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a  b  s  t  r  a  c  t

For  better  understanding  the  complete  metabolism  and  the  physiological  role  of  d-lactate,  the  concen-
trations  of  d-lactate  in  the  serum,  liver and  kidney  of  normal  and diabetic  rats  were determined  by
our  established  column-switching  HPLC  method  with  pre-column  fluorescence  derivatization.  Eight-
week-old  male  Sprague–Dawley  rats  were  administered  with  streptozotocin  (STZ)  (80  mg/kg)  or  citrate
buffer  intraperitoneally.  The  tissues  were  then  removed  and  homogenized  after  4,  8,  12  and  16  weeks
of  drug  administration,  respectively.  The  homogenates  were  centrifuged  at 1200  ×  g for  10  min, then  the
supernatants  were  derivatized  with  a  fluorescent  reagent,  4-nitro-7-piperazino-2,1,3-benzoxadiazole
(NBD-PZ),  separated  on an ODS  column  followed  by  a  Chiralpak  AD-RH  chiral  column  for  enantiosep-
ephropathy
treptozotocin
ethylglyoxal

aration.  The  results  showed  that  the  d-lactate  content  elevated  in  all  the  3  examined  tissues  under
diabetic  stages.  In  addition,  d-lactate  concentrations  in  rat  kidney  were  accumulated  significantly  and
time-dependently  in  diabetic  groups  after  receiving  STZ  for 4,  8, 12  and  16  weeks  (2.99,  13.11,  18.19,
23.23  vs.  0.79  �mol/mg  protein  as  control  group).  Moreover,  the  kidney  of  induced  12-week  diabetic  rat
renal showed  some  histological  changes  of  progressive  diabetic  nephropathy.  The  results  suggest  that
d-lactate  may  be  used  as  a  marker  of  diabetic  nephropathy.
. Introduction

The d-lactate, an endogenous product from excessive use of reg-
lar energy resources, has been tested to use as a marker of several
iseases. It has reported to increase in bacterial infection [1,2], acute

ntestinal ischemia [3–6], and appendicitis [7,8]. The most recent
pplication is on its relationship with the severity of diabetics. Sig-
ificant increases of serum, plasma and urinary d-lactate under
iabetic stage were found in our previous publications [9–11]. In

iabetic stage, with the catalysis by glyoxalase I and II being the
ajor producing pathway [12,13], the plasma level of d-lactate
as found to elevate proportionally with the increasing production

Abbreviations: DM,  diabetes mellitus; TFA, trifluoroacetic acid; NBD-
Z,  4-nitro-7-piperazino-2,1,3-benzoxadiazole; I.S., internal standard; o-PD,
-phenylenediamine; 2-MQ, 2-methylquinoxaline; 5-MQ, 5-methylquinoxaline;
GEs, advanced glycation end products.
� This paper is part of the special issue “Analysis and Biological Relevance of d-
mino Acids and Related Compounds”, Kenji Hamase (Guest Editor).
∗ Corresponding author. Tel.: +886 2 2736 1661x6125;

ax: +886 2 2736 1661x6120.
E-mail address: jenai@tmu.edu.tw (J.-A. Lee).

570-0232/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
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© 2011 Elsevier B.V. All rights reserved.

of its precursor, methylglyoxal (MG), in plasma [14–17].  However,
the concentrations of d-lactate and MG  in other biological sam-
ples at normal and diabetic stage are warranted to determine for
establishing the model of application in diabetes.

Measuring the concentrations of d-lactate in biological sam-
ples encounters many barriers. Lactic acid (2-hydroxypropionic
acid), the chemical formula of C3H6O3, has a chiral center to form
two  enantiomers, l-(+)-lactic acid and d-(−)-lactic acid. With a
pKa value of 3.86, lactic acid mostly dissolves to form lactate in
the physiological fluids. The automated metabolite analyzers can
only determine the content of l-lactate by using l-lactate dehy-
drogenase. And the traditional enzymatic method by d-lactate
dehydrogenase (d-LDH), although widely used to measure d-
lactate in biological samples, cross reacts with many endogenous
substances, such as pyruvate, S-lactonyl glutathione, l-lactate,
fructose 1,6-bisphosphate, and 3-phosphoglyceric acid, reducing
its accuracy and precision significantly [18,19]. To overcome the
above drawbacks, many high-performance liquid chromatography

(HPLC) methods have been developed and modified by our pre-
vious efforts [9,20].  We  previously determined the d-lactate in
urine of normal and diabetic rats by HPLC with an octadecylsil-
ica (ODS) column connected to an amylose-based chiral column.

dx.doi.org/10.1016/j.jchromb.2011.02.015
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:jenai@tmu.edu.tw
dx.doi.org/10.1016/j.jchromb.2011.02.015
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his method allows precisely measuring the urinary d-lactate at a
etection limit of 10 nM,  the accuracy between 96.93–104.85%, and
he intra- and inter-day precision of 0.80 and 14.44%, respectively.
hese improvements make the clinical application of d-lactate in
iabetics a step towards to be possible.

Before using d-lactate as an early marker to stage the sever-
ty of diabetics or nephropathy, the distribution of d-lactate in the
ormal and diabetic subjects should be further studied. In order to

nvestigate the alteration of d-lactate levels in circular pools and the
issues responsible for gluconeogenesis in diabetic rats, the content
f d-lactate and l-lactate in the kidney, liver and also serum of dia-
etic and normal rats were determined simultaneously, after 4, 8,
2 and 16 weeks of diabetic induction. In addition, the histological
xamination of kidney in normal and diabetic rat and the level of
G were also studied.

. Materials and methods

.1. Chemicals

The fluorescence reagent, 4-nitro-7-piperazino-2,1,3-
enzoxadiazole (NBD-PZ), and condensing reagents,
riphenylphosphine (TPP) and 2,2′-dipyridyl disulfide (DPDS)
ere from Tokyo Kasei Chemicals (Tokyo, Japan). Lithium d-

nd l-lactate, streptozotocin, formalin, 2-methylquinoxaline
2-MQ), 5-methylquinoxaline (5-MQ), and o-phenylenediamine
o-PD) were obtained from Sigma–Aldrich (St. Louis, MO,  USA).
ropionic acid, citric acid, and sodium hydroxide were purchased
rom Nacalai Tesque (Tokyo, Japan). Trifluoroacetic acid (TFA)
as obtained from Riedel-de Haën (Seelze, Germany). Methanol

MeOH) and acetonitrile (CH3CN) were of HPLC grade from Merck
Darmstadt, Germany). All the reagents were analytical grade.

.2. Animals

Eight-week-old male Sprague–Dawley rats were used in this
tudy. The experimental protocol was approved by the Animal
are and Use Committee of Taipei Medical University, Taiwan. The
nimals were housed three per cage under a condition of a 12-h
ight/dark cycle, 25 ◦C temperature, and given standard lab chow
nd water ad libitum. After one week of acclimatization, the rats
ere administered intraperitoneally either STZ (80 mg/kg) in cit-

ate buffer (50 mM,  pH 4.5) to induce diabetics, or citrate buffer
lone to be the normal controls [21]. STZ was employed as an agent
o induce the Type I diabetes mellitus via causing the death of
nsulin-producing � cells in the islets of Langerhans according to
he previous literature [22,23]. With a structure similar to glucose,
TZ can be uptake into the � cells by the glucose transport pro-
ein GLUT2, causing toxic damage to the DNA of the cells [24]. Body
eights and blood glucose of diabetic and normal rats were com-
ared to ensure the successful induction of diabetics and to monitor
he severity of disease. Diabetes mellitus is defined by demonstrat-
ng casual plasma glucose higher than 11.1 mmol/L (200 mg/dL)
ccording to World Health Organization [25].

.3. Glucose concentration

A drop of tail blood was collected to determine the glucose con-
entration by OneTouch® SureStep® Plus Meter (Lifescan Co. Ltd.,
alifornia, USA) according to the user’s manual.

.4. Enantiomeric determination of d-lactate in serum, liver, and

idney

After 4, 8, 12 and 16 weeks of STZ or vehicle administration,
lood, liver and kidney rapidly removed from anesthetized normal
B 879 (2011) 3214– 3219 3215

or diabetic rats were collected to homogenize in 2 volume of ice-
cold PBS buffer. Homogenates were centrifuged at 4 ◦C, 14,000 rpm
for 10 min  (Mikro 22R Centrifuge, Model D-78532, Hettich zen-
trifugen, Tuttlingen, Germany), and the supernatants were kept
at −20 ◦C until used. Enantiomeric determination of d-lactate was
performed by an HPLC system with some modifications according
to our previous publication [10]. Briefly, 20 �L of homogenate was
mixed with 10 �L of 1 mM propionic acid dissolved in H2O as inter-
nal standard and 170 �L of acetonitrile was added to deprotein.
After centrifugation at 4 ◦C, 14,000 rpm for 10 min, 100 �L of the
supernatant was mixed well with 150 �L of 2 mM  NBD-PZ, 25 �L
each of 280 mM TPP and DPDS in CH3CN. After standing for 3 h at
30 ◦C, 250 �L of 0.1% TFA in H2O was  added to stop the deriva-
tization reaction. To remove the excess fluorescent derivatizing
reagent, 100 �L of the resultant solution was loaded onto a mobile
phase preconditioned EmporeTM SBD-RPS (4 mm/1 mL)  cartridge
and eluted with 200 �L of mobile phase for complete elution, then
the total 300 �L of the eluant was collected together. An amount
of 20 �L of the eluant was  filtered with 0.2-�m filter and sub-
jected to a column-switching HPLC analysis. Protein concentrations
of homogenates were assayed according to the method of Braford
[26], using the Bio-Rad protein assay kit with BSA as a standard.
d-Lactate concentration was expressed as millimole per milligram
of protein.

2.5. Column-switching HPLC conditions

d- and l-Lactate were simultaneously quantified by our column-
switching HPLC as our previous publications [10,27,28] with some
modification. The HPLC system consisted of a Rheodyne injec-
tor (Model 7725i) with a 20-�L loop, two  Hitachi L-7100 pumps
(Tokyo, Japan), a Hitachi F-1000 and an L-7485 fluorescence detec-
tor, two  integrators (Hitachi D-2500), and a Rheodyne switching
valve (Model 7000). A Biosil ODS column (4.6 mm × 250 mm I.D.,
particle size 5 �m,  Biotic Chemical Co., Ltd., Taipei, Taiwan) was
utilized for isolation and quantification of the total lactate in rat
serum, liver and kidney; the mobile phase was H2O/MeOH/CH3CN
(70/10/20, v/v/v) at a flow rate of 0.7 mL/min. For the enantiomeric
separation of d- and l-lactate, a Chiralpak®AD-RH chiral column
(150 mm × 4.6 mm ID., Daicel Chemical Industries Co., Ltd., Osaka,
Japan) was  used; the mobile phase was  H2O/CH3CN (60/40, v/v) at
a flow rate of 0.3 mL/min. Fluorescence detection was monitored at
an excitation wavelength of 491 nm and an emission wavelength
of 547 nm.  The (d + l)-lactate concentration was calculated in chro-
matogram obtained from the ODS column, and the proportion of d-
or l-lactate was obtained from the chromatogram of AD-RH chiral
column. The d-lactate concentration in rat serum, liver and kidney
homogenates was determined by the same method.

2.6. Calibration curve study

The calibration curve study was  carried out by preparing 1:1
d,l-lactate standard solutions at five concentration levels of 0.05,
0.25, 1.00, 2.00, and 6.00 mM.  Ten microliters of 1 mM  propionic
acid (I.S.) in H2O and 170 �L of CH3CN were added to 20 �L of
the standard solution, and the same procedures were performed
as described above (n = 6). The peak area ratio of d,l-lactate to that
of I.S. derivative was  plotted against the concentrations of d,l-lactic
acid. The recovery rate was measured by adding 0.25 mM,  0.5 mM,
1.0 mM  d-lactate into the homogenates to test for three times.

2.7. Validation study
Precision and accuracy for the intra- and interday assay of d-
lactate in 20 �L of homogenates were performed as follows: 20 �L
of homogenate was added with 10 �L of 1.0 mM  propionic acid
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I.S.) and 170 �L of lithium d-lactate in CH3CN was added to a final
oncentration of 0, 0.25, 0.50 and 1.00 mM,  with the same proce-
ure described above thereafter. The precision was calculated as
he coefficient of variation (CV %) of six analyses, and the accuracy
as acquired as the percentage of the theoretical concentration to

he concentration measured by the HPLC method.

.8. Determination of methylglyoxal (MG)

The determination of methylglyoxal in rat kidney was per-
ormed according to previous reports with modifications [29–31].
riefly, 150 mg  of rat kidney was homogenized in 0.5 mL  of
BS buffer in a 2-mL screw-cap microcentrifuge tube for 30 s at
000 rpm with the Precellys 24 homogenizer (Bertin Technolo-
ies, France). The homogenate was centrifuged at 12,000 rpm for
5 min  at 4 ◦C, and 320 �L of the supernatant was mixed with 80 �L
f 2.25 M perchloric acid (PCA) and allowed to stand for 24 h for
eproteinization. After removing the PCA precipitates by centrifuge
t 12000 rpm for 10 min  at 4 ◦C, 240 �L of the supernatant was
erivatized with 60 �L of 50 mM o-PD for 24 h. MG  in the sam-
le reacted with o-PD to result 2-MQ and the resultant was  further
entrifuged at 12000 rpm for 10 min  at 4 ◦C for removing the impu-
ities. Finally, 240 �L of the supernatant was added with 48 �L
f 5-MQ as internal standard, and 100 �L of aliquot was injected
nto HPLC. An ODS column (150 mm × 4.6 mm ID., Biotic Chemi-
al. Co., Ltd., Taipei, Taiwan) was used, and the mobile phase was
0 mM NaH2PO4/CH3CN (80/20, v/v) at a flow rate of 1.0 mL/min.
V absorption was monitored at 315 nm for 2-MQ and 5-MQ.

.9. Histological examination

The left kidney of the rat was removed, decapsulated, and fixed
n 10% buffered neutral formalin (pH 7.4) for 24 h, followed by 70%,
5%, 95%, and absolute ethanol for dehydration, and xylene clearing.
hen the kidney was embedded in paraffin, sectioned at 3–5 �m in
hickness, and stained with periodic acid–Schiff (PAS) stain.

.10. Statistical analysis

All data were expressed as the mean ± SD. The statistical signif-
cance of the difference between groups was analyzed by Student’s
-test for unpaired data. A p-value less than 0.05 was  considered
ignificant.

. Results and discussion

.1. Body weight, blood glucose and histological findings

The body weight and blood glucose of rats were shown in Fig. 1.
he results indicated that the STZ rat was lighter than the con-
rol after 1 week of STZ induction (Fig. 1A), and this trend reached
tatistically significant difference in the second week and there-
fter. And the concentration of blood glucose of STZ rat raised
bove 300 mg/dL after 1 week of administration; while the animal
iven the vehicle citrate buffer had normal blood glucose levels
f below 100 mg/dL (STZ rat versus control; 336.7 ± 67.9 mg/dL vs.
1.0 ± 11.5 mg/dL, respectively, p < 0.001) (Fig. 1B). The levels of
lood glucose of STZ animals have further risen above 400 mg/dL
fter the second week and thereafter. The significant difference
n the blood glucose levels between the STZ rats and vehicle
njected controls indicates that the diabetic stages were success-
ully induced in the rats.
The treatment-related histopathological changes are presented
n Fig. 2. Renal damage was observed only in diabetic rats, charac-
erized by mesangial expansion, glomerular basement membrane
niformly thickened, and tubular hyaline change (Fig. 2B), but not
Fig. 1. The body weight (A), and blood glucose (B) of normal (white columns) and
STZ-induced (black columns) rats. Results are presented as the mean ± SD (n = 6).
Significant levels are *p < 0.001 as compared with normal values.

in the normal rats receiving vehicle injections (Fig. 2A). The findings
on the histopathological changes in the kidney of STZ rats were in
agreement of previous reports. In STZ induced-Lewis rats, the ani-
mals developed an increase in mesangial matrix, electron dense
material in the mesangium, with immunoglobulin G, C3, and occa-
sionally fibrinogen deposits in the glomerular mesangium in early
course of diabetes [32]. Glomerular hypertrophy was  observed in
the first day after giving 70 mg/kg streptozotocin, and mesangial
surface area thickness in the 8th day for SD rats [33]. Shanmugam
et al. gave the Wistar rats single dose of STZ to target blood glucose
above 250 mg/dL after 3 days. The tubular degeneration, degen-
eration of glomeruli, focal necrosis of tubules, cystic dilatation of
tubules and fatty infiltration were observed in the renal tissues of
the animals [34].

3.2. d-Lactate levels in serum, kidney, and liver

The intraday calibration curve for d-lactate was
y = 0.2929X + 0.0962, showing a good linearity with a correla-
tion coefficient (R2) of 0.9991. The interday calibration curve
was  y = 0.3985X + 0.0411, with a R2 of 0.9989. The accuracy
values (recovery rate) for d-lactate determination in 20 �L of
homogenates were 90.54–117.95%, and the intra- and inter-day
precision values were within 13.81 and 13.39%, respectively. The

detection limit for d-lactate was approximately 0.5 pmol, which
was  better than that in our previous report [10]. In the previous
study, the d-lactate derivatives was  loaded onto an EmporeTM

SBD-RPS cartridge, and eluted with 100 �L of mobile phase for
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Fig. 2. Light micrograph of normal (A) and diabetic (B) rat renal cortex after 12 weeks
of  induction. The sections were stained with PAS. The control rats receiving vehi-
cle injections did not exhibit renal morphologic alterations (A). Renal damage was
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bserved in diabetic rats (B), and characterized by mesangial expansion (*), glomeru-
ar basement membrane uniformly thickened (arrow), and tubular hyaline change
#) (bar: 50 �m).

lution, whereas in the present study, the volume of elution
olution was 200 �L that achieved the more complete elution. In
ddition, compared with the chromatograms of urine, there are
uch less peaks in the chromatogram of serum, liver, and kidney

omogenates. This may  due to the more complicated compositions
f organic carboxylic acids in the urine.

The representative chromatograms of the total, d- and l-
actate were shown in Fig. 3, using the samples from the kidney
omogenates. Fig. 3A and C, respectively, demonstrated the chro-
atograms of total (d + l)-lactate for normal and diabetic rats, with

he lactates eluted at about 24 min, and the internal standard at
bout 50 min  by an ODS column. The d- and l-lactate were further
eparated by an AD-RH chiral column, and eluted at about 15 min
nd 19 min, respectively (Fig. 3B and D).

After STZ treatment, serum d-lactate levels in diabetic rat
as significantly elevated from the 4th to 16th week (Fig. 4),

nd statistically higher than that for normal rats after 4, 8, 12,
nd 16 weeks of STZ treatment (4.33 ± 1.14 versus 0.99 ± 0.52,
8.07 ± 1.91 versus 2.17 ± 1.90, 18.78 ± 10.01 versus 4.8 ± 3.87,

nd 22.45 ± 12.14 versus 5.64 ± 4.9 mmol/mg  protein, respectively,

 < 0.001). The d-lactate levels in diabetic rats were about 4, 8, 4, and
 times as height as that in normal rats after 4, 8, 12, and 16 weeks
f treatment, respectively.
B 879 (2011) 3214– 3219 3217

The d-lactate levels in kidney and liver also increased signif-
icantly in the diabetic rats (Fig. 4). The increase of renal d-lactate
level was  time-dependent. After 4 weeks of treatment, the d-lactate
level of diabetic rats was about 4.8-fold higher than normal rats
(2.99 ± 1.45 versus 0.62 ± 0.35 mmol/mg  protein, p < 0.001). And
the d-lactate level was  up to 13.11 ± 5.44 mmol/mg  protein, and
approximately 12.25-fold higher than normal rats in the 8th week
(1.07 ± 0.77 mmol/mg  protein, p < 0.001). At the 12th and 16th
weeks, the d-lactate level increased to more than 27-fold higher
than that in the normal rats (18.19 ± 1.86 versus 0.68 ± 0.55 for
12th week, and 23.23 ± 12.98 versus 0.82 ± 0.23 mmol/mg protein
for 16th week, respectively. Both p < 0.001). Similar increases were
observed for the liver homogenates. The hepatic d-lactate levels
in diabetic rats were about 3, 6, 10, and 5 times as high as that
in normal rats after 4, 8, 12, and 16 weeks of treatment, respec-
tively (diabetic rat versus control; 3.66 ± 1.46 versus 1.38 ± 0.84,
6.05 ± 0.94 versus 1.08 ± 0.48, 9.29 ± 1.69 versus 0.9 ± 1.9, and
9.95 ± 5.5 versus 1.85 ± 0.59 mmol/mg  protein, for 4, 8, 12, and
16 weeks, respectively, all tests were p < 0.001). These results
showed that the renal and hepatic d-lactate levels in rats were
significantly increased after STZ induction.

However, the patterns of the alteration were different in the
serum, liver and kidney. The serum d-lactate levels of diabetic
rats did not increase continuously after STZ induction. The ratio of
serum d-lactate levels between diabetic and normal rats was  high-
est after 8 weeks of induction, but declined after 12 and 16 weeks.
The hepatic d-lactate levels were stable after 16 weeks of treatment,
with the highest ratio for diabetic and normal rats at the 12th week.
Only renal d-lactate level continuously increased in the progress
of diabetes and might be closer to correlate with the progress of
diabetics.

The second interesting finding was that the d-lactate in kid-
ney became much higher than those in liver of STZ rats, suggesting
possible difference on the tissues’ abilities to synthesize d-lactate.
Glyoxalases, the key enzymes to metabolize MG to d-lactate, is
composed of two  enzymes: glyoxalase I, which metabolizes MG
to S-d-lactoylglutathione, and glyoxalase II, which converts S-d-
lactoylglutathione to d-lactate [35]. These enzymes were found to
explicit different activities in liver and kidney in diabetic rats [36].
After using alloxan to induce diabetes in rats, the activity of glyox-
alase I was increased in kidney, but decreased in liver [36]. Study
on the effect of the aldose reductase inhibitor, statil, also found the
activities of glyoxalase I and II were decreased in the liver of the
STZ treated diabetic rats, but the concentrations of MG in the kid-
ney cortex and medulla were increased in diabetic rats, comparing
to that in the controls [37]. Thus the higher d-lactate levels in kid-
ney than those in liver showed in current study might be due to the
different activities of glyoxalases in kidney and liver.

3.3. Elevation of methylglyoxal in diabetic rat kidney

We further determined renal MG  levels by HPLC in rats, and
found that it was about 1.25-fold higher than normal rats at the 12th
week (p < 0.01) (Fig. 5). MG appears to be associated with diabetic
complications through reacting with proteins to form advanced
glycation end products (AGEs), actioning on energy production,
inducing free radical generation and finally causing the death of
cells [38]. d-Lactate in animal physiologic fluids could be origi-
nated from digestion or bacterial production in the intestinal tract,
or from endogenous production by the methylglyoxylase pathway
[38,39]. The concurrent increase of renal MG level provided the
evidence of that the underlying mechanism of d-lactate elevation

in serum, liver and kidney of diabetic rats was resulted from MG
production.

It was interesting to find that the serum d-lactate concentra-
tion in the normal rats was  apparently increased in this study. As
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ig. 3. HPLC chromatograms of enantiomeric analysis of d,l-lactate in normal and di
C)  kidney homogenates, and lactate was further separated into d- and l-lactate as sh
at  kidney homogenates, significant elevation of d-lactate was found. I.S., internal s

 physiological metabolite formed in vivo by the fragmentation of
riose-phosphates and the catabolism of ketone bodies and thre-
nine, MG reacts with arginine and lysine residues in protein to
orm AGEs [40]. AGEs accumulated in many aging-related chronic
iseases, such as atherosclerosis, diabetes, arthritis and neurode-
enerative disease [40,41].  The increase of AGEs in lens proteins
nd skin collagen was correlated with aging, and the accumulation

f AGEs was detectable in these tissue proteins in diabetes [40]. The
pparent increase of serum d-lactate concentration in the normal
ats in Fig. 4 may  be related to aging.

ig. 4. d-Lactate concentrations in serum, liver, and kidney of normal and diabetic
ats after 4, 8, 12, and 16 weeks of vehicle or STZ treatment. Results are presented
s  the mean ± SD (n = 6). Significant levels are *p < 0.001 as compared with control
alues.
 kidney homogenates. Total lactate was first separated from normal (A) and diabetic
in (B) and (D) for normal and diabetic kidney homogenates, respectively. In diabetic
rd (propionic acid).

The renal histopathological changes were only observed in the
diabetic rats with the increased d-lactate level in previous and our
reports [10]. Additionally, we found that renal d-lactate and MG
concentrations raised concurrently. These results together provide
the clues that increased renal MG  level in diabetic rats may  be
associated with diabetic nephropathy, and the changes of d-lactate
might be able to early reflect the process of nephropathy.

In conclusion, the concentrations of d-lactate in the tissues
of normal and diabetic rats after 4, 8, 12 and 16 weeks of
administration were determined by column-switching HPLC with

fluorescence detection. The results showed that d-lactate levels in
the kidney of diabetic rats increased continuously after STZ induc-
tion, and with the histological damage of renal tissue. These results

Fig. 5. Concentrations of MG in the kidney homogenates of normal and diabetic
(DM) rats after 12 weeks of vehicle or STZ treatment. Results are presented as the
mean ± SD (n = 4). *p < 0.01 vs normal rats.
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M.-H. Lin et al. / J. Chroma

uggested that concentration and percentage of d-lactate in the
idney may  be related with the renal damage in diabetics.
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