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Release of some cytosolic (aspartate aminotransferase, alanine aminotransferase and lactate 
dehydrogenase) and brush border (y-glutamyltransferase and alkaline phosphatase) enzymes from renal 
cortical slices was studied in vitro. Renal cortical slices were prepared freehand from 3-month-old male 
and female Wistar rats of different hormonal status. Some male and female rats were castrated at 1 
month of age and a portion of castrated males and of naive males and females were S.C. treated with 
testosterone (10 mg kg-' body wt.) on alternate days for 3 weeks. Females had higher alanine 
aminotransferase (77.5 f 2.8 nmol 100 mg-' tissue), lactate dehydrogenase (5.01 2 0.24 Fmol) and 
alkaline phosphatase (1.63 f 0.15 mol) activities than male rats (20.4 f 0.9, 3.99 f 0.19 and 0.91 f 0.02, 
respectively). On the contrary, aspartate aminotransferase and y-glutamyltransferase were similar. 
Among cytosolic enzymes, alanine aminotransferase and lactate dehydrogenase appeared to be sexual 
hormone-dependent enzymes: castration significantly increased enzyme activities in males (49.6 f 1.1 
for the former; 5.30 rf: 0.15 for the latter) and caused significant decreases in females (alanine amino- 
transferase only 47.1 f lS), whereas testosterone pretreatment decreased activities in cortical slices 
from female (48.1 * 3.6 and 3.81 f 0.07, respectively) and castrated male (27.4 rf: 1.8 and 4.05 rf: 0.15, 
respectively). Moreover, exogenous testosterone increased aspartate aminotransferase in males 
(1.05 f 0.01 pmol) and castration increased it in both sexes. The activity of brush border enzymes was 
increased by testosterone pretreatment and decreased by castration (mainly alkaline phosphatase). 

INTRODUCTION 

Cytosolic and brush border enzymes excreted from the 
kidney are used as nephrotoxic indices during biologi- 
cal monitoring of xenobiotics, drugs and industrial pol- 
lutants.' 

It has been demonstrated recently* that urinary 
excretion of alanine aminopeptidase and y-glutamyl- 
transferase (brush border enzymes) is higher in male 
and testosterone-treated castrated male rats than in 
castrated male rats. Moreover, the rate of alanine amin- 
opeptidase excretion is higher in male than in female 
rats.' These results suggest that the urinary excretion 
of these enzymes is related to the level of testosterone.* 

Similar results on y-glutamyltransferase are obtained 
in mouse:4 the enzyme activity increases in males 
during sexual maturation, being low in females and 
castrated males. Testosterone treatment of the latter 
two groups increases the activity of this enzyme to the 
level of males. 

In addition, a testosterone-mediated sexual di- 
morphism in mouse kidney proximal tubule was 
observed.' 

* Present address: Department of Pharmacology, Division of Clinical 
Pharmacology, Uniformed Services University of the Health Sci- 
ences, Bethesda, Maryland, USA. 
+Author to whom correspondence should be addressed. 

The testosterone regulation of urinary output of N- 
acetyl-P-D-glucosaminidase, a lysosomal enzyme, was 
also demonstrated in hypertensive,6 but not in nor- 
mal, rats.* 

The present report describes the behaviour of some 
cytosolic and brush border enzymes of the proximal 
tubule released from renal cortical slices of male and 
female rats with different hormone conditions, such as 
castration and testosterone pretreatment. 

~ ~~~ 

EXPERIMENTAL 

Male and female albino Wistar rats (Morini, S. Polo 
d'Enza, RE, Italy) were purchased at 1 month of age. 
After 1 week of acclimatization, some males and 
females were surgically castrated under ketamine 
(20mg kgg' body wt. i.p.) and diazepam (5mg kgg' 
body wt. i.p.) anaesthesia. At 2 months of age, rats 
were subdivided into seven groups of eight animal each 
as follows: males, castrated males, females, castrated 
females, testosterone-treated males, castrated males, 
and females. Testosterone (testosterone propionate, 
Fluka, Buchs, CH), dissolved in corn oil, was injected 
S.C. at 10mg kgg' body wt. dose on alternate days for 
3 weeks when rats were about 2 months old. Controls 
were treated S.C. with corn oil only. Rats were sacri- 
ficed at 3 months of age 24 h after the last treatment. 
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Kidneys were quickly removed, placed in cold saline 
and thin freehand renal cortical slices (100 -+ 10 mg 
wet tissue, approximately 25 mg/slice, thickness 
approximately 0.5 mrn) were prepared with a scalpel 
according to Berndt' and placed into incubation 
medium (sodium phosphate buffer 7.4 mM, pH 7.4, 
enriched with 97 mM NaC1, 40 mM KCl and 0.74 mM 
CaCI,) until all the slices could be prepared. Slices 
were transferred to 25-ml Erlenmeyer flasks containing 
4 ml of the incubation medium. The flasks were stop- 
pered, gassed with 100% O2 for 5 min and incubated 
at 37°C for 90 min in a Dubnoff metabolic shaker 
(100 cycles min-'). Afterwards, the medium was cen- 
trifuged and aspartate aminotransferase (AST, E.C. 
2.6.1. l), alanine aminotransferase (ALT, E.C. 2.6.1.2), 
lactate dehydrogenase (LDH, E.C. 1.1.1.27), y-gluta- 
myltransferase (GGT, E.C. 2.3.2.2) and alkaline phos- 
phatase (ALP, E.C. 3.1.3.1) were determined using 
commercial kits (Boehringer, Mannheim, Germany). 

Spectrophotometric determinations were carried out 
using a UV-Vis supectrophotometer Perkin-Elmer 
lambda 5 model. 

Variance analysis (ANOVA) was used for statistical 
evaluation of the results. Significance was set at 
P 5 0.05. 

RESULTS 

Table 1 shows the values of enzyme activities released 
into the incubation medium from renal cortical slices 
of Wistar rats with different hormonal status. The 
enzymatic patterns were quite different. 

Female rats (Table 2) showed a significantly higher 
enzyme release from renal cortical slices than males, 
with the exception of AST and GGT, although AST 
values were lower in males than in females. 

Testosterone pretreatment significantly increased 
(Table 2) AST activity in males only, decreased female 
ALT activity and almost completely prevented the 
increase caused by male castration reduced LDH 
activity in females, and castrated males at the male 
levels, and increased GGT (but not in females) and 
ALP activities in all grouus. 

Table 2. Statistical evaluation of the results by means of 
variance analysis" 

AST ALT LDH GGT ALP 

Males vs females = < < = <  
Castrated males vs naive 
males + + + -  - 
Castrated females vs naive 
females + - -  - - 

Males + testosterone vs 
naive males + =  = + +  
Females + testosterone vs 
naive females 
Castrated males + testoster- 
one vs naive males + + = + +  
Castrated males + testoster- 
one vs castrated males - 

a Legend (=) Not significant; (<) significantly lower than 
females ( P  <0.05); (+ or -)  significantly increased or 
decreased (P < 0.05) after castration, testosterone pretreat- 
ment or both. 

- - 

- - - - = +  

- f +  - - 

DISCUSSION 

A renal cortical slice model is used to evaluate kidney 
metabolism and nephrotoxic effects of xenobiotic subst- 
ances.8 Several enzymes released into the incubation 
medium allow the nephrotoxicity of metals, drugs and 
solvents to be studied.*-" Furthermore, cytosolic 
enzymes appear to be better markers than brush bor- 
der enzymes.* 

(i) 

(ii) 

The results of the present work show that: 
enzyme activities are generally higher in females 
than in males; 
artificial changes of hormone pattern induced by 
means of surgical castration and/or of testosterone 
pretreatment caused different effects on cytosolic 
or brush border enzymes; 

(iii) the behaviour of the studied enzymes under these 
conditions may explain the role of sexual hor- 
mones in enzyme expression. 

Finally, castration iignkcantly increased (Table 2) 
AST activity in both sexes and ALT and LDH activities 
in males, whereas it decreased ALT activity in females 
and GGT and ALP activities in both sexes. 

The behaviour of ALT and LDH, both cytosolic 
enzymes, suggests an influence by sexual hormones, 
in particular oestrogens. Therefore, sexual hormones 
could play a pivotal role in enzyme regulation. 

Table 1. Cytosolic and brush border enzymes released into incubation medium from renal cortical slices of naive, 
castrated and testosterone-pretreated (or not) Wistar ratsa 

AST (pmol) ALT (nmol) LDH (pmol) GGT (pmol) ALP (pmol) 

Males 0.77 t 0.04 20.4 i- 0.9 3.99 t 0.19 2.83 2 0.15 0.91 5 0.02 
Castrated males 0.95 i 0.03 49.6 2 1.1 5.30 -+ 0.15 2.21 i- 0.04 0.68 2 0.02 
Males + testosterone 1.05 i- 0.03 23.1 t 1.6 4.41 t 0.15 3.68 t 0.24 1.51 t 0.06 
Castrated males + testosterone 0.96 t 0.03 27.4 i 1.8 4.05 -+ 0.15 3.85 i- 0.23 1.87 2 0.13 
Females 0.89 t 0.05 77.5 i- 2.8 5.01 t 0.24 2.60 2 0.22 1.63 i- 0.15 
Castrated females 1.04 i 0.01 47.1 2 1.5 5.61 t 0.01 2.25 t 0.01 0.93 2 0.02 
Females + testosterone 0.90 t 0.06 48.1 2 3.6 3.81 t 0.07 2.94 t 0.23 2.43 2 0.18 

a Determinations are assayed on eight animals in duplicate. Results are expressed as means i- SEM and activities (pmol and 
nmol) are related to 100mg of tissue. 
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On the contrary, testosterone exerts a permanent 
positive control on proximal brush border enzymes 
such as GGT and, in particular ALP, confirming pre- 
vious research on GGT.2 The significant decrease in 
ALP activity in both sexes and GGT activity in males 
caused by castration is difficult to explain. Hypophys- 
ary control by gonadotrophins induced by low levels 
of sexual hormones is an attractive hypothesis. 

CONCLUSIONS 

The hormone status of rats appears to play a pivotal 
role in the regulation of some renal enzyme activities. 

Thus, while AST has no sexual hormone-related 
activity, the cytosolic ALT and LDH enzymes show 
oestrogen regulation and the brush border GGT and 
ALP enzymes show testosterone-related control. 
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