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Abstract. Renal glucose reabsorption is mediated by lu-Introduction
minal sodium-glucose cotransporters (SGLTs) and baso-
lateral facilitative glucose transporters (GLUTSs). The Recently, the relationship between glucose homeostasis
modulators of these transporters are not known, and theand sodium balance in the organism has been the object
substrates glucose and Nare potential candidates. In of several studies, which intend to contribute to the
this study we examined the role of glucose and” Na knowledge of morbid disorders such as obesity, diabetes,
filtration rate on gene expression of glucose transporterfypertension, and aging among others [4]. Under these
in renal proximal tubule. SGLT1, SGLT2, GLUT1 and conditions, insulin resistance with hyperinsulinemia
GLUT2 mRNAs were assessed by Northern blotting; andseems to be the common factor that may be responsible
GLUT1 and GLUT?2 proteins were assessed by Westerfior increased sodium reabsorption in the kidney [15].
blotting. Renal cortex and medulla samples from controlA molecular factor, which may be involved in this rela-
rats (C), diabetic rats (D) with glycosuria, and insulin- tionship, are the sodium-glucose cotransporters (SGLTS)
resistant 15-month old rats (I) without glycosuria; andand/or the facilitative glucose transporters (GLUTS) in
from normal (NS), low (LS), and high (HS) Naliet fed  the renal proximal tubular cells, which may have their
rats were studied. Compared to C and | rats, D rats ingene expression modulated by several factors [9, 10, 11,
creasedR < 0.05) gene expression of SGLT2 bB6%, 20]. The SGLT protein carries the Ndown its electro-
SGLT1 by[20%, and GLUT2 by1100%, and reduced chemical gradient, and glucose against its concentration
(P < 0.05) gene expression of GLUT1 by more thangradient in the apical membrane of some epithelial cells.
50%. Compared to NS rats, HS rats increased 0.05) Two main isoforms of SGLTs were described: SGLT1
SGLT2, GLUT2, and GLUT1 expression hyl00%, and SGLT2 [9, 10, 11]. They have different tissue dis-
with no change in SGLT1 mRNA expression, and LStribution as well as kinetic and electrochemical charac-
rats increasedR < 0.05) GLUT1 gene expression by teristics. The low-affinity and high-capacity glucose
[150%, with no changes in other transporters. In sumiransporter SGLT2 is present in the S1 and S2 segments
mary, the results showed that changes in glucose ér Neaof the proximal tubule, and has a Neo-glucose cou-
filtrated rate modulate the glucose transporters gene exling ratio of 1:1. The high-affinity and low-capacity
pression in epithelial cells of the renal proximal tubule. SGLT1 is present in the S3 segment, and has &thia
glucose coupling ratio of 2:1 [9, 10, 20]. In the cyto-
plasm of tubular epithelial cells, glucose in high concen-
Key words: SGLT2 — SGLT1 — GLUT2 — GLUT1 tration flows to the peritubular fluid by the basolateral
— Rat kidney membrane through the facilitative transporters GLUT2
in the S1 and S2 segments, and GLUTL1 in the S3 seg-
ment [2, 11]. In hyperglycemic diabetic rats, modulation
- of GLUT1 and GLUT2 has already been reported; how-
Correspondence tdJ.F. Machado ever, no changes in SGLT have been described [5].
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When glomerular filtration is increased, such as in theANTIBODIES AND PROBES

extracellular volume expansion, changes in the glucose

transporters’ gene expression may be achieved to ma"‘ﬁ 15-amino-acid peptide of rat GLUT1, synthesized according to the
tain the glucose and Nareabsorption preserved. This deduced carboxy-terminal sequence of rat GLUT1, was coupled to

requlation mav have important ohvsiological and oh S_keyhole limpet hemocyanin (KLH) and used for immunization of male
9 y P pny 9 phy New Zealand white rabbits. This anti-serum was successfully used for

iopathological Consequences' The increased Iml’af:e"uI"‘thunoblotting [13]. A 10-amino-acid peptide of rat GLUT2, kindly
flux of glucose may stimulate the gene expression Ofyrovided by Dr. M. Saito from the Faculty of Veterinary Medicine,
several proteins and growth factors, which have beemokkaido University, Japan, was also coupled to KLH and used for
described as involved in the appearance of some path(ynmunization of male New Zealand white rabbits. This antibody was
Iogical renal processes such as interstitial fibrosis andpreviously checked for immunoblotting suit_ab_ility in different rat tis-
glomerulosclerosis [3, 14, 23]. In the present study, theues such as s_kelgtal muscle, gut pancrgatl_c islets, ar_]d renal cortex_and
lucose transporters SGLTs. GLUT1 and GLUT?2 Weremedulla, evincing immunoreactivity only in t|s_s_ues which express this
9 . .p . ! . . 7" “transporter isoform [19]. A cDNA probe specific for rat SGLT1, gen-
investigated in kidney from rats submitted to diets with erously provided by Dr. M. Kasahara from the School of Medicine,
different N& contents, and also in rats in a different Teikyo University, Japan, was used for hybridization to SGLT1 in
glucose homeostasis state, to verify the possible role ohedulla and to SGLT2 in cortex samples, followed by washing at high
filtration rate of glucose and Naon these glucose trans- and low stringency conditions, respectively. Rat GLUT1 and human
porters. The SGLTs and GLUTs mRNAs were assessea-Act!n cDNAs were kindly prowde_d by_Dr. M. Morimatsu, Faculty of
by Northern blotting, and the GLUT1 and GLUT?2 pro- Veterinary Medicine, Hokkaido University, Japan; and human GLUT2

. . . cDNA was kindly provided by Dr. S. Seino, Faculty of Medicine,
teins were assessed by Western blotting. The studieg;,, Universitnyzpan. Y 4

were performed both in cortex and medulla samples,
which have been confirmed to be enriched in S1 and S3
proximal tubule segments, respectively. WESTERN BLOTTING

Tissue samples were homogenized in 10 w/v buffer (in 2 Tnis-

HCI, 1 EDTA, 250 sucrose, pH 7.4, andg/ml aprotinin), using a

Polytron set at 24,000 rpm for 30 sec, and centrifuged at03;00 for

15 min. The supernatant was centrifuged at 1@,8@ for 20 min, and

the pellet was resuspended as a plasma membrane fraction (PM), in

ANIMALS which the alkaline phosphatase activity has been shown to have in-
creased more than three times compared to the enzyme activity in the

Male Wistar rats were housed under controlled conditions of lighting SUP€rnatant of the first centrifugation. The Western blotting analysis
(lights on from 6:00 AM to 6:00 PM) and temperature (23 + 1°C). Was performed as previously described [13]. Briefly, membrane pro-

Two protocols of study were conducted, each one with three groups 0§ein (_1,00 “,g from mg’dulla and 15Qug frqm cortex samples) was
animals. Protocol 1: 3-month-old control rats (C); 3-month-old dia- SOlubilized in Laemmli's sample buffer subjected to SDS-PAGE (10%)

betic rats (D)—the animals received a single injection of alloxan (40§1nd electrophoretically transferred to nitrocellulose paper. After block-

mg/kg body weight, IV) fifteen days before sacrifice; 15-month-old rats ing with nonfat-milk, the sheets were incubated with the anti-GLUT1

()—the animals were spontaneously obese, and developed impaireffnedulla) or gnti-g}LUTZ (cortex) antibodies, followed by washing and
tolerance to a glucose load as a consequence of insulin resistance [18cubation with t sllprOt?'”'A (Amersham Pharmacia Biotech, Am-
sham, UK). After the final wash, the nitrocellulose sheets were dried

16]. Five days after alloxan injection the rats started to be evaluated" -
every two days, and as diabetic rats were chosen animals that showdli room temperature, and exposed to ‘an X-ra}y film for _ten days at
polyuria (>25 mi/day), glycosuria > ++, but without ketonuria, signifi- —70°C. The blots were analyzed _by qptlc densitometry using the soft-
cant weight loss, and increased respiratory rate, during a 10-day period?@€ Image Master 1B (Pharmacia Biotech, Upsalla, Sweden). The
Protocol 2: The rats were fed, from weaning, a normal (NS, 0.5%,Na result_s were expressed as arbitrary units (AU_) per total ‘amc_>unt of
low (LS, 0.06% N4), or a high (HS, 3.12% N3 salt diet (Harlan prote!n electrophoresed, or as AU per g of tissue, considering the
Teklad, Madison, WI). The experimental protocol was approved by theProtein recovery of each sample.

Animal Ethics Committee of the Institute of Biomedical Sciences, Uni-
versity of S@ Paulo, protocol number 084/98.

Material and Methods

NORTHERN BLOTTING

Total RNA was extracted from 0.1 g of frozen cortex and medulla
samples using Trizélreagent (Gibco BRL, Grand Island, NY) accord-
ing to manufacturer’s instructions. The RNA (@) was electropho-

On the day of the experiment, kidneys were removed under sodiunmresed on 1.2% formaldehyde-agarose gel, blotted, and fixed onto nylon
pentobarbital anesthesia (50 mg/kg body weight, IP). The abdominamembranes and then hybridized to cDNA probe specific to rat SGLT1
aorta was isolated and catheterized below the renal arteries immediat 37°C, 40% formamide, overnight). Filters were washed at high-
ately after clamping the aorta up to the renal arteries and cutting thestringency conditions (the low-stringency protocol, plus one wash at
inferior vena cava up to the renal veins. A blood sample was collected1% SDS, 0.1 x SSC, 50°C, 15 min) for SGLT1 mRNA detection, and
the kidneys were perfused with Hanks buffer, and immediately re-at low-stringency conditions (two washes at 0.1% SDS, 2 x SSC, 25°C,
moved. Renal cortex and medulla were dissected under ocular controb min) for SGLT2 detection, and exposed to autoradiography. After
the tissue fragments of each area were weighed and frozen in liquidhat, the filters were stripped by washing two times at high-stringency
nitrogen for further procedures. conditions and hybridized to cDNA probe f@-actin. The same

RENAL SAMPLING
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SGLT2 SGLT1

Fig. 1. Renal cortical SGLT2 (left) and medullar
SGLT2 (right) mRNAs from 3-month-old control
(C) and diabetic D) rats, and from 12-month-old
insulin resistantl{ rats.Top: typical autoradiograms
of SGLT1, SGLT2 andB-actin mRNAs were
shown.Bottom: MRNA content, expressed as arbi-
trary units (AU) /g of total RNA, after normaliza-
tion to thep-actin mRNA value is shown. Data are
means 1sem of at least 4 different experiments.
#P < 0.05vs. Candl

#

#

7500 1 8000 -

T

]
8

AU /g RNA
AU /ug RNA

2500 4

R 77
C D I

samples of cortex and medulla total RNA were additionally probed, in body Weight (500_0 + 23.6 g) Compared to both control
different experiments, at high-stringency ponditions, to GLUT1 and gnqg diabetic rats. They were judged obese not only by
GLUT2 respectively, ahd thereafter tbaptm. The blots were an_a- tgleir increased body Weight, but also because they
lyzed by scanner densitometry as described for Western analysis, an .
the results were expressed as arbitrary units (AU)umeof total RNA, showed |ncreased_3(< _0'05) Lee Index (31'3 + 0.8s.
after normalization to the respectigeactin value, and corrected con- 30.1 = 0.1) and epidydimal fat mass (8.18 + 1v330.94
sidering that in each experiment the control value representsg2sf  + 0.06 g). The Lee Index [body weight (gJ/ nasoanal
total RNA. length (cm)] represents for rats the body mass index
(BMI) used to evaluate obesity in humans. On the day of
the experiment, compared to C rats, | rats showed un-
changed glycemia (178.5 + 15v3.168.1 + 10.3 mg/dI)
Plasma samples were assayed for glucose by the glucose oxidad¥ith increasedR < 0.001) insulinemia (111.7 + 10xs.
method (Analisa Diagtstica, Sa Paulo, Brasil), and for insulin by  47.9 + 3.8 U/ml). The hyperinsulinemia of aged obese
RIA (Coat-A-Count, Diagnostic Products, Los Angeles, CA). The total rats indicates their insulin resistance, which has already
protein concentration of membrane samples was assayed by Lowry'gean clearly reported [11, 15]. On the other hand, the
method. animals in salt-diet protocol did not change their body

weights (NS, 364.3 + 15.3; LS, 357.4 + 11.9; HS, 324.8
DATA ANALYSIS + 13.5 g) significantly.

In preliminary studies, the efficiency of the sam-

A_\I_I va_lues are reporte_d as meanssém. The trgnspprters were quan- pling procedure of renal cortex and medulla as expres-
tlfn_—:-d in at least four Q|fferent experiments, using different rats from all sion of mainly S1 and S3 tubular segments, respectively,
animal groups. Statistical comparisons were made by ANOVA (Stu- . .
dent-Newman-Keuls as a post-test). was conflrmgd. The GLUT2 protein and mRNA were

not detected in medulla samples, and the GLUT1 protein

and mRNA were detected in a very low amount in cor-

ANALYTICAL PROCEDURES

Results tex, as expected according to the kidney topology of
these transporters.
The body weight of uncontrolled alloxan-induced dia- The mRNAs of SGLTs from C, D and | rats are

betic rats remained stable during the 15 days of evolushown in Fig. 1. Compared to C and | rats, the abun-
tion; therefore, their final body weight was lowd? &  dance of both SGLT1 and SGLT2 mRNAs of D rats was
0.05) than the controls (230.0 £ 19/8.313.3 + 25.8 g). increasedR < 0.05) by 20% and 30% respectively. The
On the day of the experiment, compared to C rats, the BGLUT2 mRNA in D rats (Fig. 2) showed an increase
rats showed higherP( < 0.01) plasma glucose levels (P < 0.01) of(1100% compared to C and | rats, similar to
(290.0 + 11.455.114.2 £ 8.0 mg/dl) and loweP(< 0.01)  the GLUT2 protein increase?(< 0.05) observed in a
plasma insulin levels (28.0 + 1\8.47.9 + 3.8p.U/ml). per-g-of-tissue basis. On the other hand, in renal me-
The 15-month-old obese rats (I) had a highek(0.001) dulla (Fig. 3), compared to C rats, the GLUT1 mRNA
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GLUT2 mRNA GLUT2 protein

GLUT2

B-Actin

Fig. 2. GLUT2 gene expression in renal cortex from
3-month-old control €) and diabetic D) rats, and
from 12-month-old insulin resistant)(rats. Left:
GLUT2 mRNA analysis: typical autoradiograms of
GLUT2 andp-actin top); and mRNA content, ex-
pressed as arbitrary units (AU)wg of total RNA,
after normalization to th@-actin mRNA value lpot-
tom). Right: GLUT2 protein analysis: typical auto-
radiogram (op); the GLUT2 content, expressed as
AU / 150 pg of protein (iddlg; and the GLUT2
content, expressed as AU / g of tissue weiddt{
tom). Data are means sem of at least 4 different
experiments.
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6000 - Figure 3. GLUT1 gene expression in renal medulla

from 3-month-old control€) and diabetic D) rats,
and from 12-month-old insulin-resistant) (rats.
Left: GLUT1 mRNA analysis: typical autoradio-
grams of GLUT1 ang-actin top); and mRNA con-
tent, expressed as arbitrary units (AU).g of total
RNA, after normalization to the3-actin mRNA
13007 value potton). Right: GLUT1 protein analysis:
typical autoradiograntgp); the GLUT1 content, ex-
pressed as AU / 15Qg of protein (middle); and the
GLUT1 content, expressed as AU / g of tissue
weight (potton). Data are means 2em of at least 4
different experiments.
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and protein of D rats were similarly decreasd<(0.05) NS and LS rats, whereas the SGLT1 mRNA was similar

by [40%. However, the GLUT1 gene expression in lin all groups. The GLUT2 expression (Fig. 5) showed

rats was differently modulated: the mRNA increasedthat the mRNA and protein, expressed per-g-of-tissue,

(P <0.001) compared to C and D rats; and the protein orwere increased by150% @ < 0.05) in HS rats com-

a per-100p.g-of-protein basis was increasdd € 0.05), pared to NS and LS rats. Per 1p@ of protein electro-

compared to C and D rats, whereas on a per-g-of-tissuphoresed, the GLUT2 protein of HS rats was increased

basis, it was increase® & 0.05) only compared to D rats. by 80% @ < 0.05) compared to NS rats. On the other
The salt diets also modulated the glucose transporthand, in renal medulla (Fig. 6), the GLUT1 mRNR €

ers. Figure 4 shows that the SGLT2 mRNA in HS rats0.001) and proteinR < 0.05) were similarly increased in

increased R < 0.001) by more than 200% compared to both HS and LS rats, when compared to NS rats.
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Fig. 4. Renal cortical SGLT2 I¢ft) and medullar
SGLT2 (ight) mRNAs from 3-month-old normal
(NS, high HS) and low (S) Na" diet fed ratsTop:
typical autoradiograms of SGLT1, SGLT2 afehc-
tin mRNAs were shownBottom: mRNA content,
expressed as arbitrary units (AU of total RNA,
after normalization to th@-actin mRNA value was
shown. Data are meanssem of at least 4 different
experiments.

#P < 0.001vs. NSandLS

Fig. 5. GLUT2 gene expression in renal cortex from
3-month-old normal NS, high HS) and low (S
Na“ diet fed rats.Left: GLUT2 mRNA analysis;
typical autoradiograms of GLUT2 ar}actin top);
and mRNA content, expressed as arbitrary units
(AU) / g of total RNA, after normalization to the
B-actin mRNA value lpotton). Right: GLUT2 pro-
tein analysis; typical autoradiograniof); the
GLUT2 content, expressed as AU / 1p@ of pro-
tein (middlg); and the GLUT2 content, expressed as
AU / g of tissue weight§jotton). Data are means +
seM of at least 4 different experiments.

*P < 0.05vs. NS;*P < 0.05vs. NSandLS

immunogenic COOH-epitope. We tried to assess
SGLT1 using a commercial antibody made with the ex-
The renal glucose reabsorption is mediated by twdracellular loop peptide of rabbit gut SGLT1 sequence,
classes of glucose transporters: the luminal SGLTs anbdut were not successful. We also tried to obtain a cDNA
the basolateral GLUTs [9, 10]. Previous studies havebased on the sequence of mMRNA SGLT2 extracted from
focused on GLUT1 and GLUT2 proteins in kidney from the Gene Bank (accession number U29881 gi 1098606).
diabetic rats, but the modulation of SGLTs has not yetWe used constructed primers (Gibco BRL) sense (1261-
been known under this condition [5, 7, 21, 22]. Techni-1282) and antisense (2157-2178) to obtain a fragment of
cal trouble to assess SGLT proteins may include thé®23 bp, similarly described by others (1), but no cDNA
production of good antibodies. The very high hydro- from renal cortex purified poly(ARNA samples could
phoby of the COOH-terminus of SGLT proteins may be be amplified. Therefore, considering the high homology
a reason why the antibodies do not easily bind to theibetween SGLT1 and SGLT2 mRNAs, using a cDNA
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Fig. 6. GLUT1 gene expression in renal medulla
from 3-month-old normalNS), high HS) and low
(LS Na* diet fed ratsLeft: GLUT1 mRNA analysis;
typical autoradiograms of GLUT1 artactin top);
and mRNA content, expressed as arbitrary units
(AU) / pg of total RNA, after normalization by the
B-actin mMRNA value iotton). Right: GLUT1 pro-
tein analysis: typical autoradiograniof); the
GLUT1 content, expressed as AU / 1p@ of pro-
tein (middle); and the GLUT1 content, expressed as
% AU / g of tissue weightijotton). Data are means +
|:] - % seM of at least 4 different experiments.
NS HS LS 0 *P < 0.01vs. NS;"P < 0.001vs. NS
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probe specific to rat SGLT1, we could successfully de-reported [5]. In addition, we are showing that both
tect SGLT2 mRNA in cortex by washing the filters in SGLT1 and SGLT2 mRNAs have increased, suggesting
low stringency conditions. Under these conditions, thethat the SGLTs are modulated by glucose the same way
SGLT1 probe hybridized to ai4.0-kb band in medulla GLUT2 is.
and to an[R.5-kb band in cortex, in agreement with the The different N& diets showed important changes in
predicted molecular weight of SGLT2 and SGLT1 the glucose transporters. If Nfiltration rate was a very
MRNAS, respectively. The observation that high-important direct modulator, a similar regulation of the
stringency washing eliminates the signal in cortextransporters would be expected in both S1 and S3 seg-
samples, but not in medulla samples, reinforces the faanents, but that was not observed in the high-Niat-fed
that the SGLT1 probe is detecting SGLT2 mRNA. rats. However, intracellular glucose concentration may
The main cellular mechanism for GLUT1 and be again the main modulator. In cortex from HS rats, the
GLUT2 modulation in kidney seems to be the intracel-very high N4 filtration rate improves the cellular glu-
lular concentration of glucose. This is supported bycose influx in the early S1 segment. Most of the filtrated
studies of cultured renal NRK cells, which showed thatglucose is rapidly influxed in this segment, and the high-
GLUT1 protein levels were lowered by glucose feedingcapacity but low-affinity GLUT2 transporter can not pro-
and increased by glucose deprivation [8], whereagortionally increase the cellular efflux of glucose.
GLUT2 protein seems to be inversely regulated. Con-Therefore, the S1 epithelial cells may be temporarily
cerning GLUT1 and GLUT2 gene expression, our resultssubmitted to a high glucose concentration, high enough
showed similar variations of mRNA and protein, sug-to develop the SGLT2 and GLUT2 modulation observed.
gesting that transcriptional modulations are being re-On the other hand, although the luminal'Nancentra-
flected in protein tissue content changes. tion is also very high in S3 segments of HS rats, the
In diabetic rats, the filtration rate of glucose is modulation of the glucose transporters was not the same
strongly increased, and that increases the glucose tranas that in S1 segments. The SGLT1 mRNA was un-
port at the luminal membrane. On the other hand, hy-changed, whereas the GLUT1 protein was strongly in-
perglycemia decreases the efflux gradient at the basolatreased. This may still be explained by intracellular glu-
eral membrane. These effects together increase the itose concentration [8], which could be very low in the S3
tracellular glucose concentration in the proximal tubularepithelial cells. Since the high filtrated rate of Naro-
cells. Since the diabetic animals have a marked glycosvided almost a complete glucose reabsorption in S1 seg-
uria, these mechanisms are affecting not only the SInents, no substrate would be available for reabsorption
segment, where the bulk of glucose reabsorption occurs S3 territory. That may occur despite high Neon-
under physiological conditions, but also the S3 segmentscentration; and consequently, the intracellular glucose
In fact, we observed that GLUT2 and GLUT1 expressionmay decrease.
are respectively increased and decreased, as previously In the low-Nd diet-fed rats, a low or a normal in-
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tracellular glucose concentration may be expected, anthtes renal ammoniogenesis and gluconeogenesis, both of

the SGLT2 and GLUT2 were shown to be unchanged invhich are able to stimulate GLUT2 gene expression [2,

the S1 segment. However, in the S3 segment of LS ratf], must be considered.

the low N& electrochemical gradient may reduce the The changes in gene expression of glucose trans-

glucose influx through the SGLT1, which has a porters observed in the proximal renal tubule in the pres-

Na':glucose ratio of 2:1, and, as a consequence, the inent study may be a very important mechanism, still to be

tracellular glucose concentration is very low. This extensively investigated. They not only represent re-

mechanism may be responsible for the increased GLUT$ponses designed to adjust the transtubular glucose flux

protein without detectable changes in SGLT1 mRNA. in different glucose or Nafiltration rate conditions, but

Insulin-resistant 15-month-old rats had no important@lso play an active role in kidney injury, such as in dia-

changes in glucose filtration rate, and SGLT2 andbPetic nephropathy.

SGLT1 mRNAs were unchanged. These data reinforce ~ Taken together, these results indicate that changes in

the idea that high glucose filtration rate is an importantglucose or Nafiltration rate affect the gene expression

modulator of SGLTs in diabetic rats. The | rats haveOf SGLTs and GLUTSs in the proximal tubule. Although

impaired glucose tolerance [12] which could provide in- the (_:ellular mechanisms are not clea_rly known at present,

termittent glycemic increases at post-prandial periods, 1€ intracellular glucose concentration seems to play a

potential modulator of glucose transporters, especially ifKeY role in these glucose transporter modulations.

the basolateral membrane [5]. Although it was not sta-

tistically significant, the GLUT2 protein was increased 'hese studies were supported by FAPESP (# 98/03514-3) and

by [¥0%, and that may represent some biological modu? RONEX (# 92/97) grants. We thank Dr. Adauri Bresolin for his
. . assistance in the preparation of the manuscript; and Dr. Nancy A.

lation. On the other hand, the | rats showed a very highkepoyas for valuable discussions.

increase in GLUT1 mRNA and protein contents, show-

ing an important gene expression modulation. Alterna-

tively, when the results were expressed per-g-of-tissu&keferences

weight, the GLUT1 increase disappeared because the |

s e . . . . 1. Adachi, T., Yasuda, K., Okamoto, Y., Shihara, N., Oku, A., Ueta,
rats had a significant reduction in the total protein yield K. Kitamura, K., Saito. A., lwakura, T.. Yamada, Y., Yano, H..

of medulla samples. This pointed out that morpho-  geing v, Tsuda, K. 2000. T-1095, a renaNgucose transporter
structural changes occurred during the development of innhibitor, improves hyperglycemia in streptozotocin-induced dia-
the rat. This may be due mainly to a hypertrophic pro-  betic rats.Metabolism49:990-995

cess of medullar structures, which, by reducing the rela-2. Chin, E., Zamah, A.M., Landau, D., Gronbcek, H., Flyvbjerg, H.,
tive total tissue protein content, could explain the results ~ -eRoith. D., Bondy, C.A. 1997. Changes in facilitative glucose
observed. Since a reduction in intracellular glucose con- Eigi‘éﬂ:iIroényizi;?gg;_nlgc%uClelc acid levels in the rat kidney.
centration cannot be expected, the mechanism of the; peppam, E.S., Unwin, R.J. 1996. Hyperglycemia and intestinal
GLUT1 gene modulation in | rats is not clear. However,  and renal glucose transport: implications for diabetic renal injury.
a severe hyperinsulinemia is present in this model [12], Kidney Int.50:1101-1109

which may be causing modulation in glucose transport- 4. Dengel, D.R., Hogikyan, R.V., Brown, M.D., Glickman, S.G., Su-
ers, differently from the other models in which the insu- piano, M. 1998. Insuli_n sepsitivity is associat_ed with blood_ pres-
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