
Onrlersti'J! Oort J ounwl of l ~eterin(lry Science anrl cl11imal 
lndustr.lJ , rol1l7n e 7, .\'1/mbe?· 1, l1d].j, 19=~n . 

Studies on the Photosensitisation of Animals 
in South Africa. 

IX. The Bile Flow of the Merino Sheep under 
Various Conditions. 

By J. I. QUIJ'\, Section of Physiology, Onderstepoort. 

I::STRODUCTJ ox. 

lx a serie~ of articles (1933, 19:34, 19:15) which appearP<l uncler the­
aboYe general t itle, Yarious experimen to; were desnibed in which the 
main obj ect was t he elucidation of the " geeldipkop " problem in 
South Africa. From the resu lts ohtainecl one was forced to the con­
elusion that in the symptom complex of this disease hnl c1 istinct 
factm s had to be c:onsiderecl. Firstly there was the seYere generalised 
jau ll<1ice and secondly the acute photosensi tis a tiou of uu pigmen tecl 
an imals leadin g to necrosis <:Ul<l su bsequent deformity of the fac-ial 
skin . In consideri ng th e problem from different aspect:;, it \Ya;; at 
one time iltought possible that the one symptom could lw the direct 
c·au,;e of the other. Thus it was thought that some normal biliary 
constit uents, e.g. the bile pigment~ them~eht>~ when pre.-;ent in exce,;­
siYe ::unoun t::; in the gent>ral circulatiou , r-oulcl under certain cireum­
stances giYe r ise to photosensiti~ation. AlternatiY<'ly is " ·a,; thought. 
Jlossillle that. photosensitisi ng pr inciples prest>nt in the plant Tribnlns 
or elabo rated in the animal -body a fter ingestion of the plant, mig·ht 
lw th e < ~ aust> not onl)· of a primar~· photosensitisatiou but- also of a 
~ecouclary jaunclice throug-h some derangement of t he normal hYer 
fun ct ion . ITmYeYer, HUlllt>rous experiments conrluch'rl in ihi;; li ght 
haYe fa iled to IJrO\·e-

(1) that any photosensitising princ:iple may in itself he the 
ranse of jau ndic:e, and 

(2) t hat normal bile or an~~ of its con,;htuent;; wheu Jn·espnt in 
exc.:essive amounts iu the <"in·ulation coulcl ;riYe ri;;P to 
symp toms of photosensitisation . 

) Ioreo\-er as fa r as coulcl he ascertain eel hom the nuren t l ilenttun), 
no conditions are recordecl in wh ich these hl·o s)·m ptoms haYP a ny 
bear ing on eaeh other. 
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vYith regard to the photosensiti, iug- factor in g eelc1ikkop , R imi n g ­
ton awl (~ uin (l~n4) '"e1·e able to sh mY t hat t he plant porphyr in. 
phylloerytlni n 'ms directly responsible for t he sym pt oms of li ght 
sensi ti\· jt_,-_ It i~ form ed in th e (ligesti-,·e U1 H ul of m any an im als 
feed ing· on chlorophyll r ontaining materi als , an d aft-er it:s .absorpti on 
into t he pod nl c·ircula tion is nornta ll)- excn~ted hY t he l iwr in the h ilA 
and thus passed out wi th t he fa eces . Shoulrl tlw excretory function 
of the En•r he rlerange(l. so that i ncreased amou nts of bil e ancl thus 
al..;;o of p h_dloe1·ythrin ,ar e present in t he circulation , symptom ,.; nf 
vhotosensi t i:'ation ma.\· appear at an .\· m oment , p rm-icl ed the animals 
han~ uup ign1ented s k in ~ and are exposed to sunlight. (see arti l"l e G of 
t his ser ies ). Fmt hermm·e, injections of phylloeryt h rin in to h e::.tlth_\· 
sh eep pro\·oke acute phot osensit isahon w ithout any signR of JUU nrlice . 
thus adiup: in th e same ''"ay as other photosensi t iso r,; ,;u ch n~ 
haemntoporph,\Tin. certain fiuOl'escent d)·es, and h_Yperi ci n (Quin 
19T-~ . 1!):34) . One "·as thus for eed to conchule th at th e primary (lis­
turbance i n g eeldikkop causerl by T r ibulus m by Ya rious other plan ts 
responsible for this peculiar symptoms com plex , cons i,;t ecl in som e 
derangem ent in the normal bile fl o1Y f rom t he liYer '"hereas t lH~ 
photosensiti sntion was of a sec-onrlary an rl purely fl(· r idental nature . 

The main problem t her efore resolwcl itself into attempt s at 
eluei clating t he icterogenesis cm1sed b:,· Tribulus and other material:; 
showing a ~imilar effect. It rnust h o" ·e-..-er be admitted t hat so far 
all attempts ha 1·e failec1 in clemonstrating an icterogeni c vrinciple in 
these plant materiaL e-xcept in the case of certain species of L ippia 
and to "·hich referen ce " ·i ll be marle la t er on . In 'l'rihulus for 
example t his fa ctor must be of an extr em ely labile ch arac·t er seeing 
that t he pbnt may be harmless at one mom ent and clecirl eCllv 
dang-erous soon a fterwan ls . 

Furthermore the li-..-er in geeldikkop cases shmn; -..-ery little 
morphological change mieroscopically exeept for t he bile sta in m g . 
Hence the disturban ce appears to he largel.\' functional in that it is 
not regnlarl.\· accompani ed h.'' any of the " ·elllmmYn st ructmal alten1,­
tion~ 

Jn Yie11· of th ese di tfi eulties in explaining the action of Tribulu s 
{Jll the liYer it was deci ded to make a closer study of th e norm al bile 
flo\,. in :Jier ino sh eep and to ascertain hmY thi~ wa s influenced bv 
different factors. As can he gatherer1 from t he large Yolum e of 
literatnre p ublished, studies on the bile excretory fu nction of the 
liver haYe commanded the at t ention of many workers in different 
partR of t he " ·orld. Kot only ean bile be 1·eg-a ~· clecl .as oue of th e most 
peeuliar excr etions of the hocl _,- but throug-h a Yariety of ea uses (som e 
kn o11·n and others unknown) liYer der angem ent m ay lead to defin ite 
;:;ympi oms of \Yhic:h j au ndice is perh ap~ t h e mos t: strikin g . 

In a comprehensin article by Rich (UJaO) it is pointed ou t t h at 
the deYelopment or non-development of jaundice depen ds on the 
balance struck between the amount of bilirub in deliYer ed to the liYer 
and the capac-ity of the liYer to excr ete it. Thus " ·ith a normally 
functioning li ver , ex cessiYe am.ounts of bile pigments are r eadily 
eliminate<] wh er eas under <:er ta i n circumstances g r eat diffi r ult)' may 
he experi enc-ecl in the exr etion eYen of sm all am ou nts of bile . The 
vroblem :=; of li-..-er der angem ent are f urther complicated by th e fa ct 
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that no strict r ela tionship seems io e:si;;t hehYeen the type ancl extent 
of liver damage and th e degree of j aun clice deYeloped . T hus it. is 
pe('uliar that in many cases of se1·ere fatt~· elwnges of t h e liYer or in 
extensi 1·e r inhosis the iden1s may be only Yery sligh t or compl etely 
abseut. On t h e oth er h and .as po iutecl out preYiously , the l iYer in 
geeldikkop m ay sho11' practically n o mm·phologiral ch ange a n <l yet the 
ictents ma~· llP m ost inlPnse . 

ln sl ull ,,·ing the b ile pxn etion , 1·eg-ular e:samimllion of the hlood 
SPl'lllll is gPu erall~· r eganlecl as of t h e grPatest impOl'tan ce Rin('e 
H ymans 1·an cl en Bergh has clem on c;tratecl that not on l.,. can the hile 
pi gments he determined q u:mt i tat j ,·p]~· bu t abo t he t:qJe of jauncl ic<> 
c:::m be aseertaiuecl b.\· t1w cl ia:r.o rPadim1. B P.1·ers (J92:l), in hi s mon o­
g raph on urobiliunria ancl iden1 1> iu h erhiYoro us an imals, giYeii a 
cletaile(l accouut of t lwse ('Oll<litions in the YaJ·iou:; SJJE'C'ies. 1t is 
pointell Oll t that whereu.~ a ph.\·siolog ical hilirubiuaemia is prP"etLt 
in th e h orse, no h ile }Jigm PJL b a re nonn ally foun(l in the l1lood serum 
of aclult boY in es, shee p, goats, 11i gs and dogs . The .Sf'nlm of the 
h orse, \\·h ieh is no rmally o1 a yello11· rolou 1', con tai ns l-2 un i ts of 
l1ilirubin , \\·h ereas in t h e oth er s pPcie,.; t he .~erum is u::;ually \Yater 
d ear or onl.\· slig htly tin ged . 

'l'h is i ncli('a tes t hat t he equin e li 1·er h ·pa ts hi l i rn l1iu as a substan ce 
" ·i th a rlefinit e threshold Yalu e, 11·h ereas in most of t h e other species 
i t a ppears to he exnetecl as fns t as it aniYe;; in th P l iYf'l' . i .P. treated 
a R a non-tlneshol rl body. 

ExPEltDIE:\'TAL P ROCJ,DCilE . 

1. Th e JJlood 8enun in TL ealth y 8 l1 eep . 
Clinical i a uncl ice is usually first cl etectPrl by the yellcnY eli s­

coloration of the visibl e mucous memln·an e snC'h as the ('0njun<.:h1·a 
an(l scler a of the eye ba ll :mel the gums . H is well-knoiYU , ho"·eyer, 
th at t his discolor ation oul.1· appeartl " ·h en excessi 1·e amouu t;; of hile 
pigments h ave b een ('irculating through the tissues for some time , 
11· h ile progrestli Ye a h~orphon of 11 i gm ent takes pla <.:e. I n tissues 
richly supplied by blood even a fairly ,;eyere <legwe of jaundice may 
he m asked by th e haem oglobin. In order t h erefore to cletect a jauu­
rli ee in t he early stages, or alternatiYel .' · to ascertai n i.he efficac·y with 
wh i(·h the liver is exeretin g bile , it is essen t ia l t o examine t he bloocl 
senun for the pre~enee of these pigment,.; . This pnwecl ure has bePll 
a cloptecl throughout . E xpe1·im ental auim ab were 1·egnlady blP<l hom 
th e ju g ular Yein .au(l 10 c· .c . citra led h loocl centri fug-ecl at high speed . 
T he supernatan t pl asm a '"as clra"·n off into separate test tubes ot 
un iform bore. 'l'hereaHer t h e colour \Yas deseribell as abo its dPpth , 
an(l th e Y. (1. B ergh reaction c:nTi ecl out where n eC'e,;sar~· . In all 
c;ases wh ere i·h e p lasm a was water der.r or ]Jraeti('all,v so, and t he 
\". cl. B ergh J·eaction n egntiYe, t his " ·as reg ardecl a s indi cating a f r ee 
anrl effi C' ie11t b ile ex(' retion from l11e liYel'. 

I n mcl er to t e,; t ou t th e aboYe poin t, 126 cliuieally health y 
Merin o sh eep (ranging from 2-4 tooth in age) 11·ere bled a nd t he 
plasm a examin ecl. T he follm1·ing r esults \\·ere ohtninecl: -

20 \Ya ter d ear .an d Y. d. Bergh n egatiYe. 
100 1· e r~· sligh t yPllOIYish trnc·e , Y. d . Bergh u eg atin. 

G clentLitely y ell o\Y- clired Y. cl . BPrg h pos iti Ye. 
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'l'h is incl icateH tha t by far the greatest majord y of these an imals 
~how a clear or ]Jr nctically clear blood senm1 hee h om bile p igments 
IYhile a ·mall minority may be afted ed by a sluggi,;h b ile excrei ion as 
s ho\Yll by t he colour of Lhe p lasma and t he presence of pigments. The 
healthy .Mer ino shee1J may t hus be looked upon as an anim al ,,·ith a 
ver·y efficien t b ile excr etion an d in \Yhich a physiological 
hiliTuhinaemia is n ot the ru le . 1-tegular exa mina t ion of th e blood 
t>ermn t herefore Sf'JTes as an inrl ex of t he bile flo ,,·. 

2. B i le P low W> ·t ecu nled /ru m Hilwr.lJ i"is tu l11 r. 

In a rticle 6 o£ thi ,; ser ies t he re, ults of experi menta l ligation of 
t he extra-h epatic bile tracts in o;heeJJ ~·en .. 1·econ lecl . I n order to gain 
n more precise insight in to the amounts ol bile excTeted OYer g iYen 
per io1ls, a further series of experilll en ts ,,·rre unclertaken . l<'or this 
pu Tpo;-;e you ng :'.I erino ·heep (2-4 tooth old) tmcl iu good condition 
11·ere ,;elected. A Her a prelimi na r,v ,; la t' l·n tioll of 24-36 hours u 
Lav:natomy was per form ed in the right :fla nk un tle1· gener al anaesth esia 
us ing d lloTal h_r1h ate in haYenously . T he 1·ommorJ bile dud \\'as th e rt 
doub le 1 igatecl IYit h t b in s il k and .-w1·ered lH .. tweetl 1 ht> ligattn es . A 11 
K-inch l fmgth of f aidy sl ift rubbe l' t ubing (bore 4 Ul.lU . ) into one end 
of ''"h i1 ·h a short funnel shaped glnss tube ha1l been inseTterl , 11·as 
used as a cannula fm the gall bladder. .\ ,.;mall incision IY as macl r 
t. liroug h t he h ee end of th e blarlcler and the fia1 rg <·t1 eml of lhe tubt> 
t. ied into th e bladder h .r 111 ea n,; of a ]JUrse string sLilul'e, t he other ellll 
of i.he t ube being \Yithdra \YU to t h e exteri or throug h a ;;tab wound 
dose to t hP lapar.atomy . I) ne to th e faidy loll g gall hla1lder i n tllP 
sheep it l'onlcl as a r ule he drawn up close to the slab \Y01.lll cl . The 
laparato my \Y01.m rl wa s subsequently closecl " ·ith th e u sual three> 
layen-; of sut ·ur es. The only <h e>ssin g- userl \\·as a thin layer of 
rollo 1 ion-i o1loform over th e iujm·e><l skin . 'l'he bi le was colleded in 
a :fla t t hick-\Yalled gl as,; bottle shappecl on to t h e side of t h e animal , 
t h\< fistula t ube penetmting a t igh t fit ting cork stopper on t·he bottle. 
f;heep \\·er e u c;ually opPr atecl on in pairs, al1il in some instances \YheJ·p 
li 1·er bile \\·as ,;tud iecl, t he cannula \\·as inserted in to the ueck of t h e 
gall bladder d ose up to the cystic cluct " ·h ile th e gall bla dd er it self 
\\'as J·emo ,·ed. All an imals 11·er e kept on a mtion of ,,elcl h ay, gr ee11 
lucerne an <l nush ecl yPllow maize 11·ith IYa ler ad lib . Apart from thP 
1laily reconl ing of t h e bile fl ow, t he> aninwls 11·ere bled e>ach morning 
and i h t> serum examined for vig-men ts, as abo the co11juuctiYa for 
clinical j aun1li ce. All the faeces \Yas eollederl i n li nen lmgs strappr d 
on to t·he an imals and weigh ed .u L l :! h ouri~· in te>n ab i .e. at G a .m . 
a nd fi p .m . at th e same time ih aL the bile Yol mu e> \YHS recorded . 
l<'urth ermore the anim als were 11·eigh e1l (11·ice "·ee kl y . H ertnl Lem­
per ature>s 11·er e t a ];en in th e> mor ni11 g aurl i11 the eYr ni.n g-. 

The follo11·ing t·econl;; 11·ere ohtuiu ed fro ll} tlw difrPrent sh eep 
pla r-t>1l in expeTimen ts : -

'].\,·o :Mer ino hamels (Ko . 1 anrl ~o . ~) " ·ere kep L u nrle>r ob~erYn ­
t ion for 6 cl a_,·s prior to operation . Dnring- thi s p eriod hoih anim als 
'"ere feeding Yer)· \Yt>ll. In both slwep samples of blood '" iihdrawn on 
t<eYf'rn l occnsionR showe> <l the serum to he \Yater clrnr ancl hee hom 
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bile pigments . The animals were f eu during the day only , all food 
being \Yithdra"·u from t hem at n ight. The follo\Ying t abl e indicat es 
th e weigh t of faeces collected OYer this peri.orl. 

Day. 

l. Day . . .. ... . . . . . . . . ..... . . 
Nigh t. ... . . .... .. ... . 

Sheep No . 1 
(2 tooth hamel). 
\Voigh t 57 ·5 lbs. 

204 gram~ 

107 I 

Slw e p Xo. 2 
(2 toot h hamel ). 

W eight 50 5 lbs. 

171 grams 
10 

·------------------------- · ------- - -- ·- - ------ --
:2 . Day. . . . . . . . . . . . . . . . . I I :~ g:ram' I 99 grams 

;;~?;-.-~~~~~~~ -~~~~~~~-~~ ~ -· -~~~; gr·~~:--·-~- --~ gr~ms - -
Nigh t ...... . . .... . .. . . . . . . . ... . . . . . . I :!4 .. !J6 " 

4 . D<ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :!50 gmms I 78 g rams 
lli ighL. . . . .. . . .. . . . . . . . . ... . . .. . . . . . ' I I :l:? " I 155 , 

- --------------- ----- ---- -------------- --
ii. !lay .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . UO g rams . 168 grams 

N ight . ... .. ... . . . ... .. . . ... . ... .. ... 15+ . , 169 , 

(i. Day ... . . . . . . . . . .. . . . . . . . 
Nigh t. . . ..... . .... . . .. . . .. .. . 

I :20 grams 
JO!i 

130 grams 
117 

It i s t h us seen that on an average sheep No. 1 ex<.:reted 275 grams 
faeces daily of which 175 grams ,,·as passed ou t during the day and 
100 gram s during t h e night . For sh eep K o. 2 the conesponding 
figur es wer e 240 grams da ily , i .e. 140 grams by day and 100 grams 
by night. R egular examination of tl1e faec es ;;howecl that in both 
sh eep it <.:ou sisted of " ·E'll-for mecl ghsteuiug rlark grE>en pellet s . 

On th e seventh day both sheep 11·ere operated and a rubber 
cannula inserted into th e gall bladder afte1· l igation of the common 
bile duct . A gaiu th e faeces IYere collected a s well as all the b il e 
excreted . For th e rest the treatment remained as before . As will be 
noticed h om th e accompanying graphs (No. 1 and ~ o. 2) the volume 
of bile el im inated dai ly showed fairly wide fluctuations, although it 
11·as flowing freely from the tube. F u rtherfore th er e IYas no constant 
relationship between the " day " yield .and the " night " y ield. 
Thus on some days the for mer 11·as slightly greate r and Yice versa, 
although on th e \Thole it " ·as foun d thut. appro~imately Pqual quan­
tities 11·erP Pli1nin a lecl b .,. cla;.' rm d b;., night. Consel!u ently there w.as 
no suggestion of a (·onstant rl inrnal r;.·thm in th e bile excr eting 
ac tivi ty of t h e liver. The anrage 24 hourly excretion in the t wo 
sh eep \Tas h o,Yel·er rem ark a h i,\· close. Thus for sheep ~ o. 1 thi s was 
270 c .c. as compar ee] wit h 26!) c.c. fm sheep Xo . 2. 

Th e B1Jc .- Daih P~annnatwn of the bile sho\\·ed it to be of a 
,·er.'· clark green <.:olm~r , <llthou gh on some clays the sh acl e 11·as ligh ter . 
fT Huall y it 11·a;; d ea1· uml tra nspareJJt , although agaill at tinH'S Yarying 
rlegTees of tu rbi rlit;.· wer e n ot icE>ahlP. The viscosity thronghout was 
ver y lo"· ilue in all probability to li t tle secretion of m.ueus from t h e 
bil e h a d ,;. '\loreoYer as th e bile wa,; being rapiclly <h a ined fro1n 
t he gall bl ad rl er little opportu nity was g i 1·en for " ·ater absorp tion and 
h en ee for a concentration of the bile . 
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'/'J, e Se rii/11.- 0 n t he \\-hole the blood serum r ema in ed ''"'d er 
dear, although 011 some clay~ a Yer .\' slight :\·ello\l·ish coloration was 
noticeable and p:.i1·ing a doub tfnl direct ,-an den D ergh r eaction. 
l •'rom thi s one ts l ed t o conclud e tha t the b ile P:\ cretiou fr01u the liver , 
except for an occa sional flligh t slnggi s huess , r t>main s Yel')' effici en t i.n 
spite of the fact tha t no bil t> eni"e1·s thP inte~tines anrl thu s r enrler erl 
incapable of ex erting an.'· cholagogue aetiou. In sheep K o. 1 t he 
hi.le uuumla sloughed a11·ay on the 15th clay a fter operati on l.ea.Ying· <l 
Yery small con strirtecl s kin , ,-o1mrl t hmugh which practi call)· no b il e 
\\'a il pas;;ing. Thi~ was follo"·erl by a r a pid incr ea se in hile p igm ents 
in th e sernm, ''"h:ich in 48 hours \Yas of a deep .'-ella" - colour. A t 
this m.ome nt too the ani m al tlt>Yelov ecl a cu te photosen siti satioH \Ti i"h 
s 11·elliJ1gs of the lips anrl ear,; dne to ph_dloerythrin presen t in t l1e bile 
and regurgitating " -ith it in t o the g eneral circulation . After 4 lln_n; 
the photosen sitisation p nsserl off " -11 ile the fie n ml grarlu all\ lo,;( the 
yellow coloration a iH1 again b ecam e w.a.ter elem· after 8 days , i n spite 
of the fa ct that th e fis tula wonnrl " ·a s complt>tel)· doserl h:v thi s tim e . 
vVheu the a nimal W8~ .killt>ll f or post -m ol'tt>lll exam inati on 4 lllOn tb s 
afterll'ards . r estitution of th e l'ommon b ile duct " ·as f ouncl to h aYe 
taken place \Yith bile en teriTl ,Q' tl1 e rh10d t> ll1llll i n th e u sua l way . 

In sheep No. 2 t lw tuhe slou ghed on the 19th day after opemti on 
" -ith bile continuing t o fi o1Y from thP s kin fi stula. On the 2!lth da _v 
the animal \l'<l S killell fm p ost-mortelll on af'l·ount of i ts p oor roH­
tli tion. 

F aeces .- l -p to the tim e of t he slough in~t o f the tub es th e 
8]Jpehte of both anim al,; r Pmai ned g·ooll . T he aYt>ragP da ily y ield of 
faeces for Sheep ~u . 1 a m ouiJ! P<l to 170 gTa ms and for sh Pep K o. ? 
it \\'ali !:J;) gram s . ln hoth l'ases t h e <'Oll s i ~i Pnce of the f aeces s hO\Ted 
little chang P from th r n onnall~- well forlll ed p ellt•!M. The colour 
hui\-PH' l' l'lw nge<l from t IH• usual gTt>e ll ish hla vk to a 1 ig ht t>r gTt>.1·isb 
hro1Yn fn llowing t hP pn• n •u t ion of hil e ho m <' IIi Prin g· th e int esl i nes. 

Unre it " ·ns Pc·dahl i,;h e<l tha i h~- inst>rti ng a ruhl Je r cannula i !J to 
the g all hlarlcle r of a sh eep , ih .tota l <lail_,. yi eld of bi le <·nuld LR 
L:a ug h i-. np a ncl aec nn1tely m e.as11r erl , f ur the r expPrim Pnt~ ,,-ere und e r­
ta ke n 11·ith !h r oh.i ec-t of as<·Prtnining ho11· t li l' hil e flo" · eon ltl lJ. .. 
iutine nced hy Yari011 s fac·t or ::; , i .P. eithn inh ib ited or s timula t ed 

F .l <"roH s c .1u.; rsc.; Ts lllHITJO \ o , .. Hn .1·: F ul\\·. 

A s iJJ<lic;d erl ]H'P\·ion,;]_,- (artic ·l r .)) ,;h e<> p rl 0"e<l ,,·i t h t h r p bnt. 
Lippi a R ehmanni (P ea.rli) <l en -•l O]l :m a r·u te photospn ,; iti snt ion accom -
1JUrti t• <l h~· j aunrli('(' , hoth s.1·mptnm s d osrl \ rPs<' lllhlin g- th osr sPP il i11 
t.rne g·ee lll ikkop. ln on1Pr then •fon to g;lill fnrth e r in ,; igh t i 11 io lhr 
g en e,;is of i d r rus t>SJlPcinlly of !h e oh strul'li,-e o r n·g-m ·g it a t iYf' i.~· pr , 
i .e . of the f actor s " ·hich iiil1 ibit thP prompt excreiinn of hile from the 
liYer , nn e:-.: t e nsiYe seririi o f experime11 is " ·ere unr1Prtake n \Yt th ilH1 

plant Lippi a H e l11n anni . As \\·ill h r i JHli<·a tell Li te r , Ya1·io us oth er 
s11hstanr·rs inr·lnclin g- sonJ P " ·ell- kn o,,·n li YP r p oi son s \Yel'P a lso tef; t f' cl 
out on sh e('P nlthou gh in no <" a sr \\';l ,; th e t ~- ] J i eal jnuncli <'P of g·eel (l ik­
kop or L iv pia p oi son in g p roclu r ecl. 
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The J ,ippia mait>ria l con~ i ,;tpd of Ll rge q um1tities of mature 
pla nts collectrcl rlnri ng thr sn llllll t' r m ont h:;. This " ·as dri ed in t he 
:< b:ICle, then Yrr:-· fint>ly puherisecl in a mill ancl stored in "topperrcl 
.inrs. Kx:p t> rinl en ia l ani m als 11·r rc> chend1rd h:-· st olllaCll tube eithc>r 
11·ii h \Y:ItrrY "ll" Jl< ' n ~ion s of i hr plant~ or 9G pc>r ceni. :dco hol ic- px:­
(r ac·l ,.; aftr r l' \·;qlllr:ti ion of ( hr :1knh ol. 

1. D renchin.r; of J lrnholir· E .rtmcts of / ,iptlia to J 'ormal Sheep. 

Sc>,·en yo ung .Jierino hamels (2 iooi h) 11·e re Pncb dosed " ·i th 
alcoh oli c c>xhnci from .)Oil grams I ,ip p in an d l,illerl :=li rrgul:l r 
in!rt·Yn l" For pos!-mortr n1 r•xn min a ! io11 a ncl collrctio n of 111 alrri.ab. 
[n eac h case !he ser um 11·a" rlc>fin i!t>h ,·c>llo"· 11·i! hi n 2-1- hour:< ~~-hilc> 
after 48 hours ii hacl !'h:wgrcl (o a cl ee l1 hro\Ynish .n· llo11· :md giYin g· 
a st rong clire('( Y;l n cle n Hr rg·h rradim1. 011 !he thi l'(l cln.'· all t brse 
anima ls sh mYe>d :1 l ig·lt t lntt defi n ite di nil':l l il'lrn 1 ~ ll ll t hr :<d na a nrl 
c· on.iunct iY:J. Furth t> rm ore :Ji. tbi .'i s(:lg"!' tlwy all hel':lll1P acu tel y 
photose nsitiYe '"i ( h ~~~· el l ing of the> he:u l a 11Cl :H· (·om pa niPcl hy intense 
,.;ki 11 ir r it::Jtio11. S o haemolytiC' 1Jl'O!'es,.;rs !'O tt lll hr cl rt·rc·tecl a~ rlai l ~· 
cl et!' rm inntion,; of thr pc>n·c>J I(:Ip.·c· ,·olnm!' of reel l'e] ),; n-·mainecl c·c,nsianl 
a nd tllC' ::;rni JI I frrc' from harmog-lolJin . 

. L L ippia l'nu:-;e,; such <I p1·om pf billruhinaem ia , it \Y;H hoped t hat 
its lflWu tit ati,·e c> f'l'ec· t on th e h il r fl o" · wonl d hr m or!' l'l earlY ~b o 11·n 
:dtc r cl osi ng· it to :111 i n1 al .~ " · it h a h il iar.\· fi~t uh. 'l'hr fo ll n11·i ng g-ra ph 
illu c; lr:li c>s ih r efled of .-Jil(l gT:1 11 1,.; (,ip pia d o~l'cl (" :1 fi~!u lu ~her1. a 
s im ila r re>a!'fi nn hr i c1 g 1cot!'cl in ,,,.,·r r nl ~ h ec•p (rrn !rcl in th is way 
(Grap h 8). 'l'h u~ it is "<!'Pn t lw! :In ;J\'C' I'<lg'l' claih· IJi]P Ao11· of 1.-J() r.c. 
~~-as r erl ucc>d tn 6fi c· .c·. \Y i!hin :!-1- hou rs :t ftP r closin p.· l ,ippia. 11·hile hy 
lhr 4th cla.Y. the fl o'" 'nt s pr:1 rti ('a lh· collljll!'tc>l~· stopprd. '"hereas the> 
jau nclicr r apid ly beca mP more pronou n('rrl . F'urthrrmore the ('Olnur 
of th e hil c> unrl ergoes a m arked ch rw gP aftrr closing !he ani mal '"i th 
Li ppia. T hus in a n animal sh o"·ing a con t inuons flo"· of clark 
g rec>nish hilr h om th r :fist ul :1 . 11·hr n cl ospc) '"ith th e alcoholi c c>xtract 
from 400 g ram s I ,ippia . t hP !'Olour !'h n ng;r,.; from ( hr rl:-nk green to a 
Ji gh L vellO\Yis !J gTeen \YitlliJJ f1 h ours of rinsing. r\ ftc> c· 2-J. hours it 
c· ha ngrs to a (' l f'ar p:ilr 'iPa gTf'!' ll . "· h en'a.~ :l hour ,; l:lier thr bilr flo"­
i .~ prad ica lh l'Olnurl Pss n n cl wa tr r d ea r rr-;elll hl in g t hr so ca ll rrl 
·' \\·hi! r• h il r ., (s!'!' r·olonrrcl ]J I:Ii e) . lt i:-; on]_,. nfte r a periorl of 4-R 
rl a:-·s '" h en ilw li,·rr is J'(·'g'aining i ts po11·rr of hi l l' c>xnetion tha t th r 
c·olonr of t hr hilr al:;;n rl rrpr ns . i .e . :1 r r nr " ·Nl r li n1 inat ion of th r pig­
cnr n ts tak!'s pl acr . .\ t thr s<l lll f' t in1 P tht> sf'l'\1111 dc>ars 11p anrl a 
g-eJwra l imprm·rJII c'n t i11 t hr hra lth of t he :111 i11tal be c ·om r~ n"tic·P:~blP. 
~i nc· p rhn iJtg' th e• ]lPl'incl or ~p ,·pn• .inuncl ic·r :1 ll an im:tb :tpJWar ma r keclly 
cl t> pl·r,;_-;f'rl ''"it h los-; of :IJlllt'( it-c> , cl t> n r;t,.;erl rum in:1l n iOYe>nwnt-s and a 

.-;(a,.;iR of tlw la rg-e> iutPstic iPs rPsHlt ing in r·onsh]1a h on . I n th is 
c ·p~pPc · t all thP fi nd in g-s n ppr:ll' to iw icl !' ntic·al "ith t lJO,.;e <l es(']'i l)('rl for 
tnlC' g-c•t>lclikko p or thost' J'f',.;ult i llp.' from adifi r·ial oh,.;h·uction to the 
bile flo11· t hro ugh ligation of th e bi le t rads (Quin 1933). 
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FAcToRs INTENDED TO CAUSE STIMULATION o :F BILE ExcRETION. 

Seeing that the plant Lippia. Relwwnni possesses such a strong 
paralysing effect on the bile excretion, various experiments were 
undertaken in an attempt to overcome the jaundice .and to re-establish 
the bile flow. It should be mentioned that in no single case of this 
type of jaundice are the extrahepatic bile tracts occluded, e.g. there 
is no undue distension of any part of the tract. Furthermore on post­
mortem, bile flows through easily into the rluodenum even after gentle 
pressure on the gall bladder . 
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GRAPH No. 3. 
Effect of Lippia on bile flow of sheep . 
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One is thus forced to conclude that some intrahepatic llisturbanee 
of the normal bile excretion is the primary effect caused by the 
Lippia. That being the case, it was reasonable to expect that the 
administration of certain materials might through their cholagogue 
action, stimulate the liver to renewed excretion. vVith this object 
in view, various materials were tested out, starting with the more 
commonly known cholagogues. 

1. Dosing of Bile to Sheep with a Hile Fistula. 
Seeing that bile through the action of its contained bile salts, is 

generally regarded .as a particularly efficient cholagogue, large quan­
tities were collected from ~;heep and also from other animals for dosing· 
to experimental animals whose bile flow in turn, was closely followed 
over definite periods. Four sheep with a biliary fistula were dosed 
with sheeps bile 1,000 c .c. daily for 2 consecutive clays. As will be 
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seen from the accompanying graphs of the bile :flow of two of these 
sheep (graphs 4 and 5) the aYerage daily yield increased from 300 to 
450 c.c. in the one case and in the other from an average of 220 c.c. 
to 3GG c.c. per day over a period of 4 days . From these results it is 
dear that the dosing of large quantities of bile causes a transitory 
though clefiniit> inrrease in the bile flo"· of sheep with a bili ary fistula. 
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GRAl'H No. 4. 

Effect of dos ing bi .lc on t he flow of bile in sheep with fistula. 
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2. The Cholagogue Action of Va·rious Substances adnv£nistered to 
Fistula Sheep after being Poisoned W'ith Lippia. 

In these experiments the object was to ascertain the strength of 
various substances, some of which .are reputed to posses definite bile 
driving powers, in overcoming the jaundice caused by the admini ­
stration of Lippia. For this purpose 28 experimental sheep were used. 
Some of these carried bile fistulae and in which the daily bile :flow 
could be recorded, while in other sheep daily comparisons of the 
serum colour served the purpose of ascertaining the degree of 
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osteomalacia. Sonntag (1916) in comparing the fluorine content of 
normal bones with that of dogs fed on sodium fluoride finds that 
the values were increased from 0 · 03 per cent. to 1· 73 per cent. 
fluorine calculated on the dry bases. Bethke (1929) et al, working 
with pigs, found that the ash content of femurs of normal pigs fed 
bone mea l and limestone contain ell 0 · 0409 and 0 · 0231 per cent. 
fluorine, whereas the percentage of this element in the femurs of 
pigs fed NaF and rock phosphate was ·528 per cent., ·793 per cent., 
1 ·107 per cent., 1· 0934 per cent. and 1· 03()9 per cent. respectively. 
Christiani (1927) maintains, that the fluorine in bones is an index 
of fluorine toxicity. Brandl and Tappeiner (1891) found abnormal 
deposition of fluorine in various tissues after continuous adminis­
tr::ttion of fluorine. The same workers examined the bones of a dog 
on fluorine and notieeJ glistening crystals rleposited in the bones. 
They regarded these crystals as crystaline compounds simiar to 
fluorite . . Bethke, Kiek, Edgington and Wilder (1929) found that 
LlJe fluorine content of the hones of pigs fed rock phosphate or N a.F 
was directly p1oportional to the fluorine eontent of the ration. 
According to Phillips and Hart (1935) the feeding of fluorine to 
hens resulted in a distinct and measurable increase in the F content 
of the eggs. It appears that at least a larger proportion of the 
fluorine remained with the acetone insoluble portion of the flat-like 
suhstam:e of the egg-yolk. This suggests that F "·as depositecl with 
the egg in combination with the complex lipoids of the yolk. While 
it is fairly definite that fluorine is deposited in the egg under con­
ditions of fluorine feeding, it appears on the other hand that the 
eomposi tion of milk is influenced with the greatest difficulty from 
extraneous sources. In a study on the effect of fluorine ingestion 
on the nutritional qualities of milk Phillips, Hart and Bohstedt 
(1934) detect no increase of fluorine in the milk of fluorine fed cows. 
'l'hey conclude that it is not easy to influence the fluorine content 
of mille From a study by Klement (1935) on the analysis of the 
inorganic substance of hones and teeth of laud and sea mammels 
and land and sea birds, it appears, that mammels and birds of the 
sea have a distinctly higher fl.uoriue content in their ash than 
animals living on land. Thus land mammals have an average 
fluorine content of 0 · 05 per rent. while sea mammals have a fluorine 
content of 0·55 per cent. The fluorine content of land birds is 0·11 
per cent., sea birds 0 · 32 per cent., fresh water fish 0 · 03 per cent. 
and sea water fish 0 · 4;3 per cent. This difference is ascribed to thP 
higher fluorine content of the sea water in which these animals are 
continually living. It seems therefore fairly definite that while 
there is thus far no indications of a biological significance of 
fluorine, that the tissues nevertheless in the presence of a continual 
~upp ly of fluorine may store appreciable amounts of this element. 
~farine animals living in an em·ironment of higher fluorine con­
rentration consequently stores greater amounts in their ash than 
fresh water animals. 

Although there exists definite evidence of tl1e retention of 
fluorine by the animal body, the form in which fluorine is deposited 
if, still a matter of conjecture . McClure and Mitchell (1931) con­
clude that if fluorine is consumed in the more soluble fmm of the 
sodium salt, it may cause the deposition of an abnormal constituent 
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in the bones or an abnormal deposition of a non-calcium constituent, 
possibly a fluoride or a mineral other than calcium as is evidenced 
by an increase in the percentage of ash in the bones above normal. 
Trebitch (1927) claims that fluorapatite 3[Ca3 (Po4) 2 ]CaF2 occurs in 
dental enamel and is responsible for the hardness of the teeth. 
Klement (1936) found that fossil bones are high in fluorapatite, 
,,-hich is fanned by a continu al process of absorption of fluorine 
from the: soil water. From the extensiYe studi es on the form of the 
calcium phospJw.te compound in bones, it appears that it does not 
exist as a tertiary calcium phosphate but rather as a phosphate of 
the apatite form 3[Ca3 (P04) 2 ]CaX in which X can be F, Cl 2 ,(0H) 2 

or (;03 • Robinson and Soames (1925) results on bones analysis sup­
port the gene1al ronception that the chief bone constituent is an 
apatite. Basset (1917) is of the opinion that an hydroxy-apatite is 
the chief inorganic compound in bone.s It can readily be conceived 
how therretically in the presence of fluorine the hydroxy or car­
bonate groups can be replaced, to form a fluorapatite. According 
to Klement , this i~; what actually happeu:s in fossil bones, where a 
continual absorption of fluorine from the soil water takes place over 
a long period of time . How eYer the possibility of fl uoroa pa ti te 
deposition in the bony tissue is largely discredited by the fact that 
the results on the fluorine content of bones thus far reported on have 
:not nearly approaehed the theoretical value of 3 · 77 per cent. of 
fluorine in fluorapatite. Consequently to attempt a definition of 
the fluorine complex in tissues at present \vould be merely specula­
tion, and must await the results of further studies. 

That the retention of fluorine has a direct bearing on the cal­
cium and phosphorus metabolism ha s been sho\Yn by several workers. 
Channels (1930) founcl that the incisors of rats on a diet of white 
bread and milk plus fluorine contained slightly less calcium than the 
normals without fluorine. ?l'lcClme and Mitchell (1931) found <'t 

decrease in the calcium content of the ash of rats receiving fluorine. 
Forbes and associates (1921) obtained weaker bones in pigs when 
rock phosphate was fed. 'l'he "·eaker bones were characterized by a 
l1igh phosphorus content and a low percentage of calcium and carbon 
fliox ide. Lantz and Smith (1934) compared the calcium and phos­
phorus metabolism of albino rats of various ages fed diets to whicl1 
0·05 and 1 per cent. of fluorine had been added, with matched rats 
as controls. Rats receiving the fluorin e ration retained much less 
l'alchun and somewhat less phosphorus than the controls, whether 
the values were expressed as total quantities, percentage of intake 
or mgms. per gram weight. Older animals showed these differences 
less markedly. Fluorine fed rats excrete far more calcium in the 
faeces than the controls. 

Of the actual amount of fluorine retained in the bodv little is 
bwwn. Gautier and Clausmann (1913) estimate the daily'" exeretion 
by man of 0·23 mgm. Fin the urine and 0·80 mgm. Fin the faeces . 
Brandl and Tappeiner (1891), feeding a dog for 21 months on a fluorine 
ration containing 402 · 9 grams fluorine, found 330 · 5 gms. excreted. 
lt "·as only when the dosage rea ched 0 · 5 gm. fluorine that an ex­
f'retion of this element was noticed. At lo"·er closes no excretion 
was noticed. It appears that the system can cope with a coEiinuous 
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a light yellow colour which in spite of continued dosing, did not 
reach the stage of a definite clinical icterus. Neither was photosensi­
tisation noticeable in any of these sheep. In one case the closing was 
continued for 43 dayfl starting with daily doses of 0 · 5 c.c. and 
increasing up to 8 c.c . daily until a total amount of 110 c.c. had 
been administered. After the second close of 8 c.c. the animal died 
suddenly with symptoms of aeute respiratory distress. 'fbe only 
lesions that could be found were those of pulmonary oedema and 
fatty changes of the liver. Although bilirubinaemia was repeatedly 
observed during the period of dosing, no clinical jaundice could be 
established, neither was the carcass icteric. Given subcutaneously 
chlorofrom is far more toxic as amounts of 2 c.c. have been found to 
cause death within 24 hours with the same lesions as described qbov(). 

Phospho1·us.-This severe liver poison was admini$tered to 
experimental sheep either subcutaneously as phosphorated cod liver 
oil in 1 c.c. doses or as ordinary yellow phosphorus · 01 gram dis­
solved in olive oil and dosed by stomach tube. One sheep dosed with 
a total of 14 c.c. phosphorated oil over a period of 8 days showed a 
definitely yellow serum on the seventh day with a direct van den 
Bergh reaction (35 mgs. per litre). Clinical jaundice however was 
slight. The animal died on the ninth day with severe fatty changes 
of the liver and catarrhal gastro-enteritis. Jaundice although present 
was very slight. One sheep injected with daily closes of 1 c.c. phos­
phorated oi l for 5 days died on the tenth day with a pale yellow 
serum giving a faint direct van den Bergh reaction. 

Altogether 5 sheep were poisoned with phosphorus. In every 
case very severe fatty changes of the liver were noted, the consistence 
being very soft and friable and the organ engorged with blood. 
General icteru& if presem was slight 

Cm·bon Tet1·achloride.-Two sheep were dosed daily over long 
periods as follows :-

(a) 

(b) 

One sheep was closed with a total amount of 524 c.c. carbon 
tetrachloride over a period of 42 days, starting with a daily 
close of 4 c.c. This was gradually increased to 20 c .c. of 
'"hich 13 consecutive doses were g iven before the animal 
died on the 43rd clay. Every dose of carbon tetrachlorid~ 
was mixed with an equal volume of alcohol (96 per cent) 
before dosing. Daily examination of the serum was 
carried out. After the third dose it turned a light yellow 
with a faintly positive direct van den Bergh reaction. 
The serum colour gradually increased to a deeper yellow 
up to a maximum of 29 mgs. bilirubin per litre. 

One sheep was dosed 304 c.c. carbon tetrachloride over ~ 
period of 35 clays in doses as described above, the only 
difference being that the carbon tetrachloride in this ease 
was dissolved in eqnal volumes ·Of olive oil. The serum in 
this case also turned a deep yellow with a maximum read­
ing of 44 mgs. bilirubin per litre. The animal died on the 
36th day. 
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Both, animals were kept on a ration of hay, green lucern, 
crushed maize and .meat meal. The only clinical symptoms notice­
able in these two animals during the experimental period consisted 
in a progrel'lSive loss in condition, frequent drowsiness, a slight and 
often indefinite jaundice with increasing pallor of the mucous mem­
branes arid a gradual drop in the red cell count. 

On post-mortem examination, both carcasses showed considerable 
emaciation and a well marked anaemia, also pulmonary oedema and 
an extensive fatty degeneration of the liver and kidneys and atrophy 
of the ruminal wall. There was no sign of icterus in the carcasses. 

lv!anganese Chloride.-Two sheep dosed with manganese chloride 
in doses of 5 gTam daily and gradually increased to 15 grams rlied 
on the 12th day after a total amount of 112 grams had been dosed. 
In both cases the serum turned a pale yellow without however clinical 
Jaundi<:!l becoming- visible. Un post-mortem examination severe liver 
degeneration was the main lesion noticeable. 

DISCUSSION. 

In the vanous expenments outlined above, attempts have been 
made to elur.idate some of the important factors influencing the 
normal bile excretion in Merino sheep. 'l'his work was undertaken 
primarily with the view of explaining the severe generalised icterus 
seen in the disease geeldikkop caused by excessive ingestion of wilted 
Tribulus plants. In this disease the icterus is of an exceptionally 
intense paralytic nature in " ·hich the liver appears to lose all power 
of bile excretion, with the result that the bile is regurgitated into the 
blood and lymph stream. Except for the bile pigmentation there is, 
however, little morphological change of the liver parenchyme to 
indicate the type of damage caused. The effect, therefore, seems to 
consist very largely of a functional derangement of the liver. In 
previous articles of this series, it was pointed out that administration 
of the plant Lippia although in no way related to Tribulus, provoked 
a closely similar or identical symptom complex in experimental 
sheep. .Moreover the symptoms following surgical obstruction to the 
bile flow appeared to be the same. 'l'he only difference between the 
latter condition and that caused either by Lippia or Tribulus is the 
marked cavernous like dilatations of the extra and intrahepatic bile 
tracts above the point of obstruction following ligation of the common 
bile duct. In Lippia and Tribulus poisoning it would appear that 
the liver makes no such attempt at accommodating: the bile in its 
own channels. 

In the sheep there is no physiological bilirubina~n{ia comparable 
to that found in some other species of domesticated animals. J udg­
ing from the clear appearance of the serum and the absence of pig­
ments from it one can conclude that bile elimination is very efficient 
and that the liver treats the bile pigments as non-threshold bodies. 
In spite of this efficiency, however , the bi] e flow can he · very severely 
depressed or totally inhibited in cases of 'l'ribulosis or Lippia poison­
ing· thus leading to a pronounced degree of icterus. From the results 
obtained from sheep with a biliary fistula it is seen that the daily 
hile flow amounts to volumes of over 200 c.c. When, therefore, 
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elimination is interfered with, the severity of the jaundice can be 
well understood. The kidneys under these conditions compensate to 
some degree for the loss of the liver function as shown by the intensely 
yellow brown urine voided. The compensation however is not com~ 
plete since the jaundice persists as long as liver action remains 
distmbed. 

lnvestigationt> canied out ou the effect of cholagogues on the bile 
flow of these experimental animals show that the dosing of bile 
definitely causes an increase in the bile flow from the liver. Bile 
elimination may however proceed at a steady rate in the absence of 
any bile constituents returning to the liver, i.e. the entero-hepatic 
bile salt circulation is not essential for the continued excretion of 
bile in the sheep. Moreo,·er the appetite and digestion of such fistula 
annuals are fairly well maintained although a slow and progressive 
decrease in the body weight is frequently noticeable, this being more 
evident in some animals than in others. 

Under the influence of Lip pia poisoning, the bile flow of expen­
mental sheep can ue very promptly depressed and ultimately even 
completely in hi bi ted. The main effect of the Li ppia toxin on the 
liver is as yet not clearly understood. It appears to have a paralysing 
effeet on the normal bile excretion for although the liver cells them­
selves are still capable of allowing the bile to pass through as 
indicated by the direct van den Bergh reaction, the bile tracts 
including the smallest bile capillaries seem to be incapable of moving 
the bile in the normal manner and at the normal rate towards the 
large bile tracts . This sluggishness in the bile flon· results in some of 
the biliary constituents, e.g. the pigments to escape into the small 
bloocl and lymph vessels and so carried back into the general cir­
culation where an extensive and severe jaundice may be caused. 
'l'he difficulty in explaining the genesis of the icterus arises from the 
fact that morphological changes in the liver may be slight even in 
very severe cases of jaundice. This point has also been stressed by 
other workers. Thus Cantarow and Stewart, studying the morpho­
logical changes in the liver and bile passages of cats with total 
biliary obstruction, state that " these observations seem to indicate 
that there is no demonstrable correlation in individual instances, 
between the changes in the liver and bile ducts and the serum 
bilirubin concentration at any given time during the period of total 
bile stasis ''. 

The various experiments undertaken with the object of re­
establishing- the normal bile flow after the onset of Lippia jaundice, 
have been disappointing in that none of the cholagogues or purgatives 
used had any definite beneficial effect on the icterus and on the bile 
flow. Improvement, when it did come about, appeared as a slow 
process and governed by the powers of the body itself. 

Other liver poisons, such as chloroform and phosphorus which 
were also studied, caused acute and severe fatty changes of the liver 
and frequently accompanied by hilirubinaemia. Tn no case however 
was the same intense and persistent jaundice of " geeldikkop " or 
Lippia poisoning observed. 
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