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The Dose Makes the Poison 

“All substances are poisons; 
there is none which is not a poison. 

The right dose differentiates a poison from a remedy.”

Paracelsus (1493-1541) 



Genotype EnvironmentGenotype x Environment
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Lupine Induced Crooked-Calf Disease

-Not all Lupine species contain the 
teratogenic alkaloids

-Species are not uniform in their alkaloid 
composition



Malformations occur during days 40-100 of gestation



Lupine Induced Crooked-Calf Disease

Teratogenic Effects

Torticollis

Kyphosis

Cleft Palate



Objective

To characterize the alkaloids profiles of L. sulphureus 
throughout its geographical distribution



Experimental Design

-Plant Material
-Field Collections – 4 to 6 plants per population
-Herbarium Specimens from cooperating herbaria

-Alkaloids Extracted and analyzed 
-GC/FID for fingerprint determination
-GC/MS for alkaloid identification

-Fingerprints were defined by presence or absence of major alkaloids



Chemotypes of Lupinus sulphureus
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Distribution of Lupinus sulphureus chemotypes



Tall larkspurs

-Tall larkspurs:  found in mountain 
habitat in the western U.S. -
generally moist sites - 6,000 to 
10,000 feet elevation

-Tall larkspur sites typically snow-
covered during winter

-Tall larkspurs grow in forb-
dominated sites; very nutritious 
forage and high carrying capacity



Clinical signs of larkspur poisoning

-Staggering gait
-Muscular trembles
-Periodic sternal then lateral 

recumbency (this can lead to death 
for various reasons)

-Difficulty breathing (rapid and 
shallow)

-Death occurs from respiratory 
paralysis and/or bloat



How Does Larkspur Kill cows?

Answer:  Neuromuscular paralysis
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Methyllycaconitine

Dominant toxic alkaloid in larkspurs

• There are numerous diterpenoid 
alkaloids in larkspurs (> 20)

• Ester function at C18 is very 
important for toxicity

• Deltaline most common alkaloid in tall 
larkspurs but not very toxic 
LD50=110 mg/kg

• Methyllycaconitine = MLA 
LD50=4 mg/kg



Objective:

To characterize the alkaloid profiles of D. occidentale
throughout its geographical distribution.



Electrospray mass spectra from samples 
representing each chemotype of D. 

occidentale
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Distribution of chemotypes A and B 
of D. occidentale



Objective:

Do the chemotypes A (+MSAL) and 
B (-MSAL) of D. occidentale differ 
in their toxicity?



Collection Locations of chemotypes A and B 
of D. occidentale



D. occidentale 

(City, State)

MSAL, 

mg/g

MDL, 

mg/g

Total Alkaloid, 

mg/g MDL : MSAL

Wilsal, MT 2.7 8.0 10.7 3.0

Twin Falls, ID 2.9 5.3 8.2 1.8

Victor, ID 4.5 13.8 18.3 3.1

Elko, NV 6.3 11.1 17.4 1.8

Baggs, WY 0 14.7 14.7

Fairview, UT 0 21.3 21.3

Logan, UT 0 20.2 20.2

Afton, WY 0 15.1 15.1

Alkaloid composition of collections representing 
chemotypes A and B of D. occidentale



D. occidentale

 (City, State)  mg Total Alkaloid / kg BW mg MSAL / kg BW  plant material (g) / kg B.W.
2

Wilsal, MT 9.6±0.8
c

2.4 ±0.2
a

0.9

Twin Falls, ID 6.2±0.6
d

2.2 ±0.2
a

0.8

Victor, ID 9.8±0.4
c

2.4 ±0.1
a

0.5

Elko, NV 6.2±1.4
d

2.2 ±0.5
a

0.4

Baggs, WY 60.8 ±2.8
a

N.A. 4.1

Fairview, UT 58.1 ±2.4
a

N.A. 2.7

Logan, UT 55.3 ±7.1
a

N.A. 2.7

Afton, WY 42.7 ±6.0
b

N.A. 2.8

LD50 

Differential toxicity of chemotypes A and B 
of D. occidentale in mice



D. occidentale Dose (mg/kg BW)

(City, State) Animals (#) Total Alkaloid (MSAL) Time (0) Time (24) Y/N (#) Time (min)

Victor, ID 8 37.6 (8.8 MSAL) 74.5 ±7.7 99.8 ±13.5
a

Y (12) 17 ±9.9

Logan, UT 8 37.6 (0 MSAL) 77.4 ±11.2 84.2 ±8.7 N (12) N.A.

Heart Rate (bpm)
2

Exercise to Collapse
3

Differential toxicity of chemotypes A and B 
of D. occidentale in cattle



Locoweeds 

Astragalus and Oxytropis species 
that contain the toxin swainsonine

Oxytropis sericea

“White Point Loco”

Astragalus mollissimus

“Wooly Loco”

Astragalus lentiginosus

“Spotted Loco”

Two other toxic syndromes associated with Astragalus species: Selenium poisoning and nitrotoxins



Distribution of the Major Locoweed Species

Rank Order of toxicity:
A. wootoni > A.mollissimus = A. lentiginosus > O. sericea

(garbancillo)    (wooly loco)       (spotted loco)  (white point loco)



Swainsonine

-Mannosidase

Mannosidase II

Inhibits
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Altered Glycoprotein

Synthesis

Lysosomal Storage
Disease

Locoweed Toxicology



-Mannosidase Inhibition

Mannosidase II Inhibition

Cellular Constipation

Altered Glycoproteins

Locoweed Toxicology



Clinical Signs of Locoism

-Weight Loss

-Abnormal Behavior

-Reproductive Problems

-Wasting Type Condition



• Fungal endophyte isolated from 
toxic locoweeds

• Produces swainsonine in culture
• Cultured from stems, leaves, 

seeds, and flowers of toxic field 
plants

• Localized to seed coat
• Embryo culture produces plants 

without swainsonine

Locoweed Endophyte (Undifilum oxytropis)



Oxytropis lambertii and swainsonine



Oxytropis lambertii and swainsonine
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