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Resum

OLSEN, J. D., G. D. MANNERS & S. W. PELLETIER. Propietats toxiques dels esperons de
cavaller (Delphinium spp.). Collect. Bot. (Barcelona) 19: 141-151.

Alguns membres de la tribu Delphineae Warming son emprats com a farratge per a
bestiar de pastura o com a font de medicaments per a ’home. Tanmateix, sota determina-
des circumstancies, el seu consum esdevé intoxicacid, aparentment per causa d’alcaloides
norditerpénics. Al menys 150 alcaloides diterpénics han estat identificats en Delphinium.
En aquest treball es discuteixen els factors que influeixen en el contingut alcaloidic, i, per
tant, en la toxicitat de la planta. Es reporten els canvis relatius en el contingut de vuit
alcaloides en quatre estadis de creixement de Delphinium occidentale (Watson) Watson.
Els alcaloides dominants en nou espécies de Delphinium es presenten en una llista. La
toxicitat de vuit espécies és comparada en estadi de floracio, emprant assaigs en rata. D.
barbeyi (Huth) Huth és unes quatre vegades més toxic que D. glaucescens Rydb. o D. geyeri
Greene, i unes deu vegades més toxic que un cultivar de Consolida, D. occidentale o
Aconitum columbianum var. columbianum Nutt. (en estadi vegetatiu). L’stress causat per
infestacié d’afids o per una baixa disponibilitat d’aigua tenen un minim efecte, si en tenen,
sobre la toxicitat de D. barbeyi i D. occidentale, respectivament. A partir d’analisis quimi-
ques de D. barbeyi préviament assajades en bestiar, la DLs, per a una unica dosi intrarumi-
nal de metillicaconitina, ha estat estimada com a inferior a 6.3 mg/kg de pes.

Mots clau: Delphineae, Delphinium, Aconitum, Consolida, Emmetzinament, Alcaloides
diterpénics, Toxicitat, Bioassaig, Bestiar, Pastura “rangeland”.

Abstract

OLSEN, J. D, G. D. MANNERS & S. W. PELLETIER (1990). Poisonous Properties of Larkspur
(Delphinium spp.). Collect. Bot. (Barcelona) 19: 141-151.

Some members of the tribe Delphineae Warming are useful as forage for grazing cattle
or as a source of medicaments for man. However, under certain circumstances their
consumption results in poisoning, apparently because of norditerpenoid alkaloids. At least
150 diterpenoid alkaloids have been identified in Delphinium. In this report, factors
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influencing the alkaloid content and the toxicity of the plant are discussed. Relative change

in content of eight alkaloids at four stages of growth of Delphinium occidentale (Watson)
Watson is reported. The most dominant alkaloids in nine species of Delphinium are listed.
Toxicity of eight species was compared at the flower stage of growth using a mouse assay with
D. barbeyi (Huth) Huth being about four times more toxic than D. glaucescens Rydb. or D.
geveri Greene and about ten times more toxic than Consolida cv., D. occidentale, or
Aconitum columbianum var. columbianum Nutt. (vegetative stage). Stress by aphid infesta-
tion or relatively low water availability had little if any effect on toxicity of D. barbeyi and D.
occidentale, respectively. From chemical analysis of D. barbeyi tested previously in cattle,
the LDs for a single intraruminal dose of methyllycaconitine was estimated to be less than
6.3 mg/kg body wt.

Keywords: Delphineae, Delphinium, Aconitum, Consolida, Poisoning, Diterpenoid alka-
loids, Toxicity, Bioassay, Cattle, Grazing, Rangeland.

INTRODUCTION

Some members of the tribe Delphineae have been, and continue to be, a source of
medicaments used by man (e.g., X1A0, 1980; BISSET, 1981, BENN & JACYNO, 1983; CHEN, 1984).
As is the case for drugs in general, excessive consumption or administration of the plant or
plant products can result in poisoning, apparently in this case because of norditerpenoid
alkaloids. These plants can be useful forage for animals (PFISTER & AL., 1988) but, under
certain circumstances, poisoning occurs (OLSEN & MANNERS, 1989). Indeed, poisoning from
consumption of larkspur is a major cause of acute cattle deaths on mountain and high plains
rangelands of the western U.S.A. (NIELSEN & RALPHS, 1988). Poisoning of cattle by larkspur
appears clinically to be primarily a failure of the skeletal muscle motor unit (OLSEN, 1978a;
NATION & AL. 1982). As a result, the animal has initially signs of acute episodic weakness
which may progress to a generalized paralysis, with severity being highly dose dependent
(OLSEN & SISSON, 1990). If asphyxiation does not occur due to bloat, respiratory paralysis, or
regurgitation and inhalation of rumen contents, the animal usually recovers the ability to
stand within 24 hours (OLSEN & S1SSON, 1990). For unknown reasons, reports of poisoning of
livestock by these plants in other parts of the world are rare.

The major objectives of this paper are briefly to discuss the determinant factors influenc-
ing the poisonous properties of larkspur as reported previously and to present results of
recent studies, with emphasis on those species which cause poisoning of livestock grazing
rangeland in the U.S.A.

DITERPENOID ALKALOIDS IN LARKSPUR

Most of the diterpenoid alkaloids identified in Delphinium and Aconitum have been
structurally characterized in the last 25 years. At least 150 diterpenoid alkaloids have been
identified in Delphinium (for reference, see OLSEN & MANNERS, 1989, SOUTHON & BUCKINGHAM,
1989). The principal alkaloids in Delphinium form three distinct structural classes: (A)
norditerpene alkaloids, (B) C,j-diterpenoid alkaloids, and (C) bis-diterpenoid alkaloids.

The norditerpenes can be divided into aconitine-type (1), lycoctonine-type (2), pyrodelphinine-
type (3), or heteratisine-type (4) according to the pattern of oxidation of the C-7, C-8, C-14 and
C-15 carbons of the alkaloid skeleton (Fig. 1). Most, if not all, of the poisonous properties of
Delphinium spp. are due to norditerpenes. Only alkaloids of structural types (1) and (2) have
been found to occur naturally in Delphinium with the predominant number being of the
lycoctonine-type (OLSEN & MANNERS, 1989), whereas all four skeletal types have been found in
Aconitum. Most of the C,y-diterpenoid alkaloids reported in Delphinium are structural variants
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of hetisine with the remainder being of the atisine or delnudine type. Eight bis-diterpenoid
alkaloids have been characterized from the seeds of Delphinium staphisagria.

“Total alkaloid” content of Aconitum and Delphinium species has been estimated by
gravimetric (PELLETIER & AL., 1981; MANNERS & RALPHS, 1989), titrimetric (WILLIAMS &
CRONIN, 1963; SUN, W. & AL., 1984), fluorometric (LU0 & AL., 1983), and near-infrared
spectrophotometric (CLARCK & AL., 1987) analytical methods. Total alkaloid, as a percentage
of dry weight, is usually reported to be highest in rapidly growing plant, such as young
vegetative leaves and stem and reproductive parts of the raceme, then declining generally as
the plant ages. Our recent measurements of total alkaloid in nine collections of Delphinium by
both gravimetric and titrimetric methods showed reasonably good agreement overall (Table
1). However, certain samples showed considerable variation. In our experience, D. occidentale
tended to have a relatively greater content of total alkaloid than the other Delphinium spp.
Although the relationship between toxicity and total alkaloid appears to be complex (OLSEN,
1983), further study may reveal circumstances where toxicity can be estimated by measure-
ment of “total alkaloid” content, provided the most toxic alkaloids change in a direct
relationship with that of the total alkaloids.

Table 1. Comparison of total alkaloid concentration (percentage air-dry plant weight) determined by
gravimetric and titration methods.

Sample? Gravimetric® Titration® Difference
(G-T)

1. 5.05¢ 4.05 1.00
2. 2.29 2.2 09
3 4.50 3.85 .65
4, 4.40 43 10
5 1.23 25 -1.27
6. 3.61 2.5 1]
T 4.50 3.8 70
8. 1.43 09 53
9. 2.06 2.11 —.05
Mean 323 291 0.32
s.d. 1.48 1.14 0.72

a Large collections of above-ground parts of whole plants air-dried in direct sunlight, ground (1 mm screen),
mixed thoroughly, and stored in closed plastic bags until analyzed and used in other experiments.

b Ethanol (80 %) soxhlet extract, concentrated in vacuo, partitioned with chloroform and aqueous HCI (10 %),
aqueous fraction basified (pH 8, 20 % NaOH) and extracted first with ether then with CHCI,, dried with MgSO,, and
finally evaporated to dryness under a stream of N, (MANNERs & RaLpHS, 1989).

¢ Benzene-chloroform (9:1) extraction, partitioned with aqueous acid, basified aqueous fraction partitioned with
benzene, alkaline benzene fraction containing crystal violet indicator titrated to yellow endpoint using perchloric-glacial
acetic acid, ml acid required represented amount of total alkaloid according to a standard curve (WiLLiams & CRONIN,
1963).

d Percentage of air-dry weight of plant.

We recently studied the relative content of certain individual alkaloids in the leaf-petiole
portion of D. occidentale at four stages of growth (Table 2). Following visual transect lines
through the collection area, one individual stalk conforming to the desired growth stage was
selected from each plant clump as encountered until a total of 50 stalks was collected for each
sampling time, repeated at about 2 week intervals. The stalks were collected into closed plastic
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Table 3. Abbreviated protocol for extraction of alkaloids from a collection of Delphinium barbey.

A. 8??} g)round plant (1.4 kg); extracted with ethanol, 80 %, 2X; after evaporation, yielded tar-residue
4 g).
B. Tar-residue (231.4 g) extracted with ice-cold toluene; yielded toluene soluble and insoluble fractions.
C. Gradient pH fractionation of the toluene soluble and toluene insoluble fractions; total yield 32.79 g:
1. Toluene soluble fractions:
a. 8.28 ¢ (pH 6)
b. 0.62g (pH9)
¢. 0.066 g (pH 13)
2. Toluene insoluble:
d. 2184 ¢ (pH 6)
ee. 13g (pHY)
/- 0.685 g (pH 13)
Vacuum liquid chromatography of fraction a (8.28 g); total yield 6.882 g (subfractions 2-25).
Vacuum liquid chromatography of a part of fraction d (14.2 f); total yield 11.909 g (subfractions 2-22).
Vacuum liquid chromatography of combined fractions ¢ + f(0.751 g); total yield 0.333 g (subfractions
7-15).
Vacuum liquid chromatography and(or) centrifugally accelerated, radial, thin-layer chromatography
of particular subfractions of a, d, and ¢ + /.

Q FmP

+ Adapted from PELLETIER & AL., (1989).

bags, weighed for moisture content, separated into plant parts [raceme (apex), stem, and
combined leaf and petiole], oven-dried (49 to 55 °C), and ground (I mm screen). The air-dry
plant was stored in closed plastic bags until analyzed. Of the eight alkaloids identified thus far,
deltaline, dictyocarpine (dictyocarpinine), and browniine had a general decline in content
analogous to the decline in toxicity that occurs as the plant matures. However, these alkaloids
are thought to be relatively nontoxic (compare ATYAR & AL., 1979; BENN & JACYNO, 1983).

We also studied the relative amount of alkaloids in a collection of D. barbeyi (PELLETIER &
AL., 1989; KULANTHAIVEL & AL., 1990). The above-ground parts (328 lbs, air-dry) were
collected predominantly in the bud-stage of growth, although stage of growth varied from
plants having no conspicuous flower buds to those having well-formed buds and occasionally
flowers. The entire dried collection was ground and mixed thoroughly in a commercial feed
grinder. Chemical investigation (Table 3) resulted in the quantitative isolation of four new and
13 known alkaloids (Table 4). The same collection of plant was used to determine the LD, for
cattle (OLSEN, 1978a). Therefore, an inference can be made concerning response of cattle to
the alkaloids contained in the plant (see below).

The relative content of individual alkaloids may eventually have value for determining
taxonomic relationship, if the patterns for relative abundance of dominant alkaloids as
identified thus far prove stable for a particular plant population (Table 5). In this regard also,
we have observed a presently unidentified alkaloid that occurred only in D. occidentale x
barbeyi collections, according to current plant classification. Further, KULANTHAIVEL & BENN
(1985) identified hetisine from native D. nudicaule Torr. and Gray but did not isolate it from a
horticultural cultivar. From data of Table 2, one can note that repeated determinations at
several stages of growth (and standardized environment) may be necessary to establish
taxonomically meaningful relationship. One can note also (Table 6), that the toxicity of a
hybrid population of D. occidentale X barbeyi was intermediate to that of D. barbeyi and D.
occidentale populations. Alteration of the genetics of a population of larkspur, perhaps by a
biogenetic engineering mechanism, may eventually provide a means of altering the alkaloid
make-up in the plant and thus modifying the toxicity to reduce the risk of poisoning.

(c) Consejo Superior de Investigaciones Cientificas http://collectaneabotanica.revistas.csic.es
Licencia Creative Commons 3.0 Espafia (by-nc)



146 COLLECTANEA BOTANICA (BARCELONA) 19 1990

Table 4. Relative abundance of alkaloids identified in extract from a collection of Delphinium barbeyi.”

Fractions?
a d d-Adjusted® d+f Total
Identified® % of Plant®

Deltaline 3.38f 5.99¢ 9.21 12.9 .8993
Methyllycaconitine 1.45 87 1.34 2.79 1993
14 Acetyldictyocarpine .50 48 .74 1.24 .0886
14 Deacetylnudicauline 25 38 38 .0271
14 Dehydrobrowniine 10 5 20 30 0214
Browniine .10 1 17 27 .0193
Delcosine 12 .18 18 0129
Barbisine® .03 10 5 A8 .0129
6 Dehydrodeltamine .14 14 .0100
Dictyocarpine .04 .06 .09 13 .0093
Barbinine .06 .09 .09 .0064
Delelatine .05 .08 \ .08 .0057
Barbinidine .02 .03 .01 .04 .0029
Delpheline 02 .03 .03 0021
Glaucenine .02 .03 .03 .0021
Glaucerine .01 .02 02 0014
Barbeline .01 .02

Total Identified 5.57 8.18

* Large collection of entire above-ground parts mostly in bud stage of growth, air-dried in direct sunlight, ground,
mixed thoroughly, stored in closed plastic bags at 5 C until analyzed (PELLETIER & AL., 1989; KULANTHAIVEL & AL., 1990)
or used in experiments.

b Gradient pH fractions according to protocol of Table 3 (PELLETIER & AL., 1989).

¢ Since only a part (14.2 g) of the total (21.84 g) of fraction ¢ was analyzed, an adjusted value was calculated
to represent the amount present in the total of fraction 4.

4 Summation of the amount of a particular alkaloid identified in the respective total fractions (eg., a + d- adjusted).

¢ Total amount of alkaloid identified, calculated as a percentage of the air-dry weight of the starting plant material.

" Data in column calculated for total present in initial vacuum liquid chromatography subfraction assuming an
83 % yield.

& First reported N-C(19)-seco C,-diterpenoid alkaloid from Delphinium, KULANTHAIVEL & L., 1990.

FACTORS INFLUENCING THE TOXICITY OF LARKSPUR

The alkaloid content in larkspur, and thus the toxicity, varies according to the plant
species, stage of plant growth, plant part, and plant environment.

Species. Toxicity of three larkspur species (D. barbeyi > D. glaucescens > D. occidentale) was
compared previously for large collections of whole plant, ranging from vegetative to flowering
stage of growth (OLSEN, 1977b). We now report recent studies, using the same methods but
with mice, comparing the relative toxicity of eight species of rangeland and two horticultural
larkspur varieties at the flower-stage of growth (Table 6). Delphinium barbeyi was about four
times more toxic than D. glaucescens or D. geyeri and about ten times more toxic than
Consolida cv., D. occidentale, or Aconitum columbianum var. columbianum (vegetative stage).

Stage of Growth. In general, toxicity of larkspur declines throughout the growing seasons as
does the alkaloid content. However, decline in toxicity may not be directly proportional to the
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148 COLLECTANEA BOTANICA (BARCELONA) 19 1990

Table 6. Relative toxicity of leaf-petiole extract among Delphinium, Consolida, and Aconitum at the
flowering stage of growth compared by mouse assay®.

Species LDy’ Confidence Interval®
D. barbeyi 2.0 (18- 2.3)
D. barbeyi (aphid infested)? 3.8 (32- 45)
D. barbeyi (aphid noninfested)® 4.6 (39- 55)
D. glaucescens (leaf-petiole) 7.8 (50- 6.7)
(raceme) 4.0 {22-33)
(stem) 115 (10.0-13.2)
D. occidentale x barbeyi 13.6 (12.1-154)
D. geyeri : 14.6 (12.2-17.4)
D. hybridum cv. 7 22.9 (18.1-28.9)
D. tricorne" ' 27.6 (25.2-30.0)
Consolida sp. cv. 7* 354 (28.8 -43.5)
D. occidentale (Moist site)" 35.7 (33.7-37.8)
D. occidentale (Dry site)" 38.8 (36.0-41.9)
A. columbianum’ 39.2 (35.8-42.9)

a Air-dry ground plant extracted with ethanol (95 %), evaporated to dryness, extracted with buffered saline, filtered
saline extract injected subcutaneously, 1 ml saline extract contained all of the alkaloid present in 1 g of plant except for
that lost during extraction (OLsEN, 1977a).

b Microliters of saline extract per g body wt, calculated according to the method of WL (1952).

¢ Estimation of a confidence interval that will encompass the LDy, 95 times in 100 determinations.

d Plants for J.D.O. collected in 1986 from rangeland used for cattle grazing, by A. M. Peterson, D. V. M., Yampa
Colorado, U.S.A. See text, Environmental Factors.

¢ Unclassified horticultural variety, 1.2 to 1.8 m height, most likely “Pacific giant”, collected from private residential
floral garden. (Anson B. Call, Logan, Utah, U.S.A.)

f Plant collected for J.D.O. in 1988 from pasture used for cattle grazing, by C.D. Halsey, D.V.M., Abingdon, Virginia,
US.A.

¢ Unclassified horticultural variety, about 0.6 m height, collected from private residential floral garden. Anson B. Call.

h Part of a serial collection of plants during a growing season, see text. Environmental Factors.

i Vegetative stage, 0.5 to 0.6 m height, only sample compared presently.

change in the total alkaloid content (OLSEN, 1983), in agreement with the expectation that
toxicity of particular individual alkaloids in the plant is the major determinant of the plant’s
toxicity.

Plant Part. Toxicity of plant parts generally parallels total alkaloid content, with rapidly
growing parts (or parts having a high metabolic activity) and reproductive parts of the plant
being relatively more toxic per g dry wt. (eg., D. glaucescens, Table 6).

Environment. Physiographic, ecological, macro- and micro-climatic aspects may have an
influence on the alkaloid content of larkspur similar to that reported for other plants (WALLER &
NowAackl, 1978; GERSHENZON, 1984). However, the range of influence of these factors is yet to
be determined. Using methods reported previously (OLSEN, 1983), we now report the toxicity
of flowering larkspur plants (D. occidentale) growing in two contiguous areas: 1. Among a
population of Veratrum californicum Dur. in a moist-seep area and, 2. In a higher area having
an increased slope and drainage where the entire plant community, because of lack of
moisture, was showing signs of stress such as wilting, arrest of bud maturation of a part of the
raceme, and increased rate of senescence. Toxicity was similar for the green leaves from 50
stalks of plants collected at the same time from each collection site and at similar phenological
development, viz., mid-flowering (Table 6). Aphid or other host-specific insect infestation of
larkspur represents an aspect of the ecosystem which might affect plant alkaloid content and
re_;ult in a change of plant toxicity or acceptability as forage for cattle (OLSEN, 1984). Such
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effects may indeed have potential as a biological mechanism to influence the risk of poison-
ing. An initial study of this relationship was done by collecting simultaneously about 50
stalks each of aphid-infested and contiguous noninfested D. barbeyi plants. The plant material
was prepared in the usual manner (OLSEN, 1977a) for mouse assay of toxicity. Toxicity of
extract from the leaf-petiole parts was not significantly different although the aphid-infested
plants appeared to be slightly more toxic (Table 6). It is not known whether the noninfested
plants contained a feeding deterrent (GRINA & AL., 1986) or if the alkaloid content of the
infested plants changed in response to attack by the aphids. Further study is warranted.

Individual alkaloids. The relative toxicity of each alkaloid in Delphinium spp. is presently
conjectural, as it relates to poisoning of grazing cattle. All larkspur analyzed thus far contained
a mixture of alkaloids and specific alkaloids have varied effects in the intact animal. The
integrated effect of the alkaloids and overall response of the body systems in a particular
animal determines the resultant degree of poisoning though no doubt certain alkaloids are
more influential in view of the variation of 2 orders of magnitude in reported LDs, values
(Table 7).

Table 7. Relative acute toxicity of larkspur alkaloids in mice (LD, mg/kg i.v.)*

Methyllycaconitine: 3
Delsemine - 6°
Anthranoyllycoctonine 200
Condelphine 350
Delcosine 109
Delsoline 175
Lycoctonine 350°
Deltaline >300

a For reference to original studies see Olsen and Manners, 1989.
b Estimated values for i.v. route interpolated from related measurements for other parenteral routes and(or) other
species.

An ultimate goal of our investigation of larkspur poisoning has been to estimate the
toxicity of individual larkspur alkaloids for cattle (OLSEN, 1978b & 1984; OLSEN & MANNERS,
1989; PELLETIER & AL., 1989). We here estimate that the LDy, of methyllycaconitine for cattle is
5.0 to 6.3 mg/kg or less, when given intrauminally as a single dose of plant; provided all of the
toxicity in D. barbeyi tested previously was due equally to methyllycaconitine and 14 deacetyl-
nudicauline (compare AIYAR & AL., 1979; BENN & JACYNO, 1983) and that the chemical
extraction (PELLETIER & AL., 1989) accurately reflected the plant composition (viz., methyllyca-
conitine + 14 deacetylnudicauline = 0.23 % of air dry weight of the plant, Table 4). This
estimate was calculated using the relative dominance of alkaloids of D. barbeyi listed in Table
4, because that collection of plant was used to estimate the LDs, of D. barbeyi for cattle (2.5 g
dry plant/kg body wt., 95 % confidence interval = 2.2 to 2.8) reported previously (OLSEN,
1978a). The estimate of lethal dose for methyllycaconitine can be used to predict risk of
poisoning of cattle when the alkaloid content and biomass of the larkspur plant is known or
can be estimated.

It seems prudent that future chemical investigations of members of the tribe Delphineae
include quantification (or at least approximation) of the alkaloids isolated in relation to the
amount of starting plant material. Also, one should select homogeneous plant material in
terms of plant part, stage of growth, and growth environment. Such practices would greatly
enhance knowledge of the relationships between alkaloid content, taxonomy, and toxicity.
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Fig. 1.— Structural classes of norditerpene alkaloids: (1) aconitine-type, (2) lycoctonine-type, (3) pyrodelphinine-type, or (4)
heteratisine-type, according to the pattern of oxidation of the C-7, C-8, C-14 and C-15 carbons of the alkaloid skeleton.
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