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HISTORICAL INTRODUCTION 

3 
According to Couch, tremetol is an oily, hi , h mo lecular 

\o;eir;ht alcohol , pre sent a s an ester in ray l e ss goldenrod, Aplopap-

pus heterophyllus (Gray) Blake , and white snake root , Euputoriwn 

urt icaafoliu Re i hard . Tre metol is the poisonous pr inciple 

r espo~sib le for trembles in sheep and horses , ana milksickness in 

either ca l ve s or man, when poisoned by the mi lk of cows ; razing on 

pastures contaminated by c i thor of these t rn Iants , or by Ap lopa.p­

pus fruticosus (Rose and Stan l ey) Bl ake 4• 7 • hayl es s goldenr od is 

found in Arizona , New r.fe ico , Texas , Oklahqma , ond Col orado, U. S. A., 

and in Sonora and Chihuahua , . fexic~o7 • hhi te sna eroot is found in 

thee stern United States , and in Minnesota , Uc r ska , Okl ho:na. , 

T d L · · 3 , 7 tl 1 1 1 t d . . exas , ar- ou1s1ana ; an app ren· y c ose y r e a e specie s 1s 

8 
found in ea s tern China • 

Lathrop6, fo l lo ing Couch ' s rocedure , isolt, ted a small quanti ty 

of tremetol from ~ haterophyllus . Further experiments by Lathrop 

s hov,ed thc t larger a ounts of the toxic principle could be obtained 

by slightly modifying Couch ' s procedure . Jle a lso fou d th t the 

color test proposed by Couch is not s pecific f or tremetol, but is 

e; i ven by the non-to:x ic osse!1tia. l oi l. Lathr op fractiona lly disti lled 

0 
trome tol nt 80-100 C and 1 mm fl , i n a Hickman still , nd isolated 

a tra ce of a crystal l ine unsatur ted ketone m. p . 84° . Gleve r don7 , 

using guinea pi s , attempted to ssay t he toxicity of the origin 1 

tre::netol , t he two f r actions , and t he residue obt a ined by L throp . 

The liquid ma terials we r e g iven by intra.peritoneal injections . 

The solid residue and second fraction ve r e dis s olved i n sterile olive 

oil before injection . Because of the l a ck of , teria l , the sma ll 

] 



irnmber of injections at i n.frequent intervnl s, and t he s mall number 

· of' experimental anirr.nls , :10 sir;nii'icant r esults we r e obtained . 

The pr esent wor k was under t aken i n the hope of' f i nd i ng a. 

, convenient sus ceptib le experimenfo 1 anima l, nnd obtaining by 

!fractionation the pure toxic principle of treroetol for further 

s t udy. 

2. 



EXPEHI ,SJTAL 

PART l : IoOLAT IO J GI<' TEI.:METOL 

Hayles:.; g o.Ldenrod was mo\ved , hile i:::i. bloon , s un-dr ied, and 

ba l ed by L hrop i n .ifo,v Mexico. Seven ba l e s ( 500 pounds) Jere 

sun-c to Abbott Laborat ories , Chicago, Illinois, for extraction, 

accord inG t o Lathrop 's5 modif i cation of Couch 's procedure . Ap-

prox i mately fourteen pound s of tarry extrac t were r e covered from 

t ne r ayl ess oldenrod . ·everal one hundred- ram quantitie a of 

thi. materiel r e sapon ifiod and extrac t ed according t o t he pr o-

ceciure recommended by Lathrop . In this manner it was experi:neni.a l -

l y deter'1lined b ow t o r ecover t he maximum mount of poisonous ether 

extra ct . 'l'he fraction 1 pr ecipitation of i mpurities fron1 diluted 

alcohol proved s uperfluous and was ab nd oned . 

'fhe r emainder of t a rry mr::.te ria. l w s divide into s ix 1000 g 

por tions . '
0 ch was dissolved in 2 , 000 ml of \:; 5% c

2
a

5
ott a d s pon ified 

by adding 150 g KOH nnd re f luxing for n i ne hours . The strong l y 

alka line r eaction nixture was t he n extr a c ted in n nll- e; l ss contin-

* 01 s ether-eY trac t ion unit , using isopropyl ether va porized b.r a 

wa.tt~r b 1th . 'I'he ether s o l ution wn s dried over Ca • eve.p er ted to 

500 ml on a water bath under r educed pr e ssure to remove most of 

t he isopropJ l ether, no t he n cooled to - G0 ano f'i l er ed to rer.iove 

\ ... ~ X • Th f'. 't + ~s extracted at 45° .. e l .i r a "e ·"'- i th 3 li te r ·porti ons of 5% 

tlC l unti.l t he 1 1 did not bocome colored nor contain any rr,.ateria.l 

i n r, o l ul le in 5~; No. OH. 1'he ether l ayer,, s neutr alized y sha k ' ng 

with 5% Ha CO soluti on, d ried over CRO , an concen t r a ted under 
2 3 

r•1ducen pr e ssure on a water bath to 100- 1 0 ml of thick oranc- e -

red oil. 

* 'f h i s ext r acti on uni t wns Gesie;ned by t he , uthor ~md bui l t by 
Dr . JI. . :• . Trimble , of this departmen t . 

,, 
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PAH.··• H , :x EL I. 4}.;NTAL AJ 1 tiL 

Preli::n i nc ry s usce ptibility t e sts , usi 1g the crude tarry extr act 

i n at t h o. n,3 1 of (). 5,- ;, r lq ; b cl y · re i <,~t , ,e r e n~ e on 

c a ts, d o~s, :;u i. .cn p:l;:s , r n 'its , ru s , h ick n s , a n duck 3 . 

no r . ornt d ioti ,;,ith t ypic 1 synptoms; another deve l op. cl a 

t ol er •1r,e for t he extr1<ct, and lived for ve r o ie n on th with t he 

da ily d osage ooii g doub l e ~ e very week. 

I n a n other series oi' s s cepti ,ility tests t ho stems , l ee..ve " , 

~ d blooms of Ap lopapp s he teronhy l lu~ were g round to --- --·- . .. . -
coars€ 

powrl r . T is wa s then mi x .d i n t o u al n ee foed i n proporti ons 

i; l t u nd e; i 1rnn to ,, i x chi k~ns n ;welvc r r. ts . The a n i n. l s 

I e r e w0 i ghod rlai l y nnd t ho we i h · of f eed a. d ,.,,rater con sumed , s 

a lso t~b'n ily , At t he e nc, of sight we Pk • 11 i.ur'l l., had los t 

ri d were e~.tL~a- less tha:r: on -th ird 

1of tho a moun t of feed 'Lha.t -a s ta.ken t the st r t . The f..n i ma ls 

we r o suff :rh,e; i'ro1., starva ti on but ;ould e t l ess f ee if tt:.e per-

pea t of r yles s golden rod ' · .s i cr€a sed or more i f it w .s decreased . 

'..i:. us the quunti ty of r y l ess go l denrod con sumed r ernair..ed prac t i a l l y 

consta.nt . It w s noted that the an i m l s took norma l quantiti s of 

feed and vc ter for t ho first t hree or four days . Fo l lm~i ng th i s , 

t he fe ed consu ni:i. on was almost noth i ng for ti o d ys , and t e r e wns 

as dden drop in water on sump t i on , usually on t he 2econd day . 

Ti s r efusa l t o dr i, k c a used a shar p drop i n we i h t due to dehydra-

tion . The a.l'.l i m&.ls seerne ' to repeat this cycle of ea.ting: •nd drink-

i ng , dr i nk i ng but n ot euting , ne ither e a ting or dr i 1ki nr, , t hrough-

out t he expe riment . 



PART III THE FRliCTIOU COLLECTED AT 1 00° 

• The istillation 

The r es i du 1 oil described at t he end of Part I , in 25 _ l 

por tions , ·wf!',s fract iona lly distilled i n gick!r. n mol c l ar sti ll 

on a , t er b th t 8 - 1() 
0 and 0 . 1 to • 00001 mm Jift . To help pre-

vent cont minution of the va •1u.:n line with volat ile orcanic ub-

st" nces , trap , s pl aced ext to t he Hi.ckman still . This trap 

consisted of a cold- fi ncer condense r i mmersed in a pi nt t her .os 

bottle fi lled with acetone nd dr y ice . About 3 ml of a t h in 

color less oil was u l t i ma tely t aken from t he condenser t r ap . This 

oil was simi lar in p~y ica l propertios to the e s sent i a l oi l and 

wa s probf:i.b l y a corap onent of it . 

The r sults of dist illation a. re g iven i n Ta.ble 1. 

The r es i due , a h r d, r ed , l a ssy solid, w s removed by dis solv-

i nr.; it i n warm diethyl ether . At t he end of b o weeks , wh ite 

cubica l crystals , m. p . 258°, h,'ld separated f r m:1 the e t her soluti on . 

The se gave pos i t ive color and solubility t ests for a ster ol , but 

were pre sent i n too sme. 11 a;nount for tox icity tests . 

,. 
The mercur y d i ffus ion pump and ! cLeod r;auge used in t he vacuum 

line were built by Dr . H • .I. Trimble . 

5. 



f'ra.ctioo 

I 

II 

III 

IV 

V 

A 

H 

C 

D 

'tjme interw.l of 
colloctiou (hours) 

first hour on 
wn tr:tr be. th 

2nd - 4th 

5th - 8 t.h 

th - 15th 

H:it.h - 2btr 

f i rst hoUl· on 
·lvcurin 'bo th 

2nd - 3rd 

•1th - Uth 

6th - 20th 

DA'l'A O!: DIS'l'ILLATIO, OF CRUDE THEtlETOL 

Tempera tu r o 
( OG) 

80 - 8 5 

S·? -

';:)7 -

J7 - ~ 

97 - v 

80 - l)() 

90 - 110 

110 - 130 

1:rn - 1ao 

r e s sur e (mm H{r, ) 

1 . - • J2 

• 1)2 - • 001 

• 001 - • OO,;l 

• 0001 - • 0:)001 

• \_/0001 

l. - . 02 

• 02 - • 0,>01 

• 0001 - • 00001 

. 00001 

Vo ncription of distillate 

t bin colorless oi l ·with st:ron,; odor of 
r nyloss e;oldonrod . Prob"' bly r ich in 
ossentio.1 oil or the plant 

clear orange oil , a ppr ox i run tc l y twice 
the visco:;ity of I , slie:ht odor sa.me 
ns that or I 

oil with viscosity, color , and o ' or 
approximc.i te ly that of II 

a;:·tr e i,te l y v locoue ., clear , dark ornnr,o ­
rod 0il ; odor sa.:re us for II 

oomi -sol id opaquo rad-acbor oi l; odor 
stm e ns that of II, Lut v.ooke:r 

same a s I , e ~ovo 

s imilnr to II and III combinod 

s i mi lnr i. o IV c.nd V c omr :lncd 

a hord or anr,e- yell ow wa:x 

0) . 



B. The He l u t i '.re 'fox ici tios 

The re hi ti ve toxicitie s of whole tremetol, ea ch of the our 

f'r a ction n , t he res idue , und t:1e ori. e i n 1 tarry 0xtrr..ct wer deter-

r:iinec: e s f ollo ~s: 

The severa l 111 t 'ri ,ls ::ere v:ei0 rec: i nto . 1p s u e it d r.; i en to 

t Y'nt y- five four-neek-old hhode r~1and Red coc erels that weigh d 

0 5 :t 5 g e ch. This ·01 s r opec.te , us ine: seve t~1- fi ve \il,i te Ler;horn 

cockere ls that woi ·, .he c. 90 ~ S The dosar, es used were o. 05 , 0 .1, 

nd . 2 e; pe d y . Fraction I pr ove d r:o - t oxic. r'rac t i ons II , III , 

I , nd V, a d re s idue ,•.ere i ncreasing ly toxic , in that order wi th 

t he whole treraetol nearly s toxic as V. This i n' ic ted th t t he 

tox ic principle is slightly volati l e and can under e:; o distillation 

at 99° , but that most of it rem ined in t ho residue . 

Aut opsies were per f ormed* on all cocke rel tha t d ied urin 

i.he e-). perimcnt , nd on a.11 survivors a.t the e nd . 

All controls ~e r e norw~ l . All cockerels p oisone d with the 

r e sidue , crude trenetol , or fract ion V had enlarged gu ll b l dders 

a nd kidneys : in every ca se , t he kidney tubules were distorte d and 

en l n.rc;ed: the ,. lls of the dir,e stive tre.c t we r e thin and i nf l amed ; 

t he liver hnd l nrge ye llo s pots; and the viscera s melled of acetone 

i n severe or pr olonge c scs of po·son i ng . Usua lly t he pelves of 

t he kidne _rs nnd t he ureters were p luge;ed r ith ureate s . The others , 

poisoned on f r a ctions II , I I I , and IV, ha d i nf l amed and d is t orted 

kidney t u ule s and ureters p lu r;e d dth u r e a t es , but e re ~ithout 

t he other a.bnorm lit i es characte rist ic of tremetol p oi s on i ng . 

* Autopsies by Dr . Lm: is ]i . Moe , :V . V. d ., Depar t!:1ent of Bacterio l ogy · 
Physi ol oe;., , and Veterinar y Science , O. A. ~ . c. 

7. 



This condition of the kidnoys s uggected vitamin A deficiency, 

al t hough the mash used ·u\s f ortified with fish liver oil. The 

experiment with the Vihite Leghorn cockerels ms repeated with 

extl't'\ r:,.:ilounts of vi tan ins A and D concentrate added to the feed . 

Ho sir,nigica.nt differences were noted . 

F'igur o · r. 
A Chick Dying of 
Tremetol Poisoning 

The synptoms of typical cases of tre~etol poisoning were 

dizziness ., gas p i n.g , cyunosis ., e.cotone in the breB.th, tre:r:tbling ., 

and spasm. Sometimes the hend almost touched either the tail 

feathers or the toes (see Figure I) . In fatal ca ses, t hese 

symptons were followed by a com.a which lastBd three to four hours, 

unless the chick v.n.s touched_., in which case a brief spasm occured, 

followod by den th within a few minutes . 'The coma. could be 

te~porarily relieved by adminis t ering oxygen . 

The i::imediate cause of death fr om trembles is respiratory 

failure induced by acidosis . Abnormal functioning of the liver 

and kidneys is probably r esponsible for the acidosis . 111e results 

of the o.uto?sies n.nd t he symptoms are in r::ood agreement with 

those listed by Couch 3 and U:arsh 7 , in spite of the dift"'orences in 

experimental animals. 

8 . 



'I 

;A.,, The Distillation 

0 
Beca:use of' the to:dci ty of -l.;;}1e residue obtained at 100 ~ 

distillation of the ether extrs,c"G 1:,as tried at 180° uaing the 

sur.:1e uppa:ratus with tbe subs iii tution of rl;;rce:rin f'or ,vater in 

the heating bath. Even at this temperature apparently little of' 

the toxicity '\l't&S lost, as shown by the feeding experiment 

reported in Table I!. 

Fractions ,,,.'ere aepa:ratad on the basis of' the rate of di.still-

ation, vrl.th the pre.asure, tern:pera.ture of the bath, and temperature 

of the condenser v:ater kept constv..nt f:or ea.ch .fraction... By this 

method, if the temperature of the bath nnd the pressure are low 

enough to pre,n,.mt bumping., and the condenser is as cold M 

possible without; solidifying the condensate,. the di.fferent 

fractions can be eollectad sapar$.tely,. w:i.th only a drop o:r so 0£ 

the previous fraction oontaminatlng; the first portion o'f: the 

S'ucceedin.g fraction,. By mis·cake" a portion of improperly dried 

tremetol \'10.a placed in the still; it :f'rothed so violen'l;ly that 

it :v,1:1s i.rnposnible to dis•till. 

~;hi ta crystals which collooted on the condenser were :i.ndis-

tin5uishable from those previously obte.i:ned f'rom the ether 

solu·r.ion of' the residue af'ter distilling at 97-'.hi°. \fvhen distill-

ed at te:nperatures up to liJ0°, the four fractions collected 

(kt, '.B,. G, D) corresponded in ph;1sica1 prcpert;ies to the other 

f'ractions (1, II, III,. IV, V):> s.s indicated in 'f.9.ble r... The 

residue ,-.-as a hard., clea:c·,. red,. glassy substance,, insoluble in 

diethyl ether1Jc, bu.,G soluble in hot he:i.zene. 



One s,eries of i're.ctions :v,1;1,1;1 recombined and redistilled 

at lcw0 without leavinn; any residue or materially affecting 

the physical cha;raoteriatics or quantity of any fraction. 

This indicated that no approciablo decomposition occured at 

0 
180. 

All attempts to isolate a poisonous pure compound from 

the various toocic m.."'l.terials in a.mounts proportionate to 

their toxicities., failed. All of the usual derivative 

reactions for phenols or alcohols either failed or yielded 

gummy* i:nsoluble, colored products from which no appreciable 

amount of crystalline compounds. oould be recovered. Li a.nd 

6 Pak report tMt the toxic principle of Eupatorium chinense 

L .• in eoumarin. Since Couch stE::tes that poisoning by species 

"of Eu.patorium and Aplops.ppus found int-he United States is 

due to a single cor:ipoun.d which he calls tremetol., an attempt 

was made to lsolute eourn.arin from whole tremetol. 

1Nhen the procedure of' Li and l'ak6 vros followed., cou.'llllrin 

. ¥.rets not obtained from ·the ether extra.ct or any of the 

fractioriis. Oxidation with alkaline Kl"ll.04 gave an acid .gum 

which with p-!'litrobe:nzyl bromide produced white o:rystals, m.p. 

79° ~ v1hen recrystallized from HOH.. This corresponds to the 

p-nitrobenzyl ether of acetic acid.., m .. p .. 80°. Couch reported 

obtaining acetic acid by destructive distillation of' tre:metol. 

, , Crystals similar to those obtained by Lathrop.,. and found 
; : 
: :by b.im to be tit ketone.,. slowly formed in or·ude tremetol and 

all liquid .fractions .. These crystals could not·be .isolated 

in amounts sufficient for to~icity studies. 

10 .. 



THE .EFl<'JW TS OF' TR1';lfETOL FRACTIOl\TS Al'JD ~rnmmTOL OH WHI'l'.E LB·:'1101.rn GJUC.KS 

Grom> Wum.ber of L1uterial received Dose per day fa:isu lts in average wE'd.ght per chick, . Condition 
•L 

chicks i n grams in graui1s 
Stv.rt 10 days 20 days ~~ 6 days 

One 20 None I'J one 117 182 274 316 Hormal 

Two 5 Tt·e:mc tol • 05 115 186 28 '7 273 Poisoned 

Three 5 Tremetol .1 11'7 193 220* 22s* Poisoned 
(2~3'1 ) (312) 

Four 5 Fr actions B cmd . 05 115 ms 304 398 Hor me. l 
C combined 

Fi~ve 5 Ii'ractions B &ind .l 117 179 241 250 Poisoned 
C combined 

Six 5 Fraction D . 05 115 194 293 339 Normal 

Seven 5 Fract i on D . 1 117 186 282 310 Normal 

Ei ght 5 Res idue from . 05 l Hi 191 2 91 338 Hormal 
d istilla tion a t 
180° 1.:w1d . 00001 
mm He; 

Nine 5 Hinerfa l oil , .1 117 1 90 287 326 Norma l 
m.ed i um viscosity 

I-' 
I-'' .. 



B. The I,eh,tive Toxicities 

J?rom one hundred White Leghorn cockerels., sixty were 

selected and sorted into ei:,;ht groups of five., and one group 

of' t-wenty, acoordir.1.g to ·1.1.'eight and appearance, so that each 

, • individual of' any g;roup of five weie:hed within one gran of' 

the corresponding chick of each of the other r:roups. The 

average weie;ht per chick iu four r,roups 'l\'fHS ll5t;, and in the 

other five groups# inclutHng the group or twenty, 117g. '.l:he 

.. relative toxicities cf e:rude tremetol and its fractions as 

determined by grov,th and irntopsy of these chicks s.re gi w:n in 

'.!'able n: .. 

All chicks were kept in ·the same brooder and 1,ere fed and 

v~.tered i'rom the stune troughs. All of Group Ono Hppeared 

nervous and did not gain as :rapldly as Groups Two., Three., F'ive, 

or Six, probably benl!.!.US® of loss handlh1r;. All groups except 

One were caught daily and Wfire r;iven the various substances in 

capsules. At the end of the first week it was noticBd that the 

con·trols receiving no capsules or additional material., Group 

One,. quit eating and drinking during the one to two hours 

required to give the other chicks cr::cpsules; l,hereas the treated 

chicks" inclndi:ng the controls :recei,fing mineral oil, would 

continue to eat ai::td drink until caui::;ht ll.;nd would resume r.::, soon 

as released. This c:reated an unforeseen psychological factor 

'which detre.cts from the usefulness o:f (}roup One as controls for 

normal e:;ains in ,veight. 

All groups vmre :weighed every other day. At ten days~ 

Group }'our wus lhe heaviest !'Jnd. Group F'ive the lightest. 

12. 



This order was kept until the end of the experiment~ ou tho 

tv,ionty-s.ixt h day. All groups that received a 0. 05e: dosage of' 

&ny fraction gu inea 11wre r apid ly t han either control group . 

while those receiv-ing a o .. lg dosnge of miy fraction gained 

less rapidly than eithel~ control group . The on.ly i're.ction 

t hat produced symptoms. of trorae t ol poisoni ng also induced the 

~ost rapid gain. 

In or der t o stop pecking, 35s micl .,as a dded to t he mush 

on the sixteenth day . To obtain more accu:rate weight s , food 

was withhe ld for 18 hours 011 t he t wenty-second day .. Appa­

rently both the v.drliti.o:nal NaCl and the withholding of' feed 

had a perrnanent l ? de leter ious effect on the chicks that 

had previously shown syn1ptoms of' tremotol poison inf~ , and only 

transient .ef'fects on t he norma l chicks. 

13. 



DISCUSS :ron 

.PART I ISOLATION OF '.rBEl11ETOL 

By use of t he l aq~o oontinous ether extr e ction unit ., a 

h i gher r ecovery of tremetol v:as obtained t han ,Nas practi cab le 

using; separate por tions of e ther as wa n done by both La throp 

and Couch . '.l'he pr incipal diff erence i n t he tremetol obtained 

by this method is that the umount of the h i gh molecular weight 

r esidu€l i s i ncreased i n proportion to that of t he lighter 

f r a c t ions. Subsequently, t h i s heavy portion proved to ba t he 

most toxic . 
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PART II EXPERH1EN'I'AL AHU5A.LS. 

Different species of anima ls vB.ry r.onsiderably in thei r 

susceptibility to tremctol poi soning . Chickens of' diff erent 

r .. r:;e s s how different s usceptibUi ties; ;i,ro1mg> g;rowi nf; c hick s a.re 

moa t susceptibl e . 

'fo secure t ypica l s;ji1nptow..s of c hr onic t r e metol poisoning ~ 

a dnily dosr.ge of approxlmo.te l y l e; per kg of body ·weight must 

be given for s e-ven to t we lve du.ys ~ A lower dos af;e i s like l y to 

i nduee a t olerance instead of producing a ca se of fatal poison ... 

ing ., Chicks that survived a s long as t wenty days did not 

succumb at the end of s ixty days nhile continuing to r e ceive 

tremetol and a t t he end s ho-v,ed only mild typical symptoms of' 

tremetol poison i ng .. :Exertion would r esult in attacks of' 

t rembling and cyano,sis in r abbi ts and chickens that had been 

previously given tremetol for s i x to eif;ht da;'ls .. 

A higher dosa.p;e tends to r esult in a sudden. on set of 

depression followed within a few hours by death~ Probab l y 

insufficient food a ccentuates the sy:ilptoms of tremeto1 poison­

ine;,;, us demonstr ated when f ood wa s temporarily vn.thhe l d. 

Under natura l e ond itions, animals eat r ayless goldenrod 

only when i n poor cond ition due to a l a ck of normal f'orar;e , as 

on overgrazed or dry pas ture3 • In this manner an i mals wou ld 

eat la:t".![e quantities of rn.y1e ss go l denrod on l y at the time 

;;hat they were most susceptible to poison i ng . 
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PART III FHACTIOWS OF T.fiE:?11ETOL 

Fra.e JG :i. or1t1 ti or1 .n t 
0 . 0 . 

180 differed from that at 100 only by the 

qua.nU.ty and toxicit;y of the re$idue ::rnd in the toxicity of the l ast 

:f':rt0.ction collected. 0 
At 100 thf; l e.st :fr~ction was only sli0htl;r toxic 

0 
and the resid11e vms most toxin. At 180 the nidd le fractions are most 

toxic 8:nd the residue r,.nd li:rnt f're.ction arc of low toxicity. 

Considering the physical properties of the fr0ctions, treme-tol is 

undoubtedly n mixture of' o.t least several substances~ Also, to ,judge 

trom the results of f'eoding treaetol and ih, fl'n.ctions, as shonn in 

Table II, there must be o:t least two or three c omponents ,dth different 

ph;rs:i.ologi.cal activities. The dig;ht apparent loss in toxicity follow-

ing distillation could be due to the partial ~epe.ro.tion of these t,cti ve 

c:orn:ponents. 'l'hJ.s sep[n·v_tion would fi.ccount for the differences in 

symptoms and autopsy finding;s of the vi:.rious groups that r0cetved 

diff'erent fractions, and also for the stimulation of growth by 

Pro.ctions B and C rmd the absence of any nw.rked t1,;rovrth stimulation by 

tremetol itself. This could be due to some vitarnin in Fractions B 

and G whose benefits are obli ter11tod hy other substances i:n tremetcl, 

and 'whose toxic properties are augmented by substances present in 

tremetol. 

Chicks e.n, nensitiYe to slip;ht differences in dosage, per pram 

of body we:i.ght , of tremetol or any of its co:nponents that are physio-

]logically ectlve . This is easily seen by comparin!:: the action of 

identicul doses of Frr;ctions 3 and C or of' whole trer1etol on the 

heaviest ,1hicks. the n,,xt liLz;htost chicks~ and the lig;htest chicks of 

Groups 'l\m, Three ~ Four , and Five , in Tnble III. 



'.l'ABLE II! 

'WEIGHT IiJGRBASE; AS AF!r'EC 11'E:TJ BY DOSAGE; OF' 1fHBrJr;'l'OL OR l'.PS PfffSIOLQGIGALLY ACTIVJ..S: COMPOlrElJTS 
Groups, frf:tc:trons~ and dosage, as described in. Tt3.ble II 

G:roup 

Two 

Threee 

F;our 

Five 

Chick 

H 
EL 
1, 

It 
NL 
L 

H 
;,;L 
L 

H 
Ill. 
L 

B 
N~B ~ 
(controls) L 

St~rt 
We:i.,1d1t Percent* ,, 

l30r· 
!.,-) 

102;0 
llOg 1007:; 
l05g 100% 

12 bf; 100% 
110g; 100?~ 
105g lOO}S 

130g 102% 
11 On· - (? 10071; 
105g 100% 

125r· 10()5{ <, 
110g 100;7~ 
lObg 100% 

125g lOOJt 
ll()f; 1005,~ 
l05f: lOOtt 

* Percent of' correspondi:n)~ control's weight 

rr - Heaviest chick 
- l\Text to lightest chick in ,:roup 

L - Lightest chick in group 

10 d1tys 
\!ie:i.ght 

215g 
171g 
168i.:; 

216,g 
178g 
1'73g 

232g 
190g 
171g 

203g 
16.3g 
lb7g 

209g 
177g 
173g 

:Percent 

1027; 
£tf3/S 
97~,; 

102,r, 
lOO}G 

106.~& 
104:J{: 

99% 

97'f{, 
025{ 
91J{ 

l OO'Jl 
100;{ 
1007~ 

20 day$ 
Weit:;ht 

348g 
241g 
Killed 

298g 
170g 
Died 

!33le; 
:::75g 
1Hlled 

3060-1:;> 

223g 
188g 

331g 
261g 
l:6 lf; 

Percent; 

103yi 

!jO;Z 
64,s 

1005; 
10251: 

92% 
84>h 
'72;it 

lOOj; 
1005:s 
1001{, 

2H days 
1N8ig}1t 

Eilled 
2()4£:: 

312g 
Died 

125£,· c-

349g 

Killed 
20Bg 
Di Eid 

375g 
3l2e; 
Killed 

.Percent 

82% 

107% 
106% 

G7}{~ 

100;{ 
lOO;Jb 

I-' 
-4 
• 



Four ehicks of' Group Three and two chicks of Group Five 

died of tremetol poisoning. None of' tho other chicks died; none 

showed symptoms of any disease except trer;.etol poisoning, as 

indicated in '!'able II., 5.n ,'iliioh case all of' the chicks of a 

·poisoned group had typical symptoms in various degrees of sever .... 

ity .. 

The lightest chicks of any poisoned group were ah!Qys consi-

derably more &:ff'eoted than the heaviest; this is ov.-1.ng to the 

i dif'ference in the ratio of daily dose to body weight. 
! 

Fraction A was identical to Fraction r~ which •'laS found to 

be nontoxic. Fractions B und O combined could apparently either 

poison or stimulate normal growth, depending o:n the dosae;e. 

Fre.ction JJ was only slightly toxic; this indicates that the 

principal toxic components of tre.,m.etol are volatile. The residue 

v.:a.s only slightly toxie .. 
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Chicks are ideal experimental animals for the investigation of 

rayless goldenrod poisoning. The convenience in handling, econ.om.y 

i in first cost and maintenance, and saving in experimental material 

are m.:portan.t a.dvan:tages of chicks over cattle,. The sympt.oms of tre-

metal poisoning in chicks are .similar to those found in other animals. 

A toleran.ee to chronic tremetol poisoning was produeed in chickens 

aDjd rabbi ts.· 

Trem.e.tol was separated by high-vaeuum. distillation into several 

fractions of dif:f'erent physical end physiological properties. Neither 

t:remetol nor any of its toxic :f'ra.ctions so far isolated are individual 

oqm:pound-8 but e.:re :mixtures of at least several oily, resin-:for.m.ing 

substances. The eym.ptoms. oi' trembles a.re probably due to the 001nbined 

actions o.f several of these compounds. Some of these aoti ve substances 

were at least partially separated by molecular distillation.. Different 

e1mponents were also separated by selective absorption but in quantities 

t-oo small for experimental use. 

An unidentified sterol, m.p. 258, was obtained from tremetol. 

E-ven slight differences in the dosage produced marked differences 

in the . effe.ct s of tremetol or any of its toxic fractions. Tremetol and 

19. 

its to:x:ic fractions have a definite threshold dosage which must be passed 

tJ· induce poisoning. A dosage lower than the threshold amount caused. 

an ine:r,eased toleranee. .Just above the threshold level a. slight difference 

in dosage resulted in sy.mptams that val'ied considerably in. severity. 

All fractions of tremetol either stimulated or retarded the growth 



of chicks, depending on the dosage. In the sub-threshold dosages they 

stimulated grovrt.J1. J~t the dosages used the grovrt.11 fi.(tin:ru.lation e:ffeet 

varied inversely with the dosage. This indicates the presence in 

t:remetol of a toxic compound and a vitamin-like compound. 
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o:xtr1?.otio:n of' p:llverize<l g;oider..rod should be triod .::i.th 

solvents o-ther thun alcohol, possibly ligroin c.n· bouzenc. A!iother 

!obrent .r.iit;ht oxt:r:;;ot tbs to:dc :;,rinciple v:ith ll'lss co::1:0ar;1i11ants, 

such as chlorophyll and esse:ntiul oil. Succ0ssive extractio:::is using 

dif'fere,rt ttc1 vents uight inp:ro·•,e the product. 

Other plE.-iits such 81.S log·,:c.tcs t2.nd i;ra.ssos could co e;ctn.ctod and 

sxurniueG. for the t;rO'i",i:h stirn.ula·ting subsi:t'.u1.ce present in Fractions B 

I 
Q.hd c. It ls, a common prantice i'o:r pouH;ry::.ie:n to ph,:it grasses or 

le;;u1.~s -to i:.cr .. ve an a supplement for young growing chicks. Also a 

smaller do::inf;e a:.:' F:ractio1113 B and C would i.)t) expected to produce even 

greater incrciu;os in grovrth rate. Qualitative tests for knovm vita-

min..-: should be ra.c.de of' li':ractions B and c. 

Controls ::ihould be i:;iven o:mpty 01:1.psules so as to receive the 

same ht.:c.dling as the other o:x.pe:ri::1e:ntzil chick.s. 'l'he qus.:i:.ity of toxic 

:ma.teri2.l not absorbed from the intestines and the a:nount excrete.d, by_· 

ihe kicneys shou.ld be determined. This would 5.ndicate the rw.ture of 

toler8.:ncc develop!llen.t; whether it is due to an increased ability to 

(prnrete or to metnho1iie the toxic material. 

:Histological studies of the va.riot.rn or0ans would 5.ndics.te the 

e:x.famt of injury. This might also oxplain the symptoms of chronic 

tror;eto1 poisoning, The different tissues fron poi$oned chicks should 

I 
1:)e fed to other chicks,. or other experimental anirna.ls.t to detect 

rete::1tion of tre:motol. 
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AU'l'OUIOGHAPIIY 

1., Stephen 0 1 Weil Butler, v;as born on " farm e;:1.st of 'Walters, 

7, 1916. All of' rn:y e lementr;.ry &.nd high school 

:edvc.i,tion was at the Walters Publ:1.c School. iU:ter recei vine r.iy 

0.:1.plo:na in 1934, I att©,.ided Cameron State Schoz,l of A[:;riculture, 

La11.'ton, Okla,ho!na, ur1til 1936. 'fhe remainder of' m.y schooling has 

1 01· Scitmco <leg;ree v:r&s grrn1ted~ with :najors in Chemistry nnd Biologi-
i 
cal Sch:inoe. I took graduate work rtt Still'liater until September, 

1940. F:ron 1938 until 1940, I 1,mrked for the Department of Zoology, 

and tit.71 Department of }]acteriology, Physiology, and Veterinary Science. 

1940,, In IHE,ptember 194(), we ,noved to Goodwell, Okla,ho:ma., where up 

to '\:;he present., I have taught Biolor:ics,l Science at Pa:nha:nd.le A & M 

College. v;o hHve had three children since comin,f; to Goodwell. 

Some gn.:i,duate work was done at Stillwater during August, 1941. 

~ince then, feeding e:1:perime:a.ts have been co::1pleted in Goodwell .. 

i 
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