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Kanamycin-induced renal impairment in dehydrated rats was spared by the administra-

tion of sodium n-glucaro-1,4-lactone. In the plasma elimination and urinary excretion 
studies, n-glucarate-treated rats showed quick removal of the antibiotic from the body as com-

pared with non-treated rats. Organ distribution study clearly demonstrated the potent nephro-
toxicity of kanamycin and the reduction effect of D-glucarate against the nephrotoxicity. The 
drug level in the kidney in non-treated rats was more than two orders of magnitude higher than 
those in other organs such as the liver, lung and spleen, and remained high for 48 hours after 
antibiotic administration. In D-glucarate-treated rats the kidney content of the drug was di-
minished as compared with non-treated rats just after the antibiotic administration, followed 
by a gradual decline with time.

The aminoglycoside class of antibiotics is highly effective against a wide variety of bacterial infec-

tions. However, their usefulness in humans is strictly restricted by two serious side effects, nephro-

toxicity and ototoxicityr`3). Recently, we have shown that dehydrated rats regularly developed acute 

renal failure following aminoglycoside injection but were spared by D-glucarates treatment'). The 

protective effect was prevalent among hexauronic and hexaaldonic acids, although to a lesser degree, 

but not to a hexaaldose, sugar alcohols, substances in the TCA cycle and other acidic compounds. 

We report here the effect of sodium D-glucaro-l,4-lactone on distribution and excretion of kanamycin 

in dehydrated rats.

Materials and Methods

Renal failure was produced in dehydrated rats which are much more susceptible to aminoglycoside

nephrotoxicity than normal rats. Male Wistar-Imamichi rats weighing 200300 g were maintained 
without water for 48 hours. The dehydrated rats were administered intraperitoneally with saline or 
400 mg/kg of D-glucaro-1,4-lactone 5 minutes before antibiotic injection. Kanamycin sulfate dissolved 
in physiological saline solution was then injected intramuscularly in a dose volume of 0 .5 m] per animal. 
After antibiotic injection the rats were placed in individual metabolic cages with free access to water. 
Rats were employed three animals per group. Concentration of blood urea nitrogen (BUN) was 
measured by a Unigraph (Warner-Chilcott) and urinary occult blood by Labstix (Ames Division) . 
Antibiotics levels were determined by disc method with Bacillus subtilis ATCC-6633 as the test orranicn,

Results and Discussion

The protective effect of D-glucarate on antibiotics-induced renal impairment was represented in

Fig. 1. Following injection of kanamycin, dehydrated rats revealed an obstruction of urine output
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straight away and occult blood in the urine for 24 hours, accompanied by elevation of BUN from 

3 to 24 hours at which time the highest value was found. Administration of D-glucarate in dehydrated 

rats led to a slight symptom of renal dysfunction. Dehydrated rats began urination a few hours after 

being given sufficient water and excrete large volumes of urine for 24 hours. Therefore, D-glucarate 

had no diuretic effect.

The pattern of plasma elimination and urinary excretion of kanamycin after administration in

dehydrated rats were illustrated in Fig. 2. In D-glucarate-treated rats, the antibiotic was eliminated 

quickly from the blood and most of the drug was excreted during the first 3 hours after injection. In 

contrast, non-treated rats showed slow disappearance of the drug from the blood in accordance with 

delayed finish of drug urinary excretion. When kanamycin was administered in normal rats, it was 

eliminated from the blood with a biological half life of 0.63 hours and was completely excreted into 

the urine in a few hours. Accordingly, previous data seem to indicate that D-glucarate-treated rats 

normally removed the antibiotics from the body, and that excretion of the drug is impaired in non-

treated rats probably because of renal insufficiency. In support of this view, it was observed that 

dehydrated rats receiving saline rapidly cleared kanamycin with the same plasma half life (0.59 hours)

as those receiving D-glucarate when the adminis-

tration dose of antibiotics was decreased to 50 

mg/kg at which only slight renal dysfunction was 

detected (Table 2).

Table 1 shows that renal failure was induced

by the enhancement of antibiotic accumulation 

into the kidney tissue. The concentration of 

kanamycin in the kidney was over two orders of

Fig. 2. Plasma levels and urinary excretion of kana-

mycin in dehydrated rats.

Values are means for three heads of animals

which were the same ones as in Fig. 1.

Fig. 1. Preventive effect of D-glucarate against kana-

mycin-induced renal damage in dehydrated rats.

Dehydrated rats receiving saline (•) or 400 mg/kg
of sodium D-glucaro-1,4-lactone (0) were injected 
with kanamycin-sulfate in doses of 300 mg as the 
base/kg, 5 minutes later.

Three animals were employed at defined time for

each group.
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magnitude higher than that in other organs such 

as the liver, lung and spleen. The greatest amount 

of drug in the kidney content corresponded to 

about 8 % of dose administered. The kidney in 

non-treated rats gave different pattern of time 

course for drug level from that in D-glucarate-

treated rats. The drug level in the kidney in non-

treated rats decreased half as much I- 3 hours 

after antibiotic injection but thereafter remained 

high for 48 hours, whereas that in D-glucarate-

treated rats was on the decrease with time. 

Furthermore, apparently greater kidney drug 

level than that in D-glucarate-treated rats was

observed in non-treated rats at 0.5 hour (the earliest time) after antibiotic injection. Reduction of 

kanamycin distribution in the kidney by D-glucarate was obtained even in the case of a chemothera-

peutic administration dose at which identical plasma level of the drug was found both with dehydrated 

rats receiving either saline or D-glucarate (Table 2). It is suggested from these results that the anti-

biotic was taken up by the kidney cells, and which D-glucarate directly suppressed.

Administration of D-glucarate in dehydrated rats also resulted in the decrease of drug levels in other

organs. It was observed that the drug levels in these organs paralleled those in the kidney with both 

rats groups. The drug levels in those organs for non-treated rats were not apparently higher than those 

for D-glucarate-treated rats at the earliest time after antibiotic injection at which a similar drug level 

was found with both rats groups, and gave the progressive decrease in time. It is likely that the drug 

content in these organs was governed by the drug level in the plasma, and that D-glucarate did not 

directly suppress the drug distribution in those organs. Lower drug level in these organs than in 

the plasma and similar drug level among them also support this view.

Clearance studies suggest that aminoglycoside antibiotics are excreted primarily as a function of

the glomerular filtration rate.') According to morphologic study by HIRATA et a1.6), aminoglycoside-

Table 1. Levels of kanamycin in various organs after an intramuscular dose of 300 mg/kg of kanamycin

Organ Drug**
Time after injection (hours)

Kidney 

Lung 

Liver 

Spleen

Saline 
o-Glucarate 

Saline 
D-Glucarate 

Saline 
n-Glucarate 

Saline 
D-Glucarate

1/2 1 3 6 9 24 48

2730+400* 
1900+277

56.3+13.8 
48.3±5.0 

14.5=2.0 
20.5+2.3 

20.0±1.4 
18.3+1.7

2880±1100 
1150+187

42.0±1.4 
24.7+7.5

9.2i-3.3 
7.5±1.1

9.2+1.0 
8.0+1.1

1330±230
850,178

7.8±4.4 
2.8+0.8 

8.4±2.0 
3.0±0.8 

4.9+2.2 
2.2±0.6

1780+94
680+47

7.8±3.0 
0.9±0.1 

5.0±2.7 

5.0±0.7 
1.7±0.3

1520+455
560-164

4.0±2.5

4.1±2.1

4.0j-1.9 
1.8+0.2

1750±575
450±47

1 .2+0.4

3.8+2.2

3.5+1.6 
1.4+0.2

1550+250
330+64

1.5+0.5

3.3±0.8

3.0±1.2 
0.8+0.1

/cg/g wet weight, mean±S.D. of three heads of rats which are the same ones in Fig. 1. 
Saline or D-glucarate (400 mg/kg) was given intraperitoneally at 5 minutes before injection of 
kanamycin-sulfate. 
Less than 0.05 ,ug/g by agar-disc diffusion method with Bacillus subtilis ATCC-6633.

Table 2. Levels of kanamycin in the plasma and

kidney after an intramuscular dose of 50 mg/kg of 
kanamycin

Organ

Plasma 

Kidney

Drug

Saline 
D-Glucarate 

Saline 
D-Glucarate

Time after injection
(hours)

1

130±47* 
100+16

4204-130 
160+8

3

11.3±1.9
7.9±-5.2

200+25
73±12

ug/ml or g wet weight, mean±S.D. of three 
heads of rats. 
Experimental conditions were the same as in 
Table 1.
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induced renal failure in dehydrated rats is responsible for necrosis of the epithelial cells of proximal 

convoluted tubules. It seems that D-glucarate exerts their preventive effect by suppressing the reabsorp-

tion of antibiotic into the cells of renal tubules.

References

1) FARRINGTON, R. F.; H. HULL-SMITH, P. A. BUNN & W. MCDERMOTT: Streptomycin toxicity. J. Amer.

Med. Ass. 134: 679-688, 1947

2) UEDA, Y.: Renal damage. Kekkaku (Japan) 39: 346-348, 1964 
3) FINEGOLD, S. M.: Toxicity of kanamycin in adults. Ann. N. Y. Acad. Sci. 132: 942.956, 1966 
4) FURUNO, K.; K. ANDO, S. SUZUKI & K. HIRATA: Effect of D-glucarates on basic antibiotic-induced renal

damage in rats. J. Antibiotics 29: 187-.194, 1976

5) TISCH, D. E.; J. B. HUFTALEN & H. L. DICKISON: Pharmacological studies with kanamycin. Ann. N. Y.

Acad. Sci. 76: 44-65, 1958

6) HIRATA, K.; T. UEDA, K. MORITA, H. HIRATA, C. TAKAMATSU, K. GOTO, H. HIRATA, R. ARAMAKI, M.

KAI & T. IsFUKAwA: Studies on pathogenesis of acute renal failure after administration of antibiotics 

with plasma expander. Jap. J. Nephrol. 15: 371-391, 1973


