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Abstract: Dermal toxicity of paraquat in rats was studied, as well as its influence on
internal organs, phagocytic and bactericidal activity of the neutrophile system, and the
behaviour of the rats. The studies were conducted on 30 female rats of Wistar strain.
The animals were divided into three groups, of which two groups were experimentally
exposed to dermal absorption of paraquat (1/2,ldD 1/10 LDy), and one group was
exposed as a control to dermal absorption of the solvent. The animals were exposed to
dermal absorption for 4 hours daily for a period of 4 weeks. After 28 days, the rats were
anaesthetized and blood was drawn from the heart to evaluate the activity of the
neutrophilic system while the internal organs were excised for histological and
ultrastructural studies. Histological and ultrastructural changes were observed in the
lung, manifested by widened interalveolar septa filled with erythrocytes, lymphocytes,
plasmatic cells, or alveolar macrophages. In the interalveolar septa bunches of collagen
fibres were noted, while in the lumen of alveoli exudate and erythrocytes were
observed. Histological and ultrastructural changes were also noted in the heart. They
manifested themselves by focal hypertrophy of the interstitial tissue and by the increase
of collagen fibres in bunches between cardiomyocytes. Less severe pathological
changes were observed in kidney and liver. In the brain histological changes occurred in
the neutrocytes. The bactericidal activity of the neutrophilic system increased in both
experimental groups. Stimulation of phagocytosis was noted only in animals exposed to
1/10 LDy, - the lower dose of paraquat. The cognitive activity increased in both
experimental groups after 2-weeks exposure to dermally applied paraquat, but returned
to normal 2 weeks later.
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INTRODUCTION “Tota-Col”, “Gramuron”, “Para Col", “Pathclear” and
“Gramonol”.

Paraquat (dichloride 1, 1-dimethyl-4, 4-bipyridylium) The acute oral LE for rats is 150 mg/kg, for mice 104
was introduced commercially by Plant Protection Ltd. img/kg, for sheep 70 mg/kg, for dogs 25-50 mg/kg, and for
1958, and is now one of the most widely used herbicidaens 262 mg/kg. The acute dermal sb.Dor rabbits is
chemicals in agriculture throughout the worldapproximately 236 mg/kg, for male rats 80 mg/kg, and for
Formulations containing the dichloride are sold under tHemale rats 90 mg/kg [14].
trade names: “Gramoxone”, “Dextrone”, and “Weedol”, According to the acute oral toxicity, expressed in
which also contain diquat. Mixtures of paraquat withmilligrams per kilogram of animal body weight, paraquat
various residual herbicides are marketed as “Dexurortielongs to the second class of toxicity.
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Figure 1. Rat exposed to 1/2 Ldp of paraquat. Exudate is present in Figure 2. Rat exposed to 1/2 Lgpof paraquat. Wider interalveolar septa
alveoli. H-E, x 100. because of infiltration with lymphocytes and alveolar macrophages.
H-E, x 50.

Due to the extensive world-wide use of paraquat, casalso observed [28]. This is probably due to the active
of paraquat poisoning frequently occur. This watransportation of paraquat to the lung where its
demonstrated at the Second European Symposium @ncentration is 10 times higher than in plasma [20].
Paraquat Poisoning in 1986, attended by delegates fromParaquat causes a distinct reduction of the lecithin
over 20 countries, where it was reported that in Jap&mction to 75%, which leads to collapse of the alveoli in
1,300 persons die each year from paraquat poisoning [9the lung [13]. Simultaneously, there occur severe

The toxic effect of paraquat on plants is connected wittisturbances of the metabolic activity of superoxide
the production of paraquat free radicals which, after trdismutase in the microsomes of the lung. These
reoxidation with oxygen molecules, cause disorders wlisturbances, however, are not observed in liver or
photosynthesis. kidney, in which takes place the detoxication of

In warm-blooded animals reoxydation leads to thsuperoxide radicals stimulated by paraquat [16].
production of superoxide anion,@nd to the oxydation of  Apart from the characteristic lung symptoms in the
unsaturated lipids to superoxide forms, thereby producimgses of fatal paraquat poisonings, there may also exist
free radicals. These free radicals react with multiunsaturateecrosis of the adrenal cortex or necrosis of the heart
lipids of the cell membranes, thus beginning lipidnuscle [15, 17]. Povoeet al. [17] found cardiac
peroxidation. The biological effect of free radicals is widénvolvement due to paraquat in 40% of patients. The
damage to cellular membranes, and disturbance of thelinical picture of this involvement had a wide spectrum,
functional infragibility. ranging from minimal changes in ECG to acute and

In cases of fatal paraquat poisonings in humans te&tensive myocardial necrosis.
most severe changes are observed in the lungs, appearinghe paraquat poisonings most often described in
as very intensive hyperaemia and prompt total airlessne@ermany were burns, gastrointestinal disturbances and
in the interalveolar septa and in the lumen of alveoli, cellang oedema, while only rarely were reported diseases of
with a large number of silver-absorptive fibres occur [29kidney, liver and heart [6].

Lung oedema and destruction of the lung epithelium were
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Figure 3. Rat exposed to 1/2 Lpof paraquat. A slight increase in the Figure 4. Rat exposed to 1/2 Lo of paraquat. Interalveolar septa

number of fibres in the alveolar septa. H-E, x 100. contain thick bunches of collagen fibres (cf) and infiltrative plasmatic
cells (plc). EM, x 25000.
Grantet al. [7] described eight patients who died of OBJECTIVE

brain damage caused by paraquat poisoning, with general

oedema, small haemorrhages, astrocytic glial proliferation The aim of this study was to evaluate the following:

and meningeal inflammation. » Dermal toxicity of paraquat in rats based on histological
Many cases of Parkinson's disease were describedand ultrastructural examinations.

among greenhouse workers who used insecticidesimmunotoxicity of the dermal penetration of paraquat

(parathion), fungicides (zineb, ziram) and herbicides based on the functioning of the neutrophilic system.

(paraquat) [24]. In some regions of Canada a significant Neurotoxicity of paraquat in rats based on their

correlation has been noted between using paraquat an@ehaviour, especially that of cognitive functions.

developing Parkinson’s disease. This suggests a direct

effect of paraquat on the central nervous system, and MATERIALS AND METHODS
demonstrates that this herbicide may enter into the brain
by passing through the blood-brain barrier [4]. Paraquat. Active substance of paraquat (dichloride -1,

Pesticides may also influence the immunological-dimethyl-4, 4-bipyridylium), Sigma Chemic-D-8024,
system. According to Sterzl [25], this influence may bsas used. Paraquat, in a solution containing water and
immunotoxic, immunosuppressive or immunostimulatingalcohol (4 : 1), was applied dermally in two doses: 1/2
depending on the dose of substance applied. After otaDsoand 1/10 LI3,.
application of pesticides to experimental animals, a
distinct decrease in the immunological mechanisms wasAnimals. The study was conducted on female rats of
observed [12]. Wistar strain, aged 3 months, in good condition, and

There have been no reports concerning the immunotoxithout macroscopic skin changes. The animals were fed
influence of dermally-applied paraquat, although it isvith standard grain-based granulated fodder LSM [10]
generally known that dermal penetration of pesticides &nd wateredd libitum The body weight of the rats at the
most dangerous during occupational exposure. beginning of the study ranged from 220 g to 250 g.
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Figure 5. Rat exposed to 1/2 Lfpof paraquat. Respiratory barrier. Figure 6. Rat exposed to 1/2 Lfpof paraquat. Between the fibres of
Endothelium of the pulmonary capillary (end) is swollen and contairheart muscle occur small focuses of mononuclear cells. H-E, x 50.
increased number of pinocytic vesicles; al - alveolus, bm

alveolocapillary membrane, cl - capillary lumen, ept - respirator

epithelium. EM, x 25000.

Dermal application of paraquat. The animals were functioning of neutrophils was examined by the nitroblue-
divided into three groups, 10 rats in each. Two experimentatrazolium (NBT) test according to Park’s method [19].
groups received daily 1/2 Llgpor 1/10 LB of paraquat In both tests 100 cells were analysed. The cells which
dermally for a period of 4 weeks, excepting Saturdays aedntained three or more granules of latex were considered
Sundays. positive in the phagocytosis test, while in the NBT test the

For the dermal application of paraquat a band aklls containing dark deposits of formazane (reduced NBT)
absorptive fabric FPP-15 was used to which the pesticideere considered positive. The percentages of positive
was added and then isolated with aluminium foil. Dailgells were designated as “scores” in both tests used.
time-exposure was 4 hours.

Animals of the control group were simultaneously, and Histological studies. For histological studies the
under the same conditions, exposed to dermal absorptiotiowing organs were excised: brain, lung, heart, liver,

of the solvent alone. spleen, kidney, thymus and lymph nodes. Perfusion of
During the study the body weight of all animals wasrains was carried out using a solution of methanol,
tested twice a week. formalin and glacial acetic acid; brain slides were stained

After 28 days the rats were anaesthetized and blowdth cresyl violet. The remaining organs were fixed in
from the heart was drawn to evaluate the effect on tiiermalin diluted 1:9 with water, and stained with
neutrophilic system, and organs were excised for histologitematoxylin and eosine (H + E). For staining the elastic
and ultrastructural studies. fibres, resorcin-fuchsine was used according to Weigert [30].

Study of neutrophile activity. The phagocytosis assay Ultrastructural studies. For ultrastructural studies, the
with Bacto-Latex (Difco, USA) was used to evaluate théollowing organs were excised: lung, heart, liver and
phagocytic functioning of neutrophils. The microbicidakidney. The samples for the electrone microscopic study
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Figure 8. Rat exposed to 1/2 Ly of paraquat. Cardiomyocyte: In
sarcoplasm (sar) structures resembling new, immature fibres are visible;
m - mitochondrion, mf - myofibrils. EM, x 20000.

Figure 7. Rat exposed to 1/10 Lof paraquat. Cardiomyocyte: Focal
clarifications are observed in the sarcoplasm (sar). Some of t
mitochondria (m) are swollen; mf - myofibrils, s - sarcolemma. EM, >
15000.

were fixed in 5% glutaraldehyde buffered to pH 7.2-7.{oiletes), climbing on the blocks (raisings), interest in
with 0.1 M sodium cacodylate for 5 hours. They werblocks, defecation.
then washed in 0.1 M cacodylate buffer and postfixed in
0.1% OsQ in Michaelis buffer for 1 hour, dehydrated in Statistical analysis.For the evaluation of differences
graded ethanol solutions and embedded in Epon 8Itween the groups, Student’s t-test was used.
Ultrathin sections were first stained with uranyl acetate,
then poststained with lead citrate. They were viewed RESULTS
using Tesla B-S-613 electron microscope.
Body weight. In animals exposed to dermal penetration
Evaluation of neurotoxicity by study of behaviour. of 1/2 LDs, paraquat no increase of body weight was
The behaviour was studied three times: before exposugdserved during the whole month of study. At the beginning
two weeks after dermal application, and at the end of tl the study the body weight of the rats ranged from 220-
study, i.e. after four weeks of dermal exposure to paraquat.250 g, and it remained the same after four weeks, ranging
To evaluate the neurotoxicity of paraquat the “opethen from 210-250 g. Similar results were obtained in
field” method was applied [21]. Rats were placed on animals exposed dermally to 1/10 4f paraquat.
square white plate (100 cm x 100 cm), divided into 25
identical fields. The area of fields was lighted equally. Histological and ultrastructural changes. In rats
Four blocks were put on the middle of the plate in @xposed to dermal absorption of 1/10sDf paraquat
square, each of them 20 cm far from the edge. The rafstological changes in the lung were manifested as wider
were placed in the middle of the plate and observed forifteralveolar septa filled mainly with lymphocytes and
minutes. During that time their behaviour was noted, i.@lveolar macrophages, together with slight peribronchial
crossing the grid lines on the plate, washing themselvaad perivascular infiltrations.
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Figure 10. Rat exposed to 1/10 L of paraquat. Renal proximal
tubule: Digestive vacuole (vd), irregulary in size and shape peroxisomes
(p), and mitochondria (m) are noted; bm — basement membrane. EM, x
25000.

Figure 9. Rat exposed to 1/2 Lfof paraquat. Lymphatic infiltrations in
the kidney. H-E, x 100.

In the ultrastructural studies, slight changes of thieecame thinner, others swelled. The number of pinocytic
respiratory barrier were observed. Thus, the cells of thesicles near the vascular wall increased (Fig. 5). The
vascular endothelium and the pneumocytes type | showegtoplasm of pneumocytes type | was greatly dilated.
features of oedema. In the pneumocytes type Il wid€ontinuity of the respiratory barrier remained intact. In
channels of the endoplasmic reticulum occurred. Thbe cytoplasm of pneumocytes type Il the channels of
internal structure of granules in those cells was similar endoplasmic reticulum were wider when compared with
that in rats of the control group. animals exposed to the lower dose of paraquat. Changes

In the animals exposed to dermal absorption of theere also observed in the lamellar granules. They
higher dose of paraquat (1/2 iJp exudate and contained a substance of slight electron density, which did
erythrocytes in the alveoli were observed (Fig. 1). Theot form osmophilic structures typical for lamellar
wider interalveolar septa were filled with erythrocytesgranules. Those granules were most often larger than
lymphocytes or alveolar macrophages. These infiltratiomsrmal.
were more extensive than in animals exposed to the lowemMyocardial changes were seen only in the rats exposed
dose of paraquat (Fig. 2). A slight increase in the numbtr the higher dose of paraquat. Focal hypertrophy of the
of fibres in alveoli or in interalveolar septa was noted onlinterstitial tissue and homogenous basophilous cytoplasm
in the animals exposed to the higher dose of paraguatmuscle fibres were noted. Between the fibres of heart
(Fig. 3). muscle there were small focuses of infiltrations

The above-described results were confirmed by thmntaining mononuclear cells (Fig. 6). Nearby vessels
ultrastructural studies. In the interalveolar septa relativeBxcised, the amount of fibres increased.
thick bunches of collagen fibres were noted (Fig. 4), as Ultrastructural changes in the heart were observed
were infiltrations consisting of neutrophils, eosinophilsalready in rats exposed to the lower dose of paraquat. In
lymphocytes and plasmatic cells. Changes in thbe sarcoplasm of cardiomyocytes focal clarifications
endothelium were different, while some of the cellsvere observed which were most distinct in the peripheral
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Figure 11.Rat exposed to 1/2 Lfpof paraquat. Renal proximal tubule: Figyre 12. Rat exposed to 1/2 Lfpof paraquat. Renal proximal tubule:
Electron bright vacuoles (v) are observed in cytoplasm of the cell. Tlgjant mitochondria (gm) are seen in the cell; bm - basement membrane,
intertubular space (ics) is wide and contains the interstitial elements; I - peroxisome. EM, x 25000.

- basement membrane, m - mitochondria, p - peroxisome. EM, x 2500

part below the sarcolemma. Sarcoplasmatic reticulum at@ produce large, electron bright vacuoli. Others were
mitochondria were swollen (Fig. 7). large, with a very irregular shape. The number of
More extensive changes were observed after exposymeroxisomes slightly increased and their shape changed
to the higher dose of paraguat. The endothelium of vaam round to irregular. Near to the organella the vacuoli
between the muscle fibres was extensively swolleof smooth endoplasmic reticulum were cumulated. The
Between the cardiomyocytes a great amount of collagamount of digestive vacuoli in cytoplasm increased, and
fibres occurred in bunches. Many changes were obsernibeéir size and internal structure were different (Fig. 10).
inside the cells. Under the sarcolemma accumulation of After exposure to higher dose of paraquat, wider spaces
electron light material was noted. Structures resemblifzetween the tubuli contortus in the kidney were found
new, immature fibres were sometimes observed in thiBig. 11), which were filled with interstitial elements. The
material. Similar material also cumulated in thehanges in the mitochondria were different: some of them
sarcoplasm between the elastic fibres, probably due were slightly swollen and their loss of crista and
partial loss of myofibrils and the disappearance dirightness of the matrix were distinct. Other “giant”
stripped pattern. Mitochondria were also changed. Mamgitochondria were many times larger than those
of them were very large in size, with numerous cristalescribed above. Their matrix was bright and the number
Focal clarification in the electron dark matrix wasof crista was not extensive. The number of peroxisomes
occasionally observed (Fig. 8). remained normal (Fig. 12), however, a smaller amount of
In most animals of both experimental groups, slighendoplasmic reticulum was observed, which usually
foci of lymphatic infiltrations in the cortex and medulla ofaccompanies those organella. A large number of electron
kidney were noted (Fig. 9). The ultrastructural studielight vacuoli containing some electron dense material
showed injuries to the proximal tubuli of the kidneywere observed in cytoplasm of many cells.
related to mitochondria, peroxisomes, and congestiveln both experimental groups changes in liver tissue
vacuoli. Some swollen mitochondria showed a tendeneyere demonstrated by small lymphocytic infiltrations in
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Figure 13. Rat exposed to 1/2 Ly of paraquat. Hepatocyte: )
Pleomorphic mitochondrion (m) is seen in the cytoplasm. EndoplasnFigure 14. Rat exposed to 1/2 Lgp to paraquat. Accumulation of
reticulum (er) and peroxisomes (p) show normal structure; r - ribosomeytoplasm and cell nuclei in lateral nuclei of thalamus. H-E, x 100.
EM, x 15000.

the areas of blood vessels and the accumulation of nuateiurocytes of all layers of the cerebral cortex, mainly in
of hepatocytes in the subcapsular layer. Aftepyramidal cells. Pyknosis of single neurocytes was noted
administration of a smaller dose of paraquat, nim the area of the fissura rhinalis, in the preoptical
significant differences were noted in the ultrastructure afucleus, in lateral nuclei of thalamus and cerebellum and
hepatocytes. Hypertrophy of smooth endoplasmio the layer of hippocampal pyramidal cells (CA3)
reticulum and a slight increase in the number dfFig. 14).
peroxisomes was observed only in some cells. In spleen, no pathological changes were observed in
Administration of 1/2 LIy of paraquat resulted in both experimental groups, except for an increased number
widening of the channels of the smooth endoplasmaf giant cells.
reticulum and an increase in the number of peroxisomesin lymphatic nodes of some animals exposed to higher
to a degree similar to the previous group. Moreovedoses of paraguat the widening of subcapsular sinuses,
mitochondria of increased size and very irregular shapapod extravasations, and the presence of macrophages
and occasionally, lipid inclusions occurred in hepatocytddled with hemosiderin were noted. No pathological
(Fig. 13). changes occurred in thymus except for blood
In the brains of rats dermally exposed to paraquaktravasations.
pathological changes were observed in neurocytes. In the
first experimental group these changes were manifestedmmunotoxicity. The bactericidal function of
by an accumulation of cytoplasm and cell nuclei, mainlgeutrophils expressed by the number and size of dark
of pyramidal cells of hippocampal gyrus (CA2), singldormazane deposits, which are produced as a result of the
cells of the granular layer of hippocampal gyrus anceduction of nitroblue-tetrazolium, varied in the
Purkinje cells in the ganglionic layer of the cerebellagexperimental groups examined. NBT index, which
cortex. In the group of rats which received a higheeflects the number of neutrophils containing dark
paraquat dose (1/2 Lg) focal pyknosis was observed informazane deposits per 100 cells, was the lowest in the
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DISCUSSION

phagocytosis latex test in rats exposed to dermal absorption of paraquat.

Examined groups

Index of the Index of the
nitroblue-tetrazolium phagocytosis latex
test test

The fact that paraquat is more toxic for rats when
applied dermally (80-90 mg/kg) than orally (110-115
mg/kg) probably reflects its poor absorption in the
intestine, with decomposition quicker in the intestine than

X s X s
in the skin.
Rats exposed to dermal " Dermal application of paraquat in a subacute
2?;2:‘;23;0(‘(”1:’215)& 17 10 54 1 experiment applied in this study induced the greatest
microscopic and submicroscopic changes in lung tissue.
Rats exposed to dermal In this respect, our results are consistent with numerous
absorption of 1/10 LR 15%+ 7 41* 12 results reported by other authors who emphasize the
of paraquat (n = 10) special susceptibility of lung tissue to paraquat, irrespective
of the route of absorption [3, 11, 13, 15, 16, 17, 20, 22,
Control group (n = 10) 6 4 53 12

26, 27, 28, 29, 31]. In paraquat poisonings an increase in
X - average; s - standard deviation; *—** significant difference comparetthe numt_)er of connective tlss.ue flbr_es was noted based on
to control group: * p < 0.05, ** p < 0.01. biochemical and morphometric studies [23, 26]. This was
confirmed by our histological and ultrastructural
control group (mean = 6). Dermally applied paraquat hazkaminations. The accumulation of fibres was observed in
a stimulatory effect on the function of neutrophils in botllveolar septa of animals exposed to an absorption of 1/2
experimental groups, causing a clear increase in the NBDs, of paraquat. Apart from fibres, neutrophils, eosinophils,
index compared to the control group (Tab. 1). Paraquigmphocytes and plasmatic cells were also present.
applied dermally in the amount of 1/2 tDcaused an  The cytotoxic effect of paraquat, associated with the
increase in the mean NBT index up to 17 (p < 0.01). production of free radicals, was observed in the cells of
The results of the latex test in the control group and wascular endothelium and types | and Il pneumocytes [2].
the experimental group dermally exposed to the dose Bype | pneumocytes were swollen, while the endothelium
1/2 LDsg of paraquat, did not differ. The phagocytosisells became either thinner or swollen. The above-
index proved to be significantly lower compared to thenentioned cells are the fundamental elements of the
control group in rats exposed to a dermal absorption sfructure of respiratory barrier, we may therefore presume
1/10 LDy, of paraquat (Tab. 1). that abnormalities in their structure are closely associated
with the functioning of this barrier. Moreover, the
Neurotoxicity. In the experimental group examinedimpairment of respiratory barrier may be associated with
after two weeks of dermal exposure to 1/2s¢f changes in granules of type Il pneumocytes. Giteal.
paraquat a smaller interest in blocks was observe®] stress the affinity of paragquat to type Il pneumocytes.
climbing on the blocks was less frequent, and, comparéustinct changes in the picture of the granules within
to the control group, defecations were also less frequehese cells may be the consequence of changes in the
(Tab. 2). The differences were statistically significantcomposition and amount of the surfactant which they
After the next two weeks, no significant differences werproduce, which is an important component of the
observed in the behaviour of animals of either group. Thiespiratory barrier.
reason for this was probably the mobilization of adaptationThe subsequent organ in which significant histologic
mechanisms of the rats in the experimental group. and ultrastructural changes due to paraquat dermal

Table 2.Results of the behaviour test in rats after exposure to l4Rdf Paraquat.

Examined groups Before exposure After 14 days of exposure After 28 days of exposure

A B c D E A B c D E A B cC D E
Control % 80.3 200 1600 7.10 620 89.70 2.80 1720 10.90 210 97.90 230 17.80 860 O
rou

group SEM 752 063 278 085 196 1320 0.80 210 203 0.64 1770 054 326 187 0
Experimental X~ 91.30 150 1230 6.00 2.00 7179 230 850 370 0.0 11240 1.80 1230 9.00 0
rou

group SEM 16.08 022 259 131 020 1428 030 195 192 010 1465 033 200 219 0
Significant NS NS NS NS <0.01 NS NS <0.01 <0.005 <0.01 NS NS NS NS Ns
differences

A - Crossed squares; B - Washing oneself; C - Climbing; D- Interest in blocks; E - Defedatiomsan; SEM - standard error of the mean; NS - not
significant.
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absorption were noted, is the heart. Paraquat transpor8&dhe behaviour of rats exposed to paraquat absorption
into the heart through blood vessels caused focalfor 2 weeks was significantly disturbed, compared to

proliferal changes in the interstitial tissue, accompanied the behaviour of animals from control group.

by infiltrations with mononuclear cells. Ultrastructural
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