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ABSTRACT 
 
 Organic solvents (OS) represent an important group of environmental pollutants to which people are daily 
exposed. Evidence for a relationship between chronic kidney disease or progression of already existing one and 
occupational solvents' exposure has been confirmed by many authors. So, it is necessary to apply sensitive, 
reliable early marker for screening workers to detect early effects in subclinical stage before irreversible renal 
damage. The study population consisted of 4 groups of adult male subjects; three of them were chronically 
exposed to organic solvents at three different occupations, while the fourth is the control group. For all 
participants serum creatinine, blood urea, urinary N-acetyl-B-D glucosaminidase (NAG) and 
B2microglobulin(B2M) as well as serum serum Laminine (Lam P1) were estimated. Lifetime hydrocarbon 
exposure score (HES) was used to assess subjects' exposure to organic solvents.  We found that of all the studied 
markers only the levels of urinary NAG, a marker of proximal tubular injury were increased significantly in the 
three groups occupationally exposed to OS. Its sensitivity was almost the same in all groups and it showed a 
consistent positive correlation with HES. It was concluded that urinary NAG is a sensitive biochemical marker 
for screening workers occupationally exposed to OS. It will be of great value if its threshold value could be 
determined in future studies below which workers can be picked up early in the reversible stage of renal 
impairment. 
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Introduction 
 
 Organic solvents (OS) represent an important group of environmental pollutants to which people are 
exposed daily either in workplaces or even in household settings. They are present as ingredients in paints, 
varnishes, lacquers, glues, adhesives, degreasers, cleaners, printing inks and pharmaceuticals [Bale  et al., 2011]. 
 Evidence for a relationship between chronic disease or progression of already existing diseases and 
occupational solvent exposure has been found by many authors [Hegazy et al., 2013; Metwally et al., 1997 and 
Jakubowski, 2005]. It was reported that both glomerular and tubular injuries occur due to OS exposure. 
However, the presence of proteinuria for long periods before the symptoms of membranous nephropathy was 
detected [Jakubowski, 2005]. 
 Renal damage from OS exposure may remain clinically silent for many years due to large functional renal 
capacity of the kidney [Hegazy et al., 2013]. So it is necessary to apply sensitive, reliable early indicators to 
detect early effects in subclinical stage before irreversible renal damage. That is why this work was done. 
 Laminin is a ubiquitous basement membrane glycoprotein, which consists of 3 polypeptide chains linked 
together by di-sulphide bonds. It has a unique cross-shaped structure and possesses distinct cell binding 
properties and biological activities. This indicates that it has not only a structural but also a functional role in the 
basement membrane [El-Samra, 1998]. 
 The level of serum laminin was found to be evaluated in workers exposed to various nephrotoxic agents and 
could be considered a sensitive, noninvasive approach for monitoring the dynamics of glomerular basement 
membrane metabolism and early renal affection [Metwally and EL-Shabrawy,  2000 ]. 
 The excretion of β2 micro-globulin (B2M) in urine inversely reflects the efficiency of absorption, 
degradation and transport of protein by kidney proximal tubules [Gatanaga et al., 2006]. 
 N-acetyl-B-D glucosaminidase (NAG) is a renal tubular enzyme present in normal urine and its activity is 
elevated in many renal diseases. It is the most sensitive of all urinary enzymes in detection of early renal 
impairment [Bazzi et al., 2002]. 

http://ndt.oxfordjournals.org/search?author1=Claudio+Bazzi&sortspec=date&submit=Submit�


5859 
J. Appl. Sci. Res., 9(11): 5858-5863, 2013 

 The aim of our study was to assess the potential nephrotoxic effects in multiple occupational settings 
chronically exposed to organic solvents, to examine the dose-response relationship between exposure indices 
and to compare the sensitivity of those kidney function indices in a trial to find a screening test for those at risk. 
 
Subjects and Methods: 
 
Subjects: 
 
 The study population consisted of 4 selected groups of adult male; three of them were chronically exposed 
to organic solvents while the fourth is a control group.  
 The first group (Gr.I) included 55 males of a paint production company in Cairo, workers were exposed to 
OSs for at least 5 years. They are exposed to a mixture of OS, mainly aromatics like xylene, toluene, and 
pigments during different steps of industrial processes of paint production. Work was proceeding for about 6 
hours /day in semi closed big chambers with no proper ventilation. Protective devices were worn occasionally 
during work.The second group, (Gr.II) consisted of 50 chemical laboratory workers responsible for quality 
control of pharmaceutical products. This work entails exposure to solvents mostly aliphatic as chloroform, 
ethers, methanol, ethanol, dichloromethane, diisopropyl and diisobutyl alcohol. Work is done manually in open 
un-automated systems for 6 hrs/day. The laboratories are ill ventilated.The third group (Gr.III) consisted of 51 
car spray painters exposed mainly to aromatic solvents as xylene, toluene, thinners, and pigments. Spray 
painting is the work technique used without any personal protective devices for about 6 hrs /day in open places. 
The fourth group (Gr IV) consisted of 51 healthy males, who have no past or present history for exposure to OS. 
They are engaged mainly in administrative tasks. They are matched in age, sex, smoking habits and 
socioeconomic status to the exposed groups.All subjects who had clinical history of past or present diseases 
which could have some repercussion on the kidney or the urinary tract or who had a blood pressure >/= 140/90 
or those who reported regular drug consumption and diabetics were excluded from this work.The study protocol 
was first approved by the Ethics Committee of National Research Centre and all participants gave their written 
informed consent. All participants were interviewed and subjected to a detailed questionnaire including detailed 
medical and occupational histories. A through clinical examination was done for each one. 
 
Samples: 
 
 Samples of urine were collected from the subjects in the morning at 10.00 am to 12.00 noon. Each sample 
was divided into 2 parts. The pH of one part was determined immediately after collection and neutralized 
immediately with a standard buffer solution (for B2microglobulin estimations). The urine supernatant was 
aliquoted into 1.8 mL eppendorf tubes and frozen within 2 hours of collection at −80°C. At the time of assay 
samples were thawed, vortexed, and centrifuged at 14,000 rpm at 4°C and 30–100 μL of supernatant was 
pipetted for biomarker measurement. Venous blood samples were taken from the cubital vein.  All samples were 
stored frozen until analysis. 
 
Assessment of exposure: 
 
 Lifetime hydrocarbon exposure score (HES) was used to assess subjects exposure to organic solvents.  It 
equals the product of intensity of exposure and lifetime hours of exposure.  The units are then arbitrary units 
which represent hours weighted by the exposure intensity factor. As a general rule, exposure to hydrocarbons 
while working indoors without protection was given intensity factor 2, whilst working indoors with protection 
or outdoors without protection was allocated as intensity factor 1, and exposure to outdoor activities with 
protection was given an intensity factor of 0.5. The details of the scoring method are offered by Yaqoob et al. 
[1992]. The solvent exposed subjects were also classified into low exposure group and high exposure group with 
the score value of 25000/ 25001 taken as a cut-off point [Yaqoob et al.,1992]. 
 A detailed work history was obtained by interviewing each participant.  A full clinical examination was 
carried out.  
 
Assessment of biomarkers: 
 
 Urine dipstick analysis was performed (Multistix 8 SG, Bayer Corporation, Tarrytown, NY), followed by 
centrifugation and microscopic examination of the urine sediment for the detection of leucocytes, red blood 
cells, protein, and glucose.(Olympus Microscope, Nashua, NH).Samples showing significant pyuria were 
excluded and categorized as having a urinary tract disease to avoid positive interference with urinary NAG 
estimations. Serum cratinine and urine creatinine concentrations were measured by the Jaffé assay using 
Roche/Hitachi 917 systems (Roche Diagnostics, Indianapolis, IN)and Creatinine Companion (Exocell, 
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Philadelphia, PA)[ Heinegard and Tiderstrom, 1973 and Bartels, 1971] respectively. Urinary NAG was 
estimated by a colourimetric assay which performed using 3‐cresolsulfonphthaleyn‐N‐acetyl‐β‐D‐glucosaminide 
which is hydrolysed by NAG with the release of 3‐cresolsulfonphthaleyn sodium salt, which is measured 
photometrically at 580 nm [Noto, et al., 1983]. 
 Blood urea was estimated by full automated chemistry analyzer (A15, Biosystem, Spain). Urinary B2-
microglobulin was determined by single radio-immuno diffusion technique according to the method of Mancini 
et al. (1965]. 
 Serum Lam P1was determined by radioimmunoassay technique according to the method of Brock et al. 
(1983). 
 
Statistical analysis: 
 
 The collected data was statistically analyzed using SPSS software, version 13.0. Comparison between the 
quantitative data of two groups was used Independent t-test, and for three groups Analysis of Variance 
(ANOVA). Pearson Chi-square (χ2) was used for the analysis of qualitative data. Correlation coefficient (r) was 
used for testing the association between two continuous variables. The significance level was considered at P-
value< 0.05. 
 
Results: 
 
Table 1: Characteristics of the studied population. 

Parameter Gr I 
n= 55 

Gr II 
n= 50 

Gr III 
n= 51 

ControlGr 
n= 51 

Age in years 
Mean ± SD 

 
42.83±7.54 

 
38.77±9.81 

 
38.91±9.99 

 
39.80±19.65 

Body Mass Index 
BMI 
Mean ± SD 

 
 
23.8±2.5 

 
 
23.7±2.8 

 
 
22.9±2.99 

 
 
23.3±2.3 

Smokers 
No 
 (%) 

 
31 
(56.36%) 

 
30     
(60%) 

 
32    
 (62.75%) 

 
30    
(60.78%) 

Duration of exposure 
Mean ± SD 

 
21.51±8.04 

 
17.31±7.69 

 
19.33±7.69 

 
None 

Hydrocarbon exposure 
 score (HES*) 
Mean ± SD 

 
 
59132.41±25059835 

 
 
14347.75±1828.35 

 
 
35437±22055.28 

 
 
-------- 

*HES is calculated in arbitrary units 
Age, BMI and Smoking habits (pack/years) of the study groups were comparable as seen in table (1) 
 
Table 2: Effect indices of renal function in the study groups. 

Groups 
 

Effect index 

Gr I 
n= 55 

mean ±SD 

Gr II 
n= 50 

mean ±SD 

Gr III 
n= 51 

mean ±SD 

Control group 
n= 51 

mean ±SD 
Serum creatinine (mg/dl) 1.021±0.15 1.031±0.16 0.98±0.16 0.97±0.16 

Blood urea (mg/dl) 39.11±7.11 37.33±7.16 38.85±6.76 36.4±6.81 
Urinarycreatinine(mmol/l) 5.02±2.69 5.22±2.69 5.31±2.59 6.03±3.31 

Urinary 
NAG(U/mmol.urinarycreatinine) 

10.38±3.99** 5.78±3.01* 6.22±3.15** 2.09±1.21 

Urinary B2 microglobulin(mg/dl) 17.61±5.55** 16.97±3.91** 15.32±3.95 13.79±1.97 
Serum LaminineS.Lam P1(U/ml) 1.63±0.55** 1.15±0.51 1.29±0.9 1.05±0.79 

*values differed significantly from control (P< 0.05) 
** values differed significantly from control (P< 0.01) 
 
 Table 2 shows that the mean values of serum creatinine and blood urea which are the routinely used renal 
function tests were within normal.Of the effect indices used, urinary NAG expressed a consistent statistically 
significant difference in the three exposed groups, when each is compared to controls. B2 M not only failed to 
show a difference between Gr.III and controls but also showed the same degree of statistical difference between 
Gr.I and Gr.II in-spite of the apparent difference in HES between both groups as shown in table 1. Serum 
Laminine showed a statistically significant difference only in Gr.I, when compared to controls. 
 Urinary NAG and S.lamP1 showed as significant correlation with HES in Gr1 being stronger. The 
correlation between NAG and HES (measure of cumulative exposure) was statistically significant, being 
stronger in Gr I than other exposed groups due to higher HES in that group (as shown in table 1). Urinary B2M 
showed an inconsistent significant correlation with HES in the three groups. Serum Lam P1 showed a significant 
correlation with HES, only in Gr. I, however, weaker than that of NAG. 
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Table 3: Correlation coefficient between exposure and effect indices in the solvent exposed groups. 
Indices Age Duration of e`xposure HES 

Gr.I Gr.II Gr.III Gr.I Gr.II Gr.III Gr.I Gr.II Gr.III 
Serum creatinine (mg/dl) 0.17 0.09 0.11 0.27 0.17 0.20 0.28 0.19 0.21 

Blood urea (mg/dl) 
 

0.21 0.11 0.21 0.22 0.19 0.21 0.25 0.20 0.22 

Urinary creatinine(mmol/l) 0.12 0.08 0.08 0.11 0.07 0.06 0.15 0.04 0.08 
Urinary 

NAG(U/mmol.urinarycreatinine) 
0.19 0.09 0.13 0.51* 0.23 0.29 0.76** 0.51* 0.53* 

Urinary B2microglobulin(mg/dl) 0.41 0.31 0.51* 0.28 0.52* 0.28 0.39 0.61* 0.37 
Serum LaminineS.Lam P1(U/ml) 0.33 0.27 0.28 0.49* 0.29 0.31 0.55** 0.33 0.35 

*P< 0.05** P< 0.01      (2-tailed) 
 
Table 4: Correlation coefficient between exposure and effect indices by exposure groups. 

 
 

Indices 

Low exposure group 
LEG 

HES= 2500-25000 

High exposure group 
HEG 

HES= 25001-72500 
Age Duration 

of exposure 
HES Age Duration 

of exposure 
HES 

Serum creatinine (mg/dl) 0.11 0.08 0.22 0.21 0.28 0.31 
Blood urea (mg/dl) 0.29 0.09 0.27 0.33 0.37 0.39 

Urinary creatinine(mmol/l) 0.14 0.08 0.21 0.29 0.09 0.19 
Urinary NAG(U/mmol.urinarycreatinine) 0.09 0.25 0.57* 0.4 0.67** 0.86** 

Urinary B2 microglobulin(mg/dl) 0.53* 0.61** 0.39 0.52* 0.53* 0.53* 
Serum Laminine 
[S.Lam P1](U/ml) 

0.38 0.12 0.38 
 

0.39 0.41 0.62** 

* P< 0.05** P< 0.01      (2-tailed) 
 
 To verify the presence of exposure-effect relationship, the solvent exposed groups were classified to LEG 
and HEG according to HES. As seen in table 4, no significant correlation was found between urinary NAG and 
age excluding age as a confounding factor. Urinary B2M didn’t escape that effect and showed a significant 
correlation with age in both group (r=0.53, 0.52 respectively). Also, it showed an inconsistent relation with the 
duration of exposure in the two groups. Furthermore, urinary NAG showed a significant correlation with HES in 
LEG which become overemphasized in HEG.Both Urinary B2M and S Lam P1 showed a significant correlation 
with HES only in HEG, however, weaker than that of urinary NAG. 
 
Discussion: 
 
 Many studies have shown that a large portion of patients with glomerulonephritis had frequent and heavy 
exposure to hydrocarbons. Hydrocarbon exposure may either initiate glomerulonephritis or worsen renal 
function tests [Jacob et al., 2007]. Differentiation between glomerular and tubular proteins created a greater 
possibility for localizing the pathological process in the kidney [Rasmussen, et al., 1993]. The routinely used 
kidney function tests namely serum creatinine and blood urea are not sensitive for detection of subclinical renal 
impairment and are generally only raised when renal injury well established and became irreversible one[Lock, 
2010]. 
 In the present work, we found that the levels of urinary NAG, a marker of proximal tubular damage were 
increased significantly in all workers exposed to OS. Its sensitivity was almost the same in all the three studied 
groups. Urinary B2 M only increased in Gr. I, II, while   S. Lam P1only increased in Gr.I. 
 This indicates that urinary NAG is superior to both B2M and S. LamP1 in detection of subclinical renal 
impairment. Our findings are greatly supported by the results of many authors [Scottand and Cooper, 2011 , 
Hegazy et al., 2013; Metwally et al., 1997 and Bazzi, et al., 2002], who confirmed that urinary NAG may be an 
earlier and more sensitive marker than that other markers to detect subclinical renal affection. 
 Gosling, [1995], explained why urinary NAG is considered superior to B2M, by the fact that B2M is 
unstable in acidic urine (pH< 5.5 at room temperature) due to degradation by elastase derived from neutrophilic 
blood cells and bacteria. This necessitates strict control of urine pH after collection, although little can be done 
to prevent in vivo degradation in bladder before voiding. So, accurate measurement of B2M in urine is difficult. 
On the contrary determination of urinary NAG activity is simple, reliable and convenient. Variations due to 
changes in urine flow can be largely eliminated by factoring the enzyme activity by creatinine concentration in 
urine, so random sample specimen could be used and no need to 24 hours urine collection. Furthermore, urinary 
NAG was found to be elevated in both glomerular diseases as well as tubular injury [Price, 1992], so could be 
used for monitoring of nephrotoxicity.  
 Urinary NAG showed a consistent strong positive correlation with HES, a cumulative measure for OS, 
which is considered more superior index than duration of exposure as a measure of dose. It takes into account 
both duration and individual differences of the exposure intensity. 
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 The same was reported by others [Metwally, et al., 1997; Bernard and Lauwerys 1989], who also confirmed 
that urinary NAG seems to be the only markers. Urinary NAG indicating the presence of early nephropathy at 
even low and moderate levels of exposure to nephrotoxins.  
 The exposure response relationship was examined (table 4), urinary NAG was the only marker to express a 
dose response relation within the exposure groups. B2M and S.Lam P1 showed significant correlation with HES 
only in HEG however weaker than that of urinary NAG, which is considered a further advantage of urinary 
NAG as an early marker. Our results agree with those reported by other workers [Bale, et al., 2011; Hegazy et 
al., 2013, Metwally et al., 1997 and Voss et al., 2005], in their study on workers occupationally exposed to OS 
in different occupations. 
 It is worth to be mentioned that, tubular injury may precede glomerular involvement, as several of the 
tubular proteins and enzymes are detectable even before the appearance of micro-albiminuria [Hegazy et al., 
2013, Fathy et al., 2009]. 
 Finally we can conclude thaturinary NAG is a sensitive biochemical marker for screening workers 
occupationally exposed to OS. Also, it will be of great value if its threshold value could be determined in future 
studies below which workers can be picked up early in the reversible stage of renal impairment, in a trial to 
regulate their exposure to nephrotoxic chemicals. 
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