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The paralyzing effect of apo-f-erythroidine was similar 
to tha t  observed after administration of benziinidazole 

F1,EXOR REFLEX 

INDIRECT STIM 

Rrc:. 1. Effect of apo p erytl~roidine on the flexor reflex 
:Ind indirect excitability of the muscle. Tracing from abo5e 
downwards : 1 )  flexor reflex ; 2) sti~nulation of gastrocnemius 
mnsclo through its rierve ; 3) signal line and 4) time a t  10 see 
intervals. 

At the signal 20 nrg of apo p erythroidine was injected into 
tlrc extern:rl jugular 5ein. 

( 9 ) ,  rnyanesin ( d ) ,  and glykrtal ( 2 ) .  It differed from 
these agents in producing paralysis of much longer dura- 
tion. The mean duration of paralysis with doses of 180 
mg  per lrg was 6 min for  myanesin and 35 min for  apo-f-  
erytlrroidine. After 250 mg  per kg  of apo-f-erythroidine 
paralysis lasted for several hours. Death af ter  toxic 
doses of apo-f erythroidine was dua  to  respiratory arrcst. 
I n  mice the mean lethal dose was more than twice as  large 
a s  the mean paralyzing dose. 

Analysis of the pharmacodynamic effects of apo-f-
erythroidine in  cats showed tha t  the compound did not 
block transmission a t  the myoneural junction. It pro-
duced paralysis by a depressant effect on the central 
nervous system. Two neuronal spinal reflexes such as the 
knee jerk were not affected but lnultineurond reflexes 

such a s  the flexor reflex were selectively depressed by 
small doscs of the drug. This effect together with the 
1:tclr of curare-like action of the compound is illustrated 
in Fig. 1. 

The results indicate that  apo-f-erythroidine has a se-
lective depressant action on the interneurons. It re-
sembles in this respect other interneuronal bloclring agents 
(1,9,9). The fac t  tha t  four clremicdly different sub- 
stances produce similar central effects and act  a t  the 
same site is  of great  interest. They are lilrely to act  by 
bloclring some important but a s  yet unlrnown mechanism 
of transmission in the central nervous system. None of 
these substances interferes with the action of acetylcholine 
a s  a transmitter of nervous impulses. 

It has been suspected for some time tha t  f-erythroidiiie, 
apart  from its curare-like action, d s o  possessed central 
depressant properties (8,lO). These two properties have 
been dissociated in apo-f-erythroidine, lacks the ~ v h i c l ~  
peripheral action'but still retains the ccntral depressant 
properties of fl-erythroidine. 

References 
RERGER,I?. M., BOEKEI.TIIIDE,V., alld TARBEI.~., D. S. 

Science, 1948, 108, 5G1. 
B~:RGEIL, W.F. M. and BILADI~MY, Brit. J. PI~armacoZ., 

1946, 1, 265. 
E u n n l - ~ ~ ,  J. Phnrmacol., 1940, 69, 143.M. S. 
CRAIG,T,. X. Ghen~. Itev., 1948, 42, 285. 
nrrcr1.z, E. M., and For,rcmns, K. J. Amer. ph,a~,?n. Ass., 

1046, 35, 48. 
H'or.ams, I<. and F. Abstracts ofI<ONIIJSZY, p;~]?ers, 

Anrer. Chcm. Soc., April, 1039, p. 15. 
FOLICIRS, I<., ~IONIIJSZY, F., arid SIIA~EI,, J. Apstracts 

of Papers, Amer. Chern. Soc., September, 1941, p. 30. 
For,ri~rrs, I<. and MAJOK, R. T. J .  Amer. then?. SOC., 

1937, 59, 1580. 
GOOD~~AN,GILMAN, Ped. PI'oC., I). ,  A,, and HART, N. 

1943, 2, 110. 
EIAKVJFJ~,M. MAST.AND, J. P~L~~FIz~IcoL . ,A.  and X. S. 

1941, 73, 304. 
UNNA,K., I<NIAZUII,M., and <~ILESLlN, J. G. J .  l ' h ~ l - -

mucol., 1944, 80, 39. 

Surface Action in 2,4-D Sprays1 

D. W .  Staniforth and W. E. Loomis 

Departme?zt of Botany, Iowa State College, Ames 

h nulnber of workers (1-4) have reported increased 
toxicity when various substances are added to sprays of 
2,4-dichlorophenoxyaceticacid used as  an  herbicide. P re  
liminary results in the summer of 1947, extensively cor-
roborated since, show that  the toxicity of these sprays 
may be increased several fold by adding various surface- 
acting substa~~ces,  and suggest tha t  some previously re-
ported results may have been due to  similar effects. 

Commercial soapless powders with a base of sodium 
lauryl sulfate have been used most extensively as sur-

Surf rce tension Yields in 

Spray 
ot spray 

2.4 D 1'111s 

bu/acre* 

2 . 4 . ~  P ~ I I S  

only % % "D" only ;cjb "r)" 

W;r ter 
Na salt-$ l b  

-:lb 
-& lb 

Alnine  -; lb 
-: lb 
-: lb 

Ester  -: lb 
-$ lb 
-: lb 

* Least significant difference (5UJo ), 3.20 bu/acre. 

1 Paper No. JlG54, Iowa agric. Exp. Sta., Project 944. 
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faceacting compounds. The effects of adding 4% of 
one such preparation to various sprays used on flax a t  
the rate of 10 gal per acre are shown in Table 1. The 
wetting agent alone had no effect, but when added to 
the sodium or amine salts of 2,4-D, the yields were re- 
duced seriously a t  thei heavier rates of 2,4-D. The ap- 

TABLE 2 
STALK REACTIOXB AND YIELDS OP CORN SPBAYQD WITH THI 

Souluu SALT 0s 2.4-D COXTAIKING VABIOUS 
WETTING AGENTS 

Wetting 
agent 

Surface 
Yield* tension renction 

(dynes) bu/ncre 

None (check) .... 
None (2.4-D) .... 
"D"- 4 % ....... 
" D ' L  2 % ....... 
"D"-a % ....... 
"D"-1% ....... 
"D"-2 % ....... 
''V,,- a YO ....... 
"A0"-4 %, . . . . . .  
“'rW--a % ....... 
"TAW-l % ...... 

* Least signlflcant difference (5% ), 14.0 bu/acre. 

pearance of the plots some 10 days after spraying sug- 
gested that the mixed sprays would be lethal, but tho 
plants made enough late second growth to produce some 
seed. The wetting agent did not increw the toxicity of 
the ester formulation on flax, although in another ox- 
periment it did increase injury of corn. These plots 
were fairly free of weeds and all spray treatments re- 
duced weed growth to an insignificant level. 

Corn a t  the laying-by (10-leaf) stage was sprayed 
with the sodium salt (monohydrate) a t  f lb per acre in 
47 gal water. The effects of various kinds and coneen- 
trations of wetting agents on plant reaction and yield 
are shown in Table 2. Yields again are in bushels per 
acre; stalk reaction is on a scale of 0 for no response 
to 10 for all the stalks twisted and bent nearly to the 
ground. A11 of the wetting agents except "TA" were 
approximately equal in giving a significant reduction in 
yield a t  4%. l l TA" was an experimental compound 

FIG. 1. New growth on spntyed soybenn plants: upper 
left, water only; lower left. 4% "D"; upper rlght. 2.4-D, 
600 ppm ; lower right, 2.4-D + % "D." 

of a non-ionic type. In  another experiment it wss 
active on soybeans. Most of the surface-active com- 
pounds decreased the yield of corn by 1615% when 
used alone because of the increased smut infection car- 
ried into the meristematic regions. The increased injury 
with increased percentages of agent llD" needs further 
investigation. It may represent direct toxicity a t  rates 
that reached 8 lb per acre, or it may mean more rapid 
surface action during the spraying operation. The wet- 
ting effect was identical whether the agent was mixed 
with the 2,4-D spray or applied to the leaves and allowed 
to dry before spraying with 2,4-D. 

The striking effect of a wetting agent in increasing 
the toxicity of 2,4-D on soybeans is shown in Fig. 1. 
The plants were wet with a 500-ppm solution of the 
sodium salt of 2,4-D, except for the growing point, 
which was covered with a waxed cap. The figure shows 
the new growth made in the week following spraying. 
Growing points, and most plants, died when the wetting 
agent was added, but recovered from the 2,4D alone. 

The toxicity of the maium and amine salts of 2,4-D to 
corn, flax, and soybeans has been increased five or more 
times by adding about 1% of commercial non-soap wet- 
ting agents. Since eeveral types of agents 
'have given the effect, it ia probably not chemical in na- 
ture. Decreased surface tension and increased penetra- 
tion of the sprays seem to be the probable answer, but it 
is not a simple relationship. A non-ionic wettibg agent 
was ineffective on corn but active on soybeans. An ionic 
agent of the lauryl sulfate type gave increased response 
up to 2.0% of the agent in a dilute 2,4-D spray, even 
though the spray surface tension did not vary signifi- 
cantly after the first 0.05% of wetting agent was added. 

The effect of the surface agent has been to increase 
the speed and severity of the plant reaction, but not 
necessarily to hasten death. No corn (moderately re- 
sistant) or flax (slightly resistant) plants have been 
killed by any of the treatments reported here. The ef- 
fect on weeds is similar to the effect on crops. Re- 
sistant weeds show more injury but are not more readily 
killed. The main effect of the wetting agents, then, is 
to reduce the selective action of 2,4-D by which it is pas- 
sible to kill susceptible weeds with little injury to re- 
sistant crops. 

A special warning is necessary on this point because 
qf the practice of using soap to reduce precipitation of 
amines in hard water. Excess soap gives results similar 
to those reported here. The new sequestering agenta 
which prevent precipitation by tying up calcium insoluble 
acetates appear to be free of this objection. 
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