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ORIGINAL

Chromatographic Behavior of Glycerolipid with Respect to 1,2-;

2, 1-and 1, 2—-; 1, 3-Positional Isomers on Reverse Phase Mode

Koretaro TakanasHI* and Tsugihiko Hirano**
* Laboratory of Food Chemistry, Faculty of Fisheries, Hokkaido University
(3-1-1 Minato-cho, Hakodate-shi, T041)
** Hitachi Hokkai Semiconductor Ltd,, (Nakajima, Nanae-cho, Hokkaido, F041-11)

This study was conducted to determine why 1,2-; 2,1-and 1, 2-; 1, 3-positional isomers of diacyl glycerolipids,
including those that are depolarized, are separated on reverse phase HPLC while triglycerides are not.

Interaction forces among the carbon chains of lipid molelcules generated by the Coulomb force of atoms were
concluded to be stereochemically well balanced in the case of triglycerides in contrast to diacyl glycerolipids.
Possibly, the larger the acyl carbon number, the greater is the lack of conformity of interaction forces among acyl
moieties. This is a factor determining the chemical potential of lipid molecules and gives rise to small but
reproducible differences in retention on reverse phase HPLC between the 1,2-and 2,1-as well as 1,2-and 1, 3-

positional isomers,

1 Introduction

In accordance with the increase in resolving
power of high performance liquid chromatography
(HPLC), in the reverse phase mode, rules of the
chromatographic behavior of triacylglycerol
molecular species have been developed originally
from partition number’? equivalent carbon
number®, method of Goiffon e al. *-* theoretical
carbon number®, matrix model” and relative
retention potential theory®.

Principally, simple addition theorem of chem-
ical potentials of functional groups (components)
in the solute molecule should hold in chromato-
graphic systems. This is called the law of Martin®
, and can be expressed as,

Aug/R*T=Aus/R-T+Aux/R-T (1)
where A and B are members of a homologous
series differing with the functional group X, # is
the chemical potential, R is the gas constant and
T is the absolute temperature. Basically, it can
be considered that this simple addition theorem of
chemical potentials should hold in all kinds of the
chromatographic systems, and therefore, the re-
tention time can be predicted by utilizing this

theory”#19-1  However, a slight but reproduci-
ble deviation in retention time from the theoreti-
cally predicted value is often observed. This
phenomenon can be attributed to the variation of

the three dimensional arrangement of the func-
tional groups i. e. stereochemical isomers. There-
fore, strictly speaking, it is impossible in a
perfect form, to formulate the whole chemical
potential of the lipid molecule in a simple
addition theorem as in equation (1 ).

This paper insights the precise chromato-
graphic behavior of 1, 2-; 2, 1-and 1, 2-; 1, 3-posi-
tional isomers of glycerolipid on reverse phase
HPLC in comparison to symmetric glycerolipid.

2 Experimental

Symmetric glycerolipid standards e, g. triocta-
noyl-, tridecanoyl-, trilauroyl-, trimyristoyl-,
tripalmitoyl-, and trioleoylglycerols were obtain-
ed from Sigma Chemical Company, and were
applied to reverse phase HPLC under the follow-
ing conditions : instrument, Hitachi 638-50 li-
quid chromatograph (Hitachi Co. Ltd., Tokyo,

Japan); column, Chemcosorb I-5C18, 30 cm X4
mm (Chemco Ltd., Osaka, Japan); detector,
Shodex SE-11 RI monitor (Showa Denko Ltd. ,
Tokyo, Japan); solvent, acetone/acetonitrile (3
: 2, vol/vol) ; flow, 0.5 mL/min; column temp. ,
room temperature (20~22°C). Peaks appeared
on the HPLC chromatogram were collected manu-
ally, and each collected fraction (nitrogen gas
dried) was esterified as follows by the method of
Christopher & Glass modified by Prevot &
Mordret' for the fatty acid composition analysis.
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Collected fractions were dissolved in 1 mL
n-hexane, and 0.2 mL of methanolic 2N NaOH
solution was added. After the mixture had been
shaken, it was stood for 20 s under 50°C and then
0.2 mL of methanolic 2N HCI solution was
added. The n-hexane layer was collected, then
concentrated and subjected to gas liquid chroma-
tographic analysis (GLC). The analytical condi-
tions of GLC were as follows; instrument, Hitachi
063 gas chromatograph (Hitachi Co. Ltd.,
Tokyo, Japan); column, Unisole 3000 (Gasukuro
Kogyo, Tokyo, Japan) 3 mX3 mm glass column;
column temp., 205°C; injection temp., 270°C;
detector, FID; carrier gas, N, 40 mL/min. By
infering from the result of the fatty acid analysis
of each peak, the standard molecular species were
confirmed on the HPLC chromatogram, and the
relative retention time (RRT) of them were
calculated. As for the nonsymmetric glycero-
lipid, RRT data of Kito et al.' and Takamura

et al. ¥ were introduced.
3 Results and Discussion

As previously reported®'®  a general expres-
sion for the chemical potential of the triacyl-
glycerol molecule can be expressed as,

Aure=gif(c;, di, a),

flc,, day ), flcs, dsy i)l (2)
where ¢ and d are acyl carbon number and number
of double bonds in each acyl group, respectively.
w is the position of double bonds, and “g” is the
function of chemical potential given by the three
dimensional arrangement of the acyl groups. If
we express the chemical potential of each acyl
group as Auy, Apa, A for position 1, 2, 3,
function ( 2 ) can be written as,

Aurc=8 (A, Apts, Aps) (3)
This function ( 3) can give the chemical poten-
tial generated by the three dimensional conforma-
tion of Auy, Aus, Aus, arranged on the glycerol
moiety. Supposing that this three dimensional
factor is negligible, function ( 3 ) can be rewrit-
ten as follows,

Apre=Aw+ Apr+ Ay ( 4 )
and simple addition theorem of chemical potential
i. e. the law of Martin (see equation ( 1 )} should
hold.

Nevertheless, as seen in Table-1, 1,2-; 2,1-
and 1, 2-; 1, 3-positional isomers had slight but
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Table-1 Relative retention time of the dinitrobenzoyl
molecular  species including 1,2-;2, 1-and
1,2-;1, 3-positional isomers with respect to

the (1-12:0, 2-12:0) derivative, *

Molecular species RRT log (RRT)
(1-20 : 4, 2—16 : 0) 2.10 0.322
(1-16 : 0, 2-20 : 4) 2.15 0.332
(1-20: 4, 2-18 : 0) 3.00 0.477
(1-18:0,2-20: 4) 3.09 0.490
(1-15:0,3-15:0) 2.40 0.380
(1-15: 0, 2-15 : 0) 2.66 0.425
(1-18:1,3-18:1) 3.22 0.508
(1-18:1,2-18:1) 3.50 0.544
(1-16 : 0, 3-16 : 0) 3.44 0.537
(1-16 : 0, 2—16 : 0) 3.83 0.583

* Transcribed a part from J. Biochem., 98, 327
(1985)™ .
Relative retention time (RRT) of the (1-12: 0,
2-12: 0) derivative is regarded as 1.00.

obviously different RRT, and could be separated
by high resolution HPLC. Therefore, formula
(4) can be considered as an approximated
formula of the gross chemical potential in one
triacylglycerol molecule. We will now embody
function ( 3 ), the “g” function, by reviewing the
three dimensional molecular structure of glycero-
lipid. As for a representative form of glycero-
lipid, we will consider the three dimensional
molecular structure of triacylglycerol (all other
depolarized glycerolipids such as acetyl-diacyl-
glycerol®~?  diacyl-dinitrobenzoylglycerol®®:¥#)
diacyl-benzoylglycerol®? and as a matter of
course, diacylglycerol derivatives originated
from glycerophospholipids are in a wide sense,
considered to be the members of triacylglycerol).
The three dimensional interactions between acyl,
and acyl, as well as acyl, and acyl, compare to
that of acyl, and acyl, in the triacylglycerol
molecule are considered to be not equal even
though the acyl combinations are the same, since
the arrangement of these acyl groups are not
symmetric against the glycerol moiety. And the
reason why 1,2-; 2,1- or 1,2-; 1, 3-positional
isomers possess different chemical potential i, e,
in a practical case exhibits different RRT, is
attributed to the difference in the degree of
interaction between the two acyl groups that are
bound in different positions of the glycerol
moiety, If we express the interaction degree
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@ : carbon : Oxygen O : Hydrogen

Fig.-1
glycerolipid molecule.

between acyl, and acyl, or acyl, and acyl; as “p”
and that of between acyl, and acyl, as “¢” (Fig.-1)
function (3 ) can be written as,
Aprc=8 (A, Apa, Aus)
=Au+ Apet+ Aps+p (A, Aps)
+0(Ape, Aus)+q (A, Aps) (5)
In function ( 5 ), terms given by the functions
“p” and “q” represent discrepancy from the law of
Martin®, By utilizing function (5 ), we can say
that Owhen Auy=Au,=Ay,, function “g’ is
symmetric, i.e. Aue does not change even
though Au, Ap,, Ap; are alternatively ex-
changed. @When Au,=Au;+ Ay,, function “g”
is symmetric only for Ay, and Ag;, 7. e. Auge does
not change even though Ay, and Ay, are alterna-
tively exchanged, but does change when others
are exchanged. ®When Au=Au,+ Ays, func-
tion “g” is symmetric for Ay, and Ay, and also for
Apy and Ay, but is not symmetric for Ay, and
Aps. @When Apy# Apy=Ap,, function “g” is
symmetric for Ay, and Ay; and also for Ay, and
Aus, but is not symmetric for Ay, and Ay, ®
When Ap,+ Ap,=F Ay, function “g” is only sym-
metric for Ay, and Ays. By analyzing the data in
Table-1 given by the diacyl-dinitrobenzoyl-
glycerol, it is obvious thatin 1, 2-; 2, 1-positional
isomers of glycerolipid, Agqc gives larger value
when Ag,> Ay, compared to when it is
A, < Ap,. For example in this table, (1-16 : 0, 2
-20 : 4) elutes later than (1-20 : 4, 2-16 : 0), and
(1-18 : 0, 2-20 : 4) elutes later than (1-20 : 4, 2-
18 . 0). Also, it is obvious that between 1, 2- and
1, 3-isomers, Auq is larger in 1, 2-isomer e, g, (1

Interactions between the carbon chains inside
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-15:0, 2-15:0) elutes later than
(1-15:0, 3-15:0), and (1-18 : 1,
2-18 : 1) elutes later than (1-18 :
1, 3-18 : 1), and (1-16: 0, 2-16 .
0) elutes later than (1-16 .0, 3-16
:0). Since we can consider that
dinitrobenzoyl derivative is a mem-
ber of glycerolipid which is repre-
sented by triacylglycerol, function
(5 ) should also hold in this (Table
-1) data. For ease, if we express
the (acyl,, acyl, acyly) as 1,2
type, and (acyl,, acyl,, acyl,) as
2,1- type, and by applying function
(5),
Aure(1,2)=8 (A, Apa, Apss)

=Am+ A+ Aus+p (A, Aps)
+p (Aus, Aus)+q (A, Aps) (6)
Apre (2,1)=8 (Apa, Apnry, Aus)
=A#2+Aﬂ1+Aﬂ3+p(A/lzy Awy)
+1D(A/11, A/ls)"'q (A/lz, A,Ua) (7 )
As mentioned above, Awureaz> Attreey When

A > Ape.
Therefore,
Aprren— Attreeny=1D (A, A#z)_p (A/lh Aps)
+q (A, A/ls)_ q (Auts,
Aﬂs)
>0

=q (A1, Aps)—q (Ape, Aps)

—10 (A, Aws)—p (Apee,

Aus)>0 (8)
On the other hand, since 1,2- and 1, 3-positional
isomers correspond to the exchange of acyl, and
acyl, residues,

A,UTG(l,z):g(A,Uh Ay, Ass)

=Am+ At Apstp (A, Aws)
+ D (Ape, Aps)+q (A, Aps) (9)

Aprcan=8Am, Aus, Aw)

=Am+Aps+ A+ p (A, Aws)
+p (Aus, Aps)+q(Aw, Aw) (10)
Since Apuy> Amns as aforementioned,
A#TG(],ZJ_A#TGU,m:p(A/ll, Aﬂz)_p(A,Uly A#a)
+q (A, Aps)—q (A,
A/‘z)>0
=q (A,Uh Aﬂ3>_ q (A,Uh A#z)
—ip Ay, Aps)—p (A,
A >0 (11)
What is important in function ( 8 ) is that it is held
under the condition when the relation of the acyl
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groups are Au,> Aw,> Ay, Function ( 8 ) was,
Apreny— Aptreen=q (A, Aps)— q (Aps, Aps)
—ip (A, Aws)—p (A,
A#a)}>0
q (A, Aus)—q(Aps, Aps)>p (Apn,
Aps)— p (Apts, Apss) (12)
or q(Aw, Aps)—p(Aw, Aus)>q(Aws, Aws)
—D (A, Aws)
And also, what is important in function (11) is
that it is held under the condition when the
relation of the acyl groups are Au,> Ay, and
Apz> Aps. Function (11) was,
Aptrein— Attreas=q (A, Aps)—q (Aw, Aws)
—{p (Aw, Aus)—p (A,
A/lz)[>0
q (A, Aps)—q (A, Ap)>p (A,
Aus)—p (Aﬂh Aps) (13)
or q(Auw, A#a)_p(A#h Aws)>q (Awr, Apa)
—0(Aw, Ap)
These inequalities (12) and (13) each have the
same acyl combinations between the “p” term
function and the “¢” term function. For example,
in inequality (12), it has (Au,, Aws) in combina-
tion with (Ay,, Aus). And in inequality (13), it
has (Aw, Aus) in combination with (A, Ay,).
Therefore, we can say that (Dthe interaction
degree between the acyl groups given by the
variable change in chemical potential of the acyl
moieties, e g increase in carbon number or
number of double bonds, is ¢g>p;i. e. M\?&v

in interaction rate between acyl, and acyl, is

AN RARAAAANAAA AN BBC B8 2 A5
larger compared to those of acyl, and acyl, or
acyl, and acyl;, @The interaction degree depends

on the disparity of chemical potentials among the
m i.e. it depends on the non symmet-

ric degree of the molecular form; And even when
Apy+ App+ Ay 1s constant, the larger the dispar-
ity of the chemical potentials among the acyl
moieties, the more Ay becomes large.

From these hypothesis, the followings can be
derived. (DIn case of tri (same acyl) glycerol
(simple triacylglycerol), there are no disparities
in interaction forces among the acyl moieties ;
therefore, Auqe is considered to have an exact
linear relationship between the total acyl carbon
number (CN); 7 e. CN has an exact linear
relationship between log (RRT)*. @In case of
diacyl glycerolipids (DG), even though when it
is the same acyl type, disparity in interaction
forces between acyl, and acyl, and that of acyl,

18
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Table-2 Logarithm of relative retention time of the
simple triacylglycerol molecular species with
respect to trioleoylglycerol*and their differ-
ences among the carbon number variations.

Molecular species log (RRT) | Alog (RRT)
(8:0, 8:0, 8:0) 0.658 yox 0.873
(10:0,10:0,10:0) 1.031 yox 0.353
(12:0,12:0,12:0) 1.384)** 0.359
(14:0,14:0,14:0) 1.736)** 0.349
(16:0,16:0,16:0) 2.085

* Relative retention time (RRT) of trioleoyl-
glycerol is regarded as 100.0.
** Subtraction i.e. differences in log (RRT).

and acyl, should be observed since the molecular
structure is not symmetric in this case; i. e. strictly
speaking, CN (or acyl carbon number) does not
have an exact linear relationship between Ay
(though no doubt they have an approximate linear
relationship). Theoretically, in this case, owing
to the increase in disparity in interaction forces,
increment Aure (=Alog (RRT)) should slightly
increase in accordance with the increase in carbon
numbers (c. f. in case of simple triacylglycerol,
increment should be constant). @)In comparison
to diacyl type, triacyl type is well balanced in the
arrangement of Auy, Awus, Aus . e. triacyl is more
symmetric than diacyl. Concretely, the values of
| Ay — Aus| and | Apy— Aps| are triacylglycerol
<DG. And because of this, 1,2-;2,1-0r1,2-;1, 3
-positional isomers of triacylglycerol are hard to
be resolved than DG,

Table-3 shows the differences in log (RRT)
among the carbon number variations of molecular
species examined. Though the value itself differs
at the most at the decimal point level, it is clear
cut that the increments of Ay, (=Alog (RRT))
increase in accordance with the increases in CN,

Table-4 shows the differences in log (RRT)
with respect to di (same acyl) glycerolipid. As
can be seen in this table, the increment of Ay
(=Alog (RRT)] increases in accordance with
the increase in CN e. g. (1-12:0, 2-12:0)—(1-

* The glycerol moiety itself is not symmetric, So to
be exact, the larger the CN, the more the triacyl-
glycerol molecules become perfectly symmetric. In
case of simple triacylglycerol, the larger the CN,
the smaller the increment of Ay so as to converge
to a constant value 7. e the slope of CN wvs. log
(RRT) becomes perfectly constant (Table-2).
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Table-3 Logarithm of relative retention time of the dinitrobenzoyl molecular species with respect
to (1-12 : 0, 2-12 :0) derivative* and their differences among the carbon number
variations,
- . . . . 18:2 . .
[Sn—1]} 14:0 16:0 18:0 18:1 (16:1) 20:1 (18:1)
[Sn—-2]
16:0 0.4249 —— 0.5832 —— 0.7474 —— 0.5551 — 0.4048
0.1583 o] 0.1642 o 0.1923 o 0.1503 o
o o ) o
N N N N
oo (o] o N
— ey N 2]
18:1 0.5551——— 0.7193 ——0.5289 0.3820 0.6857 0.5289
ol 0.1642 o 0.1904 o 0.1469 o 0.1568
v v = =
o & o &
w o 0 o
18:2 0.4048 —— 0.5647 —— 0.3820 — 0.2380
(16:1) o| 0.1599 o 0.1827 o 0.1440 o
3 8 S g
> 2 Iy =}
E oo & ~
20:4 0.1818 0.3284 0.4829 0.3096 0.1673
o| 0.1466 o| 0.1545 o 0.1733 o 0.1423 o
= - o = o
o o — \¥e (=)
w N N w (o))
20:5 0.0755 0.2122 0.3617 0.1903 0.0607
0.1367 o] 0.1495 o 0.1714 o 0.1296
;\’ N N
N N N
0 \Ve) E o
N ESS w
22:4 i 0.4314 —— 0.5911 ——— 0.4048
o 0.1597 o 0.1863 o
I~ > =
(o] ~ \0
— N N
22:5 0.3096 —— 0.4639 ——0.2856
o) 0.1543 ©| 0.1783 ©
o o o
o o [A)
o Vel o
(=2} =~ w
22:6 0.2430 0.3945 0.2253 0.0899
0.1515 0.1692 0.1354

* Transcribed a part from Lipids, 21, 356 (1986)'. Numerical values under the bars are the

subtraction 1. e, differences in log (RRT).

14:0, 2-14:0)<(1-14:0, 2-14:0)—(1-16:
0, 2-16 :0), (1-14:0, 2-14:0)—(1-15:0, 2-
15:0)<(1-15:0, 2-15:0)—>(1-16:0, 2-16:
0), (1-15:0, 2-15 : 0)—(1-16 : 0, 2-16 : 0)<(1
-16 : 0, 2-16 :0)—(1-17 : 0, 2-17 :0).

4 Appendix

4-1 Origin of the Interaction Forces be-
tween the Acyl Groups

The three dimensional molecular structure is

considered to be stable when its potential energy

is minimum, Therefore, three dimensional struc-

ture of the molecule will be settled, when the

repulsion forces by electrons (repulsions by the

Table-4 Logarithm of relative retention time of the di
(same acyl) dinitrobenzoyl molecular species
with respect to (1-12:0, 2-12:0)
derivative* and their differences among the
carbon number variations,

Molecular species |RRT |log (RRT) Alog (RRT)

(1-12:0,2-12:0)| 1.00 0

(1-14:0,2-14: 0)| 1.88 | 0.274)" 0274/2:8'121
* %

(1-15: 0, 2-15 : 0) | 2.66 0.425; 0158

(1-16 : 0, 2—-16 : 0)| 3.83 | 0.583 ’
Yex 0.164

(1-17:0, 2-17:0)| 5.59 | 0.747

* Transcribed a part from J. Biochem., 98, 327 (1985)
.19 Relative retention time (RRT) of (1-12 : 0, 2-12
. 0) derivative is regarded as 1.00.

** Subtraction i, e. differences in log (RRT).
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Coulomb forces) of the atoms that construct the
molecule is minimum. This general law can also
be adopted to glycerolipids. If there is an imbal-
ance of the carbon chain length between the acyl
groups in the lipid molecule, three dimensional
metamorphosis of the acyl groups shall occur so
as to reach to the minimum Coulomb force. This
will result in the changes in van der Waals forces
in the chromatographic system employed. And as
a result, increment of Ay, (=log (RRT)) will
not become constant in accordance with the
changes in acyl carbon number. This change in
van der Waals force which is caused by the three
dimensional metamorphosis of the lipid molecule
is considered to generate the interaction forces
between acyl groups. If we disregard these
interactions (i. e. changes in van der Waals force
which is caused by the three dimensional
metamorphosis), the law of Martin® should hold.
This paper has been reached to notice the
important contribution of the van der Waals force
in the chromatographic system for lipid analysis.
Details will be discussed in the next paper.
(Received July 2, 1990)
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