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l'lU: l·'.ICE. 

JK prev10us communic.itions by Hirning1.ou , l~uin an<l Hoeb (Onrler
stepool'f Jnl. Vet. Sc . <)· Animal lndust . Yol. :3, Ko.l, pp. 
137-157- 193-!, and Yol. 4, i\ o. 2, pp. 4G3--l:i8-19:30) it wa s shmYn 
that in the pathogenesis of Geelclikkop as caused by species of 
Tribulus and other similarly acting plants, the elaboration of an 
i1·ter,1g('nic principle within :rnch planhi ~honhl be con;;iclert>cl as the 
primary cause of the con di ti on. \'{hen i 11gested this factor then 
proYokecl stasis on irnrb of the cli gestiYe system as well as a SPYen" 
obstruction in the bile excretory mechanism of the Jiyer "·hich in 
t ll'n led to the cha racteristic int ense jau11clice of the " ·hole holly. 

The other charaderit1tic feahne of the <lise;1se, viz., ihe acute 
se nsitivity to sunlight as sho11·n by marked s1Yelling ancl later necrosi,.; 
of all unpigmenterl ancl unprotected skin, was shmn1 to be clue to the 
plant porphyrin phylloerythriJt 11·hi<'h originated as a normal disin
tegration produ<·t of inp;e,;ted chlorophyll mainly in the forestornachs 
of ruminants. Traces of this highly fiuore,;cent pigment are nm·nrnlly 
absorbed from lhe small intestine only to be re-exc retecl in the hi le 
thus keeping it str ictly within eni.t>rn-hepatic circulation and lo pas;; 
out ultimately in ihe faeee,;. \.Vhen , howeYer, obRhuction to the bile 
flow vccurt>, thiti pigment with its strongly photocl,vnamic action also 
finds its 11·ay into the svstemic cireubtion and thus abo into the 
eutaneous vetiS(']s \\·here. in the presence of dire('{ 8lllllight it is 
.respon si ble for t il e arute oeclematrnu; f\1Yellinp: usuall.'• nott><l on !lw 
foe i al skin and e:ns of merino sheep. 

Seeing, therefPre, that Tribulu s plaHts are on the whole rich 
in chlorophy 111 ea rotinoids an(l other related pigments an cl seeing 
also that some of the:;e pigments and their breakdown products enter 
into the aetiology of the symptom c·omple:x of geeldikkop, a systematic 
.·tucly 'ms unclertaken on the pigment metabolism of Tribulus 
collected under various dimatic conclitioni;. This article is the 
outcorne of this study, treating· as it does only with this one aspect 
of the problem. The other asped, viz. , the elucidation of the primary 
icterogenie; factor is being innstigatecl along other lines and conse
quently will be reported on separately. 
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PHYSIOJ,OGICAL ASPECTS or TlUllULDS. 

lNTRODU CTI OK. 

FOJt the tanner in the Karroo and the karroid areas the genus 
Tribulus is of great interest., as it includes plants which are at times 
excellent fodder plants and at other times suddenly prove fatal to 
sheep causing the dreaded " dikkop " . It is up to now not all 
clear whether the causing of " <likkop " is confined only to certain 
species or, "·hat is more likely, whether all the species may under 
particular edaphic and meteorological conditions produce dikkop. 
It is unfortunate that the systematics of the genus is n()t properly 
worked out, thus it is often impossible to say which particular species 
is actually found in the veld and whether other plants which have 
decidedly another habit of growth are different species or only a 
physiological variety. According to the literature (Theiler 1918, 
Quin and Rimingt.on 1930, 1934, 1935) the view is more wide spread 
that it is a question of physiological state, and not of different 
systematic species. The author having observe<l the growth of 
Tribulus on different Yeld (alluvial soil, farm yards , limestone, 
dolerite brnwn soil and sanr1veld) was at first rathel' inclined to 
think of different systematic species, with their respectin hybrids, 
espe:;ially Tr£ln1l11s terrestris and T. z1a1Tisrm111s. Since Schweikerdt 
(1937) most recently puts these two species together again, and only 
accepts te1Testris, the view· had to be abandoned and iu the present 
paper the different Yarieties will be calle<l physiological strains. 
Cultivation experiments which are in progress on the Veld lleserYe 
at Fauresmith ought to bring about a final conclusion. 

When Dr. Quin and Dr. Rimington asked the author tu 
collaborate in the 'rribulus questi·on not much "·as known about the 
actual poisonous principle and eYery possible poison source in the 
plant had to be considered. As the Fauresmith district is about on 
the northern boundary of the area of (likkop outbreaks, outbreaks 
did not occur regularly every year, and poisonous material could 
only be collected sporadi('ally and tested for different possible 
constituents which might have been the cause of its toxicity. In the 
course of the :vears more <lefini te views 'vere expressed as to the 
possible poisonous qualities (Rimington and Quin 193-t, 1935). It 
is clear that with the progress of the \rnrk of the Onderstepoort 
workers the questions put to the botanist changed ns well. Thus 
the results put forward in the 'l'ribulus question are really the 
product of clifferent vie\YS held by these workers. R.ight from the 
start it was mentioned (R.imington 19;33, 1934) that ph:vlloerythrin 
played a role in clikkop. This lecl to the inYestigation of the green 
plant pigments. The carotinoids were as well investigated, as it was 
,;een that material collected in the veld dul'iug- the ocl:urren1·e of 
dikkop contained an unknown yellow pigmen t . It was thought that 
it was not impossible that the breakdown products of the normal 
carotinoids were in wme way connected with the poisonous principle 
of the Tribulus (Polyterpenes-<literpenes). 'rhe question of physiolo
gical variety was tackled in culture experiments. An inYestigation 
of the anatomy of the plant was also done, as well as S()me microche
rnical readions. All these questions will be dealt vYith in separate 
paragraphs. 
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THE AKATO)IY OJ' '1'1uircL1: s. 

The leaves of Tribulus do not offer any definite peculiarity . 
In tran sverse section the fo llowiug is ~een: the epidermi :-; is ,.; light !~· 
cuticularized and has stomata on both sides. The stomata on the 
upper sicle are slightly eleYatetl. 'l'he leaves are covered with 
trichornes in serted into a peclestn l. HelO\Y the upp er Ppiderrn is is a 
tight layer of long t hiu pali sa de eells (1 : 10) whi ch reach lo about 
the rniddle of ihe leaf , in the middle are foun d \·e1'.\. large sheaths 
fo r the bun<lle and large celb with calcium oxa late. 'l'he cells of 
t he sheai hs ;ne exceptionally large . Cutting trausYersPly, bun<lles 
may he cut tra nsYersely or parallPl to t h e Yessels; in bo th cases 
the sheath of the hundle is prominent. Belo\,. 1.he bun<lle anolher 

.layer of pali :::a<le cells is fou nd , sli ghtl y :;hoder than those of the 
top la.\·er, on ly occa:-;iona l eel Is of spo ngy parenehyma are ;;een belO\Y 
the lower epid e rn1i s. 

Th ere :ire i11 t h e middle of the leaf a good fe \Y cell:; of t·akium 
oxalate, but to the authm's mind not enough to correspond to t he 
large amount of (C00) 2 found in the rn a.c rna11 a. lysis (see page 384). 
There must be still some more acid polassjurn or sodium oxalate in 
the cells. 

Considering the reeent ly ach-ancecl hy pothesis of the presence of 
resinic acid in t he poi sonous Tribulus, it i;; worth while mentioning 
the entire absenee of any chili fernus Yessels con taining resin or 
lysigenous or schizogen ous ducts in th e lea\'es, sterns and roots If 
any resinous product is found it must be in the plasma 0£ ordin ary 
cells. On the material collecte cl in 1937 no glandular hairs eould he 
detected, bu t only trichome:s . Th e lea Ye ,; clid not contain any 
idioplaste:; with oily or fatty contents, only the upper epidermis 
containing 1miall a.mounts of a nthocya n , tinging il purpl e. Neith er 
the ste ms nor t he roots of Trihulus shO\Y ::my rlucts or icliopbstes, or 
cells \\·ith oxalie acill. The co d ex tissue of the roots ha,; a tendency 
to wm·k loose from the xy lem in a similar \my to that describer] f~r 
grasses (ITenri ci 1929), only no af"tua lly <lissolwrl 1issue eoul<l he 
found. 

After the species of Tribulw; found around Fauresrnith having 
for some ye~ns been iclentifiecl as four to five different species (nwre.v, 
terrestris, por v ispim1s, zey l1 ni or c.11st01.des) toclay f:lt·hweikerdt 
accepts on ly the hrn species terre.1tris and zeyh eri for the Fauresrnith 
tlistrict. Sin ee that tim e Tribulits ptfropho1'11s has been fou nt! in the 
district on the banks of t he Ora nge RiYer at Zoutpans<lrift . The 
siweies fp1·rPstris is charaderisecl (Sch,1·eikerclt, p. 161) by free 
inhasta minal glands, \l·hicb are neYer connate to form a shallow 
eup ; hemispherical stigm a. \1-hieh are neYPr slenrl er; 1wtals 2-12 mm. 
long and ,.;e pals 2-G mm . long. All the oth Pr sp ec ies h aYe intra
staminal g land s connate to form a shall.a" · cup at the base of th e 
oY:iry; ;;tigma slencl er , usually pyramiclal. T erres t ris seems to he 
a most pla stic species: striking <l eta ils see n in its growth by the 
author will be giYen under ~Iorphology, hut for the eom plete 
description Schweickerdt's paper (p. 172) should be consulted. 
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PHYSIOJ.OGICAL ASPECTS OP TRIBULUS. 

:XfoRPI-IOLOGY OP TRnrcLus. 

'l'he mol'phology of 'l'ribulus will be touched only in so far as it 
seemo necessary to elucidate the physiological growth varieties as 
encountered in the veld. 'l'he most striking feature of the three 
species unde'l' observation is no doubt the very small amount of root 
material in comparison with the corresponding aerial parts. In material 
collected on the farm Poortjie in the Fauresmith district 30 lbs. 
of fresh Tribulus panFispinus yielded only H lbs. of roots, for 
Tribulus tenestris on the Reserve itself the ratio was still worse. 
The plant for morphological reasons is bound to wilt as soon as the 
rain stops for a few clays. And yet 'l'ribulus has two typical forms 
n-hich differ so much in growth habit that one is inclined to look on 
them as different species. The one form, so to say, which is encoun
tered always in the Railway enclosure near the Reserve and in 
rainy weather on the Resen-e itself and in the Yeld is a spreading, 
many-branched prostrate form. The branches may be 2 metres long, 
and are usually branched again. The flowera are of medium size, 
the sepals generally shorter than the petals. This type generally 
has two different kinds of fruits, typical " dubbeltjies " breaking 
up into five cocci lengthwise, the cocci ha Ying each 4-6 spines, though 
sometimes only hrn, an cl in the rn iddle a crest of bristles and 
tubercles. Yery often not all the five cocci are properly developed, 
the fourth and fifth having no spines whatever, or the fifth being 
suppressed entirely, so that the ripe fruit actually consists of only 
three cocci with spines, and a small fourth without spines. As a 
matter of fact the author saw more plants with three or four cocci 
than "·ith :five. The "·hole plant is general]~· sparingly hairy, the 
hairs are coarse, sharp and have partly a pedestal. If this plant 
"·ilts the secondary branches turn up vertically, as well as the 
pmnate leaves, which fold up. Another Yery small type of fruit is 
at times found ou these plants, consisting of 3-4 cocci, pract ically 
covered all over "·ith sharp hairs but not "·ith proper spines. 

The other type of Tribulus found every"·here in the veld of the 
Fauresmith area, on limestone or on alluYial or dolerite soil, is a 
Yery small plant, generally gro"·ing erect or with branches only 
about six inches long. On limestone especially the plant is ahsdutely 
covered with silky hairs. The flowers are generally small, the sepals 
being as long as the corolla. Very occasionally this type is also 
found ''"ith a medium-sized flower. LeaYes and the few secondary 
branches always stand vertical as soon as it is dry. The completely 
upright form has never been seen with spread leaves. -when dikkop 
has been reported in the surroundings of Fauresmith, or when plants 
said to cause clikkop haYe been sent from the Cape to Fauresmith, 
this type of plant has always been found. The type, however, is 
not necessarily poisonous, in drought years it grO\rn in the plots of the 
Yeld Reserve. The cocci of the fruit haYe sometimes only two spines. 
Fruit on the whole are not found regularly on this type. 

It is quite obYious that in South West Africa or in the other 
natural habitats of the Trihulus with large flowers these species 
may prove fatal. But in the south-western Free State they do not 
occur to such an extent as to be an economic problem, except perhaps 
T. pterophoriis on the hanks of the Orange River. 
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Seeds are collected from all possible sources and sown <Jn the 
R esene. In the fi rnt generntiou only plants \Yi th long stems "·ere 
obtained, but nearly all had the two kinds of fruit, the large fruit 
and the small one. As mentioned before on the ReserYe generally 
th e t11·0 forms are found. They are never poisonous. In 19~l2 t he 
up1·ight form gre 1Y in the worst drought. An uninitiated person 
could not discover the plants on the soil , but three sh eep lived on 
this plot for si:s: 1Yee ks ancl gained on th e aYerage 1-1: lbs. liYeweight 
in this period . 

Just as geel dikkop itself i:; only confin ed to a d0fi11ite an'a of 
South Africa (bet1V een Yictoria ·w est and ihe north of Fauresmith), 
although the genus is widely spread, in the area itself i.he poisoning 
is only obsened on a quite definite habitat. In the Fauresmith 
district there are only abont fiyp forms whirh are notorious fo r their 
regular heavy ·outbreaks of clikkop . On other farms there ma~' be 
occasional cases, hut newr heaYy outbreaks. Time a ncl again i t has 
bee n pointed out that geel dikkop can .occur on such diftere11t soils, 
und er different conditions. I11 the Fauresmith district t he h abi tat of 
poisonous Trihulus seems to be r estricted to two soi ls. limestone 
formations and sanely (often alluvial) red soil with low water holchng 
capacity, often encoun tered on dry riYer banks. The low water 
holcling ca pa cit? see ms at fin:;t sight the only rornmon feai ure of the 
t\1·0 soils. For yenrs on the limestou e formation at Poortje, only small 
forms "·ith short stems and small fl.o,Yer s or the upright form was 
fo und. Only in th e Yery \Yet February 1937 the spreading form 
\Yi th long procumhent bra;1ches was recor~lecl. The form on limestone 
is (°l()Yere cl with sihery hairs. The stems ar e \·ery reel. 

In going through the masses of Tribulus collected clurinµ: the 
last five years, and tryiug to haYe i t identified, one ca nnot help 
thinking it to be a thankless job. '\\To rking in the wlcl and obsening
the gTo\\·ing habits, t he impression is surely obtrtinecl that \Ye are 
not working with \Yell defined species, but \Yit-11 hybrids. The eternal 
changing of the size of the pefa ls comparec1 with the ca l.Yx and the 
Yariable fru i t an d the peculiar t"·o fruit types giYe enouµ:h food 
for thought in this direction . 

Coe\TE!\'T OF CHLOROPHYLL AKD D ERIV.HIYES OF Cnr.nnoPHYLL rN 

rfRIB'CLrS. 

l. .lfethod . 
At the sa me time wh en Himington and Quin (193-±) found that 

ph:vlloerythrin \\'3 8 the raus<' o{ photose nsitisa hon in sheep it was 
obYiously th e thing· to look for thit> piµ:ment in Tribulu;; . An 
i nYestigation of the l eaf pigmf'nts, green an(l yello"-, of Trihulus \\-a,, 
und ertaken . H was also i bouµ:ht th at in case the s:n;tematics of 
the genus ::;hould proYe in adequ ate , it would he possihle to isolate 
phyt>iologi(' al Yari eties . In working on the ch lorophyll of Trihulus 
collected in different lo('alities, using the classica l m ethod of 
Willstaetter and Stoll for fresh plants ( 19V~ , p. 188 ff.) it ~oon 
appear ed that large differences existed bet1Yeen plani.s from different 
loca liti es, but t ha t a great sim ilarity occurred in the amount of 
chlorophyll in plants whirh had similar gro1dh h abits and grew 
on similar soil. 
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An annual plant such as 'fribulus which finishes its growth and 
reproduction within a few weeks to three months, can be expected 
to have large changes in its chlorophyll content during the season. 
'fo study these changes regular samples of two 'fribulus var ieties 
were taken, the one of a very luxuriant strain growing in the 
railway enclosure below the Reserve, which always had long pro
c:umbent stems and belonged to 1'. terrestris. The other strain was 
collected on the Reserve itself, it was also a procumbent plant, but 
never so juicy as the first strain. 'l'hen in and out of the Fauresmith 
districts where outbreaks occurred within the reach of an officer 
connected with the Tribulus investigations, as many samples as 
possible were collected and analysed, careful notes being taken of 
the growth habit, water content and if possible of fruit and flower 
of the particular strain. A few samples from Victoria West had to 
be analysed in the dry state, as they arrived after a long journey. 
'fhe standard used for the work was obtained by the courtesy of 
Professor A. Stoll, Basle, being a preparation of copper chlorophy 11, 
corresponding in intensity to 120 per cent. of the same amount of 
chlorophyll. 0 · 038 grams of copper chlorophyll were dissolved in 
ether, saponified with methylulcoholic potassium, washed down with 
water, and the final solution made up to 1,000 c.c. Then comparison 
was made in a Leitz colorimeter. 

The samvlmg of the plants was done as quickly as possible into 
closed jars, and a sample in a closed weighing-bottle set aside already 
in the veld for the determination of fresh matter. The leaves were 
ground immediately with a little chalk and pumice stone and 
extracted in the usual way (Willstaetter and Stoll 1913, p. 138 ff.) 
·when there was much chlorophyll present, as in the series of 
N.ovember 1934 after heavy rains, the pigment came down in 35 
percent. acetone and had to be regained with ether, small amount of 
the 35 per cent. acetone being shaken with a fair volume of ether. 
In all other cases the separation went very smoothly, only the very 
wilted plants offering some difficulty in the final separation. 

Besides taking quantitave readings o:f the amount of chlorophyll, 
the solutions were tested with a Zeiss hand grating spectroscope, the 
bands being compared with the existing ones in the literature. 
Most solutions made up of 10 grams fresh leaves were far too dark 
for direct observation and had to be diluted 12-30 times. 

l<"'or the purpose of ascertaining the position of the bands, 
separation of chlorophyll a and b was neces~;ary. At the start this 
was done by \Villstaetter and Stoll's method (1913, p. 153 ff.) 
Later is proved quicker to separate with an activated sugar column 
(Winterstein 1932, p. 1402, and 'freibs 1932, p. 1351). As 
f'hromatograms were used for the separation of the carotinoids, most 
of the later separation work on the pigments was done in this manner. 
'l'he icing sugar was heated to 150°C to activate. It proved advis
able to cover it with a thin layer of talcum. 'fhe total column was 
much longer (30 cm.) and wider than the columns for the yellow 
pigments. Chloroph_vll a was retained partlv in the talcum, partly 
by the top layer of sugar in three layers. Chlorophyll b went 
through. As solvent equal parts of benzene and petrolether were 
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used. The chromatogram was eluted with ether plus 1 drop of 
ethylalcohol. All decomposition products if present went through 
with chlorophyll b. 

Content of Chlorophyll. 

From the start it was obvious that the fresh green plants from 
the rail way enclosure with a high water content-nearly unknown in 
South African plants-had absolutely normal chlorophyll in large 
amounts (Table 1). But within a few \rneks the r:ontent of water 
and chlorophyll calculated on dry matter decreased and adjusted 
themselves to South African conditions, the plant became more solid, 
the chlorophyll content became similar to that of other areas, 
although being always a so called strain with higher chlorophyll 
content. The strain from the reserve had much less chlorophyll, 
it showed however the same seasonal variation, higher in the young 
plant, decreasing slowly, even keeping stationary under the influence 
of good rains, and decreasing rapidly at the encl of the season. An 
intermittent drought ahrnys resulted in a decreased chlorophyll 
content, behaviour which is already known for South African plants 
(Henrici 1927). Contrary to the series of the railway enclosure, 
the plants wilted badly and in no case the water content was high. 

The plants collected on the different farms in the district 
Fauresmith, at Onbekencl (Middelburg district, Cape), or at Victoria 
W esl belonged to strains either with low chlorophyll content or 
with a content of 1-1 ·5 per cent . They all showed the seasonal 
decrease. 

Although most of the Tribulus strains collected during outbreaks 
of dikkop had a small chlorophyll content of 0 · 08-0 · 5 per cent. of 
t.he <lry matter, not all the strains with a lmY chlorophyll content 
actually occur on veld where d ikkop is o bservecl. Furthermore it is 
interesting to note that all strains with a medium and high chloro
phyll content were not collected where a dikkop outbreak occurred. 
A priori one would think that when a cleavage procluct of the 
chlorophyll is one of the responsible causes of dikkop, individuals 
which contain a lot of chlorophyll should cause dikkop. The present 
investigation shows clearly that this is not the case. The collection 
and working up of Tribulus during an outbreak of dikkop was alway;.; 
done so quickly that no material losses of chlorophyll could occur. 
In the Fauresmith area Tribulns dikkop is only protluced by wilted 
Trib11hrn, but not all wilted 'rribulus produced dikkop. In more 
Southern areas dikkop may be apparently produced by plants showing· 
only inr-ipient drying. -Wilting· certainly decreases the chlorophyll 
content, hut even in the fresh state the chlorophyll content of a 
strain which later proves fotal in the wilted state, is never high. 
Table 1 is very instructive on this point. 

It must be emphasized that the wording high, medium and lmv 
chlorophyll content is relative and only applies to Tribulus. The 
figures often encountered were 1 ·5, 0·5 and 0·08 per cent. chlorophyll 
a+ b per dry matter. Willstaetter (1924, p. 15) giYes for Sambue1is 
chlorophyll a+ b 0 · 93 per cent. on dry matter basis, which is a fair 
mean between the two higher values encountered. The value 0·08 
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is even in an absolute sense very small, the enormous value of over 
5 per cent. is certainly quite exceptional and can only be explained 
by the chlorophyll formation taking place much quicker that the 
formation of any solid substance. All other values are absolutely 
normal for the particular strain. 

So far only the actual amount of chlorophyll has been 
considered. With regard to purity of the chlorophyll, it was 
obvious from the start that the wilted plants \Yhich caused di.kkop 
contained some other pigments besides the chlorophyll. The 
acetone extraction was not bright green, but had a decided 
·olive, eyen brownish tint. The chlorophyllines were not pure 
although the major portion \YaS still normal for the red bands 
and on saponification the normal brown phase was obtained. In 
the green blue part of the spectrum a sharp and strong band 
could be detected in place of the ordinary weak band of chlorophyll. 
The hand extended from about 5250-5400 Angstrom, varying some
what according to concentration. This band "·as never obsened in 
a non-poisonous 'rribulus with low chlorophyll content. The non 
poisonous Tribulus always showed the normal chlorophyll spectrum, 
Willstaetter'ti band 6 rather weak, if visible at all. 'l.'he author "·ould 
be inclined to look for the pigment causing this band in the phaeo
phorbicles or phaeopl1ytin, for which a strong band in this position 
is characteristic, but the second strong band for phaeophorbides 
could not be traced. For the time being the only conclusion \Yhi.ch 
could be drawn was that there were cleavage products present in 
wilted Tribulus, "·hich causes dikkop, but only in those. An obser
vation may be 1110ntioned here. If after some months of storing· the 
plant powder of 'rribulus was used again to isolate chlorophyll, the 
pigment of the fresh or wilted non poisonous Tribulus was normal, 
in percentage perhaps a little less after years of storing. Kever 
was any sign of deterioration seen, whilst when the Tribulus which 
had caused dikkop was treated in the same way, very little, often only 
traces of chlorophyll were left after a few months ' storing, and a 
fair amount of decomposition products were present. As the plants 
were treated in absolutely the same manner, it can only be suggested 
that something in the plants collected during outbreaks of di.kkop 
caused the difference. The question of Tribulosis is so complicated 
that smallest indications of that sort have to be taken notice of. 

Another point was clear as well. Phylloerythrin was not present 
in the wilted nor in any of the 'rribulus plants. To test this, the 
plant material (fresh, green, wilted, ·wilted poisonous Tribulus) was 
extracted with a mixture of ether and acetic acid (2 : 1), and the 
extract shaken with acid of different strengths. 'l.'he acid extraction 
did not show the spectrum of pbylloerythrin. 

The presence of phaeophytin was considered, as this pigment 
is supposed to occur in dry plants, for instance in herbarium speci
mens. Latelv it has been recorded in leaves un(1er the influence of 
excessive heat or cold (Roben 1933, Rohen und Stern 1935). 

'rhe colour of phaeophytin made by treating the chlorophyll with 
concentrated acid agrees with the colour of the pigment in the wilted 
poisonous plant. 
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lt is therefore quite likely that plrneophytiu i:s pr e;:;e nt in the 
poisonous wilted plant8. Phaeophy tiu is cl eriYed from c;hlornphyll 
by the action of acid, especially easily by oxa lic a c; id whid1 spl its 
off the ma g nesium of the chlorophy ll molecule. \Yould such a 
readion be possible in the living plant? }lineral ac;ids are of co urse 
out of question , but oxalic acid is present in Trilrnlus, and \Yhat is 
rather interesting , th e amounts present in older \\·ilted Tribulus are 
about four times as high as those in fresh 'l'rilrnlus. '.L'h e T ribulus 
from the Hail \nlV endosure cont::i i.ned in the ii r:;t ddennination 
O·~l (C00)2 , \Yhile \Yiltetl Tribulus contained so for 0·9-1· 3 per cent . 
'l'he oxalic acid was dderminecl hy lhkin 's mocl ific-atiou,; ot 
Sallrnwski-Autenrieth and Barrth' s m ethod (H a" ·k 1921 , p. IGU ft.), 
the Calcium hy th e u sual method of MacCrudclen. 

Cross sections throug·h the lea Yes \1·ere treaterl \\·ith H,S( ), . In 
the few cry:otal druses to be seen- there \Yere remarkablY fr\\· 
gypsurn ne~dle:s were obseITed. P a rt of the oxalate is ~ertai nly 
present as calcium oxalate, but is does not seem all. Tribuhrn leaves 
con ta i 11 a lo t of ealci um, between 2 · 5--! · 5 per re11 t. CaO ; it 'rnnld 
be more than enough to neutralize the oxalate, but :tpparently most 
of i t is not hound to (COO )2 or more crystals sh o ul cl he e uco un t e red , 
nml tlw plant juice should he less acid. It is iikely that aci d K or 
~a salts of oxalate are in solution \Yhich during \Yilti.11g' penetrate 
to the chlorophyll and destroy it. There is 110 doubt that duriug 
\\·iltiug the semipenrn:nbility of the proto plasm is changed to 
penue:1hility, a nd the acid salt obtain" access to t he pigment in the 
chlornplasts, and split the rnagnesium off. So much for the plant . I t 
has bee n rn aintainecl that :rnc:h a decay of th e chloroph:dl would 
imm eLli atcly be stopped in the sto1rn1ch of the sheep, ns the :fifot 
enzyme pepsi n only ad,, in acid medium . 'l'hi s may be ,;o, hu t by 
that time t he cleavage pl'O(htct is ahend.v irreversibly formed , and the 
flora of the i.utestiual tract need 011ly continue their \\·ork to prepare 
phylloPryt hri n from phaeophy tin (Hi.mington and Quin 193i'> ). 

'l'o separate ph aeophytin quantitatively from t he chlorophyll , 
\\·ill be th e i1 cext st ep to he taken. Phneoph ytin hmYeYer is not the 
only cleaYagP proclnd oc-c·urring in Trihu lu s du ring \Y ilti ng . To get 
an idea 1Ylrnt i.lte hreakclo 1Y11 products iu the plant \Y ere , ihe method 
of \\~ilL1.aett e r nnrl 8toll (1913 , p. 2(i2-273) \\afi adaptecl , the ether 
solut io !L of the plant pigmt-11ts being· extracted with hycl ro r hloric· 
acirl of differPnt dre ngths . (Tables 2 and 3.) 

It \Y a:s full.\ · re:ili se cl t ha t unll er t he inHuenr:e of <'nneentrated 
acid plrn eophytin may be fanned; but it \HI S obviou s from 
Willsta ettPr· s table that this \Youlcl onl.'' happen 1Yith acid of 29 per 
cent. or over, that is to say, no interfrreuce \\·as to be feared with 
101Yer concentrations. 'l'lw noint wa s t este d ffith crystallized 
chloroph yll di ssoln~ rl in eth ce 1~. \Vith no streng th of hy(lroehloric 
acid did a change of colour take pl ace in the etheL The acid u p t(} 
28 per cent . Lli d no t extract an y pigments from the ether . 29 per 
CPnt. H Cl 1Yn s very slightl5· colourecl green. The r esult is excee d
ingly i.ntPresting (Table 2) . No Trihulus from the rnil\\"ay enclosnre 
nor from t he reserve (although some of the latt er wa1; 1Yilted), tin ted 
weak 8 per cent. acid; but half of the '"iltec1 Trilmlns which was 
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«ollected during outbreak,; of <1ikkop t inted i t fai n t blue green. lG 
per ce nt . llCl wa,; tinted blue green by all bu t on e of th e poisonou~ 
wilted plants and tinted greeu (a different shade) by twu pigments 
of wil ted not poisonous pbufa. 22 per cent. HCl took a blu e gree11 
pigment from all " ·ilte<1 plan ts . Some ext racts from fresh plants 
gave a colour to 22 per cent. H Cl , but th e shu<l e 'Yas a different green, 
t he same colour as was obtained with concenirated acid from all 
chlorophyll and which is due to phaeophytln . \Y i th 22 p er cent. 
HCl in several cases the ether could be completely extnicte<1. hei ng 
absolutely yellow from t h e carotinoids. 

Summarizing it can be said that there are certainl y cleavage 
product s of the chloroph.dl present in the \Yilted 'l'ribulus coll ected 
r1uring the outbreak;; of dikkop a rn1 the plant possesses in t his stage 
a constituent which brea ks dow11 the entire chlorophyll. 111 tlw 
isolation of chlorophyll , t hey cli11g to the pigmell t to th e nry last 
sta ge . Hun through the sugar column they cling· to chlorophyll h. 
Another means has still to h e found to separate th em. 

CoKTEKT OF CA HOTJNO 1 n s . 

l. ill et li od . 

Althollgh is \Ya s soon oln-ious that the i cterus of the dikk op " ·a:, 
due to bilirubi11 (Quin 1933, p. f)OC> ft.) a nd uot to a plant pigm e11 t, 
as first suggested , it '"as thought of in t(•rest t o kn o\Y \\·hat yellow 
pigments 11·e re present in 'l'ribulus, the more so as the c:arot in01d8 
:lre also built U]J by the isopren nHhcal, flnrl co nstitm~nb of isopre11 
(r e,; i11il' acid) may pl a~- an import ant rt>le in th e poisou pri1u·iple of 
Trihulns (Hirningtou and (.._luin ]9'.l[j b) . At t he time when it 'ms 
certain that no plan! pigment causes the icterus, the j)l'ese n t im·e~tiga · 
tion wa s alreath· far adYanced and certain result ,.; obtaine<1. The 
pigmrnts were., investigater1 q uantitatively a nd spectroscopieall~' 
:EithPr fr esh plant material or ('arefully air drie r1 kaYes 11·ere nserl 
for the isolation of t he y ellmY p igments . 

J ' irst \\' illstaetter arnl S toll' ;; method (1913 , p . 23 1 ft. ) " ·as 
used .·" The bi chromate stand:ncl ' nil; u sed und con1pared "·it h th e 
f:t anrlflrd of Azobenzol. A L eib: c-olorirneter \\·a,.; u,.;e rl, hu t i 11 ~piJ P 
of all preu1utions, t he ('Olours did not quite nrnfrh :ind the colour 
fil h~rn of the ('Olorim et er were too <1a rk to a llo\Y corn pa rn ble r e fl din g's 
in an_\· ot her colour tha11 ydl011". For no apparent r easo n the 
~1zob e 11zol i·eading's \YPJ'e too lO\Y. ln a pap er of Gui lherts ( l~J:l4) 
:i st:i udan1 for caroiinoids wa s described \Yhich agTee'rl ''"<'11 with th e 
\·alnes of t hP bichromate stanclanl , an<l which " ·as iu tint of colour 
exactly th e tint of the r·flrotene prepared from plant leaY e.". H 
con siste <l of ;i·OG grnm s of Xnrihtol yellmY S and 0·40 g·1,1111s of 
or:rng·e G. dis soh<"rl in ] litre of water as st oek so1uti011. Of th e 
;;t<wl; solution :) c .<·" · are <liJut ed to a lOOCI for thP stanrbnl. 'l'lw 
ra tio tabfos of th e hir·luorn ate standard co uld he used for this "tan t1arrl 
as well , for th e r·alcnlation of :s:anthophyll . As this starnhrcl prove<1 
to lle the best as colour match , in the hte1· \York is "·a s solel.\· u sed. 

* As for the chlorophyll cktormin ation t he method \\·ill not he described in 
full detail. th e original being close!~- follo1nKl. Only wh en a lt erations proved 
necessary or 11·hen difficu lties 11·ere ox pene ncecl , th ese nre full y desc rihcd . 
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Different extraction met ho<ls \Yere trie<l out during the inYesti
gation, especially '"hen only carotinoids and not t he chlorophy lls 
" ·ere u,;ed. Besides '\Vill;;taetter and Stoll' s method (1913) 
Zel'hmeiste1"" (1832 and 19~H) extraction and separation were used. 
As his table,; nre at times difficult to follow , the met hod will be more 
fully cles l'ribed. Th e main point w·i th Zeduneister · s m e tho cl is t he 
fir:>t extraction " ·hich is alternntiYely done with pet rolether boiling 
poiu t (i0-80°C . and me thy la lcohol. 10 (:l-ra111 s of air drie<l plant 
pmYcle1 \1·ere ,;lrnken in a ''"ide mouth ;;toppered bottle alternatively 
11·ith srnall qm111tities of the brn sohents anrl th e hrn soheuts being 
fi nalh uuite<l. The amount of akohol mu st he m ea,;ured carefulh· 
so that the water coHtent can be mflde up to 10 per ce nt. Th~e 
exh austiYe extrndion neNl ed generally mol'e soh·ent (GOO c. <"s.) thall 
\\-illstae tt er presnilws. It may be m entio11 ed here tlrn t in different 
presni ptio11s for t he ex tradion of 11lant material the am ount of 
soh ·eu t to be use cl Ya ries ;1 fe,y tho usancl per cent . EYe n one of tlu~ 
vVilbtaetter ptt>sniptions fo r fl large scale extra ction spea ks only of 
six litn•s sohent to 2 kg. of plaut nrnter ial ( 191='~ , p. IG) whilt! in 
t he ,;malle1· exhadio11 :l(l() c.cs . of solYeuts are 11 secl to 10 grams fresh 
plant material. To han~ au extraction as complete as posilihle, the 
nuthor lrn d ~• hrn>·" to use a fairly ln rge amo11nt of sohent. Th e 
c·om bine<l p etrolet her-methy lalcoh o li c extra ct (extract I) \Yas 
sep:natecl by a d<ling- the necessary "·ater to make the methylalcohol 
90 pn (·ent. Most of the chloroph>·ll went into tlie fraction of 
petrol et h Pr (I ) , the al ('ohol fra ction (I ) ~was repeatedly shaken with 
peholether (II ) \1·hil'h :iornetimes removed all the chlorophyll . All 
petrolether -extrachon as \rnll as all m ethanol fracti ons were united 
respedixely. At this stage the latter " ·ere often n ry cloudy but 
cl ea reel sometime,; on standing overnig-h t. Under t hese con di hons 
the xm1thophylls flrP i n the alcohol phase, and t he carotenes in t he 
benzine phase. If lypochroms or ly r,opin should be present, they 
1rnuld be in the benzine phase; it may be alrea dy stated here that 
none wa s found in th e leaves of Trilmlu s. 

The rnethylalcoholic fraction (1) is then saponifi ed in case there 
is ,,till some d1lorophyll present which can easily he controlled in t he 
spect roscope. In casp no or very little chloroph yll is present , only 
1-2 c .c. 2X KaOH is add ed; as plenty of flavones are present , the 
solu tion heeomes doucly ancl r eddish yellow. \Vhen more chlorophyll 
11·as presput, up to 20 c.c. K fl0H '"ere given. E x periPnce teaches 
Yery qui<"kb· h01-.- mu ch ha s to lw a<lrled so that th e brmnt phase 
appears irnmt><li at t> ly . T lw rnlution \\"Cl~ left to itself for nbout three 
hour,;. After thn•e hours the same amount of Wflier flS rn et ln·lflkohol 
is ad<led to the sanonified solution all<l theu t lw en111lsio;1 shakell 
with benzine. If chloroph_d l is present, it is h:vpophasic a nd stays 
back in the 1m•tln-hlcolrnl -"fl ter fraction II. H 110 chlorophyll is 
present, this fra ction TI is Yf'll(rn- or yellow-re<l from fl avones, so rn<~ 
of tl1em floc rnlating- out nt the' contact fmrfa ce bet,Yeen :1 lcohol fl lHl 
benzinf'. It prnved advisable to extract. the large hulk of t he meth:v l
alcohol b >-er II se \-Pral times ''"ith small amounts of benzine, till 
the latter r0rnained colourl es;:; :1ft er g·ood shaking. The methanol 
laYer TI certainly c:ontai11ed som P benzine in the emulsion, a good 
fl ~al of it clparecl and united with the benzine l ayer TI. All th ese 
benzine extractions were nnited to extrartion III , whi rh contained 
all the xanthoph:vll (in the sense of vVillstaetter aml Atoll 1913). 
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Th e peholether frachon l which contain s chlor oph yll aud caroi.ene o; 
is rnixed with an equal volume of 5 per cent. ethylalrnholic pohl,;h 
an <l kept for three hours at 40°C. An amount of water corresponding 
to ;(() per ce nt. of the alcoholic potash \nu; add ed t o separate the 
layers. 'l'he benzine layer i s repeatedl y :-;lrnken with 90 per ('eJd. 
methanol, 1111 til the latter remains colourles;;. It h appened Se \·eral 
tirnes thnt the benzine fraction I (lid not mix well \Yith th e potash 
aud conseqneut ly the saponification \Yas incomplete . }Iore potash 
was added aurl chlorophyll agaiu \nrnhed out. But after ~l few 
tentative hiab it 1rns fo und mueh ensier to re1nuve tl1e remainiug 
unsapo11ifi ed ('hlornphyll hy sh aking the be11ziu e frnction I \Yith 
some talc-11111 plus sorn e glmYed Ka 2 ~(\. 

T h e talcum immediately absorbe<l the chlorophyll and pnrP 
l' aroteu e so lution s \Y ere obtn ine<l. X anth op h,vll :11111 l'Hroten e 1Yere 
<;ompared 1Yith the napbtol yello1Y S sbn(1arc1 rl<·!,;nibed before . 

lu going through the liteiature, the method of Uuilhert (l9J4) 
wa;; encountered and conseq u ently tried out. At fo st it seeJlJecl 
rather drn sti c to u se boiling alkali in t he separation , a :i eYer:\· paper 
on carotenes conta in s a 11·arning that these pigments are e>:l'ee11iugly 
sensitive to heat. A s on the other hnnd the method see med Yery time 
saving , it \\·as \Yorth 1Yhile try ing out. After some experim.enting 
the method gave satisfactory result s, <liffering very little £10111 those 
obtninetl with \Villstaetter an<l Zeclnneister' s meth od. The 11rni11 
point-in all three methods-i s ihe 1·e ry thorough g-rin<lin g of tlw 
sample . 

vVillstaetter and Stoll's method (191;3) is describe<l w 11 ell, t hat 
scarcely any thing has to be added. 'fhe only point which at first 
offered some difficulties \Ya s the final r emoval of the xanthophyll to 
the eth er whe1·e it i s stated that water shoul<l be add e(l dowlv. 
The an!hor found it moi e s::ct i sfado r~· to add a Yery large quanti ty ~t 
onl'e. 'l'he xanthophyll separates immediately out into t h e ether, 
although some ether may lie alisorbed in the water. If the water 
was added slowly, emulsions occ111Te cl which 1rn r1 to be taken up 
several times \Yith ether. 

The quantity of th e carolinoids W<H ' <letermiJJ ed ia a Leitz colori
meter. As certain colours 11·ere observed in the freshh· collede(l 
plant, it seP tn ed ach-isable to cher:k the pigments in t he sr;·ectrnsf'ope. 
In the lite1ahue the bands of these pigments are mostly giY Pll for 
solution s of a lcohol, benr.ene, chloroform and carbondisulphide. The 
chrornntogrnm method (ZerhmeistPr Hl~4, p. 98 ff) 1rns u sed to sq1a·· 
rn t e the ca rotinoids. 

A_ ,, ab~o rbent , activated }IgO preµarecl fro111 Mg·(OH )2 " ·as trnPrl , 
as no rnitahle aluminiurnoxide coul<l he ohta i11 f' d (8tr:1in H .H. 
1933). The rli:fferent components of th e xanthop h:yll ,~·ere a<l sorlw<l 
generalh in four different lavers and the carotene coul cl be far 
eno ugh ~·emoved from the xantl;ophyll or could be fo r ced to pass the 
f'O imnn 11nadsorbecl, at \1·ill. The yellow pip;rn euts in the ether 
solution were fanned to dryness, taken up " ·ith benzen e, or a mixture 
(1: 1) of lw117.f'ne and petrol-ether. 'fhen the soh1tio11 i s run thrnugh 
the column . After the a rlrnrption column ha cl been sucked dry, it 
rould ea~il:v be removed from t h e glass tube with a rubber stopper 
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fixed on a glass rod. This devil' e wa ;; also usefu l in filling lhe 
column, but care had t o be ta ken t h at the s topper is les:s in diameter 
than the t ube so that in pulling ou t the slop per , 110 Ya l;U um occ;urs 
1Yhi1·h may break lhe co lctlll ll. 'fh t> c- ol u mn 11·as usua lh 10 cm . lon g , 
an<l ± 1 <;m. in diameter. . 

After th e column has been taken out of the t ube, the d iffe rent 
layer s are :sep arat ed (see r esult s) and elnte<l in the centrifuge. 
G enerally 2-;3 stirrings -.1·ith the eluting fiuid and cenlr ifugill g were 
enough . If th e pigments <11" 6 to be u sed for spectroscopic 1\·ork , 
eln te "·ith eth er and 1 per 1· ent. alcohol. For color imetric 11·ork 
elu t e 1Yith ether or petrolether . F or spectroscopic work the elution 
i,.; f anned <lown again and the pigment ta keu up wi t h the solveut 
in whi<:h the bands h a Ye to be m ea sured . Thi s takes only a few 
niinutPs. ,,\t, this stag e, fro m the m ore co11l'e11tn1terl ,.ol u tiom; 
crystals \Y ere obtained . . 

The fanning clo"·n 1Ya s done wit h an onli11ary electric fau t o 
1d1 ich a long funn el made of st iff llr ~mn paper wa s a tta ch ed , g ui<1ing 
the air· to the snrfaees of tb e ,;olu tion. 'l'he List traces of liquid 
a ft.e r fanuing r·onld easily lrn re mo ; e. l by p11tt i11µ: th e cr ystallising 
di sh into ;1 desi <· r·ator with Ca Cl2 • 

The absorption ha nrl s we1e studied in the 11~11n l 11·a y in t h e n e11· 
Zei::;s spect roscope, opt• ntn p: of thP slit ! (0 ·00 mm. ), thickn ess of 
lay t:T ]() mm. , ca rhon rli ,.; ulfic1e, he11 zin e nnd et h _y ln lcoh ol hei ng used 
as sol vents. 

2. R es ults. 

I. S pectros copicnl. Tal1le 4. 

A s th e concentration of th e y t> llO\Y pig m en ts Yariecl a lot in th e 
different p lants, the chromatogram did not all<m of distin g uishing 
a ll the banrl s in a ll ca::;es . But in tht~ t y pi<" a l "MgO column of fr esh 
or 1Yilted not poisonous Trihul11 ,; fiv e distinct ba11d ,.; (i11dudi11g 
carot en e) could he sce n. Iu the folhrn·in g the co11nting i s don f' from 
the bottom to th e top . Somet imes a fain t :rnllo''" han d pn~ced erl th r 
actm1l p ink band 1Yhich proYed to lw earotene (3. T h is fain t h.11Hl 
was too weak t o he st11diecl 11·it.h ce rtainty (< ~arnten8 a?). Hand 2 
(pink .Ye ll o \Y ) 1Y:1 s n •r;.· strong aml a fter e>lutin <:\' harl to be <liluted. 
It µ: aye th e usu a l absorption band i n r s" of 521 an<l 485 . ,-) (centres) 
an<l in beni ine 48:1 ·0 and 402, c; orresponrlin g to e:noten e y /J. Caro ten e 
1Ya s neYel o h f' en erl. 

T h e t hird band of elnoma tog ram , yellow pink , \Yas g en erally 
1·ery <lilute ancl shmn <l iu p e(rnleth er ab sorption band s ' '"ith centres 
a t 4:~5 anrl 458· 0 /J·· /l · 

'rh e fo urth hand \Y as the st r onged . It 11·as dark orange 1Tith a 
ring of lighter ye llow in front of it . Eluted a nd en porate <l down 
it fo rmed at tin1es g·oorl r n ·,;tn l f'. rlark rt> d brrl\nl , tli i c ki ~h prism ,; 
1v ith s'nllow-tai le cl end s , sparing-1_\" soluble in C8 2 • The ahsorption 
b;inds ha<l the follmving centres 44G ; 475· 4; 508·2. The h ;1 wl a t 
420 \Ya S not r1 et ectecl. This pig·m Pn t seem s to he Lutein . 

Ban<l 5, or ange r ed , 1rn s not present in all the preparation s. In 
No. l04G, however, it even forn1 e <1 crys tals , like fla t (plate-like) 
prisms. T he following· are th e r t> ntres of th e band in CS 2 : 450 · 0 
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(not too good); 4 78 · 7 ; 511·6. It is doubtful whether t his pigment 
c.;orresponcls 1.o any known xanthoph:vll , perhaps it is Zeaxanthiu. 

The six th ba1ul of the dll'o1natogram, greenish b ro\Yn-ora nge, 
c; howed very sharp hands in CS 2 • The ceu(res \Yere 440; 4(i7 · :-; ; and 
000·li (others 440 ; 470·6: 501·1). 'l'h e pigment (lid not crystallize . 
The Land s are those of Violaranthin. 

'l'he,, ., pigrne11ts \Yere obtained horn <tir dry material , a fe \1· 
mouth~ old. Ji :;eem s that in th e fr esh Trih ulus a ll normal ye llo''" 
p ig u1ents a1ul no unlrnO\nl pigments are present. l ·Vhen ,,·ilte<1 
Tribulu s c-ollectPcl clunug outh reak ,,; of dikkop \Yas Pxtradecl on th<' 
spot the 1 Psult 1rns cliffe1·ent. "Cnfoduuntely at that tim e the tech
nique of th e chroma togr am ''"as Jlot ye ! 1rorkecl out , aucl only spedro
scopic.; t est~ on ethe1 solution ('onlrl h e clon e. For the la~! four year" 
no <liH op outbreak ha s oc<'11ned in the Fauresmith (lisi:rict. Th e 
eth er ~o lu tion of the pois011011s 'l'rib11lu H \\as not yellow hut r e<1clish. 
It 1Ya s mad e quite sure (in the sped 1osc-ope) that no traces of un 
sa poni£rcl r-hloropI1 y ll " ·er e left which might give to th e r th er a 
redl1i,-h tini. The 11sual absorption Lancls of caroti noi cl s \Yer e found 
and then a Yery st.rong band exten<liug nearly to 550 fJ../L , from 
:1hout fl'2 0 µ.,v. A les;; dark ban <l " ·a s brtween 000 and 520 /J..f'. 

Their is no douht that there is a pigment in the " ·ill e<l poiHonous 
Trihulu~ ,,·l1 i r-h is not pre;;ent in the fr esh plant. But this pigm ent 
so r harade.ristic' in its rnlour and absorption hancls visible eYen to 
a la_,. rnan in the matter, is no t stable . vVhen the air dried plant i" 
extradecl a fe \Y weeks later, no tra ce can be found, but , and that 
i s the p ec·11liar point, a pig·rnent i s found in the chrornai.ogram ''"ltieh 
gi,·es tlit• ;1hsorptio11 ~pectrurn of Zeaxanthin , 

111 rs, with the centre of ahsOl'ption 520: 483; 450. 

lll C,H ,OH with the centre of absorption 483 ; 451 : 423. 

In pei rolether lon g nee<lles \Y er e obtained. In m ethy lalcohol 
lon g pri sms \\°ere obtain ed "·ith s1,·a llow tailed ends a n<l sharp 
ecl\res ("Pe 7.ech meister p. 292). Tf rnough poisonou s materinl c'om es 
to hand further i1westi!.ration s will ha·.-e to sho,,- " ·het h n th e clis
appearan("e of the lll~known pigment an d the appearance of 
7.eaxanthin is a similar c·ase to tha t <l escribecl hY H e ilbron an<l 
Phipern (Hl '.Vi) . A cconling to t h ese a11thors fucoxanthi11 can onl_v 
he isolnte<l from fresh plants. Ten <lays after the collec tion of the 
Algar 11'1 fuco:-.-anth in i s founcl, h11t zeax anthin appears, ns a pro<luct 
of recluct ion. '1'1 ihulus is :1 Yerv art in~ plant ''"ith a higl1 ox:y rrcluc
tiou pniPnhal (it nee(ls only t h e pre~ enc e of \\·ater to red11 ce ni t rates 
to nitritr;; in tlw pl:mt p owcler); thus th e red nc:tion of t h e 11 11k now 11 
carotinoicl to zeaxanthin cloes not seem for fetched , li ut a ver.1· l ikrlY 
occun e n.c e. Tn normal hPsh or ~lightly \Tiliecl Tribulus zeaxa uthin 
\Y a s neYer found. Zeaxanthin i~ cer tainly not a u sual produ ct in 
t he p lant leaYPS fZechmeister 1!) :)4 , p. 184 ff. ) . It cannot be 
accepted that tlw fpw Trilrnlns c.ollect.rd during outhreaks of dikkop 
were Psp eeially badly treated (on th e rontrar5-, t hey were chrri shecl ) : 
so th:d <1 cl e1·011qJOsition product OC'n1rred. Zeaxantliin i s certain ly 
a pw;t -mortern product in thi s partic·ulnr raFe, h11t \You lcl a l so a ppear 
uncler the hrst conclitiom; of dn·irnr . Here a further ohservat-inn has 
to he stn r te<l, ,~-hen materi :cil (a.nd Joh; of material) is ava i lahle . 
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In this connection l,ipp11wa ' s (19:25) \York on rhorl.oxaut h in ha s 
to be mentioned , as t his pig lll en t :,;hows a stro11 g absorp tion lrnnrl 
heh,·een 615-535 p. .p. ., ' '" h i1e t he ot her three ah;;or p t iou ba n ds (b rn 
in the red and yello\\· pa1t. of th e spectrum) a re m uch \Yeaker. 
A ec· ording to L ipprn aa rhodoxanthin occurs in the most rlifieren( 
famili es un der <lefini te exterior au<l in terior con<l i t ious, :-; ueh as 
strong illumination , dro ught , i1len ty of s11gar instea d of starc h, et c. 
All t hese c;onditi on s •rnuld be ±ulfillecl i n t he case of wiltf' rl Tri bulus, 
as during ,1-ilting sta r ch is hydrolysed to s11 gar (Il j in 1922), h ut tht> 
absorption hand in red and :v ellmv \1·as n ever obser ve cl . This ,,-011lrl 
exdade ri ght a n·ay Lippmaa's pigme11t , i f K u hn an d Brockma nn 
do not give rli tI.~ ren t band ~ for t he sam e pigment. Their bands in 
ethylakoh ol anrl eth er ngree Ju ueh bet t er \vi th tlw ones seen by th e 
author i11 the sped1os c:opt~. Thus tlu•re i c; n likelihood th ~it th e un
kno\\·n pig me11t may be r hodox anth i 11 . 

II . Qmrn t ltat i re S t1lll y of tlt r Cm ot in olrl s. Ta ble 5. 

In their classica l i nvestig ation ·wilbtaetter a11rl S toll (191J , 
p. 111 ff .) stat e that under nonu a l eonclition s i n green leaves t h e 
r atio of g reen t o yello-.,· p igm ents sh ows hut small :fluctuations, bein g 
about 3-G . For very young ancl Autu mn leaYes thi s ratio is diff c' r en t 
(vVillst aetter and Stoll ] 9FJ , p . 626) " -h en the a mmrnt of .Y ellmY 
pigm ents is relatively lu rge r . 

The qu estion ari , es as t o tht' r a( io of t he pi g- rn em s i n t h e inves
tiga te d 'l'i·ilrn lu s. A pr iori i t ma y be said , t ha t on ly i 11 a fe1Y case~ 
r:an the plaut inves tigated he reg arrl ed as in a nonua l st. <1 le ; geu era lly 
they are \i·ilted . I { rl esicca tio n affect th e rat io, d ifferen ces h a n ' to 
he expectell. I11 Table 0 the t ot al chlo1oph~-ll conten t , the per
centage anrl the rntio of th e yellmv pigrn en ts are giYen. l n a special 
-:olmllu th e co ndi t ion of t he plan t (fres h, wilted , rn llPdf'd 
du r ing out.breaks of rlikkop) is nw r kerl. T a ble 5 s h O \\"S beyon d rlou bt 
th a t· und er ihe g iYen circumstances the rati o of th e green to th e 
yello1v pigment ~ i ,.; ll O f- eonaiant, v:nying as a rn at ter of fa d from 
8-GG . 

At fi rst sight it mi g·ht be t h ought th at th e extraction "·a~ i11-
compl<~t e , hu t t he a1rn lysr :; " ·er e rer:ea ted "lvi t h th reP d iftnen t 
methods (see above) and t he Yalu es obi ai ned showed ve 1·y sm all 
di:ffen•nces . 'l' h e g rea t eo;t ca re \\ as of cour;;e ta ken to extract as 
eo rn p letdy as poc;si ble. Ot h t> r p l an t s "Iv e> re tested an cl gave lmYe r 
fig·u res (b ut al so higher than vVillstaetter and Stoll 's ) , hut wilted 
plants al 'vay s gave high ra t ios. 

A closer inspection of T a hle f> cer ta in l ,v reYeal s th c fad t hat ihP 
con tent of ca roti11 oid s i ~ ver y low inrl eed . A f ter \1·l1a i h as heen said 
abon t the destru ction of chlo roph yll in t h e wilted plant , it i ~ not 
trn r pri sing tha t in Yery badly wilted plan ts the rnti o of green t o 
yello"' pi gment is r elat.iYely low , as apparently ch loroph _dl a11d 
carot inoicl ci h ave been destroyed. T h en t h ere see ms to be a gi-o np 
of pbnts '"hich sti ll haYe their normal ehloroph >·ll conte nt , bnt i n 
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whil:h a lot of y ello\1· pigments haYe been des troyed ; t h ey sho1Y the 
widest ratios . 'l'here are also a fe11· fresh plants \\·ith ratios between 
10 and 20 , which seem to have a fa irly normal l:ontent of yellow 
pigments m1 d (' hlmophy 11 . 

S ummarizing t he 'l'a ble i t seem,; that eYen in the fre;; h plant 
the 1atio is wider t han in B u10pe, aud that in \1·ilting Ol' even i11-

cipiPnt dr;yin g " ·hich is n ot :yet obYiou ::; lo the eye, l:arotinoid" 
(especially :xanthopltyll) ar e destroyed hP±ore a destruction of chloro
phyll tak es pl:tt·e , a nd h ence tlw hi gh ralio : t h en 1Yh en t he p lant is 
badly 1Yilted l:hlorophyll a nd fur thPr ca rotiuoid,,; are destro_y pd and 
s nrnller rnlios are ;1gai.n obtained. F 1ow the iwrcentage figures it 
see ms that espel:iall y xanthophyll is dp,;froyed. Vv' hat ad ually 
happens to the pi g ment , one can only speculate. It is possible tha t 
isopn'll resh are freed and used to build up some other terp enes. 

Oue point has to be str esse<l. 'l'he destruction o { t h e pigrn euts 
in Trilrnlus is Yery unlike t he autumna l rlestru('tion of plant pig
men L:; in Europe, .,-,·hen generally fir:>t c hloroph yll and its enzym e 
are <l estrnyed, and then only the yellmY pig ments . H ere just the 
opposite takes plaee . 'l'he only Rirnilarity i:; tha t. in both cases a 
lot of 'rnter w luhle y ello"· pig1mmt" oc cur (flaYones according to 
positiYe r eaction \\·ith causti<· alcoh ol) . 'l'hP differen('P in both pro 
cesses ma y be <lue to the lack of moisture in t he 801ith African 
climate. 

J\ TT TL \TE A1\D :::'\1T1UTE Co~TEXT OT:' Turnnxs TE1:nlFsT11r s. 

( TABLE G.) 

T r i Im 7'11 s t c~n'ps f ris i ,; certainly a nitrate plant. 'l'a ble G g n ·es 
t l1 e accumulated da ta in thi s r espect-. It ha s to lJe emphn ;;iz e<l t ha t 
the amount s obtained in any m ateri al (' ollected in Faure~mith \Y ere 
mu ch ;;rn a ller than those obtained iu the sUITou11<lings of Pretoria 
by Riming-ton using' th e same method IStroml Hl20f As soon us 
the plan fa \Yere immerse rl in \Yater. nitrite a ppeared, t h ese amounts 
also be ing sm aller than those of P retmi a plants, the latte1· p robalilY 
du e to thP fad that at Fauresrnith the plants \Ye l'e carriP<l in to the 
la boratory nnd immediately 1Yorkecl up or put into " ·ater i n th e 
veld , on t he " ·hol P m01·p in their n ahual condition ' '"ith no t im e 
lost to all(rn· for ehemical chang·es. The 101Yer nitrate l'ontent i:; 
due to th e poYerty of F a11resmith soil in nitro'.("eu. )fost Fa11resmith 
pasture pbnh;, except when very >·oung are ra t her poor "in prntein. 

In spite of the nitrite contPnt of the Tribulus, thi s radical is 
certaiuly not th e ca use of any poisonous quality of the plant, as ou r 
Resene pl ants \Yhi ch were neYPl' p oiso nous to stol' k , alwa>·s show ed 
pos itiYe r eaction to Griess' nitrous al'icl r pagf'nt. (Trea (hY Pll IT 
1924, p. =~ 06.) 

CONTENT OF CALCIUM .·\ X D PHOSPHORCS. 

l n grazing experirn en ts on t he Reserve in 1932 T rilml1is 
t e-u estris rnoved to be an excellent fodder pla nt , in spite of the poor 
aurl wilted appeara nce : two sh eep grazing fo r two m onth s on a 
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half-morgen plot with nothing else but Tribulns in it increased 10 
and 14 lb. Some determinations of phosphorus were clone on Tribuhrn 
collected from different plac:es. The phosphorus is very high as the 
followi ug figures s hmv : ~ 

No. Date. Place \Vherc Collected. 
Percentage 

P 20 5 on Dry 
]\fatter. 

1221 1/ 12/ 34 Railway enclosure near Reserve .... . .. . .. . . . . 0·68 

1232 28/ 12/ 34 Ventersvlei- Fauresmith District .......... . . . . 0·91 

1240 25/ l / :3i5 Ra,ilway enclosure near Reserve .... . .. . . . . . . . 0·60 

The calcium content of all the samples investigatec1 was very 
high. 

i 
No . Date. 

1219 19/ 11 / 34 
1221 1/ 1:2 / 34 
1240 2."> / 1/ 35 
1220 29 / ll ; :w 
12:17 22 / 1/ 3;) 

1238 :22 / 1/ :{;) 
123'.J :2:2 / 1 j:{;) 
1241 28 / l / :{f) 
1242 28 / l / 35 
1245 28/ I / il5 
1243 :28 / 1/ 35 
1244 28 / 1/ 35 
12.50 :2U ll3f> 

1:2;) 1 :21 / lj:35 
12;}:2 21 / l / 3fi 

P lace Where Collected. 

Railway enclosure near R.escrvc 
Rai lway enclosure near Reserve 
Railway enclosure near Reserve 
Reserve .... . . . ......... ....... 
Onbckcnd, :\liddelburg District . 

Onbekend, :\1.iddel burg Dist rict. 
Onuekend, :\lidclelburg District. 
Itiet River ...... . ..... . 
Dassicspoort near R,iver. 
Dassiespoort near River .. . ..... 
Dassi espoort Garden ....... . .. . 
Dassicspoort Garden . . ...... . . 
Victoria West " A" . . ... 

Victoria West " B " . . . . .. . .... 
Victoria \\' est .. c " ... . ... . ... 

J Cao. j MgO. I 

:J-69 l C;) I 

3·78 I · C8 
4.4.;; 
:l·06 O·!JO 
2 · ,).) C pright, aft er dikkop 

outbreak. 
3 · :w Prost rate . 
3 · :!6 Prostrate . 
4 · 03 Prost rate. 
4·06 Upright. 
4 · ;)2 Prost rat e. 
:3 · ;)7 Upright . 
il · 11 Prost rate. 
8 · ii9 Wilted, collected du-

:l ·27 
:J·78 

ring dikkop out
break. 

The magnesimn content of the plants, clone only on a few 
samples, "-as -§-± of the calcium content. No relation can be seen 
between habitat and calcium content . The ratio of calcium content 
to magnesium is very g·ood . From the point of vie'Y of phosphorus 
it can he understood that Tribulus terrestris is excellent food. 

CoNTENT OF OxAL\TE IN TRIBULU S. 

As already pointed out in the anatomical description, Tn'lmlus 
tenestr£s contains in its leaves a layer of cells with calcium oxa late. 
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Tl1 P ox able 11·a ,; deterrnin ell ma crochernically (Ifa ,1 k Hl27 , p . 799 ), 
ancl ihe calciu111 oxala( e ;1lso 111icroche1iiically (Tunrn a nu l 9l:l , p. 
141) . 

--- cc__-_- --=--- --- --=--- -.-- ===--- --- - - - -_-_-_ --- -

.\i n . Date . Ha bitat . Pen ·t·ntag"(' 
(COO), 

8 1:; :l 1 / l0 j:l2 i Ti eti<·srmn 0 78 U pright. wil ted. 
co llected dur·ing 
dikko p outbrcuk. 

10-1·:!. 
1:220 
121!1 
l:U I 
12:;;1 
1:241) 
U:>.8 
u:n 
J:Z-1.:!. 
1:22(i 
12:!7 
U:H 

12:) I 
1232 
U33 
124[ 
1237 
1238 
123!) 

:!.H I I / :l:) 
2!1/ 11 j:!4 
1!1 / llj:l4 

1/ 1:!.j:l4 
28/ l2 j:l4 
:!. :i / J j:! ;) 
28/ 12/:{4 
:!.8/ 12/:M 
28/ J / :\;) 
:!.8/ 12/:!4 
28/ l:!. /:1 4 
:!.8/ 12 / :H 

28/ 12 / :H 
:!.8/ l :!. j:l4 
:!.8/ U / 34 
28/ 1/ 35 
:!:!. / 1/ 35 
22/ l / :l5 
2:>. / l j:l.5 

\' eld l{,csc rve . 
\ 'c ld l{csc n ·p . 
){rtilwa .. . v erH· losure Fa11r.::.·sm irli . 
l{n,i lm11· enclosu re' F a urcsrn ith. 
Ra.ilwa)r enclosure Faurcs rni1 h . . .. 
!{,a ilw;t,v en<"l osun· F c-iuresrni th. 
J{iet ri,·pr lmnk. lhts,; icspoort . 
l{,iet ri ver h:cnk. IJass iPspoor·t . 
Hi ct ri H•r ban!;. Da se- ies poort. 
I hcss ies poor·L Yard . 
llass ies poort Ya rd. 
I )ass iespoort Ga rd en ...... .. . . 

l\ oksfonte in. on lime stone . 
Ventcrs vlci. 
l{,iet l{i ,·e r Bridge .... 
ltiet Jti ve r Brid<rc• 
Onbekcnd. \ lidd~ l burg 
Onbekcnd , \[iddc lburg 
Onbckcnd . Vlidde lhurg 

Distri ct . 
Distri ct .. 
Dist rict .. 

() ·8'l 
l 2!J 
O· fi :l 
O· :!. l 
] 14 
I I l 
I · :!.;"i 

o :n 
.;32 
·01 

0 :>. !) 
0 09 

0 47 
0 ·!):? 
0 ·83 
1 · I l 
0 D± 
l ·n 
0 ·76 

Dn· 
Sp ; ·i ·ndin ,~. 
\ 'en· spread . 
S pn ~ading . 
Spn:adill g . 
S prPadin ". fres h . 
U 1wight . l 'res h. 
Spreading. 
Sprcadi11g. 
T'pr·ight . 
Spreading. \·e n · 

mu ch. Fre.sh 
a.s 1221 . 

U prig ht . 
1\ lore spreading . 
Lit tl e spreading. 
Spreading . 
l:pright . 
Prostrate . 
Fresh . spread ing . 

The alwve table sho1Ys the amount of oxalic· a <: id. lt vari <>'i a 
g ootl deal. For ab,;ol ute ly fre sh pLrnb it is Yery sm;tll (1221; 12:)4); 
on the other hand j( may LP low for upright fnrm H c12:n , 1229 , 1227) . 
~o r e lntio11 lwhYeP1t poiso i1 ous qn; tl itit·s of th e Trihulns ancl it s 
ox;1laLP con( e11t co 11ld he cl ete d ed. It mirnt , lto11·eYPI", not b e for
g·olten !ha! t h e nx :tli c :11,id if 110 t Lo11ncl to a rn i nenil rn:1y a ( ti111 es 
ta(' kl e the e·.hlorophyll whe n throug h e.'\lPr11al <:onrli!ion s !h e pen11 c- 
ahility of th e (' ells is nlt e1P<l. 

Fl1 1<:Y-WYSSLTNG , A. (HJ:J ;)) . Die• S to ff:111 ss('l1 e id11n g d e r lii:ilH•rc·n l ' fla n,.e 11 
llPrl i n. S pr inge r. 

CUILH l•:HT , H. R . (19:~). Dete rminat ion of 0a,rotenc ns a nwan s of 
estima t ing t he 1· it am in a va lut• of fora ge >. . .J. 11u ly ti col ed it iu11, l 11 d us fr i11 l 
011d J•;n11in eeri111r i 'hrmis try, \ ' ol. G p. -Vi2 ff. 

HA WK. PH ILTP n. AKD HERGHE IM, OL~.\F. (1927). Pra ct ienl P hy s io log icn l 
C'lremis try. Loudon. Churchill. 

HELLH llO:\. !SIDOTI l\IOlnns ,\'.\'D PHT.PEH S RICIL\HD FfL\.N CIS . (l9:fo1 . 
Tli e Alg a e . 1. Th e lipoc b 1· 0 111e' of Fucus Yes icul os us. Jliorh e111 irnl 
J o11n111l 29 / G, p. J:3f i9. 
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l'aoTocoL oF CnLmcornYr.L EX· ' 'J'1uBuL1·s TERRES TH rs, Xo. J2,:d , 
l'ootn.JIE, -"10T 1'11Cll \\"lLTED. 25 / 2 / 19:35. 

Slit o f "Jl edr·o t> cupc• ~: da.digh t, clt>pth of Li.\-PI' 1:2 n1.111. 'J'lw 
d1lorophyll \Ya s prepared of r10-gr;in1 1lry Jilanb, lrnt t lH' ll (lilui ed 
:iboul l,000 ti nw s . J<'or ('t•rtain hands a fl!ltlw1 di lution \\a ,; 11e('es
sarv . Chlorophyll (11) ;rnd (71) \\·e re "' ']J;tn.d ed h \· a ch ronJ;Jtog-rnrn 
of talcnm a nd a r:tiv;1ted i('ing sug·ar. 

Uh lornp h_v ll (11 ) gan· ;J d i,;t in ct ah .-mrptio n h;rnd,.;. [11 dl1n. 
No. l the lo,\·est , Xo. J t h e h ig· hpst· in tl1r" r· l1 rn1n;dr>,g-ra111. 'l'he 
rliffe r· c ll t ahw1ptio11 hanc1s g·;1vP d iffo1,-•nt absorp h on hands \\· h il'i1 all 
eo r:responrle<l very \\·e ll with vVi lls t<.witer'" ha11rl.s . 

lla11r1 centres. 

~o. l. E n d absorption 4T2S ;111il 7200. 
Bauds Moo: 4:32s: r;G4G: r;GOO -ti702. 

N"o. 2. ,-J%0; r181lO; GltiS; -tti -UJ; -~ :nu; (ifiOU ;-ti710. _jfore dilute 
5100 (faint) G200 . 

.No. :1. ,)'.):)(); !1 JO() ; ;) 720 (g·ootl ) ; (ii:l0. 
G"J71-t;mFi mo r e cliluteil ;. en rl uhsoqition -t:m1 ;tnd (;8()() 
faint ha nd 4')50. 

Chlorophyll (li) in he nzeu e . 
fJ'.\iJ() ( LJ;J 11 d ( j, \H'<I J; p,.;j- b;l 11 d) ; ;):\.f;-) ; ;J ( ;4 :) -;:);'~(i] ( klll iJ ,-) ) . 

Further rlihit ed (iFJ4 (ha11il :I): 4782 (ban d 4 ) : 41)6!1 (b n<l 
8); 6G28 ( hand 1) . 
'J'be l1;u1cL lwl o\\· 4f;()() l·oulcl not he ~P en \n•l l . 

The h a nd numbers in hrar·kets are t he nu mbers of \\~ ill
s laetter. 

The obsPrYed inten~ity order i:s Bel. G: Bel. 5 ; B el . '.3: Brl. 4 ; 
Bel. 8; B(l. l. 

08fi 
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