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Abstract

A highly sensitive method for the fluorimetric determinatiomdgctate in urine of normal and diabetic rats was developed using column-
switching high-performance liquid chromatography (HPLC) with an octadecylsilica (ODS) column connected to a chiral column, an amylose
tris(3,5-dimethylphenylcarbamate) coated on silica gel (Chiralpak AD-RH). During the separation step on the ODS column, the peak fraction
of the (p+L)-lactate derivative with a fluorescence reagent, 4-nitro-7-piperazino-2,1,3-benzoxadiazole (NBD-PZ), was introduced directly
to the chiral column by changing the flow of the eluent via a six-port valve.pFlaetate derivative was separated enantiomerically from
the L-lactate derivative, and the enantiomeric ratio was determined from the chromatogram. The accuracy values for the determination of
p-lactate in 2QuL of rat urine were 96.93-104.85%, and the intra- and inter-day precision values were within 0.80 and 14.44%, respectively.
The detection limit fom-lactate was approximately 10 nM (with a signal-to-noise ratio of 3).

The proposed HPLC method was applied to the urine of normal and diabetic rats induced by intraperitoneal administration of streptozotocin,
and significant increases inlactate excreted into the urine were observed in diabetic rats compared to normal rats. In diabstiactdate
concentrations showed a rising tendency from the seventh day and then remained stable from the 28th day after induction, suggesting that
urinaryp-lactate may be used as an indicator to determine the diabetic stage and the level of kidney damage.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction [6], in which plasmap-lactate concentrations are increased.
Therefore, measurement oflactate in clinical samples is
Althoughp-lactate exists in trace amounts compared with valuable.
L-lactate in mammals, thelactate level has been considered There are a variety of methods for determinispctate
an indicator of some human diseases, such as dialdet8f in biological samples. One widely used method utilizes
encephalopathiy], p-lactate acidosi—5], and appendicitis ~ lactate dehydrogenase-{DH) [1,2,7-9] which catalyzes
the conversion ob-lactate to pyruvate in the presence of
Abbreviations:  NBD-PZ4-nitro-7-piperazino-2,1,3-benzoxadiazole; nicotinamide adenine dinucleotide (NAPDas a co-factor,

DBD-PZ4-(N,N-dimethylaminosulfonyl)-7-piperazino-2,1,3- and the absorption of the resultant NADH formed from NAD
benzoxadiazole; TPPtriphenylphosphine; DPDS8igyridyl disulfide; is measure(ﬂg] or it is determined fluorimetrically1]. Al-
TFAtrifluoroacetic acid . . .
* Corresponding author. Tel.: +886 2 2736 1661x6125; thoth this m,ethOd can rapld_ly determindactate, the en-
fax: +886 2 2736 1661x6125. zymatic reaction tends to be influenced by a number of en-
E-mail addressjenai@tmu.edu.tw (J.-A. Lee). dogenous compounds, such as fructose 1,6-bisphosphate, 3-
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phosphoglyceric acid, pyruvatejactate, an&lactonyl glu- OR, CHg

tathiong[9,10], which can affect the accuracy and precision 0

of this method. RO e Ri = —CONH AD-RH
To avoid the problems mentioned above, HPLC methods " n

with enantiomeric separation of andr-lactate by a fluo- amylose CHg

rescence detector following precolumn fluorescence deriva-
tization were proposed in our previous stUydyl—14] The

sensitivity of these methods is better than other HPLC meth- - CH
ods using a UV detector; and it is adequate for detecting trace{g,o © e ORI g
amounts ob-lactate in biological samples. OR | 2"

D-Lactate has one carboxyl group and one hydroxyl group celluose CH,

in its structure, and either group can be a target as a deriva-
tization site with a fluorogenic reagent. Acyl chloride-type _

. o Rp = —CO CHz OJ-R
reagents are often utilized for the derivatization of the hy-
droxyl group, but this kind of reagent reacts readily with water
to produce the hydrolysis prodijatl,15] Therefore, the acyl Fig. 2. Structures of the chiral moiety in the Chiralcel OD-RH, Chiralcel
chloride-type fluorogenic reagent is unsuitable to derivatize ©3-R» and Chiralpak AD-RH columns.
p-lactate in biological samples which contain water. From
this reason, the carboxyl group oflactate was chosen as

the derivatization site. In this paper, we investigated the enan-P2aréd to normal subjects was obser{&d]. This result sup-
tiomeric separation af- andr-lactate derivatized with two ports the factthat the increasedactate level in plasma might

reagents, 4-nitro-7-piperazino-2,1,3-benzoxadiazole (NBD- be one of_the cIi_nicaI_markers for d_iabetes. Among diabeti_c
PZ) or 4-(N,N-dimethylaminosulfonyl)-7-piperazino-2,1,3- compl[catlons,dlapetlc nephropathies are very serious and'lr—
benzoxadiazole (DBD-PZ) as the pre-column fluorogenic reverqble, anq ultimately can cause degth. ConS|der|.ng this,
reagent Kig. 1). The reaction of the enantiomers of lactate €'y diagnosis for prevention of diabetic nephropathies can
with the derivatization reagents is carried out in mild re- educe the morbidity and mortality of diabetic patients. Mon-
action conditions at room temperature within a short time. 1t0ring markers for nephropathies, especially in the urine, is
In addition, their excitation and emission were at long crucial to_understandmg progress of diabetic compllc(_amons.
wavelengths, which provides a distinct advantage in bi-  1"uS, inthe presentstudy, urinanfactate concentrations
ological samples because there is little interference from N normal rats and those with streptozotocin-induced diabetes
endogenous compound&3,16] Then, the separation of Were determined by the proposed HPLC method, and alter-
p- and L-lactate derivatives was optimized on the fol- at|or!s ofD-chtate levels were prg—cllmcally investigated in
lowing polysaccharide-type chiral stationary phases, cel- "€lation to kidney damage with diabetes.

lulose tris(3,5-dimethylphenylcarbamate) coated on silica

gel (Chiralcel OD-RH), cellulose tris(4-methylbenzoate)

coated on silica gel (Chiralcel 0J-R), and amylose tris(3,5- 2- Materials and methods

dimethylphenylcarbamate) coated on silica gel (Chiralpak )

AD-RH) (Fig. 2). Among the three types of columns, only the 2.1. Chemicals

Chiralpak AD-RH column produced satisfactory separation.

In our previous study, using column-switching HPLC in- Lithium p- andi-lactate, streptozotocin, creatinine, cime-
cluding octylsilica and Chiralpak AD-RH columns, a higher tidine, and sodium lauryl sulfate were purchased from Sigma
p-lactate concentration in the serum of diabetic patients com- Chemical (St. Louis, MO, USA). NBD- and DBD-PZ, triph-

enylphosphine (TPP) and 2&ipyridyl disulfide (DPDS)
N
[Nj Ho)\(o

were from Tokyo Kasei Chemicals (Tokyo, Japan). Triflu-
N:
<:["N/

oroacetic acid (TFA), propionic acid, citric acid, sodium hy-
()
R N
R

droxide, and hydrochloric acid were from Nacalai Tesque
(Tokyo, Japan). Sodium dihydrogen phosphate and
o TPP, DPDS
D,L-lactate

R=-NO, (NBD-PZ)
R=-SO:N(CHs)2 (DBD-PZ)

NBD-D,L-lactate
DBD-D,L-lactate

Fig. 1. Derivatization scheme of lactic acid with NBD-PZ or DBD-PZ.

phosphoric acid were obtained from Riedel-de&HéSeelze,
Germany), and acetone was from Alps Chemical (Taipei, Tai-
wan). Methanol (MeOH) and acetonitrile (GEN) were of
HPLC grade from Merck (Darmstadt, Germany).

2.2. Animal experiment

Sprague—Dawley male rats (National Laboratory Animal
Breeding and Research Center, Taipei, Taiwan) were keptin
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added to 5L of 20mM NBD-PZ in CHCN in the pres-
/ Pump 2 J ence of 5QuL each of 280 mM TPP and DPDS in GEN.

After standing for 2 h at room temperature, 3d00f 0.1%
rsample trap TFA in H,O was added to terminate the reaction. In order to

remove the excess NBD-PZ, 100 of the resultant solution
was loaded onto a mobile phase preconditioned guiigse

extraction cartridge, Empot¥ SBD-RPS (4 mm/1 mL), for
complete elution, another 1L of the mobile phase was

3
3
o
o]
o]
]

by
Igl j waste

w) loaded, then the elute solutions were combined. An amount
:CD‘ of 20 L of the elute solution was injected into the HPLC.
, H , D- andi-Lactate derivatized with DBD-PZ were prepared
i 4 ! in the same manner as that with NBD-PZ except for the fol-
: 1 ! I‘iﬂ lowing changes in concentrations and volumes of reagents:
I 10pL of 2 mM p- andvr-lactate, 5Q.L of 20 mM DBD-PZ,
Detector 1 Detector 2 ‘ 50pL each of 140 mM TPP and DPDS, and §40of 0.1%
-1 | TFA in a solution of HO/CHzCN (75/25, v/v). An amount
- ‘ U of 100u.L of the resultant solution was loaded onto a cation
Integrator 1 | Integrator 2 | exchange cartridge, PL-SCX (Polymer Laboratories, MA,

USA), which was preconditioned with 2@ of a solution
Fig. 3. The column-switching HPLC system. The six-port valve positions A of HoO/CHzCN (40/60), to remove the excess DBD-PZ. The
and B are represented by the solid and dotted lines, respectively. A TSKgel g|yent was filtered, and another 1,00 of the solution men-

ODS-80Ts column was used as the ODS column, while OD-RH, OJ-R, and {j,neq above was loaded, thep.B of the combined filtrate
AD-RH columns were used for the chiral column. For analysis lafctate in

rat urine, the mobile phase for pump 1 was{C:MeOH:H,O (10:20:70) was injected into the HPLC.

at a flow rate of 0.7 mL/min, and MeCN3z@ (60:40) for pump 2 at a flow

rate of 0.3 mL/min. Both detectors 1 and 2 were setto 547 nm for fluorimetric 2.5. Enantiomeric separation on OD-RH, OJ-R, and
detection with 491 nm as the excitation wavelength. AD-RH columns

an environmentally controlled room with free accesstowater  The enantiomeric separationmfandL-lactate derivatives
and food at least 1 week prior to use. To induce diabetic rats, was investigated using OD-RH, OJ-R, and AD-RH columns.
streptozotocin (STZ) was dissolved in 50 mM citrate buffer To search for an adequate method,sCN, MeOH, or mix-
(pH 4.5) and immediately administered intraperitoneally at tures of them with water in different ratios were used as the
a dose of 80 mg/kg. As a control, 50 mM citrate buffer was mobile phases (compositions are listedable 1A-C). The

administered under the same conditions. chiral column efficiency was expressed as the capacity factor
(k), separation factord), and the resolution (Rs). To optimize
2.3. HPLC apparatus the enantioseparationof andL-lactate, the effect of the flow

rate was also investigated with the AD-RH chiral column. A
A block diagram of the HPLC apparatus used in this study solution composed of C}CN/H,O (60/40) was used as the

is shown inFig. 3 mobile phase, and an adequate flow rate of 0.3 mL/min was
The HPLC equipment used in this study consisted of a selected.
model 7000, type 70 switching valve with a 100 loop Fluorimetric detection was performed at 547 nm with an

as a sample trap (Rheodyne, Rohnert Park, CA, USA), excitation wavelength of 491 nm for NBD-PZ and at 560 nm
two L-7100 intelligent pumps (Hitachi, Tokyo, Japan), with 450 nm for DBD-PZ, respectively.

an injection valve with a 2L sample loop, F-1000

and L-7485 fluorescence detectors (Hitachi), and two D- 2.6. Analysis ob-lactate in rat urine

2500 chromato-integrators (Hitachi). The Chiralcel OD-RH

(15cmx 0.46cm ID, particle size pm), Chiralcel OJ-R Urine samples were collected from normal or diabetic rats
(15cmx 0.46cm ID, particle size 1@m), and Chiralpak  at0, 3, 7, 14, 21, 28, 42 and 56 days after administration of
AD-RH (15cmx 0.46 cm ID, particle size pm) columns streptozotocin. An amount of 20 of rat urine was added
were obtained from Daicel (Osaka, Japan). TSKgel ODS- to 10pL of 1 mM propionic acid in water as the internal
80Ts (15cmx 0.46 cm ID, particle size pm) column was standard and then vigorously mixed with 3710 of CH3CN

purchased from Tosoh (Tokyo, Japan). for deproteinization. The solution was centrifuged at %09
for5min, and 10Q.L of the supernatant was added to 100
2.4. Derivatization procedure of 8 MM NBD-PZ to perform the derivatization as described

above. After elution from the SPE cartridge, |20 of the
D- andir-Lactate derivatized with NBD-PZ proceeded as elute solution was injected into the HPLC. The mobile phase
follows: 20.L of 10 MM b- orL-lactate dissolved in JD was for the ODS separation was as follows: gEN/MeOH/H,O
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Table 1
Effect of mobile phase compositions on capacity factéys K. ), the separation factorj, and resolution (Rs) of the,L-lactate derivative with NBD- or
DBD-PZ on Chiralcel OD-RH (A), Chiralcel OJ-R (B), and Chiralpak AD-RH chiral stationary-phase (C) columns

Mobile phase composition NBD-PZ DBD-PZ
Ko ke o Rs Kp ke o Rs
(A)
MeCN:H,O
20:80 1542 1619 105 1.06 nd. nd. n.d. n.d.
40:60 164 164 1 0 149 149 1 0
60:40 059 059 1 0 042 042 1 0
80:20 030 030 1 0 022 022 1 0
MeOH:H,O
40:60 nd. nd. nd. n.d. nd. nd. n.d. n.d.
60:40 nd. nd. nd. n.d. 1170 1170 1 0
80:20 533 559 105 0.43 267 267 1 0
MeCN:MeOH:HO
30:20:50 251 251 1 0 216 216 1 0
75:20:05 031 031 1 0 019 019 1 0
(B)
MeCN:H,O
20:80 406 406 1 0 717 945 1.32 5.40
40:60 046 046 1 0 049 056 1.15 0.55
60:40 011 011 1 0 014 014 1 0
80:20 010 010 1 0 Q08 008 1 0
MeOH:H,O
60:40 nd. nd. nd. n.d. nd. nd. n.d. n.d.
80:20 226 226 1 0 197 197 1 0
MeCN:MeOH:HO
30:20:50 067 067 1 0 067 082 1.21 0.76
75:20:05 019 019 1 0 Q09 009 1 0
©
MeCN:H,O
20:80 nd. nd. nd. n.d. n.d. rd. n.d. n.d.
40:60 329 461 140 3.07 2.52 52 1 0
60:40 119 170 143 2.63 0.75 a5 1 0
80:20 080 114 143 1.83 0.44 x4 1 0

n.d., not determined.

(10/20/70) was isocratically eluted from O to 70 min at a flow gen phosphate buffer solution containing 30 mM sodium lau-
rate of 0.7 mL/min, then 100% GEN from 70 to 85 min at ryl sulfate adjusted to pH 3.0 withrphosphoric acid (36/60,
0.7 mL/min for washing the ODS column. v/v). The flow rate was at 0.8 mL/min.

2.7. Determination of creatinine in urine
3. Results and discussion

A method previously described by Marsilio et[d8] was
used with some modifications. Briefly, 10Q of 2.5- to 40- 3.1. Enantiomeric separation of andr-lactate
fold-diluted urine with water was added to g0 of 2mM derivatives
cimetidine in a 10 mM HCI aqueous solution as the inter-
nal standard, and then the resultant mixture was added to In our previous study, we employed NBD-PZ and a Chi-
400p.L of acetone. Samples were vortex-mixed for 1 minand ralpak AD-RH column as the fluorescence reagent and chiral

then centrifuged at 5500 g for 3 min. An amount of 30Q.L column for the enantiomeric separationmf -lactate[17].

of the supernatant was evaporated to dryness under reduceth the present study, using other polysaccharide-type chiral
pressure, and this was reconstituted with {LQf the mo- columns, Chiralcel OD-RH and OJ-R, as well as another flu-
bile phase. After centrifugation at 5500 g for 1 min,20of orescence reagent, DBD-PZ, the enantiomeric separation of
the supernatant was analyzed by HPLC using a Capcell Pakp,L-lactate was precisely investigated.

Cis column (25cmx 0.46 cm ID, particle size pm, Shi- The k, @, and Rs values of NBD-PZ or DBD-P#i.-

seido, Tokyo, Japan) with an L-4200 UV-vis detector (Hi- lactate on the Chiralcel OD-RH, Chiralcel OJ-R, and Chi-
tachi, Tokyo, Japan) monitored at 234 nm. The mobile phaseralpak AD-RH columns are summarizedTiable JA-C, re-
consisted of acetonitrile and 100 mM of a sodium dihydro- spectively. The OD-RH column produced partial resolution
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of NBD-PZn- andi-lactate when using the mobile phases with the NH protons on the carbamate moiety; another hydro-
containing 20% CHCN in water, but the retentiontimes were gen bonding might be formed between the carbamate oxy-
too long (108 min fom-lactate and 113 min for-lactate). gen and the hydroxyl groups at the chiral carbom-ofind
When the mixture of MeOH with water was used as the mo- L-lactate derivativesHig. 2). Because 4-methyl benzoate is
bile phase, NBD-P4- andL-lactate were not eluted from  the substituent on the ester moiety in the Chiralcel OJ-R col-
the column until 75% MeOH in the mobile phase was used umn, there is no NH proton on the OJ-R column for forming
(data not shown). In the case of DBD-RZ-andL-lactate, hydrogen bonds with the hydroxyl groups of NBD-BZ-

the derivatives were not resolved at all on the Chiralcel OD- lactate. In addition, the presence of the two methyl groups
RH column using any of the test compositions of 4TH{, of 3,5-dimethylphenyl carbamate moieties on the Chiralcel
MeOH, and their mixtures with water as the mobile phases. OD-RH and Chiralpak AD-RH columns increases thba-

As indicated inTable BB, NBD-PZb- andiL-lactate were sicity of the phenyl moieties, which results in greater mag-
not separated on the Chiralcel OJ-R column with any of the nitudes ofr—m interactions in comparison to the Chiralcel
test mobile phase compositions. NBD-BZand L-lactate 0OJ-R column, which has only one electron-donating methyl
were retained on the column when using MeOH comprising group on the benzene ring. Therefore, 3,5-dimethylphenyl
less than 80% of the mobile phase. This phenomenon wascarbamate is considered to be a more suitable substituent to
also observed for DBD-PZ derivatives. A partial resolution resolve NBD-PZp,1L-lactate than 4-methyl benzoate in the
of DBD-PZ-n,L-lactate was achieved on the Chiralcel OJ- stationary phaspl5,20] The phenomenon of the protic sol-

R column using less than 40% acetonitrile in water as the vent, methanol, in the mobile phase being unable to separate
mobile phase. While the enantiomeric resolution could be the enantiomers may be explained by methanol’s ability to
improved by increasing the content of water in the mobile intercept the hydrogen bonding interactions resulting in poor
phase, the peaks of DBD-RZ-andL-lactate became broad, resolution[15].

and peak tailing also occurred. The resolution of the enan-  On the other hand, we previously tried to use the AD-
tiomers reached 1.50 when the mobile phase contained 60%RH column and MeCN/KO as the mobile phase for sepa-
water (HO:MeOH:MeCN =60:10:30, data not shown), but rating p- andL-3-hydroxybutyrate (3-HB) derivatized with
the resolution was not sufficient to separate the enantiomersNBD-PZ, but satisfactory resolution was not obtaiti2di].

in biological samples, which contained much mo#actate Chemically,n- andr-3-hydroxybutyrate have just one more
thanp-lactate. methylene group in the alkyl chain thanandi-lactate. The

Because neither NBD- nor DBD-PZi-lactate was phenomenon might have been due to the poor interactions
eluted when the Chiralpak AD-RH column was used with caused by repulsive force between the alkyl chains inside
methanol in the mobile phase, we solely evaluated the sepathe AD-RH column and the longer alkyl chains of and
rations ofb,L-lactate derivatives on the AD-RH column with  L-3-hydroxybutyrate derivatives, and/or the lower rigidity of
different percentages of acetonitrile in water as the mobile p- andi-3-hydroxybutyrate than- andi-lactate. Therefore,
phase. As shown iffable XC), there was no resolution of insufficientresolution ofo- andr-3-hydroxybutyrate deriva-
DBD-PZ-b-lactate on-lactate on the Chiralpak AD-RH col-  tives using AD-RH was apparent, since conformational rigid-
umn; however, an ideal separation of NBD-B4actate and ity has been reported to be important for the enantiomer res-
L-lactate derivatives was achieved on the Chiralpak AD-RH olution under reversed-phase conditi¢2$,22]
column for the same mobile phase condition. The peaks of  Finally, we concluded that the use of NBD-PZ and the
NBD-PZ-n,1-lactate were sharp when the mobile phase con- Chiralpak AD-RH column as the fluorescence reagent and
tained more than 60% acetonitrile. The Chiralpak AD-RH chiral column, respectively, gave the best results for the enan-
column using MeCN/HO (60/40) as the mobile phase was tiomeric separation ab,L-lactate.
the best condition for resolving the enantiomers of lactate
derivatized with NBD-PZ. 3.2. Application to rat urine

As summarized immable ¥A-C), the Chiralpak AD-RH
column seemed to possess the best resolution capacity among The proposed HPLC method was applied to determine
these three chiral columns. This may be attributed to the factlactate levels in the urine of normal and diabetic rats. Because
that the amylose-based chiral stationary phase has a helicainuch-greater amounts of total urine are excreted in the dia-
structure giving well-defined grooves different from the cor- betic stage than in a normal situation, this dilutesthactate
responding cellulose analogues, which appear to be more lin-concentration in the urine, and thus a highly sensitive method
ear and rigid in nature. Hence, the Chiralpak AD-RH column for the determination of urine-lactate should be useful.
can provide a greater chiral environment for lactate enan- (b +L)-Lactate in normal and diabetic rat urine was deriva-
tiomers[19,20] tized with NBD-PZ, separated onthe ODS column, and deter-

In addition, for achieving enantiomeric separation, the oc- mined fluorimetrically Fig. 4A and B). Using the proposed
currence of interactions, including hydrogen bonding and HPLC method, 2@.L of urine volume was sufficient fan-

w— interactions, between enantiomers and the stationarylactate determination. The calibration curve, which was con-
phases should be a requisite. The carbonyl oxygen moleculesstructed by plotting the concentrations mf and L-lactate
onthep- andL-lactate derivatives might form hydrogenbonds versus the peak area ratio-(and L-lactate/internal stan-
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Fig. 4. Chromatograms of samples from the urine of normal (A) and diabetic 0 10 20
rats (B) derivatized with NBD-PZ separated on the ODS column. (1) Lactate (C) Time (min)

derivative; (2) propionate derivative (I.S.).

Fig. 5. Chromatograms of resolved enantiomers of the stangeddctate

dard). sh d dli . dhad lati - (A), urine of normal rats (B) and diabetic rats (C) derivatized with NBD-
ard), showed good linearity, and had a correlation coefficient PZ on a Chiralpak AD-RH column using a mobile phase 0zCN:H,O

of 0.998. The peak fraction of the ¢ L)-lactate derivative,  (60:40).
which was separated on the ODS column, was directly intro-
duced to the Chiralpak AD-RH column via a six-port valve.
Then, then- andi-lactate derivatives were enantiomerically
separated, and the enantiomeric ratio was determined from

the chromatograntig. 5. The intra- and inter-day precision ; o
values were within 0.80—14.44%. The accuracy values for the rations showed a rising tendency from 7th day and then re-

determination ob-lactate in urine were 96.93-104.85%. The Mained stable from the 28th day after diabetes was induced.
detection limit forp-lactate was approximately 10 nM (with These phenomena observedriig. 6 are coincident with a

a signal-to-noise ratio of 3). Since diabetic rats excrete much "€POrt by Kondoh et al., who determinedactate by their
greater volumes of urine than normal subjects, the urinary €Nzymatic method and showed that much-greater amounts
concentration ob-lactate in diabetic rats is inevitably diluted, ~ ©f P-lactate were excreted in the urine of diabetic and fasted
Therefore, when comparinglactate levels between normal  'ats[25]. Considering these results together, urinafyctate
and diabetic rats, we employed a urinary compound, creati- MY be used as an indicator to screen for early stages of kid-

nine, to correct for the excreted urine volume, because uri-
nary creatinine levels have commonly been used for assessing:
the glomerular filtration rate (GFR). Henae)actate excre-
tion in urine was expressed as a ratio of urinary creatinine
(mmol/mol creatinine]23]. Fig. 6 shows the meatt S.D.

induced diabete4]. These data suggest that drastic phys-
iological and morphological changes occur in the kidney of
diabetic rats. As shown iRig. 6, urinaryp-lactate concen-

2571

atio

[{

n
o
T

O Normal rats

D-lactate / creatinine r:
>

of the n-lactate/creatinine ratio in the urine of normal and (n=4)
diabetic rats, and the ratios nflactate/creatinine of diabetic B Diabetic rats
rats significantly increased compared to those of normal rats. i | (n=8)
After receiving STZ for 1 month, significant kidney hyper- 0
trophy was observed in the diabetic rats (5.0.4 g versus ¢ 8 TD " 2 %= 4 B

ay *p<0.05, *p<0.01 vs. normal rats

3.4+ 0.1ginthe normal groug <0.1). Ward et al. reported
thé_lt the G_FR, urine flow rate, an_d urinary calcium were SI9- Fig. 6. Ratio ofp-lactate (:M) to creatinine (mM) in the urine of normal
nificantly increased on 7th day in rats with streptozotocin- and diabetic ratéP<0.05, P <0.01 vs. normal rats.



J.-A. Lee et al. / Analytica Chimica Acta 534 (2005) 185-191

ney injury, and the determination of urinanylactate may

help us to understand the pathological conditions of kidneys

of patients suffering from these diseases.

4. Conclusions

We have developed an HPLC method for the highly sen-

sitive determination ob-lactate in 2QuL of rat urine, and
found that urinaryp-lactate was drastically increased in the
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16 (2003) 233.
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(1991) 1.
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102 (1980) 39.
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cual, Clin. Chem. 43 (1997) 1010.
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diabetic stage induced by streptozotocin. With this proposed[12] T. Fukushima, J.A. Lee, T. Korenaga, H. Ichihara, M. Kato, K. Imai,

HPLC method, urinarp-lactate in diabetic patients and nor-
mal subjects will also be investigated.
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