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HISTORICAL INTRODUCTION

According to Couchs, tremetol is an oily, high molecular
weight alcohol, present as an ester in rayless goldenrod, Aplopap-

pus heterophyllus (Gray) Blake, and white snakeroot, Eupatorium

urticaefolium Reichard. Tremetol is the poisonous principle

responsible for trembles in sheep and horses, and milksickness in
either calves or man, when poisoned by the milk of cows grazing on
pastures contaminated by either of these two plants, or by Aplopap-

pus fruticosus (kose and Stanley) Blak04’7. Kayless goldenrod is

found in Arizona, New Hexico, Texas, Oklahoma, and Colorado, U.S.A.,
end in Sonora and Chihuahua, ﬂBXiCOY. White snakeroot is found in
the eastern United States, and in Minnesota, Nebraska, Oklahoma,

Texas, and Louisiana3'7

; an apperently closely related species is
8
found in eastern China .
Lathropb, following Couch's procedure, isolated a small quantity

of tremetol from A. heterophyllus. Further experiments by Lathrop

showed thet larger amounts of the toxic principle could be obtained
by slightly modifying Couch's procedure. He also found that the
color test proposed by Couch is not specific for tremetol, but is
riven by the non-toxie essential oil. Lathrop fractionally distilled
tremetol at 80-100"C end 1 mm He, in & Hickman still, and isolated

& trace of a crystalline unsaturated ketone m.p. 84°, Uleverdon7,
using guines pigs, attempted to assay the toxicity of the original
tremetol, the two fractions, and the residue obtained by Lethrop.

The liquid materials were given by intraperitoneal injections.

The solid residue and second fraction were dissolved in sterile olive

0il before injection. Because of the lack of material, the small
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EXPERIMENTAL
PART I ¢ ISOLATION OF TEEMETOL

Eayless goldenrod was mowed while in bloom, sun-dried, and
baled by Lethrop in New Mexico. Seven bales (500 pounds) were
sent to Abbott Laboratories, Chicago, Illinois, for extraction,
according to Lathrop's5 modification of Couch's procedure. Ap-
proximately fourteen pounds of tarry extract were recovered from
the rayless goldenrod. Several one hundred-gram quantities of
this meaterial were saponified and extracted according to the pro-
cedure recommended by Lathrop. In this manner it was experimental-
ly determined how to recover the meximum amount of poisonous ether
extract. The fractionsl precipitation of impurities from diluted
alcohol proved superfluous and was abandoned.

The remsinder of tarry meterial was divided into six 1000 g
portions. Each was dissolved in 2,000 ml of 95% C,H O and seponified
by adding 150 g KOH and refluxing for nine hours. The strongly
alkaline reaction mixture was then extracted in an all-glass contin-
ous ether-extraction unit*, using isopropyl ether vaporized by a
water bath. The ether solution was dried over CaQ, evaporated to
500 ml on a water bath under reduced pressure to remove most of

O and filtered to remove

the isopropyl ether, and then cooled to <06
waxe. The filtrate‘was extracted at 450 with 3 literportions of 5%
HC1 until the HCl did not become colored nor contain any material
insolutle in 5% NaOH. The ether layer was neutralized by shaking
with 5% Nazco3 solution, dried over Cel, and concentrated under
reduced pressure on a water bath to 100-1560 m; of a thick orange-
red oil.

This extraction unit wes designed by the author snd built by
Dre He e Trimble, of this department.



PART IT : TIXPERIMENTAL AWIMALS

Preliminary suseeptibility tests, using the crude tarry extract
in-ecapsules at the dosage of 0.5z per kg body weight, were made on
cats, dogs, gulnea pizs, rabbits, rats, chickens, and ducks.
Chickens appeared to be the most sensitive end cats end dope the
leest. One rapovat died with typical symptoms; another developed a
tolerance for the extract, and lived for over one nmonth with the
daily dosage being doubled every week.

In another series of susceptibility teste the stems, lesves,

and hlooms of Aplopappus heterophyllue were ground to & coarss

powder. 7This was then mixed into 2 belenced feed in proportions

up to 104 end given to six chickens and twelve rets. The animsls
were weighed daily and the weight of feed and water consumed was
also taken deily. At the end of eight weeks all animals had lost
about half their original weight end were eating less thar one-third
of the amount of feed that wes taken at the start. The animals

were suffering from starvetion but would eat less feed if the per-
cent of reayless goldenrod woes incressed or more if it wes decreased.
Thus the quantity of rayless goldenrod consumed remeined practically
constant. It was noted that the enimels toock normal guantities of
feed ené water for the first three or four days. Following this,
the feed consumption was almost nothing for two deys, and there was
a2 sudden drop in water consumption, usually on the second day.

This refusal to drink caused a sharp drop in weight due to dehydra-
tion. The enimals seemed to repeat this cycle of eatinr end drink-
ing, drinking but not eeating, neither eating nor drinking, through-

out the experiment.

A

.
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PART III : THE FRACTIONS COLLECTED AT 100°

A. The Distillation

The residuel oil described at the end of Part I, in 25 nl
portions, wes fractionally distilled in a Hickman molecular still
on & water beth at 80-100° and 0.1 to 00001 mm Hg*. To help pre-
vent contamination of the vacuum line with volatile organic sub-
stances, a trap was placed next to the Hickman still. This trap
consisted of a cold-finger condenser immersed in a& pint thermos
bottle filled with'acetone and dry ice. About 3 ml of a thin
colorless oil was ultimately taken from the condenser trap. This
oil was similar in physical properties to the essential oil and
was probably a component of it.

The results of distillation sre given in Table I.

The residue, a hard, red, glassy solid, was removed by dissolv-
ing it in warm diethyl ether. At the end of two weeks, wh?ta
cubical crystals, me.p. 2580, had separated from the ether solution.
These gave positive color and solubility tests for a sterol, but

were present in too smell amount for toxicity tests.

The mercury diffusion pump and McLeod gauge used in the vacuum
line were built by Dre. He. e Trimble.



DATA Of DISTILLATIO: OF CHUDE TREHETOL

Fraction Time intervel of Tenmperature Pressure (mm Hg) Leseription of distillate
collection (hours) (¢)

I first hour on 80 - 88 le - 402 thin colorless oil with strong odor of
water bath rayless goldenrods Probsbly rieh in

essential oil of the plant

II 2nd = 4th 97 - 98 o2 = LO0L clear orange oil, espproximately twice
the viscosity of I, slight odor same
as that of I

I1I bth - 8th 97 - 99 « 001 = L0001 oil with viscosity, color, and odor

approximately that of II

v gth - 10th 07 - 29 «OUOL = 00001 extrewely viscous, clear, dark orange-
red oil; odor save as for II

v 16th - 28th 97 - 98 « 00001 gomi-solid opaque red-cwber oil; odor
same as that of II, but weaker

A {irst hour on 80 = 90 1. - .02 same ag I, above
vlycerin bath

B 2nd - 3rd G0 - 110 02 - L0001 gimilar to II and III combined
C d4th « 8th 110 « 130 +0001 - 00001 similar to IV and V comtined
D gth - 20th 150 - 180 » 00001 8 hard orange-yellow wax

*9



Be The Eclutive Toxicities

The relative toxicities of whole tremetol, each of the four
fractions, the residue, and the original tarry extrect were deter-
nined e&s follows:

The several meterials were weizhed into capsules and given to
twenty-five four-week-old bhode Island Red cockerels that weirhed
852 5 g each. This was repeated, using seventy-five Vhite Lerhorn
cockerels that weighed 90 £ 5 g« The dosages used were 0,05, 0.1,
and 0.2 g per day. Fraction I proved rnon-toxic. Fractions IT, III,
IV, end V, and residue were inereasingly toxic, in that order with
the whole tremetol nearly as toxic as V, This indicated that the
toxic principle is slightly volatile and cen undergo cistillation
at 990, but that most of it remeined in the residue.

Autopsies were performed” on all cockerels that died during
the experiment, end on 21l survivors at the end,

All controls were normal, All cockerels poisoned with the
residue, crude tremetol, or frection V had enlerged gell bladders
and kidneys: in every case, the kidney tubules were distorted and
enlarged: the walls of the digestive tract were thin and inflamed;
the liver had large yellow spots; and the viscera smelled of acetone
in severe or prolonged cases of poisoning. Usually the pelves of
the kidnevs and the ureters were plugged with ureates. The others,
poisoned on fractions II, III, and IV, had inflamed and distorted
kidney tubules and ureters plugped with ureates, but were withoﬁt

the other ambnormelities characteristic of tremetol poisoninge.

v Autopsies by Dr. Lewis e Woe, L.Veiis, Department of Racteriology

Physiology, and Veterinary Science, OeheiaCo

Te



This condition of the kidneys suggesied vitamin A deficiency,
although the mash used vas fortified with fish liver oil. The
experiment with the White Leghorn cockerels was repeated with
extra smounts of vitanins A and D concentrete added to the feed.

lio signipgicsnt diffeerences were noted.

Figure I.
A Chick Dying of
Tremetol Poisoning

The symptoms of typicel cases of tremetol poisoning were
dizziness, gasping, cyanosis, acetone in the breath, trembling,
and spasm. Sometimes the head almost touched either the tail
feathers or the toes (see Figure I). In fatel cases, these
symptoms were followed by & come which lasted three to four hours,
unless the chick was touched, in which case a brief spasm occured,
followed by death within & few minutes. The coma could be
tenmporarily relieved by administering oxygen.

The irmediate cause of death from trembles is respiratory
failure induced by acidosis. Abnormal functioning of the liver
and kidneys is probably responsible for the acidosis. The results
of the autopsies and the symptoms are in pgood agreement with
those listed by Couch5 and MarshT, in spite of the differences in

experimentel animals.

8.



&y The Distillation

Beeause of the toxielby of the residus obtainsd at 1og” »

distillatica of the ether extrict wae tried st 180 usiap the

g

sume apparatus with the substbitution of sliyeerin for water in
the heating bath. ZEwen at this terperature apparsntly little of

the toxiclty wes lost, as shown by the feeding experiment
reporbed in Table Il.

Froctions were separated on the bagis of the rate of distill-

ation, with the pressure, temperature of the bath, snd te

perature
of the condenser water kept constent for each freection. By this
method, if the temperature of the beth and the pressure are low
enocugh to prevent bumping, and the condenser is as cold as

Hle without solidify

ot

poss ving the condensate, the different
frlct101u can be collected separately, with only & drop or so of
the previous fraction contaminating the first vortion of the

succeeding fraction. 3y mistake, a portlon of improperly dried

tremetol wes placed in the still; it frothed so violently that

Jd

s impossible to distill.

white crystals which colleeted on the corienser were indis-
tinguisheble from those previously obteined from the ether
solutioﬁ of the residue siter distilling at 97-90".  When distille
ed at temperatures up e lgxp, the Tour fractioms collected

(A, B, C, ©1) corresponded in physical properties to the other
fragtions (I, II, III, IV, V), as indicnted in Tabie I. The
residue wes a hard, clear, red, glassy substance, imsoluble in

disthyl ether, but scluble in hot beusene.

Je o



One series of fractions was recombined end redistilled

o L., . . ) " \ .
ot 180" witheut leaving any residue or mesterially affecting
the physical characteristics or guantity of anmy fraction.

This indicoted that no apprecieble decomposition occured at

<

180 .

A11 attempts to ilsolate a polsonous pure compound from
the various toxic materials in amounts proportionste to
their toxicities, failed. All of the usual derivative
reactions for phenols or sleohols either failed or ylelded
Cpumny, insoluble, colored products from whieh no apprecisble
amount of erystalline compounds could be recovered. L1 and

. . . e s . .
Palk™ report that the toxie principle of Dupatorium chinense

L. iz couwmarin. Since Couch states that polsoning by species

k=

‘of Bupatorimm and Aplopappus found in the United States is

due to sz single compound which he calls tremetol, an attempd
wes made to isolate coumarin from whole tremetol.

When the procedure of Li and<Pak6 was followed, coumarin
was notb obtained from the ether extract or any of the
fractions. Oxidation with alkeline Kﬁﬂﬂé gave an acid gum
which with p-nitrobenzyl bromide produced white crystals, m.p.
79Q, when recrystellized from HOH. This corresponds to the
p=pitrobenzyl ether of acetic azcid, ma.p. 80°. Couch reporied
obteining acetic acid by destructive distillation of tremetol.

Crystels similar to those obdzined by Lathrop, and found

by him %o be & kelone, slowly formed in crude tremetol and

e,
feed
e
Hl
fie]
et
)
=2
o
!
o
o]
o+
-
o
I3
[}
»

These ecrystals could not be isolated

in amounts sufficient for toxicity studies.






12.
Be The kelative Toxicities

From one hundred White Leghorn cockerels, sixty were
selected and sorted into eight groups of five, and one groun
of twenty, accoerding to weight and appearance, so that each
-individual of any group of five weighed within one gram of
the corresponding chick of each of the other groups. The
average Wéight per chick in four groups wes 11l5g, end in the
other five groups, ineluding the group of twenty, 117g. The
‘relative toxleities of crude tremetel and its fractions as
determined by growth and autopsy of these chicks are given in
Table II.

All chicks were kept in the same brocder and were fed and
‘watered from the same trougﬁs. A1l of Group One appeared
nervous and did not gain as rapldly as Groups Two, Three, Five,
or Six, probably becsuse of less handling. All groups except
One were caught dally and were zlven the various substances in
‘capsules. At the end of the first weck 1t was notiesd that the
‘controls receiving no capsules or additional material, Group
Une, qauit eating and drinking during the one to two hours
required to give the other chicks cupsules; whervas the treated
chicks, inecluding the controls recelving mineral oil, would
continue to eat sxnd drink until csupght and would resume as soon
as released. This created an unforessen psychological facter
‘yhich detrscts from the usefulness of Group Oae =g controls for
aormal geins in weight,

All groups wers weighed every other day. At ten days,

Group Your was the hesviest mnd Group Five the lightest.









PART II : EXPERIVEHTAL ANIMALS

Different species of enimals very considerably in their
susceptibility to tremetol poiscning. Chickens of different
sges show different susceptibilities; young, growing chicks are
most susecepitible.

To secure typical symptoms of chronic tremetol polsoning,
e daily dosepe of approximetely lg per kg of body weight must
be given for saveﬁ to tﬁelve days« A lower dosege is likely %o
induce & tolerence instead of producing a case of fatal poison-
ing. Chicks that survived as long a2t twenty days did not
succunb at the end of sixty deys while continuing to receive
tremetol end st the end showed only mild typieal symptoms of
tremetol poisoning. Exertion would result in attacks of
trembling and cyanosis in rabbits and chickens that had been
previously given tremetol for six to eirht days.

A& higher dosage tends to result in & sudden onset of
depression followed within a few hours by death. FProbably
insufficient food accentustes the symptoms of tremetol poison-~
ing, as demonstrated when food was temporarily withheld.

Under natural conditions, enimals eat rayless goldenrod
only when in poor condition due to o lack of normal forage, as

on overgrazed Or ory pastures. In this menner snimals would

o

sat larpe guantities of rayless goldenrod only at the tinme

shat they were most susceptible to poisoning

o*
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Four ehicks of Group Three and twoe chicks of Group Five
died of tremetol poisoning. Wone of the other chicks died; none
showed symptoms of any disease except tremetol poisoning, as

s

indicated in Table II, in which case all of the chicks of =a
>

‘poisoned group hed typieal symptoms in warious dagrees of sever-~

it;‘;fro
The lightest chicks of any poisoned group were alweys congi-

derably more &lfected than the heaviest; this is owling to the

idifference in the ratlio of daily dose %o body weight.

Fraction A was ldentical to Fraection I, which was found to
be nontoxic. Fraections B and C combined could apparently either
poison or stimulate norwal growth, depending on the dosages.
Frzction D was only slightly toxic; this indicates that the
principal toxic eomponemts of tremetol are volatile. The residue

was only slightly toxic.
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SUMMARY

Chicks are ideal experimentsl enimals for the investigation of
réyless goldenrod polsoning, The convenience in heandling, economy
iﬂ first cost snd maintenance, and saving in experimentel material
are importsmt advantages of c¢hicks over cettle. The symptoms of tre-
metol poisoning in chicks are similar to those found in other animals.

A tolerance to chronic tremetol poisoning was produced in chickens
and rabbits.

Tremetol was sep&rateﬁ by high-vacuum distilletion into several
fractions of different physical snd physiological properties. Neither
tremetol nor sny of its toxic fractlons so far isclated are individusl
cdmpounds but are mixtures of at least several oily, resin-forming
subgtances. The symplons of trembles are probably due to the eambinéd
actions of several of these compoundg. Some of thsse active substences
were ab least partially separated by molecular distillation., Different
e?mponents were also separated by selective ébsorption but in guentities
too small for experimental use.

An unidentified sterol, m.p. 2858, was obtained from tremetol.

P Even slight differences in the dosage produced marked differences
in the effects of tremetol or any of ite toxic fractions. Tremetol and
its toxic fractions heve B definite threshold dosage which must be passed
t&-induce poisoning.. A dosage lower thsn the threshold amount caused
an increaced tolerance. Just above the threshold level a s;ight difference
in dosage resulted in symptoms that varied considerably in severity.

A11 fractions of tremetol elther stimulated or reterded the growth



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

stimulated gzrowth. At the dosages uesed the growth

5

varied inversely with the dosage. This indlcates the

tremetol of a toxic compound and a vitamin-like compound.

<t



a1
pg—

wleohol, pessibly ligroin or bewnzens. Another

solvent nisht oxtrac

guch &g

s night inprove the product.

TP W N . I R U BT RV | .
such &g leguues snd pgragses could o extrected and

substance vpressent in frachkions B

2 < il T
exnminea for thv ‘rowth s

o=
£
¢
fom
b
w
5
6
}'.4
k,
3
B
i
o+
[
re1
.
i
C"x
&3
3
o
@
[o}
1%
(=]
s ]

legunes to seorve

greater increascs in growth rate. fQualitative tests Tor known vita-
mins should e made of Fractions B and C.
Controls should be piven ompty cupsulss so as to receive the

x

hewdling as the other sxperimental chicks. The guanity of toxie

2]
@
pen
3
@x

meterial not absorbed {rom the intestines and the smount exereted by -
the kidrnevs should be determined. This would indicate the nuture of
tolerance development; whether it is due %o &n inersssed ability %

Vi

qxcrete or 4o meteholize the toxic material.

studiss of 4the various organs would indicste the

gxbent of injury. This mipht alse oxpleln the whoms of chronie

Y

n poisoned chicks qhauld

Q

tremetol nolsoning. The different tissues It

te

muls, to detect

reteation of tremetol.



o

[ 3

7
o

T

44
kR

{le

Cooch, J.

T

¥

srdon,
e
1938,

:154'““ ¢

Ll L

1H30.

The Toxie Comstituent of
Journgl of ﬁgr&cultural flesearch

———

IS o
Cous Cily we 4

-
1483, Trambles

Jud \'3

s Fruticosus
on

A

X4 Ol i"ﬂﬁIl"‘OHOW}"-

lathrop, G A
1839
teyless Golde
College

e Lol [y -4
937 Toxic

He TJ" ai’).d P&k, ¥
T

hinese Journ

rod,

=3

ol

A

MasterT's

.« TIzclation and Frection

¥Yarsh, C. D,

lg2g.  Tremble

5,
Uo and Lead, B

1937. "Chinese B

Physiclogy

ot
&t

&

USDA Farmers!®

4

or Burro Weed," nrnzl of
23: B32-354
gtion of Tremetol from
Thesis, Oklahoma A. and .

e Euﬂaioriun," The
274~280

miletin No. 1593

The Chinese Journal of




AUTOUIOGRAPTY

I, Stevhen 0'¥eil Butler, was born on & farm sast of Wallers,
Dlahops, dereh 7, 1918. All of my elementary snd high school

‘sducation was at the Walters Fublic School. After recelving ay
Giploma in 1984, I attondsd Cemeron State School of Axriculture,

Lawton, Oklshoma, until 1836. The remainder of my achonling has

R

eap tokexn atb O.A.%.Ce, Stillweter, Oklahome. In 1939, my Bachelor

T

degree was crented, with majors in Chemistry and Siologi-

s

bl

£

cliance

o]
¥y
[

L&

cal Seience. I took graduate work at Stillwater until September,

From 1938 uatil 1940, I worked for the Department of Zoology,

and tae Dapartment of Bueteriologzy, FPhysiology, and Veterinary Science.
K@v Curran, also « graduste student, znd I were merried in June,
1940, In September 1840, we wmoved to fioodwell, Oklahoms, where up
to the present, I have taught Blolozicsl Science et Punhandle A & If
Celleges %e have had three children sincs coming to Goodwell.

Some graduate work was done at Stillweater during Avgust, 1941.

%inc@ then, leeding experiments have been complsted in Goodwell.



Typed by:

Mayoleca Stephenson





