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The Distribution and Possible Translocation of
Icterogenin in Lippia rehmanni (Pears).

By (. (. 8. ROETS, Seetion of Toxicological Chemistry, Onderste-
poort.

e has been definitely established for u vumber of plants that the
concentrations of their active toxic prineciples in their various parts
differ to a remarkable degree.

By drenching 500 gm. amounts of dried powdered leaves of
Lippia rehmanni (Pears) mixed with water to sheep through a
stomach tube, Quin (1933) found that the plant causes geeldikkop
symptoms, The active principle has been isolated in crystalline form
by Rimington and Quin (1935). On account of the marked icterus this
substance produces, it was proposed to call it '* Ieterogenin . A
method was devised by Rimington, Quin and Roets (1937), which
enabled the author to carry out with a fair degree of accuracy
quantitative determinations of Ieterogenin in the various organs of
the plant.

When, on one oceasion, Lippra rehmannd (Pears) material was
being collected on a plot established at  Onderstepoort, the
characteristic root system aroused attention. Roots were found up
to 12 feet in length and f-inch in diameter. The relatively thick
cortex vould easily be removed frow the stele by hand. when fresh.
A sample of these roots was taken on the Gth April. 1936, Tt was air-
dried and powdered and a quantitative determination of [eterogenin
was ecarried out. It was found that 350 gm. vielded 2:5 gm, of the
sodinm salt of leterogenin, equivalent to 0+71 per cent.

This was a very high figure, since from previous batches of dried
leaves 0-25 per cent, had heen considered an excellent yield. The
available plants, which were in the post-sceding stage by that time,
were dug up, divided into leaves, stems, rool cortex and root steles,
and dried in the laboratory by spreading on large sheets of paper.
Quantitative deferminations were carried ouf separately on a powdered
sample of each fraction, and the yields expressed as the percentage
sodium salt of Teterogenin, were as follows: —

leaves ... ,__ R SRR PR | | ) | ||}
Stems ... .. ke wihs b v et 2as 0 Trwice only,
ROBE COTEEX i cuniaivare v wnui  B0E
oob sbeles o o civign cer wae @ trace only.
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DISTRIBUTION OF ICTEROGENTN IN *' LTPPIA REHMANNI i

These figures were so suggestive that 1t was decided to carry out
further investigations on ZLippia rehmanni (Pears).  Au evenly
distributed patch of plants, growing under natural conditions on the
farm Derdepoort near Pretoria, was selected for this purpose, and
material gathered from time to time. Determinations were made on
the root cortex and leaves, collected from the same plants, representing
respectively the underground and above ground localisation of the
toxic substance. The inflorescences were included with the leaves
because the amounts of the former were relatively very small.

The data obtained duriug the period from the Gith May, 1936 to
the 2Tth April, 1937, are tabulated below. The rainfall figures quoted
were recorded at Onderstepoort approximately 4 miles from the spot
where the plant material was collected, the raiufall in both places
being approximately the same.

The fignures for the leaves and root cortex arve expressed as the
percentage of sodinm salt of Leterogenin  yielded by air dried
materials. The percentage of sodium in the sodium salt 15 about 4-1,
Only traces of Icterogenin could be detected in the stems and steles
of the roots.

| Percentage sodium
Date of | Solv of Ieterogenin. |y itan o
sampling. Riot in inches, -
leayes. vortex.,
19036, :

March........ — I — — 850 =

April......... — — - 051 —

L T U} 0-17 1-59 4-26 Post sceding stage.

June . oo et — — — — —

Julycseesaios . o — - — -

August....... — — — — —_

Soptember. ... 28 28 1-1 1) 44 Budding stagoe.

October., ... — — — 2-08 —

November. . .. 5 012 176 G503 —-—

December, . .. . 10 =10 3-88 487 -

19a7.

danuary ... — — - 4-51 o )

Vebruary..... — L - 1064 Rain nearly all in firs
half of month.

March .\ .uu o 11 032 2-54 138 Post-seeding stage ; some
plants pruned.

April....oiein 27 026 1-62 220 PPost-seeding stage ;. from
unpruned plants.

April....... v 27 146 4040 - Tender young leaves from
pruned plants.

Appreciation of the siguificance ol the above data will he

tacilitated by recalling certain aspeects of plant poisoning as it occurs
in the field.
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With rave exceptions like Cicute oeeidentalis. which occurs in
parts of the United Stales of America and of which the old root-
stocks when exposed through heavy rains are exceedingly poisonous
throughout the year (Howes, 1934), plant poisoning in stock is. in
nearly every instance, caused hy the above ground parts of plants,
which are ingested by fhe animals while grazing. Animals may eat
the plants accidentally or be attracted by the fresh greeuness of the
leaves, whilst the remaining vegetation is still dry, as for example
oceurs in the cuse of ** tulp "' poisoning caused hy species of Homeria
and Moraea (Steyn, 1928) and ** gifblaar 7 poisoning caused by
Dichapetalum cymoswm. Planls which have a high nutritive value
and are eagerly caten by stock may oceasionally hecome poisonous nnd
be responsible for heavy losses.  As an example, certain species of
(Gergeria may be mentioned, normally good lodder plants, but at times
becoming highly toxic. Trom these plants which are {he cause of
“yvermeersiekfe T (vomiting disense) in sheep, Rimington, Roets and
Steyn (1936) have isolated the active prineciple *F vermeeric acid .
Hydroeynnic acid poisoning may frequently occur in animals grazing
on natural pastures on which certain grasses (species of Cynodon,
Sorghum, ete.), arve present. These grasses under certain sets of
conditions are Nable to develop dangerous quanfities of HON. (Geel-
dikkop may be caused in an analogous manner af certain (imes by
species of Tribulus or Panicwm.

Returning to the experimental findings quoted in Table 1. 1t is
clear thar wide fluctuations may be encountered in the toxicity of
lappia rebmanne (Pears).  The plants which ave not disturbed by
grazing or cutting show periodical variations between 010 and 0-32
per vent. in the concentration of the toxic substance. As the soil in
the selected patel showed a high degree of uniformity, the variations
in poison concentration may be due either to the stage of growth or
to the metabolic activities of the tissues as influenced by climutic
conditions,

Stage of growth, which has received due consideration {frowm
modern workers on the nutritive value of pasture plants, is of great
importance also as far as the toxicity of plants is concerned. Thus
Eehinopogon ovatus Beauv., the '* Noogoora Burr ™', is poisonous
only in the young stage while still bearing its cotyledons. Lotuws
australes Andr.. when tmmature, contains a cyanogenetic glucoside
but none of this toxie substance when mature (ITowes, 1943). The
leaves and stems of Cicutn occidentalis ave poisonous when young,
but harmless in the later stages of development. At the period of
reproduction the wicotine concentration in the leaves of the tohaceo
plant increases (Vickery, Pucher and Levenworth, 1933). In Lippia
rehmanni there is a decrease from 0-28 in September to 0:10 in
December in the Teterogenin content of the leaves. There is, however,
a rise to 0-32 in March, 1937, followed by a decrease to 0-26 in April,
a month later. Plants in the post-seeding stage on the Gith May,
1936, yvielded 0-17, while the concentration in the sample almost a
year later (27th April, 1937) was (-26G, the plants again being in the
post-seeding stage.

From the above figures, it appears that the stage of growth does
not determine the toxicity in the case of Lippia relvmanni (Pears).
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The fact that many plants store poisonous substances in their
underground parts was well known to the Natives in many countries
hefore Civilisation. Thus bulbs of Adeniwm lugardi form one of the
sources of Bushman arrow poisons. Also in Glyeceria spectabilis the
hydroeyanic compound is distributed in the panicles, leaves, and roots
(Minssen, 1934). Guerin (1933) pointed out that all the various
organs, with the exeeption of fruits, of Glyceria aguatica contain a
cyanogenetic glucoside. Marais and Rimington (1934) determined
quantitatively the hydroeyanic acid Iilmrates by ** Linamarin *' in
different parts of Dimorphotheca cuneata Tess., and found it to be
distributed in the flowers, leaves, stems and roots. In Urginea
Burker Baker the flower heads, leaves and bulbs are poisonous (Steyun,
1934).  According to intormation which was kindly given to me by
Dr. D. (. Steyn, of Onderstepoort the minimn? ﬁ-.t.hal dose for
rabibits of the fresh leaves of Dichapetalum cymosum, collected on the
same day varied from 1-2 to 6 gm. per kilo hody weight. A dose
of 60 gm. of thte nnderground stems of the same plants proved harm-
less, whereas in previous experiments the cortex of the underground
sterus had been far more toxie than the leaves.

Lappia rehmanni is no exeeption to the numerous examples
recorded, where toxic substances are distributed both in the under-
round aund above-ground parts of fhe plants. In comparing the
igures fabulated above it is, however, of interest to note iﬁut a
decrense in the Icterogenin content of the leaves is nccompanied by a
corresponding increase in that of the root cortex from September to
December. Conversely in the March sample there is a decrease in the
Ieterogenin content of the root cortex and an increase in the leaves.
In April the concentrations decreased both in the leaves and in the
root cortex. The sample (27th April), which had been defoliated by
cutting and pruning on the 11th March, so as to simulate the effect
of trampling and close grazing, showed a markedly higher
leterogenin coneentration, both in the leaves and in the root cortex,
as compared with that of the undisturbed plants collected on the same
day. These figures strongly suggest a franslocation between the upper
and underground parts of the plant. A considerafion of the data on
the pruned plants indicated a definite possibility that pruning,
resulting in fresh developmental activity, stimulates the plants to
synthesize an excessive amount of loterogening, which thereafter may
be relatively rapidly transferred to the root cortes.

In this conunection it may be mentioned that on Karoo pastures
geeldikkop as caused by 2wibulus may sometimes oceur when the
plants are well developed, although it is more frequently encountered
on closely grazed and {rampled pastures. The same applies to
* geeldikkop ** caused by veld grass, Steyn (1928) observed the
disease on old lands. Panicum mavimum was suspected of causing
these outhreaks. Rimington and Quin also report cases of geeldikkop
on closely cut grass pasture, ow which Panicum laevifolium pre-
dominated, So far attempts to detect Teterogenin in these plants
have failed, althongh work along these lines is still in progress.

Apart from praoning and cutting, climatic conditions may be
responsible for the rate of leterogenin synthesis and its possible
translocation in the plant. Thus Henrici (1926) found that in certain
grasses hydrocyanic acid appears suddenly, only te disappear again
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o few hours afer a beavy rain, when the wilted tissues recover normal
turgescence. Climatic conditions are probably responsible for the
development of toxic amounts of hydrocyanic acid u Cynodon vncom-
pletus Nees (Finnemore and Jaliray, 1935). Atalaya hemiglavca T,
Muell. causes the disease known as “* walkabout ™ in Australia, In
many cases the plants develop little or none of the responsible saponin
under the less favourable Northern and Southern temperature
conditions (Howes, 1933). Sunshine and temperature may influence
the alkaloidal content of Atropa belladonna. 1o conditions of low
temperature and deficient sunshine the plant was found to be lower in
alkaloidal content. Moreover the type of light may influence the
development of the toxie substance in Datura stramoniwm L. (Steyu,
1954).  Ghosh and Krishna found the Ephedrin content of Ephedia
lowest during the rainy season and highest under the drier climatic
conditions in autumn, In Lippia rehinannd, taking into consideration
the unpruned plants only, the highest figure for the root cortex and
the lowest one for the leaves were hoth found in the sample collected
on the 10th December after a fair, early summer rainfall.  Root
cortex gathered on the 28th September after only o few spring showers
had followed the dry winter months, gave ihe lowest yields of
leterogenin so far recorded. The covcenlration was the highest in
the leaves after a high followed by u moderately low rainfall. Further
work may throw more light on this behaviour of the plant.

leterogenin ocenrs in the plant as the free acid. Iand sections
have been made through various tissues rich in leterogenin but no
erystalline material could be observed microscopically. 1t is evidently
associated with other organie sabstances, which may influence its
physical hehaviour. The sodinm salt of Icterogenin, for example,
while still accompanied by other organic substances, is fairly soluble
in water, as was evident during the process of isolation. It 1s,
however, almost insoluble in water when pure.

SUMMARY.

(1) Icterogenin may be present in variable amounts in the leaves
and inflorescence of Lippia rehmanni (Pears) whereas only traces are
to be found in the stem and root stele,

(2) There is a possible translocation of the toxic substance to the
root cortex from the leaves, where presumably it is formed, The
further possibility exists that the Icterogenin so stored in the root
cortex may under certain specific conditions he translocated to the
leaves of the plant. This point is receiving special aftention in
further work on this problem.

(3) The stage of growth does not appear to be of great importance
as far as the toxicity of Lippia rehmanni (Pears) is concerned.

(4) Climatic conditions may to a large extent influence the
synthesis and translocation within the plant tissues.

(7) Pruning and cutting cause a marked increase in the concen-
tration of Teterogenin in both the leaves and root cortex.

(6) From the work carried out on the plant Lippia rehmann:
(Pears) as deseribed in this paper, the suggestion presents itself that
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the reciprocal trawglocation of toxie principles between the above-
ground and the subterranean portions of a plant may be a factor of
great significance in the determination of its foxicity. This point
merits further investigation.
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