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Abstract. To elucidate the role of renal maltase in the metabolism of circulating maltose, glucose 
production from maltose was investigated in perfused kidney of normal and streptozotocin (STZ) 
diabetic rats. The kidney was perfused with 150 mg/dl maltose for 30 min and perfusate maltose 
and glucose were measured. Perfusate glucose concentration in the kidney of control rats gradually 
increased during perfusion. That in the kidney of diabetic rats was significantly lower than that 
in controls. Perfusate maltose concentration in the kidney of diabetic rats was significantly higher 
than that in controls. These results suggest that circulating maltose may enter kidney cells and 
subsequently metabolized to glucose, and that maltose uptake and glucose production were de- 
creased in the kidney of STZ diabetic rats. o 1986 Society for Experimental Biology and Medicine. 

Weser and Sleisenger (1) have reported that 
circulating maltose may be hydralyzed by ex- 
traintestinal maltases and subsequently me- 
tabolize in man and rats. Young and Weser 
(2) suggested that slowly increased serum glu- 
cose levels after injection of [~- '~C]maltose 
represent reentry of labeled glucose from tissue 
sources. Maltase (a-D-glucoside glucohydro- 
lase) is the major dissacharidase in rat renal 
brush border membranes (3, 4), and maltase 
activity in renal cortex homogenates is re- 
ported to be changed in aging rats and strep- 
tozotocin (STZ) diabetic rats (5-7). However, 
the role of renal maltase in the metabolism of 
circulating maltose is still unknown. To elu- 
cidate this point, we investigated the metab- 
olism of maltose in perfused kidney of normal 
and STZ diabetic rats. 

Materials and Methods. Materials. Dextran 
T-70 was purchased from Pharrnacia Fine 
Chemicals (Uppsala, Sweden). Bovine serum 
albumin (BSA, fraction V) and maltase ( a - ~ -  
glucoside glucohydrolase, EC 3.2.1.20) were 
obtained from Sigma Chemical (St. Louis, 
Mo.). Maltose monohydrate was purchased 
from Wako Chemical (Osaka). STZ was ob- 
tained from Upjohn Co. (Kalamazoo, Mich.). 

Animals and induction of diabetes. Male 
Wistar albino rats weighing about 100 g were 
used in the present study. The rats were di- 
vided into two groups, control and experi- 
mental. The rats were fasted for 18 hr with 

free access to water. The experimental rats 
were injected with 50 mg/kg STZ ip (freshly 
dissolved in 0.05 M citrate buffer, pH 4.9, 
while the control rats were injected with ve- 
hicle alone. All rats were then allowed free ac- 
cess to laboratory chow. One-half of the dia- 
betic rats were administered insulin (Lente in- 
sulin, 6 U/day) sc beginning 4 days after the 
induction of diabetes and continuing for 10 
days. Two weeks later, the diabetic rats with 
or without insulin treatment were used in the 
following studies, together with control rats. 

Perfusion of kidney. The technique for the 
isolated, perfused rat kidney was a modifica- 
tion (8,9) of the method of Nishiitsutsuji-Uwo 
et al. (10). 

The abdomen was opened through a mid- 
line incision, and the intestines were placed to 
the animal's left. The thin strands of connec- 
tive tissue between the right lobe of the liver 
and the vena cava were cut and a loose ligature 
was placed around the inferior vena cava 
above and below the right renal vein, and 
around the right renal artery. The inflow can- 
nula was inserted through the superior mes- 
enteric artery into the right renal artery. The 
ligature around the inferior vena cava above 
the right renal vein was then tied, and an out- 
flow cannula was inserted into the vena cava. 
Then the kidney was isolated and perfused 
without recirculation at flow rate of 4 ml/min. 

Perfusion method. The perfusion medium 
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consisted of Krebs-Ringer bicarbonate buffer 
containing 0.5% BSA and 4.6% Dextran T-70. 
The kidney was perfused with the medium not 
containing maltose for 15 min, and then was 
perfused with the perfusate containing 150 
mg/dl maltose for 30 min. The venous effluent 
was collected every 5 min, and stored at 
-20°C until the time of measurement. During 
perfusion, the medium and the chamber were 
warmed and kept at 37°C and the medium 
was bubbled with a mixture of 95% O2 and 
5% C02.  The pH was maintained at 7.4. 

Maltose and glucose determination. Blood 
glucose and perfusate glucose were measured 
by glucose oxidase method. Perfusate maltose 
was determined by incubating 0.1 ml of per- 
fusate with 1 U of commercial maltase dis- 
solved in 0.2 ml of 0.05 M sodium citrate for 
90 min at 37°C. After incubation, the net in- 
crease in glucose was measured by the glucose 
oxidase method. Perfusate maltose concen- 
tration was calculated by the following for- 
mula: glucose concentration after incubation 
- glucose concentration before incubation. 

Statistical evaluation of data. Analysis of 
variance and Student's t test were carried out 
using standard statistical procedures. The data 
are presented as the means f SD. 

Results. Body weight and blood glucose 
level. Body weights and blood glucose levels 
were 196 f 10 g and 187 k 10 mg/dl, 155 f 7 
g and 650 f 150 mg/dl, and 173 f 10 g and 
320 f 80 mg/dl in control, diabetic, and in- 
sulin-treated diabetic rats, respectively. 

Maltose and glucose concentration in the 
perfusate. As shown in Fig. 1, perfusate mal- 
tose concentration in the kidney of control rats 
was gradually decreased during perfusion. 
That in the kidney of diabetic rats was signif- 
icantly higher than that in controls, while that 
of insulin-treated diabetic rats was similar to 
controls. 

Perfusate glucose concentration in the kid- 
ney of control rats gradually increased during 
perfusion. That in the kidney of diabetic rats 
was significantly lower than that in controls. 
That in the kidney of insulin-treated diabetic 
rats was significantly higher than that of dia- 
betic rats but significantly lower than that of 
control rats. 

Discussion. The production of glucose from 
maltose is determined by both the uptake of 
maltose and the activity of maltase in the tis- 

m a l t o s e  150 m g / d l  
130r 

mi nu t e s  

FIG. 1. Maltose and glucose concentration in the per- 
fusate. The bars represent SD. 0, control (n  = 6); A, di- 
abetic ( n  = 6); B, insulin-treated diabetic (n  = 6). .P < 0.05; 
..P < 0.02, significantly different from control. *P < 0.05, 
significantly different from control and diabetic. 

sues. An advantage of the perfused kidney 
preparation is that the contributions of both 
maltose uptake and maltase activity to glucose 
production can be assessed simultaneously. 
The present study clearly demonstrated that 
circulating maltose was metabolized to glucose 
by the kidney, and the glucose appeared in the 
renal vein. These results agreed with the report 
of Young and Weser (2) that increase of serum 
glucose after injection of maltose represents 
reentry of glucose from tissue sources. As hu- 
man kidney tissue does have maltase activity, 
an increase of serum glucose after maltose in- 
jection may partly be due to reentry of glucose 
from the kidney. Some of the maltose is filtered 
at the glomerulus, and then hydrolyzed to glu- 
cose by brush border maltase ( 1 1). This glucose 
may be reabsorbed by the tubular cell. The 
concentration of glucose in the perfusate may 
be due in part to glucose released by maltose 
hydrolysis, and maltose is possibly picked up 
by other kidney cells which contain an acid 
maltase and used for fuel via hydrolysis. 

Glucose production from maltose by the 
perfused kidney of STZ diabetic rats was sig- 
nificantly lower than that of controls. Stern- 
berg and Spiro (6) have reported that an in- 
creased activity of maltase was observed in 
kidney cortex homogenates and supernatants 
of STZ diabetic rats. Perfusate maltose con- 
centration was significantly higher in the kid- 
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ney of diabetic rats than in controls. This sug- 
gests that maltose uptake by the kidney of di- 
abetic rats was significantly lower than that of 
controls. The decreased glucose production 
from maltose in diabetic kidney may be due 
to the reduction of renal maltose uptake. Per- 
meability of maltose to the kidney cell may 
be reduced in diabetic states. Since Young and 
Weser ( 12) have reported that urinary recovery 
of 14C after the intravenous administration of 
['4C]maltose was similar in normal and dia- 
betic subjects, urinary excretion of maltose was 
not investigated in the present study. However 
Young et al. (1 3) reported that insulin admin- 
istration in normal subjects increased the 
reabsorption Tm for filtered maltose-glucose 
(decreased urine excretion) when maltose was 
intravenously infused at the slow infusion rate. 
In diabetic rats, low glucose concentration in 
the perfusate may be accounted for by in- 
creased urine excretion of maltose-glucose. 
And turnover and/or flux rates of maltose may 
be altered during perfusion. Further studies 
are needed to clarify these points. 

The decreased glucose production may not 
be due to the renal toxicity of STZ because 
glucose production from perfused kidney was 
increased by insulin treatment. In the present 
study, neither maltose nor glucose in the per- 
fusate reached a steady state. Maltose may be 
metabolized gradually by the kidney in vitro. 

In summary, we conclude that circulating 
maltose may enter kidney cells and subse- 
quently be metabolized to glucose, and that 
decreased glucose production from maltose in 
the kidney of STZ diabetic rats may be due to 
a reduction of maltose uptake in the tissue. 
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