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Toxicity of Paraquat to Rxts and Its Effect on Rat Lungs
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Tonicity of Paraquat to Rats and Its Effect on Rat Lungs. Krazzouon,
R. D.. and Gaines, T. B, {1970). Toxicol. 4p. Pharmoacol. 17, 679-690.
Acute and subacute tosicity studies were conductad with paraguat (1.1'-
dimethyl-4, 4 -pyndylium dimethyhuifate) in adult Shinman rats. The
single-dote oral LD w3y 100 me Aeinmale ratsand LT - - nl-m Ty

P-dowe oral LD3SO n female tats was 2§ mg kg, giving & Lhtonsaty
facior of 5.2. The acuie dermal LD0 was 80 mg L3 wn rraic rats and W0
mg kg in femates, Studwes of lung Lissug with the cletron maroscone alter
£ ungle oral dose indicate 1hat the finst dncermible changes are puimonary
ederna, swelling of the epithehium, an increase in colizgen, a5 an effect on
the ribotomes of the membdranous pHeumoCytes. Light mcrowopc studics
of lungs aflccted by paraquat after po and iv adruncsiration or local imstl.
tation showsd intra-siveolar hemorvhage, edema, exteraive fibrosn, and

- changes in the epatheliumt, Local instdlation of 0.05 mg kg of pataquat into
tung and 0.8 mgkg nio sheictal muscie cawsed tocal fibrows,

The diyyridylium compound paraquat (1.!'-dimethyld.4'dipyridylium dimethyl
sulfate} is widely used a3 & weed kilier (Thomson, 1367). In theie studies on its toncaty
in rats, mice, dogs, and rabbits, Clark er al. (1966) found that paraquat had 3 speaific
efiect on the lungs of these ammals. The intake of paraquat was {oliowed by tibroblastc
and epithelial proliferation, leading to complete consolidation. Sevcral cases of human
poisoning have also been teported (Buiinant, §966: Almog and Tal, 1867: Camylell,
1968; Fennelly ef ol., 1968: Matthew ef af., 1968; McKean, 1963; Oreopoulos et al.,
1968). The lungy vere similarly affected in these cawes, and resp.ratory falure was the
cause of dezth in most instances. In acute or chronic poisoning with paragual, ke lurz
fesions may not bevorse ay parent unul some ime afier doung. Ciriand G =i
reported that foilowinz a unzie oral dose most of the compound s erIreiat L IL.S LTINS
and feces within abett 2 Eave, Lxause ol s apd excrsuonand the oyl e ientss
tungs, Clark 2f al. (19.5) assumed that paraquat initiales revershle i es in the
fungs that do not become apparent until later, Manktclow {1967) found 12t the pul-
monary surfactant was severely reducsd of abuent i mice that lad Brenenven pee et
fatravenowly. Recenily Caliorbank (1rd) Akhaven and Lanicott (1y:ok 32d Con
ping et of. (19¢5) revicwed vanout cuons, Propertc, and eflects of dipyndylium berbe-
ides. )
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METHODS

Adult Sherraan rats 3-6 m anths old were used. They were cared indindualiy a~g
weighed at weckly intervals. The paraquat’ used was 2 formulation of the concenirzie
containing 2 bz of the parsguat cution per gallon of water. The concentrate v 3as
diluted in water in aparopriate coxcentrations foc oral, dermat, or intravenous doung
aad for anstillation iato the luags and skeletal muscle. Dosage or dictary levels were
calculated on the beiiv of the paraquat cativa coater L.

Lung tissue for E2¥2 misroscopic study was fixed in buffered 107 formalin and
stained with hematoxylin snd ecsin. Lung tissue for electron microscopic study was
obisirad irvmedacely ufter decapitation of the snimals. The tissue was cutinto -2 mm
815 14 fines in chilled 0.1 » phosphate-buffered $%, glutaraldehyde, postfited in
i . wiftered 197 osium totraonide, embedded in Maraglas lollowing dehydration,
ard usnelly roxined with lead citrate and uraryl eoetate. Sections were cut with glass
balvw, amt examined «ith the Philips EM-JXX clectron microxcope. ‘

»:-w sexsclty credict, Th- 1-3ose oral LD0 values were determined in SO mele rats

RAERCp 290854 g &0 v T Temales weighing 208-290 g The acute dermal LD
vah-& aere dztcrmm&u‘ ~ 30 taic rats weighing 296538 g and in 40 fenales weighing
.£’>-2'70 & Tl paraquat concentrations in water wer vaned, and the volumes given to
the rats we ® hebd constes¢ at 0.005 ml/g of body weight by stomach tudbe and 0.0016
ml/g by dermal application. Otherwise, the methods of conducting the LD5O studies
were the same o= those descnibed by Gzine: (1960). The rats were held for observation for
& miniauz, of 13 days afles treatment. Autopsies were ne; performed op the rats that
survived,

The 90-1e LD30 was determined according to methods described by Hayes (1967,
Five groups of rats, each consisting of 10 ferrales weighing from 221 10 387 g, were (od
poraquaat st dictary levels of 300, 400, 300, L2, and 700 ppm, respectively, foe ¥0 days.,
The diets were prepared by mixing & predetermined amount of paraquat concentrate
and an equal amount of 957, cthyt alcohol with 100 g of com starch, uung & spatula.
The skohol served to reduce the surface tension of the paraquat concentrite. The com
starch-paraquat was mixed with 350 g of ground laboratory chow, and then mixed with
the proper quantity of ground chow to give the most concentrated diet used. D:st
contzining lomwer concentrations of paraquat were prepared by further Liztirta peron:
of the next hisher concentration with ground chow, All dicrs were muted wath a
mechanical mizer. The food consumplion was recorded daily duringweeks 1,2,7, 273
12 10 detarmune the amount of paraquat consumed in moke day. To allow urre for
possible death of the surviving rats, they were heid for 2 weeks afler termination of

aposure. The lungs of all rats that dicd and of all survivors wereeaamined gréistpinge. -

microocecally,
The LD values were calculated by the method of LitchSield and Wilcoxoa (194)).
Yo provide lung tissue &f speaaSed intervals following & sinele JOAE $ male rats were
ﬁmmmgt;dmmmmzmwmbmnmtson:,'kgbyuomxhtu‘x.
Atboth ta~débralizrdonr ol ey rvend 0~ keand Loc-trol were b o4
bycro:rizca e rvm i l3nd beentrol were i ad 4o bralar dolns
Luzgtauefremehrst was examived by the VNt and the ¢ '~ctrea £ oo,

L%, w3 Oro o) e cazery of L Convrea Clemmcal Coospany. '
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Dosages of 3.0 and 6.0 ma kg of pursquat were givento § male rats each by tail vein
tnjection to test the effect, of xny, of iv faraqusi on the lungs. Five control males were
given il vain injections of water ocly. The paraquat in water was formutatad sothat it
could be adminsstered at a constant volume of 0 U025 ml'g. The rats were anesihetizad
with ether and killed by cuiting the sorte 13-days afier treatment, and the lungs were
examined grossly and microscopically.

Local instillations. 1 an 2707t to establi.h whether the effect of paracuat on the lung
is & direct effect of the componé e the sesult of some metabolite formed elsewhere in
the body, the material was 1nsulled intraorouchislly into male rats. The paraquat was
dissoived in waterin the xppropriaie concentrations 50 that the desired dosages could be
injected at a constznt volume of 0.0003 nil/g of body weight, ‘shirty drops of lndia ink
per 100 m! of solution were added as & marker. Groups of 3 ruts each were given 0.05,
0.1,0.2. and 0.4 mg/kg of paraquat. Four control rats were given a sumilar solution with
out paraquat at 0.0003 mi/g. Thedosing procedure for each rat wasas follows: While the
rat was under ether anesthesia, the trachea was exposed by making a midline incision
in the ventral side of the neck, and a small puncture was made in the trachea with

- 20-gauge hypodermic ucedie ;s PE-10 polycthylene intramediciube attached tothedos
ing syringe was then inserted and passed gently down the trachea; when .2sistance was
felt the formulation was injected slowly. The rats were sacnficed by severing the sorta
after ether anesthesia 7 days aiter dosing and the lungs were examined grossly and micto-
scopically. Lung tissue from the area that contained carboa pigment in the coatrol rats

and the rats given 0.4 mg/kg of paraquat was stud.ed for the prescace of surfactant, using

the procedure descnbed by Manktelow (1967).
Since a focsl effect of paraquat did occur in the lungs, 0.134%, peraquat solution

marked with [ndis ink was injected into the skeletal muscies of 10 male rats. With the

1228 under ether anesthesis, an incision was made in the skin of the upper thigh. The
exposed muscle was injected with the solution at the rate of 0.006 ml/g of body weight
{0 peovide the rats with 0.8 mg/kg of paraquat. Ten control rats were treatsd in a sirnular
manner with plain water marked with India ink. Two control rats aad = treatad rats
each time were sacrificed after 2 and 4 weeks, ano then st monthly intervals, Theare
otinjeniou.idcaﬁﬁedbytbepmmceotcnbm.mnmovedmdﬁnd for microscop
study.

RESULTS
Basic Toxicity Studies

The scute oral LDS0 for paraquat in rats was 10 mg'kg (19720 corfdence limits,
£7-117 mp/kg) in males and 110 me/kg (90-1H my'kg) in females. The acute derral
LD%0 for parsquat was 80 m2/kg (60-96 mg/kg) in male ruts aend 90 mg'kg (74110 mg/
kg)in fesles.

The results of a I-dose and 90-dose LD50 study for paraquat by the cral routs in
female rats are shown in Table 1. The chronicity Iactor (Hayes, 1567) of 5.2 for parzquat
fadicates that the compound hes a moderate cumulative eect in thisspecies. Ifamasked
cumulative ¢t exisied, 8 b ~Ver value wou'd have bea obtaned, £nce cnly 8 viry
gmall pontion of the 1<C ve LDZJis moczz-azy to kit tafthettoanrssiatdd w
Parasuat bs & modsrats cumulative eIt which i ccmpariie that of tezlizczl
ODT (anput . ed a2k
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82 KDSEROUGH AND GAINES
. , ' TASLE |
t : Omat TOCTTY OF PABAGUAT I8 ADULT FotaLs RaTs
‘Parametes ’ 1-dose . 90-Lone
Number of rats tested 50 0
. . : Survival ime (days) 3-13 17-38
: . LDSO* , 10 2 :
: 19720 Confidence limits® : 90-134- 19-23 :
Lowest dose to kill® 73 17
I.Dl‘ ‘5 ) " R
: : Lowest dow causing clinical signs® 0 S 1 .
X st dose tested® 25 .2 B
0 . ’ Chronicity facte” ‘ — 52 : :

¢ Expressed as mg kg for l-dmelmotmkgdayfammw
4 concentration of 123 ppm.
* §-dose LDSC - 90-dose L.DSO.

Clinical signs of acute and chronic poisoning includsd diarrhes, wheezing, irregular
and rapid breathing. and red stains around the snout. All animals that died showed 2

mo.phologicnl changes in their lungs. I the rats died within 5-6 days alter a single oral 4
. dose, pulmonary edema, congestion, and intra-alveolar hemorrhage predominated, ;
: : In lmmn!s that survived a singlc dose for 10 <ays or more, ibrosis-predominated in the
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PARAQUAT ON BAT LUNGS 683

Jungs. Occasions! multinucleated cells; epithelial proliferation, perivascular lymphocyte
infiitration and squamous metaplasia were alto olnerved, '

All 33 animals that died in the $0-dose LD 50 study had extensive diffuse fibrosis of
the lung except for | rat which was esven 303 prm of parzguat. The fun~s of this amimal
shoed extensuve intra-alveolar hemorrhaze, Other findir s in the lur 5, but docurnng
less frequently than the diffuse fibrosis, were intra-alveolar hemorrha »2, muluaucicated
epithelial cells, proliferation of the epithelium, periarteritis or perivascular Iymzhocyte
infiltration. and a pink-staining homogenecous material lining the alveoli. The lungs of
the rats that survived showed circumscribed sreas of fibrosis which ranged in size from
areas discernible only under the microscope to those measuring 1-2 cm in diameter.

. l,p'qtd\ .MM“*'W

-

F10. 2 Lurg section from rat & e aller pasae ost (430 e kg, pod. Note puimonary edemz and red
dlood ceil witun atveolar 1pace. €, capuiary; RSC, red twod ool Lranyl acsiaie siua, » e,

Lung tissue examined under the electron microscope 1 kr afler pareguat adminisira-
tion by stomach tube at 400 m='kg did not diTer from that of 1he contrels (Fig. 1), Four
hours aficr & dose of 400 r+, k2, edema fluid and occasicral red tlood c2lls were ob
served wilun the alveclar spaces (Fig 2). The granularpriamocyrss werepermai(i 3
3) la some aress swelling of the cytoplasm 9f the membeanous prsuriocyics was ob»
served (Fig. 4). Small dark granules roemally present within the cytoplaam of
membs 4a0us pacumocytes berame more prowinent, ‘

Exarianation of ko= tizsve &3 hr allor the g2 mals were viven peronuat by stomach
tubeat Vil Tvetsusdnineescintle it amtdark eTans e w hint 2oyl
plasm of the moxbranout pacumocyies thal ¢d sot exudit &0 ~cnd 3 =3 of
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degencration. The alveolar lining cells contained larpe vacuolkes within their cyteplasm
(Fig. 5). Collagen and elastio werz increased, the alveolar lining cells were separated
by lzrge speces from the endothelial celis, snd the oolis exhibited degrnerative ¢l
(Fig. 6). ,

In both control rats and rac given paraquat, a material of laminated or siristed sirve-
ture (Fig. 7) was observed within the alveoli; it probably represents pulmonary sur-
factant. In the animals killed 4 hr after paraquat administration, the appearance of this
material did not differ from that of the control rats. Mendenhall er o/. (1967) studied
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6. 3. Lurg section from rat € hr allsy parzcent (400 g kg, pob. Nm sormal oyteplasmof granular
mmumw,.w::mmuzm ) '

the eppcacance of pulmonary surfactant under the electron micvoscope afler centrifu-
gation. Their material was not processed in the same manner as the len~sincur sy,
Butiherph ismicre e he o su -t a lamelarstructure of dlvaviar sumiociant. i 8
§oc. 7 3 188130 suppocted by the stuches of Kikkaws er ol. (1968) and Goldenberg ef cl.
{1%57). .

The Light microscopic czamination of the lungs studied by the electron microcope
4 824 43 hr aDer paraquat edministration showed intra-glveolsr Femcrrhr ~, prdie
wesculzr hopheoyte inl.ireten, and promineat sheolar e-.iiilal ells wah Cosk
aucia, :

imwercaoctica el prragau 60 mp kg in male rats wod 200 S otz teois
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PARAQUAT ON RAT LUNGS 68
and produced extensive fibrotis in the lungs of the survivors. The S rats given 3.0 mg k§
v survived: their lungs were normal grossly and mucroscopically.
Local Instillations T

Intrabronchial injections of solutions of paraquat marked with [ndia ink were limited
to | or 2 lobes of the lung, but not always to the same lobes. The circumsent=d areas
were casily discernible at sutopsy 7 days afler injection. The lung tissue in this arca

[

e

b o - ot Ve o e e e e e e e

- 6. 4. Lurg sccion lm rat 4 hr aller parsquat (400 g kg, po). Note sweiinqoltbe evis~la-mof
the membeancus preumocyte. £5, membrznous prcumaocyte; 8 M. Bavement s .onne: £, elastiag,
EN, endothelial ceil; REC, red biood cell. Lead aitrate and urenyl scetate stan, » 25,00,

showed carbon deposits microscopically. The lowest dosase level of paraquat given,
€03 mg i3, produced fibrosis and epithelial proliferatioa in the areas thit contained
the carbon pi>ment (Fiz. 8). This amount was 120 times less than the dose neczssary to
produce lung icsions when the materis] was iriected into the tail vein. The rsinirg
lung Lszve ot containing earben p —ment was nermal. Caidcan ¢~ botraciter
WOTENSI T ehar~eg ware ¢ mrvsd ia lume tacue of cortrnls wh Y had boen s
crdoa ot ia watsyintrabeoachally, Frozm sections of lung tve from ruis Gt
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had been injected with 0.4 mg kg of paraquat and carboa 4id not show gir bubbles on
microscopc examination. Aif bubbics were observed in the surround.ng lung tissue sod
also in lung tissue that had only been injected with carben riament in walst.
Asingle imniection of paraquat arhed with corbon reulted in cirvummast: wd ers2s
of fibrosis in the muscle 2t the ute of the carbon deposit. These arcas decrenued 1n e
with time and consisted of thin scarlike strands of fibrous tissue 4 a2d S menths aler
injection. Carbon pigment suspended in watet was injected into control anmals and
remained localized; fibrosis was not observed in these arcas. The dose used for the im
injections was only 7.5 times less than the dose necessary to produce lung lesions by iv

injection of paraguat.
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F16. 3. Lung section (rom rat 48 hraller parzgquat (1 me kg pok Notethelsravmsun 3w )
cytopiasm of the mermbranous prrumocy L3 and e piomoacstdant granues £, mo Tt At . >
mocywe; ¥, vacuokes; &, dark promuncat granukes; C, ccuagen. Lead Lirate and uranyl &S € Saaade

« 22,603,
DISCUSSION
An cffect of paraquat on lung tissue is #:3in demonstrated. IT 8 kish sizs'e doaris
. awg.mtiium!u hemorrhare occurs and the rat diesin S-6 days. Ataloverderethe
T8l €2 1avep and T hreus ol the tu=~ rondominales, Remeeiad orzl €t FeNe-e L2
@uizsac ctw. g raretod ot e dinltofireus Ul ~whnee o
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PARAQUAT O RAT LUNGS £ 1)

8.2, a value which is comparable to that of technical DDT (unpubiished data). Local
single instillations either into the lung or the skeletal muscle also resuit in ibrous. The
fowest iv dote causing lung fibrosis was 6 m2 ke but & dose 120 timos le=s than that
instilled locally into the lung produced fibrous. This observation shows that the lun s
are highly scnaitive to paraquat and that the compound has a direct elxct on the fua s
Since the lunc tesions can be caused bviniectinea small amountof prr vt dersctivi=to
lb_c_mnp.( 1ev are a re-nlt of the cempound it<il and not of ar r'.:m'\) ite (o ﬂd c' c-
whcn: in the body. The fibrosing etfect of paraquatis alsodemonstrated by Tsctectafter
injection infysheietal muscle, but here a much higher dose was employed. The areasin
the lung showing the hibrosis lose theit surfactant (Manktclow, 1967). The eflecton the
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Fia. 6. Lung section from rat 48 hr afier paraquat (150 mg kg, po). Note wide spaces betwern epr-
thelial and endathehal ceils and the swetiing of the cytonlasm. €. capillary: 4, ahveolus: RSC, eed Hood
cell; COL. colagen: ‘EN, endothelial cell; £P, membranous pneumocyte. Lead carate and uranyt
acetate stain, »8370.

surfactant is not necessarily the primary change produced in the lungs by paraquat,
since any area of lung tissue with hemorrhage or fibrosis severe enough to alier the
giveolar structure would very likely cause the surfactant to disappear.

Electron microscopic examination showed an increase in collagen within the inter-
cellular spaces, the fermation of elastin, and widening of the intercelivlar spaces. Gran-
ules reizmtiing ribosemss become larner and more prominent in the loriny
of memtranous prcurmocytes. [a seme areas of the hinqg the aivectar lizing colis € c-Ccw
sdvancadsiazesof sveanjand deseoenatisn2days alter asinglie hishdose of peraguat.
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The findings in this study do not explain why the lung is the prmary tarret organ for
peraquat. Kapancy et e/. (1547) found that breathing pure oxy7eon at tairoyhereof
pressure slmout compietely destroyed alveclar linine cells in monkeve. The destroyed
membrancus pretmoc 121 (vpe 1) were replaced by sranular proumoy s (b T D
Thickening of the a:r-blood tissue space mas caused by ansacreasein £ranular preurios
€yles and interstitial fibers, The proliferation of the granular preumocytes was not
observed in our study at the dosz ge levels and (ime intervals invest: mated.

Klaus ef ol (1962) found evidence which supports the hypothesis that the surfactant

r o
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Fno.?.Lmumirwmmmwdmdmwwfm«mnmmwm s ctscee
wed in both pormal snd paraguat-trested animak. Lead arate siacn. » 15,300,

of the lun s develops during the process of tranwformaticn of mitec™ 2.l5a 12 tamotar
“bodies in the granuiar preumocytes. Macklin (1554) alsopostulan. "L stwepLimis Ly
surfactant is secrsted by the granular pneumocytes. Accordingtosacfereral (1103
the lamellar bodies in the granular pneumocytss are resperailie foe b = serslicn cf
alveclar serfactaat. Theze bov.es were not a..octed 4 he 2,07 Lo £la.nudfitet L
paraquat. Likewise, the mitochondria of the granular preuziocyts sysarsd o be
mormal4 he aflter an oral dose of parsquat, whiie ultractructural iz ess wers ¢t onved
ia the membranous pocumocytss. The lamelisted material withia the alwes'i (Fig. Th
. which Bo b Lo prereeans sy wctant, was 2iwo unsisred, Verveslyy” o el
ghermrefUser molmrmar Ny mprnming o R [ L SR el 0t
oo Khere ore not be Comensiriiad,
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F1G. 8. Lung soction ilusirating fibiosis and epithelial proliferation. Hematoxylin and éosin sain.
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