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Abstract of Thesis., 

34140Poumaria has been synthesised. 7Zabbite dosed with the 

labelled oorapound (50 mg./kg.) excreted nearly all the radioactivity ii the 

urine within 0 hours; in rats (100 og./kg.) the activity was allost 

equally distributed between urine and faeces. The metabolites in rabbits, 

armoured by isotope dilution were: mumarin (0.5. an acid-labile 

eourrerin precursor (15.gl, 3-ftramnrcounr-rin Olin 9 4,-hYdrawocoumarin 

(0.4), 5.hydroxycoumarin (0.V), 6-hydravooumarin (3.4n. 7-hYdroXY" 

Ocularin 	8-bydrovootrarin 0.91, o-hydroxyphenylacetic acid (2Q), 

and e-hydroxdphenyllactic acid. (3"). The hydroxycoumarins were mainkr, 

o-lwL'.roxypherkylacetic acid partly, in conjugated form. Moss ortsbolites 

accounted for nearly 95, of the excreted radioactivity, 7C of which vas in 

the form of compounds containing the intact coularia ring, and :Was 

compounds in which the heterocyclic rind had been opened. Rats re qbolise 

ooursarin by ring opening to a greater extent than rabbits: only 3 of 

hydroxycoumarins were found as metabolites in the rat, whereas the amounts 

of hydroxyaoids foraed mere similar to those in rabbits. No 140 vas found 

in the expired air of rabbits or rata. 

3-ilydroxyommarin is excreted by rabbits zcinly as conjugates, but 

also as o-hydrmrphmlyineetic and -.Untie acids; in rats it le excreted 

nairay as the ktrdrcavacids. COussrin is probably converted to the 

acids by by thin route. 

The extent to which the different positions of the coumaAn mlecUle 

are hydroxylated in the animil is discussed in relation to the eleotroa 

densities of the positions, and the stability of th lacters ring in vivo is 

also discussed. 
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Vast numbers of conpour of synthetic and natural origin arc 

used as food edrlitives insect 
	

amp spays and drugs. The of cot5 

of these oornpounds on man or domestic animals and their metabolism are often 

cor.ipletely unknown, and cases are known in Which harteUl effects have 

resulted from this kip:JIM/IC(4 Couirnrin has been. widely used as a 

flavouring for foods and tobacco, and indele is normally formed in the body 

in appreciable amunts. T30th of these compounde are toxic to animals and 

it seemed twortant therefore to try to elucidate their fate in the body as 

a contribution to understandi the cause of their tall.city. 
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1. 

Chapter 1. Introduction. 

The whole of this part of the thesis consists of a description of 

the metabolimn in the animal of coumarin and trio of its simple derivatives, 

3-11Ydroxy- and 4,-hydroxvoxvIuMn. The only species used in these 

metabolic studies were rabbits and rats. The present investization was 

undertakem as a continuation of the work of Mead et al. (1958, b) with 

the aim of elueiasting quantitatively the fate of cou7Jarin in the as 

Outline of the Cheilst of Coumarin and its 	Deriva 

It is appropriate to cocoence with an account of the chemistry of the 

coumarin group of compounds, such as may help the susequent discussion of 

the problem. The chemistry of comerin has been eztcnzively reviewed by 

Sethna and ahah (1910) and ',7mwzonek (1951). lost of the statements in 

what follows have been taken from these reviews; others will be 

separately acialowledged. 

General. Coumarin is 2-oxo-1:2-benzopyran, the structure and 

numbering are 	below. It is the lactone of o-hydroxy-cis-cinnamio 

H-C
V 	V 

1 
6 

H-C e C a 2C. 
ft 

acid (eoumarinic acid), the trans-form of which is o-comnaric acid. 

H H 	H =OH I = C 	 -C =C 
COON OH 	 OH 

o-hydroxy-cis-cirummic acid  o-hydroxy-trans-cinnamic acid 



The propertiee of coumarin are chiefly those of an unsaturated 

lactone, modified by the presenos of the bemene ring. 

Tromrties of the 3.4m40,04.  The reactions f the 3,4-double 

bond the heterocyclic ring are to be distinguiahed from those of the 

bennene ring, which are aromatic in nature, though not markedly eo 

-r 3,4 -double bond shows a marked tending, to add on regente. 

Coumarin OM be redwood by a nuriber of reagents under different 

conditions to for a variety of produots. Catalytic reduction with 

Raney nickel at lower temperatures or with rallailitsn and charcoal 

converts coumarin to fiThydrOCEX,Mrill (i.V1.13.0tiC anhydride), the 3,4-

double bond only being affected. Further reduction to octahydrocoumarin 

iy be brae it about by Raney nickel at 200-2500C. By UMO of dilute 

*Cautions and sodium amalgam, or sine and alkali, reduction of the 

3,t bond and ring opening mow with formation of o-hydrovpherorl-

propionic acid (melilotic acid). A more omsaiste reduction is achieved 

with copper chromite or sodilmond alcohol, *WI yields y,-(2-11,Ydrcat7-

phooyl)propyl alcohol. 

The 3,l.-double bond adds ramine to form the 3,4,d bx ,aode, 

*tab readily lopes hydrogen bromide through the action of pyridine 

leaving 3i.bromocoumarin. This is an example of the saturation of the 

double bond under one sot of conditions, and the regeneration of 

uneeturation under another. Mercuric salts will alao- add to the doOble 

bond, and here too the unsaturation may in certain MAW be VOStOred• 

4-Cysnodihrimcotran.rin is formed by addition of potassium 

c-flnide. Bo ever,amonia will not add to ooumarin. 



Sodium bisulphite odds very easily to ommrin to form sodium 

hydrammaulneulphonate (I) (Dodge, 1946). The sulphonate radical can 

be split off by addition of alkali with formation of neutral sulphite and 

ceumarin„ the latter oambining with the sulphite to form the corresponding 

eultilonyihydrocommric acid (II): 
P 

Okari  
tiang03

Nace  

"C4° 5 
	 

0  
nab. 

,_ 'T1 	 H.4111.200(11a 
I 	+ Na,20 H20 

II 
This open chain sulphonate derivative oan be (=Warted fairly readily to 

o..ccumario acid by use of excess alkali. The came compound (II) can be 

laotoniced using acetic anhydride, and the resulting hpdrocoumarin.,  

sulphonete (I) can be converted. to cotrar.in with alkali. Thie affords 

a useful way of passing to the tz-am-series frcx coumarin, and back again. 

They and Row (i 921k) indioated that the sulphonio group of the hydro-

ooumario compound (II) was in position 4. 

The ooumarineteleoule has remrkable powers of self...codbination. 

This is illustrated by the formation of an acid precursor of dihydrodi... 

osumarin when concentrated solutions of the coumnrin are reduced with 

sodium amalgam, zinc and alkali, or zinc and acetic acid. This dihydro- 

diem:wan is said to be joined through the 3,3 	-ltions. The 

tendency of coumarin to coMbine with lied, through the 3,4m-bond is also 

shoran by the action of light oft camorin, *lot onuses dimerisatice. A 



cyclobutane Str 	 'n ,,niet les is post 

Substitution rose t1 	U t 
	Jain.ly in the 

6. .position, and 1400 readily in positions 8 a. 	t -tion 

gives mainly 6-nitr000umarin with a little 8-nitrocouisarin. On 

further nitration, the former lies 3,G'ciinitrcx : .ri.n and the latter 

6,8-41nitroccumnrin. The aromatic ring is more re lily nitrated if it 

contains a hydroxyl group * thus it behatinss like benzene*  

Similarly sulphonntion gives rise first to 6-eouipp n ul ionic 

acid, then to 3,6-estraarin dimilIiianie id. In the Bibs alkaline 

persulphate oxidation, position 6 is hydroxylateds  and Gialdekidocotrastrixt 

la formed by the Reimer and Tiomann reaction, Diazonium salts couple in 

position 6. 

JTa:Iogc motion of ooumarin leads to an addition 	at the 

3 	positions as desoribed in the preceding section,, but ze S l'ous 

treatment will give rise to 316- and 3,6 	substituted derivatives* 

Conmarin reacts with mercuric acetate in methanol to give 3,603-tri- 

ace 	rcuri-ipirethoxyWhydrocoumarin so that ' • too, true areGatio 

uti.on takes lace as well as addition to the doUble hand 



of the laotone xj. 	rx lactone %gin:, of wumarin is 

opened by action of alkali with formation of a yellow salt of etcreouniu 

acid, This has bees, assigned the o-quinonoid structure. 

2Na+  

  

Zia+  

   

   

   

The conditions of ring opening vary for different coumarins. 

Coumarin itself is converted to the =marinate at p1110, Coumarinic 

acid Gannet exist in the free state and acidification of the coumarinate 

regenerates oouuarin. 

Prolonged action of aThali causes a cis - trane isomers sation 

with formation of the mumarate. At the se= t1i a colour change taizon 

place from yellow to yellowsreen fluorescence. The stable o-oomaric 

acid can be liberated from the salt by acidification. The cis-trans 

isomerisation can be effected more easily by the action of sodium 

ethoxide on couarin; by boilinz comarin in dilute alkali with 1.1ercuric 

oxide area :coterie acetate (Sen and Ohakxavartio  1930); or partimlarly 

by shaking-; in cold Alkanne solution with frmahly preolpitatAd yellow 

ierouric oxide (::eehadri, 1954). Inversion can also be very 

oconreniently achieve d. by addition of bisulphite followed by alkali 

treatsent (p. 3 ). 1-.;eshadri (1M) attributes the catalytic action of 

the above agents an involving a prelizinary additien to the 3,4 	le 

bond, thereby facilitating rotation. The cis-trans inversion is 

caused by a repulsion between the negatively charged 0 and 002  ;;roupe. 

The reverse change (traria to cis)  ctan be brciu.,ht about by 

heating o-icewart!acid with concentrated BC1 (this laboratory) or by 
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keeping in glacial acetic acid saturated with tfl3r art 00 (Beilstein). 

0oumric acid dissolved in benzene, methanol, or ethanol givea coumarin 

when exposed to u.v. light (Stoermers  1909). Ahe same change occurs 

almost quantitatiWay by boiling an aqueous or aqUOOM alcoholic 

solution of a coumaric acid with mercuric chloride (Seibidel, 1950 

Rao, 3astri and Seshadri, 1939). 

Coumarinie acids give coumarina on melting, whereas coumaric 

acids formstyrenes with loss of 002. Fusion of comaarin with Oknii  

leads to elimination of the pyrene ring with formtion of sa3.i cy:1_5.o Eaoid. 

Reaction of the carbonY1 gram.  The carbonyl crow of the 

pyrone ring is not a true keto group and will not yield an oximo or 

phenylivinazone directly. However, treatment of coumarin with 

rhosphorua pentasulphide gives thiocoumaria, which can be converted into 

the above derivatives. The oxime can also be obtained by action af 

iqdroxylazirbs on itaincKsoumarin. 

Some Sia4ttgotpar_in Derivatives. 3-.tinocoumarin is acidic, 

behaving as if it had the iJaino-structure. Ity4rolysis of this compound 

Ovez 3-hydroxycoumarin, 	=tato as a keto-enol mixture. Thus, on 

the one hand, it is acidic, dianolving in sodium-oal-bonate, and on the 

other hand, it fornia a phznyThydrasone•  and with 2-phenylenediamine, a 

ILuinoxaline. Treating with sodium carbonate open the lactone ring with 

formation of Q-"Iydrsxyphemapyruvic acid. Thus the lactone structure is 

more labile than in ooumarin. 

441Ydromvouarin, or benzotetronic no4  d., exists almost entirely 

in the cowl form, as it has acid properties (rir.a 5.0. The hydroxyl 

sUbetituent in the 4•.position activates the 3. position, since this point 
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attacked in substitution reestiOne. 400Hydrox;y0ounirin condenses 

esiarwital aldehydes to give 3,31..allcylidene or arAidene bis (441ydroxy-

eenessins). The lactone ring of,ip.hydroxyconrIkvin is opera x: by aqueous 

IOW A%  or by boiling with comentrated fiGl„ with subeequent deossrbegylution 

and fornstion of2whydrcayacetohenone. Llere vigorous alkali treatment 

gives salicylic acid. This behaviour contrasts with omrin and 

3..bydroxyoourrarin, whose rim:s are oponod by alkali but closed again by 

acid. 

The hydro3cycounarins substituted in the benzene ring behave like 

normal phenols. 

Coaa,trin-3.-on-Vb04Ylic acid is read13 Y 4000b0splated, as it is 

related to a substituted mimic said. Counarin4oecetic acid is a 

vinylogue of malonic acid and behoves similarly, losing CO, at the 

melting point, and condensing *Mb aromatic aldehydes in the Knoevenagl 

reaction. 

Tautorleriam of 4-hydroxycoumarir- 4,47ydroxycoumarin contains a 

n-keto-lactone system which can undergo enolisation towards the Veto 

carbonyl or towards ths lsotone eart4nvl, Thus tattoos:rim between the 

4"hydrov-benz-.2-pyrone (ip-hydrovfootimarin) (II) and the 2-hydroxy-benz-

4,.pyrone (2..hydronychr000ns) (III) is possible: 

  

  

  

  

I 

  

None of the Imto form (I) is formed, but only owl, and the enolisation 

of the keto carbonyl is prevalent so that 4.-hydrozycoumari'n predenthates 

in solution ,IeLth a little 2-hydroltychromone. In the solid state the 
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compound is exclusively in the coumarin form (Arndt, 1949; Arndt et al., 

1951). The hydroxyl attached to the lactone carbonyl is MOM acid than 

when attached to the keto carbonyl. 

Arndt et al. (1951) came to the above conclusions by a study of 

the methylation of 4-hydroxycoumarin with diazomethane. Kiosa (1953) 

also studied the reactions of 4whydroxycoumrin and came to similar 

conclusions, pointing out that the chromone form may be favoured under 

sped 	 conditions of solvent and acidity. In alkali, II and III form 

the same synanion (IVa and b); in strong acid they both form the same 

syncation (V) (Arndt et al., 1951). Thus, in strong acid and alkali the 

difference between II and III disappears. 

- e 1.1 	I o, I 	 11 , .4... f.-e ?—R 	0 O-R 
I I 	11 	9 

0 - 0:.-5I 	,0,_,0.-o-, 
' o 	 0  

IVa 	/Vb  

OH 

• 

0 

V 

Chmielewska and Oiecierska (1952) inferred from u. v. absorption 

data that 3— substituted derivatives of 4-hydroxycoumarin in 9( ethanol 

are completely ionised with formation of the following ion: 

which presumably is the same as IVa and b above. They state that 

dicomlarol and Tromexan (pp.13-17)  do not form ions of this type under 

similar conditions. Knobloch et al. (1952), on the basis of spectro-

7,raphic and potentiometric measurements, suggested that the traltorric 

equilibrium favours the 2-hydroxychromone form in the bis-hydroxy- 



oomvarin clartratives (cf. p. (63 ). 

The electron shift involved in the 4-hydroxycoursiarin-2-h,ydrov 

me tautoneriam can explain the lability to alkali of 4,44YdraNY-
coursarin glucuronide (lead et al., 19580 and of glycosides of 3-phenyl. 

/1-hydrovcourxerin (Spam et al. 9  190)* 

3,4.-cou- Tarin  dipl: This compound (I) reacts with diazol_ thane 

in the chreinone IC= (II) (Arndt et jai, 1951). It is readily oxidised 

by iodine, silver nitrate, perunnganate aril diehlorophenolindophenol, 

9H 

I 	
OH 

   

0 
Oil 

\mo 0' canr 

   

   

   

    

II 

and gives a blue or MOM 00.10IWItIth ferric chloride mhich soon fades 

(Arndt, 1949). This has best eXplainimi (Arndt et al., 1952) as being 

due to the formation of a coloured chelate cation fn'74u1 one Fe*" ion and 

a nonoanion of coumarindial, reacting through its negative centre and the 

cr.oarbanyls The ferric ion is reduced to ferrous with simultaneouS 

Oxidation of the chrmane to the dicarbonyi comouna„ so that the colour 

fades. 

oqourrenoe a 3 	b tic % of torn as in Plante, 

Opumarin and its hydrmw- andmethov-derivativos occur wide.. 

spread in plants, both free and ocrilinsd, as glycosides, especially in 

greases, clovers, lemmeL., citrus fruits and orchids. Coumarin itself 

occurs particularly in the druff (Asperula odorata) and in white seet 

• clover (MellIotus aibs). It was first iaolstsd from tonka beans 1111870. 

Oorcilius (1956) suggests that as maw as 25 coca ins may be present in 
Angelica archelion. 



The 
	AtICIo des 	s  fraxin end soopolin 

tWonadde and sappoletin in 

chestnut ese studied by R 
	

Aorruletin and fraxetin 

ocoverted into soopoletio; tairsorirri  filastin and aoopoletin 

pear to be precursors of liolino The most Wily distributed coursarin 

in hizher planto in apparently seppoletin (6-uethoxy..-7 
	

) 

(Ycala, 1956), which wns sometimes found together with a 

aescaletin but not with eoumarin itself, 

and Conn (1959) have found that 

ca rin in site sweet clover and the oeumarin is 

eir partly convened to melilotio acid (35: of radioactivity 

adrdnistered) ana its. gluooeide. (10 with2-coumaryl aside 

Labelled o-oeumaric acid was converted largely to its gluoosidc, with 

formation of a little melilotio acid and. ocxx::aran, Thus, o-ooumario 

weld could be the precursor of coumarin, the small amount of laotone 

appearing in the latter experLoant being due to its rapid metabolism, 

Cloumardn rc l arise i» plants from ahiklede acid via a 06  

reatraor (of, 	1957), Almoot all the Italroxylated °oratorio 

derivatives found in plants have a hydroxyl at position 7 (of. Paean,  1952) 

and these could also arise from shildnic acid, or front hydroxy ated 

aromatic derivatives by the *ahem of Geiasman and :miner (1952) 4  it 

would seem unnecessary to postulate a hydroxylation of the mumarin 

nucleus in the plant, 

117 4°004..,11"..  

The plant growth ef t 	'3-0 at ode rife have been 

seed by Dean (1952) • Reppel 	 ad (1957). In the 
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Vollmilv sections, selected topics only axe discussed. 

(1x 14h effects of ommarins on plaritso The tost constant effects 

of coumarin are its inhibition of the gertination of seeds and of the 

of roots. 30771e of its derivatives have sinilar effects, for 
waxiple, cournrin, 3-metlyleoumarin and To.hydroxycoulsarin inhibited 

gemination of Chioary seeds 30..32, 40,hydroxy- and 6,7-dihydroxycommorins 

having less effect (and]iot, 1951). 

The effects of etouanrin on the germination and growth of plants 

have been related to its effects on biochemical activity. Poljakoff6- 

Mhyber (1953) Shoved that counnrin inhibits the activity of the proteditiO 

enzymes in imbibinc lettuce seeds in vitro, but not in more developed 

seedlings; it also inhibits the lipases (cf. also Poljakottqamyber and 
Mayer, 1955). The formation of aqflase in gemanating 'heat is 

prevented by coumarin. 

0oularin blocks mitosis in young roots of onion (Alliumeepa) sod 

lily 	longiflorus01  growth also being inhibited (Corn man, 1947). 
Stein or and Leupi (1955) reported similar effect° in the onion tor 
sabaliferone and sesculetin, but not aesculin. 

Pherrucologi441 action of oeumarins. Coumarin has relatively 

pharnacologioal action in !man; it i3 somewhat toxic, a dose of 
4. ;:;;. z^cxtici symptoms of illness andmalimmee„ and inhibiting the 
sympathetic nervous system. it le also toxic for dogs, sheep, horses and 

cattle, the lethal dose fcr a sheep being 5 g. and for horses and cattle, 

about 40 g. 

woe Imlues for toxicities of coutre:1n have been cited but the 

data are not mctzehensive. Dicke et 	(i9k7) rer.oTt the acute 



coumoestrol 
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toxicity of coumarin for domestic rats to be more than 500 mg./kg. (L.1. .50), 

adilinistered orally, az a solution in propylene glycol. ftsietan.d, al. 

0950 quote figures for the oral L.D.50 in rats as 290 mg./kg. given as a 

10r solution in propylene glycvl and 520 mg./kg. given as a 0% solution 

in corn oil. Zwid-my and. Nelson (j956) state that weanling rats fed 

150 mg. counarin per kg. per day in their diet for 2! seeks showed only 

slight liver changes, while 60 mg./kg./day pmduced no effect. In dogs. 

however, 100 mg./kg./day was fatal in two weeks; on 50 mg./kg./day, the 
&gm survived 1-9 rcntha. At those levels, and even in some cases at 
2 	./kg./day, there were anorexia, weight loss and weakness, with 

damage to the liver. 

0oumarin has a narcotic action in rabbits, frgs and earthworms, 
and is a sedative and hypnotic for mice. 

The oestrogenic activity of some coumarin derivatives is of 

interest. 3-(2-hydroxyphomyl)-hAprowl..7-hydroxycousiarinuns the nost 

active oestrogen of a usher tested in ovariectomised rate by Gley and 

Mentzer (190), being about 0.02 as active as oestradiol. A naturally 

curing plant oestroLen„ coumsestrol, has been isolated frOrti Wino 
clover (Bickoff et 	1957) and Characterised as 0,7-dihydrnalpt4e0xft00. 
(3'02',3,4jocumarin by t3ickoff et al. (s958). It has been pointed out 

on 
Or: 

OH 

ITO 

diethylstilboestrol  oestradiol 



that Oaunoestrol has a stilbeneelike structure analogous to diethyl-

stlIbeeetrol (cod pare also oestradiol) (cf. Dickotf et al., 1960). 

Pharmeoloa and cetabollast  g 10 cot:Litwin 4,14imegulante. The 

Coins which are of the greateet practical Loportanoe pharmacologically 

ax certain derivatives of 440fralemounierin used as anticoagulants and 

rodenticidas. There is a very lame literature on these compounds 

dealing with 	ological erect* and synthesis o new derivative°. 

Bdoouncrol, the agent in spoiled sweet clover hay causing the 

haelorrhagic disease in cattle,*  lass first isolated by Link and his 

co.voricerso  and identified by themes 3,3tocethY1eno bin“hYdrcocYeaumrin 
(Campbell and Link, 15411 altahMeen, Heebner and Lin 1:4, 1941). This 

comound prolongs the coagulation and prothrombin times of antlals 

(of. Roche is Silva, 1945; Laster, 1944; Butt et al., 194.1). The action 

is not haw/WU to man and can be controlled. It is now widely used 

clinically as an anticoagulant as it has the advantar:es of effectiveness 

when adeLlnistered orallys  cheapness and prolonged action. On t,le other 

hand, re varies greatly a;Aong individuals and the action is delayed 

1 or 2 days after administration. 

Teociolties of diooxraroi in various species were detesedsod by 

(19‘2). 	The acute intravenous lethal dose for Axre, rats and 

guinea pigs WW1 50.70 :71;./kg., but was several times greater by the oral 

route. Rate and :Ace fed 0.00 diecmerol in their diet, and rabbits 

and doss receiving 1-2 mg./kg. and 5-50 mg./kg. respectively nei)y by 

all died in less than 4.vieeks. naemorrhage into the tissues and 

scxletimee necrosis of the liver were the changes observed an autopsy. 

Roche e :;ilva (194.3) gave a fioare of 10-120 7:c. per day for tto days for 
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the lethal, doom by injection into rabbits. 

rithyl bis(4-1ridn3-4ecizer .1)aoetate (ethyl bisccumacetate; 

Tromexan; Pelentan) was found to have °attain advantages emOr diocumarol 

as en anticoagulant, as it acts more quickly with feller side effeote 

(Rwasoer, et al., 1951), but leads to a mere transient hypoprothrombinseelas 

and has only 1/5 of the effect of dicounarol in humans (Burke and Wight, 

1951; Barker et al. 1952; nauaner otales  1951). 

Both Trooexan and dioaumarol are strongly antagonised by vitamin 

KO  which is atructurally related to these dregs (Barker et (12,, 1952; 

Limit*  1943). 

The pharmacological importance of the 40.hydroxycoumarin anti-

coagulmts haa provided a stimulus for metabolic sttdies. Thus, .Alick 

(1545) found that sone dies were more resistant to the anticalant 

effects of dial:m..12=31 than others and concluded that this vas due to a 

highly developed detomication mechanism .,vidence obtained by intravenous 

injection of /4G-4icoumarol into mice indioated that the drag disappeared 

rapidly from the blood and was taken up by the liver, being pertly fixed 

there unchanged and partly excreted into the intestine in the bile. The 

radioactivity then appears to be reabsorbed from the intestine and 

excreted in the urine, with &n or appearing in the faeces. In the rabbits  

the pathway is simAlPI,  but no activity remains in the faeces (Jaques and 

%oinks, 1950; Lee et al., 1950), These workers found that administration 

of vita l:du K caused a more rapid displacerient of dicoumaroI from the liver, 

and suggested that the time unchanged diooumarol remains fixed in the 

liver is related to the suppression of prothrodbin formation. g000mirip 

it should be noted that vitamin K does not exert its offect by altering 
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the rate of metabolism-1 of the drug (Weiner et na., 1950). 

In man, diocurtixol is slowly and erratically absorbed fraom the 

alimentary tract, and slowly itabolised and excreted, a/though the rate 

of transformation varies widely for different subjects. The slow 

txonsformtion con be related to a low free plaxam level due to fixation 

of the drug onplcumm and tissue proteins 	The tirr  lag in response to 

diccaverel is partly due to tho slow absorption, but also to its mode of 

action, *doh is to stop production of prothrombin by the liver: the 

prothrodbin already present in plasma then has to be used up before the 

prothrombin time is raised ( uiek, 1 5; Lupton, 197). 

The trotebolic products of dicoumsrol ewe not identified in man, 

dog, rouse, or rabbit, but inoluded little or no unchanged dicoumarol, 

although rausner et al. (1951) claim on paper chromatographic evidence 

that some unchanged 14C-diootrriarol was present in urine of rats after 

oral addnistration, and report that seven possible metabolites were 

formed. Labelled 002  wns not expired by mice followinc intravenous 

injection of 140-dicoumarol (Jaques and Spinks, 1950), or by rats after 

oral administration (Hausner et al., 1951)0 

Uthou,Lh diooulaarol can be det.Te.,,Led chemically to salicylic acid, 

and salicylates administered to rats and doge may induce hypo- 

prothrombinaemia (Field, '1953), saiicylic acid 	not fanollos a urinarY 

xtabolite of diooularol in rata (Lester, 1944), nor in in or dog 

(weiner e 4a,s  1950). No glucuronide was formed in man or dog, and 
formation, of an ethereal sulphate is uall!:ely as the pKa of diooumarol is 

low (5.7) (of R.T. Williams, p. 630). 
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Use or /40-Tromexan in rats atuovxyl that absorption after or 

administration mns rapid, and that there was a high initial liver 

concentration, a more rapid drop in body retention and a high uriqary 

excretion rate in the first for hours, as compared with 14 0..dicemmaro1 

(Vanener et al., 1951). A small amount of 4002  was formed ahich was 

assumed to arise from the carboxyl group. Three possible metabolites, 

which were not identified, mere reported, and some unchamedTranexans 

Tromexan is also absorbed and metabolised more quichly than 

dicatzrarol in man (Brodie et al., 1952), so that after discontinuation of 

the drug, the effects disappeared more rapidly, but as .0th dicourarol the 

rate oftransformation varied videly amen; imdividuals, TroLkexan is 

bound on please and tissue proteins to a oonaidarable extent, but less so 

than diceumrol, and this may be a factor in ite MOM rapid letalx,liesh 

In man, Tromexan is h7droxylated in one of the benzene ringSio 

meta to the lactone bridge, to the extent of 5-157 of an oral dose 

(Burmsjtal., 1953 a0b). NO aucuronides were fonned from Tremezan or 

hydroxytromoxan, and indeed conjugation is unlihely, as both comounds 

have OKa values of 3.1. The drug is metabolised in the liver, the 

metabolite is excrete4 into the intestine vt the bile, then is reabsorbed 

and eliminated in the urine. The hydroxylated metabolite is present in 

the body for longer than the parent drug, which ..,ua.T.sts that it could be 

the agent causing the therapeutic effect. However, bydregytromeman had 

no anticoagulant rctivity. 

Cif 	,H 

frythowilummea 
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lataclim of Tromexan was complete in man, but other cetabolites were 

not identified. Tromexen acid was not formed. 

In the rabbit, the rate o metabolism is simrilnr to that in man, 

but in the 6og it is very much slower (Burrs et 	1953a). Tromexan 

is partly excreted unchanged (15) by the rabbit, and there is no 

hydroxylation of the rings. The main metabolite A is Tremexan acid, 

formed by de..enterification. 

Tromexan acid 

Pulver and von Kaufla (194A reported that two Trecman acids were 

isolated from the urine of rabbits fed Tromexen, the one occurring in 

greater amount having a lactone ring opened, and being devoid of toxicity 

and anticoagulant effect, the other, found only in suall =punts, being 

part3Ally reduced. The structures below have not been confirmed 

(of. R.T. Cilliams, p. 631). 

9 oar OH 

COOR 0  

A number of coumerin derivatives tested by Lehmann (i90) were 

stated to have no advantage over 3,31-rrethy1ene-bis3(4-hydregyecurnrin) an 

anticoagulants, but Pantl (1943) reported that 3,3*-ethylidena+bia(4,* 

W.mxwoottmalx) ( one of the oompounds tested by Lehennrx) gave a shorter 
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and loss s 	tl 	inaemia than di 	1p 	t 

safety in control, Certain other coumarins 

also Show some activity, such as f.inethe 

aihydroxycoumarine (Pose .21 	1940. 

Some of the 4-4ydroszicounorin anticoagulants also find a use as 

rodenticides. This application in based on the fact that these co mounds 

induce fatal tissue haemorrhages i n rats and mice -when given in frequent 

nrinn doses, but cause no untoward effects in man and domestic animals at 

these concentrations. The principal oortpounds used arc dicoomprol, and 

warfarin (3.(creinetonylbenzyl).4-hydrovocurnrie) (of,  Fellitser, 1950, 

for review). 

Anthelmintic a tivity.  NttlerOM fives have ee n tested 

   

particular against earthworms and rou., woras. 3-Phenylunheiliforone 

was the most told° to earthlhurrn of a zroue of counarine tested by 

Khoo = and 1.btieale (1950) s, and 3-taet41- and 7-raetiVicoutorine 

found t© be particularly toxic to Asca4a 	(Nakabsysishi et Ve. 1953). 
it is of interest that couanrin and eantonin, an established antic, 

both have a lactone ring. 

feces on bapterda. After 

including, counarin, 40.hydrogycoumarin, diocumsrol and 4-netk-laeoculetin 

were sham by Broderaen and Kjaer 0940 to have a .cteriastatic effect 

on many different species of bacteria, !wetly pathogonic, ;.ioa. ma 

being the moot aotive, 3ork s i1 micro-orginisms, on the other hand, are 

appavently able to utilise commarit as sole carbon *Same (Robbins, 1916), 

Bellis (1958) isolated two species of Penicillitta from soil ehloh could 

use eitherccumarin or o-coumaric aoid as sole source of carbon. The 
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evidence suggested that o-ccuerric acid 17,,s converted ar the organism, te 

1p.iydroxyoournrin and 3,3'-ratkilone bis(404ydrowcounauttn), and if 

sucrose was present in the medium as well, a little unbelliferone vms 

formed from cownarin• 

Metabolism of Cotrrerin and its S 	e Derivatives in An-141111s. 

Prior to the cork of Mead et al. little Igoe: had boon done on the 

metabolic conversion of ootrierin itself, or its simple hydroxylated 

derivatives, in the antral, except that Vasiliu t al. (1938) demonstrated 

that coutrarin cos not converted to benzoic acid by the sheep. 

Mead t al, (1955a, 195 ) showed that coumarin was hydroxylated 

in the animal. 	1- and 8.-hydroxyccumarins wore found to be 

metabolites of 00tInerill in rabbits, rats, mice, guinea pigs, and ferrets 

by paper chromatographic techniques, and 5...hydnimmouTuln was also found 

in the last three species. 3,..nydroxy- and 7-hydrol;looutarain were the 

major metabolites, and these were isolated from the urine of ocualrin-fed 

rabbits, the 3-isomer as ita glucuronide and ethereal sulphate (:Tead et al, *  
1958b). 3-1Tydrovosurparin was thought to be the chief metabolite from 

the amount isolated, and 7-hydrearjoounnrin as shown by a fluori.etric 

method (Iliad et al. 1954, 1955b) to be formed to the extent of 10,-  of tale  

dose. /pa tia*S 64Tydrovcourxrins wore not found as 'Ictabolites, nor were 

os•couraario said and salicylic acids. 

the present work was in progress, Puroya (1958) confirned 

the above results in rabbits by detection of 3-, 	and th. but not 

5-, or 6.bydrovostriu'ins. Booth et al. (1959) also have isolated 3- and 

la.hydrovootrcarins from the urine of rabbits receiving, mumarin, and a new 

mtabolite, 2-hydroxyphenylacetie acid. o-Trydrovphervilaotio acid was 
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tentatively identified as a urinary metabolite, and they eLaim that 

rlalilotic acid, melilotoyl Awing), a-coll.:111-Jc acid and o-hydrowahmarl-

hydrecrylic acid are formed, the last beina regarded as the precursor 

of o-coumaric acid. They were unable to detect 3- or 7-hydrwcyocumeriUS 

in the urine of couantin-fed rate. but found o-hydravphenylacetio acid, 

as a major metabolite, and reported the detection of all the other 

metabolites ea for rabbits. 

UydroXYcoumarinp. The glucuropide of 341ydroxycxiumarin was 

isolated by Platow (1910) fram the urine of a man receiving the free 

phenol; that of laitydroxycounnrin by Roseman eta* (195) (doge); 

and Sieberg (1921) reported that 7-hydroxycoumarin„ and 6,7e. and 7,8• 

dilaydromeouraarins were excreted in unknown conjugated forms after 

injection into rabbits. aead et 	(1955b, 1958a) studied the fate of 

the maxdardroxycoumarins in the rabbit. They are rrtabolised mainly by 

conjugation, all six fort:ling a slueuronide„ and all except 4ahydroxy-

coumarin forming an ethereal sulphate. The gluottronides are formed ' 

greater amount than the ethereal su/phates. All the gluouronides ark 
some of the ethereal sulphates were ioolated from the urine of rabbits fed 

the appropriate hydrawanmexin. 4*Viethy107.b3rdroV000marin is 
metabolised in a similar way (Mead et al., 1955b), 

Aesculin (6-glucasido-airolycouriarin) is excreted by rats partly 

as the aglyoone, aescaletin, and partly as unchanged aeseulin. 0-a:ethyl-

ation of aseoulatin occurs in the rat, as it is converted into soopoletin 

(6-methaxy-Nlydrovcouanrin) and probably also into 6-hydrov..7-rnettolzr-
coumarin (Twig et al., 1958 ). alien acepoletin is fed to rats, it is 

partly demethylated to aesculetin„ and both aglycones are excreted as 

conjugates with gluouronic acid, sulphate and glycinel  although these 
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have not all been distinguished (Braymer et al., 1960). Rats can sleD 

denethylate herniarin (Fujita and Puruya, 1958). 

7.07dreelocumarin is excreted as the gludoside by some insect*, 

instead of the gluouronide (Smith, 1955); the *thirties/ Sato  is ford 

as in vertebrates. 

0"ONKCEltrie ac  id ATU melilotic acid, o-Coumaric acid is partly 

eliminated unchanged by rabbits, and partly conjugated with glucuronic acid 

at the phenolic hydrovi group and with glycine at the carboxyl group 

(Abad et al., .195%). 4.=9ydroXY- and 7-hydrovcoumarins are also 

metabolites of o-ocumaric acid in the rabbit, 'which proves that an in vivo 

trana-cis isomerisation and a cyolisation take place. 

Purther, it ess shown by Mead et al. (1950o) that melilotic acid 

was converted by rabbits to o.,coumaric acid and its metabolites, but that 

o-cousaric acidimus not reduced to raelilotic acid. On the other hand, 

i)ooth et al. (1959) report that o-cou.slric acid fed to rats and rabbits is 

partly converted to ulelilotic acid and its glycine conjugate, 	found 

a smell  amount of 4-hydroxycomearin, postulated as arising fromo-hydroxy-

phenylhydraczylic acid, but no 7-hydrovcoumrin. o-F,,ydroxrphenyllectic 

acid was also reported. 

Other comarin derivatives. Bthyl cournarinr,3-carbowlate injected 

into a mouse, or applied on excised liver or kidney as partly hydrolysed 

to coumarizr-3-carboxylic acid (Ichibagase„ 1955). Rthyl 7-nitroommarinm. 

3-oarboxylete was chiefly hydrolysed and reduced to 7-aminocoumarin-3-

mrboxylic acid, pert of which vas aoetylated to 7-acetamlieeoumarin-3-

carboxylic acid. 
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Chapter 2. `aterialo and le lode. 

Reference Coripo 	The following common& wore purchased, and 

purified further where indicated:,  Courerin (B.D.R. Ltd.), n. p. 69-)00 

from n-h=ane, o-oeumaric acid hydrate 	Ltd.) m, p. 20841, 

hydrovoyx1rArin (B0.114 Ltd.), n. p. 2300.1a after several reearystall.isat ions 

from water with charooal„ o-hydroxyphenylacetio acid (Light and (b,), 

Lup. 145-.60, and o-hmiroxyacetophenone (Light and Co.), colourless liquid, 

chrorato-6raphically pore. 4-7ydrarycoumarin, 	2160, ups tonated by 

Aspro Ltd. 

The following hydro tsarina were synthesised: 3 4  rdroxr 
cup, 153a Prom water (Linoh, 1W), 6-hydroxy- m. p. 2520 frost a large 

volume of unter (Basgsalimi and 	1915), ald 8-hi 	sin, 

159-60.3 from water (Cingolani, 1954). 

5-Nydrommomorin vis synthesised aocording to Adam and 

Bocleatahler (1952), issmopt that the final deaarboaylation stage in the 

synthesis vas found to be unreliable and was noafied. Thus, 5-4YdroXY-

counarin-3-oesbelylic acid (2 g.) and watt= raetabiaulphite (5 g.) were 

warmed with 25 ml. water until all the solid had dissolved. Warming was 

continued until effervescence 'lad ceased, then the solution was gently 

evaporated over a flame and the pasty orango-red residue was. dried in wow  
over P205. The thy solid was heated in a bath of molten solder metal for 

4.71 hours, initially at 140*, then for the last hour at 1800. The cooled 

nixture was elithooted several t1 	With ether and the codbined extracts 

ire evaporated, The residue, after recryatallisation from water, yielded 

1.2 g. 5-1Nydrrxv,couirru'in (74)  as white woolly noodles, m. p. 2280. 



23, 

6,7eDihydroxyooumarin esculetin) was obtained from its glueoside, 

aeeculin (Light and Co.), by acid hydrolysis (0.5 N I101 for 0.5 hour) 

as Pa 269..704 fran water. 

Dihydrocaumarin (6.3 80 (Light and Co.) refluxed with 50 ml. or 

iqr KOV: ?or i hour, the acidified hydrolysate extracted with ether, and 

the residue fran the evaporated extract reorystallised from carbon tetra-

chloride yielded 5.9 g, of o-hydroxyphenylpropionic acid (melilotic acid) 

as white needles, rep, 870. elelilotic acid readily recyclises to dihydro-

coumarin if left exposed to light aid air; a brownish liquid is formed, 

Consisting of a mixture of the acid and its laotone. 

o-flydroxyphenyllactic acid was synthesised by reduction of an 

alkaline solution of 3-kydroxycoumarin with sodium amalgam, cf. Plech/ and 

':;,elfrus (1L435), These authors do not describe the experimental procedure 

for the reductions The following procedure wee found to be best; 

variations of this gave a mixture of products which could not be separated: 

3-13ydmxyootmerin (5 g.) was dissolved in 25 ml. of 2 N Nee*, 

solution and diluted with water to about 150 ml, About 1 ml, of 114g NSW 

solutioslass added, and the yellow solution was boiled for 15 ednutes under 

reflux to convert the 3-hydrovcoursarin to o-hydroveptenylpyruvic said. 

3odium amalgam, from 2.15 g. sodium and lao g. mercury, was added in small 

portions to the solution cooled at 00, with continuous mechanical stirring, 

during 0,5 hour, The mixture (greenish-yellow aqueous layer and mercury 

layer) was transferred to a 250 el. centrifuge bottle, stoppered with a 

rubber bung and shaken for 15 ednutes. The colour of the solution was 

almost disc :barged by this procedure. The supermtant solution was 

decanted, the mercury vas eeshed with water, aril solution awl washineS 



aciftried with concentrated ;C1. The solution was extracted with 4 x 

50 ml. ether, the extract dried over anhydrous Na-e  301  and the solvent 

rexffed. The msidue me a dark reddish oil, weighing 5.7 g. Paper 

immatography in beasems 0 aortic, acid - water (1:1:2, by vol.) showed 

a spot at Rf 0.09, giving a dark blue colour with Giblm,s raD,:ent. Only 

traccq of imnuritieo were found, To the crude o-hydroxyphenillactio 

acid (5,7 -.) were added 20 ml. of water, then calcium hydroxide wets added 

grulually, with warmin3 and stirrine, until the pH remained at 8. The 

mixture wop heated to boilin74  filtered, and cooled, After removal of a 

stiolcy material by filtration, the solution on otandinl and cooling at 00  

deposited whiLe crystals, which were filtered off. :his material, dried 

vacs  over CoOly  yielded 3.l g. of white miceocryotals, which were 

found to be chromategraphinelly pure. This calcium salt vas a hemihydrate; 

the calcitsa o-hydroxyphenyllactste of PlOahl and ,olfrum (l oc. cit.) 

contained 6H 0, 

for (0,H904)2 Ca. 0•9120: 1120a 2.2. 

H2O, 2.1 (loss et 1109). 

o-ifydrovphenylpyruvic acid, the lactone of which isdroVr. 

courmrin, Was prepared as follows: 3-Cydroxycoumorin (1 g.) vas dissolved 

in 50 mil. of 2N Na 003  and boiled under reflux for 0.5 hour. The solution, 

cooled to 00, was acidified to #H2 by oautious addition of ice-oold 

concentrated HC1, and extracted immediately with 3 20 ml. portions of 

The axabined extracts were dried over anhydrous Na2SO4  and the solvent as 

removed to leave a yellowish syrup (0.32 g.). Paper chromatography of 

this material in 3 solvent systems (see Table 2.1) showed a main spot 

which gave characteristic colour reactions (Table 2.1 and me seamed to 
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be o-hydroxyPhenylpyruvie acid, and a weak spot corresponding to 5-hydrco7- 

tr,  in. Ile syrup could also be distiroxiehed by its reactione in 

ueeus solution (Table 2.3). Thus with aqueoue V 001. it gave a 

tered colour, and with Gibbs's reagent a green colour. 3,--:y6ro:67e 

coucarin gives a green colour ana wdroxypherwlacetic acid n colour with 

ferric chloride. The syrup gradually crystalliseo 	2 or 3 days to 

.lixture consisting of 3-hydrageoumarin and the decarboxylation product-

oeNtoiroxyphenylacetic acld4 The decarboxylation can be observed on paper 

chrolattograms run in amoniacal solvents (0„ Table 2.1) by spraying with 

Gibbs's reagent; the o-bydroxeeilenylacetio acid then appears as a 

:ant-shaped area running at the front of the yellowegreen2-hydroxy• 

phenylpyruvic acid vet. Awarding to 3rlenmeyer and tadlin (190) the 

tree prIrein said Oanixat be obtained as it reverts to o hydroxycousarico 

lydroxyph nylhydracrylic acid: Wattapis we 	7cde to prepare 

by sodiml sal7,-us reduction 	aqueouseethanolio solution 

of le-hydrosycougarin. However, a mixture of products was obtained, trail 

which al Est the whole of the starting material was re-isolated, The 

remaining product consisted of about 0,5 mi. of a yellow aqueous solution. 

Paper chromatography showed the prese=nce of three unidentified spots, which 

were acidic, giving a yellow colour on a green background when sprayed with 

a 0.1 , aqueous solution of bromothymol blue, and a blue colour with Gibbs's 

x :ant. Rf values in benzene - acetic acid water (10:2 by vol.) 	 

0.05, 0. 	and 0.92, respectively. This preparation was used for paper 

chroae.towaphy. Attempts to isolate a calcium salt of -bydrardphenyl-

hydracrylio acid from the mixture uere unsuccessful. 

enzaminceo-kedroxycinnamio acid (salicylalhippuric acid) Ice 

synthesised by the method of Rebuffat (1 9) in 257, yield, white needles 



from ethanol-water, m.p. 197-197. (lit. 1950. 	inc was 

obtained by reduction of the above =wound to NAlenso,  -a-tyrosina with 

coat= amalgam, and removing the bermyl grouping by boiling with HC1 

(Mum 1900. 2-Tyrosine formed small white needlos, 	044.500 

(decamp.). 

yellowish powder, 	 ) by treat: lent of 7drox)otrzarin 

with allrali (Posen, i 3i). 

ouultydroNpotraneeetunesoyl glyoine 

asoording Woad et da. (1958a 

p, 226070 (deoengu). 
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gumuranides of 3-1  

biosynthesised as described by ti 

commarin gluouronide 	212-2130  (deootkpi) 

coumrin glucuronide z;MO' pirate, m.p. 184-50 from tr,:_ter; 7wahydrAp-

opumarin gluouronide monohydrate m.p. 149-50* from ethanol. The,  

lagation of these compounds from the urine of rabbits rossiving oonearin 

will be mentioned later. 

The berpylamine Salts of the a..hydraxyphanyl acids were prepared 

y &ling the theoretical amount of benzylamine to thellydrogr aold 

di 	 ved in a anon volume of ethyl acetate. The benkkylardne salt 

separated rapidly after stirring for a few scorns, it was filtered off 

quickly, mashed with ethyl acetate and recrystallized from the same solvent 

These salts have the advantage of being quiakly,  and easily made and 

purified, aM of having sharp, characteristic meltinz points. The 

benzylamine salt of 0.1utirogyphenyllaotic acid tended to deoompose If 



there yr any delay in purification. 

The bensyIamine salt of srhydzoilacetle aold fold minute 

crystals from ethyl acetate, m. p. 1650. 

Oalcd" for Ceti 	C, 69.45; H, 6.6 
Found: 0, 69.7; 14 6.3. 

The bmizylamine salt of a-}vdroxyphiewlpropiorylc acaid lamed 

white woo 	needles from ethyl acetate, ritiro: 146-70. 

cod's  for C b iy 	0, 70.3; Hs 7.0; 1, 5.1. 
Pound: 0, 70.5; H, 7,2;  N, 5.25. 

The benzylamine salt of o.hydroxyphenyllactic acid formed a white 

powder from ethyl acetate, m.p. 132°. 

Calede  for 0161 91'0 : C, 66.4; 
Pound: C, 66.2; t, 6.6. 

Other derivatives used are described under isotope dilution 

mrothode. 

Die 	(2. 140J malonate (UM g,; 0.5 00.; 
Radloohentast). Centres  Amersham) vas lamed at 500  in a 250 ma, flask with 

NaOH (13•4 ml.) until it dissolved (2.3 min.). After keeping the 

mixture at room teversture for 2,5 hours, the solution was neutralisea 

with 6.2 ma. of approximAtely 2 T 1101 and evaporated over a wall flame 

until it beaqe to solidify; the f1.* 	then kept in an evacuated 

desiccator over 13 0 for 2t hours. To the dry mixture of mIonie aoid 

and sodium chloride, salicylaldehyde (0.65 ml.) and aniline hydrochloride 

(0.1 g.) were added, After thorough mOing, the material was warLiad on 

a water bath at 50-60° for 6 hours and then kept overnight at 370. 
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this time the mixture had become pasty but still spelt of snlicylaldehyde. 

It was therefore heated at 55-60° for a further 1.5 hours. The h.mod cake 

which had then nomad was triturated with 5 ml. water, drained, and washed 

successively with 2 ol. of absolute ethanol and 2 ml. of ether. 'T:he yield 

of eowarin-3-carbosvlio acid was 0.9k c. The acid was mixed with sodium 

antabisuiphite (0.91. g.) and water (5 ml.) and warmed to 40-500  until all 

the solid had dissolved. The temperature was then raised to 60-700  until 

the evolution of CO2  had ceased. The solution wee evaporate:1k vacuo at 

60700 ana the pasty mese of sodium hydrocoumerinsulphonate was dried 

in vacuo over i 2U5  (yield 1.3 g.). The dry salt was then heated under 

reflwc at 1900 for 6 hours. After cooling, the reoldue ma extracted 

repeatedly with ether and the extracts on evaporation yielded 0.6 g. of 
/ 
J'Oe'extmarin, m. p. 610  (recovery of 14C was 387.6 p44 or 77;lo After 

reorystallisation from n-hexane, the coumarin had m.p. 69-70° with an 

activity of 690 iJce/g. 13y heating the resJiinel soditrahydr000umarite-

nulphonate at 1900 for 1.5 hours, a further 23 mg. of coumarin, eh p. 63-650, 

was obtained. 

iigana. Chinchilla doe rabbits (about 3 %go) and fenale albino 

rats (3 months old; 150-200 g.) maintained on a constant diet, mere used. 

Rabbits received 80 g. of diet 4.1 (Associated Flour Millers Ltd.) and 150 ml. 

of water per day; rats received 10 e. of diet 4.1 and 20 al. of water per 

day. Compounds were finely ground and administered orally to the animal 

as a suspension in water containing a little bile salt. 	stonach tube 

was used for rabbits, a syringe and wide-bore needle for rats. The latter 

were liertly anaesthetised with ether before dosing. The animals were kept 

in Entabolism cages for °collection of urine and faeces exoept for 

experiments in Which expired air was collected. Urine wns collected when 
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it was passed which is usually every 24 hours for rabbits, although 

solletimes tNo collections per day were possible, and twice daily for rats. 

Faeces were usually collected at the anti of the experiment (2-5 days); 

for one rat, daily collections were taken. The rat faeces were carefully 

rinsed. 'with water, and the v hings .were a added to the urine. 

Stdlection of expired i r. Au anion' was housed in a nerspcx tank through 

which nir could be drawn and having an arrangement for collecting urine 

periodically without breakin„ the air current (Parke and dilliams, 1950 

1953; "allot, Parke and ,falliams, 1959). ?or nea3ureuent of ootturin in 

expired air, the absorption train consisted of toe Amschel bottles 

containing anhydrous megnesiun perchlorate followed by two tubes containing 

50 m1. of ethanol immersed in an acetone-solid CO mixture. In 

experiments for collection of 14.°°2 9 these were followed by tiro Dreschel 

bottles containing 5U NaOH. 

Doteertlieetion of co 	in eRirsd 	Coumarin n the dourly 

ethanolic samples from the absorption train was estimated apeotrophoto- 

metrically at 275 	against a blank through which laboratory air had. been 

drawn fur the same period, Where s sill differences between sample anu 

blank were obtained, the untirc spectra between 210 and 300 qv. mere 

comared. Recovery of cots-a:AL-5Ln was checked by using thin films of COUM.1141 

Ca clock glasses, No ooktat.k.i.L., was rersoved from the °bather in two 

e~xperi is sy aeration for 12 and 30 hours respectivel,y, 

tivi 	Measurements were carried out on 

solid or liquid samples of "infinite thialcless" in au end-window Gei,ger- 

duller counter. Where the aloun. of material available was insufficient 

to make an "infinitely thick" layer, a correction was applied (Calvin et a.4,. 



I 949). Solid samples were counted on aluminium planohettes, 1.8 sew mu, 

and liquid samples on inverted planchettes, 5.0 win. cm. the specific 

activities were doterrainsd by comparison with stable reference polymers, 

having activity 0.1 oc./g. The different counters used bad background 

counts of 8.12 and 17-21 cloun s perinute, 

she total radio tivity in urine 118 meaeared coOnting the 

liquid urine, and occasionally by counting the residue obtained by 

evaporation of the urine under infra-red leaps. Resulte from the to 

unthads did not differ significantly except for low-activity urine, when 

them latter was more accurate. Radioactivity in faeces was measured by 

homogenising with water and counting wet or after drying Tissuen 4ere 

homogenised in a s=a ring blender or in a small glass homogoniser with or 

without the addition of water, according to the consistency of the tissue 

and counted wet, ,he percentage radioactivity tas calculated on the 

bailie of the wet weight of the tissue. 002 in expired air wee aseered 

far radioactivity by trapping in tiaOR and counting as IWO (Calvin et A. 
190). 
COUAting_490WW. 	counted for 	of 10tee„ with 

a 10 minute baCkground data between each, until sufficient total counts 

bad been taken to give a a Bari error of loss than gl; for urine or 

fractions, or metabolites containing more than 1% of the re activity in 

the 	-e. The standard error was often greater for leas important 

fractions: thus it ens 3.4W for metabolites containing 1- of 

activity, and usually less than 5.; for metabolites containing leas than t% 

of the activity. standard errors for - tissues containing only small 

amounts of radioactivity were occasionally as high as 207. 



When the wmunt of x11torial on the planchatte waa less then 

20 	per al fu. on" the nuRiber of counts ableimed vas corrected from 

atii,Nehtorption curves. 

AgatePro.tive'retsg-n4rom.  
A number o. preliminary teete wore wed out on the urine of 

sitimas fed cowarin derivatives and these tests were also applied, where 

appropriate)  to pure oozipsOndas, and various entreats from biological 

material, 

ed for nth 	act's quali.t* Live  

t 	boiled for at e, a few drops of 

heated at 100 	2 minutes, A green 

wIcra 	slight 	arosin or yellow precipitate, 

of 
	

th B.D.H. wide mange 

universal indioator piper, 	a closer approximation was sometimes 

obtained vith the appropriate narrow range paper. 

lucuronides: a fewmg. of phtho 	1 

0.5 ml. concentrated:11010  an 'alma VoIume of urine or a few mg, of 

gluouronide 	or pure compound were added, and the mixture was bo 

One minute, 000led, and extracted with an equal volume of ether. A 

purple colour in the ether layer denoted the presence of gluouronide 

Norval urines gave a rather faint purple, those containing much glmourort et, 

or solutions of pure gamommonide„ gave a deep purple. 

Rthereal sulphate: 0.5 24.• of a 1"7r, eolation of Ba012X 0 in a Hat 

as aikiced to 0.5 ml. of test solution. Any precipitate formed (including 

inaranic sulphate) was filtered off, and the slow solution was boiled for 



32, 

30 seconds and cooled. 	pit or cloudiness indicated the presence 

Of ethereal sulphate. 

Gibbs's teat: to 0.5 ml, tee* Solution, an equal yam.= of 0.1A 

6Ndichloroquinone ableroirdde in ethanol was Added, followed by 0.5 nO4 

of saturated aqueous ua11003. This test vas not usually performed with 

urine, because norm.' urines give a blue colour with this reagent. 

3rentamine test: 0.5 aa, of a 0.01, aqueous aolution of a 

Drentamine salt (usually Brentagine fast blue B salt) vas aaled to 0.5 ml. 

of test solution, followed by 0.5 ml. of saturated aqueous NAH0014 This 

only occasionally used for urine as such (but cf. Chapter 4). 

Ferric chloride: a few drops of a 1% aqueous neutral solution of 

ferric chloride were added to 0.5 ml. of test solution. Disuinctive 

colours are often obtained vdth phenolic compoumis. This was used as a. 

routine for urine.  

rady's reagent: carbonyl groups were tested for by addition of 

a few drops of a v solution of 2#40.dinitrophenyihydrazine in el BiSO4.  
(Brady's re44.04) 10 0.5 	of urine. A yellow or =lenge precipitate, 

separating in the cold or on warming, indicates a keto or Eadelvdo grouping, 

Ninhydrin: 0.5 fl]. of a 0.1:"! ethanolio solution of ninhydrin 

added to 0.5 ml. of test solution, ands-wu..3ad if necessary, was used as a 

teat for fl,.-amino acids. 

Fluoresceess: urine often showed fluorescence characteristic of 

certain ocopounde when illmainated by ultra-violet light (principal wave-

length 270 zr. or 360 44.). Addition of concentrated amvonia, glacial 

acetic acid, or B01 sometiAes modified the fluorescense rosi.onse. 



3 

4mAgpaApg44. (of. .1fInd et al., 1958a,. Ovain, 1953). 

Descending chromatography on What:mil No. it. paper was used 

(occasionally Whatman No.. i or other paper as indicated). Rf values for 

the following solvent systere are give= in Table 2.1. 

A. Benzene - glacial ac c acid - water (1:1:2). 

jrautanol 00 glacial acetic acid - water 041:5 or 4:1:2;  

layer of the forcer is equivalent to the latter mixture 

C. Iffropanol aammia solution (sp. gr. 0.38) (70). 

D. Ethyl methyl ketone saturated with 41 ammonia solution. 

reautanal ammonia solution (ap. €7‘. 0,.33) - water (821 1 ) 

F Benzene-nbutanol*2N. amnia (1:2:3). 

G. Benzene-n-propanol-aanonia solution (ep. gr. 0.88) (3:7:3). 

All proportions 	by volume. 

Of these solvent systems, A, B, 0, D, and 13 were found tea give the 

best results. 	and G were satisfactory for many couroarin derivatives and 

were ormaionally tried to achieve better separation between particular 

groups of compounds. 	ver&L other solvents were of little or r value, 

account of poor separation, tailing, streaking compounds running at 

the solvent front, etc. 

1-43utanol - benzene » water (5:2:2) gave a spot at Re 0.68 tar 

hydroxyphenylpyrwric acid, with some tailing, and was me metines used for 

this labile compound as it is a neutral solvent system. 

Urine, or compounds dissolved in en appropriate solvent were applied 

to the paper with fine glass capillary tubes. About 50 pl. of urine 

50-100 	of a solid extract, or 20 pg. of a pure carpomma were applied to 

the paper, to form a spot about 0.75 cm. in diameter. The chromatogram 



was developed in the solvent mixture without prior equilibration of the 

paper with the vapour phase, and without special precautions regarding 

temperature. Under these conditions, Rf values varied from time to time, 

from one batch of solvent mixture to another, and from one tank to another. 

Also, RI' values for pure compounds were often slightly different from those 

for the metabolites in biological material Acoordinay, reference 

compounds mere alwvs run alongside urine or *Streets. nf values quoted 

in Table 2.1 are averages of several of the best mos, and give an 

indication of the relative positions of the spots. Runs were of 12-13" 

from the origin. 

The spots were detected on Duper by the followinc, procedt 

Fl9qcscence. Papers were exposed to u.v. light (wavelength 

270 sp4 or 360 aµ.). 	corvounds fluoresce or quench the background 

flumreepence. NXpoeure of the paper to emonis femme somelimms modifies 

the fleareeoence. 

nologRt4Tipto fluorescence.  The paper was sprayed with NaOff 

and exposed to u.v. light (360 41.). Coumarin develops a blue-green 

fluorescence within one minute of exposure. This reaction is given by 

coumarins with no free hydroxyl groups and no mibstitaent in position L. 

CFeigl et al., 1955; Mead et al., 19580. 

Other spray reagents.  Gijbs's reagent (0.1%  2 	'a oroquinone-

chloroimide in ethanol) followed Tv saturated aqueous NaH003. 

Brentamine fast blue B salt (0.0V in water) followed by saturated 

aqueous NaH003 



Ferric chloride, 1% in water. 

Ninhydrin„ 0.t% in ethanel. 

Bromothymol blue, 	in water, for acidic eompounds. 

meeinitrobeneeee, g in ethanol, followed by NaOH. Teti s reagent 

given a red colour with oehydeoxyacetophemone. 

Colours given on paper by the oompounde used in this study are 

quoted in Table 2.2. These are not arrays exactly the same a colour 

reactions given in a test tube (cf. Table 2.5.), 

Aetoradiefiraehe. This was carried. out by placing chroreatorceees 

of radioactive urine or extracts in contact with X-ray 	end developing 

for 2 weeks. 

iT60281;94412r.t..ttior.„.,446. 

The general procedure for carrying out isotope dilutions was as 

follows. An aliquot of urine 1..2 taken and a weighed amount of inactive 

carrier wee added. The volume of urine and the anount of carrier were 

chosen Do that when the :ettabolite was re--isolated it mould have an 

appreciable count, even if present in ocrill  airount. 	"hen it ma desired 

to estimate the amount of a uetabolite occurring free in urine, the carrier 

was re-isolated after allowing the mdxture to stand for 0.5 hour to ensure 

homogeneity of inactive carrier and active eetabolite. In the estimation 

of the total aeount of the compound present in urine, including conjugates, 

the mixture ees boiled under reflux with an equal voluiv of concentrated 

1101 for 3 hours, when it was desired to hydrolyse glucuronides, and with 

1/20 volmee of concentrated Fel for 20 minutes to hydrolyse ethereal 

sulphates only. 

Oommarin (a) (Total). 0oumarin (0.4e0.5 g.)  vas added to urine 



Table 2.1. 
nd its possible metabolites (cf. P. 33), 

36. 

0:44sound 

0ou 
34iydroxycouuarin 
4,41ydrovcottalrin 
54Aydroyooumaria 
6-gydrogyccumarin 
74ydraxycoumarin 
841ydrogroommarin 
6,7-Dihydrczymounarin 
Potaasiwn 3-mirth 
sulphate 
iftrtanalung 7.4zrdrolzro3trorwin 
sulphate 
3.•JnydravooLuarin glucuronido 
4/ydrowcoumarin siticuromido 

7-11ydrozzlcournr1n &Incur:nide 
.2-counario acid 
aalicylic acid 
o-iTydroxypherkylpropionle acid 
4TydnAnterky1acetic acid 

o-iTydrsvphanyilact io acid 
2-41ydrovritertripyruvic acid 
a-rlydrowlsinylkydrac271ic 
acid 

2,4001hydrowc1nnamic acid 
jeframine 
o-IT:tdrogyeastophencome 
Phenol 

0.88 0.92 0.96 0.96 0.93 0.93 0.91 
0.72 0.91 0.86 0.4 0.53 0.30 0.61 
0.15 0.91 0.72 0.18 0.46 0.4 0.59 
0.12 0.37 0.81 0.64 0.30 0.62 
0.05 0.a5 0.78 0.85 0.55 0.67 
0.15 0.86 0.60 041 0.25 0.60 
0.62 0.33 0.66 0.60 0.26 0.56 
0.00 0.77 0.27 

0.00 0.50 0.77 ,0* 

0.00 0.48 0.73 

0.00 0.58 0.11 0.03 
0.00 0.59 0,29 0.04 
0.00 0.52 0.25 0.02 
0.20 0.90 0.36 0.07 0.09 0.3 
0.79 0.92 0.77 0.38 0.51 
0.43 0.92 0.67 0.27 0.46 0.29 0,60 
0.28 0.89 0.87 0.35 0.47 0.27 0.63 
0.09 0.88 0.76 0.18 0.32 0.12 0.42 
0.08 0.80 0.60 S 

0.05 
(0.40) 
(0.92 0.01 0.73 

0.00 0.81 0.31 0.02 0605 
0.00 0.26 0.15 0.00 0.00 0.00 0.09 
0.83 0.96 0.96 
007 0.93 0.95 0.97 0.94 0.9k 



Commarin 

3-gydroxycouraarin 
Red-').Green Slue (.+Dlue 

:Reding to 
pink-yellaw 

Blue Intense blue 

Pink (--red) AM 

Blue Green 

Purple 

Blue 

Blue 01. 

;eak yellow 
( -' yellow 
-)Ppink) 

7;eak orange.  
(-3 weak orange 
purple > 50 tz.) 

o-Hydroxyphenyl-
propionic acid 

o-Pydroxyphenyl-
acetic acid 

Blue ••• 

(Yellow-* 
orange -3 
pimk) 

Weak red 
pale 

yellow) 

Pale yellow 
-*pink or 
purple 

Green slowly 

o-Fydroxyphenyl-
lactic acid 

ou.Hydrovphenyl-
pyruvic acid 

o-ITydrox,yphenyl-
hydracrylic acid 

Bright green yellow_ 
Veak purple rapidly--> green yellow 

Blue 

40 
Violet 
purnle -red) 

Crimson 
blue slowly-, 

purple 

2.14,-Dilvidro2cy-
cinna-lic acid 

Purple-blue Intense 

OEN 

Phenol 

a- Tyrosine 
Yellow (-=, 
orange-*. 
pink) 

Red-purple 

Blue (slow) 

AMP 

Very weak 
blue (.400 
i4g.) 

o-Hydroromtcetophenone 

Table 2.2 

Colour reactions on paper of coumarin and its possible metabolites (cf. pp. 34-35). 
.,luorescence 

360 /111... 	360 	(NH3  
Fumes)  

Brentamine 	Ferric 
(+NaHCO3) ::,111ofide 

Corkoound Gibbs 270 r4L. 

4P.Hydrovcour.sarin 

5-Iptiroxycomnarin 

6-Hydroxycoumarin 

7-Hydroxycoumarin 

8-Hydroxycouunrin 

6 t7.•Dilvc3rov-
cournrin 
o-Couraric acid 

;alicylic acid 

Red.-purple 

Green -* Llte 
-->purple 

)lowly 
developing 
very weak 
blue 

Very weak 
red-violet, 
darkening 

Green -* blue 
mauve 

Bright green Blue 

Blue (slowly 
developing) 

i•Or 

Q means quenching of the background fluorescence. 

37. 

Purple 

Pale blue 

Purple-blue 

Blue 

Very weak 
purple 

Very weak 
purple 

Yellow 

Blue 

Purple-blue Purple-blue 



3rentamine Ferric 
	 NaBOO3  ) Chloride 

Purple-red 
(-4 lx1rP10- green 
blue) 

Coo pound 

 

Alcohol 
Soln. 

 

  

pi 2 	pll 8 	pr 13 Gibbs 

3-41ydroxycoulcarin 	 Red 

100 
eak green-

blue Criason 

,:ed-purple 

t due 

IMP 

000 

Phenol 

Blue OK 

2,40-.0ihydroacy—
cinua  raie acid 

o -Tyrosine 

o-eydroxyacetophenone 

(Intense 
purple-red) 

(Orange to 
salmon-pink 
fading to 
yellow) 

Bright yellow 
(-4. orange-red Blue 
fading) 

Table 2.3 

Colour reactions in a teat tube of some possible metabolites or caumnrin. 

lauorescence 

38. 

6,7-Dihydrov- 
coumarin Blue-green 

 

Green 

o-pydroxyphenyl-
propionie acid 

o-rydroxyphenyl- 
acetic acid 

o-llydroxyphen,y1.- 
lactic acid 

 

Blue 

Blue 

Blue 

Cesk yellow 
(-4re4-orana0 

(realm to 
orange) 
east yello7 Paint 

(--:;!, red) 	greenish 

0-4!ydroxyphenyl-
pyruvic acid Weak blue Bright 

green 

Intense green 
Green Green-blue rapidly-4 

deep blue red 
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(1-5 ml., oontaining 000 to 1/40 of the total urinary radioactivity), 

diluted with water (10-20 ml.) and, an equal volume of concentrated TM 

was added. The mixture uaa boiled under reflux for 3 hours (usually with 

a little ethanol to help to dissolve all the coumarin). The solution we' 

cooled to 00, the cowarin which separated was filtered off, and the 

filtrate was extracted with ether (3 x 20 ml.). The codbined extracts, 

dissolved in ether, were dried over anhydrous NW-104  and evaporated. The 

residue was recrystallized from mull-mane and frau liht petroleum (b.p. 10°-

1200) until the activity las oonstant (mo, 69-100). 

(b) (Free).  opumarin (0.3.0.5 g.) vx.s added to urine (i.65 mi.; 1/100 

1/20 of the radiesctiviity) and diluted with water (10-20 ml.). The 

mixture tkhz warned under reflux, with addition of a little ethansl (3-5 m1.1 

until all the solid heed dissolved, After standing 0.5 hour at room 

temverature, the solution ms cooled to 00; mumarin separated out and was 

filtered off and roorystallise4 as above. 

6-,  7-. and 8-11Ydroximeucarius (a) Total. itribrampooussein 

g.) was added to urine (1-5 ml.; 1/100 to 1/20 of the radio-

activity), diluted with water if namessary and hydrolysed as for total 

pour 	3-, 7- and 841ydroxyooumarins were extracted from the cooled 
solution by shaking with several portions of ether or by continuous 

extraction with ether. 5-Fydroxycoumarin was re-isolated by continuous 

extraction with ehlorofoin for 24 hours. The extracts were dried 

(anhydrous. 4,) and the solvents distilled off. 6..1Rydroxycoumarin 

separated from the hydrolysate simply on cooling to 0©, and was filtered off. 

341ydroxycoumarin was rsogystallised from water (charcoal) and 

occasionally also frombenzene and ethanol, and counted as smolt (m.p. 1526°3o) 



until 	ante w oonitant. It was then converted into 2-oxo-3- 

phenylhydrazonoohrorten (m.p. 173'40)  by treatment with N MOH and phenyl.. 

hydrazine hydrochloride (Erlenmeyer and stadlin, 19010, and this was 

recrystallized from aqueous ethanol to constant activity. 5. (m.p. 2280), 

6- (nl,p, 2520), 7- (Ilupi, 2310)„ and 8- (m.p. 159".60o) hydraNywumarios 

were recrystallised fro a. enter, with charcoal for the first two or three 

t1Jaes, and counted as such and after oonversion into the corresponding 

aoetowoumarins 	m.p. 85o;  6-, m.p. 1ii5-60; 	ehp. 1W-10; and 

6.0„ m.p. 13341, after recryatallisation from water). 

(b) Mildhydrplvsita.  -ydroxyooumarin 	g*) was added to Mine 

(5 ml.; 1/50 activity), an aqueous volume of 0.6 N HCI was added and the 

mixture Ws boiled under ref lux for 20 minutes, with duel addition of 

0.3 N H01 as necessary until the compound was dissolved. On cooling the 

*elution to 0°, the hydroxycoumaeal crystallised out, and was filtered off 

and recrystallised to constant activity as above. The same derivatives 

were prepared. 

(0) 1x 
	Tydroxycounarin 	added to urine as before and the mixture 

was diluted with water and warmed to dissolve the carrier. 	and 

7-hydroaveoumarins separated on cooling, 83..hydrovcoumarin was extracted 

with ether. The corvounds were reorystal'ised and counted as usual. 

Wydroxyeoumarin,  Prolonged heating with acids SeRvorts 4-hydroxy-

oommarin and its conjugates into 2-bydrogyacelzmbiameift, freitidroxYcotraarin 

(0.3-0.5 g.) was added to urine (2-5 ua.; 1/50 to 00 activity) which was 

diluted and made 5N with respect to HCl as usual. The mixture was boiled 

undal reflux for 6 hours to complete the conversion of ip-hydroxycournarin 

to the ketone, and the latter was then isolated fron the cooled solution by 
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oontinuous ether extraction for 8 hours. qiter moval of the solvent, 

the resillue was taken up again in a little ethers  washed with 5;• aqueous 

Wp03.r  then with waters  s dried over anhydrous Nae0. The solvent 

was removed and the oil obtained was dried in yam°  to oonetant weight. 

I'he oil is then treated with the theoretiJaal amount of 2.404dedtrophenyl-. 

hydrazine in concentrated E",.1 (1462 ma.) at 100* for 1 hour. The 2,4A. 

dimithenylhydrazone of o-hydroxyaoetophozons vas obtained as long orange 

needles, :z. p. 2160 froRietLanol (Roseman etia., 1954), and was 

recrystallised to constant activity. 

6.7.011009100012,  in (aesculetin).  This compound was decomposed 

by heating with mid, so the following procedure mos arlopted. Urine (5 La.);  

was laixed with the gastric juice of Helix pomatia (1 ma.) which contains 

(3-11,t renidase, and acetate buffer ( 5 ma" p 4.6)*  and incubated tor 

1 hour at 370. Aesculetin (00,4 	was sdami to the mixture, shich was 

diluted with meter (100 ml.). boiled to dissolve the compound, treated with 

charcoal and filtered. Aesouletin (m. p. 2694) separated on cooling and 

was recrystallisad from water. It vas also oonverted into 6,7-diacete4Y-

Qom-33Am (n614 1330 (Liatorman and nietaoh, 1880) which was 

recrystallised from ethanol until the activity fell to zero. The 

aesculetin was added after incubation to avoid inhibition of the 

1-4auxtronidase by a. large excess of the prodmot of hydrolysis. 

and 7-4110droXYcougarin glucuronidea. 3-ITydrovoottinrin 

nide (0.1 g.) was added to urine (2.5 ml.; 1/100 activity) and 

warned slightly to dissolve the solid; for the 4- derivative (0.05 g.), 

the urine (2.5 :A.) was diluted with water and boiled to dissolve the solid. 

The 7- derive: ive (0.2 g.) v dissolved in a few dmps of 2U aqueous 



ammonia and the urine (2.5 La...) was added. The solution (acidified with 

ice-cold 2N HC1 for the 7- isomer) was kept at CP overnight. 3- and 4,-

hydroxyccumarin glucuronides crystallised out and were recrystallised from 

water to constant activity (m.p.s 2080 and 00, respectively). The 

7-hydroxycoumarin gluczironie which se 	toad was dinsolved again in 

ardionia (0.8 cal.) and acidified with 2U H01. On cooling, the gluouronide 

slowly separated in small colourless needles (m. p. 1470) and was 
recrystallised from ethanol to constant activity. 

2.-Counaric acid. 	-Coumaric acid (0.2..0.5 g.) was added to urine 

(1-5 ml.; 1/400 to 1/20 activity), dissolved by warming and adding a little 

acetone, and re-isolated after standing for 0.5 hour by evaporating the 

acetone, diluting with water and cooling to 00. The rcoumaric acid 

mooN 2080) was recrystallieed from acetone-water to constant activity and 

was then converted into acetyl-v-coumaric acid (a6 p. 158), Which was 

recrystallised from beano until the activity fell to zero. Total 

o-coumaric acid could not be estimated because on heating with acid it is 

converted into co=tarin. 

o-CtounourAlgiyaines, 	-Cotriarylglycine (0.1-0,2 g.) was added to sir  
urine ( 5 ml.), diluted slightly with water and boiled to dissolve the 

carrier. On cooling, romaizylglycine separated and was recrystallised 

from water and acetonemmater until the activity disappeared. 

Arliydroxyphenylpropionic acid (melilotip) ( ) Total. The acid 

(0.3-0.5 ) was added to urine (5 rol.), which was dIluted with water, made 

5N.  with respect to 1C1 and hydrolysed for 3 hours. The cooled solution 

was saturated with NaC1 and extracted with ether (5 x 20 ml.). The dried 

extract (anhydrous Nag a ) was evaporated to a dark loured oil, which did 
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not crystallise 	 narin). The oil was triturated with calcium 

hydroxide 	a few nl. of water with wonaing to form the calcium salt. 

The nixture as cooled and filtered. The filtrate was evaporated to 1 ml. 

filtered and ocoled to 0°. aaleitVil melilotate separated and was dissolved 

in 2/1 PCI (2 ml.) and the free acid extracted into ether. The extract was 

dried (anhydrous Ny0 ) and yielded melilotic acid (m. p. 870) which 13 

recrystallized from carbon tetrachloride-petroleum ether (b. 100-1200) and 

from carbon tetraohloride to constant activity. It was further purified 

as the benzylamano salt (m.p. 1464-70  from ethyl acetate) when the activiV 

fell to zero. 

(b) k 	The procedure vas exactly as above but without acid hydrolyolo. 

The acid 0.2-0.4- 

(1-5 ml.) 
	

procedures for total or free meii l o t acid were follomd. 

The ether extra° of the hydrolysate or of the nou-i 	yielded 

o-hydroxyphenylaoetie acid, uhp. 145-60 after reametallieation frora 

ether-petrolemether (b.p. 60.800) and from chloroform to constant activity 

It was also omaverted into its benzylawine salt, m.p. 1650, which was 

1x:crystallised from ethyl acetate to constant activity. 

Aritpereasrplainyllactie € ol4, Calciuno-hydroxyphenyllactate(o.4.s4 

ions added to urine (1-5 ml.) which was hydrolysed as for tato' melilotio 

acid and extracted with ether (5 x 10 	The residual oil from the 

dried extract wn converted to the calcium salt which was recrystalliscl 

from water, reconverted to the free acid and thence to the benzylanlinc 

salt. The later (m.p. 130-131*) MS recrystallized from ethyl acetate to 

constant uctivity. 

4rTyroeine.  Dlemo-lyrosine (0.2 g, 	►added to urine (5 PA.) 
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which was hydrolysed in the usual way, the solution was evaporated to 

about 1 ml., cooled to 00, and o-tyrosinehydrochloride was precipitated 

by gradual Addition of ethanol (5 ml.). The latter wan recrystAllised 

from ethanol and treated with benzoyl chloride and, anali. Nmilanzoy1-. 

o-tyrosine was isolated as wall white nerOles and prisma, m. p. 187©, and 

was recrystallised from ethanol until the activity disappeared. 

For free o-tyrosine, the urine containin7 the carrier was either 

brought to pR2 with concentrated liC1 and after 0.5 hour the carrierlaws 

re-isolated as for total o..tyrosine, or was precipitated directly by 

addition of ethanol (20 1105  filtered, and mashed with ethanol and ether. 



Chapter 3. The Ietaboliam of 3...laydroxycoumarin 

The fate of 3.hydroxyooumarin in man and the rabbit has been 

investigp.ted by Flataw (1910) and .ead et al. (1958a). It WWI necessary 

in this work to pursue the investigation in order to ascertain it the 

:kydrwr....almaatic acids formed from coumarin (Chapter 5) were formod via 

3-hydroxyco•umarin. 

fate of 	rabb t 

Inosyntheela of 3-hydroxyommarlo,auouro044. Three rabbits 

received collectively 6 g. of 3...hydroxycotrnrin. The 24 hour urine 

(total volume 410 ml.) had a pH of 6-7,  gave a strong naphthoreaorcinol 

reaction and a strongly positive test for ethereal sulphate. Paper 

chromatography of the urine in solvent systersa A, B and,. C (Table 2.1) 

indicated the presence of free 34ydrexpeousarins  its ethereal sulphate, 

and its 6200ftennide. After acid hydrolysis (5 ml. of urine refluxed for 

3 hours with an equal volume of concentrated HCl) only 3-41.YEIroxYcourlarth 

could be detected in the hydrolysate, Paper chromtographic exarAnation 

of ether extracts of the urine before and after acid hydrolysis showed that 

3-tvtiaroryoournarin was present in increased amunt after acid hydrolysis. 

The be,11, of the urine, worked up by the lead acetate procedure 

described by Mead et 	(1956e) yielded a total of 1.6 g. of 3...hydroxy-

eoumarin giuouronide hemihydrste, nuy4 212...2130 (decomp.) from water. 

Identification of o-hyvdroveuvratio acids. A rabbit (3.l. kg.) wee 

fed 0.04 g. of 3-hydroxycounarin orally. The 24 hour urine (volume 60 ml.) 

had a pF of 6,5 and gave a strongly positive naphthoresoroinol reaction 



and ethereal sulphate test. Atli aqueous ferric chloride, the urine gave 

a broun-buff precipitate, which on standing developed a weak green colour. 

NO precipitate was formea with nra a reagent, and Benedict's and 

Fehling a solution were not reduced. 

Alen La-adiated by ultra-violet light (560 1111,..) at pF 6.5 the urine 

had a greenish blue fluorescence. At rC 10 (2111R1 OH), the fluorescence 

L':13 light green; at pu 2. (glacial acetic acid), it was blue; at pi! 2 

(concentrated TIC), the fluorescence was almost destroyed, being only a 

very faint ggreenish colour. Thus, as the pE is decreased the fluorescencx 

changes froia green to blue. 

-rise sa' es collected duritv the following 30 hours gave silailar 

qualitative reactionz, 

The untreated urine (50 el.) was applied to paper chrmmatograms 

and developed in solvent systems A, B, 0, D and 3 (Table 2.1) 	3-Rydrms. 
°our/la-in and its ethereal sulphate and glucuronide were detected with 

solvents A, B, C and D. o-Tiydrozyphsnylpyruvic aci was detected with 

A and T1; solvents C and 1), being &maniacal, usme.127 decomposed the labile 

acid, but the reference *Impound, when applied in high concentrations 

(more than 100 y) could sometimoss be detected in C. 0-41ydra4yPhenyl... 

acetic acid was detected with all five solvent systems, and a enciller 

amunt of oi.bvtixovphanyllactic acid zdth 	C and D. 
Various other spots vce detected which could n_lt be identified. 

he principal ones are described in Table 3.1. 
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Table 3.1. 

Gibbs 	Fluorescence 

gm  
*". 

 

yellow to yellow-green 

Rea-pimple 	blue 
or- 

0 0 0 

0.33 0.03 

The pooled GO hour urine (150 ml.) vas acidified to pH 2 with 

oorioentrated H01, aaturated with 1.Ta01 und extracted continuously with 

ether for 12 hours. A bulky, flocculent white precipitate separated from 

the aqueous phase when it WE0 mixed with ether. This was filtered off and 

dried (0.68 g.). raper chro-cletography showed it to be mainly 3..h1ydroxy• 

cou-Aarin gluatueonide. After recr7stallisation from mter, this material 

haa m.p. and mixed e. p. with authentic 3-hydroxycommrin gluxnide, 2080. 

The ether marmot, after removal of the solvent, yielded a dark, 

aeid-reacting gum (0.58 g.). This dissolved in water to a strongly acid 

solution (pH 2-3). The noht1ioree3roinol test vas strongly positive (due 

to traces of glucuronizie carried over in emulsion duriw, the ectraelion). 

The ethereal sulphate teat was nesative. With Gibbs 's reagent the =trot 
gave a (1...).rk blue colour, with aqueous ferric chloride a week red-brawn 

colour. It gave no precipitate 6th Brades rest, 

Paper chromatography of the gars (50 pg.) in solvents A, B and C 

shoved the presence of 3-hydrovcaumarin, hydroxyphozylacetio acid and 

hyaroxyp-harkyllaotio acid* No trace of rkydrovphenylpyruric acid sas 

detected. 

The gunk's. extracted several timss with hot benzene, and after 

evaporation of the solvent, the residue was dissolved in saturated aqueous 

NaH003 (5 ml.) and extracted with ether (2 x 5 ml.). The aqueous Illase 



was then acidified with 	 I v.nd extraoted again with other. 

The residue front the first ether extract war:, a whitish solid which 

did not melt below 250j aid gave negative naphthoresorvinol and ethere0. 

sulphate tests. Paper chramatograpky revealed only one spot, 

c,Aorresponding to 3-bytirowoottratrirs• Acidification, attraction with ether, 

relzvsl of the solvent and recrystallisation from =ter gave 3-hydroxycarlerin 

(10 ng.), rn p. and mixed m• p. 020. 

The residue frXil the second ether aztract was a guru (22.6 mg.) 

which =a shown by paper chroraxtographz, in three solvents to =mist almmst 

entirely of a mixture of 0-hydroxyphenylacetio acid and o..hydroxyphenyl.,  

lactic acid. There were also two minor spots having the characteristics 

shown in Table 3.2. 

Table 3.2. 

(solvent A) 	Gibbs 	Fluorescence 

r16.  

0.00 
	

blue 

042 
	

bright blue, 
green in NIT3  full= 

The guo became Partly crystalline on keepinc at 00. An a 

nade to separate it into its constituents as follows. The gam (22 mg.) 

was dissolved in a small amount of ether and applied in a band to a per 

thromtogram Matman, No4 3 paper/ previously washed for 24. hours with 

solvent A and dried. After development of the chxcoatogran in A (12 inch 

the *ones were boated by spraying a narrow strip out from the side 

of the paper with Gibbs's regent. The areas corresponding to o-hydroty-

phowlacetic and.Lactic acids wort, cut out and eluted chronntographically 

with ethanol. Only very serail traces of non-crystalline uaterial were 

obtained which could not be crystallised, but chrom-44..craphy in A, B and 0 

A 	 
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indicated that the two fractions alntained only 0. hydroxvrheraylaoetic acid 

andrbArConherVilactic acid, respectively. 

Cbrs,jupxt  ErkirdnomMirqpispic aciqs.  ?f tez ether extraction of the urine 

in the experiment described above, it was Aade 5W with respect to 11011  

hyurolysed by heating for 3 hours under reflux, and extract:74 continumuely 

with ether for 48 hours. The extract was dried (anhydrct4 Nu 10h) and 

the solvent evaporated to yield brownish residues (290 mg.). This tmartly 

crystalline Ilateri:,1 ohromatogranhed In solvents A, B, 0 and D rewmled 

the presence of 3-hydrovcoumariu o-hydroxyphenylacetio acid, and o-hydroxy. 

phenyllactic acid, but no.rhydrovrikelviwsurle 40444 The intensity of 

the spot; suggested that 30hrbmwsomarin andrhydruyphervlacetic acid 

were ma or metabolites and o-hydrorjphanyfleetio acid MA a relatively 

minor though significant, metabolite.  

The extract was fraotionated as described in ttae preceding section 

and afforiled 190 gg. of 3-4-ordroarmunarin. m. p. and mixed m. p. 1520. The 

;Second fraction vas a sticky brovnish solid (93.5 ag.). Paper 

ahramatograpiw shoved allay o-hydroxyphenylacetic and -laotio acids the 

former atImprising the :man bulk of the it 	An attempt to ieolate 

these wide by the technique described above was unsucxxso040  Hoover,  

00 terse eluates obtained contained only 	altairhYdroArw 

pbenyllactic acids, respective y, as before.  

The fate of 3-hydnlayoommarin in the rat. 

rive mate (eaab wsishing 203 g.) mere given 0.2 g. 

emearin by mouth. The pooled 24 hour urine had a pH of 6 	ve a 

positive naphthoresorcinol reaction but not so strongly positive as for 

rabbit urine. Ue distinctive colour was Obtained with aqueous ferric 
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chloride, and Brady reagent eave no precipitate. 3enodiet's reagent 

vets reduced. 

Paper chromatogrephy of the urine in savants A, B and C showed the 

PrOSAMOO of srhydroxyphenylacetio acid (main metabolite), oehydrogyphen,yle 

lactic &old (etrane spot), and 3-hydrogroommar1n (only just detectable). 

In erliition, a nudber of unidentified spots was obeerved, all of which were 

not necessarily detectable in all solvent systems. The met prominent 

and eonsistently appearing are recorded in Table 3.3. 

TAW 3.3. 

values in eolvent Gibbs's reagent 

0 

0.00 0.05 0.21 red-purple to redoebrown 

0.22 0.16 yellow 

0.12 redeorange to yellovebreen 

The metebolites were still detectable in the urine in similar 

relative amounts 72 hours after dosing. The urine collected from five 

rats over three days was pooled (150 mi.), hydrolyned, and ether extracted 

as described for rabbit urine. The residue after removal of the ether 

consisted mainly of the two hydroxyacids with only traces of 3ehy1roxye 

coumarin, An attempt to ladle* s purify the acids was not successful. 

,?t3T43,1461* 

3-11ydroxycoumarin appears to be fairly completely absorbed and 

excreted in about 2.5 days by the rabbit, judging by the amounts of 

metabolites isolated tram the urine (recovery of the dose: Table 1 ,  

Appendix 1). In the case of the rat, metabolites were still bemn 

excreted after 3 days. 
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The findinga of Mead et al. (1950a) that the major portion of 

adednistered 3-hydiengcoumarin ems excreted by the rabbit in conneated 

forme, the glucuronide (57) being quantitatively more important than the 

ethereal sulphate (iw), were confirmed in this work qualitatively 

(ohronr-tx)graphy) and semi+quantitatively (isolation). It v also found 

that a seall a:ount of 3+hydraveamenrin was excreted in the free fore. 

in the rat, the picture is rather dETerent. Glucuronide and ethereal 

sulphate are riot present in large amounts in rat 3-teelroxycounlrin + urine, 

and the conjugates of 3-hydroxycoumarin were not detected at all by parer 

chronatoge*PhY• 

The small extent of glueuronide formation in the rat is connected 

with the very small alounts of 3-hydroxycounavin found in the urine. The 

muin difference between the eetabolial of 3+hydroxycomoarin in rabbits and 

in rats lies in the fact that rata cleave the laotane ring to a relatively 

ouch greater extent than rabbits. Thus, while significant amounts of 

o-hydrApphenylacetic and o-hydroxypheeyllactic acids are excreted by the 

rabbit, most of the administered material is left .with the 'octane ring 

intact. In rats, an the other hand, meet of the 4,7aravtwAymrin is 

converted into the oehydroXyPbenyl- acids. 

These hydroxio- acids are partially conjugated in the aninal (rabbit 

and rat) boe-ause after removal of the free acids from the urine, acid 

hydrolysis of the residual solution liberates a further amount of thee. 

The keiroxyeacidecould be conjugated with glueuronic acid to fore ester or 

ether gIucuronides (which is unlikely, because of the weak naphthoresorcinol 

reaction of rat urine), or eore likely, may be conju7,1:ated with glyoinc  to 

form oompounds related to ehensceturie acid, These conjugates are present 

in fairly large amounts in the rate  and this would account for the reducing 
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power of rat 3-hydroxycoumarin urine. No experiments to isolate and 

identify the conjugates Vele undertken, so the point was not proved. 

That the lactone ring of 3-hydrovcoumarin is easily opened 

in vitro under mild 0.1101Sme conditions has been mentioned (p.6 ). 
Chromatographic evidence has been obtained that the opening of the 

proceeds via0-4WaraVPiherk711,Yruvio  acid. The acid was 

detected in untreated urine of rabbits fed 3-hydravcomarin, althoUgh the 

PH of the urine was as low as 6,5. This precludes the possibility that 

2-hydrcocyTihenylpyruvic acid was formed as an artifact by alkaline oonditions 

in urine. Althmigh the labile acid is difficult to detect in okelim.  
solvent systems, it sotaatimes appeared using solvents A and :9 (Table 2.1).  

5inee some of the tordmayphenylpyruvic acid survived cyclisation in these 

acid solvents it may be supposed that more of it was originally present in 

the urine than was detected. 

The ease of oxidative decarboxylation of o.hydxxyien.y1pyruvic 

acid to 0.hydroxypbenylaoetio acid in vitro suggests the route by which the 

latter is formed in the body. It 13 unlikely to have been formed frmrs its 

precursor in urine at 	6.5. 'he formation of a conjugate of o-hYdrelP-

phenylaoctio acid is conclusive evidence of its biological origin. 

The formation of o-hydroxyphenyllactic acids  albeit to o ainor 

extent compared with a-hydroxyphanylacetic wilds  indicates an alternative 

route of o-hydr:ogyphonylpyruvic acid. 

ring 
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Chapter 1k.. The Metabolism of 441YdrO4yocumarin in the Rabbit. A method 

for the clmantitative Intimation of 441ydroxycournarin in Rabbit Urine. 

4.41ydroxycouraria was found babe excreted rainly unchanged by the 

dog (Roseman et al., 1950. It seemed desirable to invostizate what other 

netabolites might be formed or the following reasons: 

If 4-4-kydroxycothaarin were formed from noun -aria i the rabbit, its 

metabolit.es would also be courarin retabolitee, The iwtabolism of 4-whydroVi 

oouxurin is also itself of treat interest as it is the p rent ocepoond Or 

a nmober of teirortant antiooagulant drugs. Finally, it is of theenetiesi 

interest to oonpare the metabolism of 3-hytiroxy- ant, 4.-hydrex,ycoumarin., 

these beinc the h:r3.ro3tycoutrarins with the substituent in the pyrone 

The most likely route to be oonsidered for the breakdown of 

xycoumarin in the body is opening of the lac ono ring, with 

modification of the products by oxidation, reduction, dessiboxylatio is  or 

removal of the elements of v t:::r. Scheme 4,1, p. 	peesents the 

possibilities. 

In a orelLiimiry oxriertaertt„ a rabbit (3 kg.) was fed t.5 g. of 
4,-hydroxycouramin or-Ily„ The 24. hour urine (velum 90 mi.) had aril of 

9, gave a strong naphthoresorcinol reaction and a weak ethereal sulphate 

test. Benedict's reagent was reduced somewhat after two minutes boiling. 

No doxecteriatic oolour sere observed with *gowns f. .,rric chloride and no 

precipitate vaal obtained with Tirades reagent. 

The urine had a veak greeniehblue fluorescence when nsutra/ or 

when eclair od OR 4. and 2) and . ,ve a green fluorescence at pi-x 13. 
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A portion of the urine was aciAifted with concentrated IIC1 (pH 2) 

and extracted with ether. The extract gave a weakly positive 

naphthoresorcinol reaction and did not reduce Benedict's reagent or give a 

precipitate with Bractros reagent. 

Portions of the urine were hydrolysed with acid: (a) urine was 

made 0.3H with respect to HC1 and boiled under reflux for 15 minutes; 

(b) urine was made 5f1 to 1101 and boiled for 4 hours. other extracts wore 

made of the hydrolysates. The various fractions were chromatographed on 

paper in solvents A, D, C and I) (Table 2.1). The original urine and the 

mildly hydrolysed urine contained 4.-hydroxycomarin and its gluouronide. 

The ether extracts showed the presence of le.hydroxycoumarin only. The 

strongly hydrolysed urine showed no indication of either ip-hydroxWousetrin 

or its gluouronide, but rhydmxyacetophenone was detected in the ether 

extract. 

The intensity of the spots on paper chromatograms suggested that 

the 4.0.4ydrimiroumarin excreted unchanged represented a major part of the 

dose. In order to isolate this compound and te eetimate it quantitatively, 

4 rabbits (3 kg. eaoh) were fed 1.5 g. of4440W1100tounarin 00014  
nalit-Ative tests for the 2 hour urines were siatIzz,  to the pr000ling 

experiment. 

Pr= tvm of the urines, colourless crystals separated on standing. 

The precipitate (3.75 g.) was collected after centrifuging. This material 

appeared to be only partially soluble in methanol, elhanol and acetone. 

It was soluble bothin saturated aqueous NaH00.3 and in 211 ROL A red—

purple colour was . obtained with Gibbs's rea.ent, a 'sok red kith 

Brentamine fast blue 3 salt, and yellow with Brentecalae fast red 3IL. 
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The naphthoresoroinol reaction was positive. These tests suggested a 

mixture of 40-hydroxycoumarin and its gluouronide. Paper chlonntoLmaphy 

in three solvents showed only a smell  awount of 4phydroxycoumarin. 'The 

material was extracted with acetone (100 ml.) and the solvent evaporated, 

yielding 4e.hydroxycouroarin (20 mg.). 

The residue was in the form of feathery rosettes and did not melt 

below 2500. Peated on a spatula, it charred and left a white ash, Whieh 

MB insoluble in cold water but soluble in aN 1101. The flame test 

(brick red) sugsested the presence of calcium. The 	was dissolved In 

the adnizum amount of hot water and acidified with 3 drops of txmoentrated 

On cooling, a colourless microcrystalline precipitate separated, 

m. p. 1840,50, rd2ead !l. p. with authentic lowhydroxycomturin glamaronide 18k-50. 

Chromatography showed only one spot, oorreszonding to the glucuronide, and 

hydrolysis with 5N TIM for a few %Iinutee, IS:Wowed b ehremtography, 

showed only one spot, identical with te-hydmvoortmeein. A total of 0.25 g. 

of the pure glucuronide was obtained from the glucurenide salt (0.5 g.). 

The latter was not further investigated. 

The other two urines deposited a precipitate, mainly phosphate, 

which was separated and cautiously acidified with concentrated 1101. The 

filtered solution, on cooling, deposited a bromish solid, which on 

reczystallisation from hot water (charcoal) gave 40hydroxycoumarin 

gluouronide (55 mg.). The total yield of 4P-hydroxycouncrin glociuronide 

manohydrate from the 4 rabbits vas 0.3 g. 

Portions of each urine (10 nl.) were retained for quantitative work. 

The remainder was pooled (800 ml.), brought to 141 2 with concentrated U01, 

and extracted continuously with ether for 30 hours. Crude limhydroxy. 
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oeumarin (1 g.) separated from the ether extract. Recryatallieed from 

water (charcoal), this gave 0.75 go of h--hydrovoouvarino  ra.p. 211-2130, 

showing one spot on paper chromatograms. Further remsystnelisation gave 

p. and mixed cup. 215-2160. 

The rest of the ether extract yielded on evaporation a further 

amount (! go ) of exude brown material, consisting mainly of 4*hydroxy-

couriarin. This was used or paper ehreantograeby. 

/ rabbit was fed 1 g. of ip-hydroxycoumorin orally and the 2 hour 

urine was collected. 10 mi. of this was kept for qualitative tests and 

uhreaktaignalw, the reuninder (120 ml.) was brought to pH 3 with 

ceneentrated.= and extracted continuously with ether for 6 hours. The 

ether extract wee dried over anhydrous Na34. The resiaeal urine plus 

washings (150 :a.) wass divided into t parts. One fraction (50 ml.) was 

ndsed with an equal volume of acetate buffer (pH 4.0, 50 mg. of a partially 

purified Ommerluouronidase preparation (ti:At and Co.) were added, and the 

mixture ens incubated at 370 for 18 hours. The mixture was saturated with 

NaC1 and extracted continuously with ether for 6 hours, and the extract 

was dried (anhydrous Na2504). The second fraction (100 ml.) 13a3 	 

5N with respect to 1IC1 and boiled under reflux for 4 Isaws, The hydrolysate 

mew extracted 'continuously with ether for 8 hours, and the extract was 

dried. 

The pooled 24 hour urine (aoo ml.) from three rabbits which had 

received a total of 1. e. of 4-hydromeoumarin was made N with respect 

to NeOT and warmed for 1.5 hours on a water bath at 300. The solution 

was acidified to IC 3 with = and cont37,aeus1y extreeted with ether for 

30 hours. After drying .he extract and removal of the solvent, a crude 
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brown product (0.61.) was obtained. 

All the fractions 	ibed above were examined by paper 

chromatography in solvent systems A, 139  C and D. The unchanged urine 

contained 4-lvdroxycourarin as the :rain eonetitment; there was also a 

strong spot for the gaucuromdde. The ether extracto of acidified urine, 

enzyme-hydrolysed MUG, and alkali-hydra:filed urine consisted almost 

entirely of 4.-hydrovcomerin. o-Cydroxyacetophenone was not detected 

in any of the above fractions, but it was found in the ether extract of 

strongly acid hydrolysed urine, where it appeared to be the only 

constituent, apart. from a little 4--tk5droVeoumrin. 

Ghromatogrsphy of the original urine in solvent A, showed a spot 

giving a blue Gibbs colours  which appeared to oorrespoad to the main 

component of the 2..hydroxyphenylhydracrylic acid mixture, having Rr  0.05 

(Table 2.1). however, this could not be confirmed in other solvent 

syst&As, nor with any of the extracts. 

No trace was detected in the urine or any of the extracts of 

salicylic acid, 0.couneric acid, 7.-hAroxycoumario, meliIotio acid, or 

coumarin. A nudber of minor unidentified spots sere observed, giving 

colours with Gibbs's reagent, particularly in the ether extract of acidm. 

hydrolymiumine. The chny-atograohic behaviour in 3olvent A of the 

spots detected in the latter extract is described in 7able 2, Appendix 

Alantitative estimation of 4-hydroxzootimaxia. 

Attempts were made to apply the method of Robinson et al. (1953) 

ter the estimatios of 8-,hydroxyquinoline to the estimation of 4.-hydroxr• 

Cennexlm4 Problems of pigment precipitation were encountered and led to 

the adoption of Been temine fast red 3GL salt(BIR)anddistilled ter as 
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solvent iMStaka of phosphate buffers. 4.-TrydroVooumarin gave a yellow 

colour with BM; using a 0.V aqueous solution of Bffi and a substrate 

conoentraticcrenge 5-30 	.$ prooloitataen of the pigment occurred 

at the higher comentrations. The colour ms soluble in ethanol, but 

did not develop in ethanol solution. Therefore, the colour was 

developed in aqueous solution and ethanol wos then added to clear the 

solution. The colour developed inrediately at room temperaturs. A max 

ethqdof Aseq,V.  The standard curve v s prepared as follows: 

3 01. of an aqueous soluti of 40ohydrovcour_nrin-  (5-30 pg./m1.) were 

tvesimg with 1 	of 0.trr) roma RFR and mixed (test Whoa with ground 

Slam stoppers were used). Ethanol (2 :11..) Las added imediately, the 

solution was mixed by ebaking, and the colour was measured without delAy 

in the unicara s.r.500aisotrophottommir at 440 mµ. in I can. cells. The 

blank consisted of 3 ml. of vxter, i ml. ark reagent and 2 ml. of ethanol. 

The standard graph obtained von a. straight line and was the mean of 18 

separate determinations; individual variations in the upper part of the 

curve armunting to W. Thus even with pure solutions of 4-hydroxy-

cnumarin, reproduc4bilit7 was not good. As far as was possible, the lower 

t of the. curve was used in estimations. 

Recovvries were made by dissolving 4,-hydroxycoumarin in normal 

rabbit urine (2.4 mg./m1.) and diluting for assay as required. Estimation* 

were made at substrate concentrations of 20 1.Lg./11.. Normal urinal** OD 

added substrate was diluted by the same arrant and the oolour developed 

compared with that of urine oontmining 'bided substrate. The reading tor 

normal urine was uptuaily apprecipble, and was, mrcover, variable. 



Concentration of 
40.hydroxyccumarin. 

444=1!) 
Pound 

(44z-•/181•) 

 

Corrected for 
norml urine 

values (pg./ml.) 

 

Recovery 

     

Recoveries (typical average values from u nu:Tiber of expert:ents) arc shown 

in. Table 4.1. 

Thus, recoveries are oonsistently too high (at least ice)  even 

after subtraction of values due to the omlour developed in norm]. urine. 

Table 11..1. 

Reosveries of iimhydrovoourfarin fron urine. 

20.0 26,4 22.0 110 
20,0 28.4 2,0 121 
20.0 26.4 22,0 110 
200 26.4 21,6 108 

t t • 	f ouronide in rabbit 

 

C; 

 

   

aluctuvnides were estimated by the method of Nanson ct a. (194). 

N-rydroxycoumarin and glucuronide estimations were =Tried out on the urine 

of 3 rabbits before and after feeding 1p-hydrovoounnrin (0,2 is./kg.). 

4,4T,ydroxynonnurin was also estimted in the urine of .0,; rabbits used in the 

experiment cited on p.55(0.5 g•Acg•)• 

A a 	t.17,1042.,, bright yellow colour vs given by the urine with MI 

reagent on the f1it3f.-, experinental day (i.e. the first 24 hours after the 

dose) but only a feeble yellowish on subsequent days. 

The urine was 	up to 200 ;.11. with =ter on each day; then for 

4-hydroxycoutrin estimtions„ 1 ml. of this solution was made up to 100 ml; 

for gluouron.i.de  estimtions, 1 al. was rim up to 25 ad.. on norail &vs and 

to 100 ml. on experimental days. 4aroxynom-mtrin was estialted by 

treating 3 mi. of diluted urine with I la. of T:M reavnt and 2 ml. of 

ethanol as described above, All determinations were carried out in 



61. 

triplicate. 

The percentages of wird  

 

tered4.-hydreawroumarta excreted free 

 

and as glucuronide are presented in Tables 3 and 4, .A.ppendi-4 1. The 

Values given were obtained bar stibtracti. the average normel values for 

the two days preceding the lose from the values on experimental days. 

The unchanged 4mhydroxycoumarin was all excreted on the first experimental 

dy; on the second and third experimental days, no increase above normal 

was obtainea. The axerege yob  rs  are sumarised belowo  with the ranges 

in ixtrentheses, 

Peroontaise of clove. 
Free 4,-hy4PORpacumarin (7 rabbits) 40 (27.51) 

alneuronide (3 rabbits) 30 (29.32) 
Total (3 rabbits) 66 (57-83) 

Of an orally administered dose of4p4mKirovooumarin, only 66T  could 

be accounted for as urinary metabolites, and this consisted of the 

unchanged compoundt  which was rapidly excreted partly as free 4,hydrxy-

cosmarin and, partly' Its its gaunuronide. The remainder of the dose may 

have been present in the faeces, but only the urine eas examined in these 

experiments. 

The extent of conjugation of ivakydroxyoeumarin is relatively less 

than that e) 3.14pirmaxtlarin ;- Lnd this may be related to the acidity 

(pKa 5.8) of 4-hydroxyoourarqn. 

There are no available data for corparison of excretion of 4,..ipinoxy.H 

cocmarin in rabbit and rat. The pattern of excretion in the dog 

(Reesman at al., 1990 is similar to that in the rabbit. These corkers 

accounted for 75;-. of the intravenously injected sodiaal salt, 5Q as the free 
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hydroxycousearin and 25-.  a n the glucuroniee. 

The available evidence indicates that the lactone ring of ip-hydroxye 

counarin„ in contrast to that of 3-ho3roxycoureerin, remains intact in the 

animal. The data lereoented in the present vark shows that oehydrove-

acetophenone is not a metabolite of Ze-leydroxycomeerin in the rabbit, the 

ketone detected after acid hydrolysis of the urine being en artifact. 

Any conjugated2-hydro.vacetophenone should have been revealed be the 

enzymic or mild (Melina hydrolysis of the urine, hfell procedures do not 

break dawn /e-hydrovecouwarin. Although reference co-.poundo for some of 

the expected intereediate products shown in Scheme /.1 wore not available, 

the absence of the stable zetaboliten 	eleht be 1.0 	Jua from these is 

reasonably good evidence against opening of the rine, as oehydroxybenneyle 

acetic acid (I) and oehydrwerpherwlhydrecrylia acid (IT) are unstable and 

should be transfereed. The latter is known to lose a molecule of teeter 

fairly easily by acid treatment (Booth et ,mial., 19 -9) to fore oecometric 

acid, and likely routes for the former are degradation to salicylic acid, 

or decarboxylation to oehydruxyacetophenone. o-Counaric acid, couwarin, 

7-leythe»-yootuserin and salicylic acid are eesily detected in well  amounts. 

A weak point in the argumene is that oehydromyacetophonone mqy be converted 

In uortniderable amount to oetwrImegrphenylmsthemrbinol, and this compound 

uns not available. 

Rosenen et al. (194/0 reported that 4e4emirovcxxreerin has 1/20 of 

the anticoagulant activity of diomemarol, and the question arises whether 

it possesses this activity 	se or whether it is partly converted to 

diooumarol or to a similar compound. Also, the teehydroxyooemerin my.  be 

converted to a derivative of 2-hydroxychraranne.b vivo (ce. p. 7). 
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Knobloch et 	(1952) attribute the anticoagulant effect of the bie(4-

4ydro4yeaammAns) to the ehromone form of the fully niesociated anlonz at 

pit 7-3 (pp. 8-9). 



Chapter 5.. The ;etabolism of [14C) Counarin. 

This chapter deals mainly with experinents conducted with rabbits 

and rats using [ 140] ecumarin. 

A preliminary experi,ent was carried out with inactive coumarin to 

chock the possibility that a dose of ooumarin might be partially 

eliminated unchanged via the lungs. The expired air of a rabbit (3 kl.) 

which had received 0.25 g,  of counarin contained no , testable amount of 

coumarin during the 24 hours after dosing. 

(l1 
 
0PT11-1 11'4tPeriPeStP* 

aabbits. Three rabbits received [140) coumarin (40.50 mg./kg.). 

ily urine volumes varied. usually from about 50-200 ml. Alen two urine 

specimens could be obtained in the 24 hours, the spec.)L3en excreted during 

the night had a larger volume (100-200 ml.) than the daytime sample 

(0-40 ma..). The urine was slightly alkaline (pH 7-9). The urine as such, 

or after adding al araonia showed a strong bright blue fluorescence when 

illuminated by ultraviolet light at 270 or 360 4..0  thich persisted for 

6 days (rabbit 1) or for the duration of the experirlent (3.4 days) (rabbits 

2 and 3). The aciaifi©d urine fluorescod a ruoh weaker blue-green. The 

first 2I hour urine gave a strong positive naphthorcoorcinol reaction; 

later urines gave weaker reactions, not Apr° intense than normal urine. 

The urine did not reduce nenodict's reagent even on prolonged boiling for 

2.5 minutes, and gave no nrecipitate with 3rady's ra.l.gent. 	.ith aqueous 

ferric chloride no distinctive colouration was observed, but sometimes 

dubious greenish-brown colours or precipitates were obtained. 

Paper chromatography of the urine as such in solvent systems A, 

C and D (Table 2.1) revealed the presence of 3-hydroxy- and 7.hydroxyw 
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coumarins 	little 6-hydroxyooumarin„ o-hydroxyphenylacetic acid, acd a 

weak spot for o-hydroxyphenyllactic acid. In ether extract of the acidi-

fied urine showed the same metabolites, and an ether extract of the urine 

after acid hydrolysis (5 1. of urine and 5 La. of lekincentrated ill 

refluxed for 0.5 hour) contained the hydroxycoumarine in increased amounts, 

the hydroxy-acids, and, in addition, cou7larin. A little 6-hydroxycoumarin 

was detected in some extracts by its weak u.v. fluorcacence; it did not 

show up on ehrmattogrxrms sprayed with Gibbs 's reagent, due no doubt to 

inadequate separation from the hydroxy-acids, which give strong colours 

with this reagent. No trace was discovered on the chromatogram° of 4, 

hydroxyl* or 5-hydrmumxtrarins„ 6,7-dihydroxycoumarins  0-Wm:qv:phenyl-

pyruvic acid, o-oouncric acid, Lxiilotic acid, salicylic acid, or phenol. 

The pooled faeces (34 days) contained only a very small peromatago 

or the radioactivity fed ( cl4r to 0.69g). The dried faeces fromons rabbit 

were extracted with boiling acetone and the extract was concentrated and 

chrotaatographed on paper. No trace of any metabolites was detectedl  and 

the faeces were not investigated further. 

Rats. Me urine from three rata Which had been fed (140J coumarin 

($00 mg./kg.) had a daily urine velem",  of 2.,25 ml. (usually below 10 ml.) 

and a pH of 7-8. Before and after ede4 tion of 2H amonia, the urine 

Showed a silnilar, but weaker, fluorescence to that of rabbit urine, while 

the acidified urine fluoresced blue-green. This effect persisted in the 

urine samples for at least three days. The first ana second 4 hour urines 

gave a 1.1M'xey strong 7„;ositive naphthoresoreinol reaction. The urine 

reduced Benedlot's reagent quite strongly in 30 seconds, No distinctive 

colours were seen with ferric chloride solution and no precipitate was 

obtained with Brady's reagent. 



ehe untreated urine when chraeatograehed as above showed a weak spot 

correspor th to oehydroxyphenyllactic acid, and a strong spot for o-hydroxye 

phenyeacetic acid. 3.4friroxymereerin was barely detectable and 7..hy3rexy-

mumarin was sometimes only detectable by its a. v. fluorescemee after 

exposes to tveaenia vapour. An ether, extract of acieleydrelysed urine 

contained the sty; >e cop pounds and coumerin. A trace of 6-hydre2:.Tcyclourrarin 

could sometimes be detected in extracts after a higher dose of inactive 

oourmin by its fluorescence in u.ve light. A strong spot appeared on 

chromatogrene of untreated urine which had similar R f values and gave 

similar colour reactions toa•tereitine (but waa not identical with the 

latter coepound, see p. 73 ). Noindication was obtained of the presence of 

eeeedroey-, 5-hydroxy-, or 8-hydrozvcottina l  617-dihydroxycoumaren„ 

oehydroxyphenylperzuvic acid, 2eoomaaric acid, melilotic acid, salicylic acid, 

2,4edilwdroxycinneadc acid or phenol« 

Faeces.  Rat faeces contained considerable amounts of radioactivity (Table 

5.1). The pooled faeces (4 days) from each of two rats were dried over 

anhedrous Ca012  and extracted several tiaes with boiling acetone. The 

combined extracts were filtered, taken almost to dry eese and mile up to 

25 ml. with ethanol, forming a cx'een solution (Extract 1). The residues 

were extracted twice with taxn 211, Na2003  solution to renove any conjugates. 

The filtered solution eras made up to 100 :a. or 200 L. with water (Extract 

2). 	Ho further activity was extractable from the residue by mechanical 

shaking with Na2003 for 6 hours. 

A portion of the freshly extracted wet faeces residue (20 g.) from 

one rat was boiled with 5N 7C1 (100 mi.) under reflux for 3 hours, and the 

hydrolysate was esctracted continuously with ether for 8 hours. The solid 

residues were extracted with several portions of acetone, and the acetone 
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and ether extracts were combined and concentrated. The concentrate vas 

made up to 100 ml. with acetone and counted (Table 8, Appendix 1). There 

was no redioaotivity in the acid hydrelymate after it had been ether-

extracted. A solid residue (10 g.) remaining after the above extradtion 

we's a black powder, appearing to be elemental carbon (Table 8). e portian 

of the faeces residue from another rat was similerly treated after keeping 

for several weeks, during With tine a large part of its radioactivity 

disappeared. Durine acid hydrolysis of this fraction, any evolveA. 002  

was trapped in 5N :WV and counted as Ba003. 

The above extracts (1 and 2) were chromatographeet on paper in 

solvent aye; n A, B, C, and t (Table 2.1). Traces of free comnariu were 

detected in both extracts and a little o-hydroxypheeylacetic acid in 

nxtract i only. Some other prominent spots were seen on the chromatograms 

but none were identified,. There les no trace of any of the monohydroxye 

cowering, o-oounnric acid, melilotic acid, 2,4edilerdroxycinnamic acid or 

phenol. 

ow L)ee Teekerimezets, Three rabbits and three VAS rellithed 040] 

coumarin (690 po./g.) orally at a dose level of I mgo/kg.; about 2 pc. of 

activity for rabbits and about 0.1-0.2 ec, for rats. In the atvle of rats, 

an aqueous suspension vs considered unsuitable for administration of such 

a mall dose, so the compound was dissolved in the minima ameant of ethanol, 

:de up to a definite volume with water, and a measured volume was 

administered. Total faeces of each rabbit for 3 days were homogenised in 

an equal weight of water (ap. gr. of watery  1.0)1  an the 2 day faeces of 

each rut (204 g.) were homogenised in 10 ml. of water end counted wet. 

Results and Discussion. 

In a preliminary experiment to determine the general pattern of 



excretion of radioactivity, a does (40 mg./kg,) of [140] comiarin 

containing a low activity (1.3 so.) vas fed to one rabbit, Two other 

rabbits later reoeived doses (50 mg./kg,) containing 50.60 1.x. of activity. 

Par rats, a higher lore level (100 me./kg.) cues used so that sufficient 

radioactivity (10.15 no.) could be administered to the smaller animals to 

enable isotope dilutions to be carried out on the urine. 

The excretion of radioactivity by rabbits and rats after dosing is 

shown in Table 5.1. Almost all of the administered radioactivity was 

recovered, amounting to 83.101j> for rabbits and 86.10W for rats, but there 

is a considerable difference in the route of elimination between the tvo 

species. Rabbits excrete practically all the radioactivity in the urine, 

with very little in the faeces, whereas while rat urine contains more than 

half of the excreted radioactivity (47-60, a considerable amount (32-39A 

is eliminated in the faeces. 

The rates of excretion can be seen from Tables 5,6 and 7, Appendix 

1, and Figures 1, 2a, 2b, 3a and 3b. In the first rabbit experiment, some 

9g7 of the radioactivity was excreted in the urine in the if days following 

dosing, but the urine vas still weakly active after 12 days, .7eost of the 

activity (50r) appeared on the fourth day, aocompanied by a correspondingly 

large urine volume (268 na4). This animal was kept ,Athout food until the 

fourth fir. WM, the sudden increase in excretion vas clearly due to 

retention of urine. In later experinents (rabbits 2 and 3), excretion was 

virtually complete in 48 hours (90.2, ao.40), ax st of the activity (78.4, 

79.t%) appearing within the first 24 hours, Fer rats, the excretion of 

radioactivity was slightly slower (Figure 3), but again, most of the 

urinary activity (45-'514 of the dose) had appeared within 18 hours (Table 6, 
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Anadix 1). loOr one rat, separate daily faeces samples were counted 

(Table 7,  Appendix 1); the excretion of activity was uneven, but all had 

appeared within it  days after dosing. 

The distribution of radioactivity in various tissues of rabbits 

and rats killed 3.4 days after dosing is presented in Table 9, Appendix 1. 

The percentage of the total activity remaining in the tissues is very small. 

One rat was hoengeniaed whole and counted. The liver of another rat 

contained more activity than the livers of the rabbits, but the contents of 

the gastro-intestinal tract of a rabbit contained a little activity, while 

the tract of a rat oontained none. 

The distribution of the radioactivity in the low..doae experiments 

(Table 5.2) is siewinr to that for the larger doses (able 5.1) except that 

a hijaer percentee of the activity fed to rabbits was found in the faeces; 

in one rabbit this was considerable (217). Also, the recovery was not 

complete for rabbits. However, both these discrepancies are probably due 

to a lower eounting aocuracy, as alai/ mounts of activity were present in 

large amotvits of excreta. In the rat experiments„ higher counts were 

found in sreJler amounts of excreta. 

Artabolism of aourrnrin in rabbits.  In the rabbit, almost all of 

the radioactivity fowl in the urine was accounted for as metabolites by 

isotope dilution. The stnounts of. each lotabolite excreted are quoted in 

?able 5.3. Three !mankind. of metabolites can be distinguished: 4610W* 

eoumarins, hydroxyaromtic acids, and acid-labile precursor or precursors 

of coumarin. 

Au)14.;)ot important group of compounds quantitatively is the nono-

luditaqceurarins. Together these compounds represent some ho: of the dose 
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then estimated after acid hydrolysis of the urine. Isotope dilution for 

the free oompounde 91w a total value of only about V. Thus, the hydrove 

coumarins are excreted mainly in oonjugated forms. The conjugates have 

been ahown (Aced et al., 195(3a) to be the glucaronidee and ethereal ma-helm 

Isotope dilution for free glueuxonides (those of 3., 	and 7-hydrove 

oaumarin only) and for hydrweecounarins after mild acid hydrolysis, yheich 

splits the ethereal sulphates, casts that the nerent of ethereal 

sulphate reread under these conlitione iz approximately equal to, or even 

sliehtly greater than glucuronide (2eblo 

Ill six of the menohydremecourearins are found to be metabolites of 

coumarin„ the eain one being 3-hydroxyeoumarin (20,). 7.11ydravommarin 

is also a major metabolite (W) but the other Jeanie= are minor 

metabolites - 6.hydrIvommarin (I) and Eielvdroxyeou 	(V) e or occur 

only in traces 0. 50.bydroyooumarin (0.10 and teeleytteeNrootvearin (0.41. 
The experimental accuracy does not permit any distinction to be made between 

the 4,- and 5.. isomers. 6,7-0ihrivommxmairinves not detected in the urine 

by paper ohromatograPhy and isotope dilution confirmed its abseece. NO 

definite statenant can be node about the other dihYdreeyeieemers. 

Teo aromatic hydroxyeacids were found by paper chramatography and 

isotope 0ilution, the min one beiae oehydroxyphenylacetio acid, which 

amounted to about 20, of the dose. The other was o-hydroxyphenyllactio 

acid (37  of the dose). Theg-hydroxyphenylacetio acid occurred partly 

conjugated (about 1/!. to 0) and partly free (Table 5.3). The nature of 

the conjugation was not invest:400d, however. Another possible hydroxye 

acid, o-hydroxyphenrlpropionic acid, was not detected by paper chromato-

graphy nor by isotope dilution for the free and tot el acid. 
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Only about 0.5' of free coumarin vas found, but after strong acid 

b,y,rolyzio of the urine about iXg et the radioactive dose uas accounted for 

as coualrin. Thus an acid-labtle preeurear ors of coumarin was 

preeent in cowerin-urine from subbits. 

Pree o-coulario acid and its oanjugate x  o-coumaryl glycine were not 

found by isotope dilution or paper chromatography. 

one isotope dilutions were carried out on the first and second 

24. hour urines for Rabbit 2, and it c..-an be seen froa Ai le 5.5 that the 

greater part of each metebolite vas excreted in the first 24. hours after 

dosing. 

V4etabo1iain of eoullarin in rats. The relative proportions of 

metabolites excreted by the rat differ significantly from those excreted by 

the rabbit, 71nd only about half of the urinary radioactivity (19-29: of the 

dose) was accounted for as metabolitee (Table 5.3). 

Hydrescylation of the ooumarin nucleus occurred also in rats, most 

of the roenekvdregyeeumarins being found in the urine by isotope dilution. 

Reamer, the amounts of hydreSyncumarins in rat urine were very mush less 

than in rabbit urine amounting together to not more than 3ka.4 of the dose 

(or 6-W of the urinary radleactivity). In rats, as in rabbits, 3-0y1romy-

ooumarin was quantitatively the moat klecertant hydreverecrlarin (about 4-7. 

of the dose), ehile 6-hydrovf-, 7.41ydravu. and 8e.hydrordcoumarins were 

found in approximately equal amounts (04-0.91, No distinction can be 

dram between the last three iaemers from these results. Isotope dilution 

was not oarried out for 541ydrolyocumarin$  due to 11017..01.'4y of the reference 

compound,  and 40shydroxyacumarin (0.7) was found in only one rat, These 

figures all represent total amounts, after acid hydrolysis of the urine. 
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24tydrovphenylacetic andz-hydroxypherkyllactic acids were found in 

rat urine in amounts quite siiiler to those found in rabbit urine. The 

former acid aftounted for the sa proportion of the dose as in rabbits 

( an; the amount of o-hydrwooiltrAyllactic acid vas rather less in rats 

(0.6.0.9g) than in rabbits (about Il. The os.hydr=yphenylacetic acid 

was partly conjugated and partly excreted free, as Ie rabbits, but the 

extent of conjagation appeared to be variable. o--Itrhoxyphenylpropionic 

acid was not foueAt. 

en aeidr-labile precursor of outman was found in rats, but in 

smiler and more variable amounts than in malts (307401. The smell 

amounts of unchanged coumarin found were similar to those for rabbits. 

No free o-coumaric acid mus found by paper chromatography and 

isotope dilution. No o-tyrosine was found by isotope diletian and no 2.4P. 

dihydroxycinnamic acid by paper chromatography. A nuMber of unidentified 

spots mere observed on paper chromatogram°, however, some of which are 

described in Table 10, Appendix 1. 

The relative importance of the metabolites in rabbits and in rats 

is compared in Table 5.6, in which the amounts of metabolites excreted as 

percentages of the dose fed, and as percentages of the radioactivity in 

urine, are presented. 

Rat faeces. Attempts to identify the metabolites in rat faeces, Which 

represented an important part of the dose (30-4er), not with little success. 

The distribution of activity among various fractions prepared from faeces of 

two rats is shwa in Table 3, Appendix .1. The amount of activity 

extractable into acetone is small (1: or less of the dose). So of this 

was found by paper ohneratography to be due 	tracee of unchanged ootrearin 
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and snp11  amounts of crikydroxyphenylacetic acid, but an unidentified 

coo pound was also present (Table 11, Appendix 1) which could have been 

another hydrovaromatic acid. 

The amount of activity extractable into tia2003  was variable (20.514 

6, 7;.)  and could have been due to oenjugated metabolites. Paper 

chromatography showed a trace of unchanged ooumarin, together with an 

unidentified major metabolite which closely resemble o-tyrosine in its 

chromatographic behaviour. Isotope dilution for o-tyrosine in rat urine, 

which contained a similar compound, yielded nezative results, however, and 

was not carried out with the faeces extract, ?he above spot usuaLly 

Showed up in two parts, the central part giving a ginen, and the outer part 

a purple Gibbs colour. Thus, two inseparable compounas could be present, 

or one compound which can change into another fora (cf. o-hydroxyptvand-

pyruvio acid, which gives a green-Turple Gibbs spot). Another unidentified 

Sielabolite, running very close to the above compound on paper chromatograms, 

or surrounded by it, was observed as a green to greenish-brown Gibbs spot. 

There vas also another compound present in smaller anount which gave a blue 

Gibbs colour and appeared to be the same as that observed in Extract 1 

(see Table 11, Appendix 1). 

The activity remining in rat faeces after extraction (1V, 26;) 

11Js not due to a free phenolic compound or an acid or conjurpte„ as it vas 

not extractable into acetone or Ua2003. In the courve of several weeks, 

most of this activity disappeared, and it was also lost from the fresh 

material on stronc acid hydrolysis. Thus, a considerable aoeunt of a 

fairly volatile sUbstance„ or precursors thereof, Imo present (11...23 of the 

dose), which was insoluble in polar solvents and pro'eably neutral, No 
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1400  
2 um evolved by acid hydrolysis of the residue after spontaneous Ions 

of activity, The ether extracts of the acid hydrolysates and the aqueous 

phases contained very email or negligible amounts of activity. The stable 

part of the activity vies located in a solid residue of elenental carbon 

uhich could have been derivei from carbohydrate. Thus, this portion of the 

radioactivity (5. fir'; 41/  could have beefs inoo voted into oarbohydrate 

of the intestinal flora of the rat. 



Tabls.512"  
.4 
	 i !A  

Rabbits. Rata. 

1 Z 6 

1Veight (k.) 3.25 3.0  2.9 0.14 0.2 0.4 

Dose of Couwrin (mg.) 125.0 150 14.7.0 14.0 21.0 39.85 
Dose :.71f Gotrrrin (mg,./Kg.) 40 50 50  100 100 103 

Dose of 14C (Aq/animal) 1.345 5b.42 47.85 9.977 )4.49 10.22 
Duration of exixriment (doge) 12 4 3 4 5 6.75 

crztof rad.ioactivitv 
jEcovcre4.4i:.;: 

Unix 
Faeces 
Washing from tank, etc. 
Tissues 

101.3 92.2 

0.1 

0.2  
61.1 

1.2 

47.0 
3.7 

o.3 

53.9 
33.4 
4.5 
2.9 

60.5 
32.4 

•J11. 

ONO 

Total radioactivity re ere4 	Isaa 	2L2.. 	jaa 	tha 	2.2aZ 	93 



Excretion of Radioactivi ...k...pibbits and R.0.:8  after a sma3,1 oral dose of Y4.01 . 

L12.eriment No. 
*of. 

Rate"  • 

ZA 

F.,f0e••••••••••■••• 

2111 5. 
11,aig,ht (Kg.) ,-r, "....L)  3.0 0.2:75 r 44.4) 0.165 
Dose of Gin (ng.) 2.83 2.5 3.07 .175 0.150 nab, 
Dose of Couunrin (mg./k.) 1.0 3..) 1.0 1.0 1.0 1.0 
Dse of 140 (pcdanime1) 1.95 1.73 2.07 3.12 0.10 041 

imration 	...x.porl-th4.4_ (dank) 3 3 3 2 2 2 

kewelltIve LA' vcadioactiyitv 
recovered in: 

Urine 56.2 52.2 44.5 55.0 54.9 41.4 
Fn eCOS 4.7 4. 6 22.6 51.8 44.7 56.1 
Totial radiosotiyitv RFooverea: gala IQkla ei.o6 u ....,.._ 22,1 224 



Table 5.3. 

The Tletabolites of [ 4Cjcoumarin in rabbits and rats. 

77 

Rabbits Rats 
1 

40 

1.3 

4 

12. 3 

18.1 

. 

- 
- 

10.1 

- 

- 

- 

2 

50 

58.4. 

2 

14.8 
(0.7) 

19.9 

0.3 

0.3 

4.7 

16.0 

2.5 

0 

58.5 

	

.1 	4 

	

50 	100 

	

47.6 	10.0 

	

1.7 	3.7 

Percentage of dose 

2 
100 

14.5 

5 

7.4 
(0.6) 

1.7 

0.5 
- 

0.3 

0.45 

0.5 

- 

10.9 

100 
10.2 

6.75 

41111,  

- 
- 

- 

- 

- 

- 

16.7 
(0.4) 
23. 3) 
(2. 
'1.9 
0.5 

2.0 
(0.2) 
10.0 
(0.7) 

1.3 
(0. 	) 
0 

54.8 

3.1 
(1.6) 

1.8 

0 
. 

0.3 

0.26 

0.3 

- 

5.8 

..TATeriment No. 

Dose of cotrfarin (az,./kg.) 

'Nose of 1 0 (140./aninni) 
Duration of experiment 
(oys) I  

Compounds examined: 

Coumarin after acid 
hydrolysis 

3-rTydravcomari n 

4ydroxycoumarin 

5-1iydroxycounarin 

6-Hydroxycouilarin 

7-1r,ydmxycoui mrin 

84:ydroxycou, virin 

6 a  7-Dihydrolvoom Txrin 
Total coumarins 

o-Tyrosine 	. -. 
o-Counaric acid (free) 	- 

o-Counaryl glycine 	. 

o-Hydroxyphenylpropionic 	- 
acid 

- . 0 0 	0 
0 0 0 0 
0 0 . - 

0 0 0(0) 0(0)  

o-Ilydroxyphenyllactic 	_ 	3.5 acid 

o-Trydroxyphenylacetic 22.1 acid 
Total acids 	- 	25.6 
Sum of urinary metabolites 	- 	84.1 
Radioactivity of urine 	92.4 	90.2 

2.6 

18.1 
(12.9) 
20.7 
75.5 
80.2 

0.6 

12.5 
(11.2) 

13-1 

18.9 
47.0 

0.9 

27.2 

2A.1 

39.0 
58.9 

18.6 
(6.5) 

60.5 

1. Tim during which urine was collected for isotope dilution (see Tables 5 
and 6, Appendix 1). 

2, Figures in parentheses are for the free metabolite; all other figures 
are for metabolites after acid hydrolysis. 



Table . 4.. 
&IL 	 metabolites of [1401 coutearin in a rabbit. 
l_xperiment eta. . DoLie of camel-in 5glag. 	Dose of VIC 4.7.6 oc. 

Gcmound Total 
(A) 

Free Glucuronide Glucuronide 
(B) 

A - B mild 

Caumarin 
o-Couriaric acid 
o-Oaumatyl glycine 
3-ydroxycouraarin 
4.-Fiydroacycoumarin` 
5-11ydrovootxmarin 
6.41yrirovcoumnrin 
7-HydroxycJmrin 
8-Hydroxycoumarin 
2-11ydrovpheny1- 
acetic acid 
o-Ilyroxypherwl-lac- 
tic acid 

16.7 
Olt 

.116 

23.4. 
0.9 
0.5 
2.0 

10 .0 
1.; 

18.1 

2.6 

0.4 
0 
0 
2.8 

0.7 
0.3 

12.9 

411. 

9.0 
0.12 

3.1 
- 
Ai* 

Mb% 

••• 

AO 

11.8 
•V• 

3.8 
- 

•10. 

011111. 

11.6 

6.2 
- 

AID 

IMP 

App 

elat 

11.E, 

*lb 

0.8 
5.3 
0.8 

*NW 



79. 

Table  

Mctabolitcs of (1401 courwrin excreted by a rabbit on SUCQCSIONO 

A4M,  
Experiment 2. Doe of counorin 50 mg./kg. Dose of 140 58.4. pc. 

Percentage of dose in urine from: 

1st day 2nd day Total Commund 

Comerin 14.2(0.6) 0.6 (0.1) 34.8 (0.7) 

3-gydroxyroammalth 16.2 1.7 19.9 

4-firLroxyoonant 0.3 0414 0.3 

5-11ydroxycoumal-in 0.3 - 0.3 

641ydrogoolmnarin 4.2 0.5 4.7 

7-liVroxycoumarin 14.4 1.6 16.0 

8-flydronrcoumarin 2.3 0.2 2.5 

Figures in parentheses are for the free metabolite. 



Table 5.6. 

Percentages of radioactivity fed and of urinary radioactivity 
excreted as metabolites by rabbits and rats. 

Rabbits Rats 
Experiment No. 2 45 

Doso of cou,aarin (mg,/kg,) 50 50 100 100 
Dose ofi40 (lAc./aniulal) 58.4 47.6 10.0 14.5 
Duration of experiment (days) 2 1.7 3.7 5 

80. 

Co%Tound  

0oul.larin 
3ydroxycoutrin 
4-Hydroxycxxvarin 
5-Hydroxycoumarin 
6-TrydroveDunarin 
7-41ydrovcoualrin 
8-Hydrwrdcoumarin 
Total coumarins 
o-Hydroxyphenyl- 

tic acid a  
o-rTydrozwphenyl- 
lactic acid 
Total  acids 
EAU Of urimry 
oetabolites 
Radioactivity of 
urine 

dose 

:etabolites excreted as percentage of: 
urinary doao 	urinary 	dose  
activity 	activit activity s - 

r urinay dose urinary 
activity.  

14-.8 16.4 16.7 20.8 3.1 6.6 7.4 12.6 
19.9 22.1 23.4 29.2 1.8 3.8 1.7 2.9 
0.3 0.3 0.9 1.1 0 0 0.5 0.85 
0.3 0.3 0.5 0.6 . . . - 
4.7 5.2 2.0 2.5 0.3 0.6 0.3 0.5 
16.0 17.7 10.0 12.5 0.26 0.55 0.45 0.76 
2.5 2.8 1.3 1.6 0.3 0.6 0.5 0.85 

58.5 64.8 54.8 68.3 5.8 12.2 10.9 18.5 
22.1 24.5 18.1 22.6 .12.5 26.6 27.2 46.2 

3.5 3.9 2 .6 5.2 0.6 1.3 0.9 1.5 

25.6 28.4. 20.7 25.6 13.1 27.9 28.1 47.7 

84.1 93.2 75.5 94.1 18.9 40.1 39.0 66.2 

90.2 80.2 47.0 58.9 



Excretion of radioactivity in the urine of 

a rabbit receiving 140-coumarin orally 

(dose, 40 mg./kg.). 
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Figure 1. 

Experiment 1. 
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Excretion of radioactivity in the urine of 

rabbits receiving 14C-coumarin orally 

(dose, 50 mg./kg.). 
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Figure 2a. 

Experiment 2. 
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Experiment 3. 
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Excretion of radioactivity in the urine of 

rats receiving 14C -coumarin orally 

Figure 3a. 	(dose, 100 mg./kg.). 
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lhapter 6. 3innristsion. 

?be demonstration in the present work that wail:twin is metabolised 

by hydroxylation at all the possible positions of the molecule is of great 

theoretical ilvortance. A body of evidence has accumulated over a long 

period of time which shows that large numbers of drus and other foreign 

compounds are metabolised in the anim0 by hydroxylation. The introduction 

of hydroxyl groupe into the molecule does not result in formation of all 

the theoretiesoly possible hydroxr.derivatives but only certain favoured 

isomers, and increasign evidenoe has made possible, in the case of benzene 

derivatives, the formulation of tentative rules by which the orientation of 

hydroxylation may in certain cases be predicted (Smith, 1950). 

Not so much evidence is available for the heterocyclic oompounds, 

but certain trends can be seen. Thus, Mead et al. (1958b) demonstrated 

3-hydroxyw.„ 7-hydroxy-, and a trace of 8.-INOLmow-cxxszarin as metabolites of 

coumarin In the rabbit. It sew appears that the first two isomers are 

major metabolites, and that the otheriviromr..isomers are forsed, but in 

amounts not detectable by the methods premicumly used. 

The reectivities of the various position* of the ceumerin nucleus 

my be related to the electron densities at these positions, the carbon 

atoms having the highest electron densities being those normally attarke,d 

by electrophilio reagents k vitro. 

Samuel (1955) has determined the electron densities of all the atoms 

in the oousnrin nucleus, and also the bond orders of the bon- won 

links. The molerstler diagram for counarin is shown overleaf. 
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0.989 0.861 

014 

The positions pled in order of decreasing electron density are: 

3 6 3 7 5 4. Thus, position 3 has the highest 47...atrial density of 

the carbon atoms and uould be expectod to have the greatest reactivity 

toturde electrophilic reagents. This is true or to a limited extent, 

as although the 3 position it the rpcm; reactive with reagents that can add 

on to and saturate the 3,4 double bond, with Aost elootrophilic reagents 

the 6-position is that which is :lost readily substituted, and the 8..position 

in the neat most reactive (Chapter 1, p. 4.). These last two carbon atoms 

ha the highest electron dimities in the benzene ring and are typinfmy 

aromatic,. The characteristic readiness of the 3,4. double bond to add on 

zents, sky X2, frequently with subsequent elimination of MX to restore 

=saturation (p. 2) is not a typically aromatic sUbstitution, nor is it 

-HX or X 

   

an etharlenio Mill  *don. The 3,4. bond con be (=pared with the phenenthrene 

double bond or the 102 double bond of nalihthalene, but in nore reactive than 

either (of. Dedgem., 1949). Its bond order (0.79) is the hi hest of the 

cournarin rolecule. 
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It has been sagvested that the biological reactivities of the 

different positions of arometic and heterocyclic compounds also are a 

function of their electron densities. This in largely supported by the 

present work, sioh indicates that position 3 of cmninrin is by far the most 

reactive in vivo, and the biological activities of the other positions are 

also in agreement with this, with the sole exception of position 7. 

In the rabbit, about 20 of a dose of cxxL:runin is excreted as 

3-1ydroxycounerin, and about 	as 0-hylroxy*acids, viioh have been shown 

to be derived from 3-hydrovoouna.rin. That is to say, nearly 45; of the 

dose has been metabolised by moans of reaction at pocition 3. Sililnrly, 

in vats about 22"' or the coumarin is dagrwied via position 3. 'Mich 

represents about 'fir;..  of the urinary radioactivity Ithich vas accounted for 

in these animals. This overWhelming importance of position 3 is 

surprising even although this atom has the highest electron density, but it 

has to be borne in mind that if the hydroxylation proceeded via the 

dikydrodiol (p. 87) the addition is the type of reaction *tot,  is favoured 

by the properties of this grouping. 

6.41ydroxy.. and 13-hydrosTarins would be expected to be next most 

abundant after 3..hydro:zroommrin. !Tomver, 7.1171tur000trnarin occurs to 

the extent of 13r of the dose in the rabbit, whereas the avergp figures 

for the 6- and er-isoners are 3.4r; and 14%, respectively. This anomalous 

behaviour has not been explained, but soma suggestions are made later. 

The smal] amount of hydroxylation at positions l and 5 is in agreement with 

the low electron densities at these positions. Fur:11er metabollAmlof 

4,-hydroxymumarin by ring opening, or by other means ;:ould not account for 

any but an insignificant peroentage of a dose of counlrin, as most of the 
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te.isomer fed to rabbitt was eliminated unchanged. 

Mechanism of bydroxiaatiqn.  The hydroyjlation of the courlarin 

molecule in vivo could take place by direct substitution by hydroxyl pew* 

(by an ionic or free radical mechanism), or by the intermediate formai= et 

a 1,2-dihydro-1,2-diol. Dihydrodiols are knout to be formed in the ening 

body, a nwher of them having been isolated as metabolites of polycyclio 

hydrocarbons (e.g. Young, 1947). The currently favoured theory regarding 

the mechanism& their formation involves the direct Afidition of minuets° 

the double bond to form an epoxide (Boyland, 1950), 7:hich could then undergo 

hydration to the dthydrodiol. These dials lose muter on treatJent pith 

acid and yield the r:0110161111101. 

	

u 	 0  
	4120  

	

/
al 	 OOR 

The hydroXil group left attached to the ring is located on the carbon atom 

which has the highest electron density in the parent compound (Badger, 1949; 

of. Smith, 1950). 

Coumarin could give rise to four possible dihydrodiolog  the 3,40. 

dihydro-312p-dihydroxy.0, 5,6-dihydro.i.5,6-dihydroxyb., 6,7dAydro-6107.di* 

hydrov-, and 7,8•Klihydro-718-dihydroxr.derivativea. Tv different 

zonokydrovootsmarine could be famed from each of these by xtmxival of the 

elements of water. '2he possibilities are shown in Scheme 6.1. 

If the hydroxyl groups remained on the carbon atoms having the 

highest electron density, 3-, 6-, and 8-hydrovootrarins should, be formed. 

The present findings indicate, however, that all 6 hydroxycougurins arc 

foruvd. This can be explained by assuuing that a mixture of both possible 
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hydrovcoumax'.ins Is formed from each dihydrodiel, with one isoeer being 

produced in greater amount than the other. Thus, I should give rise almost 

entirely to 3..hydroxycounludn, with very little of the 4...derivative. 

Gerlydroxyooumarin should be the main product from both II and III, and IV 

would give rise mainly to the 8.isomer, 741yeroxyeeumarin would be the 

minor product from both III and IV, but this would not account for the 

relatively large amount of this compound whidh las found. 

Free radicals. Another rechanisza of hydroxylation of the coumarin 

nucleus which could be postulated is direct sUbstitution, by free radicals. 

ene:ty142 source of free hydrogyl radicals is Penton's reagent 

(of. Boyland and 3ims„ 1953), and this has been shawn (Amid et al., 1958b) 

to hydroxylate oournrin in all except the 4 position. Boyland and 3ims 

(1953) detected 7..hydroxyccumarin as a product of this remotion. 

Thus, the nattern of hydroxylation seems qualitatively stiller here 

to that found in vivo; however, no quantitative results are available. 

It should also be pointed out that Boyland and :Braes (1953) did not find 

complete similarity between the metabolites of naphthalene in rabbits and 

rats and the hydroxylation products of naphthalans using Fenton's reagent 

or aqueous hydrogen peroxide irradiated with u.v. light. 

The :aadel hydroxylating system of udenfriend et al. (195q, 

containing asoorbic acid, ferrous Zone, and ethylenedimminetetra-acetate, 

has been shown by -Lead et al. (1958b) to ludnwerlate ootunarin in a ew

what different my frog that found in Aye. The main products are 

7-hydroxye and 5-hYdrexyoonfaarin' 	with traces of the 6-isomer„ whereas 

in vivo position 3 is chiefly sUbstituted. It wee suggested (Udenfriend 

et al., 1954) that this ja Aim system might function by generation of 
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hydrogen peroxide, and that this reaction too could involve free radic'als. 

The evidence available seema to point to different eechanisas for 

the hydroxylation of position 3 and of the aromatic ring carbons. Thus, 

perhydroxylation could take plaoe at the 3,4 double bond and free radical 

hydromlatien could occur in the benzmae ring. This mey account for the 

unexpected proportions of ismeers hydroxylated in the benzene ring, as free 

radical reactions do not follow the usual rules of substitutions 

Furtheruere„ the Telohaniam of formation of 7-.hydroxycxxxrarin may be 

different from that of the other hydrovoouaarims substituted in the benzene 

ring. This gives rise to the suggestion that the biological site for the 

formation of 7.4kYdrenteounerin could be different from that for the other 

hydroxr4sorriers. It is of interest to note that ethyl biscoumacetate is 

metabolised in men by hydroxylation at position 7 of one of the coumarin 

rings (Burns et 11,„ 1953a, 5), although the other poeitions in the benzene 

ring are free. 

OH 
COOCil5  

110's 0 

The oompounds chosen as substrates by Udenfriend et al. were shown 

by them to be osidieel in the same way by the model hyarevlating system 

as in the intact animal. Now these are foreign comvounds which have also 

been shown (;Aitana e.ta«, 1956) to be oxidised by the oxygen - and MIT. 

depenaent enzyme system of liver microsomes. It may be inferred. from this 

that since 1-hydrcocycournarin is formed from eoumerin by the ascorbic acid.. 

iron system in vitre, it eey be formed in ViVti by the liver microsolees, 
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3.-hydronflation being effected by a different enzyne system. 

However, consideration should also be given to the fact that the 

oxygen used for hydroxylation of acetaniiide by liver microsomos is 

derived from oxggen, not from water, ana this makes it less likely that free 

radicals are involved in the reaction (Udenfriemila.a., 1956; at. Parke 

and Williams, 1959). This leads to the final possibility that instead of 

electrophilic substitution (involving attack by a cationic reagent), or a 

reaction with free radicals, the active agent in 7-hydroxylation of coumarin 

could be an anion (i.e. nucleophilic sUbstitution), ,ohich mould attack 

position 7 in prererence to positions 6 or 8. This too presupposes a 

separate site for 7...hydroxylation, and it would have to be supposed that 

position 5 was not available, for example, through binding to a tissue 

constituent. It could be postulated that a moleoule of oxygen oould give 

rise to two ions, 0-  and 0. It would be of great interest to discover 

whether 180 frommoleoular oxygen or from water were incorporated into the 

hydroxyl of 7-hydr)xycouislrin. 

The importance of 7.4ydroxylation of coumarin in the rabbit probably 

cannot be compared with the widespread occurrence of 74mirogyeoumarin 

derivatives in plants, an the latter are probably synthesised from phenols, 

not obtained by hydroxylation of the coumarin nucleus (cf. Chapter 1, p. 10). 

Odhqdromeoumarinso With regard to the possible occurrence of 

dihydro,rycoonerins an metabolites, the isomers most likely to be found could 

be predicted on the basis of the electron densities of the various positions 

of the 	srin molecule. Tuo pairs of adjacent carbons could be 

perhydroxylated to form three possible bis(dihydro..c?ihydroxy-)coumarins, 

each of which could give rise on dehydration to four oossible dihydroxy... 
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coumarins, the relative amounts of these being predicted by reference to 

the charge on the carbon atoms (p. 85). The relative likelihood in which 

these isomers might be expected to be forma, if they were formd at all, 

is: 	3,6-> 6$8.-. 3,43-> 397..> 	6,70.> 	418-; 	417-; 

and 4,5wdihydrovooumarins. The (a-substituted compounds 3,4w„ 5,6-., and 

7,8*.dihydroxyootimarizus do not seal feasible at all &wording to this scheme, 

but the possibility may also be considered of the formation of dihydrozy. 

coumarins from dihydrodiols by remaval of hydrogen. There is evidence that 

in monocyelio aromatic compounds, the 1„2.dihwiroxy derivative is the 

principal product of the dihydrodiol (Parke and William, 1959) and if this 

held for ooumnrins the cost likely derivatives mould be 3,4-, 6,7-, 

and 5,6..dihydromeouvririns. 

The only dihydroxycoumarin looked for wa3 6„7-abadronreolumrin 

(because it was available) and it 'was not found, which does not favour the 

latter theory. However, according to the formr theory, five other isomern 

seem mare like  3,y to occur than the 6,7-derivative, and the most likely, 

the 3,6-iseaer„ is knovra. 3,6wDihydroxycoumarin does not fluoresce in 

u.v. light as does aescidetin, but gives a green colour with ferric ch/oride 

(Neubauer and Plataw, 1907). No metabolite arras detected in urine of 

animals dosed with coumarin which gave t4 recn spot with ferric chloride on 

paper chroa%tograms, but it should be pointed out that 3-hydroxycourarin 

gives a green colour in a test tube with this reagent, but vas not detected 

in coumnrin-orine by ferric chloride sproyed on ohmaxatok7ams. To 

establish whether or not 3,6wdikpirovammarin is formed as a metabolite it 

would be necessary to synthesise it. 

Small, or perhaps in the rat, relatively large, amounts of dihydromw 

coumarins may be formed from derivatives slready containing one hydroxyl 
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group in the bosom ring, i.e. the mechaniselecead not involve 

simultaneous perhydrosylation at 4. positions. Thus, ,tead et 	(1958a) 

ound small its of 6.7.eiihydroxycourearin as a metabolite of 6-1 drone. 

eommarin in the rabbit. 

To sum up, the evidenoe seems to indicate that perhydroxylation Jo 

not the mode of hydroweylation of the bensene ring of meumarin, but that this 

mechanism is probably operative for positions 3 and 4.0 

Oeenine of the lactone ring. The discovery that the heterocyclic 

ring of ooumarin is opene d. in vivu is an it 	step in the elucidation 

of the fate of thie compound, and may help in understanding its 

pher.lacological activity. It was 'previously believed (mead et al., 19580 

that since o-coumaric acid, salicylic acid and melilotio acid were not 

formed from ooumarin in vivo the heterocyclic ring remained intact. Booth 

et al. (1959), while the present work was in peogrees, reportd the 

detection of o-hydroxyphenylsoetic acid :AA o-hydrameyphenyllactAc acid as 

metabolites of coumarin in rabbits and r'at's, and claimed that o-coumaric 

acid and melilotic acid were also found. 71osk.sith isotopically labelled 

coumarin haa established conclusively that aehydroxyphenylacetic acid is a 

major metabolite in rabbits and rats and that hydroxyphenyllactic acid is 

also formed in small anounts but confirmed the findings of Mead et _a. 

(1958b) that the other acids were not metabolites. 

At an early etage in this nork it waa thought that 3-bydraAramaxria 

might be converted by the organism to o-hydroxyphenylnrruvic acid, and the 

finding of the other two hydresy-soids (above) as coumnrin metabolites 

suggested that the pathway of their formation was via 3-hytironrcotriarin. 

This use established by administering the latter ofx.-pound to rabbits and to 



conjugated forms CR20000011 

on 

Off 

min 

CH20001! 

OH 

94. 

rats, aryl finding all three of the above acids as metabolites. This 

indicated the importance of hydrovilation of position 3 in the or 

The lain route of .1 eta 	of counwin in rabbits is shown helm 

Flat= (1910) reported that 3.hydroszecoumarin was not converted •to 

hydrox,yphenylacetio acid by Ern but isolated this said from the urine of 

a rabbit dosed with "2-hydrozyphenylpyruvio acid". The latter was prepael 

by heatinj 3-hydrosarcoumr:La in aciueous NaOH and then saturating with CO2, 

a procedure 'which would give rise to substantial amounts of rhydreszrphenyl.. 

acetic acid in any case. 

The present results are of theoretical importance, indicating that 

the opening of the heterocyclic ring in xim is subject to oertain conditima 

Coumarin is converted to o.ceumaric acid in vitro only under alkaline 

conditions (pH 10) (p. 5), and ,2..omric acid is not formed as en artifact 

even In the alkaline urine (pi! 8.9) of the rabbit. '.mover, saturation of 

the 3,1  double bond renders the lactono ring !itch more labile, and any 

dihydrocoumarin forsedb±.142v would exist largely as melilotio acid in the 

urine. 3inoe oelilotio acid was not found, direct reduction at the 314 
positions does not occur in the coumarin ring as such. Again, if position 
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3 is substituted by a hydroxyl group, the lactone structure is more readily 

aOlitja Ilitro  than the parent molecule. ''hat this is the case in the body 

also is she by the formation of o-bydroxyphanylpyruvlo an ti. as a metabolite 

of .3.11ydroveouairin. The alkaline conditions in urine are not sufficient 

to open the ring of 3-hya.,.roxycounatrino  nor is o-hydroviphenylacetio acid 

produeed as an artifact in urine (of. p. 52). 

Rednoti at the 3-position does oemer, after the lactone ring of 

3-hydroxycoumarin has been opened, but this is not a reduction of the 3,i 

bond of 4400124214 tut of the carbonyl group of the side-chain of the acid 

to forma secondary alcoholic poup. 

The route to the hydroxpeoids outlined above helps to explain the 

non-for mation of salicylic acid from counririn. This would not be expected 

to arise from an acid with a two carbon aide-chain, and the lactic acid is 

resistant to oxidation. 

The possibility exists that substitution by hydreix'al in the benzene 

rine, of ooumarin may affect the stability oa the lactone ring in vivo to a 

certain extent. If 7-hydroxycounnrin underment opening of the heterocyclic 

ring in 	2,4.dihydroXyoinnamic acid mould be the product. However, 

this. acid was not found as a inetabolite in rats or rabbits. The formation 

of 2,5- and 2,3-dihydroveinnamic acids (via 6- and 8-hydroxyootrerins  

respectively) WRS not investigated. 

Since it appears from the present evidence that the grin lactone 

Ins is not opened in the body unless position 3 is hydrozylatad it is 

sweated that dihydroxylation, in position 3 and in one other position, 

imly be folloeed by ring opening. Thus, for example, 3,6-dihydroxyleoumrin 
could give rise to 2,5-dil*bxmorphenylacetic acid. 
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enylacetic acid, normally oc r to 

excreted in greatly increased amoun 

is Bosoott and Thi.ckel, 1953; 

It is probably derived fromo-tyrosine, which is 

formd in me ter amount from phemlalanine following blool'Arze or the norml 

?cute to 2-tyros 	(Jervis 19k7; Udenfriend end Bessman„ 1953; Armtrong 

and Vim 1955). It his been devonstrated thelsrtyrosine gives rise to 

hydroxyphenrlaoetio acid in MA (Blum, 1906) and in the rabbit (Platen 

1910). Blaschbo (1949) shoved thst irtyrosine vas a substrate fronts:dna 

acid oxidases and suggested therefore that it ooula be degraded to 

0..hydrovphanyletoetic acid via s-WdrolerchenAryreric  acid.,  

it MS conitiderod a possibility that oi.hydromtphenApyravic acid 

oonvorted into.rtyrosine, and if this vere the case, the latter 
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n or 	 1959 

vbs found rtnethylphenylalanine as well  
urine of rabbits injected witk i sethylphenylpyruvic acid. However, the 

oompourgl !it M:kg 14111)1Yr Chromtogiseitia properties 	ix* *job vas 

observed in urine and. faeces of rats fed ooi 	b isotope 

dilution not to be o.tyroeine. 



Eto.o-Tyrosine fed to rats was found to be partly eliminated 

unchanged in the urine end party converted to o-hydrolcyphenylacetic acid. 

No o-hydroxyphervilactic acid was detected in the urine and this is in 

agreement with the observations of Armstrong and "haw (1955) that this acid 

was not excreted by normal or phervIltetonuric subjects fed2-,t,rosine. 

Blaschke (1949) showed that I...tyrosine ma a substrate for dope 

decarboxylase, and Tlitoma et al. (1957) found that o-tyrosine could be 

decarboxylated in the central nervous system, the product beingrttyraidne• 

24yramine is converted by amine oxidase to 0-hydrox7ohenylacetaldehyde 

(Randall, 1946) 'Ala can then give rise to h,  roxyphenylacetic acid. 

The formation of o-hydroxyphenyllactic acid az a metabolite of 

aoumarin but not of o..tyrosine, mRy be explained by postulating a aivferent 

route of degradation to o-hydroxyphenylamtic acid for the t oorposnds. 

The pathwa, for coumarin involving 3-hydroxycoumarin and.rhytiroxYphecYlki. 

pyruvie acid as intermediates is established; it acc likely that for 

o..tyrosine, intermediate forth :ion of o-tyrardne and .2-hydrovphem,r1-

acetaldehyde sRy by the preferred route tnalm. 
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The present findings do not support the assumption made by 

Armstrong and now (1955) of complete oxidation of some of these hydroxy- 

14 acids by rats and rabbits, as no CO2. 	was found to be exhaled by either 

species. It is possible that 0.*hydroxyphonylpyravic acid is formed at a 

late stage in the breekdown of coumarin, for example in the kidney, and 

that oxidative deearbonrlation occurs here, immediatoly before excretion. 

There would then be no time for the hydroxy-acids to be :vtabolised further, 

utereas the orally administered compounds maybe partly oxidined. 

A.cid-labile precursors of coumartn. In seeking the identity of the 

acid-labile precursor (or precursors) of courarin found as coumarin 

Lletabolitcs in rabbit and rat (pp. 71, 72), a number of compounds could be 

considered. 

o-Coomaric acid is converted into courrorin by strong acid treatment 

(p. 5) but neither free o-coamric acid nor 	conjugate, o-coumaryl-

&yam were found as metabolites. 

Ditwdro-mono-ols have been postulated (of. Young, 1950)as precursors 

of various polyoyclic hydrocarbons (naphthalene, anthracene, and 

phenanthrene) which were obtained when the urines from animals which had 

been dosed with the hydrocarbon were acidified and heated. A similar 

type of compound could be postulated as a metabolite and precursor of 

counnadru The only evidence which can be cited for or against this is 

if 
off -1120 

min. acid 0 

indirect, sight isoLricciompounds of this type are theoretically possible, 

3,44-dihYdro-3-Ikydroxycoumarin being shown above. The 3,4-substituted 
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compound would be most expected on the grounds of the resstivity of the 

3'4-bond. 

If the hydroxyl were attached to carbon 3 as Shown, the collpoond 

would be the laotone of2-lvdrovpbenyilactic acid, the free acid aotuallY 

being round as a coumarin metabolite. This acid might be expected to 

cyolise to the la ctone on strong acid treatment and this should than form 

co grin, but it was found to be extremely stable to boiling with !ia  H01 

for 3 hours, and no coumarin was detected. 

If the hydroxy% were attached at position 4, the covourei would be 

the lactone of o..hytromohtmylhydracrylic acid. Booth et el. (1959) 

reported that this acid was converted into oieoumario acid by mild acid 

OPOHOH2000H 
-21120'̀./\ ().) 

OH 11 	-2 

treatment. It was confirmed in the present work that it was converted into 

coma:win by strong acid treatment but no traca of the acid was found in 

coutarin-urine by chromatography. 

It is unlikely that the urinary ooumarin precursor can, be identical 

With any of the above compounds, but it does seem likely that the 3,4. bond 

of commarin is involved in a labile linkage with some other molecule. It 

is now suggested that, for emwaple, a cysteime molecule may have added on 

to the courarin molecule a this point to forma c=pound of the following 

type: 
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Ori.000Cii 
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It 1 as been shown that naphthalene gigs rise to N-ficiPtyl-413.(2-

41khxcv .Rdillydro-1-naphthyl)cysteine when adrAnistored to several species 

(.night and Young, 1957; Boyland and Sims 1958; Boyland et 	1957). 

Unidentified lotimarin taboli t a in the rat. It sehiaina as a 

major problem that the fate of a large part at the ooumarin administered 

to rata is unexplained. 

The unidentified cm:woundst f 	d have b 	for..:'ed by 

the animal and subsequantl,y =WOW into the incest 	via tote bile, or by 

intestinal bacteria, The fact that two of 	comriunds found in faeoeJ 

also occurred in urine !right suggest the former route, but it in also 

possible that the major unkneen. compound night have been, Ord by 

bacteria, absorbed from the gut and then excreted in the urine (pp. 66, 73; 

Table 11). 

Part of a unidentified radioactivity in rat urineirae couldbe due to 

compounds wbich have not been detected on paper chromato 	x by colour 

reactions. The possibility of metabolic dimerisation of myulalrin Mould 

not be overlooked, bearing in mind the ease of selfeccibination of the 

min molecule (pp. 340# Also, a nuadoer of suggestions in earlier 

tions of the Discussion (dihydromnounarins, dihydromphenylacetic acids) 

tentatively advanced mainly with the unidentified rat metc6boliten in 

qp,p, oral iosee of 111D-couramrin.approximate similarity 

between the pattern of elimination of small doses and larger doses in rabbits 

and rats (p. 69) suggests that the mode of metaboliairi found for larger. doses 
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mlAY bo normally operative when the andmol ingests s1701  amounts of coumarin 

with its food. This in especisoly likely in the case of the rabbit, which 

feeds on the typos of plant in which ooumarin is widespread. 

The ingestion of foreign oonpouni:L3 in nature by animals favours the 

view (Brodie, 1956) that certain enzymes exist in the organist: for the 

principal purpose of metabolising these compounds, and the biotronsformation 

of courfririn is a good example of this, 
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Chapter 7. Introduction. 

This part of the thesis describes a study of the metabelismof 

indole in rabbits. An understanding of the metabolic fate of indole in 

animals is important because the indele nucleus fort part of the structure 

of a large number of drugs in current use and of the essential ara 	acid 

tryptophan, and so light nay be thrown on the metabAism and mode of 

action of these derivatives by a study of the parent ea 	3. Indole 

derivatives occurring in plants, and in some animal products, are also 

likely to be ingested by animals, and in addition„ indole itself is formed 

in the animal and problems of nuto-intoxication may arise. 

Indole has been found in jasmine flowers, orange blossom s, ao le 

citrus plants, Robinia pseudacacia, and a few other plants, and is also 

present in mon, tar in the fruition boilinc between 2400 and 2600. It is 

found as a product of putrefaction of lany biological materiale, such as 

blood, milk, and albumin, and this is due to dacompoeition of tryptophan in 

the protein. 3-nethylindole (skatole), as odoriferous constituent of 

faeces, is derived from the same source. Other indole derivitiver proadnent 

in the biological field are urinary indican; indoleacetic ao3d (hetaro-

auxin), a plant growth hormone; serotonin (5-hydroxytryptamine), the 

vasoconstrictor substance occurring in brain and intestine; and a large 

number of plant alkaloids. Another substance, also known as imlican, is 

the gluooside of 3-hydraNyindole (indoxyl), which occurs in the leaves and 

stem of the plant Indigofera (order Leguminosae) and 	has been the 

source of indigo since the earliest periods of history. 	different 

glucoside of indoxyl is present ie the wad plant which was also used as a 

dye. 



Chemistry of Indole. 

The chemistry of indole hvs been reviewed by Van Order ana 

Lindy all (194.2), Iorton (1946), < nri Julian et al. (1952),, and references 

will not be given for information taken directly fro' these reviews. 

The chemistry of indole was investigated intensively during the 

second half of the nineteenth century owing to the necessity of finding a 

synthetic route to the inoortant dye, indigo, hitherto obtained from plant 

sources. dyer (1066) obtained indole by reduction of oacindole with zinc 

dust and the formulaaccepted today was proposed in 1869 by I3aeyer and 

amerling. 

Indole is 1 -bemso[b]pyrrole, having the structure and numbering Shown 

below. 

3 (0) 

2 (a) 

The reactions of indole are similar to thoee of pyrrole, modified 

by the presence of the benzene ring. Indole is very feebly basic, and 

forme a picrate, but generally it tends to form resin-like materials When 

heated with acme. However, under certain oonditions the hydrogen on the 

nitrogen atom is weakly acidic. Thus, with metallic sodium or sedamcir, 

soil= salt is formed, and with KOH, a potasstain salt. 

The 3-position is the most reactive of the molecule and appears to 

be exclusively attacked by :any reagents. Aid oxidising agents usually 

convert indole into 3-hydrovindole, which is then converted to indigo* 

Thus action of air in presence of sulphite or bisulptnite, monopereePhuric 

acid, hydrogen peroxide, or ozone lead to formation of indigo from indole. 
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Ohrodic acid and ferric ehloride oxidise indole to unidentified complex 

products. The be alkaline persulphate oxidation gives rise to potassium 

indoxyl sulyihate. Oxidation with peremeweate opens the pyrrole ring, 

provided the N atom is bensoylateds  otherwise amorphous *lasses are 

produced. The product is benaeylanthran1110 acid. 

lndole undergoes few substitotion reactions and these take place 

mainly at position 3. Direct nitration or halogenation of indole to yield 

derivatives substituted in the benzene nucleus is not feasible: indirect 

syntheses have to be used. 3aUitroindole can be mock by the action of etkal  

nitrate and sodium ethylate on indole, or by oxidation of the nitres 

derivative. Sulphuryl chloride reacts with indole to form 2-ohioro- or 

2,3adichloroindole and iodine in potazeiumiedide yields 3aiodoindoles 

11.141ation of indole gives rise to the )aelkyl- or the 0-diaTayl 

derivative, aM Westmont with acetic anhydride yiel 1-aoetyla and 1,3-

diacetylindoles. 

faany of the reactions of indole appear to be due to the indolenine 

forma with a reactive methylene group at position 3. Mao, compounds,  that 

contain an active carbonyl group, such as aldehydes, will oondonse with 

indole at this position. 

34litrosoindole is obtained by the action of sodium nitrite and 

acetic acid or of amyl nitrite and sodium ethoxide. This product exists 

largely as the isomeric 3-oxime. The action of chloroform and alkali 

introduces an aldehyde group into position 3, and ring expansion also takes 

place with formation of 3-chloroquinoline. 

The 2,3-bond of tbe pyrrole ray  of indole can be reduced nom readillla 

electrolytically or by catalytic 	enation, than the bonds of the 

benzene ring. 
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Pb0=0,4010EY of Indole. 
Indole is toxic to animals, acting as a Cirrhotic poison of the 

liver, although flervieux (1907) s4ated that indole and some alPylindoles 

had no toxic effect on the dog or rabbit. Indole rouses convulsions and 

my be lethal then injected into lymphatic circulation of frogs, but 

skatole is less toxic Oeutier„ 1913a and b). 

intravenous injection of indole into dogs leads to apnoea followed 

by an increase in respiration and a fail in blood pressure (Eta and Feinberg, 

191#2)4, Death from large doses results froil dilatation and arrest of the 

heart, In&le and skatole affec,, the hearts of ooldAgooded (frogs and 

turtle.) acre than warmblooded animals 'Addell and Calhoun, 1927). 

The motility of isolated intestine of frog (DaMilevski,1909) or 

rabbit (Garolamalanoolt4ao, i944)is also Inhibited 1 Wale. Skatole 

is said to be the most powerful anti...histamine substance found in the 

Intestinal tract (Dunyatyan and listirkyan, 1948). 

Eapecially important tram the pathological point of view is the 

effect of continued ingestion of subacute doses of indole over lone periods. 

The symptoms in man include headache, sleepiness, diuresis, hunger, thirst 

and sore loner extremities (Griggs, 1916). Many of the mice dosed with 

indole by Dangeler (1932) died within a few months or developed haerolytic 

anaemias, leucopenias or leukaemias, and blood distortion:les also result in 

rabbit, (Le 0P0vA 1921). The haemolytic anaemia indmeei b Mauls in amp 
can be cured by liver extract (Rhoads et al., 1938a, b). 

Indole is a weak haemolysin for erythrocytes of rabbits (Ponder, 

1938), sheep and man (Gnezda, 1932). 3%atolc and 2-methy1indole are also 
active, especially the latter. 
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Indole and skatole produce histologina/ chases in the central 

nervous system (Oldie, 1924), such as proliferation of the brain neuxoglia 

(eladweoko, 1912)0  and regressive changes of the blood vessels of the 

bruin. gardening of the arteries is another chronie effect of these 

comounde (3iebl, 1933). 

Injection of indole and skatole into the knee joints of rabbits 

leads to chronic arthritis (Forbes and Neale, 1937) and indole has been 

found in the freshly voided urine from rheumatoid arthritis patients 

(Neuwirth, 1944). There. long-term effects of 'nip/0 may help to explain 

the naturally occurring disorders, as indole is normally produced in the 

bcdy. Phocas (1927) suggested that indole produced in nornal human 

metabolism tends to lead to nePhritis over a long period of time. 

Thp Formation of Indele in the Orelmism. 

Interest in the meta6Lism of indole arose at the time 'then indigo 

las being intensively investigated, due to the presence in many normal and 

pathological urines or sUbstanoes which gave rise to indigoid pigments on 

oxidation. These contain, both indigo tin and indirabin (Rindngtan, 1946). 

Indican vas the name given to the precursors of the pigments and was 

detected by treatine the urine with an oximeing agent and mineral aoid. 

It became clear from observations on fasting ordrels and these kept 

on various diets that digestion products of dietary proteins kre broken down 

by intestinal bacteria to indole, which is absorbed by the animal and 

converted to indican (Underwood and Simpson, 1920; Drandeis, 1910 ; Corter, 

1909), No imJican vas found in the urine of newo.born babies, and this 

was taken to indicate that there are no bacteria in the intestine at that 

time (Forchers  1910), 
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lanybacteria„ such as B. coli of the large intestine, fox indole 

from breakdown products ofproteins, but not from undigested proteins 

Poliman et al., 1924). Addition or sugars to the medium inhibits the 

formation of indole, if they are fermentable by the organism (Thougentsoff, 

19133 Applenans, 1921). 

The source of indioan in the case of fasting animals is probably 

due to the breakdown of tissue proteins (Blunenthal and Jacoby, 1910; 

Kidhi, 1928). 

The :letabolism of lndole and Some of its,Derivatiyes in Animas,. 

DicIples It men early establithed that indole is oxidised by the 

organism to indoxyl, which is conjugated and excreted as gluanxonide and 

ethereal sulphate (Baumann, 1977; Mester, 1888). tdministration of indole 

to man (Percher and Hervieux, 1907 ) and to rabbits and frogs (Gautier, 

1910) gave rise to indioan in the urine, and former workers found, after 

larger desesianother chromogen (presumably the glucuronide) which could form 

indio by the action of

} 

 bacteria. The in conjugate appears to be the 

etreal sulphate. 	'cereal sulphate

ma  

excretion was inoreased when indole 

vas fed to man, but not apparently gluouronide everetion Crollens„ 1910; 

Kauffmann„ 1911), but output of both conjugates VXi.13 raised in animals (Stern, 

1910). 

The first of these conjugates to be isolatei2 vas potassium indoxyl 

sulphate, which was obtained from the urine of dogs fed indole (Bw.r.sann and 

Brieger, 1879), from normal dog urine, and from urine of humans with 

intestinal tuberculosis (Hoppe*Spyler, 1884; 1916). Indoxyl glucuronide 

was detlanstrated in the urine of rabbits fed e-nitrophenylpropiclic acid 

(Hoppe-Seyler, 1882-3) and in normal human urine (3a4yer and Neuberg, 15)0) 
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on the basis of its radmaing properties and luvaxstution. However more 

definite proof of the glumueveide was not obtained until Neuberg and 

Scheenk (1917) isolated the double barium salt of indoxyl sulphate and indogl 

gluouronide from the urine of a dog fed indole. 

The indican content of blood is reported to vary from 0.001 to 

0.004 per 100 ma, in horses and cattle, and from 0.08 to 0.35 g. per 100 ml. 

in urine (Spisni and Cappa, 1955). 

Removal of the liver from dogs and toads resulted in considerable 

decreases in the amounts of indole converted to indogyl (Bare°, 1940; 

Stoppani„ 1943b), and Laroche and Desbordes (1932) found that indolc injected 

into the portal vein of a dog appeared in the hepatic vein as indozyl. 1. "Le 

latter workers reported that indole vas converted to indogyl in vitro by 

liver and lung tissue of dogs but not by kidney or brain, but Garcia-Blanco 

and Neale (1935) state that liver, kidney, mm010 an brain of rabbits all 

effect the conversion, with kidney being the meet active. There is 

apparently a slight formation of indioan in the intestinal mai 

1942) but the evid indicates that the liver is th'.:! Inin site of 

detoximation of indole. The oxidation is rapid: Carcla-Blanco and Vidal 

(19310 could not detect indele circulating in the blood 5-90 minutes after 

its injection into ra5bits, but Old detect indoXyl. 

Indole inhibits the growth of young rats when administered over long 

periods, the effect being abolished by gystines  cysteine, nethionine, and 

gautathione„ but not by sodium sulphate, sulphite, thiosuiphate, sulph44e, 

or thincyanate, elemental sulphur or cysteiname (Tellers, 1953a, b; 1950. 

Thus the growth effect appears to be due to the use of sulphur-containis3 

amino acids as a source of sulphate f,3r. conjugation. 
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Metbiliqdoles. 3**Methylindole (skatole) does not give rise to 

indican excretion when administered to animals (38hm, 1937) in oommon with 

other indoles substituted in position 3. It appears to be metabolised by 

oxidation of the methyl group to form indole-3-carbarjlic acid ("lambert  

1909), distillation of which gives indoie. The latter was found in 

distillates of normal urine of several species, and in increased amount after 

ar1linistration of stole to rabbits (Jaffe, 1908; Dlwaentha]. and Jacoby)  

1910). More recently hydroxylation of the benzene ring has been shown by 

nolgliesh et al. (1958) and Decker (1957), who isolated the ethereal 

sulphates of 5- and 7-hydroxyskatolos from rat urine. After feeding 

skatole to animals, the parent substance of "skatole red" appears in the 

urine; the latter is a red pi:pent produced by treatment of the urine with 

strong acid (alhovski„ 1900. The precursor also occurs in association 

with urochnxio (Rangier and de Traverse, 193). 

2..110thylindole fed to rabbits increases ethereal sulphate and 

glucuronide output, claimed to be due to formation of 2..methYlindoNYI 

(Fuzuta at al., 1956), but Bohm (1937) states that this oompomnd does not 

form en indican4ike substance. 1-, 4., 5-, and 7-methylindoles yield 

the corresponding nothylindoulas in man and rabbit Oahe 1937). 

Otter derivatives. Indole-3-aldehyde forme on indicseiajay.o. 
being apparently the only 3-sdbetituted derivative nhidh does this (Mei  

1937). Indole-2-oarbox4ic and indole-3-carboxylio acids do not form 
bullpen. 

A number of o-nitrophenyl derivatives, notably o.nitrophenylpropiolio 

mad, form hadioan in the animals  but o-wainophenyl derivatives, exoept 

o-artdnophenylethanol, do not. This seels to indicate than an intermediate 



kairoxylamiz'le is involved In 4he cyclisation (11511m, 1933, 1939a, b; 

Stoppani, 1945). 

The remainder of this Chapter is devoted to a discussion of 

aelected indole derivatives of biological kriportance. 

Indolelactio acid. Dl.m.0.-5..indolelactic acid, but not the 1-isoner, 

is said to be capable of replacing tryptophan in the diet of rats and 

rabbits (Okagann and Tatsui„ 1931)0  and indDlepyruvic acid oan also be 

utilised (Jackson, 1929). 

Indoleaoetic acid. Indolo-3-aoetba acid was isolated. from hunmn 

urine obtained from hospitals, by 091 et al. (1934) and was named he tea

on account of its marked plant-growth effects. It °mimes growth by 

cell-elongation and promotes root-formation (e.g. Thirann and Koepfli, i935). 

Indole-3..acetic acid is conjugated with &yam in the dog to for 

indolylaceturic acid (:trins and 1-0114311114 1913) and in 	it forma 

indolylaaetylgluta:Aina and indo331acetylgluouronide (Jepson, 1958). 

titinergio acid diethylamids (1.84 is a hallucinogenic drug exerting 

its effects in very =all concentrations. It rarkedly depresses blood 

pressure and elicits characteristic behaviour responses in animals 

(e.g. Cogerty and Dille, 1959). It also effectively antagonises the 

action of acrotenin. 

N74'N 
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bydrovlated in position 2 of the indole nucleus by liver 

microswes e presence of TI,NN and oxygen (i.otelrodpt al., 1956). 

Reserpine. This is one of the group of alkaloids obtained from 

the root of the Indian Shrub, Reumolfia serpentine. It has a depressant 

effect on the central nervous systez:!, being active in very small amounts, 

and is used as a tannquMising drug. It is a hypnotic for dogs, oats, and 

rabbits (Being  1953). 

I 

-o oc at!30110' .--  • 
© ti

3 

The metabolism is Imlay* by hydrolysis to lrthyl reserpate and 

trimethogybenzoic aoid (cleavage at the point indicated) (e.e mere et At, 

1955). No metabolic reactions of the indole moiety have been reported. 

5.41Ydrviper.titan ane (sgrOtonin). The highiy active vasoconstrictor 

sUbstanee obtained freektiet sestettq Rapport et.ga,(1948)„ was found to be 

5-4Vdrotryptamine (Rapport, 1949), also occurring in salivary glands of 

Gastropods (enteramine) and in the intestinal mucosa of laurels (e.g. 

Erepaner and, Boretti, 1951). It is assooiated in p3Anma with the blood 

platelets (Rand, and Reid, 1951) from 'Ohlah it can be ilLerated by 

administration of reserpine to the animal (shore et al., 1956). 	tore 

recently, serotonin has been implicated in Aentel anor;ler„ particularly 

schizophrenia (discussion by 400lley and Shaw, 1954). 
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CH CH-NH 2 	2 

5-Hydrrs.vtryptamine ie ford in animas fz tryptorhan via 5-
hydro3çitryptophan, and la converted to its excretory product, 5-hydrov-
indolearactic acid (Udenfri'erid 74 al., 1 956a, b). 

Ben24ene ring-substituted loixtxvindoles are of 

importance as postulated intermediates in the formation of mlanir' pints 

from tyrosine and 3,4-dihydroeypherw3.a2anIne. A number of mechanism have 

been proposed, one of which is self‘aoondensation of inciole-5,6squinone at 

the 3.- and 7-positions with cross-lirfas involving reaction at the 2-position 

(3.D. Buttock and J. ITarley-kson, 1951). 5,6.0iiviarosizelndo1e is said to 
1 be a urinary metabolite of fO-labelled 3,4.-dihydroxypheny1alanine in rats 

(Pollerin and D'Icrio 3, 1955). 
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The following compounds were purchased and 

  

purifiedlilare nsoSSISWY. Indole (B.D.H. Ltd.), m. p. 520; indoxy1-0- 

acetate (Light and Cb.)0 	1260 white needlee from water (Charcoal); 

isatin (13.1:1°. Ltd.), 	2010 (sublimes); anthrartiLio acid (3.1)614 Ltd.), 

m.r6  1450. 

5-77y1rov-2-rcethylindole„mo. 1330,5ismethosy..6mhydrovineble, 

D. p. Ma, and 5,6•41thydroxyindole-2scarboxylic acid, m6 r6 2510  (dsowmPO 

were donated by Olaxo Ltd. 

Potassium indoxyl sulphate (indioan was obtained. by alkaline 

peraulphate oxidation of indole. 

An atterzyt ms made to prepare indoxyl by alkaline fusion of 

rx)tassiumpbseylglyeine-o-oattovlate and decerboxylation of the reeulting 

indavlis said (Neumann, 1890; of. Catterainn, 1937, p. 369), but only 

indigo oould be isolated. lydrolysis of indoga acetate in the cold with 

an air.free solution of NaU under hydrogen gave sir4ler results. 

Attearts to prepare 5.hydrovindole from 2-nitro-5-hydrovbafts.. 

aldehyde (Light and 0000 	1600, via 2.nitro-5-..hydroXrtm0Pyruvio acid 

(pear etas, 1948) yielded only resinous material. 241itrowb5.41YdroxY"' 

bmnza/dehyde was than prepared tram arivdrombenzaldehyde by conversion into 

the2-aldehydophenylcarbonato followed by nitration (lason, 1925). The 

procedure was modified as follows: mr-hydroxybenzalaelyde (12 g.) and 6 g, 

of Na2CO3  were dissolved in 15 ad. of warm 207 NaCII, cooled below 00, and 

shaken with 80 :Al. of 12.5: phosgene in toluene in a 250 ml. centrifuge 

bottle stoppered with a rubber bung. The mraldehydophellyloarbonate soon 
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separated and yes filtered off, nunhed wit% water and alcohol, and dried; 

mop'  1320 from glacial acetic acid. Yield quantitative. 241itro-5-

1ydrosybensaldebyde (2.5 g.) was converted into 5..hydrovincble via 

2:04-dinitro-5-aceto1ystyrene according to Beez' et al. 0940* 5.41ydrosy-

indole fern-Da White needles, mep. 107°  Crow, petrol 	ether (80-1000), yield 

0.2 g. 

2-7itro..3-hydralejtoleene, yell= noodles, rn. p. 410, was prepared by 

the method of Gibson (1923), and this was converted into 2ietitro-30beney 

toluene, white plates, m614 360, but the syntheais of 7-hrdroyindole frete 

the latter (Beer et al. 1948) (mid not be realised, 

241itro-6-teraromarbensaldehyde, pale yellow prisms, m. 540 from 

petrels= ether (40-600)„ was Prepared by the method of Ashley et al. (1930). 

Attempted synthesis of 4,-hydroeyindole from this via the nitrostyrene 

(Beer etsa., 194-8) resulted in the for2e.tion of unwerkable resinous 

Indirubin was prepared from indweil acetate and isatin according to 

Drttm (1951) and tms purified by subliretion, sek:Arated from a little 

contaminating india3tin on a opium of activated alumina, with chloroform 

as developing solvent, and remenblimated, A ryymi,  yield of redr.brown 

needles was obtained. 

1°11384t  

Glucuronides in urine were estimated by the method, of Hanson et .214, 

(1944.); ethereal sulphates were estimated turbidimetrically according to 

Sperber (1948); and mercapturic acids according to rtekol (1936). 

Indole in urine me esti:rated by 	uring the violet colour 

produced when xanthydrol is boiled with indole in ..;lacial acetic acid 
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(Pea 7n and Drum, 1951). Indole was isolated from urine by stexi 

dist411ation, using the 1,,tarldtam apparatus. The steaatvolatility of indole 

is greatest over the pH range 8.0-10.5, the optic aim Of being 9.2 (Ze'le„ 

1920), The pt i of the urine was adjusted to 9.0 with 10% Na011 told. 10 

aliquots were steala distilled, 30 ma. of distillate being collected, 2 ml. 

of distillate were taken, 0.2 ml. of 57 xenthydrol in methanol MS added andl 

the volume was made up to 0 ml. with glacial acetic acid. The solution WaS 

heated at 1000  for 10 minutes to develop the colour, cooled, and the 

extinction was measured at 550 at,. in the Unicams.r. 600 speCtropbotometer. 

The stands:Po curve tuts constructed using 0.5 ml. of a standard solution 

containing 0.25 to 10.0 mg. of indole per 100 ml.; e linear relationship 

wuo obtained for this concentration range (C550 1,4.0  890). Three point* 

on the calibration curve were deter ined each day on account of deterioration 

of the xanthydrol. Recovery from urine containing 2.5 and 5.0 mg. of 

indole per 100 ml, was 9W, when  30 all. of distillate were collected. 

Indoxyl in urine las estimated by the method of Drum (0951). A 

standard curve was constructed by boiling 2.5 ml. of a solution containing 

0.5 to 6 4g. of indoxyl aoetate per 100 ml. with 2 ml. of saturated isatin 

solution and 1 ml. 50 I13011.. Th 	rubin 	extracted into chloroform*  

free isatin remind by shaking with alkali, and the absorption was measured 

at 525 n in the Unicorn sa., 600 (E525 4..0  2660). The aurae obtained was 
compared with the absorption of a standard solution of pure inairubin at 

corresponding dilutions. Good agrement was found. The recovery of 

indoXyl acetate added to normal urine was inconsistently low. Urines 

containing 1.0, 2.0, 3.0, and 5.0 mg. per 100 ml. gave recoveries of 77, 55, 

59, and 67, respectively, average W. Drum encountoml this difficulty 

when= was used as condensing af;ent, but overcame it by using sulphuric 
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acid, with potassium indoxyl sulphate as standard. Values for excretion 

of indaxyl were calculated on the assur.iption that the reoovery of indoxyl 

from urine was 65,. 

apectrophotofluorometric44sa, of Indican and kollyt:imigiole. 

The fluorescent properties of potassium indogyl sulphate and 

5.Arirowindols were investigated using the Aminco-Bowman SpectroPhoto-

fluerometer. Since the fluorescence characteristics of compounds vary 

with pH, measurements were Tede at a range et 111 values. Buffer solutions 

used are listed in Table 8.10 

Table 8.1. 

.211 	aolution 

1 	0.1 IT HCl 
2-6 	riajIPOk  - citric acid 

burferff (Malvaine, 1921) 

500 ma. 0.214203  mum to  
10 	500 na. o21 	2 Maas 4.39 mi. 0.2 M WTI 
13 	0.1 1'1 IlaOH 

Calibrationv SectroPhotericommeter.  As a preliminary to the 

investigations, the instrument was calibrated using a. solution of quinine 

in 00 Di HSO4  (sprinoe and bidley, 1957). Athin the concentration range 

041-001 peo/MI. the activationiulwiomm wavelengths wore 26 k. (minor) 

and 360 mil. (major), and the fluorescence maideleatruZ 460  qk• Calibration 

curves mere constructed by plotting photonultiplier readings against 

concentration in p.g./ml. and were linear over the range 0.01-0.5 pg./ml. 

Above 0.5 1.g./Itil. for activation wavelength 360 nki., and above 0.8 og./r 1. 

for activation wavelength 265 rte. , the curves flattened out ("concentration 

quenching"). Curves were plotted at meter rialtiplior settings 1 and 0.3. 
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Three or four points on the calibration curve sere delmirmined da41y, tft 

order to check diurnal variations of the instrument. 

Flgoreseence of In 	A very pure product is reqaired for spectrophetai-

fluorossatric work, as minute. amounts of impurities can interfere by causing 

scattering. Repeated crystallisation free nethanol of synthetic potassium 

indosyl sulphate gave pale buff plates, showing one snot on paper 

ohreenatomiaphy in several solvent systemol  and which proved to be. 

satisfactory. The sample of 5...hydrozyindole available was also suitable. 

Fluorescence messum 	to mere made by dissolving about 1.00 us. of 

the conpouna in 1 2a. distilled water (indican) or ethanol (544ydroxyindo/e)$  

then diluting to the desired concentration with buffer ablution. The main 

activation and fluorescence onidnn of indican and 5-hydresyindole at 

various pub are ahown in Table 8.2. These values did not vary within the 

Table 3.2. 

	

Potassium indaql. sulphate 	544Vdnovindele 
Activation Mori Activation Moor. 

111 	aa.....!!!!S1:1.. 	/111414 	"124 (11)" ) 
350 (355) 

350 

350 
350 

concentration range 0.01-10.0 e.g./ml. Calibration curves were constructed 

at meter multiplier settings 1, 0.3, and 0.1. These sere linear over the 

range 0.01*0.1 pg./ntl. !Jame  1.0 	concentration quenching saes 

appreciable. The riaXina quoted for 5...hydrosyindole differ  fitly from 

those listed by the American Instrument Co. at pH 1 (given in parentheses 

above). 

1 290 400 295 (290) 
7 290 400 295 

Distilled water 290 400 295 
10 295 
13 faI 
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Stabillny of 5eTtedroxvincblq. eince 5fthydroxyindole is not stable, 

part4inleely in alkali, it vac necceApey to investigate its stability over a 

range of *1so  so that the pa of maximum staeility could be chosen for 

estimations. The fluorescent intensity of a solution of 5ehydroxyin3ole 

in buffer was measured at intervals over a period of about 20 hours, and a 

curve of intensity against time was plotted for cad:, 41. The fluorescent 

intensity (obtained bp ultiplying the photometer reading by the meter 

multiplier setting) was token to be a measure or the concentration of 

5-hydxovindole in the solution, it was ilpracticable to take readings 

over the whole 20 hours, so readinep were taken for 	hours, the solutions 

were left overnight, then a further reading was taken. The instrueont 

appeared to beceee "fatigued" if kept working for too long a time. 

The concentrations of the 5..hydroxylndolo solutions uere corrected 

by an appropriate factor to wake the graphs (Figures 41  5 and 6) comparable, 

Isolation from Urine and !eq. For the quantitative isolation of these 

indoles 31*c:enuring, a paper dhroziatographic method was employed. A nuMber 

of different solvent systems were tried, in order to find one Which gave 

c1 ear separation frora other urinary componentso  a convenient Ris  value, and 

a discrete spot. Solvent AL, I , and F were found to be best for indican 

and sAvent G for 5..hydromindole (Table 645). 

Recoveries of indican were :aade fret water or urine, by separation 

in the above solvents. ehatman No. kpaper and the descending technique 

eere used. 	eeesured volume (usua3ly 0.04 nil.) of a solution of potassium 

indoxyl sulphate in water or urine (0.5-0.1 mg./M1.) was applied to the 

ohrmaatogran in the form of a band extending half the width of the paper 

(2.5 in.), The other half was used as a control blank. A space of 0.5 in. 
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was left on either side of - e band to allow for irregularities in its 

Dovement. f.fter development of the chromatogram., the band vas leu!,ed by 

its fluorescence in u.ve light, out out, and elated with water side by 

side with the control strip. Recovery experiments showed that the first 

1-2 drops of eluute contained all the indloan, so the first 3 drops were 

collected, diluted with buffer solution (p7 7), and the fluorescence 

intensity of the solution do ter 	Ttandard solutions of the compound 

were used for reference, n concentration of standard being chosen which gave 

a reading eloae to the test readine. Readings were :Aide at at least two 

oeter nulti lier settings, and further dilutions were made to test the 

linearity of the response. solvent system A vas found to be most 

satisfactory in this respect, ano it also gave beet recoveries, so it was 

used in subee-uent work. The recoveries of indioan from urine are 

suemarised in Table 8.3. 

Recoveries of 5-kvdroxyindole from urine were carried out as follows: 

1.0 rel. of normal urine, 0.5 ml. of gastric Juice of Helix ponatia, 0.5 mg. 

of 5..hydroxyindole and 7.5 nwo  of indican (the approximate amount expected 

in indole urine) were mixed with 1 ml. of buffer (rt. 6) and incubated at 

370 for i hour. The hydrolysete (004 ml.) uas separated on paper as 

described for indican but using solvent G. The band was located by mans 

of a marker spot of hydrolynate applied to the centre of the chroAatogram 

between the bend and the control strip. This ems detected by spraying with 

relitrosoi.c3.4taphthol reaeent, The band and control otrip were cut out and 

eluted with ethanol. The first 3 drops of eluate were diluted with buffer 

(rt 7) and the fluorescence was :leasured. Recoveries of 5-hydeeceerindole 

from ethanol and urine are shown in Table 3.he 



Table 8.3. 

Riecoveries of potassium ina0MY1 sulphath i'ma urine (34vent A). 

lndlean added to Indioaxt Recovery Meter Dilution of 
urine (se./m1.) fowl (mg./m1.) multiplier eluate 

1.0 0,83 83 1 z20 

i.c,  0.863 86 1 x 20 

1.0 0.868 87 1 z40 

1.0 0.895 90 1 m 00 

1.0 1.11 111 0.3 x 30 

Table 8.4. 

R 

5.Hydromyindole 5-4ydro;yin3ole Rooavery Meter Dilution of 
added (mg./m1.) found (m./61.) nultiplier eluate 

	

0.5 	0.239 	48 	1 	x 50 

	

0.5 	0.249 	50 	1 	x 100 

	

0.5 	0.162 	32 	1 	m 200 

	

0.5 	0.173 	36 	0.3 	x 100 

Recoveries of 	e f 	urine after 	 tiara 

	

0.2 
	

0.135 
	

68 
	

1 	x50 

	

0.2 
	

0040 
	

70 
	

1 	m 100 

	

0.2 
	

0.124. 	62 
	

0.3 
	x 100 

121. 
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IS. Chinchilla doe rabbits were Mabitained az described in 

Chapter 20  p. 23. indole was caIinistered orally as a solution in the 

aradhis oil. Urine was oollected as previously dclribed. 

4MAAtLfY vel;;*1r1P°  

Testa for pH, gluouronide„ ethereal sulphate, and reducing substauxu4 

and Gibbs's teat and the ferric chloride test were carried out as described 

in Chapter 2,  0 3i-'32. The followirc tests were also used. 

Legails test: a few drops of a 0.1; solution of sodium nitroprussict 

rere added to 0.5 re. of test solution, shish vas made aikeline with 10,' 

Na070  and then acidified with g1eeda1  acetic acid. Indole gives a blue" 

violet colour, changing to blue on acidification. 

:lirlieh's test: 2-dimethylartinobenzaldellyde (2% in 2411101) las 

added to the test solution. Indole and many of its derivatives give a red 

colour. 

Obermayer's test: 0.5 ml. of a g7!, solution of ferric chloride was 

added to an equal volume of urine followed by a few dro,ps of concentrated 

B01, and the mixture sae boiled for 0‘5 minute. A blue colour or 

precipitate Shove the presence of indioan.. 

Xanthydrol: 2-3 drops of a !V solution of xanthydrol in methanol 

were added to 0.5 ml. of urine, 1 ml. of glacial acetic acid vas added and 

the mirtare was boiled for i minute. /Mole gives a violet colour. 

All of the above tests, except Gibbs and xanthydrol tests were 

used as a routine for urine. 

Paper qhroTteptraphy. 

Paper ohromatography was carried out as described for couzarin 
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derivatives (p. 33) except that Whatman No. 1 paper was usnrally used. The 

following solvent syste-ls were employed, all proportions being by volume: 

A. Benzene - glacial acetic acid - water (1:1:2) 

B. n-Butanol - glacial acetic acid - water (4:1:5 or 4:1:2) 

C. Ethyl methyl ketone saturated with water 

D. Iso-propanol - 210% aqueous ammonia - water (8:1:1) (Stowe and 
Thimann, 1954) 

E. Benzene - n-butanol - ammonia solution (sp. gr. 0.88) (2:5:2) 

F. n-Butanol - benzene pyridine - water (5:1 :3:3) 
MID MM. 

G. Benzene - ethanol - water (2:1 :2) 

Rf values of some indole derivatives in these solvents are listed 

in Table 8.5. 

Table 8.5. 

R value in solvent system 

0.55 

Cowpotuld 

Indole 
5-Hydroxyindole 

Potassium indoxyl 
sulphate 

Indoxy1-0-acetate 

Anthranilic acid 

A 

0.27 

0.00 

B 
0.88 
0.89 

0.45 

0.83 

0.79 

- 
0.97 

0.41 

- 

• 

0.32 

411. 

NO 

0.62 

owl 

The soots mere detected on paper by exposure to u.v. light (270 my.) 

and by spraying with reagents, a list of which is given below (all these 

were not necessarily used in a single experiment). 

(4) Ferric chloriq., 0.5b(in ethanol. 

(2) Ferric chloride (1 ml. 0.5M) 3 drops of concentrated H2SO4. 
(3) Salkowski reagent (Gordon and Weber, 1951): ferric chloride (1 mi.) 

mixed with 50 ml. of 30, perchloric acid. 

(1k.) Gibbs's reagent: of. p. 34 

(5) Diazotised sulphanilic acid (Ames and Mitchell, 1952): 0.9 g. 
sulphanilic acid was dissolved in 9 ml. concentrated HCl and 
diluted to 100 ml. with water, To 5 ml. of this stock solution, 
25 ml. of 9% NaNO2  were added slowly at 0°. 



(6) Diazotisedznitreaniline vas rrtde up in a simile:rm., 

(7) Nbdified 7Thrlich's reagent (Delgliesh„ 1955). Two types Weare 
cloyed. Norm el (n): zelimethyleminobenzeldehyde, g7 solutios 
in 1.31411C1. 

(8) Strong (s): rdimethylaminobenzaidehyde, 2 solution in 61001. 
(9) 141itroso...0-icapthol, 0.1;' in 957, ethanol, followed after drying 

by a mixture of 0.2 ol. of 2.5: "Fat O2 and 5 ml. 2NI1C1 (Udenfriend et al., 1955). 
(10) Methanol (2 mi.) mixed with fuming HCI (1 mi.). 

(11) Ammoniacal silver nitrate. 

(12) NaNO2  (37) followed by 3103. 

Colour reactions given by sore indole derivatives with these reagents 

on paper are shown in Tables 8.6 and 8.7. 

In order to investigate the colour reactions and chromatography of 

indoxyl, indican me hydrolysed as follows: (1) Boiled with 2N11C1 for 

3-5 minutes, cooled, neutralised, filtered to remove resin, and exWafted. 

with benzene. The concentrated benzene extract was applied to chromate-

graz. (2) Boiled for 5 minutes with dioxal solution, cooled, and applied 

to chromatogram°. 

With method (1), the results dhow that the indioan me not hydrolysed' 

with method (2) a nurser of unidentified fluorescent spots were obtained 

(Table 8.8), none of which could have been indoxyl. 

Table 8.8. 

Paper ChromatogreAY of nydrolysed Indican (2). 

(1)  
(2)  

(3)  
(4)  
(5)  

solvent : "ethyl Rthyl Ketone : 7ater 

14 Values Fluorescence in u.v, U at 

0.32 

0.39 
0.58 

0.70 
0.98 

Blue 
'leak blue 

Blue 

Blue 

Green 

Crib'+asu'aisidoreal3;ent 

• 

• No 

mip 

• 



5Hyas2-citiyl- 
jiv1e  

Blue 

slow oraix;e-ral 

Iramd. purple 

let1oxy-6-11,yamv-
indole 

Brawn - 

red---->P-111?le 

7;1ow brown 

5 :6-dikraroar-2-
a0olia acid  
Grey-purple 

Purpled-grey (alow) 

Slow red-bm,in 

Blue 
right cllow 

lamed. Tright Yellow 
Bed-bragio--->Cusemge 

Imed, Drigrt Crimson 
Brown-rod 
Brick-red 

Pink violet 
Iriok red (rune) 

Mack 
irovat 

'flue 
Irrd.7ollovi--;Tirown 
Ind. Yellow ---i3irJvin 

Brown 
111W.Grirason 

Ilroun 
Violet 
Violet 

Pink-violet 
Black 
Broun 

Bright Blue 
Red-brounpink 
Rod-brawn —'pink 

Dark broval 
Slvz 7y 

Broan 
Slow may-mauve 

ele 

731ack. 

Table 8.6. 

Colour reactions on per of indole derivatives. 

Fe013  (O.5a) 
Peci3  conc. H2sois. 	ml. 0.5.1-1eci3  
3 dropa CCm. lip% 
2ardichloroquinaneoh3croiraide (1, in 
ethanol) (pH 7) 
2:6-cliotactroquinonechioroinide (ji 9) 
(1) Diazot1,1  au3.phanilio acid (gi 7) 
(1) Diazo41  sulphanilic acid (III 9) 
(2) Diazota. 2-nitranilino 
(3) 2-1712.iatikylezninobeegaidehyde (n) 
(10 2- 	thylatninobenseidelude (3) 
(5) Perchlorio acid 4- INKS (Salkowski) 
(6) cr-tro-Ft-inaphthol 
(7) Metharx)1 furninG IT1 
Amnon, Agit)3 
Nano - Int) 2 	3 

See p. 123 for preparation of reagents. 



Alcoholio Pecan 
PeCI3  R2SO4  

Salkorzla reagent 
2 16-dichloroqu1none..,  
chloral-Aide 

,5-1!,ydrovindo1e 

Olive green 
Pink 

Pink-viulet 

Ited-violet -brown 

Blue 

iron-pink 

Lined. Red 

chloroimide satd. aq. 
NallCO. 
Diazot-. sulphenilic acid 
+ Nara?. - 3 

nethylarntiobenzaldehyde (n) 

riAractivlarninobenzalcielvtle (s) 'mode violet 
-,-..Titreso-fl-Tiephthol .4- nitrite 	Violet 
P.,ffron, ASTO3 	 Black 
3rent:f17-lint-% Past Red 13 	booed. Brom (dark) 

PrOTATI 
v. Willy -violet Brentalaine at 131ne 2B 

Table 8.7. 

Colour Reactions on Paper of Indole :Derivatives. 

TrydroVsed Indicen (1)  

Bluish green 
Greenish blue -->alue 

Greer-431m 

Pink ---->Brown -frBlue 
(slowly) 

Purple 

iron pink 

V. slorny-->tweenish--> 
brorn 

Brom 
Bluish-green -413lue 

V. slow greenish 
Tellet7.-brom 
V. graduany 

imrple after some hours 

Indican 

Very slow pale green 
Slow pale 'blue 

darkening 
Pale bluish 

Brownish slowly ----> 
Blue 

Purple 

Brovin--pink 

amm 
Bluish.sgreen-->•raue 

V. slow greenish 
Yellow..arn 
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naoter 9. The etaboliam of Incble in Rabbits. 

The only ocloheentra /mown by which the oreenise oan ngrtabolise 

iz by oxidation to indoxyl and conjugation of the latter with 

ealehuric acid and gluouronic acid. Therefore it vas neoessary in a 

further examination of the problem to determine to zhat extent the indole 

molecule is trensfolexel in this tuy, before looking for other netabolites in 

an atteept to account for the reminder. 

EN:eerieental. 

iAgretien of indole as con.luzates. 

Daily determinatione of gutter aide and ethereal sulphate eere 

carried out for three rabbits for a week, to establish the averege nortal 

excretion. They were then dossed with indole and the determinations were 

continued for three days. The increases in the excretion of glucuronide 

and ethereal sulphate were estiested, and the percentage of indole excreted 

as conjugates ezes maculated on the asaumption that these increases were due 

to excretion of indox71 corejueates. to results for toe sets of 

experimente, usine three rabbits in eeoh„ are suenarised in Table 9.1 and 

set out in detail in Tables 1 and 2, Appendix 2. in the first experiment 

(dose level, 2e)0 fete/kg.) the whole of the indole fern was excreted, 3Q as 

gluouronide and 70' as ethereal sulphate, therefore the second experinent 

was carried out at a lower dose level (100 mg./ke.). In the emeureffent 

of ethereal sulphate at the Weiler dose level, there was soectimes slight 

darkening of the turbid solution due to the oxidation of indicene  This may 

have interfered sereeilat with the estimation; at the lower dose level, this 

difficulty wta not encountered. 	leroapturio acid excretion was eeasured 

at the lover dose level. 



Table 9.1. 

Bxoretion of indole as gluouronides  ethereal 
sulphate, and meroapturio acid. 

Pew 	of dose e'.FIreted as: 
nose level 	real 'teroapturio Rabbit No. Wt. g.) 	C itzatunaide' 	 Totial mid 
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------- .........- ii-14/11:4# ) 	 SAph,te 	/  

1 3.5 250 
2  3.3 250 
3 2.8 250 

Average 

4 3.6 100 
5 3.6 100 
6 4.0 100 

Average 

25 94 
33 69 
37 53 . 

32 -ar 
18 37 1.3 
17 31 0.5 
5 23  0.8 

119 
102 

90 

56 
411 

Table 9.2. 

ENcration of indole as indacyl. 

RubAt lb, -°." 	(kg')  
Vow level 
(ulgi/kg?) 

Percentage or Uoec enavoted as 
indozyl 

.0........nallIONIPO 

7 3.3 100 50 
8 3.3 100 4.2 

9 2.8 100 50 
Average 	 ---V--- 



• 

Table 9.3. 

Itaoretion of Indole as potassium indoryl sulphate. 

Wt. 2.5 kg. 	Dose 0.25 g. 
agaret io of 	- 	. Time after 	Voluz 	n 
of scan dosing (  hours) 	urine (m7.1. ) 	(rEg•) 

Dose level 100 Lz./Icg.• 
Irv:Tease 	Indole over 

movie (rrE.) 	(m3.) 
Pe 	ntaL!',0 
of dose 

.1•110nrienamolow 

6 30 33.3 32.1 15.0 G.0 

24 101 97.2 96.0 4.8 17.9 
30 41 8, 2 7.0 3.4 1.4 

48 81 4.4 3. 2 io 5 0.6 

54 11 1.2 0 

138.3 64.7 25• 9 

129. 



130. 

SX0retion of  indole in urine. 

The fairly sensitive xanthydrol test which gives a violet 

coIouration with solutions containing indole, was negative for urine of 

rabbits Which h©d received 100 mg. of indole per kg. Assay of the urine 

by the xanthydrol method indicated that less than 0.02 n 	of the dose of 

indole was present. 

jeceretion of indole  twindeltc. 

Indoxyl was determined in the urine of three rabbits which had re. 

caved 100 mg. of indole per kg. The urine ma collected under toluene 

to ednindse loss of indoxyl by oxiaation. The results are samlarised in 

Table 9.2, and sot out in Table 3,  Appendix 2. 

EXcretion of potassium indoxyl sulphate. 

Potassium indexel sulphate and 5-hydroxyindole were estimated 

spectrophotofluorometrically in the urine of a rabbit for 2.5 days after it 

had been fed indole (100 mg./kg.). The excretion of potassium indogyl 

sulphate is ahown in Table 9.3. No siglificant .ant of 5-hydroxyindole 

was present. 

Indoxyl glqoaronide and indoxxl sulphate: Oolatio.A. 

Attempts were made to isolate indoxyl glucuronide from the urine 

of rabbits by the lead acetate precipitation method (e.g. Kamdl et al., 1951).  

The gluouronide gua frau the urine of 3 rabbite which had received 

collectively 3.5 g, of indole rapidly darkened on exposure to air, gave a 

strong naphthoresorcinol reaction and slightly reduced Denedictls reagent, 

but did not yield any crystalline material. In another experiment, the 

glucuronide gum from rabbits which had received 4.5 z. of indole was 

dissolved in 10 ml. of water and the gluouronide fraction was precipitated 
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with acetone. The supernatant contained ethereal sulphate; it was tenon 

to de ens and the residue (300 nge) wee dissolved in the minimum aeount of 

water andel=
3 

(100 ng.) v added. Ethanol was added to the solution 

until precipitation was oompietes  the precipitate of inorganic material vas 

mewed by filtration, and the eolution wee taken to dryness in eacuo. The 

residue was cres.tallised from hot methanol. eepeatedieenenetallisation 

yielded buff plates (30 vg.), behaving identioelly on paper chre3nutograms, 

with synthetic taselum Ina  :ley]. sulphate. 

The gluouronide fraotion MS dissolved in eater and inorganic 

rnterial precipitated with ethanol. The filtered solution on evaporation 

yielded a gum. This gave a strong naphthoresorcino3 reaction and negative 

ethereal sulphate test. -eotassiums  benzylamine orrtoluidine salts, or 

the triacet,y1gluouronic acid, could not be prepared fram this notarial. 

eualitative 7aleadnation of Urine. 

The daily urine of rabbits which had received indole had a volume 

of about 50-480 ml. and the pIi varied between 6 and 9. Benedict's test 

for reducing substars3cs was negative throughout. The naphthoresorcinol 

and ethereal sulphate test von) strongly positive. Ubermeyaris test for 

inclicanyes temelly positive or weakly positive for norm',  urine, with 

strong positive reactions on oxperi; 	days. The soditranitropensside 

test gave turbid orange or red-orange colours or precipitates, ahich 

changed to clear greeneyellow or green on acidification. Withlo-dimideele 

aminobenzaldeleyde, the urine generally gave a rather weak red colour. 

Gibbs e reagent sometienos gave a redeviolet colour. The xanthydrol test 

for indole was negative throughout, and the urine gave no colours with 

ferric chloride. 

The urine was sometimes green or orange after a dose of indele, and 
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there v sometimes slight darkening in urines containing large amountn of 

indo:V1* Alen the urine was collected under toluene, the toluene layer 

was coloured red.vidlet in such cases. 

aRer chromatofirvily gf urine. The 2l. and 48 hour urine from rabbits Which 

had received indole was chromataraphed in solvent systems A, B, and C 

(Table 8.2). Indican (potassium indoxyl sulphate was detected by its 

fluorescenoe in mor. light and its colour reactions, but 5-hydnovindole vas 

not detected, 

Urine was adjusted to (a) rh and (b) pH 6, and 2 ml, of each ware 

mixed with i al, of gastric juice of Heliz pomatia and incubated overnight 

at 37*. The solutions were filtered from precipitated indigo and 

chromatographed in A, B, and C. 541ydroxyindole could now be detected by 

its colour reactions with Gibbs's, 3al1awmki's, Ehrlich's, and :,..,nitroso-f3-

naphthol reasents, but the indican spot had disappeared. A similar picture 

was presented by urines hydrolysed at pH 4. and on 6, but the former save 

more intense spats. 

Spraying of papers with 0.1, °rt .  ferric chloride or f cupric 

sulphate (to detect chelating compounds) did not reveal any coloured spots. 

The R values of spots obtained for nonmhydrolysed and hydrolysed 

urine (solvent 0) are shown in Table 9.1.. Spot 1 corresponds to indinin 

and spot 7 to 5.hydroxyindole. Spot 3 does not correspond to 5-hYdraNY• 
/Wale, which only appears after hydrolysis, and whicL gives a red Arlich's 

colour. Of the fluorescent spots obtained from hyaolysed indican (Pable8) 

spots 1, 4 and 5 appear to correspond to spots 0,9 ami 10 (Table 9.l.)  when 
run on the samr; chmcntogram. Anthranilic acid was not detected in urine 

or hydrolysates. 



Table 9,4. 

Chronatography of rabbit indole uris04 

Nork-hYdrolysed urine. Solvent C, 

R value Gibbs's 	thrlich's Fluorescence in 
(solvent C) reagent 	reagent (a) u.v. light 

(1)  0.43 Violet 	Brown Strong bIue 
(2)  005 Purple 

(3)  0498 Blue 	Green-v.701m 

gydrolysed urine. 

Ef  value Gibbs's 
reagent 

3€i1 	Id 
reagent 

a4Iitroso- 
frnaphthol 

Fluorescence in 
u.v. light 

(4)  0.39 Blue . - . 

(5)  0.61 Weak blue - - - 
(6)  0.85 Purple . . - 
(7)  0.97 Blue Red Violet Q 
(8)  0.32 - - - Blue 
(9)  0.73 - - Blue 
(10)  0.95 - - - Green 

reans quenching of the background fluorescence. 

Table 9.5. 

aromatography of rabbit Lible urine. 

All spots except la appeared before hydrolysis. 	f3olvent D. 

Ehrlich's Fluorescence in 111. value Gibbe.s reagent reagent (n) u.v. light 

(1)  0.5i Violet Brown Blue 
(2)  0.77 Purple - . 
(3)  0.93 Blue - . 

(ia) 0.55 Purple irom . 
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In one experiment, after development of chromatograms in solvent 11, 

substances were hydrolysed on the paper by (a) spreading snail juice on one 

Wiper with a brush and allowing it to dry; (b) spraying another paper with 

0.1fiTIC1 and drying at 900, Spraying with Gibbs's reagent then revealed a 

purple spot (1a) in the lower part of the indioan spot (1) (Table 9.5). 

rdazetlnAtion on the paper with acleified nitrite followed by coupling with 

,..naphthol in alkali gave a pink colour at 1a. Thus the newly revealed 

spot aly have been a lvdroaryanine. 

The present 11010h 	provided some quantitative data for the 

excretion of indole as inflow' conjuates, but the rzeta boliam of a large 

oart of the dose Asmara' absoure, Approximately hnlf of the indole 

sclainistered to rabbits (100 Tn./kg.) is excreted as indoxyl compounds, of 

*tot approximately or appears to be indoxyl glaauramide and 6Q indoxyl 
sulphate. 74xcretion of meroapturic acids (less than V of a dose of indole) 

is of little iz4porteme. 

Previous estimations of indoxyl conjugates haws been indirect, by 

Loasuring the increase in excretion of glucuronides and ethereal sulphates 

after a dose of indolo. These results could also include conjugates of 

other metabolites formed from indolo. k  check on this was provided in this 

work by estimation of indoxyl itself. Deteminations of indole metabolites 

by desaurement of indigoid pi, lants have been used by other workers, and on 

this basis it seems that about half of a dose of indole is converted to 

precursors of indigo ( ;gang, 1889; Kauff.lann, 1911), These methods, 

involving oxidation of indoxyl conjugates by variations of the lbermayer 

reaction, are less specific for indoxyl than the method used in this work, 
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which involves condensation of indoxyl with isatin. However, the values 

obtained are similar. 

Previous evidence (Tollens, 1910) has indioated that conjugation of 

indo4y1 with ethereal sulphate is quantitatively more important than 

conjugation with glueurenide, and this is supported by the present results, 

which show that about 3144 of the indole appears as ethereal sulphate and 

rather less than 2,0c, as glucuranide at a dose level of 100 mg./kg, (Table 

9.1). The indirect determinations of ethereal sull±ate were confiened by 

direct estimeticalof potassium indoxyl sulphate (261 in the urine of a 

rabbit fed indole at the same dose level (Table 9.3). Although results 

for only one rabbit could be obtained, as the method is tine-consumine, it 

is also specific, and prL)vls good evidence that the increase in ethereal 

sulphates is actually due to excretion of poaf,ssium indoxyl sulphate. 

Unfortunately, it sas not found possible to isolate indoxyl glucurcnide, so 

that a sin:Jinx,  direct estimation could not be developed for this metabolite. 

The question of whether 11 the conjugates are due to excretion of 

indoxyl is of importance, as if they are, it would seem unlikely that the 

other hydrogy4aomers of indole occur as metabolites to a significant extent. 

It is remarkable that a nuch larger dose of indole (250 mg./kg.) 

Should all be recoverable as conjugates. Some interference in the etherell 

sulphate estimation by fcraation of indigo -cam have raised the values 

slightly, but no gross dar7:ening of the solutions was observed, and it 

=ad still appear that the values obtained (7Q) gave a reesonatay accurate 

pioture. It eonld be expected that at the higher dose level, supplies of 

sulphur available to the organism for conjugates bein,?; 	glucuronide 

formation might become more important. In fact, the ethereal sulphate: 



gluaironide ratios at the two dose levels are similar (2.28, 2.31). It 

would appear frail the work of 'ellers (1953a) on the stoppage of the growth 

of young rats by indole, that z;lacuronide conjugation does not intervene to 

exert a sparing ef'f'ect on sulphur amino acids when these are in short supply. 

It spy be that indoxyl gluouronide cannot be forrnd to large extent 

because of its instability, and it is wort_`) of note that it has never been 

isolated as such. 

It is not known whether all the conjugates at the higher close level 

are those of indoxyl. The most conspicuous feature of the chemistry of 

indole is the high reactivity of position 3. Almoet pll reactions take 

place at this point and this also could hold true for its behaviour in the 

organism. 

Other hydrovindoles which could be considered most likely as 

metabolites are 5-hydatove. and 7-1‘ydroxyindoless  =Ludas, and 11-hydroxy-

indole. 5-Hydrozyindole has been shown on paper chror33.tographic al/Mance 

to be a metabolite of indoleo  but the count forlsod is mully  and the 

compound readily decomposes, so that it could not be eotiAated. T the 

hydrogyindoles substituted in the benzene 1-1.4:74  5-1171rovindole would be 

expected to be formed to the greatest extent as position 5 is 	to the 

hetero atom ('.alliame„ 1959, N 546). 

It seems possible that 7.4vdrogyindole !Ay forma coloured chelate 

convound with antal ions, in a manner CLIVLIXI,YXIS with 8..hydrmoquinoliset  And 

if this were so it should be detectable on paper chromatograms by spraying 

with en appropriate metal salt solution. No coloured spots were detected 

onehJexaltogrmss„ however, using ferric chloride or cupric sulphate. 

It may be noted that when position 3 is substituted by an alkyl 
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3r-up or fatty acid residues  being thus no longer available for hj' 

lations  other Joints of the molecule arc :ore readily attacked. Thus, 

Dalgliesh et al. (1958) have found that akatole is hydroxylated by rats at 

positions 5 and 7. Tryptophan is oxidised at position 5 to form 54 ydroxy-

tryptophan (i3de nfriand et al., 1956a, b), and it appears that an appreciable 

fraction of the daily intake of tryptophen by animals is metabolised by this 

route (ffdenfriend and Titus, 1955). Hydroxylation .Df welatonin, the 

N- acetyl derivative of 5-roothoxytrypta.rdnes  proceeds in position 6 in ratss  

and the ethereal sulphate of 6-hydroxylelatonin is the rain netabolites  with 

less of the cluouronide (Kopin et al., 1960). Thus substitution of positien 

5 by nethoxyl favours the introduction of a further hydroxy group into 

position 6. 

CH20 
2an2352 d 
	.> 

„;J 	 HD 	N 
1 	 1 
OC.CH3 	 00.0H

3 

CH 0 3 OHM 22 2  

7.40drosylation of the indole nucleus in a derivative having position 3 

substituted ins reported by Ichihara and 3akamoto (1956) who identified 

7-hydroxyindolesoetio acid in the urine of a rabbit fed akatolylhydantoin. 

Complex indoles may be hydroxylated at position 5 of the nucleus. 

Thus Leo and Reidenberg (1959) isolated 104.67drOgyOhimbine from cultures 

of Streptemyees platensiss  grown in presence of yohimbine. 

The consideration of the extent of formation of benzene ring—

substituted hydroxyindoles raises the question whether these coripoundss  if 

formed, are oxidised further before being excreted. This could account for 
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the fact that only hail' the dose (100 mg./ g.) appears as conjugates. 

Certain indole derivatives bearing a hydroxyl group at positions 44  5, 6 or 

7 are oxidised by an oxidase present in the gill plates of 'Ivtlles edulis 

and by caeruloplasmin, the copper-containing oxidase of mammalian plasma, 

with formation of blue or brown pic.ifmts (Basschloo and Levine, 1960). 

Uthough 5-hydroxyindole itself is not onidised by the plasma enzyee, 

74kyttroxytryptamine 13 oxiAined to a "lab creator extent than 5.4ydrov-

trvptamines  so that oxidation of 7-hydroxyindole is feasible. In any case, 

5-hydroxyindole may be oxidised to 5.6..dihydroxyindole by another enzyme, 

bearing in mind the ready conversion of indole to the D,6-quinone under 

certain oonditions, for example by X.z'ays (Allsopp and Wilson, 1952), and 

also the 60hydroxylation of melatonin above. The 5,6-quinone could then 

poIymirise to melanin. It is of interest that rabbits injected with indole 

or sloatole showed increased pignentatima around the Site of injection 

(Introza, 1926). 

There is no evidence concerain7 the formation of oxindole or 

N-hydromvindole. There is a possibility of dihydroxylation at positions 2 

and 3: related diols have been prepared by treating i-ecetylindoles with 

osmium tetroxide and pyridine (Oldicanden and 3chofiell, 1951), and this 

reagent often parallels the effects produced in vivo (`mental, 1950). 

The heterocyclic ring of indole is fairly stable in vitro, and it 

appears that it is not opened in the body. Antimanilic acid vas not 

detected chromatographically in urine or in hydvaysates„ and if it were 

present, even in small eaounts, it should be revealed by its strong u. v". 

fluorescence. If hydrrixylatian of the benzene ring; .sere to .yroue the eyzsole 

ring less stable, IsrdaugSSMranilic acids might be expe. cted as rirtaixiLites. 
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No evidence was obtained for the presence of 3-hydroxyanthranilic acid, 

using the R values and colour reactions given by pftlgliesh (1955). 
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Figure 14. Rate of disappearance of 5-hydroxyindole 

25 (-Eh.. 	 measured by fluorescence intensity. 
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Figure 5. Rate of disappearance of 5-hydroxyindole 

25 
	 measured by fluorescence intensity. 
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Figure 6. Rate of disappearance of 5-hydroxyindole 

measured by fluorescence intensity. 
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Table 1. 

Recovery of metabolites from a rabbit dosed 
with 3-hydrovccumarin. 

0.84 g. 3-hydrx•V000mor1 

Isolated (W.) 

fed to a rabbit (3.4 kg.) 

As 5..hydroAr. 	Percentage 
coumarin (r 	) 	of dose 

......1...W.M.AMA. 

341ydrovooumarin 10 
, 	A 

10 1.2 
190 190- 22.6 

3•41:ydroxicourrarin 
glue uronide 
nydrogyacida 

6d0 

22.6 

325.9 

24.1 

33.8 

2.9 
93.5 99.7 11.9 

Total 649.7 77.4 

The amounts of 3..hydrolizroomarin equivalent to h/droxyaoids were 
calculated on the assumption that all the acid was o-iNrdragyphewl-
acetic acid. 

Table 2, 
Ohromatograrhy of ether extract of acid-hydroysed urine 

from rabbito receiving 4-hadrovcoualrizi. 

Rf value 
(3olvent A) Gibbs 

IM* AMAIs•••• 

Fluorescence in 
u.v. light (270 4.1.) 

0.02 * Blue 

0.15 Red...Purple Purple (14,40imcycomm.rin 

0.35 Green - 
0.43 Rod - 
0.87 Gesso - 
0.94 • Blue-5reen 

14. 



Table 3. 

Rabbit Uo. 

:f. cc 	tI 

Wt. (kg.) 
'''.4154144114415".' oaumarin Gluouranide 

1 3.7 200 30 23.5 

2 2.9 200 51 
3 200 

Average 

If 3,1 500 ifia. 7 
5 3.0 500 37 
6 3.0 500 

7 3.0 500 

111-5. 

1 	.0 
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Table 5«  
P,xeretion of Radioactivity in Urine of Rabbits after Dosing with 140-Coumarin. 

Experiment No. 	1 	 2 
Radioactivity fed (pc) 	1.345 	58.4.2 4.7.65 
Dose of Coumarin (mg./kg) 40 	50 	 50 

Column a: Time after dosing (hours); column b: volume of urine (m1.); 
column c: percentage of radioactivity recovered in urine. 

a 	b 	c 	a 

	

16 	23.5 	19.0 	22 	87 	78.4 	17 	171 	78.6 

	

42 	55.5 	13.4. 	48 	136 	11.8 	24 	38 	0.5 

	

66 	41.0 	10.0 	72 	96 	0.8 	41 	122 	1.1 

	

88 	268 	50.0 	95 	111 	1.2 	43 	14 	0.2 

	

112 	68 	1.6 	- 	- 	- 	65 	110 	0.6 

	

136 	95 	1.9 	- 	- 	- 	72 	13 	0.1 

	

160 	163 	1.1 	- 	- 	- 	- 	- 	- 

	

184 	156 	0.6 	- 	- 	- 	- 	- 

	

210 	211 	1.2 	- 	- 	- 	- 	- 	- 

	

235 	56 	0.7 	- 	- 	- 	- 	- 	- 

	

256 	108 	1.1 	- 	- 	- 	- 	- 	- 

	

282 	184 	0.7 	- 	- 	- 	- 	- 	- 
1•••••••11111110 

Total 	 101.3 

 

92.2 	81.1 

       

       

       



Tablet 6. 
Excretion of Radioactivity in Urine of Rats after Dosing with 140-0oumarin. 

ExPerimmnt No. 
Radioactivity fed (pc) 	 9.977 	14.49 
Dose of 0oumnrin (mg./kg.) 	100 	 100 

Column a: Time after dosing (hou..$); cAumn b: volume f urine (111.) 
Column c: percentage of radioactivity recovered in urine. 

24 	24.4 	15.4 	5 	3.7 	15.25 
40 	5.6 	22.2 	17 	2.75 	20.3 
4b 	3.5 	5.4 	5J 	3.85 	8.2 
(4 	8.2 	3.3 	4). 	94 	8.5 
88 	20.5 	0.7 	42 	4.75 	i.4 
- - 	- 	2.25 	1.7 
_ 	- 	- 	65 	9.4 	1.8 
_ 	- 	- 	71 	2.4. 	0.3 
- - 	- 	73 	1.3 	0.2 
- - 	- 	6) 	7.5 	0.8 

- 	- 	11,) 	1.5 	0.46 

     

Total 

 

47.0 	 58.9 
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Table 7  

Excretion of Radioactivity in Paecect:: of a Rat after.o-;ix .  with 

14C-Courna1in. 

glwerimunt No. 

Radioactivity fed (pc) 
	

9.977 
Dose of Coumarin (mg./kg.) 

	
100 

Coln 83 Time after dosing (hours); column lanA.light of 

faeces (g); column cs percentage of radioactiviv rec-

overed in faeces. 

--waall•••• 

24. 3.5 6.8 

48 0.94 

64 2,11 22.1 

88  2.4 

Total 

 

7 

   

   



Table 8 

L',,ziou.att.on of 3.1341i0ac 

Exoerpnent  
Dime of Coterztrin (mg./kg.) 100 

Dose of 14C (1.s4/anirrli 	9.97 

R  	Skil) 	ILL2L 
Ikea 

100 

/Ad Lisa/A:ail 

150. 

Faeces 	3.88 
.extract (1) 	0.108 

Extract (2) 	2.05 

Total 4xtraots 	2.16 

Remaining in Faeces 1.72 
Calcd• 

38.8 4-.84. 
1.08 0.107 

20.5 0.966 

21.6 1.07 

17.2 3.77 

33.4- 
0.74 

6.67 

26.0 

	

Found 0.62 	6.2 

Ether Extract of 
Acid HydrAysate 	.. 	.. 	0.08 	0.6 

Carbon Residue 	0.58 	5.8 	0.31 	2.1 



Table 9  

'Radioactivity  in Tissueti 	Rats after Dos 	1.1th `, 14C] Cot 	t. 

Dose of [140J Co 	aria: 

Rabbit 2 Rabbit 3 ?`fit _27, 2, 

17,14043.. 50 50  ]00 100 
pc/animal 58.4 47.7 10.0 34.5 

Duration of Fxperiment 
(days) 4 3 4 5 

Tissue,: 	111.aaal X D3Pe 	wiet vit.(,g4Dose 	et A4111) (- Dose 	4._1)241 
0.09 80.5 0.07 64 0,0 whole rat 
0 14.9 0 1.1 (0,42) 205 go. 

0 8.1 0 0.8 0 2.9 
- 0 1.4 (0.03) 

- - 0 - 0 
- 1% 0 - - 
- 0.4 0 0.4. (0.01) 
- - - 0.8 0 

- . . 15.25 0 
- 139 0.7 4.0 0 
- 44.1 

tents)  
0.05 1.9 0 

continued 	 

Liver 	75.0  
Kidneys 	16.2 
Lutes 	20.3 
Heart (whole) 	20.4 
Blood 	- 
Body fat 	- 
Spleen 	- 
Visceral fat 	- 
Gastro-intestimil tract 

+ contents - 
Stomach (contents) 	- 
Small intestine (+ can - 



tlnue(i: 

e • 

.... (con ) - 8) 0. 3 1. 9 0 

CO (coutentG) 10 Q.06 , 0 

Rectum (con ) - 6.,8 0. 1t- -
oW o.~ 1.2 0. 3 2. 9 



Table 10. 

Chromatography of urino from rats dosed with 

(1403coumarin: unidentified. spots. 

value 3n solvent: r:ibbels 
4vagent B g 

0 ()satt57  0.°6"0." 0 Red-purple 

(0.21 
(0.51 

(0.59 
(0.07 0.28 

► 0.17 0.09 0 Orange-yvllow 

Chroustography of extract of fates fron rats 
dosed with 140joaurnariti. 

Pound in 	 e. vul 	 4 q5a/v,P4t1  
ext ct: 	 Gib 	.Autos 1. is ra U 	Am2resoence  

153. 

1,2 0 0.5 -0.8 0.53 0.27 3lue 
Purple 

2 0 0.10-0.32 0.06 0.05 01:recut:al 
ire oentre) 

Green- 
2 0 0 brava 

(centre) 
0.38 0.77 0.74 Blue 

1,2 0.91 0.93 0.89 0.91 

1,2 0.09 0.14 

( 7c:xtrIf.,tigdir*  2. 
 

Green (Counarin) 
Purple 



b 51.6 a 

2=L21112211:J=U„  

Isotope Alution 'ecrvstallisations. 

Rabbit No, 2 

 

Colvarin 
(free) 

	

Net ciidn. 	Net c/mint 	t. on 	6tandard 

	

Net dimin. corrected 	corrected planohette 0.1 	m0.00. 
for dilution for uol. wt. 	net c/irdn. 

154. 

1st 	n  
3rd recryst 
fromn-hexane 

2nd day: 
3rd recryst. 
from n-hexane 

Couriarin 
(total)  

1st day: 
5th recryst . 
from hexane 
1st recrystn 

from pet. 
ether (h.p. 120) 

2nd day: n  
5th recryst . 
from n-hexane 

1st recrystn. 
from pet. 
ether 

3-erlro-Vt-
ooumarin 
(total)  

1st day: n  
5th recryst . 
from water 

2-oxo-3-phenyl-
hydrazono-
chroman, 2nd 
recrystn. from 
ethanol-,water 

8.1 

4.0 

175.5 

181.1 

25.8 

21.9 

• 

• 

GINN 

• 

• 

• 

• 

32.2 

37.9 

93.3 

83.8 

30.5 

62.8 

662.4. 

71.0 

• 

34-2.1 

• 

532.1 

17.6 

29.0 

120.1 	70.5 

120.1 	70.5 

122.8 70.5 

114.3 70.5 

122.8 70.5 

114.3 70.5 

121.2 1545 

99.4 	174- 

2nd day: 
5th recryst. 	195.0 	- 	. 	40.3 	121.2 	153 
froa water 

Deriv.,2nd 
recryst ' . from 	52.9 	114.8 	178.4 	34.1 	120.1 	174 
ethanol-mater 

8.1 121.2a. 	3pecific activity of cowarin = 	x 0.1 = 0.006745 i.,c.A. 120.1 
Specific activity of material fed = 389.2 pt.A.,. 

Ratio of activities (z) = .00 745 = 5769°  
t. of coumarin added (b) = 0.5165 x 100 = 51.65 i,„ in whole urine 

Ocumarin (free).  

= 0.0008952 g. 

Dose 0.00002 x 100 = 0.6' 
0.1501 

2nd Day 	Opecific activity .-17-16?-712 	x 0.1 = 0.003332 t..0.,/g. 
, 339.2  
" 0.00330 

TA. of courarin added = 0.5178 x 34.4 = 17.79 g, in whole urine 
a b 1 = 	 0.0001523 g. 1 	li 

Dose = 0.000152,1 x 100 = 0.1 
0.1501 

Total 0.6 0.1 = 0.7. of dose  

Continued 
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amtinixed: 

001-10Erin (total)  
let DAY. 3pecific activity of coax::ter  

z 

A. of cc rii1 added = 0.5236 X 00a 52.36 g. in whole urtae 
b 

a 	5 
Done 0.021,32 x 100, = 

0.021 32 g. 

0.1 w 0.15 /A.A. 

= 0.0003714. g. 1 
0.000671. x 100 

Dooe - 	0.1501 

2nd 1*y. Specific activity =i 	x 0.1 = 0.01916 pc./g. 

  

Vt. of cow, 

	2 	. 
0, 	ig = 2°310  

added 	5144 x 34.4 = 17.70 g. in whole urine 
a 

Total 14.2 + 0.6= ily.traf dose. 
3-Hydro,zpoomaria (total)  

,41 	162 
1st Day. 	c;recific activity of derivative = 	 x 0.1 x 	= 0.5939 	as >i -ate99.4 17. 2 z 	0. 939  = 655.2 

*at. of hyd 0.199 x 100 z 17. 	as co 	in to 

- 0.02738 8. 
0.02738 x 100 

2r  

yc 

Total 18.2 + 1.7 = 1 9/ of dose. 

O. 
= 0.1997 x 34.4 x 	197+ g. as aouirarin to whole 
a = 2 	= 0.002625 g. 6.31694 	 urine 

Dose = ©.C5 x 100 = 1.7' 
0.1501 
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Tdiolc 1. 

;:coretion of Glucuronic acid aad rithereal Sulphate 
after Admdnistration of Indole I. 

Rabbit No. 4 	2 3 

(kg*)  
use level 

3.5 	3.3 

250 	250 

2.8 

250 
(43•Acg.) 

TOccretion Glue. B. S. 	Total 	Glue. Total Glue. B.S. Total 
A.K330 as: 

1st Day 0 32 	32 	30 	66 96 37 50 87 

2nd Day 25 62 	87 	3 	3 6 0 3 3 

3rd ikv 0 0 	0 	0 	0 0 0 0 

Total 25 5%. 	119 	33 	69 102 37 53 90 

Average Glueuronides 

Avoiree gtherea3. Sulphate 73;1 

*wogs Total Recovery V% 
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Table 2. 

.Iztrrotion of Gluouronio 	Nthereal Sulphate and 
,-reroapturic Acids after Administration of Indoie II. 

Rabbit No. use /eve 
fw, Day No. 

Gluo. 
Percentage 9f Dose 

A.914lzhate 
1-ither. 	L.eroapt. 

4 100 

1 
2 
3 
4 

14 	37 

0 
0 

0.36 
0.36 
0.09 
0.49 

rota 18 37 1.3 

1 17 31 0.22 
1 100 2 0 0 0.15 

3 0 0 0.13 
Total 17 31 0.5 

3 16 0.35 
6 100 2 0 7 0.20 

3 0 0.20 

Dotal 23 0.75 
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Berm, ag. Indoxyl 
(cor) 

71g. 
Indole Pe 	entag e 

1 0 C 0 

2 485 163 k9 

3 0 0 0 

4 1.2 1.0 0.3 

5 0.6 0.5 0.2 

Dops lova 
Rabbit No. 04040  

7 
	

100 

Table 3. 

Excretion Indoxyl after Administration of Indole. 

159. 

8 	100 

9 	100 

Tote/ 	187 	165 	50 

	

0 	0 	0 

0 

3* 	So 	70 	21 

	

So 	70 	2•4 

1E0 	140 

i 	trf 	13 	48.3 

2 0 0 0 

3 1 0.9 0.3 

4. 0 0 0 

Total 158 139 50 

* On the 3rd day, urines were not collected under toluene. 

Loss of indoNyi due to thia uould appreciably affect Na. 8 onlY. 
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