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ABSTRACT

In order to evaluate the effects of the toxicitye@ME, an experimental study has been carried botatory of
animal echophysiology on 30 male rabbits (OryctakgCuniculus). These latter was treated with EGME
introduced by cutaneous way (intradermal injectionjth two increasing doses 200 and 300 ppm fouetasssive
weeks. The chemical treatment with the EGME cauwsegariation in the hematological and biochemical
parameters: the significant disturbance in the welt parameters of blood which include the numenatof blood
cells (white blood celles, red blood cells, hembgip hematocrit , the mean corpuscular voluared mean
corpuscular hemoglobin) in individuals treated by EGME compared to the witnesses ,an increaseeimweight
of liver was observed especially in rabbits treatsd important doses. In addition, the serum coredioh in
glucose was significantly dcecreased compared thighwitness to all treated rabbits. A significantriease in the
rate of cholesterol, triglycerides and total prateias detected in rabbits treated by report toulitmesses. Finally,
the obtained results highlight a reduction of thee of glutathione GHS in studying organs suchhasliver, testes
and epididymis. According to our results we can chotle that the exposure tothe EGME causes impbrta
biological variations.

Key words: Ethylene Glycol Monomethyl EthdEGME), rabbitOryctolagus Cuniculuygoxicity, glutathione

INTRODUCTION

The pollution is an unfavorable modification of thatural environment , it can affect man directiyhis health or
more distant his environment[ 1] .

Xenobiotic substances responsible for this poltutase many and varied because of multiple humaimitgcthat
can be the source, but the attention is partiquleoincerned fertilizers, pesticides , heavy metaédrochemicals
and some consumer products such as solvents [ 2] .

These have known a large human use in the industiput considering their adverse effects on hefdth for that
purpose several researches study the effect oéistshon the physiology of the human beings as thgléne glycol
mono methyl ether that is one of these products .

Glycol ethers are oxygenated solvents whose use tpaatly expanded over the past thirty years. Moae thirty
glycol ethers are synthesized by the chemical itngusday . They are divided into two series: etimd derivatives
(E series) and derivatives of propylene glycol §efies) . Until 1990, derived from ethylene glyaare the main
glycol ethers marketed , probably because ethybarae required for their synthesis is an importamder product
of the petroleum Industry [4] . Their low acute ity compared to most organic solvents favoredrtheesence in
many preparations for industrial and domestic us# @s paints, inks, varnishes, stains, cleaniogumts, liquid
soaps, cosmetics or certain pharmaceutical formonis{5]. For this, man may be exposed and in ticentact with
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these products in his occupational environmenthesgtays in a situation of "threatened" for desgdat the same
time the industries that manufacture, process aerdether glycol can transmit it into the air an@éase into surface
water or subterranean [6] .

The penetration of glycol ethers in the human bisdyainly through making during a direct contabtotgh the
skin , their low volatility limit the contaminatiohy respiratory way except in situations where pheducts are
warmed or used in the form of aerosols.

Because of their amphiphilic character, glycoleeshcross easily membranes and are divided intadheous and
lipid compartments. Significantly absorbed regesdl of the pathway (oral, dermal , lung), theydistributed in

most biological tissues , including fetal tissud$e enzymatic systems transform these glycol etliics

hydrosoluble compounds more easily eliminatedntwr reactive metabolites responsible of toxic nestidtions [ 7
,81.

Most experimental studies have determined the ityxa@nd the impact of these products on health,[®heir
metabolites appear to be more toxic than theiiainiroducts [10] .

In this axis moves our work which bases it self aonexperimental study of the effect of a solvefthylene glycol
monomethyl ether on some biochemical and hematdbgiarameters in male rabbit of the local r@egctolagus
Cuniculus

MATERIALS AND METHODS

Animals and Treatment

This research has been carried out in the labgratbanimal echophysiology , on thirty domestic enahbbits of
the local populatio®ryctolagus Cuniculugages of 06 to 09 months, body weight 1700 +1)3fagn the region of
Annaba. The rabbits are stirred in the conditiohsus pet center, the food was well balanced anggait contains
all the necessary elements for the natural growtmonals: salad, carrots, hard bread crushed artlira of corn

and wheat, the same quantity is provided in thekgas cages which is changed each day. The rabbitstreated
daily by tracks cutaneous (intradermal), by twdedd#nt doses of EGME (200 and 300 ppm) for 4 weg&kese
animals were divided into 3 lots : 2 batches te=atind one other witness. The taking of the blowtthe organs
has been done after the decapitation of rabbitsea¢nd of treatment. The biochemical assays amdtwtogical are
achieved using kits of commerce ready to use (8putrkits are used for determinations of glucose tal

proteins; however, the Biosystems kits are usedtli@ assay of triglycerides and cholesterol). Tissue

glutathione is determined by spectrophotometry ating to the method of Weeckbeker and Cory [11¢ (thagents
come from the firm Sigma).

Hematological and biochemical parameters

The blood collected in EDTA tubes is used for tberding of blood cells (white blood cells, red hiocells) , the
rate of hemoglobin, the hematocrit , the the meanpuscular volume, and the mean corpuscular herboglby
means of Coulter Counter Rubis. Three other frastiof blood are collected in héparines tubes, fpem-dried, the
obtained plasma is aliquot and preserved at a teafye of-20°C for the dosage of proteins, glucad®|esterol,
triglycerides with the methods of [12,13].

Statistical analysis A
The results are represented in the form of mearstafidard deviation (m £ SD), using the Studetast, using
Minitab software version (15).

RESULTS

Physiological Study

Liver weight

The variation of the weight of the liver in treajinabbits with 200 and 300 ppm of Ethylene glycanm methyl
ether for 4 weeks reported to the weight in witesssshowed a significant increase in the liverghheamong the
two lots treaties. Figurel.
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Figure 1 : Variations of the liver weight in rabbits witnesse and treated dailwith 200 and 300 ppm of EGME during 4 weel
(each value represents the mean A+ DS of 10 rapbits
(p< 0.01) **, (p< 0.001) ***

Biochemical Study

Theresults of the assay of glucose, triglyceride, est@rol and protein totals are shown in t 1. The results show
a significant decrease aoncentrations of glucoswhich is proportional each time at the dose of EH@ME
administered.

The increase ofthe concentratic of cholesterol ,triglycerides and total prote&nhighly significant in the
two batches treaties.

Table 1 : Determination of biochemical parameters in rabbitsexposed to EGME
each value represents the mean A+ DS of 10 rabbits

Parameters Witness G1 (200 ppm) G2 (300 ppm)

Glucose (g/L 1.35 +0.04 0.74 +0.08 *** 0.66 +0.04 ***

Triglyceride (g/L) 1.51+0.05 1.59+0.04* 1.7 £0.05 ***

Cholesterol (g/L 0.15+0.03 ** | 0.26 +0.04 *** 0.58 £ 0.05

Total protein (g/L 10.7£0.51 13.78 £ 0. 40 *** | 15.57 +0.30 ***
(p<0.05) *, (p< 0.01) **, (p< 0.001) ***
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Figure 2: Variations in the number of white blood cells (n GB in the control group and the treated groups with EGME
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Hematological Study

The results obtained are shown in figurs ( 2, 35,4, 7) and reveal that there is a significant change efthmbe!
of red blood cells , hemoglobin, hematc, the mean corpuscular volume, and tthean corpuscular hemoglot
among all lotgprocessed by report to the batch indici
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Figure 3: Variation in the number of red blood cells (n GR in the control group and the treated groups withEGME
(p<0.05) *, (p< 0.001) ***
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Figure 4: Variation in the number of hemoglobin (Hb) in the control group and the treated groups with EGME
(p<0.05) *, (p< 0.01) **
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Figure 5: Variation in the number of the percentage of hematocrit (H} in the control group and the treated groups withEGME
(p<0.05) %, (p< 0.01) **
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Figure 6 : Change inaverage mean corpuscular volume (MCV) in the controgroup and the treated groups with EGME
(p< 0.01) **, (p< 0.001) ***
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Figure 7: Change in mean corpuscular hemoglobin (MCH) in tle control group and the treated groups to EGMI
(p< 0.01) **
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Toxicological Study

The evaluation of the toxicity of EGME is expressgtthe dosage of the intracellular glutathionéhatlevel of the
various target organs; the results are represemtidble 2 The glutathione decreased significantly at thellefall
the organs studied: the liver, testes and epididymi

This decrease is proportional to the doses of tieitant administered and especially at the leelhoget organs
such as the liver and testes.

Table 3 : Rate of glutathione (Nm/mg protide) in rdbits witnesses and treated daily with 200 and 3Q8pm of EGME during 4 weeks
each value represents the mean A+ DS of 10 rabbits

Bodies Witnesses G1 200 PPl G2 300 PPV
Liver 57.11+1.94| 49.4+139 | 44.1+1.85
Testicle 28.53+2.67 23.98+ 122 22.94+2.16 **
Epididymis | 0.53 +0.04 0.43 0,05 0.40 0,05

(p<0.05) *, (p< 0.01) **, (p< 0.001) ***
DISCUSSION

Most of the chemicals intended to be used in inthilstomain areas have toxic effects on biochemanad
hematological parameters in humans and animalyldftd glycol monomethyl ether as an example ofyseierts
its toxicity through acidic metabolites and mordedilydes. These are capable of penetrating intmubkus and
altering the structure and the functioning of teagme regulating cell growth and development.

Our results revealed a disruption of metabolic pots, we noticed the increase of the rate of chelek
triglycerides and plasma proteins, as well asa@edese in the rate of glucose level in treatingviddals. All these
disturbances are due to the change of the functibtite body by the metabolites of the EGME [5].

The repeated administration by ethers of glycoletinmes produces hepatic functional and / or higickd changes.
They are always benign (modulation of enzymatidvaies, hepatocytes swelling , increased liver gieti) and
translate rather an adaptive metabolic answer thdrepatic toxic effect. They are described belaw, dach
compound successively with which they have beearted.

The Hepatic effects reported with EGME were obsgrie doses higher than those susceptible to mduc
hematological disorders. Heinonen and Vainio (1P§ll4] exposed Wistar rats 6 hours a day, 5 dayeek for 2
weeks at 0, 50, 100 or 400 ppm of EGME , theyeoled an increase in the concentration of glutathieduces
the activity of hepatocytes and hepatic UDPglucyltoansférase with a parallel decrease in the #agtiof the
NADPH-cytochrome c reductase . In a series of erparts , Kawamotet al showed , in Wistar rats receiving O ,
100 or 300 mg / kg / day of EGME , per OS ,durirfgydays , an increase of the activity of hepaticmgea-
glutamyltranspoptidase , from 100 mg / kg / day5[ 16 ] ; an increase in the activity of the cylasalcohol
dehydrogenase was also observed at 300 mg / kgl[8l]/, there was no significant effect on theocjirome P450 ,
the cytochrome b5 and the NADPH -cytochrome c rehec[17, 18] .Milleret al. (1983 and 1984a). [19, 20]
exposed rats and rabbits at 0.30 , 100 or 300 ppEGME 6 hours a day, 5 days a week for 13 weetkey
observed a decrease in liver weight of animals segdo 300 ppm , this anomaly is related to théaleveight
reduction in rats and rabbits observed from 100 ppchdoes not reflect a specific liver toxicity.

Concerning the evaluation of hematologic toxicitye recorded a significant decrease in hemogldbayed blood
cells, the hematocritand a significant increasetia mean corpuscular volumend the mean corpuscular
hemoglobin, with a non significant decrease inrtite of white blood cells. This toxicity has beeidely studied on
animal models : hemolysis [21, 22, 23] , Lymphocyeletion responsible fo immunosuppression [ 34] and a
toxicity and myeloid progenitors of the bone maria26 ] .

The haemolytic effect of the ethylene glycol detives , in particular the EGBE (Ethylene GlycoltiuEther) ,
depends on the dose of the product , the animaiespe and within the same species , the age iofads [27] .
These are not the substances mothers who arengésjeofor hemolysis , but the alkoxyacétiques sicsd AAA ) .
Many studies have revealed that ethers glycol efEhseries have the property of destroying red dloalls. An
Exposure of rats to EGnPE in the dose 200 ppmyodaiting 11 days causes hemolysis [ 28 ] . Theesenult
obtained with a dose of 30ppm of the EGIPE by iatiah for 28 days [29] and 100 ppm for 3 weeks | 80rats .
Regarding the toxicity of the bone marrow , thedis carried out on laboratory animals [26] havevsh that
ethylene glycol derivatives , especially those vgitlort chain alkyl ( EGME ) are responsible for dggllularity ( a
decreased blood lines ), a decrease of granulgmyigenitors and erythrocyte in particular. Thesteat$ are
responsible for leukopenia with neutropenia , amehaia.
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The mechanism of bone marrow toxicity of the etlgysol was little studied , some works showed tthiers of
glycol can inhibit the DNA synthesis and / or cawmormal mitotic spindle in the marrow precursorfhe
immunosuppressive effects are mainly related tgplyoeyte depletion and less important functionalampent of
lymphocytes [24].

Generally speaking, human red blood cells seenetiess sensitive . For other ethers of glycol efshme series ,
an achievement of the cells of the bone marrow mpemied with a decrease in the number of whitedlcells
was observed.

In addition, some of these ethers of glycol caudgngphocyte depletion [8], a fall in hemoglobin [2&ith a
reduction of the blood counts for the EGBE [31].

The toxicity of the ethers of glycol is clearly $ewell documented in humans and in animals , #eliexception
of cases of medullary hypoplasia affecting primyathe neutrophil lineage. She still has unknownganance.
Hemolysis appears to be very rare, except in aafs@®ass poisoning. Regarding toxicity on the borerow, ethers
of glycol seem to be responsible for neutropenid earely aplastic . However, their potential lidgtgilin the

induction of hematologic malignancies does not appecumented.

Facing the oxidative damage caused by free oxygditals and the toxic effects caused by active Inaditas of
xenobiotics , the living cell can defend itselfdhgh several detoxification systems , the most mapo is that of
glutathione [32] . This importance results in gigat ability to detoxify many harmful compoundsittitan be
endogéniques ( active metabolites of hormonesXxogéniques ( toxic metabolites of xenobiotics )céming to
the results obtained , the treatment of rabbité witses 200 and 300 ppm for 4 weeks caused a dedreéiver ,
testicular and epididymal content glutathione .t8&H plays a key role in the detoxification of frealicals and
heavy metals [ 33], And in the case of the EGMEnteracts directly with high affinity for thiggroups ( - SH ) of
GSH , glutathione may also interact with the fredicals generated by this metalloid [34 , 35, 3&7] .The
Ethylene glycol monomethyl ether inhibits the gthione synthetase and the glutathione reducte8H, i€ so little
product. All these factors lead to a strong de@eéaghe reduced glutathione (GSH) and the oxidigleththione
increased (GSSG) , and consequently a reductitheiactivity of GSH - dependent enzyme .

GSH can interact directly with activated oxygen cpg but it is mainly used as a substrate for thinae
peroxidase which ensures the elimination of lipglgxides [38, 39]. it forms the first line of deenby acting as a
non - enzymatic by direct interaction of the growjth sulfur or ROS may be involved in the reactiohthe
enzymatic detoxification of ROS [40].

CONCLUSION

The results of this study demonstrate the toxieatf of ethylene glycol monomethyl ether (EGME) andstered to
rabbits by cutaneous way. The Toxicity was evalliég disturbances in many body functions:

» A Hematotoxicity resulted in a significant decreasehemoglobin, the red blood cells, the hematcord a
significant increase in the mean corpuscular voluane the mean corpuscular hemoglobin.

» Adisturbance in the rate of the metabolic prodic&patotoxicity).

» A Decrease of the detoxifying potential of the anigan.

From these results, it would be important to bergsted in the characterization of the toxicitythed product in
humans through the implementation of epidemioldgitadies in professional circles.
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