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ABSTRACT

Measurement. of the levels of total protein, creatinine, uric acid, urea, Blood Urea Nitrogen
(BUN), potassium (K*), chloride (Cl7), bicarbonate (HCO,), sodium (Na*) and calcium (Ca®") in the
blood is useful in assessing the functional integrity of the renal tissues. In this study, the effect of
oral exposure to 10, 20 and 30 mg kg™ b.wt. of nitrocellulose thinner on these serum renal function
indices and histopathology of the renal tissues was assessed. Twenty four adult male albino rats
{120-150 g), divided into one control and three test groups of six rats each, were used in this study.
The rats in the control group were administered with normal saline, while the graded
concentrations of the nitrocellulose solvent were each administered orally, as a single daily dosage,
for 30 days. The results showed that exposure to nitrocellulose thinner caused a significant (p<0.05)
dose-dependent increase in the levels of serum creatinine, uric acid, urea, BUN and K*, as well as
decrease in the levels of total serum protein, Cl, HCO, and Na* in rat model. However, there was
no significant (p>0.05) difference in serum Ca? levels obtained for the rats between and within the
test groups, compared to the control. Also, the result of microscopic examinations showed a dose
dependent histopathological damage to the renal tissues of rats exposed to nitrocellulose thinner.
The observations made from the tissue microscopic analysis, in correlation with that of biochemical
assay, indicated the existence of disturbances in the filtration function of the kidneys in rats
exposed to higher dosages of the solvent. Hence, the results obtained from our biochemical and
histopathogical findings suggested that nitrocellulose thinner possesses the potential (s) of inducing

nephrotoxicity in rats.
Key words: Nitrocellulose thinner, nephrotoxicity, serum electrolytes

INTRODUCTION

Environmental pollution and health hazards are known to be associated with the use of variocus
industrial solvents including hexane, toluene, benzene, among others. Generally, different types
of chemical sclvents are used by different industries for different purposes. Some of these solvents
may have very toxic effects in humans and other species of organisms. Nitocellulose thinner is one
of the known solvents with various use in different industries. This solvent is generally used in
furniture, paint and automobile spray painting industries. [t may also be used in mixtures with
other solvents in domestic or industral products. Nitrocellulose thinner 1s an important industrial
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solvent containing different organic chemical substances, including ethylbenzene or toluene and
butyl acetate. These chemical substances are known to constitute chemical pollutants in the
environments where they are used. Typically, it has been reported that these chemical agents,
among others, have been detected in household and workplace air (WHO, 1998, 2005),

The kidney is known to be responsible for the maintenance of the constant extracellular
environment through its involvement in the excretion of such catabelites as urea, creatinine, uric
acid and regulation of water and electrolyte balance. Abnormal concentration of these catabolites
and some electrolytes in the plasma or serum therefore serve as a clear indication of renal function
impairment (Gidadoe et @l., 2001; Nwankwo et al., 2006; Haddy et «f., 20068, Crock, 2007,
Zanna et al., 2008), Impairment of the renal functions may be caused by several diseased
conditions and exposure to certain reactive or toxic metabolites, 1.e., nephrotoxic substances
{Chatterjea and Shinde, 2002; Jimoh and Odutuga, 2004; Crook, 2007). For instance, certain
mixtures of hydrocarbon, gascline vapours, lead, insecticides, pesticides and other chemical solvents
have been reported to pose some degrees of adverse effects on the functional integrity of the
renal tissues in humans and experimental animals (Wang et al., 2002; Dicka et al., 2004,
Boogaard et al., 2005; Adeniran et al., 2006; Hernandez-Serrato ef al., 2006; Patil et «l., 2007,
Uboh et al.,, 2008, 2009, 2011; Salawu et al., 2009). Also, exposure to lead from automobile exhaust,
is reported to be a risk factor for nephrotoxicity among traffic policemen (Mortada ef al., 2001).
Renal funection impairment manifests in a variety of different clinical presentations, some of which
may be asymptomatic. The renal function impairment with asymptomatic presentations can only
be detected by routine laboratory examinations. Azotaemia, a clinical condition associated with
renal function impairment, is one of such presentations that can rightly be detected by laboratory
findings. The condition i1s characterized by elevated levels of serum creatinine, urea and BUN
{Cotran et al., 1999). A persistently increased serum creatinine i1s reported to be one of the risk
factors for chronic kidney disease, which may results in renal failure (Mortada et al., 2001).

The kidney functions may therefore be assessed from the level of some electrolytes (such as KF
Na', Cl" and HCO?*), metabolites (such as creatinine, uric acid, urea and bloed urea nitrogen) in
the plasma and the histological analysis of the ultrastructural status of the renal tissues
{(Nwankwo et al., 2006; Atangwho et al., 2007, Crook, 2007; Uboh ef af., 2008, 2009, 2011).
Nephrotoxic response, resulting in renal tissue dysfunction, has been reported to be characterized
by the distortions in the architectural integrity of the glomerular tubules. This may be evidenced
by lesions on different segments of the nephron, including exacerbation of hyaline droplet
formation as the primary change, development of granular casts as a sequelae and finally chronie
nephrosis as a consequence of granular cast formation obstructing the nephron. Renal dysfunection
of any kind may affect all or parts of the nephron to some extent, impairing either the glomerular
or tubular funections. Generally, the net effect of renal dysfunction on the plasma and urine
depends on the proportion of the glomeruli to tubules that are affected and on the number of
nephrons invelved. In this present study, the changes in some serum renal function indices and
histopathology of the renal tissue, hence, nephrotoxicity, associated with oral exposure to
nitrocellulose thinner were assessed in male albino Wistar rats.

MATERIALS AND METHODS

Chemicals and reagents: Nitrocellulose thinner (POLYGARD®, MISWA CHEMICALS LTD,
England), Randox, Dialab diagnostic, CRESCENT diagnostic and AXIOM Gestllschaft for
Dignostica and Biochemica mBH reagent kits were used for the biochemical and electrolyte assays.
All the other chemicals used in this study were of high grade of purity commercially available.
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Animal handling and experimental design: Twenty four mature male albino Wistar rats,
weighing between 120 to 150 g were obtained from Biochemistry Department Experimental
Research Animal House of the University of Calabar, Calabar, Nigeria. They were fed with a
standard laboratory diet and tap water. Ilumination was 12 h light/dark cycle and room
temperature was 25+2°C. The animals were divided into four groups, [i.e., one contral (I) and three
experimental groups (II, IIT and IV)], which consisted of six apparently normal albino Wistar rats
per group. The experimental groups II, III and IV were exposed daily to 10, 20 and 30 mg kg™*
body weight, respectively of nitrocellulose thinner by oral administration for 30 days, while the
control group was given normal saline, In this study, all the animal experimentations were carried
out. following the guidelines for the care and use of laboratory animals cbtained from the

Institutional Animal Ethics Committee. This research work carried out between September and
October, 2011.

Collection and handling of blood serum for analyses: Twenty-four hours after last exposure,
the animals were anaesthetized with chloroform vapour and dissected. Whole blood from each
animal was collected by cardiac puncture into well labelled non-heparinized sample tubes and
allowed to clot for 3 h in 1ced water. The serum was separated from the clots after centrifuging at
10,000 rpm for 5 min into well-labelled plain sample bottles and used for assays. The kidneys were
also collected for histopathological examinations.

Biochemical assays
Serum protein: The concentration of total serum protein was assayed spectrophotometrically by
Biuret method using Randox reagent kits (Randox Laboratory Ltd, United Kingdom, BT29 4QY).

Serum urea and blood urea nitrogen: The concentration of urea in serum was estimated by the
endpoint colorimetric method using Dialab reagent kits (Searcy ef al., 1967). In this methoed, urease
enzyme hydrolyses urea to ammonia and carbon dioxide. The ammonia so formed reacts with
alkaline hypochloride and sedium salicylate in the presence of sodium nitroprusside to form a
coloured chromophore which was measured with DREL 3000 HACH (England) model
spectrophotometer.

Serum uric acid level: The concentration of uric acid in the serum of the experimental animal
was estimated by enzymatic colorimetric test using CRESCENT diagnostic kit {(Saudi Arabia)
according to the procedure given in the kit protocol.

Serum creatinine: The concentration of serum creatinine was assayed based on the reaction
of ereatinine with an alkaline solution of sodium pirate to form a red complex. The red coloured
complex which is proportional to the concentration of creatinine in the sample was measured
spectrophotometrically.

Serum calcium level: The level of calcium 1n the serum samples of both the test and control
animals was measured using AXIOM Gestllschaft for Dignostica and Biochemica mBH kit
{(Deutschland).

Serum sodium: Serum sodium concentration was estimated using Mg-Uranylacetate reaction
method desecribed in Dialab diagnostic kits (Trinder, 1957). Sodium in serum is precipitated with
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Mg-Uranylacetate, the remaining uranyl 1ons form a yellow-brown complex with thioglycolic acid.
The difference between reagent blank analyses is proportional to the sodium chloride.

Serum chloride: The level of chloride in serum was determined using mercuric thiccyanate
reaction method described in Dialab diagnostic kits (Tietz, 1976). Chloride 1ons in the sample react
with mercuric thiocyanate displacing the thiceyanate ions. The displaced thiocyanate ions react
with ferric ions producing a coloured complex.

Serum bicarbonae ion: Serm bicarbonate ion (HCO®) concentrations were determined as
described by Tietz et al. (1999), using Kandox reagent kit.

Histopatholoigical examination: For light microscopic examination, liver and kidney tissues
from each groups were fixed with 10% buffered formalin, embedded with paraffin. After routine
processing, paraffin sections of each tissue were cut into 4 pm thickness and stained with
haematoxylin and eosin.

Statistical analysis: All the data obtained for the biocchemical assay results were presented as
Mean+SEM. These results were analyzed using the Statistical Package for Social Sciences
(5FPSS for windows, version 17.0). Comparison were made between and within the experimental
groups using one-way Analysis of Variance (ANOVA), followed by pair wise comparison between
each test and control groups using Student’s t-test. Values of less than 0.05 (1.e., p<0.05) were
regarded as statistically significant.

RESULTS

The results of this study on the effect of oral exposure to nitrocellulose thinner on the
concentrations of serum indices of renal function test (total serum protein, urea, BUN (Blood Urea
Nitrogen), uric acid, creatinine, Na*, Cl', HCO,, Ca® and K" in albino Wistar rats are presented
in Table 1 and 2. The results showed that exposure to nitrocellulose thinner caused a significant
(p<0.05) increase in the concentrations of creatinine, uric acid, urea and BUN and K, in
a dose-dependent pattern, among and within the test groups, compared to the control group
(Table 1, 2).

The results of the study also recorded a significant (p<0.05) dose-dependent decrease in the
levels of total serum protein, chloride (Cl), hydrogen carbonate (HCQO,) and sodium (Na®), among
and within the test groups, compared to the control group (Table 1, 2). However, it was observed
from the results of this study that serum caleium (Ca®") levels obtained for the rats exposed to
nitrocellulose thinner were not significant (p>0.05) different, between and within the test groups,
compared to the control (Table 2).

Tahble 1: Effect of oral and inhalation exposure to endosulfan on some renal function test serum indices in rats

Group Total serum protein (g L™Y) Urea (mmol L) BUN (mmol L) Uric acid (mmol L") Creatinine (umol L)
1 62.8+3.6 5.6+£0.4 2.4+0.5 2.2+1.5 136.4+6.5

II 48 8+2.8°% 8.6+0.57 4.2+1.4% 4.9+2.1° 163.80+6.4%

III 39.4+3.420 12,440,630 6.1+1.8*° 6.6£2.42° 250.8+6.73F

v 35.8+3.62b¢ 13.6+0.93b¢ 7.6£2.12b¢ 7.8+2.33b2 254,247 82b¢

Data are presented as Means+SD, n = 6, *p=<0.05 compared with group I, *p<0.05 compared with group II, *p<0.05 compared with group
III, NeT = Nitrocellulose thinner
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Tahle 2: Effect of oral and inhalation exposure to endosulfan on some renal function test serum indices in rats

Group Sodium (mEq L™ Potassium (mEq L) Chloride (mEq L~%) Calcium (mEq L™ Bicarbonate (mEq L%
1 126.4+5.8 8.4+1.1 102.6+8.5 3.6:0.6 20.6+4.2

II 117.6+4.7° 10.5+2.0° 80.8+6.1% 3.3:0.4 15.8+3.6°

III 03.6+6,220 13.2+2.12° 62.6+5.320 3.1:0.6 11.7+3.320

v 87.4+4.020¢ 14.6+2.4%b¢ 56,25 420 3.4+0.8 8.8+£2.820

Data are presented as Means+SD, n = 6, *p=<0.05 compared with group I, *p<0.05 compared with group II, *p<0.05 compared with group
III, NeT = Nitrocellulose thinner

Fig. 1{a-d): The photomicrographs of kidney (x160) from rats administered with normal saline, 10,
20 and 30 mg kg™ nitrocellulose thinner (i.e., a, b, ¢ and d), respectively. (a): Normal
architectural structure of the glomerular tubules, (b): Swollen edematous glomerular
tubules and (¢ and d): Swollen edematous, with atrophic and degenerated, glomerular
tubules

The result of microscopic examinations showed a dose dependent histopathological damage to
the renal tissues of rats expoesed to nitrocellulose thinner, compared to the tissues from the control
rats (Fig. 1a-d). The glomerular tubules of rats in the test groups were observed to have developed
swollen edematous with atrophies and degeneration, in dose-dependent pattern (Fig. 1b-d). This
gave an indication that exposure to nitrocellulose thinner may induce glomerular tubules damage,
distorting the functional integrity of the renal tissues. The observations made from the tissue
microscopic analysis, in correlation with that of biochemical assay, indicated the existence of
disturbances in the filtration function of the kidneys in rats exposed to graded concentrations of the
solvent.

82



. Pharmacol. Toxicol., 7 (2): 78-86, 2012

DISCUSSION

This study investigated the effect of nitrocellulose thinner on the kidney functions in rat model.
In assessing the renal effects of mtrocellulose thinner, the concentration of ereatinine, uric acid,
urea, blood urea nitrogen, protein, hydrogen carbonate (HCQ,), chloride (Cl), potassium (K7),
sodium (Na®” and ealeium (Ca®") in the serum, as well as the histopathology of the renal tissues were
examined. In this study, elevated levels of serum creatinine, urea, BUN, uric acid and K*, as well
as decreased levels of serum protein, Na®, Ca*, HCO, and CI are reported to be associated with oral
exposure to nitrocellulose thinner in rats. Alse, significant distortions in the architectural integrity
of the ultrastructural status of the renal tissues were observed for rats exposed to nitrocellulose
thinner. Specifically, the ultrastructure of the cells of renal proximal tubules and vacuoles with
damaged external membrane were observed, as well as swollen and pleomorphic mitochondria. The
observations made from this study indicated a condition of nephrotoxicity and correlated the
previcus reports on the nephrotoxicity effects of certain mixtures of hydrocarbon, gasoline
vapours, lead, insecticides and pesticides in humans and experimental animals (Mortada et al.,
2001; Wang et al., 2002; Tos-Luty ef al., 2003; Dicka et al., 2004; Gidlow, 2004; Boogaard et al.,
2005; Adeniran ef al., 2006; Hernandez-Serrato ef al., 2006; Farrag and Shalby, 2007; Patil ef al.,
2007; Afshar, 2008; Saadi et al., 2008; Uboh et al., 2008, 2009, 2011; Attia and Nasr, 2009;
Salawu et al., 2009), The results of this study therefore give a clear indication that nitrocellulose
thinner contain some chemical substances with nephrotoxic potentials. The specific chemical
constituent (s) and mechanism (s) responsible for the nephrotoxic effect reported in this study to
be associated with oral exposure to nitrocellulose thinner is (are) not very clear. However, it may
be assumed that the reactive metabolites of the nitrocellulose thinner’s constituents could have
interacted with the renal tissues to cause derangements in glomerular functions.

It is hereby suggested that the chemical constituents in nitrocellulose thinner, like other known
xenobiotics, might have been metabolically transformed inte various metabolites in the body
{(Hu and Wells, 1994). According to Page and Mehlman (1989) and Nygren ef al. (1994), some of
these metabolites may be very reactive, interacting in various ways with the metabolizing and
excreting tissues (mainly the liver and kidneys) to express their toxicity effects. The interaction of
these metabolites with the renal tissues may cause cellular injury, hence, damage to the tissues.
Once the renal tissues are damaged, the overall functionality of the kidneys may be compromised.
It 18 recorded in this study that exposure to nitrocellulose thinner caused a significant increase in
serum creatinine, uric acid, urea and blood urea nitrogen, decrease in serum protein, Na®, Ca*,
HCO, and CI levels and adverse alterations in the architectural integrity of the renal tissues in
rats. These results agree with the research reports for malathion and other pesticides, indicating
that exposure to these pesticides induced severe physiological and biochemical disturbances in the
renal tissues of the experimental animals (Yousef et al., 2003; Kerem et al., 2007; Attia and Nasr,
2009). Studies from other authors also showed that some insecticides, pesticides and other solvents
induced liver and kidney histopathological alterations in experimental animals (Farrag and Shalby,
2007; Afshar, 2008, Saadi ef al., 2008; Ubch et al., 2008, 2009, 2011; Attia and Nasr, 2009).
Particularly, Tos-Luty et al. (2003) reported that malathion intoxication led to severe effects on the
structures of the kidney, covering parenchymatous degeneration of the cells of renal tubules and
hyperemia of the cortical part of the kidney, especially of renal glomeruli, as well as infiltrations.
An elevation in circulating serum creatinine, uric acid, urea and blood urea nitrogen has
been reported to be strongly associated with the development of hypertension and renal disease
(Mazzali et al., 2001; Hernandez-Serrato ef al., 2006; Patil ef af., 2007). All these literature reports
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correlate the results of our findings in this present study, thereby decumenting an hypothetical
evidence that exposure to nitrocellulose thinner may be a risk factor for the development of
hypertension and renal disorders.

The significant increase in the concentration of creatinine in the serum reported in this study
might have resulted from its decreased excretion which, in turn, is related to renal insufficiency.
The concentration of creatinine in the blood is known to correlate inversely with the volume of
glomerular filtration. Hence, creatinine i1s considered to be among the useful markers of the
filtration funection of kidneys, particularly that creatinine is excreted only via the kidneys
{Appelton, 1995; Birkner ef al., 2000; Grucka-Mamczar et al., 2005). Also, increased serum urea
and uric acid concentrations also explain the impaired renal function implicated in rats treated with
nitrocellulose thinner. The high serum urea and uric acid levels may result from a decrease in the
rate of urea and uric acd secretion into urine, which may likely results from renal insufficiency
(Wang et al., 2002; Dicka et al., 2004; Hernandez-Serrato et al., 2006; Patil ef al., 2007). According
to Appelton (1995), increase in serum urea, uric acid and creatinine concentration is a reflection
of impaired renal function. Moreover, decrease in the concentration of serum calcium and protein
has been reported to implicated in renal insufficiency, resulting from the tissue's function
impairment {(Appelton, 1995, Birkner ef al., 2000; Grucka-Mamczar ef al., 2005). The
hyperkalaemia, hyponatraemia, hypochloridaemia, hyperuricaemia and azotaemia, as reported in
our findings with rats treated with nitrocellulose thinner, are indicators of impairment of renal
funections.

CONCLUSION

From the results recorded in this present study, it may be concluded that exposure to
nitrocellulose thinner induced adverse effects on the renal function in rat model. These observations
therefore indicated that exposure to nitrocellulese thinner is a risk factor for renal function
impairment and the associated disorders. Hence, a clear indication and recommendation that the
use of nitrocellulose thinner in cur environments be well regulated by the various environmental
protection agencies is documented by the results of this study.
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