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LIPOPHILICITY OF PLANT PIGMENTS BY REVERSED-PHASE HIGH PERFORMANCE LIQUID
CHROMATOGRAPHY

Seiji NIITA! and Masaru S. SHIBATA?
Abstract

A quantitative measurement has been developed characterizing the hydrogenation of side chain of 10
chlorophylls, 6 isoprenols and 4 quinone on the basis of their reversed-phase liquid chromatographic
retention data, eluting with methanol-water solvent system from the hydrocarbon chemically bonded
reversed phase using a HPLC. A linear relationship was observed between the logarithm of k', log k', and
the logarithm of the molarity of the organic moiety, log[C], in the mobile phase. This line was consist
with the equation, logk'=-a log[C]+logk'i, derivated from partion efficient and equibrium constant. The a
value was recognized as the number of the released solvent molecules after the formation of the bristle-
solvent-solute complex when the solvated solute molecules were adsorbed on the solvated bristles of the
bonded materials ,The log k'i was obtained from the calculation of extrapolated log k' values at 0%
methanol in the mobile phase for the compounds. The relationship between number of double bonds in
side chain and logk'i of substrates with same hydrophilic group were found . The plots fro logk' vs o
value shows line relationship, when cross point for line obtained from plot of log[C] vs. log k' of
chlorophylls and other is only one. The logki is related with logk'w which is indicator of lipophilicity.
The logk'i value increased in the order of Chl b, Chi b’, Chl a and Chla/, for difference in porphylinering
of chlorophyll among chlorophyll a and b and those epimer, The order was Chl-GG < Chl-DHGG < Chl-
THGG < Chl-P; GG < DHGG < THGG < P for difference alcohols, alpha-tocopherol < ganmma-
tocopherol, menaquinone <phylloquinone for quinones. The log k' value increased with decreasing of
hydrogenation of side chain. A slope of line obtained from plot of logk'w vs. a value indicate  value
which is factor of structure similarity. We discussed that effect of hydrogenation of chlorophyll side chain
on lipophilicity of chlorophyll.
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Figure 1. Relationship between logarithm of capacity
factor and concentration of methanol in eluent. (A) C-20
prenyl alcohols, (B) chlorophylls, (C)tocopherols and
(D)naphthoquinones. Chromatographic parameters of the
C-20 prenyl derivatives were calculated from the retention
time determined as described in Materials and Methods.
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Table 1. Number of double bond and carbon in side chain of compounds and linear relationship between
log k' values and composition of the mobile phase from 40 to 100% range of methanol concentrations
according to the equation log k '= -alog[C] + log k'i where [C] is the methabol concentration in molar.

Compounds Double bond Carbon No. a log k'i R2*
No. in side chain in side chain
Chlorophylls
Chl a'-P 20 1 32.052 45.511 0.996
a-P 20 1 31.091 44.083 0.996
a -THGG 20 2 29.920 42.371 0.995
a- DHGG 20 3 28.770 40.684 0.996
a-GG 20 4 27.859 39.348 0.996
Chl b'-P 20 1 28.322 40.001 0.994
b-P . 20 -1 27.649 39.008 0.997
b -THGG 20 2 ~ 26.436 37.241 0.997
b -DHGG 20 3 25.317 35.604 0.997
b -GG 20 4 24.333 34.164 0.997
Isoprenyl alcohols
P 20 1 16.967 23.856 0.996
THGG 20 2 15.116 21.224 0.998
DHGG 20 3 14.303 20.019 0.999
GG 20 4 13.481 18.800 0.999
F 15 3 9.209 12.640 1.000
G 10 2 5.800 7.694 0.998
Quinone
v-Tocopherol 15 0 21.163 30.067 1.000
a-Tocopherol 15 3 20.355 31.840 1.000
Phylloquinone 15 0 22.230 31.840 1.000
Menaquinone-4 15 3 19.016 27.098 1.000

Retention time was determined as described in Materials and Methods. The capacity factor k’ is given by k’=(t,-t,)/t,,

where t, and f, are the retention time of retained and unretained solutes in the given HPLC analytical system, respectively.
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Figure 2. Relationship between logarithms of k’'w and k’i of
chlorophyll a and b species, C-20 prenyl alcohols, tocopherols and
naphthoquinones. Data for all prenyl derivatives in Table 1 were
used.
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