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Abstract

A highly sensitive method for the
determination of D-lactate in rat urine was
developed by using a high-performance liquid
chromatography (HPLC) with an octadecylsilica
(ODS}) connected to a chiral column. At first,
(D+L)-Lactate in the urine were derivatized with a
fluorescent reagent, 4-nitro-7-piperazino-2,1,3-
benzoxadiazole (NBD-PZ), and separated on the
ODS column and determined fluorimetrically at
547 nm with 491 nm of excitation wavelength.
During the separation step on the ODS, the peak
fraction of ({(D+L)-lactate derivative was
introduced directly to an amylose tris (3,5-
dimethylphenylcarbamate) (Chiralpak AD-RH)
chiral column by changing the flow of the eluent
via 6-port valve. Then, D-lactate derivative was
separated  enantiomerically  from  L-lactate
derivative, and the enantiomeric ratio was

determined from the chromatogram. The accuracy
values for the determination of D-lactate in 20 ¢ L
of rat urine were 96.93 — 104.85 %.  The intra-
and inter-day precision values were within 0.80
and 14.44 %. The detection limits for D-lactate
was approx. 1.0z M (signal to noise ratio 3).

The proposed method was applied to the
urine of diabetic rats induced by intraperitoneal
administration of  streptozotocin, and the
significant increases of D-lactate was observed in
the diabetic rats as compared to the normal rats.

Keywords: D-lactate, NBD-PZ, Chiralpak AD-RH
fluorimetrically.
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Although D-lactate exists in a trace amount
compared with L-lactate in mammals, D-lactate
level has been considered as an indicator of some

human diseases, such as diabetes ),
encephalopathy ¥, and D-lactate acidosis ©%, in
which plasma D-lactate concentration were

increased. Therefore, the measurement of
D-lactate in clinical samples is valuable.

The present determination methods for
D-lactic acid have mostly utilized D-lactate
dehydrogenase (D-LDH) **'? which catalyzes
the conversion of D-lactate to pyruvate in the
presence of NAD to be detected absorptio- © or
fluorimetrically . Although these methods could
determine D-lactate rapidly, the enzymatic
reaction is influenced by various endogenous
compounds such as fructose 1,6-bisphosphate,
3-phosphoglyceric acid, pyruvate, L-lactate and
S-lactonyl glutathione 'V, which could affect the
accuracy and precision of these methods. To
overcome the disadvantage mentioned above, an
HPLC method using a chiral stationary phase to
separate D-lactate from L-lactate following
pre-column  fluorescence  derivatization  was



developed. Since very small amount of D-lactate
exists with a large excess of L-lactate in the
biological samples, we tried to develop a new
method to make D-lactate elute first in the chiral
separation in order to avoid the peak of D-lactate
being covered by that of L-lactate.

In this paper, we investigated the
enantiomeric separation of D,L-lactate derivatized
with 4-nitro-7-piperazino-2,1,3-benzoxadiazole
(NBD-PZ) or 4-(N N-dimethylaminosulfonyl)-
7-piperazino-2,1,3- benzoxadiazoles (DBD-PZ} as
a pre-column fluorescent reagent (Fig. 1). The
D,L-lactate derivatives with NBD-PZ were
separated on three polysaccharide-type chiral
stationary phases: cellulose tris (3,5-dimethyl-
phenyicarbamate) coated on silica gel {Chiralcel
OD-RH), cellulose tris (4-methylbenzoate) coated
on silica gel (Chiralcel QJ-R) and amylose tris
(3,5-dimethylphenylcarbamate) coated on silica
gel (Chiralpak AD-RH) (Fig. 2). Among the three
types of columns, only Chiralpak AD-RH gives a
satisfactory separation and the determination of
D-lactate in rat urine by the proposed method was
investigated.
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At first, (D+L)-Lactate in the normal and
diabetic rat urine were derivatized with a
fluorescent reagent, 4-nitro-7-piperazino-2,1,3-
benzoxadiazole (NBD-PZ), and separated on the
ODS column and determined fluorimetrically at

547 nm with 491 nm of excitation wavelength (Fig,

3A, 3B). During the separation step on the ODS,
the peak fraction of (D+L)-lactate derivative was
introduced directly to a polysaccharide-type chiral
column by changing the flow of the eluent via
6-port valve., Then, D-lactate derivative was
separated  enantiomerically  from  L-lactate
derivative, and the enantiomeric ratio was
determined from the chromatogram (Fig. 4). For
the separation of D-lactate, three
polysaccharide-type chiral stationary phases were
used. Chiralpak AD-RH gives the best resolution
capacity among the three chiral columns: Chiralcel
OD-RH, Chiralcel OJ-R, and Chiralpak AD-RH
(Tab. 1). The intra- and inter-day precision values
were within 0.80% to 14.44%. The accuracy
values far the determination of D-lactate in the
urine were 96.93-104.85%.

In the three columns, Chiralcel OD-RH and
Chiralcel OJ-R are cellulose-chiral stationary
phases, whereas Chiralpak AD-RH is an
amylose-chiral stationary phase, which gives a
satisfactory separation. It may be attributed to

the fact that the amylose-chiral stationary phase is
more helical in nature and has well-defined
grooves making it different from the
corresponding cellulose analog, which appeared to
be more linear and rigid in nature and hence
provides a greater chiral environment for the
lactate enantiomers *). In addition, the
enantiomeric separation is dependent on the
interactions, including hydrogen bonding and n-n
interactions, between the enantiomers and the
stationary phases. The kind of interactions was
thick as chiral discrimination capability to the
enantiomers ">, The carbonyl oxygen on the
lactate derivative might form a hydrogen bond
with the NH proton on the carbamate moiety.
Another hydrogen bonding was formed between
the carbamate oxygen and the hydroxyl group
located at the chiral center of D-lactate derivative.
The resolution of the D,L-lactate derivatived with
NBD-PZ was greater on Chiralcel OD-RH and
Chiralpak AD-RH than Chiralcel OJ-R chiral
column, therefore indicating that OD-RH and
AD-RH are better chiral stationary phases than
OJ-R in this case. Compare the derivatives on
their stationary phases, Chiralcel OD-RH and
Chiralpak  AD-RH are  3,5-dimethylphenyl-
carbamate, while Chiralcel OJ-R is 4-methyl-
benzoate. There is, however, no NH proton on the
0J-R c¢column and the only hydrogen bonding
interaction between the carbonyl oxygen and the
hydroxy! of D-lactate derivatived with NBD-PZ is
weaker. In addition, the presence of the two
methyl  groups on the phenyl moieties of
3,5-dimethylphenylcarbamate increases the =
basicity of the phenyl moieties, which results in
n-m  interactions of greater magnitude in
comparison to Chiralcel OJ-R since there is only
one electron-donating methyl group on the
benzene ring of the OJ-R. So that 3,5-dimethyl-
phenylcarbamate is more suitable to resolve
D-lactate  derivatived with NBD-PZ  than
4-methylbenzoate "', But the main interaction
force in OJ-R might be the n-n interaction derived
from both the original aromatic rings and the
T-piperazino-2,1,3-benzoxadiazole ring introduced
by the derivatization. It may be play an important
role to resolve D,L-lactate derivatives with
NBD-PZ or DBD-PZ on OJ-R, which has larger
interaction with D,L-lactate derivatives with
DBD-PZ  since  dimethylaminosulfonyl  on
DBD-PZ is less electron-withdrawing than nitrosyl
group on NBD-PZ, unlike the hydrogen bond are
more important on OD-RH and AD-RH. It may be
concluded 3,5-dimethylphenylcarbamate is more



suitable to resolve D-lactate derivatived with
NBD-PZ and 4-methylbenzoate has a better chiral
resolution to D-lactate derivatived with DBD-PZ.
When using aqueous methanol as the mobile
phase, complete resolution on these columns could
not be obtained, and the D-lactate derivatives were
retained on the column untif the methanol
increased to approximate 80%. It might caused by
the higher polarity of the mobile phase, which can
not elute the enantiomers from the chiral
stationary phase, and methanol might intercept the
hydrogen binding interactions, resulting in a poor
resolution ¥,

The inversion of the elution order was also
interesting. In  our method, the resolved
enantiomers were found that the D-lactate
enantiomer eluted first, followed by the L-lactate
enantiomer in all the cases, whereas in other
reversed-phase mode D-lactate enantiomer were
all eluted later “"'®. The inversion of the elution
order can solve the problem of large peak of
I-lactate cover over the peak of D-lactate when a
small amount of D-lactate in a large excess of
L-lactate.  Considering the researches of
D,L-lactate separation '" they used the
cyclodextrin- type chiral column to resolve the
D..-lactate derivatives. This kind of chiral
stationary phase was similar to amylose, which
contains from glucopyranose units bound via
a~(1,4)-linkages . The hydroxyl
groups at the 2- and 3-positions of the individual
glucose units line the “mouth” or wider opening of
the cyclodextrin cavity. The primary hydroxyl
groups at the glucose 6-position surround the
opposite narrower opening of the toroid. Thus the
cyclodextrin molecule is shaped like a truncated
cone with the secondary hydroxy! side more open
than the primary hydroxyl side. While the primary
hydroxyl groups on the truncated end can rotate to
partially block the cavity, the secondary hydroxyl
groups are held relatively rigid. Therefore, the
interior is relatively hydrophobic in comparison
with polar solvents such as water, while the mouth
of the cyclodextrin cavity is hydrophilic in
reversed phase mode "“'' There are several
requirements, which are necessary for chiral
recognition to occur. Not only must an inclusion
complex should be formed between the solute and
the cycledextrin cavity but there should be a
relatively “tight fit” between the hvdrophobic
species and the cyclodextrin cavity. The size of an
enantiomer relative to the cyclodextrin cavity is
perhaps the most critical parameter governing
inclusion complex formation. In other words, if

secondary

the diameter of the enantiomer is significantly
larger or smaller than the mouth of the
cyclodextrin cavity, the inclusion complex will not
be formed ‘>  On the other hand,
polysaccharides such as cellulose and amylose are
the most accessible optically active polymers.
These polysaccharides comprise a linear chain of
glucopyranose units linked to one another via a
1,4-giycosidic bond and formed a highly ordered
helical structure. Their chiral recognition ability
may appear due to the higher-order structures of
the polymer such as “grooves”. Therefore, the
enantiomers fit stereogenically in a different
fashion into the chiral grooves of the stationary
phases, hence the resolution of enantiomers
occurred  "*'*® Compare the  different
mechanisms of cyclodextrins and polysaccharides,
cyclodextrins formed inclusion complex with
solute in its cavity and polysaccharides interact
with solute on the chiral helical groove. Chiral
recognition by the cyclodextrin are quite different
from the polysaccharides, the higher-order
structure of the cyclic oligosaccharides must be
different from that of a linear polysaccharides @
However, the mechanism of the inverted
interaction of D,L-lactate with cellulose and
amylose against cyclodextrin is still unclear. The
hypothetic reason for the inverted elution of
enantiomers is considered to be as follows. In
cyclodextrin, D-lactate is more fit the cavity and
form stronger interaction with cyclodextrin than
L-lactate. On the other hand, this result suggests
that L-iactate might strong interact with
polysaccharide, i.e. L-lactate might go smoothly
into the grooves and be better accommodated than
D-lactate . The conformation of L-lactate maybe
recognize by two grooves on polysaccharide
stationary phase, which form more interaction
between solute and column. In other words,
D-lactate interacts with polysaccharide stationary
phase in the first groove similar with cyclodextrin,
and form other bonding with the second groove on
polysaccharide. Because of the different steric
effect of D- and L-lactate on stationary phase, the
first groove provides greater hydrogen bond with
D-lactate and the second groove provides another
greater hydrogen bond with L-lactate enantiomer
than D-lactate. Considering the reason mentioned
above, the inversion of the elution order of lactate
enantiomers  was  occurred.  But  further
experiments and discussion are necessary for fully
interpreting the resolution mechanism.

The proposed HPLC method was applied to
determine D-lactate in the urine of normal and



diabetic rats. Figure 5 shows the mean £ SD of
D-lactate/creatinine ratio in the urine of normal
and diabetic rats. The ratios of D-lactate/creatinine
significantly increased as compared to those of
normal rats. The studies of the relations of
D-lactate concentration to diabetic complications
such as renal dysfunction remains to be carried out,
we have developed the method for the highly
sensitive determination of D-lactate in 20 y L of
rat urine .
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Figure 3, Chromatograms of samples from the urine of normal

(A) and diabetic rats (B) derivatized with NBD-PZ
separated on the ODS column. 1; lactate derivative, 2;

propionate derivative (L.5.).

Figure 5. Ratio of D-lactate and creatinine in the urine of
normal and diabetic rats. *p<0.01 vs. normal rats,

Table. 1 Effect of mobile phase compositions on capacity factors (k7 , k2 ), separation factor (c) and resolution {Rs) of the D,L-
lactate derivative with NBD-PZ

MeCN:MeOH:H,0 30:20:50 2.51 2.51 1 0 0.67 067 |

nd nd nd nd

Chiralcel OD-RH Chiralcel OJ-R Chiralpak AD-RH
mobile phase composition &, £, o Rs Bk, a Rs k\ k» o Rs
MeCN:H,0 20:80 154 162 105 1.06 406 406 1 0 nd nd ad nd

40:60 1.64 1.64 | 0 046 046 ] 0 329 461 14 307
60:40 0.59 0.59 1 0 011 01t 1 0 1.19 17 143 263
80:20 03 03 1 0 0.1 01 ] 0 08 1.4 143 1.83
MeQH:H,0 40:60 nd. nd nd. nd nd nd nd nd nd nd nd nd
6040 nd. nd nd nd nd nd nd nd nd nd nd nd
80:20 533 559 105 043 226 226 | 0 nd. nd nd nd
0
0

75:20:05 031 031 1 0 0.19 0.19 1

nd. nd. nd. nd




