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GENEllAL TOXICOLOGY OF PLAKTS. 

I. DEFINITIOK oF Porso~ot.:s PLAKT~ . 

II. CLAssrncATTON OF PorsoNs . 

A. Accouling to thei1· origin. 

B. AccoNling to t hei1· chen~·ical constdut?:on. 

C. Acconl-t:ng to si7m.lan:ty 1·n phannacological action. 

III. AccEss OF Porso~s TO Tin: Axri\IAL BonY . 

A. Direct introduction into vmns or arteries . 
B. Absorption from the intrape1·itoneal and intratho-

racw cavities . 

C. A bso1·pt·ion from the intram1tsc1tlar tissues. 
D. Absorption f rom the subuutaneous tiss1tes. 
E. Absorption .fro m the respiratory ttad. 
F . A bso1ption /rom the alinwnt&y canal. 
G. Absorption from the shn. 
H. Absorpt,ion from the genito-1/Tl:nm·y tract. 
I. c1 bsorption .from the eat. 
J. A bsorpt1.on .from the eye. 
K. Absotption f rO'Jn the nasal 71Wcous membrane. 

IV. THE FATE or PorsoNs rK THE BoDY. 
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V- MoDES oF AcTION oF PLANT PoisoNs_ 

A . Local action . 

B. Remote action. 

(a) Poisons affecting the blood. 
(b) Poisons affecting the heart . 
(c) Poisons affecting the blood vessels . 
(d) Poisons affecting the respiratory system. 
(e) Poisons affecting the nervous system. 
(f) Poisons affecting the gastro-intestinal tract­
(g) Poisons affecting the kidney. 
(h) Poisons affecting the uterus. 
(i) Poisons affecting the liver. 
(j) Poisons affecting the salivary glands. 
(k) Poisons affecting sweat glands. 
(l) Poisons affecting the eye . 
(m) Poisons disturbing processes of metabolism. 
(n) N oisons affecting other organs. 

VI _ THE Toxic PRINCI PLEs oF PLANTS AND THEIH PHYSIOLOGICAL 

SIGNI FICANCE . 

VII. D ETECTION oF PoisoNous PLANTS AND THEIR AcTIVE 

INGREDIENTS TN THE BoDY_ 

A . In the gast1o-intestinal tract. 

B. I n t he blood and organs. 

VIII. DIAGNOSIS OF PLANT PorsoxrNG. 

A . A11amnesis. 
B. Symptomatology. 
C. Post-mmtem appew·ances. 
D. Histo logy. 
E. E tva?nination of t h e gastro -intestinal cuntents . 
F - Isolat?:on of the act-ive principles of plants .from the 

gastro--intestinal contents and organs, as well as 
their ch P7nica7 and pha1'1nacological identification. 

IX. PROGNosis OF PLANT PorsoKING . 

x _ GENERAL PRINCIPLES OF TREATMENT OF PLAKT PoiSONING. 

A . Prevent?"on of fuTth er abs01·ption of poison. 

B. TTeatment of symptoms of poisoning. 

C. Promotion of e,ccretion of the poison. 
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XI. FAcToRs lNFLUENcrxG THE ToxiCITY OF PLANTS. 

A. The plant. 

(a) Soil and cultivation. 
(b) Climatic conditions. 
(c) Nature and intensity of light. 
(d) Season. 
(e) Stage of development. 
(/) Toxie parts of plants. 
(g) State of plants. 
(h) Transmission Df the degree of toxicity to 

progeny. 
(i) Nature of toxic ingredients of plants anc1 

channel of introduction into the body. 

B. The Animal. 
(a) Speeies of animal. 
(b) Breed of animal. 
(c) Size .of animal. 
(d) Age of animal. 
(e) Condition of animal. 
(/) Sex of animal. 
(g) CDlour of animal. 
(h) Temperature. 
(i) Exertion. 
(j) Seasonal variation in susceptibility of animals. 
(/c) " Conditioned reflexes ". 
(l) Conditions \Yhieh favour or impede dissolution 

and absorption of, or which effect ehanges in 
poisons present in the gastr·o-intestinal tract. 

(m) Diet. 
(n) Tolerance and immunity in relation to plant 

pmsons. 
(1) Natural toleranee. 
(2) Acquired tolerance. 

(o) I(hosyuerasy. 

(p) Direetion of passage of pOisons through 
mgans. 

(q) Other conditions which may bring about a 
change in susceptibility to poisons. 

XII. CoNDTTIOKS GIVING RrsE To AccrmcNTAL lKGESTION OF 

PorsoNous PLAXTS . 

XIII. PREV1£NTION OF PLANT PorsoKING. 

A. K eeping aninwls au·ay from dangerotts a1·eas . 

B. Allmcing stock access to pastu1'es containing poison­
ous plants, but at a time when they are not to,vt·c 
or only slightly so. 
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C. ExMcis1:ng special care du1•ing pe1·iods of drought. 

D. Paying special attention to stable-fed animals, trel~ 
animals and stock newly int1·odtwed into m·eas 
where poisonous plants abound. 

E. Fighting the evil of overstocking. 

F. Allowing ani·rnals access to 1cater before they are 
allowed to gmze on reaped lands whe1·e the edible 
herbage is dry anrl on wh1:ch green and succulent 
poisonous plants occw·. 

G. Allotting grazing on which poisonous plants occur 
to those ('lasses of stock which are less suscept-ib le 
to the effects of the plants concemed. 

H. Using the Totation cam.p system . 

I. Preventive treatment : 
(a) Additional feeding. 
(b) Preventive treatment with drugs. 

XIV. ERADlCATIOK oF PorsoNous PLAKTS. 

A. Spraying. 
B. Cr01cd·ing out by edible ]Jlants. 
C. Close gmzing. 
D. Digging up. 
E. Veld lmming. 

XV. LEGAL Asr:EcT IN RELATION TO PLANT PoisONING. 

XVI. INVESTIGATION OF PLA~T POISONING IN THE FIELD. 

XVII. METHODS OF AscERTAINING WHETHER PLANTS ARE Toxic ou 
NoT. 

XVIII. REASONS FOR KEGATIVE RESULTS IN ExPERHIENTS WITH 
SusPECTED PLANTS. 

XIX. REASONS FOR PosiTIVE REsULTS TN ExPERIMENTs WITH 

SusPECTED PLANTS. 

XX. LossEs D uE TO PJ,ANT PoiSONING. 

XXI. AcTION OF PorsoNs oN FoETUSES. 

XXII. INDIRECT PorsoNING OF Hm•IAN BEINGS. 

A. Ca1·cases of poisoned animals. 
B. Milk. 
C. Honey. 

362 



DOU\Y G. STEYK. 

SPECIAL TOXICOLOGY OF PLANTS. 

I. TuE PROBLEM OF GEILSIEKTE. 

II. ALOPECIA (KAALSIEKTE) IN Kms AND LAMBS CAUSED BY PLANT 
PoiSONING (Chrysocoma tenuifolia Berg). 

THE TOXICOLOGY OF PLANTS IN SOUTH AFRICA. 

I. DEFINITION OF A POISONOUS PLANT. 

IT is indeed a difficult task to define a poisonous plant in such terms 
as to comprise all plants which ar e considered detrimental to 
health. 'fhe most acceptable definition appears to be the following: 
A poisonous plant is a plant which, when consumed in such quantities 
as will be taken by animal m man over short or prolonged periods, 
exerts harmful effects on the system, or cause death by virtue of toxic 
substance(s) n·ormally contained in that plant. 

Many plants may at times constitute excellent feeds, whilst in 
certain circumstances they may prove deadly poisons. As examples 
mealie-stalks, sorghums, and a number of South African grasses may 
be mentioned. These plants are 1·ightly considered valuable stock 
feeds, but in times of drought they may beoome cleadly poisonous 
owing to the fact that they produce large amounts of prussic aci!l 
during the p1·ocess of wilting. 

Furthermore, many recognised Yaluable stock feeds are detri­
mental to health when fed in too large amounts over prolonged 
peri·ods. As an example, cotton see<l cakes and Lathyrus sativus L. 
may be quoted. 

Another eomplicating factor in t he definition of a poisonous plant 
is the fact that sueh quantities of a plant whieh are poisonous to one 
species of animal may not affect another species. Pigs are, for 
example, much more susceptible than sh eep to poisoning with Syringa 
berries (Melia azedamch L.). 

Again, some plants when eaten in small amounts may affect a 
certain ·organ or organs in sueh a \Ya y as not to cause immediate death 
or serious bodily harm, but may shorten life appreciably by deneas­
ing the funetions of such affected organs, and hence play an indirect 
role in the causation of death. Such plants are the species of Senecio 
ooncerned in stock poisoning and in bread poisoning in human beings. 
The seed heads and othe1· parts ·OI t hese plants become mixed \Yith 
wheat threshed and milled in machines " ·ith deficient sieving and 
"·inno,Ying appliances and are then cowmmed with the breacl . The 
active ingredients of these speeies of Senecio attack the liver and 
" ·hen taken in Yery small amounts oyer prolonged periods, rause 
cirrhosis of this organ. Apart from the ascites, '"hich develops in 
human beings aR a resnlt of cirrhosis of the liver, the function of this 
organ, which is mainly a detoxicator, excretor and general protector 
of the system against all kinds of h armful substances, is markedly 
inhibited. Suc·h affect ell subjects may, the1·efore, be much more 
susceptible to the effects of harmful substances whi ch may find their 
way into the hlood eir!'u lation via the liYer, whether of exogenous ·or 
endogenous origin. 
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A part, or parts of a plant may be poisonous, whilst the 
remainder may be harmless and may even form part of the human 
or animal diet. This is the case in peach, apricot and prune kernels, 
which may frequently contain dangerous amounts .of prussic acid, 
whilst the outer porhon of the fruit is eaten with impunity. 
Similarly, the leaf-blades of rhubarb leaves are known to be poisonous, 
whilst the petioles are frequently used in the human diet. 

The layman's idea ·of a poison is something that will cause death 
or disease when taken in small doses. The following examples will 
suffice to prove that plants may be the cause of serious bodily harm 
or even death in other ways than due to the poisonous constituents 
contained in them. In South Africa many plants are known to cause 
mechanical injury. 'l'he seeds of " steekgras " (" prick grass ") 
(Heteropogon contort'us R. & S., Aristida congesta R. & S., etc., 
etc.) may cause serious damage to the general health and condition 
of woolled sheep by irritating and piercing the skin, causing the 
penetration of pyogenic organisms which set up subcutaenous and in 
rare cases even intramuscular abscesses (Viljoen, 1918). From South 
vVest Africa cases have been reported where certain grass seeds have 
entered into the salivary ducts of cattle and have caused serious 
damage. Continuous ingestion of dry grasses rich in cellulose is 
prone to cause the formation ·of plant fibre balls in the stomach and 
intestines, especially in ruminants. This may lead to serious digestive 
disturbances and fatal obstruction of the gastro-intestinal canal. 
The seeds of burr-weed (Xanthium spp.) may cause partial or oom­
plete obstruction of the orifice of the sheath in ·oxen grazing on 
reaped lands overgrown with this weed. Such eases, if left 
unattended, may develop into severe inflammation of the sheath. 
The feeding of spiny prickly pear may lead to actinobacillosis and 
caseous lymphadenitis as was clearly proved by Thomas (1931). Some 
plants, for example lucerne, under certain conditions, cause death 
merely through the production of abnormal amounts of gas in the 
stomach, death apparently being due to asphyxia caused by high 
pressure on thP diaphragm. 

The constant feeding ·Of plants deficient in minerals (stiffsick­
ness, stywesiekte), proteins, lipoids (Jaffe, 1929), vitamins, etc., also 
lead to fatal results. 

II. CLASSIFICATION OF POISONS. 

Poisons may be classified as follows:-
(A) According to their origin: vegetable, mineral, animal, etc. This 

classification is obviously too vague to be of any value. 
(B) According to their chemical constitution: alkal·oids, glucosides, 

toxalbumins, picrotQxins, etc. Also this classification is too 
indefinite. 

(C) According to similarity in pharmacological action, e.g.:­
(a) Blood poisons: acting on the blood. 

(i) Poisons affecting cellular elements. Those acting on 
the red cells in particular and to a lesser extent Qn 
the white cells; for example, carbon monoxide, 
prussic acid, arsine, chlorates. 
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(ii) Poisons affecting the plasma. Those acting on the 
plasma as " ·ell as on the corpuscles or on the plasma 
only; for example, silver salts. 

(b) Neurotic poisons: t hose acting on the nervous system. 

(i) Paralysomotor poisons. Those a:ffeC'ting particularly 
the motor nerves, for example, curare and aconite. 

(ii) S pinal poisons; for example, strychnine and yohim­
bin. 

(c) 

(d) 

(iii) cereb1·o-szJinal ]JOiso ns; fm example, morphine, 
chlorofOl'm and chloralhydrate. 

N e~t1'071!1lSCular ]Joisons: those acting on t he muscular 
system through the 11erves controlling the muscles in 
question ; f.or example, digitali s. 

Muscular poisons: t hose acting on t he muscles without 
the intervention of nerves; fm example, Yeratrin, lead 
and mercury. 

(e) hritant or cor1osi've poisons; for example, acids and 
alkalis in high concentrations, and C"OJT·osiYe sublimate. 

'l'o group C poisons, ''hich attack certain mgans only, may be 
ar1ded. The following might be cited as examples, Senecio spp . , 
which attack t he liYer, C1·otalaria dura Wood & Enns, and C?·ot;a­
laria _q lobi f eto E. )ley , which attack the lungs in hmses, and 
Crotalaria b~al.·eana. Benth whi ch affect the h oofs i11 cattle. 

Of the above schemes of clas,;ification, i.ha t giYen under group 
III appears most a(;ceptable, althoug·h it is by n o means satis­
factory . Man:v poi::;ons have c-omplex actions and cannot be included 
under any one g- l'oup to whid1 a pal'ti cular action is ascribed . It 
is for this reason that such great difficulty is experienced in the 
classification of poisonou s plants , as mally of them have most complex 
actions r1ue to t he presence of more than one substan(;e, ''hich is 
harmful to the system. In addition, the effects of ·one and the same 
plant may vary c·onsiderably according to the size of t he dose 
administered and according to the method of administration. 

Popularly poisonous plants are referred to as p oisons to the 
brain, spinal cord , h eart , liYer, kidney, lungs and metabolism. 

Ill . ACCESS OF POISONS TO THE ANIMAL BODY. 

Poi&ons m ay find their way into the blood s,tream i n the follow­
mg ways : -

.A.. Direct I ntToduction into Veins 01' A 1·ten.es. 

In this case symptoms of poisoning set in immediately or a 'lhort 
time after aclmmistration and death may occur instantaneously, as 
there is little or no time for elimination and inactivation of the 
poison. If a leathal dose of strychnine be injecterl intraYenou sly the 
patient will in most cases succumb before the in jertion is completed 
(Steyn 1931d). 
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B. Abso1·ption fran~ th e IntTaperitoneal and lntmthm·acic Cardies. 

Ser\<Ous me1~1bra?-es are ver:y acti,-e. absorbers, and fluids <Or sub­
stanl'es 111 soluhon mtroduced 1ntrapentoneally or Intrathmac1cally 
are at once exposed to a large and active absorbing su rface. Poison­
ous substances inb oduced into the body by this method ''"ill there­
fore exert their t<Oxic effects very soon after admini stration, for the 
same reasons as mentioned above. 

C. Absorption /7'0171 the lntmmusculm Tissues. 

The rate -of absorption of substances administered by this method 
is almost as quickly as in the case of intravenous injections. In the 
case of wounds brought about by poisoned arrows, blood vessels are 
ruptured and the poison is to a certain extent introduce<l directly 
int<O the blood circulation . 

D. Absmption /1-om the Subcutaneous Tissues . 

Here the rate of absorption is slower than when the poison 
is administered intravenously or intramuscularly, as, unless the 
subcutaneous tissues are damaged over a l arge area with the conse­
quent severing of blooclvessels, absorption into t he blood circulation 
has to take place by way of osmosis. Irritant substances (oil of 
turpentine) introduced subcutaneously cause local inflamm ation with 
consequent necrosis in cases of severe irritants . 

E. Absorption from the Respiratm·y Tmct. 

Absorption of gases and vapours by the lungs is practically 
instantaneous, the surface exposed to the action of inhaled gases 
being enormous, hence facilitating absorption. Also liquids are 
rapidly absorbed by the lungs, and even inhaled solids, when these 
are in a state -of fine divisi·on, are allowed to pass into the lung tissues 
(silicosis). It is, for example, possible to cause denth in guinea-pigs 
from ricinus (castor beau) poisoning by allowing these an imals to 
inhale the dust of the beans (Ratnet and Gruehl, 1927-1928). 

F. Absorption f'rom the Alimentm·y Canal. 

'l'he amount of pois-on absorbed from the intact buccal cavity, 
pharynx and oes<Ophagus is in most cases negligible, as it is rarely 
retained here for any length of time. Most poi sons when retained 
for any length of time in th e buccal cavity will be absorbed t-o a 
eertain extent (Blume and Buchholz, 1932) . Discussing absorption 
by the mouth Witthaus (1911, p. 83) writes: " Poisons of great 
activity, however, enter the circulahon from the mouth or lips or 
the nasal mucous membrane " ·ith such rapidity that th eir contact 
" ·ith th<Ose surfaces may cause death before an net of swallowin g- is 
attempted, -or even possible. Thus P1·eyer fouucl that rabbi t s fell 
unconscious in twenty-three seconds after the application of hydro­
cyanic to the tong-ue, and in t\Yelve ser;0nds after its appli cation to 
the nostrils. Nicotin also, when applied to the month in doses of 
tw-o to four drops, may cause poiwning· either immerliately or \Yithin 
half a minute. In cases of tobacoo poisoning from excessive smoking, 
in which the smoke is not inhaled, the absorption is by the buccal 
mucous membrane , except in so far as it may occur by s"·alJO\n~rl 
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saliva. Arsenic is also absorbed from the mouth u nder exceptional 
circumstances, as in those instances in which arsenical symptoms 
were traced to smoking tobacco or cigars imp1·eg-natecl with arsenic. 
Gorochofzeff has sho\Yn that dogs after ligation of the oesophagus 
are killecl by strychnine more mpidly by the mouth t han by the 
stoma ('h." Irritant poisons, \\·hich cause partia 1 or complete destruc­
tion ·of the mucous memb1·ane, '"ill be abs·orbecl in the same way as 
fro1n \YOunds. 

A b::;orpt iou of poic;ons hom the fo1 e-,.,tomach::; of 1umi narns i~:> 
negligible, except i n case of gases and volatile substances, \Yhich wi ll 
diffuse through the mm··ous membrane and in t hi R way reach the 
blood ci1·culation. In experiments concluded at Onderstepoort by 
th e author it \Yas found that sheep drenched by stomach tube \Yith 
highly lethal amounts of DimoTplwtheca sp ectabilis Schlh . (bietou) 
were already in a stat e of collapse by the t ime the stomach tube \Yas 
withdrawn, t hus indicating that the prussic acid contained in this 
plant passed t lll'ough the ruminal wall as t here was no time for the 
material drenched to find its wav into the abommmm and _;;mall 
intestine. Y·olatile suhstan ces, lilc~ ether and alcoh ol, also to a large 
extent pass t hrough the ruminal " ·all. Absorption by the stomach 
(abomasum in ruminants) is as a rule slo\Y, clepencling on the diffusi­
bility ancl solubility of the poison, ancl '"hat has been saicl " ·ith 
regard to absorption by the fore-stomach s, also applie,; h ere. The 
follmYing passage quoted from vVitthaus (1911, p. 84) is of interest: 
"There are differences in the rates of absorption of certain sub­
stances from the stomach in the (lifferent b n ds of animal. Thus 
strychnine is ahsorbecl more slmdy in cmYs a tHl mu ch more slowly in 
horses than in clogs, pig-s or cats . Otto found that stryrhniue is 
abc;orbed fr.om the l igate(l stomach in cat,; and dogs, but not in rabbits 
or guinea-pigs, while the reverse is t he C<1 Se "·ith potassium io(licle 
and sodium salicylate '' . P oisons insoluhle in \Yatery fluirls hut 
s·oluble in oils are not absorbed by the stomach . Such substances, 
for example phosphmus, are a bs·orhecl from the intestine and reach 
the blood ci1·culation Yia the thoracic durt , pnwidecl t h e mucous 
me:o.1brane is not damaged, in which case " ·e must accept that th e 
phosphorus will he abs·orbecl from the st-omach . 

The small intestine, being the most actiYe organ of absorption , 
also very readily absorbs poisons. It is "·ell knmn1 that foods, drugs 
and poisons in s·olution are rapidly absorbed by the rectum, some 
drugs and poisons (atropine , morphine) being eYen more 1·apiclly 
absorbed than when given by the mouth. 

G. Abso1·7Jtion from. th e Shn . 

The intact skin also is an active absorber of most poisons soluble 
m lipoids and i n water . The fact t h at the application to th e "kin 
of ointments and clipping :fluids containing drugs, in too strong con­
centrations, or oYer prol·onged periods, have been responsible for 
serious and even fatal poisoning, is too \Yell knO\Yn to he mentioned. 
It is also kno\\·n that drugs i.ncorporatea in lanolin are 1nore readily 
absorbed than ,,·hen other fats are u serl as vehirles. The Yapours of 
Certain poi&ons (mercmy) and even finely diviclecl pmYclers, especially 
when friction iR applied, are also absorbed by the intact skin . Such 
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substances find their \Yay into the blood circulation pr·obably v1a 
the sebaceous glands. It stands to reason that absorption from the 
skin will be facilitated when friction is applied. 

Absorption from the damaged skin will take place in a manner 
similar to that found in the case of wounds. Irritants, which will 
not penetrate the intact skin in normal circumstances, will do so 
readily after having destroyed the superficial layers of this organ. 

H. Absorption from the Genito-urinaTy T1·act. 

'fhe genito-urinary tract also is a fairly active absorber of 
poisons. In this connection many accidents have happened in the 
treatment of affections of the urinary bladder and uterus. In the 
post-parturient state the uterus which is a much more active absorber 
than the bladder, absorbs drugs much more readily than at other 
times. In olden times the introduction of arsenic into the vag·ina 
was n'ot an uncommon method used in criminal poisoning. Acc;wd­
ing to Witthaus (1911) atropine, but not strychnine, is absorbed 
from the urinary bladder. Here also absorption from the intact and 
damaged muoous membrane must be distinguished. 

I. Absorption f1·om the Ear. 

K on-irritant substances (atropine) in solution may be absorbed 
from the auditory canal. In criminal poisoning mineral acids and 
solutions oontaining arsenic were poured into the ear of sleeping 
victims. In these cases absorption was very rapid as the mur,ous 
membrane was corroded. Accidents have frequently occurred in the 
treatment of ear parasites in animals, especially -with arsenical 
solutions. 

J. Absorption from the Eye. 

It has been established that atropine is absorbed from the intact 
palpebral and corneal conjunctiva, absorption is, however, slmYer 
than from mucous surfaces. 

K. Absorpt1:on from the Nasal Mucous Membmn e . . 
The intact mucous membrane of the nose may also absorb drugs 

and poisons although absorption will in most cases be very slow and 
never, or very rarely, lead to poisoning unless poisonous substances 
are applied over prolonged periods or to the damaged mucosa. 

MECHANISM OF ABSORPTION. 

The principle underlying absorption is osmosis. Crystalloids 
(salts, sugar) readily diffusing through the cell membranes, whilst 
colloids as such (mucilages, proteins) pass through thee membranes 
very slow or not at all. Most gases (prussic acid) diffuse extremely 
rapidly through the cell membrane. 

Poisons absorbed from surfaces other than that of the gastro­
intestinal tract find their way directly into the main circulation. 
whilst those a hsorbed from the stomach and intestines (with the 
txception of fat s·oluble substances, which enter the blood circulation 
through the thoracic duct) enter the liver by way of the portal vein. 
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Many plants contain active ingreJients, \Yhich ha.-e an irritating 
effect on the gastro-intestinal mucosa. In these cases the mechanism 
of absorption is rendered abnormal owing to damage done to the 
mucous membrane, and the poisoning is further complicated by the 
fact that harmful substances, which are present in the gastro­
intestinal tract in normal circumstances, will find their way into 
+!:_;:, oioocl circulation. It is for this reason that a certain proportion 
of the phosphorus dissolved in oil in such concentrations as would 
damage the gastro-intestinal mucosa, will find its way into the liver 
through the gastric and mesenteric veins. 

IV. THE FATE OF PLANT POISONS IN THE BODY. 

The action of body fluids on the toxic oonstituents of plants from 
the time they enter the mouth up to t he point of absorption by the 
gastro-intestinal mucosa will be discu ssed under " Factors concerned 
in the Determination of the Toxicity .of Plants ". Very little is 
known about the changes induced in the toxic constituents of plants 
and of their fate after absorption into the blood circulation. In this 
respect more definite information is available in connection with the 
mineral poisons. 

In discussing the fate of poisons in t he body we have to consider 
that there are two ways in which poisons absorbed by the intact 
gastro-intestinal mucosa may find their \Yay into t h e general circula­
tion. .Most of these poisons find their way directly into the liver 
through the gastric, mesenteric and portal veins, whilst those, which 
are soluble in fats only, enter the general circulation via the thoracic 
duct. 'l1hese poisons passing through the l iver undergo, as a rule, 
certain changes. The liver, as the main protector of the body against 
the effects of poisons, arrests, retains, modifies ancl exc1etes poisons, 
and the higher its glycogen content th e greater its detoxicating 
capacity. The toxic constituents of plants may be deposited in the 
liver by the formation of insoluble or slightly soluble compounc1s 
(f.or example, combinations of alkaloids and biliary acids). In 
addition, processes of neutralisation, oxidation, reduction, synthesis 
and decomposition may play an important role in the detoxication 
of poisonous substances in the liver and other organs, and also in 
the tissues and fluids of the body. Some poisons are deposited in one 
or other of the organs, for example, strychnine in the central nervous 
system. · 

Witthaus (1911, p. 104), referring to experiments C{)nducted by 
Czylharz and Donath said that th ey concluded, " that the sub­
cutaneous cellular tissue, the muscles, or the body or lymph has the 
power to neutralise strychnine during life ". Dold (1914) found that 
fresh serum detoxicates all extracts ·of organs and that this detoxicat­
ing effect of serum is l·ost by heating it to 60° C. or by filtering it 
and Beutner (1926) established the fact that bovine and rabbit serum 
binds pilocarpine in such a manner that it can again be recovered 
by precipitating the serum. It is a well established fact that the 
body produces specific antitoxins to toxalbumins (ricin, modeccin, 
abrin, etc.). 
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Our kno,declge of the clistribution in th e body aud elimination 
from the body of plant poisons, especially those of South Afric::m 
orig in, is very limited. A poison m ay be eliminated by certain or 
all organs depending on t he nature of the poison . 'fhe rate of 
elimination, which is of so much importance in the rletermination of 
the toxicity of a substance, depends on the nature of the poison, on 
the organ or organ s concerned in the elimination, and on the state 
in which these ·organs are. Gaseous and v.olatile poisons (prussic 
acid, ether, etc.) are mainly excreted by the lungs and skin, whilst 
in the elimination of other poison s the kidn eys, liver, mucosa of the 
alimentary canal (sali,-ary glands, gastro-intestinal glands), skin 
(talc and s"·eat glands), bronchial glands and lactating glands are 
concerned. Many p-oisons are eliminated as such (prussic acid) whilst 
others (carbolic p1·epa1·ations) are ch anged in the body and then 
exn eted. Oxalic aci r1 forms insoluble calcium oxalate iu the blood, 
and the biliary acids from salts " ·ith alkaloids, which, being soluble 
in bile, are passed ou t with the bile and may be reabsOTbecl or passed 
out with t he fae<.;es. Again , some poisons (gases) are eliminated at 
a very quick rate, "·hilst others may take months to leave the body. 
This fact brings us to the cumulative effects of poisons. It is difficult 
t-o determine exactly '"hich poisons haYe a cumulatiYe effect and 
whi ch not, as thiR effed is determined hy t he rate of absorption and 
elimination of a poison. Substances, which are absorbed quickly 
and elimina terl slo'd.J·, " ·ill naturally haYe a tencleney to accumulate 
in the bo ely. The size of the dose and the intervals of dosage must 
therefore he eonsidered "·hen ascertaining " ·hether a p-oison will haYe 
a cumulative effect or not. P ·oisons, which are fixed for a time hy 
certairl. organs "·ill haw a tendency to exert cumulatiYe effects. It 
is " ·ell known that digitalis has cumulatiYe effects an c1 that care must 
be exercised in the treatment of chronic heart diseases w·ith this 
drug. It should also he mentioned here that all poisons are likely 
to have cumulative effects, wheu the mgrms of excretion especiall)' 
the liYer an(l kidneys m·e diseasecl, thus allowing of Yery slow excre­
tion. Ac:oording to Seni (1929) prussic acid is to a certain extent 
destroyed by blood. 

"Weese (1930) ;;tates tb :i't Cloetta and his collaborators have shown 
th at striated muscle has a hi ghly .·pecific l'apacity for the fixati on of 
di gitoxin. This glucoside is boun<l ineYersihl:v and is slowly decom­
posed into aglycon and sugar hy the arbon of ferments. Weese holds 
that t he cumulatiYe action of di gitoxin is attributable to the fact 
that it is fixed in t h e heart muscle, while that portion of the digi­
toxin that is bound t>xha-carcliacally is clecomposecl or excreted . 

V. MODES OF ACTION OF PLANT POISONS. 

A. LocAL A cTIOK. 

W e must distinguish hehYeen local an(l remote action of poisons. 
The local action is that " ·hich is exerted at the point of application, 
whilst the remote action of a poison occurs ·only after absorption into 
the blood circulat ion. ~fany plants taken per os h ave an irritating 
effect on the gastr o-intestinal mucosa. This effect may be due b 
the toxic ingredient 0 1 ingredients (digitalis gluoosides), or to 011e 
or other substances (aci ds) "·hich su ch plants may contain in adc1ition 
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to the active principle, which is maiuly responsible for death. 
Psilocaulon absimile K.E. Br. contains a large amount of ficid 
oxalates and also a narcotic alkaloid (Rimington and Steyn, 1933). 
Some plants (Moraea spp. Honwr£a spp.) cause severe irritation and 
even destruction ·of the mucosa of the gastro-intestinal tract, with 
the result that the mechanism of absorption is rendered abnormal. 
Noxious substances, " ·hieh are present in the dig-estiYe tract in normal 
circumstances and which are not absorbed by the intact mucosa, may 
find their way into the blood circulation and will exert their harmful 
effects on the system, thus aggravating the condihon of the already 
poisoned victim. It is, therefore, possible that a plant may cause 
death by virtue ·of its irritating- properties only. Death in such cases 
is probably not due to some .or other deadly poison contained in the 
plant, but t·o poisonous substances normally present in the digestive 
tract and which are not allowed to pass through the intact mucous 
membrane. In addition, the disturbed digestion may be the cause 
of the production of further harmful substances in the g-astro­
intt)stinal tract. Before concluding the remarks on local action, .it 
must be mentioned that many plants (EuphMbia spp.) contain irri­
tant juices, which, eYen when applied to the skin, cause severe 
inflammation. 

B. REMOTE AcTiox. 

It is h ardly necessary to state that it is an impossibility to eover 
fully the vast ground of the remote actions .of all plant poisons. 
Therefore only a few of the most outstanding examples will be 
referred to under this heading. 

After absorption into the blood stream plant poisons may exert 
their effects on the body in many ways. The role played by the liver 
in the inactivation and elimination of p-oisons has already been 
referred to under " The Fate of Plant P·oison~; in the Boclv ". Some 
poisons have a special affinity for and may be -fixed by certain organs; 
hence we speak of liver, kidney, heart and neiT~ poisons. Poisons 
fixed by certain ·organs are inclined to haYe cumulative effects ( digi­
to~in). Most poisons exert their effects on all the ·organs to a certain 
extent. As an example of the manner in which poisons may affect 
the system, the following· instances ma.Y be quoted:-

(a) Poisons Affecting the Blood. 

(1) R ed blood COJ"]Juscles.-P·oisons may ehange the blood by 
causing haemolysis (sa ponins), metha emog-lo binaem ia (nitrites, 
chlorates) or by attaching t hemselves to the red blood corpuscles <tnd 
replacing the .oxygen (carbon monoxide) . 

In these cases death is due to asphyxia as the ·oxygen-carrying 
f'apacity of the blood is destroyea. 

Annan and Hergloz (1928) found that . chronic strychnine poison­
ing in 1·abbits waf; accompanied by a diminution of 3!) per cent. i.n 
the total red count, whilst in splenectomize<l rabbits suffering front 
chronic strychnine poisoning there was an increase of about 35 per 
cent. in the total red count. The latter increase is considered bv 
them to be due to Rtimulation of the retieulo-endothelial apparatus.' 
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(2) Leucocytes and lymphocytes.-The movements <Of these blood 
corpuscles are paralysed by some poisons (quinine), while other 
pois·ons (strychnine) again cause a hypoleucocytosis. 

(3) Serum.- The serum is coagulated by some poisons (ricin, 
abrin), the result being the formation of emboli and thrombosis. 

(b) Poisons Affecting the Heart. 

Of the indigenous South African poisonous plants, which are 
heart p·oisons, D1'rhapetalum cymosum (Hook) Engl. (gifblaar) and 
Pachystigma py,qmaea Schltr. Robyns (gousiekte bossie) may he 
mentioned, the latter plant causing a chronic indurative myocarditis. 

Heart poisons may directly affect the heart muscle, or may ~:d!e1;t 
it through the vagus and accelerator nerves, or they may affect both. 
Digitalis affects hoth the heart muscle and the vagus nerve. 

(c) Poisons Affecting the Blood Vessels. 
Blood vessels may be dilated or constricted by poisons. 

Ephedrine and histamine cause contraction of some vessels, an.i. 
dilation of others, whilst digitalis causes constricti-on. These effects 
are caused by the action of the pois-ons either on the centres uf 
vasodilation and vasoconstriction, or on the nerve-endings, or on 
the muscles in the walls -of the blood vessels. 

(d) Poisons Affecting the R espi·rato1'y System. 
These include poisons either affecting the centre of respiration, 

or the vagus-endings in the lungs, or the bl'Onchial glands or the 
muscles, larynx muscles, muscles of respiration (intercostal musel~s 

and diaphragm), on the blood vessels in the lungs, etc., etc. Slo-,v­
ing and weakening of the respiration may be brought about in the 
following ways: (1) Paralysis of the centre of respiration (prus:> ic 
acid); (2) paralysis ·of the muscles of respiration (curare); (3) paralysis 
of the vagus-endi.ngs in the lung (atropine), or (4) stimulati·on of 
the inhibiting centre of respiration. Stimulation of respiration e:an 
be achieved in the reverse way. Oedema of the lungs may be effected 
by one or more of the following conditions: (i) increased secretion 
of the bronchial glands (pilocarpine, arecoline); (ii) hyperaemia of 
the lungs; and (iii) increased permeability of the vessels in the lung. 
As an example of plants exerting a local effect on the lungs or the 
liver or both Crotala1'1·a du1·a Wood and Evans and C1'otalm"ia globi­
fera E. Mey. may be mentioned. 

(e) Poisons Affecting the N e1·vous System. 

Different poisons may affect different parts of the central nervm.ts 
system and their effects may be of a stimulatory or inhibitor~' 
(narcotic) nature. The brain is stimulated by atropine produci11g 
hallucinations, excitement, and epileptiform convulsions, whilst 
morphine, after a preliminary stage of excitement, which varies in 
different individuals, cause depression, sleep and coma. The centres 
(heat regulation, respiration) situated in the medulla oblongata are 
affected by many poisons. 

Strychnine is known to exert its main effects on the spinal cord. 
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The following plants indigenous to South Africa exert their 
effects mainly on the central nervous system : Cynanchum africanum 
H. Br., Cynanchum capense Thunb., Cynanchum obtusifolium L.f., 
M atricMia nigellaefolia DC., and various Cotyledon spp. 

A typical example of poison affecting the peripheral nerves is 
curare, a South American arrow poison. 

(f) Poisons Affecting the Gast1·o-1·ntest1:nal Canal. 

Poisons may affect the digestive tract in various ways. :Many 
substances cause severe initation of the mucosa and even perf.oratic'!:l 
of the gastro-intestinal ''"all, ''"hile -others decrease or increase the 
gastro-intestinal movements and secretions either through acting Pll 

the wall directly or through the nenes, or nerve endings. Stimub­
tion of the vagus causes increased movements of the stomach, whibt 
splanchnic stimulation retards intestinal peristalsis. :Many of the 
South African poisonous plants are gaRtro-intestinal irritants in 
addition to causing other symptoms of poisoning. 

(g) Poisons Affecting the Kidney. 
Harmful substances may stimulate, irritate or even cause necnlsis 

of the epithelium in the uriniferous tubules. If the epithelium is 
stimulated or irritated diuresis occurs, whilst in the case of glomeruln­
nephritis oliguria and anuria may supervene. Irritant substances 
excreted by the kidneys may cause irritation of the mucosa of the 
ureters, urinary bladder and urethra. Haemolytic poisons, in the.'ll­
selves harmless to the kidneys, cause irritation of the epithelium 
through the excreted haemoglobin. Chronic irritation of the kidueys 
will ultimately lead to fibrosis of their tissues. 

(h) Poisons Affecting the Uterus . 
Pois-ons may exert their effects (inhibition or stimulation) on 

the uterus in the following ways: (1) through the uterus-cenJre 
situated in the lumbar region (strychnine); (2) through the uterus 
ganglia; and (3) by affecting the musculature itself. The uterus is 
much more susceptible to drug-action in the pregnant than in the 
non-pregnant state. :Yiany plants containing severe gastro-intestinal 
irritants may cause abortion, probably in an indirect manner. 

(i) Poisons Affecting the Liver. 
All poisons passing through ·or retained by the liver probably 

exert, to a certain degree at least, h armful effects on this organ, 
resulting in regressive changes (e.g. atrophy, degeneration necrosis) 
or progressive changes (e.g. inflammation, cirrhosis) or both. ~<\n 
outstanding example of plants which mainly affect the liver is certain 
species of Senecio. With regard to the functional activity of the 
liver acted on by certain poisons, vVhipple and Speed (1915) state: 
" It has been established that specific liver poisons (e.g. chloroform, 
phosphorus) causing histological changes in the liver cells, decrea~e 
the liver excretion of phenoltetrachlornaphthalein. Also vascular dis­
turbances (Eck fistula, passive congestion) with or without histo­
logical evidence may cause a fall in the -output of naphthalein 
thr·ough the liver . Sufficient evidence has been brought forward to 
show that the phenoltetrachlornaphthalein excretion is a valuable 
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index in respect of the functional activity of the liver. Ether anaes­
thesia for a period of two hours usually causes a depression in the 
naphthalein curve during the twenty-four hours following the 
anaesthesia. 

Paraldehyde in doses sufficient to give anaesthesia and stupor 
for a few hours will give a definite fall in naphthalein excretion. 

Chloral and urethane usually cause a decrease in naphthaL3in 
output when given in considerable amounts. 

Alcohol c~uses a drop in the naphthalein cune when given in 
large doses sufficient to cause stupor for a few weeks. The drop in 
phenoltetrachlornaphthalein excretion is demonstrated in the twenty­
four hours following administration of the drug._ A drop in the 
naphthalein curve to two-thirds or one-half of normal indicates a 
definite liver injury and temporary impairment of function." 

(j) Poisons Affectinr; the SaliTary Glands. 

Poisons may cause increased salivation by (1) stimulation of the 
salivary centre (pilocarpine) ; (2) stimulation of the peripheral en cl­
ings of the salivary nerves (pilo<:arpine); (3) stimulation of the peri­
pheral taste nerves; and ( 4) stimulation of the gland-cells themsel-ves. 
Decrease in salivation will be (·aused by reverse processes, atropine, 
for example, inhibiting salivahon by paralysing the nerves concerned. 

(7.·) Pm.sons Affect·ing Su·eat Glands. 

The actionR of poisons on the sweat glands are analogous to those 
described under " Poisons affecting th.e salivary glands ". 

(l) Pm'sons Affecting the Eye. 

Poisons may affect the muscles oontrolling the moYements of the 
eye either directly or through their nerves. :VIyosis may be cau::;ed 
by (1) paraly~is of

1 
the mydriatic centr e in the brain (morphine in 

the clog) ; (2) p'ei·1pheral stimulation of the -oculomotor nerve; and 
(3) stimulation , of t~e sphincter muscle in the iris (eseriiH~). 
Mydriasis, on the other hand, may be effected by (1) paralysis of t h e 
oculomotor nerve (atropine); (2) stimulation of the mydriatic centre 
in the brain (mOl'phine in the cat); and (3) peripheral stimulation -of 
the mydriat ic nerves. 

( m) Poisons Distw·bing Processes of Metabolism. 

The means at our disposal of studying this most im·ohed problem 
are very imperfect, and at present it can only be investigated to a 
certain extent by ch emical examination -of urine, faeces, and exhaled 
air. Many poisons cause a decrease in the oxidation processes in the 
bod:v by (1) decreasing the oxygen carrying capacity of the blood 
(carbon monoxide, chlorates); (2) by preventing the red blood 
corpuscles from disposing ·of the oxygen they have conveyed to the 
tissues (prussic acid), or (3) inhibiting the intracellular pl'OCesses OI 
metabolism through partial or complete paralysis of the cells as iJJ 
the case of protoplasm poisons (quinine). The processes of meta­
bolism may, on the other hand, be increase<1 by certain poisons acting 
on the centre of beat regulation. 
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Kahn and Goodridge (1926, p. 373) write: " Loevy, in 1907, 
demonstrated that hydrocyanic acid not only increased the protein 
catabolism, but also influenced the metabolism qualitatively. Wall ace 
and Richards studied the effect of potassium cyanide upon meta­
bolism and they observed that the total sulphur output was increased 
on the day of poisoning but, unlike the total nitrogen, it fell on the 
following day. The neutral sulphur fraction was increased , whenas 
the sulphate sulphur was diminished, showing that the oxidative 
processes in the body were lessened ". 

In strychnine poisoning there is an increase in the caleinm 
content ·of the blood serum, which is due most probably to calcium 
being forced out of the muscles during attacks of spasms (Beznak, 
1931). 

Cutler (1932) found that within a few hours after the aflministra­
tion of carbon tetrachloride the guanidine content of the blood i~ 
increased and suggests that carbon tetrachl·oride poisoning is largely 
due to this guanidinaemia. There is a severe disturbance of carbo­
hydrate metabolism, the blood sugar content, after a short pre­
liminary rise, falling to a very low level. The quanidine present 
in the blood interferes with the oxidation processes in the tissue~ 
with a consequent rise ·of the lactic acid content of the blood and 
urine owing to the inability ·of the tissues to reconvert lactic :tei<l 
into its precursors. The result is that the carbohydrate stores of 
the body are rapidly depleted and the hypoglycaemia appears to he 
the immediate cause of death. At the time of death the glycogpn 
content of the liver is very low. 

In animals poisoned with thallium the lipoid metabolism is rlis­
turbed, as is evidenced by· the fact I that there is a marked decrea~e 
in the lipoid content, or, even a complete disappearance .of lipoids 
from the adrenal cortex, the skin anfl nervous system, (Buschke and 
Peiser, 1932). 

Oxalic acid absorbed into the blood .combines with the calcium 
present in the blood liberating potassium, and sodi'uw ~vith the result 

that the ratio ~a+! is upset and an alkalosis produced. 
a+ g , 

(n) Poisons A:ffectin.IJ other O'rgans. 
Stiffsickness (" stywesiekte ") caused by ' the ingestion ·of 

Crotalan:a burlceana Benth may be mentioned here, as it affects the 
hoofs of cattle. In connection with plants which affect the shin 
Chrysocoma tenuifolia Berg, the cause of alopecia in kids and lambs 
may be referred to here. It is not known whether loss of hair is dne 
to the poison acting ·on the skin directly or whether it is caused 
indirectly through endocrine sympathetic disturbances. From pre­
liminary investigations made it would, however, appear that the loss 
of hair is due to the latter disturbance, as is thought by some authuri­
ties to be the case in alopecia caused by thallium poisoning (Buschke 
and Peiser, 1932). Mackay (1931) produced a pron·ounced increase 
in the weight of the aflrenal glands of white rats by repeatedly dosing 
them with morphine sulphate. 
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The fact that quite a number of hypothesis have been vut 
forward to explain the action of poisons ·on the cells and tissue 
elements, is ample pr·oof that very little is known about it. There 
are hypotheses which postulate that the reactions of cells to poisoHs 
are due to chemical changes induced in th e cells affected, ·or changes 
in the interrelationship of the cell constituents, and that this modi­
fication is associated with a change in the electrical charge, which in 
turn causes the cell to react in certain ways. The similarity in the 
action of chemically closely related poisons and the fact that the 
action of such related poisons can, to a certain extent, be deducted 
h 'om their structural formulae, have influenced some investigators 
to advance the hypothesis that the actions of poisons depend direct.ly 
upon their chemical structure. 

The discussinns of Henderson (1930) and Henderson and Lur:as 
(1932) in connection with the theories -of narcosis are most interest­
ing. They refer to the theory of Bibra and Harless, to the theories 
of precipitation, dehydration, water solubility, asphycia, absorption, 
permeability, and also to those postulated by Traub, Meyer-Over~on 
(lipoid theory), Beutner, and Claude Bernard. The last-named 
authority advanced the theory that naroosis is due to the fact that 
nareotics cause a state of reversible semi-coagulation of the substan ce 
of the nerve cells. 

There seems little doubt that the actions of the different poisons 
are exerted in different ways and that these actions depend on a large 
number of factors about which we knnw very little at the present 
time. 

AcuTE AND CHRONIC PoiSONING. 

Before concluding this chapter acute and chronic poisoning must 
be referred to. 'l1he quantity ·of a poison ingested and the time within 
which it is taken are the factors which determine the symptom 
complex in the affected subject. Highly lethal quantities of a poison 
taken in one dose may cause sudden death, whilst repeated small 
doses may cause symptoms of poisoning over prolonged periods. "'~ith 
regard to poisonous plant the course ·Of poisoning (peracute, acute, 
subacute and chronic) is determined by the nature and amount of 
poison present in the plant and the time in which any quantity is 
taken. 

Again, some plants may cause death Yery soon after ingestion 
(plants conta ini.ng prussic acid), whilst others exert their actions 
only when a certain period has elapsed after ingestion (Pachyst ir}'ma 
pygmaea Schltr. Robyns; Crotalm·ia dU1'a Wood & Evans) . 11 his 
period that elapses between the discontinuation of feeding on a plant 
and the appearance of symptom s has in the past frequently been 
referred to as " incubation period " . The term " incubation period " 
should, however, be applied only to those cases where organisms 
(bacteria, pr·otozoa) finding their way into the system, are capable 
·of producing poisons (toxins) in the body. In plant poisoning, 
accumulation of poison in the body is only possible when the plant 
is eaten repeatedly within certain time limits . The term " period 
of l atency " is suggested for the period of time which elapses betwepn 
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the discontinuation of feeding with the plant and the appearance of 
symptoms, as the period of latenc,y is quite different from that termed 
·'incubation period " in infectious diseases. 

It is indeed a difficult task to cletermine the toxic and lethal 
closes of plants which exert their effects after a certain period of 
latency only. In order to elucidate this point, it is necessary to 
consider why certain plants behave in this way. There are two poi-lsi­
bilities for this behaviour, namely, (a) in the case of a certain number 
of these slmY acting pois·ons it may be necessary for them to accumu­
late in the body of the animal before clinical symptoms appear; auJ 
(b) each small quantity of the poison taken in repeatedly may cause 
progressive processes of disease (degeneration, inflammation, etc.) in 
the organs. Do these pr·ocesses continue after every trace of the 
poison had been eliminated from the body, or does the undamaged 
portion of this organ become affected when it is subjected to suddm1 
increased f mction (resulting fr·om sudden changes in diet, exces,;ive 
flXercise, etc.)? Such an affected animal may then die with symptomft 
·Of stagge1·s resulting from further elimination ·of liver tissue. 

Experience gained with plants like Pachystigma pygmaea 
(Schlt.) Robyns, Crotalaria dura vVood and Evans, Crotalaria ,r;lobi­
jera E. Mey., and various species of Senecio, support the latter view . 
It is well known that animals may still die from poisoning many 
months after having ingested these plants. \V ell marked lesions 
may be present in one ·or more organs "·ithout any clinical symptoms 
being discernible . The matter is further complicated by the fact 
that in Crotalm·ia poisoning in the majority of the horses there is 
a chronic pneumonia, whereas' in Seneciosis the liver is severely 
damaged. It is obvious that such affected animals are much less 
resistant to diseases and poisons than normal animals. 

'fhese few remarks will suffice to point out the difficulty of deter­
mining the toxic and lethal doses of plants with a long period of 
latency. 

VI. THE TOXIC PRINCIPLES OF PLANTS AND THEIR 
PHYSIOLOGICAL SIGNIFICANCE. 

'fhe toxicity of plants may be due to the presence of one or more 
of the following substances: alkaloids, glucosicles, resins, picrotoxins, 
toxalbumins, volatile oils, alcohols (tremetol) and organic acids 
(oxalic acid and its acid salts) . Although a number of investigators 
have interested themseh·es in this aspect of poisonous plants, t•ur 
knmdedge of the active principles of plants indigenous to South 
Africa is Yery limiterl indeecl. 

As a. rule closely related plants have the same, or, chemically 
and pharmacologically dosely relaterl, active ingredients (solanin iR 
present in a number of Solanum spp .), whilst in other cases sueh 
plants c·ontain toxic principles different in their chemical nature 
and. more ·of action (St?·ychnos 1Yux- F omica L. ) contains strychnine, 
which affects the spinal cord, whilst the amorphous alkalo1rl of 
Stn;rhnrJs HPiminr;sii Gilg. exerts its effects on the medullary reniTes 
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(Hiudl , 1931). Again, the same, or similar actiYe principles, may be 
found in plants belonging to different families as in the case ·uf 
saponins and prussic acid. 

:Jiuch has been 'nitten and said about the physiological signifi­
cance of the toxic principles of plants and a number of themies have 
been nchancec1 , hut nothing definite is as yet knmnL Three main 
i rl eas are held in t his c-onnection, namely, that toxic substances con­
tained in plants are (a ) produets of catabolism (excretory pr·oducts), 
(b) produced in order to protect plants against being· eaten by man 
ancl animal, (c) stages in the processes of anaboli sm in the plant. 
Vnrious facts may be m entioned to proYe and rlisproYe each of these 
hypothesis anr1 it seems quite feasible that one m· more of the above­
mentioned points ma)· be responsible for the production of poisons in 
plants. The lea Rt acceptable suggestion is that a plant procluces a 
poison in ·orcler to protect itself against being eaten by man aur1 
animal. \ iVhy should s·ome plants anc1 not ·others protect themsehes? 
If this " ·pre the case it would :~ppear likely t h at the plants mnst 
eaten b,v stoek woulcl be the most li kel,v ones i o p1 ocluce poison in 
orrle1· t.o preYent them from bei ng era cli ca ted. If plants prorhwed 
poi sons in order to pro teet themseh es t hey '"ould most li kel,v h n Ye 
con centrated these poisons in the parts gro,Ying aboYe ground. This 
is not the case with man;;· poisonous plants, as their roots or bulbs 
contain the largest proportion of the poison. Again, why should 
plants protect themsehes only und er ceriai11 climatic conditions, 
" ·hi lst at other times they are Ynluable stock-feeils? , Thi ~ i,s the cm;e 
with Trilml1t s terrestris L. (chl\1'\Yeltjie), "·hi.eh in certain areas nud 
under certain climatic eonclitions causes " geel-dikkop " (" yellow 
thick head "), "·hilst at other times it sa Yes thousands of animals 
from starvahon. This also is the case with a number of our most 
Yaluable veld grasses (see Gram in eae), "·hich '"hen wilted and stunhod 
often produce deadly amounts of prussic acid. Furthermore, it is 
inconceivable " ·hy plants gro"·ing in certain areas should prated 
themselves to a greater degree th:~n those of the same species growing 
else"·here. It

1 
is :1 well-known fa ct that members of the same species 

of plant grmYi ng in different areas may vary l'·onsi clera bly in Lheir 
toxicity, and striking Yariations in toxicity have been found even in 
members of the same ilpecies of plant growing hesir1e each other . 

The fact that many plants concentrate their toxic principles in 
the bark is held to be a proof of the hypothesis that these principles 
are excretory products of such plants. Such poisons are 
" t>l imin nter1 " hy the plant casting the hark. 

The facts that many plants are more poisonous in the earlier 
than in the later stages of development (the development of prut>sic 
acid in Sor,qh1m~ ndgme Pres. and 1-inum vsitatissimum J_1. ), :tnd 
that poisons (pnlssic acid) disappear from certain plants when 7hey 
are grown in darkne.ss, are gi,-en as eYidence to support the h ypothesis 
that t·oxic ingredients of plants are normal proclucts encountered in 
the processes of metabolism . These processE-s are more active in tbe 
growin g- than in the maturing plant, nn<l in the plant kept in dnrk­
ness photosynthetic processes are reclu ced to a minimum. 

378 



DOUW G. STEYN. 

VII. DETECTION OF POISONOUS PLANTS AND THEIR 
ACTIVE INGREDIENTS IN THE BODY. 

A. IN TnE GAsnw- mTEsTINAL 'rRAcT. 

The examination of th e stomach (rumen in ruminants) oontents 
is of great value in peracute and acute plant poisoning as in such 
cases it is quite likely that remains of the plants ingested will still 
be found in the stomach. It is, however, in most cases not an easy 
matter to identify with any amount of certainty the masticated tllld 
partly digested portions of plants present in the stomach. Leathery 
leaves and hard fruits (seeds) vvill retain their original appearance 
to a far greater extent than those more easily digested. In the case 
of poi.sonou~ plants which ~xert their effects comparatively long 
after mgestwn (Pachystigma pygmaea Schltr. Robyns, C1'otalatia 
dura Wood and Evans, Crotalan:a glob£/era E. :Mey., and species o£ 
Senecio) , the examination of gastric contents is of relatively l ittle 
value as tbe animals may die weeks and even months after the plant 
has been eaten . On the other hand, portions of the leaves of Dt:cha­
petalwn cymos"tt7n, Hook ,(gifblaar) and species ,of f-l o1n'{3ria and 
Jloraca (tulips) may be found in the stomach contents of animals 
wb_ich haYe succumbed within a short while after feeding on these 
plants. 

During life the faeces, milk and urine may be examined for the 
presence of any poisonous substance that is suspected. A poison may 
find its way into the faeces thr·ough being i~w9mpletely ab&orbed from 
t h e gastro-intestinal tract, or 1 and through excret:lon by t he bile and 
gastro-intestinal mucosa. · ' 

B . IK THE BLOOD AND ORGANS . 

'fhe methods of detectio.n of poisons in t he blood and organs 
cannot be S·O extensively applied to plant poisons as in the case of 
mineral poisons owing to the fact that our knowledge of the poisonous 
ingredients of plants, especially those indigenous to South Africa, 
is very limited. Very little is knmYn d t he active principles of 
South African poi sonou s plants, their distribution in the body, their 
extraction fr-om the blood and organs, and their identification l'Y 
chemical and pharmacologi cal means. 

I need hardly stress the point that the utmost care sh.ould be 
exe_rcised in drawing c-onclusions from~ toxic substances t hat have 
been isolatei! from the gao<tro-intestinal contents, as these content s 
may harbour poisonous substances (for example biogenic amines), 
which phan11acologicallv may have efferts on animal organs very 
similar to those exerted b:'i' the a('tive principles of certain plants. 
The longer the period behYeen cleath ancl the examination of the 
g;1stro-intestinal contents the greater is this danger mYing to processes 
of cleeomposi ti on . 

The mere presence ,of a. poisonous substance in an Ol'gan or org;1 ns 
1J:V no means warrants a diagnosis of pois·oning by sue h a substance, 
this evidenre being corroborative an d not diagnostic. The amount 
of poison present in an organ, the nature of this organ, the am ount 
of poison ingested and th e time that has elapsed bebYeen ingestion 
aml cleath, are of the utmost importance in the diagnosis of poisoning. 
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The amount of poison present in the gastro-intestinal tract is not of 
such great importance in the diagnosis as the quantity present in 
organs to which this poison has been conveyed by the blood. Fatal 
quantities of poisons may be present in the gastro-intestinal contents 
without causing symptoms of poisoning [that is, when they are 
present in an inabsorbable (insoluble) form] whilst the presence of 
any such poison in the organs is of great diagnostic value. 

The amount of poison present in an organ depends on the 
quantity ingested and on the period of time that has elapsed since 
ingestion. It is quite possible that a poison, when taken in a small 
quantity over prolonged periods, may cause damage to an organ or 
organs, and that this damage progresses after all traces of the poison 
have been eliminated from the body. This probably is the case in 
poisoning by Crotalaria dura vVood and Evans and in Pachystigma 
pygmaea Schltr. Robyns, as animals which have partaken of fatal 
amounts of these plants may only die from " Jaagsiekte " or " Gou­
siekte " months after they have eaten the plants. 

The knowledge of the distribution of a poison in the body is 
essential in the collection of specimens for ana lysis. A trace of 
prussic acid in the brain is of far greater significance than its 
detection in the gastric contents, and in carbon monoxide poisoning 
no co-haemoglobin is to be founo in the blood of the spleen and hone­
marrow. In chronic arsenical poisoning, which occurred m.onths 
before the investigation, arsenic will be found in the hoofs, claws or 
nails and hair of the victims and not in the liver, kidneys and gastro­
intestinal contents as in acute arsenical poisoning. As a rule the 
most essential organs to be collected in ,ca~es of suspected plant 
poisoning are liver, kidneys and gastn)cin'tes'tinal wall, as well as 
gastro-intestinal contents and urine. 

It should also be mentioned here that antibodies will be detect­
able in the blood of individuals who have partaken of plants con­
taining toxalbumins provided such individuals live for such a perio<l 
as t~ allow o.~ jhe development of su ch antibodies. 

VIII. DIAGNOSIS OF PLANT POISONING. 

In addition to what has been said under " Detection of Poisonous 
Plants and of their active ingredients in the body ", the foUowing 
remarks may be made here :-

It is in many cases a very difficult task to make a definite 
diagnosis of poisoning. The following method of procedure is 
ad?pte~ by the author in the investigation of suspected cases of 
po1s0n1ng. 

A. ANAMNESIS. 

The anmnnesis is of the utmost importance in poisoning, 
especially information concerning the feeding or grazing of the 
animal or animals concerned prior to the development of symptqms 
of poisoning. The fact that animals may develop symptoms of 
poisoning months after they have eaten a particular plant (Pachy­
st1:jjma pygmaea Schltr. Robyns), must be borne in mind. 
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B. SYMPTOMATOLOGY. 

A sudden onset of symptoms of disease, especially when several 
a·nimals are affected at the same time, is indicative .of poisoning. 
Again, symptoms like profuse diarrhcea, skin lesions (photoderma­
titis), inappetence, icterus, disturbances of the heart action, respira­
tion, urinary secretion and central nervous system (convulsions, 
staggering, shivering, pushing, wandering about aimlessly, delirium, 
hallucinations, chorea, tetany, hyperaesthesia, depression, blindness, 
paralysis and coma), may strengthen this suspicion. Some cases of 
plant poisoning may resemble the oourse taken by infectious diseases 
in that they have a period of latency (incubation period) and cause 
the development of fever. The point of greatest importance in uis­
tinguishiug between infectious diseases and cases of plant poisoning, 
when they make their appearance in herds or flocks, is that, as a 
rule, in the former case one or only a few animals will be suddenly 
taken ill, whilst in the latter case a large percentage of a herd or 
flock will develop symptoms ·of disease at the same time. Sometimes 
symptoms characteristic of certain poisonous plants assist us in 
diagnosing such cases ( tribulosis, vangueri osis, alopecia, seneciosis). 

C. PosT-MORTE"'-f A1•rEARANCES. 

These are of great value in the differential diagnosis as the 
lesions found m many diseases and those causes by poisonous plants 
are known. 

D. HISTOLOGY. 
I, 

Also histologica,l. l.esi,qns may be of diagnostic value, e.g. 
cirrhosis of the liver in seneciosis i fibro&is of the myocard in " gou­
siekte ''. 

E. ExAMDrATION oF GASTRO- Il'ITES'l'INAL CoNTENTs. 

In many cases of peracute and acute plant poisoning the remains 
of masticated and partly digested portions -of the responsible plants 
may be found in the stomach (rumen in ruminants). 

F. IsoLATIOl'l oF THE AcTIVE P1uNCIPLES OF PLANTS FROM THE 

GASTRO-INTESTIKAL CoxTF.NTs ANn OnGAKS Al'IJJ THEIIt CHEMI­
CAL AND PHARMACOLOGICAL IDENTlFICATIOl'l. 

In this connection our knowledge of Sou,th African plant poisons 
is very limited indeed and hence of comparatively little value in the 
diagnosis of plant poisoning. 

It should, however, be pointed out that the utmost care must be 
exercisefl in expressing an opinion as to the nature of poisons, 
especially when only traces are present, in oorpses and carcases, 
because it should be rememberefl that poisons like ptomaines, 
markedly resemble some vegetable poisons. Aconite-like, coniine­
like, codeine-like, colchicine-like, veratrine-like, and strychnine-like 
ptomaines are known (Autenrieth, 1928). It is, therefore, most 
essential that wherever· possible chemical tests for poisons should be 
confirmed by biolog·ical tests. To my minfl, a positive biological 
test for strychnine is absolutely essential before it can be definitely 
stated that strychnine is present in a corpse or carcass. 
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IX. PROGNOSIS OF PLANT POISONINC. 
'l'he prognosis depends on a large number of factors, which are 

fully discussed under " Factors concerned in the Determination of 
the 'roxicity of Plants ". Suffice it to say here that in most cases of 
poisoning it is very difficult to predict the result not only with 
regard to death, but also as far as complete recovery is concerned. 
Furthermore, some plants exert their effects in a two-folrl manner 
as in the case of poisoning with Adenia digitata (Harv.) Harms, 
and improYement after exhibition of severe symptoms ·of p·oisoning is 
by no means an indicahon that the patient is well and on the way 
to reoovery. The tuber of this plant contains two poisonous prin­
ciples prussic acid and a toxalbumin, modeccin. Symptoms of 
prussic acid poisoning set in very soon after ingestion ·Of the tuber. 
The victim may, however, survive, and may only succumb to the 
effects of the toxalbumin, modeccin, whieh exerts its aetions on the 
system within a few days after ingestion. 

In the case of plants whieh exert their effects only after a 
certain period of latency, it is an even more difficult task to express 
an opinion as to the future health of such an animal. 'rhe sooner 
after ingestion of poisonous plants the animals are treated, the 
more fav.ourable the pr·ognosis w·ill be, as the sooner the bo,Yels 8re 
emptied the smaller the quantity of poison absorbed. 

X. CENERAL PRINCIPLES OF TREATMENT OF PLANT 
POISON INC. 

'l'he general principles of treatment of all cases of poisoning 
are embodied in the following rules : (A) Prevention of further 
absorption of the ingested poison, (B) treatment of symptoms of 
poisoning, and (C) promotion of exeretion of the poison. In addi­
tio_n, the animals should be prevented from further ingestion of the 
pmson. 

(A) PmwRiSTTOX oF FuRTHER Anso:RPTION Ol' Porsox. 

The most effective method of procerlure as adopted by the author 
is (a) to prevent the animals from drinking \Yater, and (b) to render 
the poison still present in the gastro-intestinal tract inabsorbable and 
to remove it by the administration of purgatives on emeties or hy 
stomach lavage. The absorption of poison still present in the gastro­
intestinal eanal mny be retarc1ed or prevented by administering 
chemical and physical antidotes. Tannic acid ''"ill, for example, 
cause the precipitation of insoluble alkaloidal tannates, and will 
therefore be of great value in preventing the absorption of poisonous 
alkaloios. Potassium permanganate will cause the destruction of 
many plant poisons through oxidation; it is Raid to be the most 
effective when in acid soluti.on. Furthermore, some poisons exert 
their toxic effects in an acid environment, \Yhilst others require nn 
a.lkalin.e medium. Animal ancl wood charcoal and liquid paraifin 
may be used 8S phyr;ical antidotes. Charcoal is an active absorber 
of many plant anr1 mineral poisons, and liquid paraffin, beinp_· 
absorbable t,o only a very slight extent , will "·hen passing throug·h 
the gastro-intestinal canr1l, carr? with it 8 certain amount of the 
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poison present. vVhen the administration of these two substances is 
followed by purgatives, the amount of poison absorbed can be appre­
ciably reduced. 1'he absorption ·of poisons fr.om the gastro-intestinal 
tract can be fmther retarted by the administration of astringents 
(tannic acid, lime ·water, bismuth subnitrate, alum). It goes with­
out saying that the purgatives to be used in cases ·of poisoning must 
act quickly, and whenever possible purgatives which require water 
as a solvent must be avoided, as in many cases the introduction -of 
water will facilitate absorption ·of the poison . In equines arecoline, 
pilocarpine and eserine, achninistered subcutaneously, are valuable 
purgatives, whilst in eattle, sheep, goats, pigs, dogs, cats and bi nls 
calomel, castor oil and croton oil must be 1·esorted to in the first 
place. It is not advisable to use saline purgatives in cases of plant 
poisoning for the reasons mentioned above. 

As emetics the folloT~·ing may be used: Apomorphine, veratrine 
rhizoma veratri albi, radix Ipecacuanhae, tartar emetic, Y-inc 
sulphate, common salt and mustard. Emetics are to be used only 
in those animals which vomit with ease. 

In the irrigation of the stomach it is essential that substances, 
which are likely to form insoluble compounds with the poison, be 
used. When plants containing alkaloids as the active principle cause 
poisoning, then tannic acid should be used, as it forms insoluble 
alkaloidal tannates and at the same time is an astringent, thus 
retarding absorption. Furthermore, glucose should be administered 
to animals in all cases of poisoning, especially where liver damage 
occur~, as the detoxicating effect of this organ appears to be directly 
dependent on its carbohydrate content. 

(B) TREATMENT oF SYMrToMs oF PorsoNING. 

In most cases we have to resmt to the treatment of the symptoms 
as they arise (symptomatic treatment), as very few specific antidotes, 
whiph will inactivate the pois·on in the blood stream and in the 
organs, are known. Cramps and convulsions are traeted with 
sedatives and narcotics and symptoms -of pa;ralysis with stimulants 
(strychnine), whilst in prussic acid poisoning "·e have a specific anti­
dote in some sulphur preparations forming the harmless sulpho­
eyanides. The administration of heart and respiratory stimulants is 
essential in many cases of plant poisoning·. 

Gastro-intestinal irritation may in many case,; be effectively 
treated with raw linseed oil -or limewater, either alone or mixed in 
equal parts. 1'he author found that the beneficial effect d this 
mixture in the treatment of obstinate dianhrea may be appreeiably 
increased by the addition of a small amount of tannin acid. Other 
substances that have an alleviating effect on gastro-intestinal in·ita­
tion are linseed and barley gruel and the whites of eggs beaten up 
in milk. 

Other essential points in the treatment of poisoned animals is 
to shade them and to all-ow them as much rest as possible. Driving, 
especially in cases of animals suffering from poisoning with plants 
which affect the central nervous system (cynanchosis, cotyledcinosis, 
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equisetosis), in many instances causes death, while it left undis­
turbed the animals stand a better chance of recovering. It is also 
essential that poisoned animals should receive a suitable rliet. 

(C) PROMOTION oF ExcRETION OF THE PorsoK. 

Excretion of poisons may be facilitated by the administration of 
purgatives, rliuretics, cholagogues, sialagogues, and diaphoretics. 
Many purgatives stimulate the secretion of the glands of the gastro­
intestinal mucosa, which excretes many poisons, and, in addition, 
such chugs p1·event, to a certain extent, t he reabsorption of bile, 
which carries with it poisons excretecl by the liver, by causing a 
quick passage of the intestinal contents. The kidneys are the most 
important organs concerned in the excretion of poisons, h~nce the 
effect of stimulating renal secretion by means of diuretics is clear. 
Also the liver, salivary glands and sweat glands are active excretors 
of many poisons. The fact that lactating mammary glands are very 
active excretors of pois·ons, should be borne in mind, as cases of 
poisoning in human beings may arise from drinking the milk of 
poisoned animals. 

The bleeding of animals suffering from poisoning is oonsidered 
by some authorities to be of no value, but it seems likely that much 
benefit will be derived from bleeding affected animals and replacing 
the volume ·Of blood lost by physiological saline solution containing 
calcium gluconate or by blood transfusion. Thr·ough the bleeding a 
certain proportion of the poison contained in the blood is removed 
from the body, calcium in many cases .of poisoning supports the 
fighting powers of the body against pois·ons, and it has been estab­
lished that the higher the glycogen content of the liver the more 
effective it is as a detoxicator. 

In many cases of poisoning, especially when pmsons causmg 
haemolysis and reduction in the oxygen carrying capacity of the 
blood are concerned, blood transfusions are of life-saving Yalue. 

XI. FACTORS CONCERNED IN THE DETERMINATION OF 
THE TOXICITY OF PLANTS. 

A. THE PLANT. 

The most important factor concerned in the determinat ion of 
the effects of a poisonous plant on any subject is the rate at which 
such a plant is ingestell. Most striking examples o-f how the toxic 
and lethal doses of pois·on·ous plants can vary are found amongst 
those plants which contain gaseous or volatile poisons which are 
rapidly eliminated. An animal may, for example, eat w·ith impunity 
within twenty-four hours a certain quantity of a plant oontaining 
prussic acid without suffering fillY ill-effects, while the same quan­
tity, i.f eaten within six hours, w-ould cause death. The degree of 
toxicity of a plant, therefore, depends on the time aUowed to the 
body tissues and fluids to eliminate m· to destrov the poisonous 
principle. • 

384 



D01JW G. STEYN. 

It is well known that individual plants of the same species 
gr·owing in different localities vary to a considerable degree in their 
active principle content. At Onderstepoort, Steyn (1932) found that 
specimens of *Cotyledon leucophylla C.A.Sm. in the same stage ?f 
development and growing beside one another varied considerably m 
toxicity. Soil and climatic conditions are to a very large extent 
responsible for the difference in toxicity, but this cannot account 
for the differences in toxicity of plants of the same species growing 
beside each other. The latter point is discussed under " 'l'rans­
mission of the Degree of Toxicity o£ P r·ogeny ". 

In spite of the fact that much time has been spent in the inves­
tigation of factors thought to be concerned in the determination of 
the toxicity of plants, no definite results have as yet been achieved. 
It is impossible here to discuss at any great length, ann the follow­
ing factors, which may play a role in the production of pOlSOn lil 

plants, will be briefly discussed. 

(a) Soil and culti'uation.-'rhe composition, character, bacterial 
ann protozoal content, moisture content and temperature of the soil 
probably, in some cases at least, influence the production of poison 
in plants. The results of experiments with fertilizers are so variable 
that no definite conclusions can be drawn, except in the case of 
nitrates, which increase the prussic acid content of plants (Burtt­
D avy, 1912; Couch, 1932). It must be mentioned that fertilizers 
are extensively used in the grmYing of medicinal plants in order 
to stimulate growth and thus increase the amount of active principle 
per unit area of soil surface. This use of fertilizers has, however, 
no relation to the utilization ·of fertilizers as far as the increase of 
active principle content per unit weight of plant is ooncerned. The 
character of the soil may possibly have an influence on the toxicity 
of plants, as the more porous a soil the better the aeratio11, and 
oonsequently oxidation and other processes dependent upon a free 
oxygen supply will be more active than in less porous soils. The 
moisture content and temperature, as well as the oxygen content 
of the soil are bound to influence the micn>biological processes in 
the soil to a considerable extent. These varying conditions in the 
soil may be, and probably are, responsible for the production of 
substances of a very variable nature in soils ·of a different character, 
and these substances may in turn affect the toxicity of plants. Many 
farmers hold that Pachystigma pygmaea (Schltr.) Robyns (gou­
siekte bossie) grmYing- on black day soil, is much less poisonous than 
when growing on red Randy soil. It is also maintained that Geige1·ia 
passerinoides Harv. is most toxic when growing on limestone . In 
experiments conducted at Onderstepoort with Cotyledon orbiculata 
L. the specimens gTown on hlack clay soil "·ere leRs toxic after one 
year than at the time the experiment was begun, whi lthe reverse 
was the case with t hose specimens grown on red sandy soil (Steyn, 
1932). 

Cultivation prorluces a decrease in the toxicity and even the 
complete disappearance of the toxic constituents ·of some plants, 
whilst it apparently has no effect on the toxicity of other plants. 

* C. orbiculata Burtt-Davy, A. Trans. & Swaz., I. 142, 143 (1925); ext. 
ref. Bot. Mag. et Jonrn. Bot. et extra Tvi. cit.; non Linn. (1753). 
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The seeds of cultivated varieties of Phaseo.lus lunatus L. constitute 
a valuable foodstuff, whereas those of the wild varieties contain fatal 
:amounts of prussic acid. In cultivati·on there are improved condi­
tions in connection with irrigation, aeration of the soil, and fertiliza­
tion, and these probably influence the degree of toxicity of some 
plants. On the other hand, cultivation appears to have no noticeable 
effect on the toxicity of Ne1'ittm oleander L. (Morrison, 1926). 

(b) Climatic conditions .- Temperature and moisture content C>f 
the air will to a large extent influence, as explained in (a), the 
chemical and microbiological processes in the soil. The alkaloidal 
content of medicinal plants growing in the same locality '"as found 
to be at its lowest in years of lmY temperature and deficient sunshine. 
Ephedm spp. grown in areas ·with a high rainfall are less toxic than 
those grown in localities with a low rainfall. Fmthermore, these 
plants were found less toxic in rainy than in dry years (Ghosh and 
Rrisha, 1930). 

(c) Natu1·e amd intensity of light.-The nature and intensity of 
light depend •On the time of the clay, the altitude and the degree of 
cloudiness. 'rhe alkaloidal content of At1'opa belladonna L. could 
not be increased by means of fertilizers, but full exposure to sunlight 
appeared to increase its active principle content (Hansom and 
Henderson, 1912), and Burman (1911) states that the alkaloidal 
content of this plant is at its lowest in years of lo'IY temperature and 
deficient sunshine. It appears that certain species of Cotyledon 
(Cotyledon vent1'icosa Burm., Cotyledon walliclL1.i Han.) are not 
dependent on the direct rays of the sun for the production of poison 
as they are almost invariably found growing• under bushes and 
shrubs. It is, however, quite possible that some plants are to a certain 
extent dependent upon photosynthetic processes £or the production of 
poison and that they do require light in the elaboration of poison 
Treub (Robinson, 1930) found that the darkening of the plant 
'' Pangium. edule " causes a decrease in its prussic acid content . H 
was found that plants of Datwa Stmmonium. L. kept on a balcony 
facing east, south-east had a higher active principle oontent than 
those kept on a balcony facing north-west. P.ossibly certain rays of 
the visible and invisible spectra are essential to stimulate the pr·oduc­
tion of poison. 

(d) Season.-The poisoning of stock grazing under natuTal 
()Onditions, is most prevalent during the spring months. 'l'his is due 
not only to the fact that many poisonous plants are very deeprooted 
(D·t:chapetalum cym.osnm. Hook) or are of a bulbous nature and hence 
are not dependent on spring rain s for the development of young leaves 
and shoots, but also to the fact that many plants are most poisonous 
in the young stage of development. The active principle content of 
many plants varies in amount not only at clifferent times of the year, 
but also at different hours of the day. Andre (Czapek, 1921) found 
the oxalate content of }Jif esem.h1·ianthernmn crystallinum. L. to he 
about five times higher in May than it was in Au~·ust, whilst the 
reverse was the case with the malic acid content of this plant. Baur 
(Hecht, 1931) found that the percentage of artive principle contained 
in At1'0pa belladonna L. and Datura st1'am.onium. L. was at its highest 
in the early morning hours. The early development of the leaves 
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and flowers of deeprooted and bulbous plants constitutes a great 
temptation to animals "·hen the remaining Yegetation is st ill dry and 
unattractive. It is for the same reason that so many animals succumb 
to plant poisoning dming periods of drought. 

(e) Stage of dwuelopment.-J:/Iany plants may contain fatal 
amounts of poison when immature, but when mature they constitute 
valuable foodstuffs for man and animal. The unripe seed::; of Lin'Uin 
usitatissimt~m L. may contain fatal amounts of the cyanogenetic 
gluooside, linamurin, whilst the ripe seeds in the form of cakes form 
a valuable foodstuff for stock. '!'he wilted and stunted plants of Zea 
mays L., various species of Sorghum and certain other gTasses contain 
large amounts of prussic: acid, the youuger the stage of growth, i;he 
higher the prussic acid content. An outstanding example of plants 
that are most toxic in the early stages of development is l)ichapetal11 m 
cymosum Hook (gifblaar), in "·hich the young leaves are much more 
toxic than the older ones. On the other hand, the young and mature 
leaves of Cotyledon orbictdata L. are equally toxic. The ripe berries 
of Mel-ia azedarach L. aTe more toxic than the immature ones, whilst 
the berries of Solanum ni.']1'U1n L. and Solanum ·i ·nca·nun~ L. are 
poisonous when green and harmless when ripe. 

(f) Toxic parts of plants .-'l'he distribution of po1sono'lS 
substanees in plants in the same stages of devel·opment varies with 
almost every species of plant. The £,allowing plants may be quoted 
as examples : the bark and wood of the roots of DeTris elliptica 
Benth are very poisonous, whilst the stems are slightly poisonous and 
the leaves not at all ; the leaves of Taxus baccata L. (the yew tree) 
are mme toxic than the fruit and it is said that the male tree is 
slightly more toxic than the female; the drupes •Of Melia a,zeda.rach 
L. are much more poisonous than the leaves; while in the case of 
Datura stramonium L. the seed contains less active principle than the 
leaves, stems and roots. Not only may the different parts of a plant 
vary in the amount of active principle they contain but the various 
pOTtiDns of the same part may also vary to a considerable extent. 
Some peach, apricot and prune kernels contain fatal amounts of 
prussic acid, whilst the onter portion of the fruits are extensively 
eaten. Some plants contain their active constituents in a form other 
than that which exerts its poisonous effects on the body. Cyanoge­
netic glucosides, as such, are non-poisonous and require enzyme- or 
acid-action in order to liberate the deadly prussic acid. 

(.'J) State of plants.-Some plants when dried and stored rapi<lly 
decrease in toxicity whilst others retain their active principle content­
for very long periods. The fonuer will be the case especially with 
those plants which have gaseous (pussic acid) or volatile (ethereal 
oils) active principles. The active principles {)f other plants may, 
however, be destroyed by chemical processes ( dehyclration, oxidation, 
hydrolysis, ferment action, etc.), which continue or may set in after 
the plants have been collected . It is self evident that plants which 
are to be tested for the presence of any poisonous constituents formed 
in them under na:ural conditions, should not be in a decomposed 
state or attacked hy fungi as both the decomposed matter and the 
fungi may of themselves liberate pois·onous substances. 
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(h) Transmiss·ion of the de,r;Tee of to.1:icity to Jlrogeny.-Certam 
plants are capable of passing •On tbeir degree of toxicity to their 
progeny. This has been proved to be the case '"ith dt1·opa belladonna 
L . and Papaver somn-ifenun L. (Hecht, 1931). Ste.Yn (19:32) pointed 
out that reliable results in (·onnecti.on \Yith the investigation of the 
factors concerned in the determination of the toxicity of plants can 
hardly be expecte(l when :my one experiment is e,onducted with a 
large number of plants at the same ti.m e. This point came to the 
author's notice while conducting experiments with Cotyledon 
orbiculata L. Spe('imens of this plant in the same stage of deYelop­
mell i H ud gro11·iug beside one another were found to differ iu toxicity 
to a considerable degree; abo one anrl the same plant varied 
eon:>irlernbly irr toxicity with in short periodo. It i~ ber·ause of these 
t wo facts that it i,; es;;ential to conlluct ex ne1i menb "·ith one :mel the 
same plant. "(T nfOJ'lunat.ely tlv size ancl.nat.u1·e of man ,v poisonous 
and mediciual planls do not allmY of thit; procedure. In such cases 
,.-here fi.eldR of plantR ha,·e to he used in an,,· one experiment at the 
same time, it would be of great importance to use the progeny of 011e 
an(l t he san1e plaHt as, aeconling- to expe1·iments conducted with 
Atl·opa !JC'lladonna L . and l'atm rn somnifC'ntm L. the toxicity of surh 
plant,; will be approximately the same :-H; that of the parent plant. 
Cotyledon orbic11lata L . is Pminentl~· suiterl for im·est igntions as to 
the influence of various factors on its toxicity as the na1 me of th is 
plant is such that it can be u sed in one anrl the same experiment over 
a period of years . The procedure adopted at Ondcn;tepoort is 1 o 
follow the course of the toxicity of indiYidual s of this species for one 
year mul then submit some individuals to various influences antl 
again follow their eourse of to.x icity. In addition rontrol specimens 
are grown aliCl the course of t heir toxicity follo"·ed. It is hoped that 
by following this procedure \\'e will be able in the course of time to 
throw some light on the factors infiuencing the production of poi son 
in plants. 

(1') Nat?tTe of to.n:c in.r;terhPnts of plants and channel of intl'o­
rlnction into the body.- The factors deter mining the degree of 
toxieity of .n poiwn are the followin g- : (1) Its rate of absorption . 
Uase-ous and volatile poisons are most eni<i ly absorbed o"·ing to their 
high (leg-ree of <hftusibil ity . P oisons ill solution or ill a sbte of veT,'i" 
fi.ne rlivision wi ll net on the b()(ly more ma1 kecll~· M tlw~.- :ne more 
rapicll;y absorbed, thus leaving little time for elimination or inactiYa­
tion. For the Ram·e reawn the toxieit.v of any poi;'lOn is directly 
abo plays all important role in the rate of absorption. It 
is eYident that the larger the surface of absorption, the more 
qui.ckly will the poison be ahwrbed. (2) The rapidity of its inactiva­
tion in the boJy. (See " The ]i'ate of Plant Poi sons in the Body ". ) 
Vomiein, an alkaloid contained in Strychnos .V11tc Vomica L. , is not 
poi sonous when taken per os -or iniected subcutaneously, but only 
when introduced direr-tly into the blood shenm, as it is Yer:> rapidly 
inactivated in the tissues. (3) 'rhe rate of elimination. The more 
rapid th'l:) elimination of a poison from the body the leRR likely ,.-ill it 
he to cause st>vere damage tn the tisR'.Ies. 'rl' e highest deQTee of 
damage will be caused by a poiRon which ha f; a specinl nffiuit~, for, 
or, is retained by a certain organ as its elimination "·ill be retarcled, 
with the result thnt it may exert cumulatiYe effec!R. Gaseous anfl 
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volatile poisons are amongst those which are most rapidly eliminated. 
(4) The mode of application. The ::;hannel of absorption is an 
important factor in rletermining the degree of toxicity of a poison (see 
''Absorption of Poisons"). Many poisous act most rapidly when 
introduced rlirectly into the blood stream, "·hilst others are inactive 
when int.rorlu ced by this channel and require to be acted upon by 
the gast-ro-intestinal juices. The latter is the case ·with cyanogenetic 
glucosides, which are non-poi~onous when introduced parenterally and 
which, \vhen subjected to ferment or acid action in the stomach, 
liberate prussic acirl. The same applies to mustard oil compounds, 
which require to be acted upon by ferments in order to liberate the 
active mustard oil. Croton glycerine, contained in the seeds o'f 
C·roton tigliu?n L., is non-poisonous when introduced parenterally, 
as the gastric juice is required for the liberation of the active crotonic 
acid. Curare, a South American arro'" poison, is absorbecl slowly 
when taken by the mouth ancl is rapidly eliininatecl after absorption, 
hence it is comparatively speaking, non-poisonous \Yhen introduced 
by this channel. (5) Some plants require the presence of yet another 
plant in the gastro-intestinal tract in order to liberate its active 
principle in an active form. Plants may contain cyanogenetic 
glucosicles, which require ferments, \vhich are present in other plants, 
for the liberation of prussic acid. This is probably the case ,,·ith 
Eremophila maculata E.M. , whose f'yanogenet ic glucoside requi.1 es 
for its decomposition a ferment contained in Ac.acia Ge01·g·ina Bailey 
(Finnemore and Gox, 1927). It should also be mentioned here that a 
plant ma~· contain the pharmacological antagonist of i ts active 
principle. Digitalis purpurea L. for example, contains digitonin, 
which when administered intravenously is a pharmacological antidote 
to digitoxin. 

F1·om the above it is clear that when discussing the toxicity or 
harmlessness of a plant the following points should 1:e mentioned, (1) 
origin of the plant, (2) part of the plant tested, (3) state of plant 
(whether fresh, wilted or dry), (4) stage of growth , (o) experimental 
animal used, (6) method of administration of plant (eaten or 
administered), and (8) the periocl in which the plant was eaten or 
administered. 

Fodder plants may be rendereJ. poisonous \Yhen attacked by fungi 
or cleoomposed by bacteria or ferments (see Fungi in Relation to 
Health in Man and Animal) . Certain processes to which foodstuffs 
are su hjeded in the course of their preparation may also be the cause 
of poisoning by such foodstuffs (see " P-oisonous Foodstuffs "). 

B. 'ruE ANDrAL. 

It is well knmYn that the toxic or minimum lethal dose of a 
poison may vary to a considerable extent in human beings, in animals 
belonging to different classes, and also in animals of t he same claRs. 
In the course of experiments conducted at OnderstepoOl't it was found 
that the degree of resistance of the same rabbit to the same close of 
potassium cyanide varied considerably from clay to clay (Steyn, 
1932b). One or more of the following factors may be respon sible for 
this variation in susceptibility. 
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(a) Species of animal.-The various species of animals as a 1·ule 
vary in their susceptibility to poisons. This variation may in some 
cases be explained on ph~·siological and anatomical groun<ls. Then~ 
is for example, a great rlifference in the method of preparation of 
plants ±or digestion and absorption as well as in the anatomical 
structure of the gastro-intestinal tract of ruminants and non 
ruminants. As a rule poisonous plants after ingestion will act moTe 
quickly in non-ruminants than in Tuminant af' the latter pois011 is 
much more diluted in the stomach and the passage of the ingested 
plants from the stomachs into the small intestine is much sloweT 
tlum in non-ruminants. The adiYe feTment and bacterial aetion to 
"·hich poisonous plants aTe exposed in the rumen may to some extent 
<1eshoy their active principles. Canines and fowls use very little or 
no saliva in swallowing their food, whilst cattle, sheep , and horses, 
fluring the process of mastication, secTete E'lJOl'mous amounts of 
alkaline saliva. 'L'his alkaline saliYa may destroy the actions of su<-h 
actiYe principles of plants " ·hich require an acid medium in order to 
exert their actions. Such acidophilous active principles will, on the 
other hand, have pl'onounced effects on the dog, in which animals this 
protecting influence of the saliva is ahio;ent. 

)lany examples of the diffe1ence in the susl'eptibility of t he 
(lifferent classes of animals to the same plant poison may be 
mentioned. The following are the most outstanding: Horses are 
murh more susceptible than cattle to poisoning by ri<-in an<'! 
Ornithogalwn thyrsoides Jaeq; ~>heep and goats are very resistant 
to the ripe drupes of Jfelia azeclarach L. (syringa herTy) , "·hilst pigs 
are very susceptible; and the quantities of some speeies of S enecio, 
" ·hich will cause death in dogs, has no effect on rabbits. In addition 
to this difference in susceptibility of animal;;; to the same poison, 
many poisons produce different symptoms in animals belonging to 
different classeR of animals, ~1s is illustrated hy the following 
examples: Crotalaria bw·keana Benth, ,,·hich affe<-ts the hoofs in 
cattle, causes staggers in horses; C rotalmia dttra Wood and Evans 
causes catarrhal gastro-enteritis and cirrhosis of the liver in cattle, 
\\·hilst in horses and sheep it 'Jsually :Jfferts the lungs; several 
species of Gei.r;erirL usually cause vomiting and other gastro-inteRtinal 
<listurbances iu sheep and goats, \Y !tile in cattle it frequently 
produces paralysis; anJ morphine has a RedatiYe effeet on clogs but 
is a po1Yel'ful nervous stimulant in cattle. 

This difference in susceptibility to poisons is sometimes met with 
i11 the same class of animal. Ducks and geese are for example, about 
ten times more resistant to pn1ssie acid than fowls aTe (Forchheimer, 
1931). 

(b) Breed of onimal.- Highly bred animals are, as a rule, more 
susceptible to poisons than mixed breeds. The general reRistance of 
the former animals has been probably reduced by methods of breeding 
and by being kept under artificial conditions. A thoroughbred is 
]mown to be more susceptible than an ordinary cart horse to the 
actions of poisons. The same applies to purebred cattle and native 
cattle. Experiments conducted with potassium cyanide upon white 
Angora rabbits, OTdinary short-haired "·hite rabbits and grey rabbits, 
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proved the former more susceptible than the two latter breeds (Steyn, 
1932b). 'l'his phenomenon is most probably due to the selective breed­
ing of Angora rabbits. 

(c) :iize of animal.-'l'he toxic or lethal dose of .a poison is 
determined per unit body-weight of animals, as the size and weight 
of animals belonging to i.he same dass may vary to a considerable 
extent, especially in the case of dogs and horses. Vollmer (1931) 
found that small mice are less susceptible to alcohol th.an larger 
mice. Care must b~ exercised in the choice of experimental animals 
u sed to determine the relative toxicity of poisons, as in the case of 
long woolled or pregnant ::mimals \Ye cannot calculate the minimum 
l eth al dose per unit body-weight. Some poisons are more toxic to 
small than to large1· size([ animals of the same class. Colchicin and 
hydrochinon, whose oxidation products are poisonous, are more 
deadly to small than to large sized mice and rats, "·hilst in ethyl 
alcohol which is detoxicated by oxidation, the reverse is true. 
Vollmer (1932) holds these phenomena to be proof that the degree of 
oxidation is higher in small than in large animals. It therefore 
appears essential that in the determination ·of the minimum lethal 
close animals of approximately the same size and condition should be 
used. Animals with a high percentage of body fat " ·ill, when the 
dose is calculated per unit body weight, Teceive relatively higher 
doses than .animals in normal eonclition. This naturally will give 
rise to wrong calculations as to the minimum lethal dose per unit 
body weight. Body fat, which has very little or no value in the 
detoxication .of poisons in the body, places such an animal at a dis­
a dvantage if it ingests an amount of poison calculated on the mini­
mum lethal dose per unit body weight. 

(d) Age of animal.-Generally speaking, the younger the animal 
the more susceptable it is to the aetions of poisons. 'l'here are, how­
ever, exceptions. Young rabbits are more resistant to stryclu1~ne than 
full grown ones, and puppies in their first and second month require 
more apomorphine to produce vomiting than a(lult dogs (:Schlossmann, 
1 931). Young dogs withstand bigger doses of calomel than full 
grown ones, whilst the former are much more susceptible to santonin 
than th e latter. Animals in extreme age are more susreptible to 
poisons than animals in the prime of life. 'l'his phenomenon is due, 
partly at least, to the impaired functions of the organs of excretion 
and of those organs, tissues and fiuids, which pla:y a role in protecting 
the syst em against the action of poisons. 

(e) Condit1"on of animal.-Animals in a bad cm1dition or suffer­
ing from some or other clisease are more likely to be affected by 
poisons than animals in goocl condition and in good health. The 
general resistance o:f t he former animals are lowered and in acldition 
poisonous plants may attack organs which are already affected by 
disease. On the other h and, it wa;:; found that patients suffering fmm 
strychnine poisoning and from tetanus, stand three or four times the 
dose of rhloral which will be tolera.terl h.\· an orrhnary human being 
(Smith, 1932). 

Animals with clise::~sed organs of excretion will naturally have an 
increased susreptibility to t he action of poisons. Inflammatory con­
ditions in the gastro-intestinal tract, which increases the permeability 
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of the mucosa, facilitate the absorption of poisons. Worms which 
damage the intestinal mucosa will also accelerate absorption of poison 
from the gastro-intestinal canal. The detoxicating effect Df the liver, 
which is of great importance in :::endering poisons inactive, is greatly 
reduced by cirrhosis caused by liver fluke. Non-parasitic and 
parasitic skin diseases which destroy the protec-ting effect of the 
epidermis will naturally facilitate the abs.orption of poisons from the 
skin. Such cases of poisoning with dipping fluids frequently occur. 
It is, however, interesting to· note that Leischman patients, as a rule, 
tolerate doses of tartar emetic better than individuals in good health, 
as antimony has a greater affinity for the Leischman parasites than 
for the various body tissues. 

(f) Sex of mvimals.-It is probable that pregnant animals (and 
the mme advanced the state of pregnancy the greater the probability) 
will be more susceptible to poisons than non-pregnant ones. It is not 
an easy task to compare the relative susceptibility of pregnant and 
non-pregnant animals to poisons as it is impossible to know the weight 
of the contents of the uterus, which should he tleducted from thtt 
weigbt of the pregnant animal in calculating the minimal lethal dose 
per unit body weight. Females are, generally speaking, more 
susceptible than males to poisons. It is, however, quite possible that 
females in the lactation period may tolerate poisons better than males, 
as the lactating udder is an active excretor of poisons. On the other 
hand, lactating animals may possess an increased susceptibility to 
some poisons. This is the case with poisons such as oxalic acid and 
oxalates, which decrease the diffusibility Df the blood calcium; hence 
lactating animals, which excrete large amounts of calcium in the 
milk, will be more susceptible than others. The same applies to 
cases of lead poisoning, as calcium facilitates the fixation of lead in 
the tissues. 

(g) Colour of animal.-The colour of an animal plays a most 
important role in skin diseases caused by photosensitization, the 
unpigmented skin exposed to the direct sunlight being the only part 
to suffer. Those portions of the skin which are pigmente<l or well 
protected by wool or hair, are not affected. Planb:; responsible for 
photosensitization are T ribulus tenestris L., T1'ifolium spp. and 
Hypericum aeth·iopicum Thunb. t,o mention but a few. 

(h) Tempel'atnre .-Extremes of temperature lower the body 
resistance and antagonise the elimination of poison by decreasing· 
secretion. In experiments on frogs and cats Hirschfelder and his 
collaborators (1920) found that the toxic action of digitalis increased 
"·ith elevation of the body tempeTature. This phenomenon is of the 
utmost importance in the calculation of closes of drugs for patients. 
The higher the body temperature the quicker the heart action, with 
the result that more poison will be absorbed and paRs through the 
organs and tissues per unit time. This fact, to some extent at least, 
is responsible for the phenomenon that poisons are more active on hot 
days or when the affected individuals exert themselves. For the 
above reason it is quite clear why the hot sun has a detrimental effect 
on poisoned animals. 
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(i) ltxert·ion.-Exertion will efted inneasecl heart action and 
temperature, hence will render subjects more susceptible to the action 
o£ poisons for 1·easons mention eel under ( 71). In addition, excitement 
,1·ill have a detrimental eftect on the condition of poisouecl subjects, 
especially those in which the central nerYous system is affected. It 
is well known that <hiYing animals suffering hom Rquisetum 
mmosissimum Des£. and Cotyledon poisoning v;·ill haYe fatal efteds, 
whilst many animals will recoYer if left undisturbed. 

(j) Seasonal vc~riatio n in snscwptil1ility of rtn i 111als .-1'-.rmitage 
and his collaborators (1932) state that the blood pressure in cats is 
highe1· in spring than in " ·inter, probably due to an increased artiYity 
o£ the sympathetic part o£ the autonomic nenmlS system. 'rhe 
nervous system is said to be more sensitiYe during spring. Hogden 
(1931) found a seasonal Y.ariation in the amount o£ calcium in t h e 
bloocl of the South African toad. It i s quite coneeivfl hle that animals 
will be less susceptible to the actions of poisons an d (lrugs in winter 
than in summe1· for reasons mentionerl un<ler (71) . Hunt (1910) in his 
summary says : " Season has an impmtant. effect upon the resistance 
o£ animals to certain poisons; in ,.;ome cases these effe(·ts seem to 
depend upon t>easonable variations in t h e actiYit)· of the t h yroi<l ". 

(/,;) " Conditioned 1'efle.ces. "-Pen· loY and KTylo"· (Editorial, 
19~~0) oonducted some most interet>ti ng experimentR upon <logs with 
apomorphine and morphine. Dogs were given small amounts of 
apomorphine subcutaneously and at the time of injection a note of a 
certain pitch was sounded. After having repeated these injections 
several times, salivfltion and vomiting could he pr.ocluced by the souncl 
o£ the note alone. After dogs had receive(l JllOl'phine injections on 
several days, saliYation, nausea, vomiting, followed by pTofoun d 
sleep, could be caused to devel.op by allmYing them to \Y::ttch only the 
preparation for the injection. Such morphine treated clogs sometimeR 
exhibited symptoms of morphine poiRoning when fleeing the experi­
menter or after the injection of a hannless :fluid. 

(l) Conditions u;hich faww· o1· impede dissolution and absorption 
of, m·, wh·ich PjjPrt clum.r;es in poisons ptese1tt 111 the .r;ostro-intPstin nl 
tmct.- (1) TTl ater. - One ·of the moHt esseu t ial points in the heatment 
of animals t>uffering from plant po isoning i::; to withhold "·ater from 
such animal::; until all the ingested plant material iR removecl hom 
the gastro-intestinal hact. H ,.;tands to rea,.;cm that \Yater \Yill 
facilitate the dissolution and absorption of the active ]ni nciples of 
the ingested plants, especially those Yel.\. -oluhle in "·ater . Animah 
poisoned b:v Diacheptalum cymos11111 Hook, \Yhose actiYe principle is 
very soluble in water, frequ ently drop down .cleacl soon after drinking 
\Yater. 

(2) Dntgs.- Certain chugs \Yhen present in the gastro-intestinal 
tTact, mgans or body :fluids, '"ill protec·t the Rystem against certain 
poisons. This is the main principle upon '"hich \Ye base preventive 
mHl r emedial treatment of cases of poisoning- . In South Africa great 
success has been achieved in the prevention o£ prussic arid poisoning 
in sheep resulting from the ing·estion of certain gTasRes in a wilted 
state by supplying these animals '"ith lickfl containing sulphm· (c>ee 
Graminae). Acids in trodured in to the gastro-intestinal tract will 
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fac:ilitate the liberation of prusc;ic ac:ill from c:yanogenetic gluoosides. 
Macht and Finesilver (1922) found that sodium sulphate an d 
magnesium sulphate markedly retard the absorption of phenolsul­
pb on phthalein, potassium cyanicle, chloretone, apomorphine, 
morphine, pantopon, cocaine, h)'llroc:hloride, .~trychuine, quiniclin, 
tincture of cl igitalis, sodium saliry late, salol, aspi1in, antipyrin, 
potassium iodide, urotropine, corrosive sublimate and phenol. 
Calomel, cascara sagrada, and cast·oT oil did not h ave thi:; effect on 
the above-mentioned drugs. Under " General Principles of Treat­
ment of Plant Poisoning " the author has not recommended the use 
of saline purgatives on account of the relatively large quantities of 
water that are used t,o dissolve these purgatiYes. It is ach-isable to 
upholcl this recommendation in the treatment of animals poisoned by 
South Ahican plant;; as the adiYe principle:; of most of these plants 
are unknmYn \Yith the result tlwt it i s not definitelv known whether 
saline purgatiYe,; will retard their a bsmption. Kahn ancl Costopan a­
giotis (1932) found that a 10 per cent. solution of urea injected 
intravenously decreased the toxicity of digitalis by 30-40 per cent. 

(3) SulJstOJnres 11onnally Jn'esent in the .r;astro-intPstinal juires .­
Acid, bacterial, ferment ancl enzyme action in the gastro-intestinal 
tract may facilitate ,or retard the liberation, dissolution or absorption 
of poisons. ·yvith regard to the 16le played by bile in the absmption 
of poisons, Langenecker (1900) say,;, that it facilitates absorption by 
increasing solubility, by decreasing absorption to charcoal and by 
rendering the cell wall more permeable. 

( m) Diet.- 'l"he diet of an animal ma:-· have a pTonounced effect 
'on its susceptibility to the effects ,of poi sons as is illustrated by the 
following examples: Hunt (1910) in his summary ,-nites: " (1) A 
restricter1 diet markedlv increases the resistance of certain animals to 
acetonitrile. (3) Diet' has a markerl effect upon the resistance of 
nnimals to certain poisons; the resistance of some animals ma;.· be 
increased forty-fold by changes in diet. ( 4) Certain diets, notably 
dextrose, oatmeal, liver and kidney, greatl;.r increase the resistance of 
mice to acetonitrile ; their effect is similn r in this respect t,o the 
administration of thyroid. (5) 'rhe effect of an oatmeal cl.iet in 
increasing the resistance of cerbin animals to acetonitrile is probably 
clue in part to a specific effeet of the diet upon the thy1·oid glanc1; 
this is au illustration of hem an internal secretion may be modified 
in a definite manner by diet. (7) Certain r1iei.s (nutabl\ eggs, milk, 
cheese, ancl various fat,;) gren tly ],ower the resistanl'e of ce1'tain 
animals to acetonitTile; their effect is the opposite of tlwt of thyroid. 
(10) Diet umse,; distinct but not Yer:y marked differences in the 
resistance to morphine ". Graham (1016) ;;tates that '' i1H' feeding 
of carbohydrates to adult animn.ls lessens their suf'eeptibility to the 
procl.uc:tion of liver necrosis hy chloroform ". He also concludes that 
" the relative difficulty with "·hich the characteristic central lobubr 
liver nec1·osis can be produced in young pups after chloroform 
administration is in some " ·ay referable to tlJ e high gl;.-cogen contents 
of their livers ". Opie and Alford (1915) \Yorking on white rats found 
that a diet rich in carbohydrates protects the parench:n11atous cells 
of the liver and of the kidneys from necrosis caused by chloroform, 
phosphoru s, potassium chromate and uranium nitrate. Fat and meat 
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diets do not protect to the same extent as a carbohydrate diet. Opie 
and Alford refer to experiments concluded by Foster, who found that 
~t p1·otein poor cliet iudines to protect dogs against ricin poisoning. 
J~isner (1931) found that rabbits, which when poisoned with smnll 
amounts of uranyl nitrate on au oats-water diet almost inYariably 
surviYed '"hen the diet containP-d beetroot, fresh green feed and lhe 
stems of cauliflower. Similar result;; were obtaine(l both with the 
fresh and the boiled juic.;e of c:auli:flmYel· Htems. S('holl (1902) inneased 
the 1·esistance of rats to phosphon1s pois011iug by feeding them on 
meal or dahlia bulbs. On discontinuing the feeding of meal the 
1·esistan!'e de('l eased. On the other hand, a meal and dahlia diet had 
no effect m1 the susceptibility of mts to sodium cacodulate, atoxyl , 
and neotJalvarsan. Couch (J 9!12) states that lucerne hay, linseed cake 
and glucose retard the production of prussic arid in the gastro­
intestinal trad, and .also that cattle on a corn ration (starc.;hy feeds) 
are more resistant to prussie acid poisoning. Cutler (1902) found 
that (1) a meat diet rendered dogs more susceptible to carbon tetra­
chloride poisoning as it tends to increase the prorluctiou of guanidine, 
and (2) a calcium-rich rliet an(l a carbohydrate diet is a p.reventive 
ngainst !'arbon tetrachloride as th e former diet antagonises guanidine 
and the latter relieve" the hypog·lyf'aemia. A C'alcium-rich diet to a 
certain extent is a protection against poisoning with oxalic aeid nnd 
oxalates as these poisons cause the formation of inwluble caleium 
oxalate and decrease the diffusible <'alrium content of the blood. A 
diet rich in calcium also has a prot.edive ac·tion in leacl poisoning as 
calcium facilitates the fixation of lead in the tissues. Hen ce blood 
rich in calcium remlers the system less susceptible to acute lead 
poisoning. Acid feeds facilitate the liberation of prussic ac.:icl hom 
cyanogenetic glucosi(les, whilst r1lknline foodstuffs have the opposite 
effect. Poisoning with iodide" are counteracted by starchy feecls. 
The water content of the <liet naturally plays an important. role in the 
rate ,of dissolution and absorption of poisons. As a rule diets with a 
high carbohydrate content haYE' a protective action against poisons as 
the liver is freely supplied "·ith carbohyclrates Hoekstra (1901) states 
that saponin not only increases the toxicity, but also favours the 
cumulative effects of the digitalis glucosides. Feeds which have an 
irritating effect on the gastro-intestinal mucosa, will be inrlinecl to 
facilitate the absorption of poisons, h ence inrreasing their toxicity. 
'l'his effect is exerted by feeds " -ith a high saponin content. Ewart 
(1901) states that the presence of small amounts of saponins facilitate 
the absorption of poisons as they increase the permeability of thE' 
epithelial layer of the alimentary canal without causing any injury 
to it. .Plants containing tannin precipitate saponins to a certain 
extent, and hence prated against the effects of the latter. Plants rich 
in chlorophyl have ll pr·otectiYe action against saponin poisoning as 
('hlor~phyl reduces the saponifying ancl haemolytic pmYers of 
-;aponm.s. 

(n) Tole1·ance {]Jnd im ·1nunity in 1·elation to plant pmsoning.­
Tolerance anrl immunity must be distinguished fr.om each other as 
they are used to describe two completely different phenomena as far 
as desensitization to plant poisons is r.oncerned. 'l'olerance means 
an increase in resistance to plant pois·ons of a non-albuminoid nature, 
whi lst immunity is not clue to an habituation of the tissues to a 
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poison but to the development of specific antitoxins in the serum 
against plants whose active princi ples are of an albuminoid nature, 
for example, Ricinus conNn1m1·s I..., Adenia dig itata (Han.) H arms. 
\Ve must distinguish between a natural tolerance and an acquired 
toleran ce . 

(1) JVatural tolerance.-\\~ith regard to natural tolerance we 
have to distinguish between the tolerance of the individual and the 
tolerance of the species. It is a \\·ell-known fact that animals belong­
ing to the same class and eYen th e same animal at different times, 
may vary consider ably in susceptibility to poisons. On the oth er 
hand, there is a striking difference in the tolerance of clifferent species 
-of animals to poisons. Natural tole1·ance may be clue to (i) diet, 
(ii) conditions whieh impede dissolution nnd absorption , or ''"hich 
effect changes in poisons present in the gnstro-intestinal trnct, (iii) 
t he tissu e cells being mme actiYe in th e clestruction (oxidation, 
1·ecluction, deeomposition), fixahou, m oc1 ificahon and elimination of 
poisons, and (iY) sl ow absorption from the point of application. 
These points have already been 1·e£erred to . 

(2) Acq111.1'ed tolemnce .- It was found (Steyn, 1932) that it was 
possible to cause the cleYelopment of tolerance to Ch rysocoma tenvi­
fo lia Berg poisoning in gants by 1·epeatec1ly drenching these animals 
"·ith small amounts of this plant; it was therefore decicl ed to ascer­
tain l'i·hether su ch a tolernnce "·ill also be de,-eloped i u poisoning 
with othe1· pbnts. It is a well-kno<.Yn fact t hat an active and specific 
immunity can be produced ngainst th-ose plants containing t ax­
albumins as active principles. These toxalbumins are abrin 
(A br11s precato1·£us I..) , modeccin (Adenia d'igitata Engl.), crotin 
(Cro ton tigli1lm. I.. ), crucin (Jatropha cu1·cas I..), ricin (Ririnus 
co nw1unis L .), and 1·obin (R obim'a psm1dacacia I..). This immunity, 
which must be distinguished from t olerance, mny he developed to 
sue h an extent thnt an nnimal repeatecll~· treated with non-toxic 
amounts of the above toxalhumins may tole1·ate "·it.hout nny apparent 
ill-effects up t.o eig-ht hunch ed times the minimum leth al cloRe. 
Jacoby (1924) stntes that according to Ehrlich (Zeitschr. f. Hyg. u. 
Infektionkrankh. 12 Bc1. 1892) expe1·imen tal abrin-immunity of mi('e 
is t ransmissible to the young. 'l' his h'nnsmission of immunity to 
ab1-in occurs through the milk, as the young ·of immunized mice 
show no immunity to this poi son when suckled by mice susceptible 
to n brin, nnd the young of su sceptible mice become immune when 
su ckled by immun e mice. Much progress has lately been made in 
the immunization of human beings against hny fever causec1 by the 
pollen ·of plants (hny feYer), a problem to which mnny referem·es 
will be found in t he literature . Sch amberg (1919) pl'Odueer1 a 
t>Olerance to Rhus to.ricodend ron I... in human beings by giYing per 
os small and increasing doses of the tincture to susceptible persons. 
Strickler, Schamberg-'s assistant, su cceeded in preYenting attacks of 
dermatitis in human beings caused by this plant by injecting them 
subcutaneously with an alcoholic extract of the plnnt. Sehamberg 
has founcl that the " immuni t;<.· '' Ret up by his method. generally 
does not persist longer than onE' month after t he discontinuation of 
the administration .of the t incture. 
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Sutton (1919) dist:usses the relation between anaphylaxis and 
immunity ancl, quoting Cooke, says that when fe"· antibodies ~r 
none are present, the non-sensitiYe state exists, "·hereas when antl­
boclie;; are numerous and attached to tlw boch cells, the sensitiYe or 
anaphyluctit: Htate preYails; ancl " ·hen antibo~lies are in Pxcess, with 
m any unattach ed to body cells the immune state preYails. He states 
that " anaphylaxis and immunity are the same in principle differing 
only quantit::tti\·ply ''. 

Hatner a ncl Uruehl (1921 -1928) clemonstn1tPd that normal 
guinPa-pigs " ·hen Pxpo:;ecl to an org·anic dust (hor,;e clander) t;oulcl 
bec·ome sensitisecl t hrough inhalation. Guinea-pig-s tlnu; ;;eusitised 
ancl subi.;equ ently exposed to the same du.·t after cl suitable incuba­
tion period, !:'Xhihited umnistnkahle signs of anapbylnxi:;. Furth er 
experiments proYed that typical respiratory anaphylaxis (bl'{)nchial 
asthma) can he proclul'ed in guinea-pigs by allo,,·ing them t.o inhale 
ca:>tm beau c1ust and again exposing them to this rht:>t afte1· an Jn­
f'ubation period of tw·o or three \Yeeks. 

Figley and Ehocl (1928) refer to the oc:utnence of a large 
number of c·ases -of asthma l'ausecl bY the inhalation of C'astor bean 
dust liberated in the ai1· from the pipes of a castor oil b ctory. 

Petri (19:{0) mPntions that a condition kno\\·n a,; '' fahismus " 
ari ses when the fruit of " Tlicia .faba" is eaten m \Yhen its pollen is 
inhnled. This t;Omli t ion, which is characterised b~r a rapid rlevelop­
ment -of anaemin, icterus "·ith urobilinuria, and s\\·elling of the 
spleen and liYer is supposed t·o be an "intolerance " to Vicia faba. 
Petri e:xpressecl no clefinite opinion as to \rh ether this r·ondition is 
clue to direct p-oisoning or is an anaphylaeti<' phenomenon. 

Btirg-i (19:n ) states that a tolernnt:e to 'J'a.l'us baccalr1 L. (Yew) t:an 
he produced in horses by feeding them small amounts of the plant, 
and according to Kohert (1902) pigs, sheep and rodents a t:quire a 
toleran<"e to A.r;Tostcmma Githa.r;o L. nfter enting 11011-toxic amuun!,; 
over certain peri-ocls . 

l\1arka:v (19!11) -was able to produce a tol <:> rnnce to morphine in 
rnts by administering this clrug- per os and founrl an increase of 
70 per cent. in the weight ·of the adrenal gland,; in such morphine 
treated 1·nts. :Jlost of this incre~se had oc·c·m-red in the cortex of the 
adrenals. 

Tatum and ~eeYers (19!11) made a YaluablP i'Ollhibution to the 
study ·of drug nddictio11. They clefine arlrhdion, to lenmce and 
hnhituation as follo\\·s: "Arldi(·tion is n concliho•l (lPwlopecl through 
the effeets of repeated actions of a drug such that it~ use bec·omes 
nef'essar~- and cessation of it:o nction utu,;e~ mental or physiC'al 
disturbances " • 

" Tolerance is a conclition deYeloperl b~· <"ertain drugs such that 
progressively lnrger ancl larger quantities aTe requirPd to procluce the 
effects desired.'' 

" Habitu::ttion is .a condition in which the habitue desires a drug 
but suffers no ill-effects on its discontinuance. " 
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Some clrug,; produt·e cldlliction and JlO tolm·ance ( l'Ocaine) mul 
'vice 1;ersa (organic nih·ite~) " ·hile otheTs produce both (morphine) . 

\.Vith reo·anl to shYchnine and cocaine Tatum and Seevers state 
that experim~nts on ani'uwls point to increasecl senc;iti.-ity rather than 
tolerance . 'rh eY ::>tate furthermore that tolera nce appears to be 
developed only to that da s::> of chugs " -h ich procluC'e a n~dudion in th e 
activity of cells and inl'reasecl ::;ensitivity to those chug,; 1Yhich increase 
the activity of cells. 

Biggam, Arara nnd Raga.b (1932) 1·efer to dnlg-adcliction in 
Eg·ypt in '"hich h eroin, opium, mmphine, hashiHh , mamwul , cocain e 
an c1 mixture;; of these drugs are 0oncen1 eel. 'rhe 1Yit hclra wa 1 
::;ymptom;; e:s:hibitecl by these ad<licts are restlessne::;s, sleeples;;ness, 
ex('itahility, irritability , sneezing, ya"·ning , bclnymation, l'olic, 
clim-rhcea , headaches, vomiting, and pains in t he limbs. These 
symptoms persir-;t for about four dayR allCl ihen :mbRicle. The:-· have 
found that a subst-itution theTapy \Yith atrophin e, morphine, 
strychnin e, paraldeh:nle, luminal allll Jll:lgnesium sulphate reJieYe 
d1e wit hclrawal symptom~ very markedly. 

Santes::;on (HJ:32) succeeded in producing a tolerance in rabbit s io 
copper sulphate by injecting- them subcutaneousl;; \Yith small and 
iiJerea,;ing- quantitie,; ·of this salt . 

Simpson nnd Banerj ee (1902) state that horses de,elop a tolerance 
to Abrus ZH'ecatori'us L. 1Yhen t he see cl s <lre given in small ::m<l 
gradually increasing closes. 

Speight (1932) states that ill-health ancl im;anit~- are inevitahlP 
ref·mlts of t h e excessi 1·e a ncl continued u Re of dagga (Cfmnal11·s sati t•a 
Lam. ). 

It i ,.; <1 most intere:-;ting phenomenon that a tolerance is developecl 
to one poison whilst another will cause a h ypersensitivity when taken 
in repeated small amounts . Of still g r enter in terest is the f act t hat 
a certain organ may clevelop a toleTance to a certain poison, whereas 
a not her m·gan will become Ren;.;itisecl to the sam E' poil'iOJl. A,; n n 
example of the latter type of poi s-on Caffeine, which causes clesensi t.i­
;~ntion of ( he kidney ancl sensitir.atio11 of the central nen-ou:; ::;_ystem, 
may be quoted. 

Animals, which have cl evelo1Jed :1 tole raJJce to s-ome or oth eT 
poison (acquired tolernnce) can hm·clly be reg-arded as normal a,; sorn e 
01' other pbyRiological or (an d) histological l'hangP i s hOlmcl to hn Ye 
occurred in their system. In experiment,; at Oncler;;t.epooTt sheep 
devel·opecl tolerance to C en tam'ea pirris D. C. ,,·hil Rt the~- became more 
sensit ive to Asclezn:as pltysocwpa Schltr. (Steyn , 1932) . RabhitR 
:1fte1· having 1·eceiverl a preliminary treatment with inCTeasing: <loses 
of potass ium cyanide appear to develop a toleranl'e to this poison 
(Steyn , 1932b) . 

The nature of acquired toleranl'e is still an un setiled problem. 
This arquire<l state of desensitization iR probably clue to a mobilization 
·of the clefensiYe powers of the syi't em and the follmYin p: su g-gestiom 
ar e a<hanced by the author wi t h Teg-ard to th e development of 
ar:quired tolerance to poisons : -
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(i ) Cellulcn to!ota11 re .- \Vhe n hYing celL m·e b1onght into 
con tad " ·ith lm1· but increasing conce nha tions of p oisons, it is 
possibl e that t hese cells will in the coun;e of time adapt themseh·es 
to !heir n ew e1n-iro nme nt a nd pedonn t l1ei1 functions in a JlOTmal 
" ·a_v i n sp ite of !h e fad that they ar e balhe<l in a :Aui<l ,,·hich un<ler 
normal circumstan ces ,,-oulrl ha Ye ser iously intede1·e<l ,,·ith t heir 
adi1·ities. 'l'o further t>luciLlate t l1i ,.; point I might me1llion rhug fast 
bacteria ::111rl protozo<l. This cellular immunity lll<l_\· be inlral'ell11lar 
or extracellular or both . 'l'h at is, the cells may allmY the poi.-;011 t o 
enter into th eir int erior and t h ey may in w m e or ot h er 11ay ina rtiYate 
or destroy the poiso n " ·ithiu their structure; or, t hey lll a y lleYelop 
their defensiYe lHl\\·e r~ to such ;m extent as not to all o\Y the poi:;on to 
enter into tl1eir protoplar;m . 'l' he lat t eT p rocess ma_v he termt>rl 
" selert-iYe osmosis", flncl is probably r espo nsihle to a b rge t>xtt>nl 
for cleerea sed ::;_ bsorption. 

(ii) The JJTodurhon of antibodies (i11tmunity) . Ko pmo£ h as as 
~'et been brought forward to suppOTt t h e hypothesis that a('quirecl 
tolern n!'e to non-;dbl.tminoicl poisoll ~ is du e to the production of anti -­
bodi es . 

(iii) lncreaserl rate of inacli m twn, eli Ill illation ond des t rw·tio11 of 
the z;oison .- Tt would appear pos~ible t h .tt th e aetivities of the hotly 
tissues and the l i ,·er, as detoxica tors, <Ill d of the organs of e~ creti on 
(liver, kidneys, skin , g~1 stro-intesti nal m ucosa, hmg·s, la ctating 
gLmcl~) may he innease<l ''"he11 suffic ien t time is aYaibble in onler 
to a llo"· of th e deYelopment of su<'h an increase in adiYit~- h;;' 
gracluu lly int roducing into the ,;ystem non-toxic a n<l in creasing 
amount :> of a poison. :Jiackay (Hl31) founrl that tl1 e \\·eight of the 
aclrenals of rats increa~ed In· nbout 70 pe r cent. ,y]1 en tht>se fl nimals 
receiYe grarluall,Y in!'~·easi11g <loses of mmph ine sulphate. Th ir; may 
be an attempt of t he borl,,- to romhat tl1 e efi'ec-i-i of th e poison. 
Tolerant·e t o :llcohol nwl in<·r e:t :>erl su s('eptibi lit,v to hyrhr)('h in on are 
due to nn in crease in th e oxirlising C<t pa('i ty of t h e system " ·hich is 
bro ngh t a bout In· repeate<l aclmini stra hom; of t h ese ,;u h~tanr·es 
(Vollm er, 19:~:2 a) . The ox irlation produr·h of ,Jlroh ol <tre 1·elati...-ely 
non-toxic, ''"hilst th ose of hyrhoch inon are n1ore toxi<· t1l an hyrlro­
chiJl Oll itse lf. 

(iY) Decrer1sed rnte of aiJSO!ption of th e poison .- H is d ear that 
the efficiency .of the organs of absorption anrl t>l imin ntion \Ti ll to a 
large exten t detennin e t lt e su sceptihilit.\· of su rh :111 :lllilllfll to poisons , 

(o) l dios_IJitrwsy (hiJfJI ' rSIIsl'ef!lt!JI1it.l;). - .\ gain 11·e must dis­
hnguis h hehYeen nat m·a l a n<l <H·q u ire<l i rl io~y n c-rnsy to poi,;ons. Th e 
aut hor coJb ider s that na tu ral irlio,;;;·n nas~- mfly be cl ue to (1) the 
org:m already \YPakenerl b~- disease i ,; atlarkr'rl ll;>~ <I certain poison , 
(2) decreased rate of inadiYation, elimi nation aJHl destruction of t he 
poison hy the tissues, (0) in rreaserl rate of absorption of th e poison, 
and (4) re1·tain tissu es bein g exhenwly sen sitiYe to the action oi 
some poiso11 s . On th e otl1t>r han rl , a c·qnired irlio-~·nnn~)- ma;;- be 
rlue to (] ) sensiti:.mtion clue t.o ingestion of small am ounts of plants 
l'Ont aining toxnlhumins, (2) th E' r·1lJll,JlatiYe act ion of poi son:;, and 
(0) to the fad t ha t t he h fl rmfu] efft>d,; of fl substan ce is inl'reased hy 
another poison being alrearl~- prest> nt in t h e body. 
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The aboYe points have already been referred to in prenous 
discussions. With regard to idiosyncrasy being clue to the 
synergistic effects of poisons, metaldehyde and menthol could he men­
tioned. Leihhrandt and )fayer (18~9) found that these two 
substances, "·hen administered at the same time, inereased in their 
toxicity to human beings and rabbits. It is furthermore a '"ell­
known fact that drugs with synergistic effect;;, when administered at 
the same time or within shOl't periods of each other, increase each 
others actions to a degree much higher than the sum of the actions of 
the individual drugs. 

(p) Direction of passaye of poisons through or,qans.-Kahlson 
(1932) drew attention to the fact that the action of a drug depends 
on the direction in "·hich it passes through a cell-group. Substances 
of the muscarine group are much more active "·hen passed into the 
heart by means of a canula, than when the whole heart with sinuses 
and atria is submerged i)l solutions of these poisons. It was 
established that in both c·ases the heart contained equal amounts of 
the poison. Acetylcholin cau ses a much more marked increase in 
peristalsis when it passes through the intestinal wall in the direction 
mucosa-serosa, than when it passes in the opposite direction (serosa­
mucosa). 

(q) Other conditions, which may b1·iny about a change in sus­
ceptibility to poisons.-Vollmer (1930) founcl that preliminary treat­
ment with caseosan increased the resistance of white mice to alcohol. 
This phenomenon is ascribed to an increase in the oxidation 
pTocesses caused by the caseosan. This increased tolerance lasts h·om 
four to five days. Treatment of white mice with caseosan had no 
effect on their susceptibility to morphine, colchicine and hydrochiuon. 
Similar results were obtained in white mice treatecl "·ith caseosan 
and subsequently subjected to the effects of sufrogel. Vollmer and 
Buchholz (1930) reduced the susceptibility of white mice to alcohol 
by preliminary treatment with thyroci;n, sodium laetate, glucose and 
methylene blue. This treatment, however, increasecl susceptibility 
to colchicin and hydrochinon. Preliminary treatment "·ith 
thyroxin caused no change in susceptibility to morphine. The 
changes iJl susceptibility to the above drugs are helcl by Vollmer and 
Buchholz to be due to an aetivation of the oxidation processes in the 
body. Vollmer and Behr (1930) confirmed the results of experiments 
conducted by Riesser and Hadrossek in that they found that the 
irradiation of white mice "·ith the Osram-Vitalux lamp (white glass) 
increases ·the tolerance of these animals to alcohol. One irradiation 
has the same protecting effect against alcohol as repeated irracliations. 
'l'his proteeting effect is present only hal£ to one and a half hours 
after the last irradiation. Similar results "·ere obtained by 
irradiations with the Heraeus-:M:ercury-Quartz lamp. Irradiation 
with these t-wo lamps increased the susceptibility of "·bite mice to 
hyclrochinon and colchicin ancl had no effect on their susceptibility 
to morphine. These changes in susceptibility brought about h,\· 
irradiation are attributed to an increase in the oxidation processes 
iu the body. Vollmer (1901 a) experimenting upon white mice and 
rates found that (a) a single injection of glucose does not affect the 
narcotic action of ethy lalcohol; (b) a. too intensive irradiation of the 
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anirnal especially with the Heraeus-Quartz lamp, does not detoxicate 
ethylalcohol and aniline or increase the toxicity of hydrochinon. 
This effect is due most probably to an inhibition of the process of 
oxidation; (c) preliminary treatment with thyrocin, glucose, 
methylene blue, or sodium lactate increases the action of anilin; 
irradiation of the animal or preliminary treatment with caseosan 
has no effect on the action of a:nilin; (d) the actions of strychnine 
oould in no way be influenced; (e) animals subjected to a preliminary 
treatment with easeosan or glucose showed a slightly increased sus­
ceptibility towards salvarsan; and (f) preliminary treatment of the 
animals with thyroxin, glucose, caseosan or irradiation with the 
Osram-Yitalux or the Heraeus-Q1.wrtz lamp hacl no effect on the 
action of meth;ylalcohol, iso-propylalcohol, n-propylalcohol, lSO­

butylalcohol and n-butylalcohol. 

Not only mature tissues but also embryonic cells are capable of 
developing a tolerance to poisons. Wilson (1922) draws the following 
conclusions from his experiments: " Embr;vonic mesemchyme cells, 
cultivated in weak solutions of copper sulphate and sodium arsenite, 
clevelop in the course of two days on acquired intracellular tolerance 
for strong doses of these two poisons ''. 

XII. CONDITIONS CIVI NC RISE TO ACCIDENTAL 
INGESTION OF PO ISONOUS PLANTS. 

The following conditions are considered by the author to give 
rise to accidental plant poisoning in stock:-

A. Under drought conditions am:mals, in the absence of edible 
regetation, or when such vege,tation is scanty, are forced to feed on 
poisonous plants. As an outsta:nding example Geigetia passctinoides 
Harv. may be mentioned. Veld burning should also be mentioned 
as it frequently is the cause of plant poisoning, when stock are 
allowed to graze on recently burnt veld. O:n such grazing deeprooted 
poisonous plants (Dichapetalum cymosum Hook, Pachystigma 
py,r;rrw;ea Robyns) and bulbous plants (U1·.qinea Burkei Baker) sprout 
more quickl:'-' than grass ancl hence constitute a great temptation and 
danger to stock. 

B. In winteJ' and in em•ly sr.Ning before the summer 1·ains have 
faUen when there is no or hardly any edible green herbage, animals 
are attracted by the green leaves and flowers of poisonous non­
deciduous trees and shrubs (Acolcanthera venenata G. Don) a;ncl by 
other poisonous plants, which having deep roots or bulbs are not 
dependent upon spring rains for the production of leaves and flowers 
(Dichapetalwn l'ym.os111n Hook, U'rginea Burl.:ei Baker). Allowing 
stock to graze on old mealie lands in "·inter and early spring, a 
general practice in South Africa, should also be mentioned here. 
The edible vegetation on su ch lands is mostly dry with the result 
that the animals are very much temptecl to eat poisonous plants 
which are fresh and green [ D1"11wrplwtheca spp'. (bietou) l or succulent 
(Cttcumis myriocarp1.ts N aucl). It is obvious that thirsty animals 
wi~l eat any green plants appearing in an otherwise clry veld ancl in 
th1s way poisonous plants become particular!:-~ dangerous. 
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C. It frequently happens that thr-ough the llll ergrou;l h of 
normal veld ·vegetation and poisonous plant:;, animal.s are unable lo 
aroid tl1e ingestion of poisonous plants when these gr-ow in close 
as:;ociation with gtass. Striking examples of this intergrowth can 
be seen in g-rass veld infested with Moraea and llomen·a spp. (tulips) 
and Geigeria spp. (specially Ge·ige1·ia asp era Harv.). 

D. Plant po·isoning is of ve1·y frequent occunence in ttanspmt 
and draught animals, as these hungry animals, when outspanned, 
JHZ7'take greedily of practically any ZJlant. lu earlier days " trans­
port riders '' suftered severe losses among their oxen as they usually 
outspannecl in Yalleys (deis) )te<H water "·here there frequently \Yas 
abundant gro\Yth of Hometia, Jforaea spp. (tulips) and Dimorplw­
theca spp. (bietou). 

;~·. Allinwl:s w!potted from orerseas or anillla1s introduced into 
n ew areas often fall easy cictims to poisonous plants, not l1ein.r; 
fam,d iar with the 'I.''P.r;etat ion tlt ey ru·e u11able to e,I'CJ·cise I heir sense 
of discri111inatioll. Acclimatizat-ion, therefore, not only implies the 
inuutlllizalion of animals, against infedious diseases, but abo a 
development of a sen;;e of cl isnimination bet\Yeen edible and 
poisonous plants. Stable-fed animals and animal& brought up under 
unnal und condition,.; also lose this sense of discrimination. Again 
we have to consicler the possibility and probability of animals which 
haYe been reared in areas infeste<l with poisonous plants, haYing 
developed a tolerance to these plants after the ingestion of non­
toxic amounts OYer prolonged periods. 

P. Poisonous plants may be a:ccidentally i11.1Jested w·ith hay, 
and iu thi:> way .l1oraea spp. l ! omn·ia szJp. (tulips), Ornitho.r;al·um 
thyl'suides Jacq., and C'rotalw·icb rhna \Voocl and EYan;;, have ca used 
heaY)' losses. 

G. ~Llph ospho1·osis causes a {'/·aving fot substances 1chich animals 
in n01·mal ci1·cumstances would not ingest. 'l'bi s c:onclition may 
prompt animals to partake of poisonous plants. 

H. Animals may acqvi1·e a c1·avin,r; fo1· certain poisonous plants 
and othCI' rmimals may follo w thei1· e:vample. Animals are said to 
develop a craving for the loco weed (Astmgalus sp.) in \Vestern 
U nitecl States and for S11·ainsonia spp., " Cucumis myriocarp1ts " 
and other plants (Seddon, 1930). This phenomenon may to a certain 
extent he responsible for sudden outbreaks of plant poisoning. In 
this re. pect sudden changes in the toxicity of plants, a fact which 
bas been well established, must also be considered. 

I. Ce1·tain pla11ts may need ce·rtain constit11ents of othet plants 
in o1·det to hbCI'rttP tl1 eit actire zninciples. This may be the case 
with plants containing cyanogenetir gluco:-;i<les, from '"hich prusRic 
acicl can be liberatecl bv the action of a ferment rontainecl in another 
plant m· plants. In Australia it was found that the cyanogenetic 
glucosicle c·ontained in Etemophila nw.culata FY. M . required an 
enz)·m e present in Acacia GeoJ·.I)illa Baile~· for its decomposition into 
pnu;sic aci c1 (Finnemore an cl Cox. 1927) . 
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J. The evil of overstocking, which is practised in South Africa 
to an alarming extent, is responsible for the death of thousands of 
animals from plant poisoning yearly. The Yeld is denuded of 
valuable edible vegetation ancl the stock are left the <"hoire of either 
dying from starvation or from poisonous plants. 0Yerstocking in 
many cases is the cause of the repid spread of poisonous plants as they 
are left t,o grow all(l seed, whilst the Yalua ble edible plants are <;on­
tinuously eaten and may eventually eompletel~· disappear. A fact 
worthy of mentioning is that plants which constitute the sole diet of 
animals may cause severe losses but when eaten togethe1· ,,-ith other 
vegetation they may be harmless or even valuable in times of drought. 
This is the rase with Ge·igeria passerinoicles Harv. and Ch ·J"ysoroma 
teuuifolia Berg-. (Steyn 1932 a). 

XIII. PRE VENTION OF PLANT POISONIN G. 

The author considers that losses from poisonous plants can be 
combated very successfully by (a) keeping animals a"·ay from 
dangerous areas; (b) allo\\·ing stock a cress to dangerous areas when 
the plants concerned are least toxic; (c) exen·ising special care during 
drought periods; (d) paying special attention to stable-fed animals, 
t1,el.: animals ancl stock newly introduced into areas where poisonous 
plants occm; (e) fighting the evil of overstocking; (/) allowing 
animals access to water before they are allowed to graze on reapert 
lancls where the edible herbage is dry and on ''"hich green and 
succulent poisonous plants occur; (.1)) allotting grazing· on whi<"h 
poisonous plants occur to those classes of stock which are less 
sus<;eptible to the effects of the plants concerned; (h) using the 
rotation camp system; and (i) preventive treatment. 

A. KEEPIKG ANDIALS AWAY :FROM DANGERors AREAS. 

This seems so self-evident that it \\·ould be a waste of time to 
remark on it. In areas where poisonous plants abound those portions 
of the farms infested "·ith such plants could be used, if suitable, 
for the cultivation of nops. This has, for example, been successfully 
done on farms where JJ£chapetalum cymoswn Hook (gifblaar) and 
J[ elianth us conws1ts Yahl abounded. 

B. ALLOWING SToci~ AccEss TO P~\STURES coK'LHKIXG- POisO)l'OUS 

PioAKTS, H"CT AT A Tnu; WHE~ TilEY AR KOT Toxrc OR ONLY 
SLIGHTLY SO. 

)£any plants are most poisonous in the Jn·e-flo,Yering and 
fio"·ering stages, hence grar,ing ·where such plants occ1u should be 
use<l \\·hen these plants are in their last stag-es of development. The 
fact that deeprooted and bulbous poisonous plants sprout before the 
spring or summer rains, which are essfmtial for the g-rowth of gra~;; 
and many other kinds of edible herbage, should also be considered 
here. It is obvious that animals will be tempted by any green 
vegetation when the rest of the herbage is dry. lt is for this 
reason that in spring and early summer such severe losses among 
stock are sustained from DichnzJetalU?n cymoswn Hook and U1·_qinea 
bu1·kei Baker poisoning. In addition, the young leaves of the former 
plant a1·e much more toxic than the mature ones. Veld abounding 
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with Dichape•talwn cymoswn Hook could, therefore, be used at very 
little risk when this plant ha::; very fe"- young leaYes or mature leaves 
only (see D·iclwpetalnm .. cymostmi Hook). At times \Yhen prussic acid 
poisoning is likely to occur through the ingestion of wilted grasses, it 
would be -of some Yalue to allow animalfl to graze in the early 
morning as the hot afternoon sun will cause an increased production 
of prussic acid in the g-rasses concerned. 

C. ExERCISING SrECL\L CARE nrlUKG PEIUODS OF DRoUGHT. 

It is obviouB that during periods of drought and scaTcity of 
grazing animals \YiJl be more likely to parta Ice of poisonous plants. 
In many cases the~- are left " -ith the choice of dying from starvation 
or the effects of poi sonous plants. Valleys (vleis), although ihey may 
constitute Yaluahle grazing in times of drought, may on the oiher 
ha-nd be dangerous owing to t he prevalence of poisonous plants. 

D. p A YIKG SPECIAL ATTEKTIOK TO STAHLE-FED AKihlA LS' TREK 

ANIMALS AND SToCI\ XmvLY INTHODUCEn INTO AllEAS WI-IEllE 

PoisoKors PL.-\XTS Allor:rm. 

Stable-fed, trek and transport animals and animals newly 
introduced into areas are, when turned out to graze, much more likely 
to ingest poisonous plants than animals accustomed to the areas 
concerned and running under natural conditions owing to a decreased 
sense of diserimination between edible and poisonous plants. 'rhis 
decreased sense o,f rliscr imination in these animals is flue to artificial 
conditions, , hlu).ge1· ,ancl unfamiliarity with ue\Y enYironments. 

'' I J. 

E. FIG HTIKG TI-m EviL m· Ov;EH STOCKING. 

It is not intended h ere to go into detail::; as this point is 
elucid~J.ted under " Conflition" giving rise to the aeciclental ingestion 
of poisonous plants ". 

F. ALLO\nNG ANIMALS AccEss TO \VATER HEFOHE TI-IEY Aim 
ALLO\YED TO GnAZE oN REAPED LANDS \\"HERE -THE; EnmLE 

HERBAGE IS DnY AND ON \YIIICH GnEEK ANn t;uccuL]<;NT PoisoN­

or" PLAKTE OccrR. 

The grazing of harvested lands, espel5ially mealie lands, is 
practised very extensiYely in South Africa. In many cases most of 
the edible vegetation on such lands iR dry hence any harmful and 
po-isono-us plant8 which are green (tulp) or succulent (Gtwtnnis 
?n'JJ1·ioNupus Naucl.) " ·ill constitute a great temptation to animals 
grazing on such lands. This temptation will be greater when these 
animals are thirsty, hence the neeessity of allowing the animals 
access to• water before they are allowed on to, the lands. 

G. ALLOTTING GltAZIKG OK \YIUCH Porsoxors PLAKTS OccuR TO 

THOSE CLASSEs oF STOCI( \YHICH ARE LEss SuscEPTillLE To THE 

EFFECTS OF THE Pr..\KTS CoNCERXED . 

'l'he fact that some elasses of stock when grazing on areas where 
poisonous plants occur, do not develop symptoms of poisoning may 
be due to the animals not eating the plant or plants, or to t heir 
being persistant to the poison contained in the plant or plants 
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concerned. On farms where Matricaria nigellaefolia D .C. poisoning 
occurs in cattle, the grazing could be utilized for sheep and horses 
as _these animals were found by Andrews (1923) to be resistant to the 
pmson. 

H. USING THE RoTATION CAMP SYSTE::.r. 

The removal of poisoned animals frmn one camp to another often 
decreases the morbidity and mortality although the poisonous plants 
which are the cause of the trouble are also present in the new camp. 
The reason for the decrease in mortality is probably due to the fact 
that the animals being in a new environment eat plants other than 
the poisonous ones for the first few days at least. The rotation camp 
system is of the gTeatest value in areas overgrown \vitb plants which 
are poisonous in large amounts only (Gwigerir~ passm·iuoides Harv.). 

I. PREVENTIVE TREAT~IENT. 

As a rule preventive treatment in plant poisoning IS of little 
value. Great success has, howeYer, been achievecl in some cases by 
(a) additional feeding, and (b) preYentive treatment with drugs. 

(a) Additional Peedin.g. - This can be done only on farms with 
an adequate supply of water for the growing of crops or by those 
farmers who can afford to buy t he necessary foodstuffs. It stands to 
reason that animals when allowed some substantial feed in the 
morning before being turned out to graze, " ·ill exercise more 
discrimination in feeding than when turned out hungry. In addition, 
some plants (Geigeria. spp. , ClJ>r ysocoma tenuifo'lia 'Berg) "hen eaten 
alone, will cause poisoning whilst , when taken together with edible 
plants will not be harmful 01' may even be of good feeding Yalue . 

(b) Preve11tive T1·eatm-ent with Drugs.- Great success has 
attended the preventive treatment of poisoning with plants containing 
prussic acid or cyanogenetic glucosides by means of sulphur. As a 
rule the addition of 5 to 10 per cent. of sulphur to licks suffices to 
prevent losses, hut at times when conditions are favoumble for h eavy 
onthreak't b£ p1·ussic acid pql_soning (see G1'am1:neae), it is recom­
mended to do~e the animals with sulphur in addition to allowing them 
access to licks containing sulphur. 

In areas where there is danger of oxalic acid or oxalate poisoning 
(M esembrianthemwn spp., PsilocatLlon spp.) it would certainly he of 
value to supply stock with lick, containing slaked lime as it will to 
a certain extent form the practically insoluble calcium oxalate, which 
will be passed out with the faeces. 

XIV. ERADICATION OF PO ISON OUS PLANTS. 

The adage " prevention is better than cure " IS very 
appropriately applicable to t h e problem of plant poisoning. Once 
animals have developed symptoms of poisoning very little can be 
achieved with treatment, as the poison has already found its way 
into the blood circulation. In addition it frequently happens that 
"·hen symptoms are noticeable irreparable harm has been done in 
some ·or other vital organ . This is almost inYariably the case in 
poisoning with Pachystigma pygmaea. Rohyns and Senecio spp. The 
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sooner it is realised that \Yith a fe1Y exceptions the treatment of large 
herds or flocks of stock for plant poisoning is useless, t he better it 
\Yill be for stock breeding in South Africa . I n cases '"he1·e the veld 
i s oYer·gr-own with poiw nous plants (T 1·ilml11s ten·isttis, Ge1:_gen·a­
]Jasserin oides) on IYhich t he stod< m·e dependent t-o a large extent 
for their food supply, t reatment is of n o value at all , as animab will, 
as soon as they are released a fter treat m ent, ag ain ingest such plants . 
'rhis is the ca;:;e in areas " ·here sever e outb1·eaks of cliiiease eausecl by 
G eiyetia ]Jasserinoirle:-; Han- . ·Occur. It is for th e a hoYe reat>ons that 
every attempt to eradicate poisonous plants should be m ade. It is 
reali,ed t hat it is almost an impossibility to era dicate those plant s, 
which clo not g-1··o\\· in patches and " ·hose unclergTound pmtions pene­
trate the soil v_ery deeply. Thi s is t he case \Yit h some species of 
H omeria and Mo1'aea (tulips), which O('CUr so extensively in valleys 
aJl(l \\·hose cmms are deeply ro-oted , ancl the er a <1icati on of which 
will entail an enonnou,; amount of labou r aJHl eapital. :Many 
poisonous plantH ean, ho"·ever , be er adicated at a <;omparatiYely low 
cost. 'l'he met hods -of eradi cation rl epencl on the nature of t h e gro11"th 
and propagation of the plants <"Oncernecl. Annu als produce fioiYers 
and seeds in on e season and can be effectiYely erarlicatecl by hand 
pulling- or di gging up. Bien nials take hYo yean; t o pr oduce :-;ee<ls 
and they may he er adicated in t he sam e 11·ay as the annuals ; they 
will also su ccumb to ('Onhnuecl nttting dmYn. Perennials are pr-opa­
gate<l both hy seed and uurlerg-ronnJ rootstocks, bulbs, corms and 
tubers . They may he dug up 11·hen not t oo deeply rooted, or sprayed. 
The following methods m<l ~e he u serl in attempts to er adica te 
poi sonous plants. 

A. 8 P RAYI KG . 

Ill' discu;;sing weed killen; the mo<>t imp orb nt point t hat an ses 
JS the possibility of tb e i1· <"ausing- poisoning in ,;tock. It is obYions 
that 11·eecl kille1·s IYhich ;tr e to be exten;;iYely userl on pastures should 
not he so toxic as to (' ause poisonin g in such amounts aK are l ikely 
to be ing-eHtecl IYith t he Yegetation. 'l'be t.o:s:icity of ar,;en ical oom­
pounds predurles t heir :tse <l" 11·eed killers excepi in sper·ial r·ase;;, 
fm example, iu local ised spoi s. 

Another point of t h e utmost impol'tanr·e in the extensive 
application of " ·eerl killers to pasture,; is t he degree of rlamag-e they 
''"ill cau :;e to the edibl e ancl ,·aluabl e YegetatlOJJ in :;uch solutions as 
" ·i ll rlesh o1· t h e IYPe<h. Th is 1·e LttiYe clestrueti n' Yalue of IY eed 
killers h otl; to 11·eerl s and edi ble Yeg-etation is perhap;; -of more im­
pmtanee t h an the rl egTee of toxici ty of thr weecl killers to sto<·k, as 
the poisoning of sto<· k could be p reYented by n oi allO\Ying th em 
a<·(·rss to h eated p astm ·es until aftrr h enY_I. rai ns have fallen . 

F rom t h e 1·ermlts of experimen ts conducted b_~- Frohner (1919), 
Seddon anrl ~'[('Grat h (1930) and by th e write1· at Onclerst epomt, it 
would appem· that sorlinm chlorate is rel atiYel:v speaking, not w ry 
t oxi c to stock. A s 1·eports f rom X e" · Zealand !Editorial 1930 (a) 
and L y-ons, 19301 and the U nite rl States of Anwri<' a (Edi torial 1931) 
recor d i t to be an effi cient 11·eed killer , sodium chlorate \YOtl l d best 
seem to satisfy t he r equirem ent" for a su itable \\·eecl killer to be 
ut ili sed on pashnes. 
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H owe,·er, before ib Ui;e as a general 1Yeed killer on pashu es can 
be a<lvo~.;ate <l . it is essen t ial t o oonclud expe1·im e11ts in onler to 
determi ne its reb t.iYe destru ctiYe ~.;apa~.;i ty fm t h e \Yeecl -or 1Yeeds to 
be killed and £.or t he pastlne plants . lt is on this prope1·ty that 
the suit.nbility of sodium ehlorate ns a ,,·eed killer on p ast ures 
clepencls. 

L eaYes with un even, r ough and ha iry ;.;udaces 1·etain more 
spraying- materia l than lea Yes \Yit h sm oot h ancl ha irles1:l surfaces, 
hence ,,·eed killers " ·i ll haYe a uwre pronoull eecl efteet on t h e former 
leaves. Pla nts sh ould be sp rayed on a d ear day and \\·h en in t heir 
end~- stag-es of deYel·opment, as in these stages th ey m·e l es1:l resistall t. 
an<l also less sprayi n g m ateri al is n eedell. 'l' h e folJo,Ying \\·eecl killen ; 
ma_v be founrl u seful : (a) Common salt. It i" u secl in a 20-30 p er 
cen t . solution, and is a ch eap and safe spray . It is very destructive 
\Yhen applied in hot a n rl d ry weather as it k ills plants by absorbin g 
moist u re. (11) Causti c soda. U sed as a spray in [j per r:en t . solution 
it will kill pradirally all Yeg-etat ion unt il "·ashed out of t he soil 
h~, rain. (c:) Blu e sto ne (Copper su lphate) . It enn be u se(l in a 
2-3 pm· r·en t . solution. (d) So <limn chlor ate a wl ealcium chlorate. 
Sodium chlmatf' i:-; th e ch eaper of t he t wo salts and i :-; also mor e 
effeetin. It is YelY efff'rt iYe f.or destroying- t hi stles and m n 117 
g-r amiun ceons \\·eerls. It is recommP nde(l in 2 · G-10 p e1· ce nt . ~olu­
tions . (e) Arsen ical prep rn·a ti on s : 011 aecount of their tox icity t h ese 
prepa rations cau ouly be used in locali se rl spots t o which stor· k sho uld 
h a Ye JW access until a fte1· h ea yy rains h aYe fallen . 'l'he el'acl ication 
of D ir- lwpeta lwn cym osmn Hor~k (gifbla:n') \Yith <HSf'J) ~ (;al prepar a ­
ti-ons proved a fa ilu re . I n ve:siig-ation s into methods of era tl icat ing­
the plan t arf' lw in g t··ontim1ed h~~ i.he DiYis iml of :Plaut I ndu;;tr_,-, 
Pretori a. ·· 

Favou rable 1eports \\·ere 1·eceived h om fannen; \\·ho, haYe 
att.em pte(l t he erarlicat ion of Parh ysti!}ma p y.r;maea Rohyns by me:1 ns 
of spraying· it \Yi t h l ocu st. poison. (f) Copper as (iron sulphate) . It is 
r ecommendetl in a 25 per cen t . solu t ion. 

Before appl:v ing the aboYe \Yeed killers to ex ten sive m·eas of 
gn1Zi11 g- i t. would be a thisable to eon tlu ct. prelimina ry exp erimen ts on 
a sm all :seale in onler t o <l etennin e an effect iYe stren gth of t he weerl 
killer an (l also t o 1Yh at extent it will tlestro)- Yaluahle pasture p lants . 

B . C'no\\.D IK G Or T oF EnmLE PL,~KTS. 

Overstocking· anti Yeld burning- are two factor s \Yhich g r eatl-'­
assist in t h e sprearl of poisonous plants ancl weeds. Areas abounrling 
with poison on s plnntR m a:v he 1·eseederl wi th cl esirahl c gTasseR or oth er 
edible veg-etation (salt bush ). A s m any pois{ln·ou s plants are more 
resistan t than e<lible h erbage it i s doubtful " ·hether this met h otl of 
era tlica ting u ndesirable plants wi ll be of much value . 

r . CLosE GHAZTNG. 

If \Ye aecept as true t h at. a herd or flock of a u i m al s g razing over 
th e same area ing-est approximately the sam e plan ts we can ronclurle 
that. t h e more animals t h ere are t o a unit. of area t h e less of the 
poisonou s plant or pl ants present in su ch an ar ea will each anim a l 
ingest. The less t ox ir t h e plant or plants ar e the ::;m a ller ' '"ill h e 
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the risk of the animals becoming poisoned . Many farmers temporari­
ly overstock camps infested with Pcwhystigm.a pygmaea Robyns 
"·ithout the animals developing gousiekte. It stands to reason that 
the abundance of poisonous plants on the areas concerned is of the 
greatest importance in the determination of the degree of safety of 
such areas as grazing. 

D. DIGGING UP. 

The most effective method of eradicating plants is to uproot 
them, but unfortunately this method is for various reasons not always 
practicable. By this method many farms have been rid of U1·ginea 
burkei Baker, Urgine.a mac1•ocent1'a Baker, and various species of 
Cotyledon. 'rhe most economical method of keeping farms free from 
weeds and poisonous plants is to hire somebody especially for the 
purpose of digging up such plants. It is astonishing the size of the 
area which can be cleared of undesirable plants by one man in a 
month's time. 

E. VELD BuRNING. 

Some farmers maintain that persistant burning of veld where 
Pachystigma: pygmaect. Robyns occurs renders this plant non-toxic. 
Even if this statement were true it would seem advisable to attempt 
: he eradication of this plant rather than practice velcl burning with 
all its attendant detrimental effects on the grazing. 

The eradication of poisonous plants, especially annuals from 
cultivated lands is a comparatively easy task and is practised by 
many farmers by allo:wing lands to lie fallow and then ploughing 
them again before the weeds reach th!e seeding stage. 

I 

XV. LEGAL ASPECT OF PLANT POISONING. 

Owners of property may be held responsible for losses among 
stock due to poisonous plants grm,·ing oYer or through fences, or 
when cuttings from such plants are disposed of in such a. way as to 
be accessible to stock. Also sellers of foodstuffs containing poisonous 
plants may be called upon to pay the damage done among animals 
by such plants. 

\iVith regard to the presence of portions of poisonous plants in 
wheat (bread poisoning) the following regulation [12 (7)] of the Food, 
Drugs and Disinfectants Act (No. 13 of 1929) has been enacted: 
" Every mill in which grain is milled for human consumption shall 
be provided with efficient sieving and winnowing appliances so as 
completely to remove the seeds of Senecio (Springkaanbos) and every 
other poisonous or unwholesome seeds or matter. Any person selling 
any flou r or meal containing such seeds or matter shall be guilty of 
an offence ''. 

XVI. INVESTIGATION OF PLANT POISONING IN THE 
FIELD. 

In order to conduct a satisfactor:v investigation of outbreaks of 
plant poisoning, it is not only necessary to possess a good knowledge 
of the symptomatology, pathology and botanical aspect of plant 
poisoning, but it is also essential to ha;-e a good knowledge o£ 

408 



J>O"C\\. G. S'J'EY~ . 

p;:;:Hh ology in gen eral and in p:u ticular of those peovle " ·ith "·hom 
on e ha~ to deal in t h e co urse of snGh i nYestigation s. .\ r eliable 
Jiaguo,;i ;:; is often to a Yer y large ex.ten t clepenJent u pon the infmma­
t ion supplie<l by t h e stod:-o"·ne1·s concerned or by the managers of 
their proper1 y . Tt he<1u en 1ly happens t hat by the time a n officer 
nniYes at a farm ,,·here ca~es of p lant poi:;oninp: occur the o\\·ner h as 
alrea dy made f1 cliagnosi~ anrl supplies infonuatio tt which p:iYes 
stqJpod to hi s <1 i agn oRi s an <1 cloP~ n ot state fac1 s a s 1 he.Y are . This 
m islefl<ling infonnation, which i:-; not 8l11·n y~ giYen int en tionally, 
som et imes m ake;; a flefinitr <liagnosi~ impo;:;;:;ible. For Pxamplc> , itt 
clifferen1 camps on a farm different poisonou s pla n ts, \Yhieh <·auses 
~ imila r ;:;ym ptom~ in stod. nw:-· :tboull(] :md if 1he st.ock Ol>ner does 
not supply the t.r ue hi F>tory of t. h e c:tse, it would b e a difficult task 
1o t r a('e t llP pla n t th at cau sed t. he troubl e> unless definite infonna­
t ion is ·obt:tin e<l from t lw ex:nninahon of t h e gastro- intestinal 
i'o nt e nt s. 

A .. nother problem 1Yhid1 is en counteretl among lawl awl stock 
O\l·ner~ i s their J·eluctance to aekn01dedge t h e Jn·esenee of poi,.;oHou ~ 
pbnb on th eir farm s. ~Iost farmers \\·an t to protect 1he " gootl 
name;;" of 1h eir propert',· a ntl ,.; implY '"ill n ot belieYe that ther e arP 
]JOi:-;onous plants on their fa rm ,;. It i ~ olll· i ou~ that the information 
~uppli.ed by su ch fanners to investigating officers ifl misleacliug ill 
e1·ery resp ect. Th is mat tc>r is furth er complicaterl "-hen ca~es of 
plant poison in g occur on farms tha t are in the market. :J1au'.· fanners 
"·ho kno"- or suspect poisonous plants to occur on their propert:-· are 
<lesirou s of disposing of such properties . It is " bu;:;iness " to 
advertise su ch farms as well as possible anfl for this reason no 
mention " · ill be ma <le about t h e preYalence of poisonous plants. 
:Jian:v fanners wh o haYe bought farms in areas " ·ith whieh t hey are 
not practictll:v acquainted . haYe d iscoYered to tllPir cost t hat t h e 
fa rm t h e',- bou ght is ha<lly in fested with poisonou s plants. 

XVII. METHODS OF ASCE RTAININ G WH ETH ER PLANTS 
ARE T OX I C OR NOT. 

T he fo llo\\-ing m ethorl of p roc-e<l ure i;-; acloptecl by tlw au1 hm i11 
t. lt e in,·estip;ntimt of suHpel"i ed poi sonous plan1;; . 

It a pl:mt not hto\Y n to h e po i sono u ~ i;:; suspede<l of h:tYing· 
caused poi,;ouing in s tock, there is onl:-· one ''""''.- of a ~cm·t.aining 
whethPr the suspecte<l plant is 1he cause of tlw trouble or not, mHl 
1 hat i ,; to cau .-;e a m e1nbe r or mPmb ers of t h e cbs.s m· das.ses of stock 
co ncer n ed io take sur· it a plant or 1o fon ·p feed ,;uch animals \\· it h 
th e plant i11 question . It i;:; hnnlly nPces,.;a r\- to sta1e that thP 1d10lr 
1'Lm1. or part~. of th t> pla td concerne<l should he ferl t.o or intro,luee<l 
into th e> e:xperim c>nbl :1uimals, as Yer y unreli able r es1tlts w ill h e 
ohtai n e<l b.1· u sing t he expre~sPd :ju ice of the pl:int or ex tract.:-; 
prepare<! from it. Oth er points of the utmo~t importance> in the 
im ·e.-;tig'ation of t h e to~i cit\· of planh arP :-

.-\... The u se of ex perimenht l animaL ,,·hi('l t belong t.o tllP sam <> 
cla s~ or ela;;ses of animaL w hich ar e suspeded of h aYing bee n 
poisoned b:-- t h e pla n t or plants con cerned. This is obYion s as t h e re 
i.s a grea t difference in t h P su~ < · Ppti h i li. t:.- of the diflereili da s.,es of 
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animals to poisons. The fact that some plants may cause the 
development of tolerance in animals running on farms where such 
plants occur must be considered in the choice of experimental 
animals. 

B. 'rhe use of the same parts of the plant, which must, if 
possible, also be in the same state and stage of development as the 
plant suspected of having caused the poisoning. The plants or 
extracts (if extracts of plants are concerned) must be administered 
in the same way in which they were taken by t h e Yictim. 

C. The keeping of the experimental animals, if possible, under 
the same conditions as those animals in which the poisoning 
occurred (for example in plants causing photosensitization). It is 
unnecessary to go into details as the above points haYe already been 
fully referred to under " :D actors concernefl in the Determination 
o£ the Toxicity of Plants " . 

With regard to the investio·ation of suspected case,; of poisoning 
in human beings it is a more difficult task to draw definite con­
clusions as we have to apply results obtained from experiments 
conducted upon animals to human beings. It goes without saying 
that the identical material ( extra<.:ts, part" of the plant, etc.), 
suspected to have caused the poisoning in the human beings must, 
''"hereYer possible, be used in the experiments to determine their 
toxicity, or when these are unobtainable, similar preparations should 
be made. 

Once a plant is suspected of having caused poisoning in stock, 
the following methods of inYestigating the problem may be followed: 

A. GRAZING AND TETHERING ExrERDlEXT s. 

This is the most natural way of ascertaining whether a plant is 
toxic or harmless. Unfortunately it is not ah·ays practicable, 
especiall.\- in a country like South Africa with such vast dimension::;, 
it would entail too much time and expentle to cmHlut·t such experi­
menh; in a reliable manner. It must, ho,YeYer, be realised that tho;;e 
ca;;e::; of plant poisoning, in " ·hich soil ancl climatic conditions pla_\· a 
role , must he irrvesLigate<l on the spot " ·here a11tl at the time "·hen 
they occur, a::; the forwar<ling of the su spected plants to a laboralor.v 
for inYestigation is of no Yalue. 'l'hiH is the case espec-ially " ·ith 
plants suspected of causing photosen;;itization (.l)eeldz!.:kop and 
d1·l.·oo1') and also "·ith plants which ar e poisonous "·hen wilted (pn1ssic 
acid). Patchell where the :mspected pbnt orcms must he dearetl of 
all other Yegetahon ancl the experimental animal 01· animals COJl­

fined t·o these patches b)· meam; of moYable endosures m· h.Y tether­
ing. The di~a<lvnntages of this metho<l are that. the amount of plnnt 
taken in cannot. he accuratelY ronh·olled and that some nnimah may 
refuse to take the plant. · · 

B. l<'EEDTNG ExrEIUJ\IENTS. 

Although it is of great value that the experiments with suspected 
poi:;onous plants be conducted on the spot where such cases of 
poisoning haYe occurred it is for Yarious reasons not practicable in 
most cases. The large majority of suspected plants are, therefore, 
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fonYard Pd to thP laboratories for in1·estigatio n. ~-Ht houg h l h t' fee1l­
in g of SUti]JPde1l plaub to animaL mus t b e r e::;m·t ed to 11·h en :; u<-h 
:l ll lOU ll h a s l"a _unot be for te-fe el are r eq uire1l to p ro1lu<-e p oiso 11i ng-. 
this JIJ P(hod has di barh<ln tages, 11·h i<"h 11· ill h t> ,.;ho ril y rli :-;1·usst> d . In 
mo.-;t 1·ase,; o f feeding t>xperim Pn b unde1· Ld.Jor;dory 1·onditions it is <I 
most d dhcult task to indu<" t' t he t'Xpt' rimenhd an in1 ul.s , t' l'e JI afte r 
1by:j of stan·atio n , to lake t he p l<w ts oitere1l to them, a s t lwy art' 
:l< ·!'lhlome d to thP onlinan· rou ti n e foodstu ffs. 'l'hP animal-; nw1· 
take sJn:dl :llllOU ni .-; of lht> illant fpc] and nw y 1lt>YP lop a t oler:lnl 't' t'o 
t hat partic·ul:ir plant 11·ith t he rPsult that IITOllg I'Olll' l u s ion s a l P 
drawn: :~ gain definitP aJllOllnts of ,;onw p oi son ou .s plan t,; must lw 
eate n 11·ithin a r·e rt <.~in t ime in onl PJ' th:d t h e 1 ma1· pxer ( th eir toxi1 · 
t>ffel'l s . ( 'prt a in quantiti es of plant .' 1·o n tail.lin g .]J r u;;:; i!" :l!'icl llta\". 

fo r ex a1 nplP, (·ausp rl eat h 11-b PJI ingPst e cl 11· i t hin ou e hour , IYhib t Pqtwl 
allWlln ls IYill haYe no eited 11·he u !':d en 11· ithi11 threl' hou r,.; . F1'Pdi ng 
l:'xpe rim e nts do not a llm1· of 1 he al ·(· uru(P l"a lt-ubtion of t hP an1o unh 
of plants eatt>n 011·ing to 11·a stage u nd , aLo los,; i n ll't' ight of fresh 
an1l gTPen (s u<·<·rilent) ]Jlanh : du e (o lo .~s of moistu re. Ve ry h Pij li Pnt-
1~· snspt'dPcl plan ts <ll'e m ix Pd 11·it h foo1lstnfL aull t he n prese n tP <l to 
t he ex pPr i JIJPnhll :lni m a l,.;. Slll ue plan t,; :lrt• po ison o us o n! _,. ll'h PJ I fe d 
alonE' o1· in larg-P :mwunt;; ((7' eluerla ;msst' r lnoules Tl an·., ( ' /n.IJW I'OIIIa 

fcnulfolio B Prg ). 1-'urther m ore . it ma_,. Le ps~ent ial t ha t th<' ~us­
lJedPil plan( must be in g-e:-;( p<] Yt>ry soon af(pr coll t-•dio n as it may 
<leneasp in o r l o:-;p its to:s.icih· . This i,; thP I':J SP IYith plants l'o n tain­
ing pru,:sil' al' irl o r Yolati le adiYP ing rP11ients . ~-~n othP r important 
factor i;; that in fPe<ling- expe riments t h P animals ha 1·p to h e isola t t>d . 
As m any a .s hYen t~·-c;e1·en d ifter e nt· plants ha Ye h een r t>cei 1·Pd a t 
O_ll<l e r.stepoor( on ont> <l ay. Tlw amounts o f sp:11·e t ak e n up by 
a nim:JI .s fed ancl the amount of ti n1 P ;;pe n t on 11·eig-h inp: tlw mat eria l 
lwfm·e and after feeding, ca n pasil~· lw apprPciate<l. 

C. Fo J!CE F EEDJ.\'G ExPERDrEXTS. 

Animals whi1:h refu::;e to take s usp eet ecl plan ts m ay h e fo rl'ed to 
<lo soh~· balling 11·ith th e hand or balling-g-un or h~· <h en l' h ing· them. 
The <lisa(hanta ges of this m e tho<l a re t hnt th e normal proe:t>s:-;es of 
m asti!'ation :lllrl d .-glutit ion are exl' lurled. In a dtliti on in <h t>nl'hing· 
plants :1 larg-e amount of 11·n te r h :1 s t o lw <Hl<le!l to lllos t of th em in 
onler to r en <l er 1 he plant <lre ne:hahle . Tlw enors tha t ma.\' arisP 
hom this method art- firsth t hat mastiealion Jll<l\. <l PI·reas(• t h e 
toxicit _,. or preYent , to a t'ert .ain Px( eJd. t h e li berati<;n o f th e adii'P 
prin!'iple:-; of som l• pl:tnts. ThP l:irg-P a m ount of a lblin e snliv:t 
sen e tetl h;.· sh eep. horsE's an<l cattl e rluri ng- th e al't of fe ed in g 11·ill 
rPd1J<·p th e a(·t ion of t hose plan t.s. 11·hi !'h t>xert t h eir pffects mos t 
markP<llv in an al'id en viron m ent. mul IYi ll also ret:1nl t hP libe ra t io n 
of prus~ i r a r id hom c.nm<Jgt> ne lil' g lucosi cl es " ·hi<"h arP rlep e n rle1; t 
upon :m al· i<l en\·ironment for t lwir <l P<·omposition. S P<"ondly . tht' 
11·ater a<lrle<l to t lw pla nt ma( Prial io lw 1lren<'h efl nw~· . a nd proha bl:-· 
11· ill in m an:-· cases . inneasP the r atP of absorption of t h t> :l(' tiYP 
pri.m·iple , thus renderin g th e toxil' a ntl l ethal <lo::;es ,;111 aller t h an 
they actually \\'i ll b e 11·hen the plant i;; Paten. ThP aut h or has 
atten1pt ecl , time and again , to d t>t ermi n e t h P r PlatiYt> t o:s. i r it·.v of 
JJ/chopetal1un C]Jmoswn Hook wlw n f e el a l ont>, f ed mixe <l ' " ith foocl­
stnfk h a ll t'd a lonP. balled mixed ll'ith foorl st uffs , all!l wh e n rlrPn cherl 
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by stomach tube. K o definite results were achieved as the animals 
when fed refused to take the plants. It was, however, found that 
the plant was slightly more toxic when drenched than when balled, 
especially when water was added to the plant a long time before 
drenching. This result is quite conceivable as the active principle 
of this pla~rt is water soluble. 

Another disadvantage of the method of drenching is that a 
large amount of plant material is introduced into the stomach (rumen 
in ruminants) within a very short time. This naturally allows of 
and leaves little time for excretion of the active principles, quick 
absorptio~ of the plants concerned, with the result that these plants 
will be more toxic when drenched than when eaten. 

It has been stated by some critics that the drenching of plant 
material will cause some of the drenched material to flow right 
through the stomach (fore-stomachs in ruminants) into the small 
intestine, with the result that the undigested pla~t material will 
cause intestinal irritation with consequent diarrhrea. If the drench­
ing is executed with any amount of discretion, this will not happen. 
Drenching experime~ts conducted by the author upon unstarved 
animals showed that amounts of plant material measuring up to five 
litres very rarely, and amounts up to three litres never found their 
way into the omasum and abomasum. 

In addition large numbers of ruminants and non-ruminants are 
repeatedly drenched yearly at Onderstepoort with plants, and none 
of the experimental animals have developed diarrhrea after having 
been drenched with a non-poisonous plant. 

Another .disadvantage of the drenching method is that plants 
containing gaseous (prussic acid) or volatile active ingredients, lose 
a large percentage of these ingredients in the course of preparing the 
plants for drenching. Such plants when drenched will, therefore, 
be less toxic than when eaten. 

The advantages of this method, however, are that (a) the plant 
finds its way in to the animal very soon after collection ; (b) the 
dosage is accurate; (c) a minimum of time for the completion of the 
experiments is required, and (d) all animals used in different experi­
ments can be placed in one stable or enclosure and need not be isolated 
as in the case of feeding experiments. 

The method of balling is only of value when small amounts of 
plant material are to be dosed, as otherwise it would entail an 
enormous amount of time especially if a number of plants are for 
investigation received at the same time. 

If we consider the foregoing' discussion, it appears that the 
method of drenching by stomach tube is the most reliable and most 
time-saving method, except i"n cases where animals have to take in 
large amounts of plant material daily, in which case it would be 
impossible to drench such amounts. It is for the above reasons that 
the method of drenching experimental animals by stomach tube has 
been adopted at Onderstepoort as a routine method, except in those 
cases :''here anin~als will take the plant material voluntarily without 
excessive starvatwn. 
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The following technique is employed by th e author in the 
preparation of the plant material and drenchi ng of the animals. 

D. PREPAIUTION OF THE PLANT :M.H'ERIAL FOR DRENCHING. 

It is impossible to put on papeT the many detail s in the methods 
of preparation of plant materials for drenching; these can be acquired 
through personal experience onl:v . 

As already stated, plants should be admiuisterecl in the stage 
of development and state in which they are suspected of having caused 
poisoning and al so by the 1·oute through which t hey have entered the 
system. Yery serious mistakes han· been made by exp1·essing the juice 
of plants and drenching these to animab, or by preparing extracts 
of plants and clrenching th ese, ·01' even inj ecting them into animals. 
I£ reliable results are to be obtained the plant as such, and not its 
juice or extracts prepaTecl from it , should he administered by stomach 
tube, unless of course the juice or extract is SUSI)ectecl of having 
cause c1 poisoning . It is also essentia l that the prepared plant material 
shoulcl not he left mixed with water for a long time before rlrenching, 
as non-poisonous plants ma~· in tb i;:; \Yay be rendered poisonous. 
Nitrates ma~· he reduced to the mm·e poisonous nitrates and plants 
containing mustard oil comlJOunds (mustard seed cakes) and 
Cyanoganetic glucosides (linseerl L:akes) are liable to liberate, when 
moistened and left standing, toxic or lethal amounts of mustard oil 
a llCl prussic aci rl respectively. 

E. DHENCHING 01' A:.\'HlALS. 

Po~dt•J)j, Rabb·its anrl Cats . 

The plaut material is minced wh en fresh, and grounrl, when dry, 
and in order to render it fit fm ea~y passage throug h thin stomach 
tubes, it is then fmcecl t hrough a finely meshed sieve by means of 
a spatula. After this woced ure t he1·e is Yery little likelihood of the 
plant material causing ::;toppage of the stomach tube. The beaks of 
binls aTe easily opened b:v hand for the introduction of the stomach 
tube. A safe aml easy wa:v of keeping the mouth of a rabbit and cat 
open is to place a piece of n1bher tubing (the same thickness as that 
u sed for the stomach tube) behind or over the teeth in the upper 
and lower jaw, thus pulling the jaw~ apart. If pieees of string are 
used instead of rubber tubing, necrosis of the gums will set in when 
t he same animal has to be closed repeatedly within short periods. 
Another point of importance is that the material drenehecl should be 
continuously shaken during drenching, otherwi,;e t he plant material 
is liable to settle at the bottom of the funnel and block the tube. 
It is therefore essential that the stomach t ube be fixed not to an 
ordinary glasSl funnel hut to a bulbous container after the fashion of 
a separating funnel (without the cork u sed in the se]Jaration of the 
fluids) . rrhe stomach tube u sed in fowls is about 0 ·5 em. by 60 em., 
whilst that used in rabbits and Gats is about 0 · 75 em. by 80 em. The 
,-olume ·of material drench e<l at a t ime should not exeeecl 100 c.c . in 
poultry and 150 c.c. in cats and rabbits. The volume of matexial 
<lrenched that will be tolerated naturally depends on the size of the 
animal and on the amount of food present in the stomach (crop) . 
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Dogs and Pigs. 

These animals are also drenched when they refuse to take the 
material feel to them. As clogs and pigs vomit very easily the volume 
of material drenched, the results of the experiments, especially with 
irritant substances, should be carefully considered before drawing 
any conclusions. The plant material is minced or ground and 
administered through a stomach tube about 1· 25 em. to 1· o em. in 
diameter and about 150 em. long. An ordinary funnel could be 
attached tn the stomach tube and the material shaken in the :flask 
and poured slowly into the funnel so as to prevent the settling of the 
plant material at the bottom of the funnel. The pouring of a small 
quantity of water into the funnel (or bulb) attached to the stomach 
tube, and allowing this water to run clown the tube just as the 
material to be drenched is poured into the funnel is of great value 
in preventing blockage of the tube. The volume of material to be 
drenched again depends on the size of the animal and the amount 
of ingesta present in the stomach. 'fhe mouths of young clogs. and 
pigs can be opened by hand) whilst a piece of rubber covered wood 
with a central hole (for the passage of the tube) must be introduced 
cross-wise into the mouths of fullgrown dogs and pigs. Pigs will 
sometimes drink :fluids from "Q.orns or old hoots from which the points 
have been removed. 

Sheep a:nd Goats. 

The procedure is the same as that described in clogs and pigs. 
Sheep and goats tolerate large volumes of material and can be 
drenched more than once on the same clay without any apparent ill­
effects. The stomach tube should measure 17 · 5 em. to 2 · 0 em. in 
diameter and 150 em. in length. 'fhree litres of material are easily 
tolerated by unstarvecl fullgrown sheep and goats. The mouths of 
these animals are easily opened by hand. 

Bovines. 

1'he stomaeh tube should be 2 · 25 em. in diameter and 200 em. 
long. Full-grown bovines may receive five litres of :fluid without 
showing any ill-effects. The tongue must be held, and a rubber­
covered piece of wood with a central hole must be placed cross-w1se 
in the mouth and the tube passed through the hole. 

EqUJ:nes. 

In equmes the stomach tube can be passed either through the 
mouth or through the nose. The latter method is by far tne best 
as the animals often resent the introduction of the gag, which 
frequently causes damage to the gums. As a rule the introduction 
of a tube through the nose can be clone with very little trouble . Full­
grown horses easily tolerate three litres of :fluid. 

For years the method of drenching animals has been extensively 
used in all classes o£ stock, dogs, rabbits and poultry at Onclerste­
pomt. In many cases the same animal has been clrencher1 daily (except 
Sundays) for months, the stomach tube at times being introduced as 
often as four times daily and in no case were any deleterious effects 
noticed both during the ptuiod of experimentation anr1 at autopsy. 
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DOUW G. ST:EYN. 

FOR NEGATIVE RESULTS I N 
W ITH SUSPECTED PLANTS. 

From previous discussions some of the reasons for negative 
results obtained in experiments with suspected poisonous plants are 
quite obvious, but it seems advisable to mention them again for the 
sake of completeness. Negative results may have been obtained 
because A. the plant was non-poisonous; B. non-toxic amounts had 
been fed or drenched; C. non-toxic parts of the pla;nt had been 
given; D. the plant had lost its toxicity owing to a change in climatic 
conditions or after collection; E. the plant was in a non-toxic stage; 
F. the plant had bee;n fed with too much additional food; G. the 
experimental animals were not kept under the condition necessary 
for the production of symptoms (photosensitization, cynachosis, 
equisetosis); H. animals which possess a natural or acquired tolerance 
or immunity to the plant were· u.sed in the experiments; I. animals 
were not kept under observation long enough (plants which cause 
symptoms of poisoning after a long period of latency); and J. it may 
have been necessary for the animal to have ingested some other 
pla_nt along with the poisonous plant before the latter was able to 
liberate its active principle (for example, a plant may contain a 
cyanogenetic glucoside, whilst the enzyme necessary for its decom­
position may be lacking in the plant concerned but contained in 
a_nother plant (Finnemore and Cox, 1927). 

XIX. REASONS FOR POS ITIVE RESULTS IN EXPERIMENTS 
W ITH SUSPECTED PLANTS. 

These may be A. the plant is poisonous; B. too large amounts 
of the plant. were introduced into the animal within a eertain time; 
and C. the plant constituents may have changed during the process 
of preparation for drenching. 

A point of importance is that animals fed on one plant only 
over long periods may develop symptoms of disease which are not 
due to the presence of poisonous substances in the plant concerned, 
but which are caused by the absence in the plant of some or other 
ingredient or ingredients essential for the maintenance of health ancl 
life. This is the case with plants deficient in minerals, vitamins, 
proteins, fats, ek. In arlrlition plants may cause death by virtue 
of mecha_nical injury. 

XX. LOSSES DUE TO PLANT POISONING. 

It i" Yer_v difficult to obtain relinhle figurE'3 \Vllh reg-ard to losse~ 
in stock susta in erl through plant poisoning- as onl~· those cases in 
which a large number of animals are involved are reported. The 
~late of affairs is not exaggerated when it is stated that in South 
Africa more stock are lost annually from plant poisoning than from 
any other disease. 'l'he Senior Stock Inspector of Griqualand vV est 
reported to the author that Geigeria passerinoides Harv. (vermeer­
siekte) has taken toll of over a million sheep in Griqualancl West 
and the south eastern portions of South-west Africa in the years 
1929-1930. In the years 1926-1927 the losses from Tribulosis (geel­
dikkop) i;n the north-western Cape Province were calculated to be 
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bet" ·een six an d seven hundred t housand small stock. In the l~llion­
dale-vVillowmore a rea C'h1·y socoma tenuifoha Derg causes the loss 
annually of t housanu s of bus and lambs from l.:aalsie!.·te . In addition 
Dif'hapetafwn cymo.wm Hook (gifblaar) and Ctgine(l lm tkei Baker 
ca tL,;es h eaYy los:;es yearly i11 stock in the 'fj ansYaal , \\·hilst Seuecio 
spp. (dunHiekte) haxe m rHle the breeding of hor;-;e~ impos;-;ible in ceJ·­
t ain parts of th e Union of South Africa and Ba~utoland . In som e 
years " ·ilted grasse,; (v('ilsirl.·te, prussi(' aci<l poisoning) cause Yery 
hig·h morta il.r i n ~mall ~tock in the semi -ariel regions of South .Afric·a. 
T ulip (tulp) and Cotel ydon poisoning i :; so comm011 tha t il neecl 
hardly be mentioned . ~ ot on ly in South Africa, but also in America, 
New Zealand , Australia. Central Ahira and India stock poisoning 
is very common . In :M:ontann nnu Colorado OYel' h \'0 hnnrlrecl million 
dollars damage is done to the stoc k in (lustry hy plant p01sonmg 
ever .'' year . 

XX I . ACTION OF PO ISONS ON FOETU SES. 

It is pos:;ible for a poison to exert i ts harmful effects on the ·wall 
directly or indirectly t h rough the nervous system of the pregnant 
uterus or on th e foetus or on bot.h . The expulsion of t he foetus may 
be caused by the poiso~1 induring eontrartion of the uterus or by 
bringing about t he death of the foetus, which ic; then expelled by 
the u terus or in both these wavs. It is a \Yell-lmo\Yll fad thn t drastic 
pu rgatives Yery herp1ent ]y r~use n hortion. 

XXII. INDIRECT POISON ING OF HUMAN BEINGS. 

Human beings may he(·ome poisoned by A . eating- th e t·arease,.; of 
animal,; th a t have died from poisoning. B. drinking, or using in 
th eir diet, t he mi lk of poisoned nnimals; ancl C. eating honey pre­
pared f rom the flower s of poisonous plants. 

A. C.mCASEs oF Porso:r>EJJ A:r>nuLs. 

The eclibility of the car case, or a part thereof, of an animal 
which has died from poisoning rlepends on the c-hannel by which 
the poison found entran ce into t he body. I£ the animals rereiYed 
t h e poison per os, the flesh can be safely eaten as has been p1·oYed 
repeatedly by a number of investigator s. Fri:ihner (1919 , p. 23) states 
th::Jt according to r esults obtained h,\· his experiment.; ancl those of 
other investigators the :flesh (including heart, liYer a ncl kidneys) of 
sh eep , rabbits, geese, ducks, fmds, doves and a boYine poisoned with 
str;:chnine, eserine, pilocarpine, Yerahine, apomorphine, arsenic , 
oleanchine and leacl ran be eaten with impunity. Some authors llte 
t h e :flesh them,;elws, others fe el clogs 01· examinecl t he fle,;h for t h e 
presence of t he poison. Ostertag (1922) also refer,; at length to th e 
fact that the flesh of poisoned animal;; rouhl he consumecl \Yith 
sa fety. It is achisa ble . as a rule to discard t he organs of excretion 
as h ere the poison may be found in dangerou s amounts. It is for 
this reason th at the liTer, kidneys, udder ancl milk. stomach anrl 
intestines should he cliscarded. I£ the poison was introduced sub­
cuta neouslY and iutromusc·ulnrh· n ~ is the rnse when animab are 
killed by poisoned arrows, all th.e flesh , exrevt that part immecliately 
surrounrling the point where th e anow struck the animal, is eaible. 
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