,, PCBs, PCDDs, Br \GBrm MeHg" -
PBDESs, MeHg). If present in these samples, they are at too low a P - .
! - olybrominated diphenyl ethers Methylmercury
cancentration to be detected at either 60 or 400 MHz. (PBDE)

1Galarraga, B. et. al. Rheumatology, 2008, 47, 665
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Shark Liver Oil

Shark liver oil, procured from certain species
of deep sea sharks!! is often incorrectly
classified as a PUFA supplement when there
are virtually no -3 PUFAs present. A shark
liver has a unique composition because it
acts as a swim bladder. It is filled with oils
that effectively increase the buoyancy of the
shark. This oil is almost entirely squalene.

Squalene is an essential terpenoid sub-
stance that is a precursor to in vivo develop-
ment of all steroids. Although there are other
natural sources of squalene (e.g., vegetable
oil, amaranth), shark liver is a main source.

Although squalene possess a very different
bioactivity, its health benefits are similar to
that of PUFAs. Squalene is thought to have
anti-carcinogenic activity, reducing risk of
cancer and shriking existing tumors. Addi-
tionally it has been found to potentiate che-
motherapy drugs.?

There are two potentially problematic components in shark liver oils: pristane and, like in cod
liver oil, toxins (e.g., PCBs, PBDESs). While there is no evidence for aromatic protons from PCB
or PBDE contaminants at either 60 or 400 MHz, suggesting that they are either not present or
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below the limit of detection, there is an alkyl impurity in the samples we tested. -CH,

The spectra below exhibit evidence of alkyl impurities at both high and low fields in the 5 0-1.4
ppmrange. This is likely residual pristane. Pristane is a saturated terpenoid substance that is
the second most prevalent oil in shark liver. It is known to induce auto-immune disease and
plasmacytosis in mice, and has also been linked to the increased instance of rheumatoid arthri-
tis in humans.® To determine whether this impurity is pristane or a residual solvent a more sen-
sitive_technique like mass spectrometery (MS) or high-performance liquid chromatography

(HPLC) may be required.

1 Tsujimoto, M. J. Ind. Eng. Chem. 1920, 63

2 Deiana, M. Magn. Reson. Chem. 2001, 39, 29
H,; Grimvall, E. Occup Environ Med. 1997, 54, 66

BlCarlsson

“CH,-

5 \
g
o
400 MHz | “1\
1
60 MHz
7.0 50 40 30 20 10 00



Y,

s W
Nanalysis Corp. »
o Bay 4, 4500 5" Street NE

Calgary, AB, Canada
T2E 7C3 S
@ 1.855NMREADY }

© @nanalysis 4
@ sales@nanalysis.com

For more information

please contact Nanalysis directly or a regional reperesentative

Benelux - JEOL (Europe) BV
+31 500

Poland - Selwalab
+48.22.29.25.1C
www.sel

lwa-lab.pl
Portugal - Scansci
+351.227.347.158
www.scansci.pt
UK & Ireland - GPE Scientific
+44(0) 15 7

5
entific
Brazil - AlLabs
+55(11) 5189.8100
www.djlab.com.br
Caribbean - TTC Analytic
+1.787.286.1090
www.ftcanalytical.net/ttc

China (Bejing) - Leagoht Co. Ltd
+86.010.5288.0825
www leagoht.com/EN/index.asp
China (Nanjing) - Jiangsu wanke
+86.025.5216.5593
Www.en jswanke.com
Hong Kong - Tin Hung Technology
+852-2817-2121
www.tinhangtech.com/hame
India - Inkarp Instruments
+91.40.2717.2431
www.inkarp.co.in
Japan - Tokyo Instruments
+81.3.3686.4711
www.tokyoinst.cojp/en
Malaysia/Myanmar - RGS Corp.
+60.3.894.81.638
www.rgscnet.com

South Korea - Young-In Scientific
+82.251973
www.youngin.com
Thailand - Bara Scientific Co.
+66.1.7524654
www.barascientific.com

Iraq - 1st Lab Company
+964.7709933287
www.1stlab-ig.com
Nigeria - Buck Scientific
+1.203.853.9444
www.bucksci.com
Turkey - Prolab
+90.216.598.2900
www.pro-lab.com.tr/tr
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> Frequency: 'H 60 MHz
ermanent, cryogen-free
confined within enclosure

> Sample: Standard 5 mm NMR Tubes
> Speciral resolution: LW af 50% 1.2 Hz
> Power: 100-240 VAC, 50-60 Hz

> Weight: 55 Ibs (25 kg)

> Dimensions: 11.8x11.0x19.2" (30x28x49cm)

> User Interface: Built-in Touchscreen

> Connectivity: USB, Ethernet, VNC

> File Format: JCAMP-DX

> Compatibility: Mnova, Topspin, Spinworks, LabVIEW




