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ANDREA TREVISAN, ORNELLA TROSO, GIUSEPPE GRANDESSO.
STEFANO MASO and FLA VIO FORIN

Istituto di Medicina del Lavoro, Laboratorio di Tossicologia Industriale,
Unioersità di Padova, Padova, ltaly

(Received 20 September 1990)

A study has been undertaken to determine the relationship between the urinary y-glutamyltransferase
activity and cadmium body burden, as determined by the concentration of the metal in the urine. The
cadmium concentration and enzyme activity in urine was determined in 59 subjects exposed to the metal
and in 21 subjects without occupational exposure. The groups were subdivided as follows according to
cadmium excretion in urine: lower than 3, between 3 and 6, between 6 and lO, between lO and 20, and
higher than 20 pg/g of creatinine. The correlation between the concentration of cadmium and y-
glutamyltransferase activity in urine in the total group (80 subjects) is significant (r= 0.682, p < 0.001),
and y-glutamyltransferase activity shows a significant increase even "in workers with low cadmium
exposure. The present study supports the hypothesis that the determination of brush border enzyme
activities is an early index of kidney involvement during cadmium exposure, and it could be considered
an index of "subcritical effect".
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INTRODUCTION

y-Glutamyltransferase (GGT, E.C. 2.3.2.2) is an enzyme expressed in ali organs'
but found in highest levels in the kidney with lesser amounts in the pancreas and the
liver.

Kidney GGT activity has been shown in the proximal tubule brush border , and
the excretion in urine is of renal origin; a contamination by genital gland secretiorr'
is possible but thought unlikely. A significant sex-relatcd diffcrence ', and an
increase with age in children" but not in adult subjects have been shown.

An increase of urinary GGT activity was observed in acute tubular necrosis",
during treatment with arninoglycosides", in poisoning with inorganic and organic
mercuric compounds 5.7.8 and during occupational exposure to cadmium":".

The aim of the present work is to study changes in GGT activity in urine as a
consequence of cadmium body burden, to establish whether this could serve as an
early test of effect of cadmium exposure.
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METHODS

Eighty (21 controls and 59 exposed) male subjects, living in the same area, with
similar smoking habit and socio-economical status, were selected for the study. The
exposed subjects were employed in different factories utilizing cadmium: cadmium-
zinc metallurgy (n. 48), cadmium pigment (n. 5), and brazing (n. 6).

Cadmium in urine (CdU) and urinary GGT (GGTU) activity were determined
immediately after the sampling in spot samples collected between 8 and 9 a.m.

CdU was measured according to the method of Ross and Gonzales" with an
atomic absorption spectrophotometer, Perkin-Elmer 305 model, that empIoyed a
graphite furnace HGA 76 B and background corrector. The C.V. of the method
used is ± 5% and accuracy 100% after two extractions

GGTU activity was determined with a commerciaI kit (Boehringer, Mannheim,
FRG) at 30°C. The variation coefficient (C.V.) of the method is ± 1.5%. For the
anaIytical determination a spectrophotometer Perkin-Elmer 550 model was used.

The urinary values were referred to grams of creatinine (CR).
The subjects were subdivided in five groups according to CdU, considered as

indicator of cadmium body burden and as an index of severity and length of the
exposure, as follows: 1st group (controls), subjects with CdU lower than 3 flg/g CR;
2nd group(very Iow exposure), subjects with CdU ranged between 3 and 6flglg CR;
3rd group (low exposure), subjects with CdU ranged between 6 and 10 flglg CR;
4th group (likely high exposure), subjects with CdU ranged between 10 and 20 flglg
CR; 5th group (very high exposure), subjects with CdU higher than 20flg/g CR.

Statistics: Student t test, Chi-square (Yates correction) and linear correlation
coefficient were used for the statistical evaluations.

RESULTS

A good correlation between CdU and GGTU activity (r= 0.682, p< 0.001) was
observed in all the subjects grouped together (Figure 1). No significant correlation
was observed between age and GGTU activity in the subjects studied (r = -0.163, P
NS).

Table 1 shows the mean values ( ± standard deviations, SD) of age, CdU and
GGTU activity in the five groups studied. GGTU activity shows a significant
increase from the 3rd group (low exposure).

Table 2 shows the prevalence of an increase in GGTU activity in the different
range values of CdU. GGTU activity was also found to show an increase in subjects
with low cadmium excretion in urine.

Table 3 shows data on describing the validity and predictive values of GGTU
activity, at 95th percentile of controls, in the different CdU ranges: validity
increases with CdU and shows a good sensitivity (Se) for CdU ranging between 6
and 10 flglg CR.

DISCUSSION

A level of urinary cadmium of 10 flg/g CR is considered criticai in the exposed
workers'"-". This corresponds" to a threshold concentration of cadmium in the
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Table 1 Mean values ± SD of age, CdU and GGTU activity in the five groups

Group N oJ subjects Age (years} CdU ug/g CR GGTU U/g CR

1st 21 34.7± 6.5 1.46± 0.90 19.97±2.84
2nd 21 37.0± 7.2 4.26± 0.87* 21.93±3.59
3rd 18 39.2± 11.2 7.23± 0.94* 26.71± 4.60'
4th 15 48.0± 8.9* 13.91± 2.74* 29.92±8.19*
5th 5 43.2± 7.5* 37.00± 15.30' 39.54± 7.96*

• p<O.05 or more with the respect of the lst group (Controls).

Table 2 Prevalence of GGTU activity increase far different excretians of cadmium in urine at 95th
percentile of the control group (23.4 U/g CR)

Group CdU J.l.g/g CR prevalence %

1st <3 1/21 4.8
2nd 3- 6 5/21 23.8
3rd 6-10 11/18 61.1•
4th 10-20 11/15 73.3'
5th >20 5/5 100.0*

'" Chi-square test (Yates correction) with respect to thc controls is significant for p<O,OOl.

Table 3 Sensitivity (Se), Specificity (Sp), Validity (Va=Se+Sp), Positive predictive value (P+),
Negative predictive value (P-), and Risk ratio (rr=P+/P-) of GGTU activity in different CdU range at
95th percentile of the contrai group

CdU range ftg/g CR Se Sp Va p+ p- rr

3-6 0.24 0.95 1.19 0.83 0.44 1.89
6-10 0.61 0.95 1.56 0.92 0.16 3.54

10-20 0.73 0.95 1.68 0.92 0.17 5.41
> 20 1.00 0.95 1.95 0.83 0.00

kidney cortex of about 200 Jlglg wet weight". Below this level, signs of renal
impairment are usually absent, but at this level some subjects (5-10%) may have
signs of kidney damage.

One of the most relevant questions in occupational medicine is to discover tests
which detect early and reversible alterations in target organs as a consequence of
exposure to xenobiotics. Such tests improve the chances of preventing occupational
diseases. In this context, the aim of the present work was to assess whether early
indices of kidney impairment by cadmium were available.

The present study shows that the GGTU activity is increased in subjects with low
cadmium exposure. In addition GGTU activity shows a good predictive value,
enabling the toxic effect of cadmium to be monitored.

GGTU activity increases with the levels of CdU and correlates with this exposure
index. A remaining problem is that it is not know whether the groups with low
cadmium excretion, when removed from exposure, show a decrease of enzyme
release in the urine.
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Although our findings show that GGTU activity is a good and early index of
kidney involvernent during cadrniurn exposure it is also possible that the increase of
enzyrnuria during low cadrniurn body burden does not reftect darnage but is only a
sign of increased protein synthesis induced by cadrnium in the kidney".

In conclusion, rneasurernent of GGTU activity in urine during cadrnium expo-
sure appears to represent an early and sensitive index of kidney irnpairrnent by
cadrniurn but it is possible that enzyrnuria is an index of a "subcritical effect" of
cadrnium on the kidney.
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