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TECHNICAL BULLETIN No, 22 M DECEMSER, 1927

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

WILD TOBACCOS (NICOTIANA TRIGONOPHYLLA
DUNAL AND NICOTIANA ATTENUATA TORREY)
AS STOCK-POISONING PLANTS

By C. DwicaT MuarsH, dsvoriate Physiologist in Charge of Investigetions of
Stock Poispuing by Plunts, A, B, Coawsoxn, dssacigie Physioloyist, and G, C.
Ros, Junior Fhysiologist, Pathologicel Division, Burcan of Animal Industry
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HISTORICAL SUMMARY

The possibility thet Nicotiana trigonophylle may produce poison-
ing in livestock was first brought to the attention of the Department.
of Agriculture by F. L. Schneider, Bureau of Animal Industry
inspector in charge, at Albuquerque, N. Mex., in a letter written
November 10, 1923. He sent, for determination, a specimen of the
plant, which T. W. Crump, of his force, had thought to be the cause
of some losses of cattle. While presumably all the species of tobaccos
are poisonous. there were no recorded cases of livestock having been
poisoned by this plant. Schneider, therefore, was asked for further
details in regurd to the supposed cases of poisoning.

In reply he sent a letter, written by Doctor Crump, December 13,
giving the data which led him to suspect that this plant caused tha
death of the animals. He had visited a locality near Holbrook, Ariz.,
where he found about 12 head of cattle dead in an area which did
not exceed a_guarter section. An examination showed two small
buttes arcund the bases of which ¥. ¢réigonophylle was growing.
Much of the plant had been eaten to the ground.

One sick cow seemed to be paralyzed in the fore quarters, but
otherwise had no marked symptoms. She was killed for an aatopsy,
which was negative. An uneaten patch of the plant was marked, and
the cattle in the vicinity were driven away about a mile. On visiting

B7280°-—27——1 1



http:RUmmt1.ry

[

2 TECHNICAL BULLETIN 22, 1/, 8, DEPI. OF AGRICULTURE

the locality the next day it was found that the cattle had come back
and eaten the tobacco on the marked pateh.

Two yearling steers were found about 50 yards from the place.
One was lying down, and on being approached atfempted to rise.
He got upon his feet with great difficuity, shaking and shivering all
over. The eyes were staring, the head jerked from side to side, and
there were severe, clonic spasms of the muscles of the neck and shoul-
ders, He staggered a short distance and fell. The other steer
attempted to rige, but was unable to get upon hig feet. He had been
vomiting during the night. Breathing was slow and labored and
the pulse rapid and weak. There was muscular twitching all over
the body, and he rolled his eyes back at times until only the whites
were visible. There was some salivation. Nobpe of the animals were
bloated. In the same neighborhood where the cattle were poisoned
Crump found a number of skeletons of sheep, which presumably had
been killed by the same plant.

While there were no published cases of poisoning from eating
N. trigonophylle, Crump’s experience scemed so definite that it ap-
peared wise to undertake .rme experimental work. As the plant is
widely distributed in the Southwest, it seemed a probable source of
danger to livestock.

Another logs wus reported in a letter from F. L. Marney, of St.
Jolins, Ariz., who stated that he thought a loss of 30 head of cattle
was caused by the plant,

Tn 1925 the United States Forest Scrvice, in correspondence from
Rupervisor (). F. Arthur, of the Lincoln Nutional* Forest, N. Mex,,
was informed that Tocal stoclemen considered this plant poisonocus to
cattle and that a stockman named York, several years before, had
corralled 2 cow and fed her upon this plant with fatal result.

Although nothing in regard fo the poisoning of livestock by
N. trigonophylla hus been published, there have been statements in
regard to stock poisoned by other species of tobacco. The literature
in regard to ordinary tobacco, ¥. fabacun, is very extensive, and it is
not necessary 1o quote the data in detail. A large part of the in-
vestigative work, however, has been done on extracts of tobacco and
on the extracted micotine. 'There have been many cases of poisoning
of domestic stock by the adminisiration of fobacco juice and by the
use of tobacco extracts as dips. Only a few cases of the poisoning
of animals by eating the tobacco plant have been recorded. These
cases, however, correspond in their symptoms to the poisoning cases
due to the extracts. The fact that there have been Zew cases of
poisoning from eating the plant is, doubtless, explained by the un-
palatebility of the plant itself, so that livestock cv not ordinarily
enb it unless very hungry.

In regard to the species . suaveolens, which occurs in Australia,
fairly positive data have been accumulated. Apparentiy the frst
reference to the poisonous properties of this species was by Bancvoft
in 1887 {(2)* He states that an alkalaid has been separated and that
the plant 1s most poisonous. He does not, however, report any ex-
perimental work on animals.

: Figures In parentheses (Btalie) refor to © Ddternture clted,” p. 22,
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An article in the Veterinary Journal (/) states {hat in certain
districts in New South Wales a Inrge percentage of the horses be-
. camo affected with blindness and that careful investigation, followed
by experimental work, showed that the blindness was caused by the
native tobacco, V. sueveolens. The author draws the parallel be-
tween the symptoms exhibited by the herses and human amblyopia—
dimness of vision—produced by the excessive smolting of tobacco.

Husemann (9) gives a somewhat extended review of this worlk
on horses. XKirk (70, p. 227) says that the plant Is poisoirous to stocl
and thet the effects on sheep arve drooping head, dull eyes, swollen
tongue, and paralysis of the loins. Stewart (I6) gives brief details
of the poisoning of cnétle by . suaveolens. In one case he states
that of 1,005 catile, 100 were sick and 4 died. He recommends the
eradication of the plant. Maiden (71, p. 32) states his belief that
this plant is vesponsible for the death of lurge numbers of sheep.
Cleland and McDonald (4, p. 738-739) report the experimental
feeding of sheep, with no poisonous effects. The feeding was con-
tinued for a considerable period. It appears that the plant, which
agrows widely in  Australia, is generally recognized as more or lesy
poisonous to stock.

N, glavea, or *tree tobaceo.” grows in the southwestern part of
the United States, from Texas to sonthern California, its range ex-
tending into Mexico. .

Ewart and Tovey (7, p. 45, 83) speak of ¥. glauce as poisonous
in Australia, stating that it cavses blindness in livestock, Walsh, in
1909, {17, p. 47-48), writing of the South African plants, says that
this plant has poisoned cuttle, and is especinlly poisonous to ostriches.
In one esse, of u Lunch of about 50 ostriches, nearly two-thirds wore
killed. Schneider (13, p. 125) says that it is “said to have caused
the fatzal poisoning of cattle that eat it, only, however, when other
food was scant.” Salisbury (72, p. ¥9) speaks of the plant as very
poisonous in Australin. In 1916 Cleland (5, p. 220) quotes other
authors, cspecially in regurd to its poisenous effects upon ostriches,

but adds no new facts,
~ In 1924 Standley (75, p. 1278} says “This plant is abundant in
some parts of Mexico. It iy reputed to be very poisoneus.”

In correspondence with the United States Department of Agrricui-
ture, Mrs. Belle Miller, of Saluds, N, C., wrote that she knew of
serious losses of cattle from this plant in San Luis Obispo County,
Calif., severa] yeurs before.

The forezoing statements cover most of the facts which have been

ublished in regard to the poisonous effects of the wild species of

Jicotinnn upon livestock in the United Stadtes.

TOBACCO, NICOTIANA®
DESCRIFTION OF THE GROUP

The tobaccos ave vank, acrid-narcotie, mostly sticky-hairy herbs
{one shrub}, xonual or perennial.  The leaves are alternate, entire or
wavy nurgined. The flowers ure in the terminal or branched racemes,
funnelform or salverform, five Jobeil. The five stamens ave inserted
in the tube.  ‘The calyx is persistent, inclosing the fruit or capsule.
The capsile is two celled (except N guadrioalvis), many sceded.

2 PMks deseriplion was prepared by W, W, Fpedesten, of the Hurcan of Plant Industry.
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i, L.—Nicollana tnymwghy!m, showlng plont with lenves, blosgoms, wnd frud,

Tlily plunt, growlng in G

Ny ¢ Solthern Btates, is from a foot to more thon & feet in
g
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Several of these species were cultivated by the Indians. N. rustica,
~f the Eastern States, and ¥. quadrivalvis, of the Northwest, are

wnown only in cultivation or as #eseapes ” from cultivation.
KEY TO THB SIECIES OF WILD TOBAUGOS OF WESTERN UNITED BTATES

Shrub or small tree; smooth; whitened; tlowers yellow. Introduced from
Argentlun N. glanca,
Anuunl herbs ; sticky-tnlry ; strong scented; fluwers white to rroenish,
Lenves clasping, enred 2t base; flowers open during doy.,
Leuves shurp to hlant-pointed, fiowers ubont one-fourth inch broad:
flower tube somewhut compressed at throat_ N, frigonophylie
Leaves tuper pointert; flowers about one-half inch brosd ; tlower tube
cnen ok Lhironl — _— N, palmeri,
Leuves not clusping ; fiowers opening at night,
Pod two cellerl.
Flower Timb sboat onehalf inch broad.
Calyx lobes very unequal, the longer twice the length of the
tuboe. N. clevelundi.
Culrx lubies subequai ; shorter thas the tube . aitenvato,
Plower limb about 1 loch broad AL bigelovii.
Pod four or mure celled o= N, guedrivelviy.

DESCRIPTION AND DISTRIBUTION OF N. TRIGONOPHYLLA

An ervect, simple-sternmed, or branched, sticky-haired, nnnnal, 1 to 8 feet Ligh.

The lenves are sesslle, or the lowoer lenves have winged, ¢lusping, eared stulks,
2 to § inches long breudly
ablong to egg-shaped ; the
opper lenves are ablong
to lanee-shoped, sharp or
Munt at end. The fiow-
el's are in roccemes or
branched racemes, green-
sl white or yellowish,
opening in dnytime, sal-
verform, three-tourths of
an neh long, The eulyx
teeth ure shoarp, lance-
stnped, one-hulf as long
us the llower tube,

N, trigonephylla is
found in desert and
semidesert valleys
along the washes in
central Texas (Austin), southwest Colorado, southern Nevada, south-
ern California, and south to Central America, Figures 1 and 2 show
the plant and its distribution, respectively.

Fig. 2.—Distribution of Nicotiuna trigonaphyiie

DESCRIFPTION AND DISTRIBUTION OF N. ATTENUATA

An erect, branching, sticky-haivy, anounl, 1 to 4 feet high. The leaves are
stulked, ecgg-shuped to lunce-shaped, long pointed 1% to 4 inches longe  The
unmerous flowers are jn branched reeomes, nlght Howering sulverturm, 1 to
1% inches. The onlys leeth ave trinngular, Innce-shaped, one-third as long as
Hower tube.

N, afteracate 1s Tound in dry, sandy, streamn Dbeds and flats from
Park County, Colo., to Grant County, N. Mex., and southern Culi-
fornia, Figures 3(e) and 3(5) show the plant, and Figure 4 its
distribution,
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The plant is known in California as coyote tobacco. The Klamath
Indians, according to Coville {6, p. 704), called it “kiich-kul.” Qld
inhabitants of Utah report that the Indians there called it “quop”
or “toquop.”

EXPERIMENTAL WORK ON N. TRIGONOPHYLLA
PRELIMINARY CHEMICAL EXAMINATION

A few grams of the dried and powdered whole plant of N. #rige-
nophylle® were macerated with Proliug’ solution overnight, and the
extract gave a positive

: - - — — test for alkaloids with
' 0y e ) Mayer’s reagent. A
lzrger quantity of the
material, 900 grams,
was next moistened
with 95 per cent alcohol .
containing some acetic
acid and percolated
with alcohol, about 4
litersin all, The result-
ing extract wasneutral-
ized with ammonia and
concentrated to small
bulkk by distillation In
vacuo and the residue
taken up with dilute
acetic acid. This was
made strongly ammoni-
acnl and shaken out
with chloroform, three
portionsof that solvent
removing the allkaloid
completely. There re-
mained after volatiliz-:
ing the solvent a dark-
brown oil with green
fluorescence and pyri-

dine odor. It gave a
WG, Sla)—Xieotivee atiensatn, showin rowing plunt — H H
with feaves and Howers, ‘This plant ‘fﬂﬁ\'s from I to ‘313’3ta1hn8 pjcrate melt"

‘E‘lfl{;li::):‘IlIlIinh{:?;iF’(liItn\'}:‘I\‘\“! I\l;ﬂi{!ggld ?t,uilhl lg:-(i)f\i'};bi;oél::ll[;g]#ﬂtig ing E.if;.218° C., a white
88 eoyote wobnees,” called by the Klnumlh ‘:Indlxlnﬂ prempltate with g()ld
;l}ctllc‘it:‘;l{\;:::},p‘inxid by some of tie Dtab Indinng “ guop chloride,and an orange-
colored crystalline pre-
cipitate  with platinum chloride. The characteristic picrate is
sufficient to identify the alkaloid as nicotine. The guantity of nico-
tine in the plant wus determined, using the silicotungsiic method of
Shedd (/4), and found to be 0.39 per cent. As compared with some
other analyses of unfermented tobacco plants, this indicates a rather |
low content of nicotine. That alkaloid is an extremely toxic com-
pound, und its presence in . frigonophylle should make that
]_)hmt]:m object of suspicion in cases of stock poisoning where it is
abundant.

bk pxnminntlon wis mrde iy O, P, Blaek, of the UDuregy of Plant Tudustry,
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FEEDING EXPERIMENTS

The feeding experiments were carried on at the Salina (Uteh}
Experiment Station during the swmuers of 1924 and 1925, part of the

material used being
collected near Tlag-
staff, Ariz., by Doctor
Crump and part from
Mount, Grahbam, near
Safford, Ariz., by W.
W. Eggleston, of the
Burcau of Plant In-
dustry.

The animals nsed ex-
perimentally included
cattle, sheep, chickens,
and one horse.

Table 1 gives a sum-
marized statement of
the experimental worlc.
All of the feedings
were of air-dried plant,
but it seemed best to
state the dosage in
terms of green plant.
In making the compu-
tations 78 per cent was
aliowed for loss of
moisture in drying.

TYPICAL CASES OF POISONING

Cattle 998 and 1017
and sheep 868 may be
considered as  cases
typical of the results
of feeding Alcotiana
trigopophylla.

teer 998 was given
by forced feeding, be-
becween 9.35 and 9.59
a. m., on August 26, &
per cent, eshmated as
oreen plant, of its

weight of ground ma-

terial of leaves., buds,
fine stems, and flowers
moistened with water.
This was given while
the animal was in the
chute, and the material
was fed in 24 minutes.
When thie animal was
released he wallted un-

T
AR

T, 308} —Niegfiung affenpate, showing more clearly
the form of the lewves nod Howers

steadily, wabbling from side to side. and showed great nervous-
ness. In walking, he stumbled, and there was u tendency to drop on
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the phalangeusl portion of the forefeet. Trembling was soon noticed
in the shoulder region. The pulse became very wenk, and at 10.28 he
was lying down, the whole body trembling. The eyes were staring.
The third eyelid {nictitating membrane} was drawn back over the
eye, and there was definite salivation. At 10.30 he was unable to get
upon his feet. VWhenever he attempted to get up the trembling was
very violent, and he was forced to lie down. Figure 5 shows his
condition at about the time he was almost completely prostrated.
There was frequent urination, and his pulse was very weak. The
weakness gradually
increased. There was
more or less dyspneea,
and he died about
230 p. m. The au-
topsy followed imme-
diately, but no pro-
nounced lesions were
shown,

Heifer 1017, on
September 16, re-
ceived by forced
feeding 0.75 per ccnt
_ of its weight of the

o, 4 Mlant moistened with

J1a. 4.—Distrlbution of Nicotiona aflennata 1\'ater. The feedin
cormmenced at 10.80 in the morning and sas finished at 1040, Fit-
teen minutes later, symptoms of poisoni ng were noticed. The animal
Was very nervous, the muscles of the shoulder were twitching, the
nictitating membrane was drawn over the eye, and confused vision
was noticesble. Tremblingin the rest of the body followed, becoming
quite violent, and there was frequent urination, Figure 6 shows the
animal at 11.18 a. m., September 16. The eyes were staring and
partly covered by the nictitating membrane. The animal stumbled
us she walked, moving with short, quick steps. There was some
salivation and great weakness, aithough no complete prostration.
The trembling continued for 22 hours, during which time the animal
while walking appeared stiff-legged, and the pulse was very weak.
From this time there was continued improvement, but symptoms
indicating wealiness continued during the day of September 21.
After this she seemed to have recovered.

On August 6, between 10.43 and 10.58 a. m., sheep 868, a ewe about
4 years old, received 8 per cent of her weight of the plant moistenad
with water. Tiwelve minutes after the feeding was completed she
begun to show signs of weakness. stumbling as she walked, the weak-
ness being especially pronounced in the forelegs. Trembling in the
flank and in the shoulders followed, and there was & tendency to
bend the feet buckward from the fetlock joint and to walk on the
anterior surface of the feet. The trembling continued and at 11.96
2. m. was very violent. The eyes were staring and there was slight
salivation. The ewe showed considerable hyperesthesia, At 2.45
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Tasre 1—=Swunimary of feeding erperiments ith Nieoliena trigonophyilc

Animal

|
:

i
[

Pegie Wi
‘l___. .
Cutrle: . Pokanids
Al 457
1,006.F 108
s, b 3
1005, M85
k90 B Iy
LT 485
Shieop:
§17.. 41
Bio ] 4
B30, A5, %6 §
M. 8.5
50, 70
BB...1 W&
LI N 3
L4 i &
508...] 117
BlE...| 562
B0 .| &7
B2, .| 1005
B10._1 115
Bar. .. 8Ls
1.} 1.5
Wil 123
Wt . f 116
L3 P E11)
Horse:
146 ¥
T4 .| B8l

Per-
Method cent- | Plaee nnd date
R“('i?lf' [ o feed- Purtuosi(x;lum agoof [ ofplangeol- | Resulg Romarks
LrGHE Lng weight lection
fed !
1024 Per cent
Aug 15§ Tn hay. | Lenves,bueds, | 0.83 | Saiford, Ariz., | Slight ef-
fowers, Muy 4, 1924, feel.
and  fAne
stems.
A A |Lde L L [ do..eeee. 125 feeeen [ [ JO F 1T -
A 25 | Balling [oaoo- e manb 200 [aeaes oo o | eath. ...
i,
Sepb. 2 et |a oo of LW o YVary sick_
Bepl, 8| otboeo oo oo o IR 3 P £ 11 T Sl}gltt cf-
ect.
[T (T ) S U E L] — 75 | Flagstafl, Ariz., | Very siek.
July, 1024,
July .50 | Bafford, Arlez, | Mot sick._| Lamb.
Blaaq, 1024,
July 1.0 [emmms S P, Do,
July . Iio.
July Matura
shewp.
July 1| odooo o do L. o
July 18 do do__.... - - 0.
July 24 [ooodo oo Stetns. Not siek. _{ Lamb,
July 30 |..odoe....| Leaves, budy, Llipht ef- 0.
fiowers, feet.
mrel  fine
BLenIs,
Aug, 6l __doo i .. A1 T— 300 booas [A [ T Siek.. ....] Muture
. ) sheep.
Aug 21 b t0e e doe_..| IT-00 foaceatlOucacaoo. Slight of- | Lomb, toler-
Loy Sapt, lect. ation ex-
1, inel, periment,
Symptoms
after flrst
iose 1.4 per
cant of
welght,
Sepb, 0. 200 oo 0 aae T Tamb.
Sopt. 11 300 ... [ 1. T O Jdo..... Muttre
; : ) sheep.
Bepl. 15 |.ootdoe oo oeouotlO s 4.00 | Flugstalf, Ariz., | Doath ... 0.
o duly, 2,
Sepl, 19 [Lo.do. oo b RBRL_L__ ) . _-do. o,
1926
Sepr. 1 Flagsitaflf, | Somewlnt Da.
Ariz., Aug., sick.
24.
Serl, 2 ) L doo o Ladoaa o) LT oo de. . Do.
Bepl. B foccl0oo ieeeaaliOaaool] O8] i 11T/ Da,
eetdoo o bodo, o doeaal ] L A2 |oooon 3 Dao.
1024 :
Aug. 3| wWith Leevaes, VBB | Plagstaflf, | Kot sick-.
hay. buls, fow- Ariz., July,
ers, and 1024,
¢ finestams.
Aug. 18| .do, . ...odo Coos lodoe : Blight ef-
. : feet,
Ang. 24 [£ 1 JOON SRR | | TR,
T Aug. 10 - Wot sick. .
Aug. 11
ToAag T
Aup. 18
Aug. 2
Ay, 2

1 Feaelings were of airdried plaoot culeubated os preen plaot per 100 pounds of animel. In every case
the feedings were on the siugle day stated, except that Jnmb 818 was used. jn a tolerstion experiment.

HTUS0°—27
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p. m., when she was turned out for water, the trembling was so violent
that she was obliged to lie down. The respiration was very rapid at
this time, and she panted, with her mouth wide open. Figures 7 to 9
show the attitudes assumed by the animal during the illness. The
next morning, August 7, the animal had almost entirely recovered.
In order to deter-
mine whether horses
may be poisoned by
the plant, one horse
was fed three times,
and in two of the
experiments showed
definite symptoms.
As ostriches have
been reported poi-
, . o - soned by N. glauca
Fia, 5—Steer 908, August 26, wlien completely prostrated in South Afr ica, it
seemed. wise to deter-
mine whether chickens may be affected. Six experiments were con-
ducted with chickens. Although these received much more propor-
tionately than the other animuls—in one case 5.68 per cent of its
welght—they showed no bad effects. While the experiments were
nob numerons enough to prove that chickens are immune from tobacco
poisoning, it may be
inferred that they are
much less susceptible

than horses, sheep, or
cattle,

DISCUSSION AND GENERAL
CONCLUSIONS

BYMPTOMS

The symptoms of
Nicotiana  poisoning
are summarized Dy |
Frihner (8, pp. 204-
205}, as follows:

Retehing, vomiting, 1ali-
yation, tympanitis, diar-
rhen, colie, grent muscelar
weakness, staggering, fiull- - ]
dng down. by 0 I ok uad. i Sariog ey
stand, amensess, trembling, p:irt!,\‘;‘ covered ’t';y the nictitating uzﬁeml':;'ane,a“smge gvy:r:;
clonie spasms, opistholo- naticeable

nos, spesms of diapbragin,

contraction of eye musdes, dullness gnd stupor, pulse in the beginning slow,
later unusually rapid and irregular, violent palpitation of the heart, cold
extremities, dyspnes,

Tt will be noted that the symptoms of the experimental animals at
the Salina stalion corresponded quite closely to those listed by Frih-
ner. Especially noticeable were musenlar weakness, a stiff-legged gait,
and, in severe cases, complete prostration. The trembling was very
marked and was noted in near{)y all the experimental animals, The
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pulse was typically weak and rapid, and this, especially in the sheep,
was correlated with rapid respiration.

In the experiments of 1924 it was noted that sheep 868 had a rise
in temperature the second day after the feeding and that there was

e, T.—Sheep 868, Angust G, poisoned
Iy leaves, bads, fewers, and Aog slems
of N, trigonephpiic

¥, O-—Sheep 808, Augost 6, in still
another aboormei posttion

Fig, 11,—.‘51100{) 912, Meptember 10, at
11.2% g m., linding it difheult to stand

Fig, 8—8heep 808, August 6, o ahother
attitude

Fre. 10.—&heep 0912, Sepiember 10, al
11.15 a. m., stupgering from weakness
resuiting from peisoning by N. eltenu-
ata -

Fig. 12.—%heep 812, Beptember 10, at
31147 .o m.  1¢ maintzined stonding
pogition by wtretehing the Lindg legs out
ay illustrated

an indication of the same effect in sheep 849, although the record for
this animal was incomplete. This was not at the time constdered
significant, as it occurred in only two animals, and positively In only
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one, but the experiments with . aftenuate in 1925, as shown on
page 18, indieated that the plant produced a distinet effect of this
kind. As the temperature records of the 1924 experiments were,
in most cases, not continued after the apparent recovery of the
animals, in the four feedings of 1926 care was taken to continue
the temperature records for several days. In two of these animals
there was a distinet rise in temperature, in one case in 24 hours,
and in the other on the third day after feeding. There was an
indication of the same effect in the other two, but it was not shown
positively. It seems probable that the delayed high temperature
may be characteristic of many cases of poisoning by Nicotiana.
Frequent urination was noted in three cases and salivation in five,
Vomiting oceurred in only two cases. It may be remembered that
Crump spoke of vomiting as oceurring in his field cases. When
attempting to move, some of the sheep and one of the cattle some.
tunes bent the feet baclward from the fetlock joint and knuclled
over to such an extent that they walked on the anterior surface of
the feet. This was pspecially marked in the forefeet, The staring
eyes and the contraction of the nictitating membrane, which were
noted in two of the cattle, are matters of considerable interest, par-
ticularly because of the reported effect of X, glauca in causing
amaurosis in horses in Australia.

TIME BEIWERN FERDING AXD TR DEYELOPMENT OF SYMPTOMS

Table 2 shows the time whicly ela psed between the conclusion of
the feeding and the development of symptoins,

TaBrLe 2—1'Tme elepsing befween fhe feeding and the development of symploms

Dose ;f-!
Bx-
l

pressed

HsQ
.| Time before symptoms
celzﬁ.::ge' de\’clol_lad
af ! I
animal i
walghl ,]_

Dosa

BX-
pressed)
as g
per-
cenlage
of
animal
weight

Anlnal Time befaresytcxllptnms

developa

” Animal
i ¢

Catlle 022
Cattle 1017.__
Cattle 1005, ..

' Shéep 828, wathrs, .
Sheep 847, mature_.
Bheap B10, metirae,_

0.5
-7
1.0

3 loues.
15 mijnetes:
20 minuteg,

25 minutes,
0 minutes; desth.

Cattle 008,
Catile 1031

Cattlle 1600 . _.
Horse 146_.._____.

2.0

Tounedistaly; death.
1 hour 30 minutes.
15 minutes.

4 hours 20 minutes.
4 hours 15 minules,
42 minutes.

Sheep 971, mature.__|
Bheep 908, matura__
Sheep 976, maturo__|
Sheep 981, mature. .
Sheap 823, lamb.____

Immediately; death,
30 minutes. .

18 minutes.

40 minutes.

43 minutes,

i7 rainntes.

-

Shecp 340, maturp,
Sheep 848, mature.
Sheep 808, mnture..!

Bheep 830, lamb____
Sheep 869, lamb.____
Sheop BIE, lJamb_. __

2 honrs 31 minutes.
16 minutes.
¥ minutes,

20 minutes.
12 minutes,

bt sl alnd ad bl g2l
&hgn e e md [=]
DoanggugoR

In considering this table it should be noted that as the observations
on steer 1031 and sheep 830 were not carried on so carefully as were
the observations on the other animals, probably the symptoms oc-
curred in these two animals somewhat earlier than the time recorded
in the table. If the records of these two animals are disregarded,
the average time for the development of symptoms in cattle was 46
minutes; in mature sheep, 23 minutes; in Tambs, 14 minutes; and in
all the sheep, 21 minutes. The important thing to notice in these
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data is that the symptoms appeared & very short time after the ad-
ministration of the plant. As may be seen in Table 2, the symp-
toms in steer 998 and sheep 810 appesred immediately after the feed-
ing. Generally speaking, too, there is a correlation between the time
required for the develupment of symptoms and the size of the dose;
that is, the animals receiving the larger quantities of the mate-
rial develof)ed the symptoms more quickly than those which re-
ceived smaller quantities. So far as shown by Table 2, apparently
the symptoms appeared somewhat sooner in sheep thau in cattle, but
too much stress should not be put on this peint, as the number of
cases was rather small. The average time in the horse experiment—
4 hours and 47 minufes—was very much longer, which may be
significant.
DURATION OF 8ICIKKESS

Table 3 shows the time during which the sickness continued.

PABLE S.~Duration of sickness

Dosa ex-
pressed
as g per-
eem.;xge Phme sick
4} . -
anfmal
weight

Cutble 3022 v e ne X Ong obsarvation.
Cathlz 107 B . 120 hours,

. 48 hours,
3 hours 39 minvtes to death,
One observation,
1 hour 25 minutes.
15 minutes.
Oune observation,
1 hour 25 nuinutes
g hours § minates.
1 hours 35 minutes,
21 hours 23 minutes,
35 minntes to dentih.
47 ininutes to desth
3 hours 53 minutes
3 hours 1 minute.
1 honr 52 minates,
1 hour 40 minutes.
2 hours 30 reinuces.
3 hours 17 minutes.
90 hours,
27 minutes.

Sheop 849, niature,
Sheap 848, maiiio.
Sheop 868, nmiure,
Sheap 520, mwature...-
Sheep 847, mature,
Sheepr 810, mature__.
Sheep 871, Joature.
Si:enp 963, mature_
Sleep V76, maturs.
Shpep 081, malura_
Slivep 823, lamb..
Sheep 830, Iawb__ .
Sliacp 869, lamb.._
Sheap 518, Ismb

wr

b2
[+

ot bt e et b Tt e LA G B PO BT b b
D & s £ ]
Rl <E ]

o

In Table 3 is shown the time from the first observation of symptoms
to the last recorded note. This gives rather roughly the time during
which the sickness continued. Inasmuch as these data are drawn
from the notes of the observers it is probable that the time indicated
is, in many cases, distinctly less than the actual {ime during which
the sickness continued. ‘The minimum period of sickness was, of
course, in those cases in which a single observation was made.

The maximum period during which cattle showed symptoms was
five days (heifer 1017). In the case of sheep, the maximum period
was 3 days and 18 hours (sheep 869). Sheep 869 developed dur-
ing its sickness a case of forticollis and this condition existed when
the animal was returned to its owner, about twe and a2 half weeks
atter the feeding. The animal never recovered, and died January 20,
1925, abont four months after the experimental feeding,
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The average period of sickness of the cattle which recovered was
33 hours nnd 53 minutes, In the case of mature sheep recovering,
it was 56 howrs and 19 minutes; and in the case of lambs, 24 hours
and 3 minutes, )

In considering Table 3 it will be noticed that while some of the
. animals recovered in a very short time, others showed the effects of
the poisoning for s period not enly of hours but of days.

In the lethal cases steer 998 died 3 hours and 39 minutes after
feeding, while sheep 847 cied in 35 minutes and sheep 810 in 37
minutes. .

There is no clear correlation between the duration of sickness and
the dosnge.

ATUTOFSY FINDINGS

Only three animals were killed, steer 998 and sheep 847 and 810.
All showed some regurgitated stomach contents in the trachea, and
this materin) in steer 998 and sheep 810 extended into the bronchi.
The gull bladders of both sheep were empty, but the gall bladder of
steer 998 was full and distended. There were no other abnormal
conditions, The animals evidently died of respiratory failure,

MICROBCOI'IO CHANGES IN TISSUES

The changes in the tissues were few and most of them of no great
importance. Material was studied from two sheep, 810 and 847, and
from steer 998. This consisted of the following crgans: Pancrens,
liver, heart, kidneys, spleen, and lungs.

The pancreas did not show severe injury, but there was a uniform
condition of slight irritation.

The liver probably showed the most pronounced changes. Radiat-
ing from the central and sublobular veins, and, to some extent, from
the portal canals, were masses and cords of hepatic cells, the cytoplasm
of which took the eosin stain very intensely. As a rule the nuelei
of these cells reacted very strongly to hematoxylin and in most cases
appeared to have shrunk some. Between these cords or masses of
intensely eosin-staining cells nnd occupying all other parenchymal
space in the organ the cells exhibited a cytoplasm which varied from
a thin, even-staining condition te an almost total peripheral accumu-
Jation, This type of cell usually contained w normal and well-
stained nucleus. Accompanying this condition of the hepatic cells
there were, in some instances, edema and congestion.

The tissues from both ventricles of the heart showed a mild, inter-
stitial myocarditis and more or less edema. Both right and left
kidneys exhibited a condition of mild irritation and varying degrees
of edema. A uniform, pneumonic condition was found in the lungs,
which varied in degree but did not become severe. The spleens
were about normal but gave some indication of irritation.

Tigeno from the intestinal tract did not show pronounced changes;
most of it appeared normal, but some exhibited slight irritation.
Changes in other tissues were slight and probably indicated nothing
meore than the initial stage of mild irritation or hyperactivity.

TOXIC AND LETHAL DOSAGES

Table 4 shows that the minimum toxic and lethal dosages were as
foliows:
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TasLE 4—Toxic and lethal dosages -

Anlmsl ‘Minimum toxic dose Minimum lethal dose

Cattle 2 per cant animp! weight.,
Bheep, matirn 3.25 pet cont animal welght.
Bheep, lambs___..._. -] Not determined.

Da.

While too broad inferences can not be drawn from the compara-
tively small number of cases, it seems fairly evident that the plant
is distinctly more Loxic to cattle than to sheep. The minimum toxic
dose for lumbs is practically the same ns that for mature sheep, al-
though one would naturally expect that the younger animals would
be somewhat more susceptible.

So far as indicated by the feeding of one horse, apparently the
susceptibility of horses is about like that of cattle.

None of the chickens were poisoned. although they received as
much as 5.68 per cent of their weight of green plant. It is evident
that chickens are not especially susceptible to poisoning by this plant,
and that if they can be poisoned, the toxic dose is more than 5.68
per cent of their weight.

TOLERATION OF 1'0ISONOUS EFFECT

Observation of tobacce users indicates that toleration of nicotine
poisoning is quite readily acquired. It would be expected that a
similar result would follow with the use of N. frigonophylla. In this
connection the experiments with sheep 818 and 869 are suggestive.

Sheep 818 received every other day 1.5 per cent of its weight of the

- plant until it had received a total of 15 per cent. After each feeding
there was a slight effect even to the Jast, but at no time was the animal
seriously affected. On the second day after a total of 15 per cent had
been fed. the animal was given a dose equal to 2 per cent of its weight.
This quantity affected it only slightly. As a matter of fact, the
observers questioned whether any toxic effect was produced at all.

Sheep 869, which was the twin of sheep 818 and OF very nearly the
spme weight, was given a dose of N. trigonophylla equal to 2 per
cent of its weight on the day on which sheep 818 received a 2 per
cent dose. Sheep 869 was made quite sick, having all the typical
symptoms, and the symptoms continwed for 3 days and 18 hours.
There seems to be little doubt in this case that the continued feeding
of sheep 818 had produced a certain toleration of the effect of the
plant.

AKIMALE POIBUNED BY N. TRIGONOIHYLLA

The experiments show conclusively that cattle, sheep, and horses
may be poisoned by this plant. Inasmuch as chickens were not
affected, although receiving as much as 5.68 per cent of their weight,
more than four times the minimum toxic dose for sheep, and more
than ten times the minimum toxic dose for catile, they may be
considered as practically immune to the effects of the plant.
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PREVENTICN OF POIBCNING

So far as freatment of poisoned nnimals is concerned theve appar-
ently is very little to be done. They should be kept quiet, and if
there is » tendency to constipation, probably treatment with a laxa-
tive like linseed o1l would be helpful. The main reliance, however,
must be placed upon keeping them from eating the plants. Tt is to
be presumed that the plants are distasteful and arve not likely to be
eaten except when other feed is short. Inasmuch, however, as the
plant grows in somewhat thick patches, cattle or sheep confined to
& rather limited aren, where other forage is short, evidently may eat
enough of it to cause serious harm. It should not be a matter of
great difficulty to largely eliminate the plant from any given range.
. trigonophylla is ap annual and grows in somewhat limiled areas.
Therefore, if it is cut down before the formation of the seed, the
plant can be easily destroyed.

EXPERIMENTAL WORE ON N. ATTENUATA

There are no reported cases of poisoning of livestock by N. attenu-
ate. The only publication in regard to the poisonous properties of
&Y. atfenuate is the determination of the nicotine, by Couch (5).
The follewing statement is quoted from his summary: “ Nicotine
has been isolated from N, atfenuata snd has been shown to be chemi-
caily and phurmacologically identical with nicotine from &, tabacumn.
&, attenuata contains the following amount of nicotine in anhydrous
samples: Leaves, 1.45 per cent; stems, 0.48 per cent; roots, (.25 per

cent.” Inasmuch, however, as this species of wild tobacco is rather
widely dustributed, and as its range overlaps that of ¥. trigonophylla,
1t was thought desirable to get the main data in regard to its poison-
ous effects, Moreover, because of the fairly close resemblance of the
two species, it seems probable that, in reports of distribution, they
muay have been confused sometimes with eack other.

FEEDING EXPERIMENTS

In the experimental work, which was carried on at the Salina Ex-
periment Station, there were eight feedings of sheep and one feed-
ing of chickens. The results are summarized in Table 3,

All the feedings were of dry plant, and 78 per cent was allowed as
loss of moisture by drying. The plant was collected nt Panguitch,
Tteh, on August 2, 1925.

Sheep 912 was a yearling ewe in good condition, weighing 88
pounds at the time of the experiment.

On September 10, between 10.54 and 11.10 a. m., she was given
by balling gun 8.7 per cent of her weight of Nicotiana attenuata leaves
and flowers. Immediately after the feeding, symptoms of discomfort
were observed, and there was a slight trembling sbout the neck.
At 1115 she was trembling, stood humped up, snd was showing
some weakness in the legs. At 11.27 her femperature was 101.1° F.,
pulse 140, and respiration 20. Figures 10, 11, and 12 show attitudes
of the unimal between 11.15 and 11.37. Respiration was somewhat
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irregular. At 11.43 her tempersture was 102.4°, her pulse 148 and
week, she was trembling all over, and the weakness was very
much more pronounced. At 1135 the respiration was 16, shallow
and quick, and the pulse 148 and weak. At 12.03 p. m., while the
animul remained on her feet, she staggered when walking, the hind legs
beirg particulurly weuk, and the fetlock joints had a tendency to
“break down.” At 12.40 the temperature was 104.2°, pulse 160, and
respiration 18. The respiration was irvegular, At 1.37 the tempers-

TavLe b—Summary of feeding ewperiments 10ith Nicotitne altenuuta

Anfmnl I Par-
7 TTTTY 7T Dateat Mt!dffl cent?ge
&16 O vthou o o
Waight | feeding toeding | Part of plant used animal Result
Destgnuation b3 1 waight
Potinds l facd
hitzi Per cend|
6.5 | Aug. 17 | Daihing gun | Lenves, buds, Howers, snd 2.0 | Mot sick.
fioe stams.
21 Auvg, 8 ... L1 T I L1 2,25 | Siight aetlect.
OLE T Aug. 20 oo dg . 25 Do.
Bl A M jee—doo oLl do &4 | Blek.
8l Aug. 3 oo L1 T W oo 3.8 1 Slight allect.
845 | Sopt, B 17 S do G4 Do.
£ Sopk, W oL, do. . o 3.7 | 8lek,
B Sept. WL L oo o} Stems__ ... el &8 § Death.
218 | Sept. 33 | Foree fad_...| Leaves, buds, flowers, und A0 { Sick.
{ine stams.

ture was 103.5%, puise 160, respiration 40. the respiration bsing some-
what spasmodic. At 3 o'clock the animal was turned out to water
and walled fairly well, although somewhat stiffly. The trembling
stil continued. At 5 p. m. the temperature was 102.7°, pulse 120,
respiration 32. The character of the pulse was improved, and the
respiration was fairly deep and regular.

Daring September 11 the temperature continued between 103° and
104°, puise between 82 and 104, respiration between 24 and 28. The
pulse had become strong, but the respiration continued irregular in
churacter,

On the morning of September 12 the temperature was 104.2°, the
pulse 72, weak but regular., In the afternoon the temperature had
dropped to 102.6°, the pulse was 84, and respiration was 20,

On September 13 the morning temperature was 104.1°, pulse 72,
respiration 24. In the ufterncon the temperature was 103°, the pulse
60. On September 14 the morning temperature was 104° and the
pulse was 68,

During the duys from September 11 to September 14 no trembling
was noted and the general condition of the animal was fairly good.
The abnormal characteristics were the weak pulse and the distinctly
high temperature. Figure 13 shows the temperature curve.
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On September 15 the morning temperature was 101.7°, pulse 60,
respiration 21. The afternoon temperature was 102.3°, pulse 88,
respiration 36. The character of the pulse, respiration, and tempera.
ture was that of o normal sheep. The animal at this time was
considered recovered. '

DISCUSSI0N AND GENERAI CONCLUSBIONS

SV MPTUNMS

Tn general, the symgtoms of poisoning by ¥, attenuata resembled
very closely those produced by ¥. trigonophyila.

Most i)ronﬂnent were depression, irregular respiration, rapid and
weak pulse, trembling, and muscular wenkness resuiting in a stagger-
ing gait, In some cases the symptoms included salivation and soft
feces. The general appearance of a poisoned animal is shown in the
pictures of sheep 912, Figures 10, 11, und 12. The temperature was
inclined to be high, sometimes not nppearing until two or three days
after the experimental feeding. This high temperature, too, in some
cnses continued to be the only distinet symptom for a considerable
period.  The temperature curves of sheep 912 and 902 (figs. 13 and
14) snow very clearly this effect.

In some of the cases of poisoning by N. #rigonophylle, a similar
effect upon temperature was noted.

TIME HETWEEN FEEMNG AND THE DEVELOPMENT OF SYMI'TOMSB

Table ¢ shows the time between feeding and the development of
sympioms.

TanLe 6—Time clapsing between feeding and the development of symptoms

Lrose ox- Dose ox-
frssad || Tim boioro el
symploms
Gantgn - Lontoge
of nuimut eveloped of nnimal
welght welght

Tima before
aymptamsa
developed

Sheep Wt 2, 27 minuted. Shesp W oo ea s L 5 | 16 minutes,
Sheap 08 _.__.... L & minutes. Sheep 912 .- 4.7 | Immeintaly.
Shoopr BiM.__.... ... 3, 3D einutes, Shea! . 4.0 Da.
Sheap 883 o.nnva o B lmzzedintely. (*hick: voamn 3 Da.

4

In some cases syraptoms appeared Immediately after the feeding.
The longest period which elapsed before the sppesrance of any
symptom was 30 minutes. It was found in the V. trigonophylle cases
(Table 2) that if sheep 830 was excluded for the reasons stated on
puge 12, the longest period of time before the development of symp-

toms in sheep was 43 minutes,
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The effect in the two species was almost identicul. The nverage
time before the development of symptoms in the V. affenuato experi-
mental sheep was 11 minutes. In the cases in which V. frigonephylla
was used the average period was 21.2 minutes. As in the &, rigono-
phallc eases, in general, the shorter time was correlated with the
lurger dose.

DURATION OF BICKNEBR
Table 7 shows the time during which the sickness continued.
= -

MaBLy T—Duration of sickness

Dose ox- l
jarassect |
L3 & JMer- |
ositige
of splinl
welght

EATIT Timwe siek

]
Eheapy 128
Blieap: wh
Bhieag B4 .
Shoep 883
Blioep M2, _. .. .
Sheep M2._ .. ... . Lo L ems o emees
Slmuﬁir.’l:---_,__.. e G e e
Chivken 57, {Appurently slek wntil kilied & woeok

luter; tofes Indefintte.)

18 hours 21 mioutes,

i bours 47 minutes.

44 hours 42 mnintites,

4 hours 18 milnutes.

80 hours 50 minutes,

9 hours 9 minutes,

104 houns 44 minutes to deatll,

PRt
e e =T okl -]

The maximum period of illness in the sheep that recovered was
99 hours and 47 minutes, and the average in these animals was 57
hours und 12 minutes. Sheep 920, which died, wus sick 104 hours
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e, 13, - Tempernture curve of aheep 7112, Note the higher tempernture after
reeciving the fouding af N, wttenuate September 30

and 44 minutes. In regard to chicken 57 the notes were incomplete,
and it cun ouly be said that the apparent effect of the plant eontinued
{for a long peried.

AUTOPEY FINDIRGA

The autopsy of sheep 920 did not indicate much in the way of
definite lestons as the result of poisoning by the plant. There were
some petechiwe on the heart, the lungs were congested, the fourth
stomach was somewhat reddened, and the surface vessels of the
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ileumn were congested. The posterior mediastinal Iymph glands were
vongested and hemorrhagic,

MICROSAOPIQ CIIANGES IN TISSUES

In the microscopic exumination of tissues comparatively few
changes were observed which are of significance.

Tissues of sheep 920 were examined, The pancress showed slight
irritation. The liver exhibited the most pronounced changes. The
cytoplasm of the Leputic cells immediately surrounding the portal
canals, the central and sublobular veins, and the region just below
the capsule took the eosin stain very strongly, probably indicating
a swollen condition. The nuclei of these cells were usually shrunken
and stained almost black with hematoxylin. Mild congesfion existed
throughout the entire organ. The spleen showed slight irritation.
The abomaswn was normal, as were also the duodenum and ilewm.
Tlie ventral parts of both lungs were affected with acute pneumonia
moan advanced stage.  This pneumonic condition extended tnto the
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Mg U, - Pemperature curve of sheep D02, Note the hlehar tompernture ogeurting
the second day attor the experbmentut femling

dorsal Jobes, but was less severe there, and finally mereed into a con-
dition of congestion. The suprarenals were practically normal,
Blight irritation was found in both kidneys. Tle posterior medias-
tinal lymph gland displayed pronounced hyperpinsia and conges-
tion, while a mesenteric lymph gland examined exhibited slight 1rri-
tation. Mild interstitial myocarditis wus present in the walls of
both ventricles of the heart.

A comparison of tissues of animals poisoned by . trigonophylla
amd Hssues of those poisoned by . atténuate Jid not indicate funda-
mental differences. Such as were noted appeared to be differences
of degree and not of type of injury.

TOXIC AND LETHAL DOSAGES

The minimum toxic dose for sheep wus 295 per cent of animal
weight of green plant, and the lethal dose was 8.6 per cent. There
was only one lethal cuase, sheep 920, As sheep 912 was made sick on
2.7 per cent, it is presumuble that 8.6 is close to the minimum lethal
dose. It should be noted, however, that sheep 920 received stems,
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while sheep 91 received leaves and flowers. While it is supposed
that there is little diflerence In toxieity between the leaves und stems,
there were no experiments to nuinke sure of this. It is, thercfore, pos-
sible that the stems are more toxic than the leaves. Only one chiclken
was used, and that was made sick by a 5 per cent dose.  Siuce in the
work with A. trigono phylla no effect was produced by 5.68 per cent,
it is probable that 5 per cent is about the minimumn toxic dosage.

So fur as the experiments o, with the compuratively smali number
of animals, it muy be inferred thut ¥. atéenucta is somewhat less toxic
thun . frigonophylle. There js, however, no material difference
between the two specics.

ANIMALS POIBONED BY N, alicnualn

As the experimental work with sheep showed clearly that the
symptoms and dosage of V. aftenuata differed only slightly from
those obtsined in the work with N. frigonophylle, 1t did not seem
necessury Lo try out the plant with horses and cattle. The sinsle
experiment with a chicken indicated the same lack of susceptibility
which was found in V. #digonephylle. It may be concluded that
eattle, horses, and sheep may be poisoned by N. affenuate and that
chickens are practically Immnune,

THEVENYION OF POLBONING

The statement on puge 16 in vegurd to the prevention of poisoning
by N trigonophylia applics equelly well to N, aftenuata.  The latter

species is also an annual, and its eradication shonld be a compara-
tively simple matter. Animals well supplied with good forage are
not fikely to eat enough of cither species to do harm, but on closely
grazed ranges these plants may become dungerous.

SUMMARY

The experhmental work with Nieotiana trigonophylla showed that
it is distinetly poisonous to cattle, sheep, and horses, producing typi-
cal fobuceo symptons. )

Generally speaking, the poisonous cffects appeur very soon after
the feeding and in some cases continue for a considerable period.

Of the animals used in these experiments the cattle were much
more susceptible than the sheep. The susceptibility of the horses
was about the same as that of the cattle.  Fatad results are more liable
to oceny with eattle than with the other animals experimented upon.

The polsoning of chickens is a very improbable cecurrence.

The remedy for livestock poisoning by AN, frigonophylle on the
range lies in prevention. by taking care that antmals have a suffi-
cient supply of other fornge. and in the destruction of the plant.

The symptoms produced by &. atteauata are closely identical with
those produced by A trigonophylia.

The toxic and lethal dosages of ¥, affenuate sve somewhat greater
thun are those of .V, frigonophydia.

There is a possibility of the poisoning of chickens by N. aftenuaia,
but the dosage required is so heavy that it probably never oceurs,
except as produced experimentally,
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While there are no recorded cases of poisoning by V. attenuata,
It 1s a possible source .of serious losses of livestock on overgrazed
ranges.
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