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The possibili that urinary glutamine transaminase K 
activii might be a marker of a proximal tubule segment- 
specific response to mercuric chloride was investigated in 
male rats after a single i.p. injection in time-course and 
dose-response experiments. Urinary total proteins and 
angiotensin converting enzyme activity were determined 
simultaneously. Urinary indices showed an early increase 
(within 5 h of treatment) of total proteins and angiotensin 
converting enzyme, whereas glubmine transaminase K 
increased 10 h after treatment. The peak of all these indices 
was observed 24 h after mercuric chloride injection. The 
lowest dose that induced a significant increase in proteins 
and enzymes was 0.25 mg kgl; in addition, a dose- 
response effect was observed. Glutamine transaminase K 
appeared to be an early and sensitive index of response of 
mercuric chloride effects, similar to total proteins and 
angiotensin converting enzyme. It is suggested that this 
enzyme is mainly localized in the ‘pars recta’ of the proximal 
tubule. Therefore glutamine transaminase K might be a 
segment-specific marker for the detection of damage 
localized in this portion of the proximal tubule. 

Keywords: mercuric chloride, urinary glutamine transarninase K, 
urinary angiotensin converting enzyme, urinary proteins. 

Introduction 
T h e  acute effects of mercur ic  ch lo r i de  (HgC1,) o n  the  
p rox ima l  tubu le  are w e l l  known and the straight p o r t i o n  
(‘pars recta’, S, segment) has been  de f i ned  as the  s i te of 
damage (Rodin and Crowson 1962, B iber  e t  01. 1968) 

k i d n e y  tox ic i ty  caused by xenobiot ics and several studies 
have correlated urinary enzyme excre t ion  and HgC1, 
treatment (Robinson e t  al. 1967, Stroo and Hook 1977, Braun 
e t  al. 1978, Lock and Ishmael  1979, Diericks 1980). 

i s  mainly local ized in the  cytosol(90%) but w h i c h  also 

Enzymur ia  (Price 1982) i s  an impor tan t  means of evaluat ing 

Glu tamine transaminase K (GTK) is a k i d n e y  enzyme w h i c h  

occurs in mi tochondr ia  (Cooper and Meis te r  1981): i t  i s  
i den t i ca l  to  k idney-cy toso l i c  cysteine conjugate P l y a s e  
(Stevens et al. 1986). Some researchers h a v e  at tempted to  
find the  l oca t i on  of the  enzyme along the  p r o x i m a l  tubule.  
Jones et  al. (19881, us ing  immunoh is tochemica l  techniques, 
showed  no marked  di f ference in the  d i s t r i bu t i on  of GTK 
along the  tubule: conversely MacFarlane e t  al. (19891, us ing  a 
s im i la r  technique, f o u n d  that cytosol ic P l y a s e  was loca l i zed  
mainly in the ‘pars recta’, t hough  cytosol ic P l y a s e  proteins 
are also present in the  ‘pars convoluta’. 

T h e  present research s tud ied  the  effects of dif ferent doses 
of HgC1, on the  p r o x i m a l  t ubu le  of male  Wis ta r  rats and the 
time-course and dose-related excret ion of GTK in ur ine. 

METHODS 
Animals 
Albino, Wistar male rats (3 months old) (Morini, S. Polo d‘Enza, RE, Italy) which 
were kept in a natural dark-iight cycle and fed with standard diet (Nuova 
Zoofarm, Padova, Italy) and water ad libitum were used. 

Chemicals 
LPhenylalanine, d+)sucrose, 2-arnine2methy!-1,3-propanediol (ammediol) were 
purchased from Fluka (Buchs, Switzerland); wketeymethiolbutyric acid and 
glycyChistidyCglycine were obtained from Sigma Chemical Co. (St Louis, USA); 
HgCI, and other chemicals were obtained from Merck (Darmstadt, Germany). 

Experimental design 
Time course of urinary indices excreted after HgCI, 
Six adult male rats were treated with HgCI, (1.0 mg Hgz* per kg b.w., i.p.1. To 
obtain a good separation between urine and faeces, single metabolic cages 
were used. Urine was collected separately in collectors plunged in an ice bath 
as follows: 6 pm-8 am (before treatment), 8 a w l  pm (0-5 h after treatment), 
1 pm-6 pm (5-10 h after treatment), 6 pm-8 am (10-24 h after treatment), 
8 a m 4  prn (24-34 h after treatment), 6 pm-8 am (34-48 h after treatment). 
8 a m 4  pm (48-58 h after treatment), and 6 p w 8  am (58-72 h after 
treatment). 

to remove debris and clean supernatant was used to measure excretion of total 
urinary proteins ITP) according to Pesce and Strande (19731, angiotensin 
converting enzyme (ACE) a m  according to Summary (1976) with gtyqihistidyc 
glycine as substrate, and GTK according to Cooper and Meister (1985) with 
L-fenylalanine and crketmethiolbutync acid as substrates. All urinary indices 
were related to creatmine concentration, determined with a commercial kit 
(Boehringer Mannheim, Germany) based on the basic picrate reachon. 

Dose-dependent relationship 
Male rats were subdivided into five groups ( h e  animals each) and injected with 
a single dose of HgCI, (0, 0.125, 0.25, 0.5, or 1.0 mg Hg** per kg b.w., i.p.1 
dissoived in water. A predose urine collection was carried out for 12 h !8 pm-8 
am). Afterwards, the rats were treated and distributed into the metabolic cages 
12 h after injection. Urine was collected for the nocturnal period (12 h) and TP, 
ACE and GTK were determined. The choice of this collection period follows from 
the results of the time-course experiment. 

Equipment 
A spectrophotometer (PerkivElmer Lambda 5 model) was used for anamcat 
determinations. 

Urines (pre and postdosing) were immediately centnfuged (10 min, 3000 rpm) 
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Statistics 
Statistical evaluation of the results was done by means of paired Hest (time 
course) and variance analysis [doseresponse experiments) and p c 0.05 was 
considered significant. Values were expressed as mean * standard error of the 
mean (SEMI. 

*, 3# 

Results 
Time-course of urinary indices excreted after HgCI, 
The time-course of urinary indices excreted after doses of 
Hgz+ (1.0 mg kg-I) to male rats is shown in Figure 1. TP 

3 7  *. # 

fi 500 

predose 0-5 5-10 10-24 24-34 34-48 48-58 58-12 

pmdose 0-5 5-10 10-24 24-34 34-48 48-58 58-72 
Hours after treatment 
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significantly increased ( p  c 0.0011 within 10 h of treatment 
and reached a maximum after 24 h. Decrease in the level was 
slow and a significantly increased level of excretion was 
observed at the end of the experiment. ACE and GTK showed 
similar behaviour: early significant increase ( p  c 0.005) was 
observed, with a peak excretion 24 h after that. The decrease 
in enzyme excretion was fast, and 48 or 58 h after treatment, 
respectively, was at pretreatment levels. In addition, at 58 
and 72 h after treatment, ACE excretion was significantly 
lower than in pretreatment urine. 

Excretion of urinary indices in control rats showed no 
significant variation and the values were omitted. 
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Figure 1. Timecowse of urinary indices of nephrotoxicity after treatment with 
an acute dose of HgCI, (1.0 mg kgl as Hg). Results are expressed as mean * 
SEM and values are expressed relative to creatinine concentration. 'p < 0.05 or 
more with respect to control; #p c 0.05 or more wlth respect to the previous 
value. 

Figure 2. Doseresponse relabonship of urinary indices of nephrotoxicity in male 
rats treated with different doses of HgCI,. Results are expressed as mean i SEM 
and values are expressed relabe to creatinine concentration. 'p c 0.05 or more 
with respect to control; #p < 0.05 or more respect to previous dose. 
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Dose-response relationship 
A signi f icant increase in TP ( p  < 0.001), ACE ( p  < 0.005) and 
GTK ( p  < 0.001) was observed at doses o f  0.25 mg kg’ and 
above and showed  a dose-dependent increase. Figure 2 shows 
the resul ts of urinary indices.  

Discussion 
T h e  evaluat ion o f  GTK, a n e w  urinary enzyme o f  mainly 
cytosol ic or ig in,  iden t ica l  to  cysteine conjugate P l y a s e  
(Stevens et al. 1986), as an i n d e x  o f  nephrotoxic i ty,  was the 
main objective o f  th is  study. T h e  impor tance of t h i s  enzyme 
i s  the  poss ib i l i t y  that  i t  m a y  b e  a marker  for  the  segment- 
speci f ic  effect of chemicals, because GTK appears t o  b e  
loca l i zed  mainly in the S, segment (MacFarlane et al. 1989). 

A c u t e  exposure t o  doses o f  Hgz+ l o w e r  than 2 m g  kg’ 
produces h i g h l y  selective necrosis o f  t he  S, segment 
(Eknoyan et al. 1982, Dobyan and Bulger  1984), preceded by 
damage to the  ce l l  membrane (Gri tzka and Trump 1968, ’ 

Ganote et al. 1975, Trump et al. 1980, 1989). The  necrosis, at  
h igher  doses (5-15 mg kg-’1, also extends t o  the ‘pars 
convoluta’  (Weinberg et 01. 1982). T h e  rate o f  ce l l  death i s  
accelerated by extracellular CaZ+ (Smi th  et al. 1987, 
Ambudkar et al. 1988). The  earliest damage i s  f ragmentat ion 
of the  b rush  border m ic rov i l l i ,  s tar t ing 3 h after treatment. 
Three days later, the damage becomes less severe (Kempson 
et 01. 1977). A dose-dependent regenerat ion i s  p robab ly  
comple ted  within 4-7 days o f  exposure (Nielsen et 01. 1991). 

Urinary excret ion o f  GTK appears ear ly  and is sensitive, 
with a s imi la r  behav iour  to ACE (brush border enzyme] a n d  
TP. Addi t iona l l y ,  compar ing  our data with the l i terature 
concerning enzymes s tud ied  as ind ices  o f  the effect o f  HgC1, 
on the kidney, GTK and ACE appear t o  b e  more  sensitive 
than maltase (Stroo and H o o k  1977). leuc ine  aminopept idase 
(Planas-Bohne 1977), y g l u t a m y l  transferase (Braun et al. 
1978), o r  a lka l ine  phosphatase (Planas-Bohne 1977, Stroo a n d  
H o o k  1977). Fi f ty-eight hours  after treatment, ACE (not GTK)  
s igni f icant ly decreased t o  be low base values; these results 
m a y  b e  related to a loss of brush  border  m i c r o v i l l i  du r ing  
acute Hg2’ po ison ing  (Kempson et al. 1977, K y l e  et al. 1983). 

In conclusion, GTK in ur ine  appears to be a good  i n d e x  o f  
tubular impa i rmen t  after doses o f  HgC1, tha t  cause S, segment 
speci f ic  i n j u r y  and i t  c o u l d  b e  a good marker  o f  S, segment 
(‘pars recta’) damage. In our opinion, segment-specific injury 
o f  the  tubu le  might b e  mon i to red  wi th selected urinary 
enzymes, as they  are de termined till n o w  to evaluate damage 
at  d i f ferent subcel lu lar  structures. 
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