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SUMMARY. The toad retina diacylglycerol level is eight times

that of the brain; this molecule in the former tissue is also
more unsaturated. The difference is mainly due to a very high
content of docosahexaenocate (42%): arachidonate represents only
about 7%. On the contrary the diacylglycerides in brain contain

3 and 25% respectively of those fatty acids. It is suggested that
highly unsaturated diacylglycerides play a unique and very active
precursor role of phosphoglycerides in the retina.

INTRODUCTION. Excitable biomembranes contain polar lipids with
large amounts of long-chain highly unsaturated acyl components
(1-6). The phospholipids of the rod outer segments of the retina
are also very richly endowed with polyenoic fatty acids (2-5).
Only few studies have been published on the content and

structure of acyl glycerols in the nervous tissue (7-9). Atten-
tion has not been paid to the level, composition and metabeolic
significance of diacylglycerols of the retina. In the present
communication we report a high amount of docosahexaencic acid

and of total diglycerides in the toad retina.

METHODS. Brains and retinas were obtained with normal artificial
laboratory light after decapitation from the toad Bufo arenarum,

Hensel.

The lipids were extracted (10), filtered through a sintered glass
filter under a nitrogen stream and the diacylglycerols isolated
by a one step development on gradient-thickness thin layer chro-
matography (11-12). The development of the chromatogram was done
with hexane-diethyl ether-acetic acid 40-60-2,5 (V/V/V) at 4°C.

(*) Reprint request to N.G. Bazin.
(**) In partial fulfilment of the requeriments for Doctorate
degree in Biochemistry,
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Methanolysis was carried out during 45 minutes at 100°C (8, 13).
For the separation and quantification of the individual fatty

acid methyl esters a Varian Aerograph Model 1700 Gas Chromato-
graph with a hydrogen flame ionization detector was used (injec-
tor port 225°C; oven 200°C; detector 210°C and carrier gas (Nz)
25 ml/ min). This was equiped with a coiled stainless steel col-
umn (inside diameter 2,3 mm; length 2.2 meters) packed with 6%
diethylene glycol succinate on Diatoport S, 80-100 mesh
(Hewlett-Packard). The runs were carried out with nonadecanoate
methyl ester as internal standard after having determined the
endogenous content of that fatty acid in the samples. The iden-
tification of the individual fatty acids was performed as de-
scribed elsewhere (8).

RESULTS AND DICUSSION. The diacylglycerols studied here are a
mixture of the 1,2 and 1,3 isomers. They have not been subfrac-

tionated because we have obtained evidence showing that at least
most of the native pool of diacylglycerols in the neural tissue
is not a mixture of both isomers (14).

In table I a striking difference can be seen in the level of
total diacylglycerides of retina and brain. The former tissue
has a pool about eight times larger than that of the brain and
contains about (42%) of its total fatty acids as docosahexaenoate
while in the brain this molecule amounts only to 3%. Docosapen-
taenoic acid also apprar to be more concentrated in the retina
(data not shown). Arachidonate on the contrary represents 27% of
the total acyl groups from the brain diglycerides and only 7% in
the retina. The ratio between total saturated to unsaturated
components indicates a predominance of the later in both parts
of the central nervous system surveyed and is lower in retina
than in brain.

There is evidence that the diacylglycerols are active metab-
olites in the central nervous system (15); however the data re-
ported here represent, to the best of our knowledge, the first
study on the fatty acid composition of the diacylglycerols of
the retina. The content of arachidonate and docosahexaenoate in
brain diglycerides is similar to mouse brain diglycerides con-
tent in that the former fatty acid is much greater than the
later (7).
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Table 1

Level, unsaturation and major unsaturated fatty acids in diacyl-
glycerides of brain and retina.

Total diacylglycerols, 22:6 @ 3 and 20:4 w 6 content represent
amounts of methyl esters as determined by gas-liquid chromato-
graphy using nonadecanoate methyl ester as an internal standard.
Figures for these molecules indicate mean ug/100 mg of tissue
dry weight + S.E.M. Dry weight was determined in the residues
after the lipid extraction. The number between parentheses in-
dicates the number of samples. Each retina sample contained ten
toad retinas and each brain sample contained from five to fif-
teen toad brains. From each sample at least two analysis were
performed.

Parameter Retina Brain
Total diacylglycerols 404 = 51.00 (9) 56,00 + 13,30 (13)
22:6 w3 185 = 35,00 (6) 2,26 + 0.74 (4)
20:4 w6 25+t 3.82 (6) 15.93 + 5,97 (4)

Ratio total saturated
to total unsaturated
acyl components 0.69 * 0.05 (9) 0.82 % (.14 (5).

The high level in docosahexaenoate in toad retinal digly-
cerides is one of the highest reported values for a particular
1ipid class in any tissue, Only in etanolamine phosphatides from
the electric organ of the Torpedo marmorata a slightly higher
content (43%) of 22:6 was found (3). Ethanolamine, serine and
choline phosphatides from the bovine rod outer segments contain
29.3, 16.8 and 16.1% respectively of the docosahexaenoate (16),
while in the total 1lipids from the same portion of the bovine
retina there is 34,3% (4). Very recently the presence of trigly-
cerides very rich in docosahexaenocate was reported in sand trout
retina (17).

The diacylglycerols are precursors of phosphatides and tria-
cylglycerols (18). A requeriment of exogenously added diglyce-
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rides have been demostrated for the biosynthesis of brain (18-20)
and retina phosphatides (21). Further it was shown that phospha-
tidylcholine formation was increased when certain D - a, f-di-
glycerides were added, diolein being most actively incorporated
(19-20).
The retina phospholipids fatty acid composition resembles retina
diglycerides, with some difference: the later are richer in doco-
sahexaencate, while the analogy is not so obvious when a compar-
ison is made between the composition of toad brain phosphatides
with diglycerides (14). It is also interesting to note that a
tendency to compensation of unsaturation is seen in both neural
pool of diacylglycerides.

The marked differences in these diglyceride pools likely in-
dicates that in the retina they play a unique and very active
precursor role of phospholipids.
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