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The Effect of Gramoxone on the Activity of the 
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.J.Billewicz-Stankiewicz and L.Pawlowski. 

Rromat. Chem. Toxykol., 19'/l ,4 ,3 ,pp. 28'7-292. 

A continuous increase in the a -,plication of weedkillers 

and the danger of poisoning of' humans and domestic animals ( 1 ) 

associated with it, arouses the interest of scientific 

workers to the need for accurate determination of' the toxic 

properties of this group of compounds. The toxic influence 

of gramoxone on the activity of the central nervous system 

is investigated in this work. Only a brief note was found 

in the available literature that weedkillers - dipyridyl 

derivatives, can have a negative i.,flue ice on the nervous 

system ( 2 ). For tris reason, it was considered just fied 

to undertake an objective experiinental work on this subject. 

The method of investigation. 

The objective of these investigations was gramoxone (I~I) 

which:is a 20% aqueous solution of paraquat. Paraquat is a 

quarterna "fy amonium compound., ciimethylchloride of 

4,4'-dipyridyl of a struc-tural formula 

fig.l. 

ln addition, commercial gramoxone contains 4% of sodium 

nitrite( 3 ). White rats, males of the Vistar breea 4-5 months 

old, weighing 220-245g were used. as exnerimental animals. 

The total number of rats was 98. Gramoxone was injected 

into the peritoneum, whereupon according to Swan's data( 2 ), 

19 mgr of paraquat (cation) per kg pf body weight was 
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reaction was considered as the for~ation of the habivual 

flight reflex for the whole group. Once such a habit is 

for 1ed, it is permanent and difficult to remove. The speed 

and frequency of the formation of positive flight reaction 

is the measure of the efficiency of nrocesses of central 

stimulation. 

The met od of differentiation was used for the investigatior 

of the development of the inhibiting process. Animals with well 

established flight reaction initially reacte6 to other 

accoustic stimuli, e.g., noise of a buzzer (on the basis of 

so called generalisation of stimuli). A systematic buzzing 

without an additional stimulant of electvic current, lead 
01-nJ.. (), 'S~o-ol'"1 oltCt~o-se. '"' ~e '""" ... ~"' OY Vtl>'v..;...s r ... ~ b .. ~~ "· -("'t. ole.j .. tc. c:,~ °''~,ie.J-i·c.ri<M 

to the differentiation/\of buzzing from the bell ringing by 

all animals of a given group was expressed in percent of 

lack of flight reaction to the subsequent differential 

stimulant (buzzer). This was actually used as a measure of 

the intensity of central inhibiting. Statisvical evaluation 

ar the numerical data was carriect out as :ftilows. The starting 

point for calculations was stimulus (e.g. No.A~ after which 

Lhe conditional flight reflex appeared for the first time 

(independent of the group). Subsequent stimulus (e.g.No.B) 

at w'1ich both groups of animals ( investiga tea anu control) 

attained. maximum 100%, or stabilised. at a low level, ref'lex 

reaction W8S considered as the end poin~. Next, the mean 

frequencies (p 1 and p2 ) on A-Bline were exryressed in decimal 

f'ractions calculated for each group ana mean f'requency 

SYNG-PQ-02457811 
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group after 10 stimuli. However the velocity of increase 

in the frequency of postive resuonses of flight in an mals 

treated with gramoxone was .iigher. '11he 100% frequency was 

attained in this group after 39 applications of the stimuli, 

while in conurol animals, after 56 applications. The mean 

frequency of positive flight reactions from animals No.10 to 

stimuli No.56 was 49.6% for animals treated with gramoxone 

(p 1 = 0.496) and 30.5% for the control group (p 2 = 0.305). 

This difference is highly significant (Z = 5.75; n1 = 460; 

n2 = 414; P.c(0.001) fig.2. 

2. In the second series of experiments, the animals received 

0.1 Ln50 of gramoxone. Reflex flight reactions appfeared 

in this group at the 12th application of the stimuli; while 

in the control group at the 30th applicat:.on. Int he treated 

group, the maximum level of frequency was attained earlier 

(at stimuli No.54) than in the control group (stimuli No.76). 

The mean frequency of positive flight reaction between stimuli 

No.12 and No.76 was 49.2% (p 1 = 0.492) while for the control 

group it was 24.9% (p 2 = 0.249). The statistical significance 

of the difference was high (Z = 11.95; n1 = 630; n2 = 567; 

P <0.001) (fig.3). 

S. In the th~vd series of expe~iments, the investigateu group 

of animals received 0.2 LD50 doses. In these animals the 

first symptoms of conditioned flight reflex reactions 

appeared late, after the application of stimuli ~o.89. While 

in the control group the first reflex neactions appeared 

during the application of stimuli No.27, and at stimuli No.79 
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the frequency of positive response reached 100%. The mean 

frequency of the flight reaction between stimuli No.27 and 

No.89 was 30.4% in the group tre teu ith gramoxone 

(p 1 = 0.304) and in the control group in the same treatment 

period amounted to ,9.2% (p 2 = 0.792). This difference is 

statistically highly significant (Z = 30.12; n1 ; 1070; 

n2 = 963; P< O.QOl) (fig.4). 

4. 0.3 LD5,, of gramoxone was usea in the 4th group of 

experiments. The first reflex reactions in this group appeared 

at stimuli No.73 .. In the control group the first reactions 

appeared at stimuli No.25, but the maximum of frequancy 

between stimuli No.25 and 81 was 11.8% for the group 

].:,nvestig~ted (p 1 = ?-11_8) and 59_.6%. i~ the control group(r.1:::0,5Cfb). 
'"'~ <:,,s~-~,co-~ 0~ -t\,,,<.; o{,~ve.-vc.C. ·~ ""-9~-
( z = 22.87; n1 = 1090; n2 = 981; P<: 0.001) (fig.5). 

5. The di~ferentiation of stimuli was carried out on treated 

and control animals in which the feflex flight reaction 

to the bell was 100%. In agreement with the law of' 

generalisation, there was a 100% response to the buzzer (0~ 

differentiation) in these animals. It appeared that the 

process of differentiation was more eff'icient in animals 

treated with 0.05 and 0.1 Ln50 doses of' gramoxone. 

The mean frequency of differentiation in animals which 

received 0.05 LD59 doses was 42.5% (p 1 = 0.425) in control 

animals 16.4% (p 2 = 0.164)} This difference is statistically 

significant (Z = 12.80; n1 = 1070; n2 = 963; P< 0.001). 

The results for animals treated with 0.1 LD50 doses of 

gramoxone were 34.4% and 25.4~ respectively (p 1 = 0.344; 
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P2 = 0.254; Z = 4.35; n1 = 1040; n2 = 936; P ( 0.001). 
w\;,~ .....:,ee. 

6. Measurements of' spontaneous mobility in ~ after 

treatment with riQ.ses @:f gramoxone in doses corresponding to 

0.1 and 0.2 LD50 for rats (single doses) and in control mice 

showed no statistically significant changes. 

Discussion of results. 

In rats treated for a long period with gramoxone in 

doses of 0.05 and 0.01 LD50 , he conditioned flight reflexes 

were stablishea faster than in the corresponding control 

groups. Doses of 0.2 and 0.3 Ln50 acted in the opposite 

direction: i.e., delayed and weakened the appearance of 

reflex reactions in comparison with the control animals. 

A dose of 0.4 LD50 acted obviously toxically, aausing a 

general deterioration inthe state of the animals. Doses of 

0.05 and 0.l LD50 acted positively not only on the establishment 

of conditioned reflexes, but also had an improving influence 

on differentiation processes. 

±t follows :t'rom the above results, that gramoxone acts 

on the central nervous system, in two phases. In small doses 

it amplifies processes of stimulation and inhibition in the 

central nervous system, in larger doses it acts in theopposite 

way, weakening these processes. As was pointed out earlier, the 

main constituent of gramoxone is paraquat. Ammonium nitride 

constitutes an insignificant admixture. In view of the 

generally known pharmaco- and toxicological properties of 

nitrides ana thei(insignificant content in the preparation, it 

canoe assumed that the observed changes in 'he activity of the 
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--~~ •-.,_.·_-, 

nervous,EJystem can be ascift~~4·to:the d;Lpyric;yl component 

:ta a ;fr.e~uent. ~lienomen,on;~,, l,~ Yliti. be ,-en,ou.g1:i .. t:st ~ention as: 

• examples} the influence. of:.' ~rc.otics, t_v,o-p~se action of ". 
• .,,T-•• 

hypoxia ·a1:{we11 as an -in4J-ease in the. cozicentration of' hydrogen· 
• - c' i,, •. ~ ·,, • ---~ , " ' ." ·, • . , 

iOns . in bqdy' liquid&.. Undoubtedly I .:i:J:~ biochertlical changes 
:· -. ', o,l.q ' - ·, • • • .. ..1 • 

caus~~;b;if···gxaamoxone at-·e.at thJ)t>asis o:t·:a'Otion,ot'· tbis 
~ •· .'j ' _,, ~-" • " '_ • , ' .. , . ·,· ·- • 

. " 

substEl.n,ce·: on the central nervous sy;stem. Unf'ortu.nate.ly, the. 
' : ,'. ·. '., '' . ,'. ' ' ' • . . ·, ~.. . ,,.-,, ' ' ", . \ 

••• : • ' ' ' • • ' < ., ·., ._t- : .• - ,: ; ~-;- _· • < • . - • • ·.-' • 

influence· of. dipyridyl· .compound$. pn the biochemistry of' 
\" :,:- :. ' -·" ... ·_.. • • • ' :,:~1~---:: - ,- . . . • • • ' 

t:1.1:1.sues , 1~ a.a yet little movm:. -~e ·weeftj.llilig action iEt m_ost • 
. ., 

' probably 'b'a,sea: 'oii the .· f~rma t_ion.~ ,p:f' f':r~e r1;1d,:i0$.lS .and hy~ogen 

pero~ide :·(-a.). The mec~anism o;. ~~ti in:f!l uence on ~eil,s of 

• mammals {'~::1th~~ ev~n ·{~~s 1Ve11· (a).: ;,;A~tention:w~~ •directed 

to·. the ·:f'a~t_· that theii- Q:Ction ,1·s s:t~ilar to curare t 3 ), • 

which moat 'proba,b·ly i~ associated.·Yii.th •'th;~ii-struc,ttµte, .• as 

these fl-J~.0-q~arte~na.ry -oniunr-de~.iYatifes .. ;he. ilihfbiting 
. • -\ ' . ' • ' ·- ' . . ,•. 

-'~ction. :of'. dipy;r1dy~, on .l:i.ealing,,.\)j;" • wounds ·was EJ.lso obser~ed.>. 
. ' • ' ,-.. ,.-... ' ' -·' -• 

- ~- . - : r ~ .. 

... This.,lead-lcg. v:tews. that.the these. c:ompou.nds-intert~re wi.th ... 

the 

the 

'[. ' ' - - ~·.· ' . - ' . • ' ' - .. , 

, • ', ' . : • ,:, . . . • _,·- .' • - ·.-- ,\' ,.,·,·, _<'.- ,,;. __ <:· -_ · .. ,I. - .·-, 

synthesis of,eolage11.wb.ich'1s indj,oate<;lby a·decreaae :in 

tneo~pQx-at.ion: of, ,s35 : • 1~t~ ,~11oti~o1t1n suihtu~t~. o~ t ~e-,. 

·. -othex- ·11a~di the; content. 'Of. .. mu~opqlysacharides ··.in. ·.the joining 

• tissue'.s ·. c,f ·a?litnals ·tre~ted. wt.th: paraquat is twtce··higher. 

than in:·cont;oi· animals ( 2 Y~f;,., · • , -
. ' ., ' .· ,. ' 

Conc.lusions .•. 

· 1. G:raatn◊:tp~· ·supplied in. dose$ cor.rJsponding· to 0.05' and 0.1 
·-' '. ,. ~- ',• 
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