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vide a means of transferring information from one 
series to another. 

This scheme should not be looked upon as a nieaiis 
for identifying the best single compound. Data from 
larger series of analogs would be expected to  suggest 
a few desirable substituents a t  more than one position. 
The rank order of related substituents within a position 
would be expected to have meaning. Some solutions 
should suggest untried substituents as good leads. 

The proposed models should not be criticized as ig- 
noring the combination of several substituents that 
produces a biological response far in excess of the addi- 
tive estimation. Such results will appear in some ana- 
log series. Such situations might be identified by a 

graph of the individual differences of “estimated re- 
sponse minus actual response” for all compounds. 

Successful solutions can provide reasonable esti- 
mates of inherent variation within the testing system. 
These may not otherwise be available without repeated 
testing of the same compounds. Solutions that fail 
can suggest that the substituents may not be altering 
the desirable performance characteristics of the analogs. 

The suggested mathematical models do not com- 
pensate for the three dimensionality of compounds, 
pH, pKa, or other similar physical properties. Per- 
haps, in time, these call be built into the models for 
better estimation. 
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The synthesis of G I 4 -  or S35-1~beled thiabendazole is described. Following oral administration of this anthel- 
mintic to sheep (50 mg./kg. of body weight), the physiological disposition and metabolic fate of the compound 
have been investigated. The animals were sacrificed from 6 hr. to 30 days after dosage and the distribution 
of the drug was studied in urine, feces, plasma, and tissues using liquid scintillation or gas-flow counting. 
Sheep excrete approximately 7‘575 of the dose in the urine and 14% in the feces in ‘36 hr. Although thiabend- 
azole is distributed throughout most tissues of the body, only fractional parts per million were detectable in tissue 
after a few days. The major metabolites were isolated from urine and identified as 5-hydroxythiabendazole 
which exists either free or conjugated a8 the glucuronide or sulfate. 

Thiabendazole [2-(4’-thiazolyl) benzimidazole 1, a com- 
pound having the following chemical structure 

is a new and highly effective drug used in the treatment 
of’ helminthiases. The compound has a broad anthel- 
mintic spectrum affecting numerous gastroint’estinal 
roundworms and certain tapeworms. 2 , 3  More recently 
the effectiveness of this drug on trichinosis in mice, 

The present report concerns itself with the absorp- 
tion, excretion, metabolic transformation, tissue dis- 
t,ribution, and retention of thiabendazole in sheep. 
Radioisotopically labeled drug has been utilized as a 
guide in the isolation of the various metabolites and to 
follow its physiological disposition. It is shown that 
the drug is metabolized in part to a compound which is 

and swine5 has been reported. 

(1) A preliminary report WEB presented before the Federation of American 
Societies for Experimental Biology, Atlantic City, N. J., April 14-18, 1962. 

(2) H. D. Brown. A. R. Matzuk, I .  R. Ilves, L. H. Peterson, S. A. Harris, 
L. H. Sarett. J. R. Egerton, J. J. Yakstis, ‘A7. C. Campbell, and A. C. Cuckler, 
J .  Bm. Cliem. Soc. .  83, 1764 (1961). 

(3) A.  C. Cuckler, J .  Parositol., 47, 37 (1961). 
(4) W. C. Campbell, ibid., 47, 37 (1961). 
(5) W. C. Campbell and A. C. Cuckler. Proc. SOC. Ezp t l .  Biol. Med.. 110, 

124 (1962). 

hydroxylated in the benzimidazole ring. Further 
metabolism of this hydroxylated product results in the 
formation of its glucuronide and sulfate ester. 

Experimental 
Materials and Methods. Synthesis of CI4-Labeled Thiabend- 

azole.-Starting material for the synthesis of thiabendazole 
labeled with C14 in the benzene ring portion of the molecule was 
uniformly ring-labeled anilines (I). Bniline hydrochloride reacted 
smoothly with oxalyl chloride in boiling benzene to give ox- 
anilide7 (11). Using a modification of a procedure disclosed in the 
patent literature,* the oxanilide was sulfonated, nitrated, and 
hydrolyzed to give crude o-nitroaniline (111). After purifying 
the o-nitroaniline by crystallization and sublimation, this inter- 
mediate was caused to react with 4-thiazolecarbonyl chloride to  
give the corresponding nitroanilide@ (IV). Catalytic reduction 
of the o-nitroanilide gave the corresponding aminoanilide (I*), 
which, upon refluxing x-ith acid, cyclized to  the hydrochloride 
of thiabendazole. The free base, thiabendazole (benzene ring 
carbon-14) (VI), was liberated by treatment of the hydrochloride 
in water with sodium bicarbonate. 

Oxanilide Ring CI4 (II).-To 76 ml. of azeotropically dried 
benzene was added 5.30 g. (0.04 mole) of I (30.0 mc. of CI4) 

(6) Aniline-C14 (uniform) was supplied by Merck & Co., Limited, 

(7) M. J. Th. Bornwater, Rec. Trov. Chim., 81, 105 (1912). 
(8) Anilinoel-Fabrik A. Tul fung ,  Elberfeld, German Patent 85,212; 

Friedl., 111. 44 (1894). 
(9) The procedure for the sequence of reactions from o-nitroaniline to  

thiabendazole was furnished by E. E. Harris and R. B. Currie of the Chemi- 
cal Division of Merck & Co., Inc. 

Montreal. Canada. 
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and then 1.86 ml. (2.67 g., 0.021 mole) of oxalyl chloride. The 
resulting mixture was refluxed for 22 hr. Evolution of HC1 
was complete by this time. The mixture was cooled, and crystal- 
line I1 was collected, washed with benzene, and then wit,h water. 
After air.drying the product weighed 4.698 g. (0.0195 mole) 
(97.7% yield), m.p. 254.5-255O.'" The product had a specific 
rndioactivity of 1.56 X IOg c.p.m./mmole. 

o-Nitroaniline-CI4 (III). A. Sulfonation.-To 250 ml. of 
concentrated sulfuric acid (d 1.83) was added 4.46 g. (0.0186 
mole) of 11. The resulting mixture was stirred and heated in a 
boiling water bath for 15 min. The osanilide dissolved as the 
mixture became wmi. This was followed by prompt precipita- 
tion of the disulfonic acid. 

B. Nitration.-The sulfonation m' ure was cooled to 40", 
and a solution of 2.11 ml. of nitric ac [77% HNOB ( d  1.435); 
in 2.1 nil. of concentrated sulfuric acid n-as added dropwise. 
with stirring and with the temperature held in the range of 3640".  
Addition time was 5 min. The resulting slurry was stirred for 
15 min. more a t  40", then was allowed to  stand for 1 hr., during 
Lvhich time it cooled to about 25'. 

Hydrolysis.-Addition of 28 nil. of water to the mixture 
with stirring caused the temperature to rise to about 80". Thc, 
mixture was then heated to 130-135" a t  which temperature fonni- 
ing and gas evolution began. After about 20 min. foaming 
stopped, and the mixture boiled smoothly a t  138". Refluxing 
was continued for 7 hr. The mixture was then cooled and poured 
onto 280 g. of ice. After aging, the crude o-nitroaniline was 
collected, washed with water, and air-dried. A benzene estraci 
of the aqueous mother liquor was combined with the benzew 
soluble part of the first crop crude niaterial. The resulting solu- 
tion deposited 3.97 g. (77.5% yield) of crude o-nitroaniline, ni,l,. 
52-60, upon evaporation. 

The crude material was purified bl- vacuum subli~nation, chro- 
niatography over alumina, and recrystallization from water t 1 )  

give 3.90 g. (54%) of o-nitroaniline ring (uniform) C14 (1111, 
iri.p. 7O.5-7I0, A,,,, 230 m p  ( E  16,570), and 277 nip (4750); A,;,, 
:$97-.400 n i p  ( e  Sl!,O); specific r;tdioac:t,ivit,y 7.93 X IO8 r.p.~~i., '  
inmoles. 
N-(o-Nitrophenyl)-4-thiszolecarboxamide (Benzene Ring (Uni- 

form) C14) (IV).-To a solution of 1.73 g. (0.0125 mole) of 111 
in 7 ml. nf anhydrous pyridine was added in small portions arid 
with stirring 1.85 g. (0.0125 mole) of 4-thiazolecarbonyl chloridt.. 
The resulting mixture was stirred and heated to 75" for 2 hr., th(bii 

C. 

(10) All melting points were ineasured in open capillaries nitti calibratcrl 
total immersion, Anshutz-type thermometers, and may be ronsidered ~ ' t r i .  

rected. 

st ripping. 
Synthesis of' SYj-Labeled Thiabendazole.- Siilfur-35 l i ~ I ) ? l d  

YII I  1); 

s XL 
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pentasulfide per mole ester was sufficient to give a good yield of 
ethyl 4-thiazole-S~-carboxylate (VII) thus permitting efficient 
utilization of the radioactive reagent. The ester was hydrolyzed 
to the acid (VIII) which in turn was converted to the acid chlo- 
ride ( IX)  by treatment with thionyl chloride. Reaction of the 
acid chloride with o-nitroaniline gave the nitroanilide, which, as 
in the previously described sequence, was reduced to the amino- 
anilide and then cyclized to give thiabendazole-S36. 

A critical radiometric evaluation was made for each of these 
preparations, and in each case the material was found to be pure 
as evidenced by all the physical properties measured, particularly 
by a paper strip chromatography with minute analysis of the 
single radioactive spot. 

Ethyl 4-Thia~ole-S~~-carboxylate (VII).-A mixture of 0.252 g. 
(1.135 m.f.w.) of phosphorus pentasulfide-Sa (specific radio- 
activity, May 10, 1960, 2.69 X 1Olo c.p.m./m.f.w.), 0.488 g. 
(2.2 m.f.w.) of unlabeled phosphorus pentasulfide, and 2.868 g. 
(16.85 mmoles) of ethyl formamidomalonaldehydate in 15 ml. of 
pyridine was stirred and heated in an oil bath held a t  100-105D 
for 16 hr., during which time a gummy oil layer separated from 
the originally clear yellow solution. Ether was added to the 
cooled mixture, and the solution of product was decanted from 
the viscous oil. The solvents were removed under vacuum. 
The resulting residue was extracted with ether. Ether was re- 
moved under vacuum to leave 2.47 g. (15.7 mmoles, 93.37,) of 
crude, crystalline VII. 

A small sample of VI1 was removed and sublimed in vacuo. 
This sublimed material melted a t  51.5-53'; specific radioac- 
tivity 1.98 X O9 c.p.m./mmole.ls 

4-Thiazole-S~-carboxylic Acid (VIII).-To 2.47 g. (15.7 
mmoles) of VI1 was added 4.4 ml. of 4 Ai sodium hydroxide (17.6 
mequiv.). The mixture became quite warm, and the ester 
dissolved, leaving a few tiny particles of sulfur-like material. 
This mixture was filtered and then cooled in ice-water. To the 
clear, cold solution was added 2.5 ml. (30 mequiv.) of concen- 
trated hydrochloric acid, to give a suspension, after thorough 
shaking, with pH ca. 2.5. The mixture was aged a t  0-5" over- 
night, and the crude acid was collected, washed with water, and 
dried, yielding 1.14 g. (8.85 mmoles, 56.3y0 yield). 

The combined aqueous mother liquor and washings were 
evaporated to  dryness to leave 2.15 g. of residue. This was ex- 
tracted with three 10-ml. portions of hot acetone. Removal of 
the acetone from this extract left 0.65 g. (5.03 mmoles, 32.1y0 
yield) more of crude acid. 

A small sample of the first crop of crude acid was sublimed 
in vacuo, with near quantitative recovery, to give an analytical 
sample of VI11 for radioactivity measurement; specific radio- 
activity 2.15 X 109 c.p.m./mmole. 
4-Thiazole-S3j-~arboxylyl Chloride (IX).-A mixture of 1.79 g. 

(13.8 mmoles) of crude VI11 and 10 ml. of thionyl chloride was 
refluxed with stirring for 2 hr. The mixture was then allowed 
to come to room temperature and stand overnight. The remain- 
ing thionyl chloride was removed under vacuum, and the residue 
was flushed with two 5-ml. portions of benzene. The crude 
product was purified by vacuum sublimation [bath temperature 
70-80" (0.1-0.2 mm.)] to give 1.056 g. (7.15 mmoles, 51.5%) 
of IX;  m.p. 87-89'; specific radioactivity 2.02 X log c.p.m./ 
mmole. 
N-(o-Nitrophenyl)-4-thiazole-S~-carboxamide (X).-As pre- 

viously described for the C14-labeled analog 1.05 g. (7.12 mmoles) 
of IX  reacted with 0.98 g. of o-nitroaniline to give 1.26 g. (5.05 
mmoles, 71.3%) of X, m.p. 144-146"; specific radioactivity 2.05 
X l o 9  c.p.m./mmole. 

N-(o-Aminophenyl)-4-thia~ole-S~~-carboxamide (XI).-Hy- 
drogenation of X (1.26 g., 5.05 mmoles), as previously described, 
gave XI. The specific radioactivity of this intermediate was 
determined on an aliquot of the reduction solution after filtering 
from the catalyst; specific radioactivity 1.95 X 109 c.p.m./mmole. 
The total crude amide was carried on into the cyclization step. 

Thiabendazole-S3j (XU).-The alcohol was removed in u " o  
from the total product of the aforedescribed reduction. The 
resulting crude X I  was converted to the desired thiabendazole-S36 
as previously described. The product was purified by sublima- 
tion [190° (0.1 mm.)] to yield 717 mg. (3.57 mmoles, 82.87,) 
of material; m.p. 300-301.5"; specific radioactivity 2.09 X 109 
c.p.m./mmole. A paper strip chromatogram (n-butyl alcohol- 

(13) The specific radioactivities for the intermediates containing the 
sl~ort-lived 5'6 isotope have been corrected for decay to the date of the first 
measurement (that for Pkk86). 

acetic acid-water, 4: 1 : 1) showed a single ultraviolet-absorbing 
radioactive spot. Specific radioactivity was constant within the 
spot, and in agreement with that of the compound as measured 
directly. 

Synthesis of 5-Hydroxythiabendazole and its Sulfate Ester.- 
The synthesis of 5-hydroxy-2-( 4'-thiazolyl)benzimidazole (XVII), 
a major metabolite of thiabendazole, was accomplished by acyla- 
tion of 5-methoxy-2-nitroaniline (XII I )  with Cthiazolecarbonyl 
chloride followed by catalytically reducing the intermediate 
nitroanilide (XIV) with hydrogen over palladium-on-carbon 
catalyst. The resulting o-aminoanilide (XV) was subsequently 
cyclized to 5-methoxy-2-(4'-thiazolyl)benzimidazole ( X U ) .  
Cleavage of the 5-methyl ether with pyridine hydrochloride at  
240" gave the desired phenol (XVII). 

T? H s C O w N H 2  ClOC 

wN02 + \ S' 

XI11 

XIV 

xv 

U N ' q ?  
XVI 

HO HOiSO a&-J S -=EL+ .ct::*y s 

XVII XVIII 

5-Hydroxythiabendazole was converted to its sulfate ester 
(XVIII) by reaction with triethylamine-sulfur trioxide in alkali, 
following the method of Hardy and S~a1era.l~ 
N-( 5-Methoxy-2-nitrophenyl)-4-thiazolecarboxamide (XIV).- 

To 1.7 g. of XI11 in 35 ml. of pyridine was added 1.4 g. of 4- 
thiazolecarbonyl chloride. The mixture was protected from 
moisture and heated a t  70' for 6 hr. Following quenching in 300 
ml. of water, the precipitate was filtered and washed with dilute 
hydrochloric acid, sodium bicarbonate, and finally was recrystal- 
lized by dissolving in 800 ml. of alcohol, chilling, and subsequent 
filtration. The yield of bright yellow XIV was 2.1 g., m.p. 200- 
201'. 

Anal. Calcd. for CllHsNIO$: C, 47.32; H, 3.25. Found: 
C, 47.76; H, 3.76. 
5-Methoxy-2-(4-thiazolyl)benzimidazole (XVI) Hydrochloride. 

-A solution of 2.1 g. of XIV in 500 ml. of absolute ethanol was 
reduced over 1 g. of platinum-on-charcoal. The reaction con- 
tinued overnight a t  which time 1.47 kg./cm.2 drop in hydrogen 
pressure was observed (theory: 1.68 kg./cm.2). The colorless 
solution of XV was filtered from the catalyst and 50 nil. of concen- 
trated hydrochloric acid admixed with 10 ml. of water was added 
to the filtrate and refluxed for 4 hr. The reaction mixture was 
concentrated zn vacuo to about 50 ml. The HCl salt was chilled 
and filtered; i t  melted with decomposition and loss of HC1 a t  

5-Hydroxythiabendazole (XVII).-Compound XVI (400 mg.) 
obtained by neutralization of the hydrochloride in methanol was 
mixed thoroughly with 6 g. of anhydrous pyridine hydrochloride 
and heated to 220-240" for 45 min. The light straw-colored melt 
%-as cooled and 10 ml. of phosphate buffer (pH 6.5) \%as added. 
The aqueous solution was then extracted with two 15-nil. por- 
tions of benzene and similarly with methylene chloride. The 
combined organic extracts were filtered and concentrated zn 
vucuo. After adding 25 ml. of benzene the solution was again 

280-300'. 

(14) W. B. Hardy and M. Scalera, J .  Am. Chem. Soc., 74, 5212 (1952). 



coric*oiit r : h d  to :Lid i i t  t Jii' rriiiov:il of pyridiiie. 
finirlly rec:ryst,:tlliz:etl 3 tiiiies froni sni:~ll volunic~s of othyl :I( 

with t h e  :(id of 1)arc.o. l'lic yidtl of XTIl  \?:is 210 I I I K . ,  

283- 280'. 
. i n d  C h i c d .  for < ~ l o ~ i , ~ 0 3 S :  C', 3 5 . W ;  I f ,  3 .25;  S, I ! J X  

Foilrid: C1, 55.75;  H, 3.T!): S,  18.Z). 
Further cliaracteriziation mis niatle b y  iiieitiis of tlie i i . ~ i i . r .  

spectruni in which three aromatic proton signals were observed 
whose spin-spin coupling patterns were characteristically those 
of a 1,2,4-trisubstitut'ed benzene ring. The thiazole ring protons 
remained unchanged as would be expected. Moreover the acidic: 
phenolic OH band was also present. 

5-Hydroxythiabendazole Sulfate (XVIII):--A solut,ion of 108 
nig. of 5-hydroxythiabendazole in 2.0 nil. of pyridine was added to 
100 mg. of t,riethj-laniine -sulfur trioxide complex. Following :in 
irvernight incubation :it, rooiii temperature, 2 nil. of water :ind 
0.5 nil. of -1- sodinin h>-droxidc. were :itldcd :t i id the f:iintly nllwlirii~ 
solution w:is cxtractcd scveral t inii>s wit11 txt1it:r. 'I'he : i( lutv)i is 
p h : m  w i t s  lyophilized to  yield 185 nig. o f  ~ ) : i l ?  tiiril)iv- siJlid wkiirli 
w i s  redissolved in 2 nil. of w:irni, ;icliitvJiis ( S O (  ( ) ethnniil, !\ 
flocwilent, gray deposit xvliich :ipp(~arcd :ifter lirief virolirig i n  iw 
W:IS renioved by c,eritrifug:ttiori :iiid tiis~~:ir.tietl. 'I'he supor- 
n:tt:ant, solution wis evaporated i j r  w ~ ~ o  on :I. rot:it in# i v i i i ( ' c > r i -  

trator (hiitti : h u t  50') tcr yield 143 nig. of nearly white scrdiiiiir 
salt of ST'III. I n  witer solution tlic sii1rst:mw hut1 :in inflection 
:it 235 tiip ( e  35,393) :tnd :t iii:ixiiiiurn :it 302 n i p  ( e  2.I,<MSj; 
t lime cli:Lrat(.t,erist,ii,s \wre rint ,  :iltcwtl I)>, :idditii)n o f  sotiiiirii 
tiydrcrxide. (~liriririutograpliy on \Vli:itiii:in S i ) ,  7 paper (:tswnd- 
ing tcc>hnique) in the system n-ljutyl :iI~wl11)1 -:ic.c+ii. :iifid.-\v:it(,r 

: 1 )  g:tve it siriglr u1tr:iviirle.t :il)sorbirig spirt of fir 0.27. 
)wing I-hr. hydrolysis :tt 100' i n  I .V liydror*hloric acid, o r  
lriiiic~n with gliisulssi, (Sijrrnson lJufl'c.r, pEI 6.3)  at  37" filr 

S lir., tlie su1f:ttr mter W R S  tr:irisforJiied into ;I suIist:tnw of  It', 
O..j!)> t h~ mine :is that of ~-hydroxythial)r!Itlazc,lc. The 11) - 
tlrcrlyzecl pridiict isii1:tted frorn t,hc p:tpw strip \vith 0 . 1  .V H('l 
hnd :in ahsorption iii:miniiini a t  31s nip wIi i (~h shifted t t r  335 iirp 
in  :tlkalinc snlntion, :IS nbservetl xr-ith known 5-liytircixytlii:i- 
I~end:tzole. 

Animal Studies.-Eight lambs, ranging ir i  weight from 15 to 
25 kg., were dosed orally lvith gelatin capsules cwntaining 50 mg. 
of r:tdio:tctive thiabendazole per kg. of body wight .  Five lamtia 
rcwivctl thc C'4-lal~eled drug and three the S3s iiiiidification. Thi;i- 
l)cndnzcrlc-C:'4 was ring hibeled in I lit. henzrne nucleiis, \vith Sii5 
in tlie thi:izolc nioiety. 'l'he sprciiir, :ir?ivity of the ixjnipounds 
W:LS approximately 0.3 pc./nig. 

1nterv:rls between dosing and sacrifice ranged froin 6 111.. til 
:(O d:iys. 7;rine iind feces were cdlected daily for tile entire 
dUr:ttilJIi of c:tcli experiment,. Blood was dran-n for analysis :it 
suit:ilrly frequent intervals during the first 8 days. Lleasurernent 
\ u s  riiade on intart blood, or p1asni:i from citmted blood. Tissue 
s:trnples were kept frozen until assayed. 

Determination of Radioactivity in Biological Fluids and 
Tissues. Procedure for Urine.-A 10-fold aqueous dilution of 
uriiie (0.1 nil.) was added to  17 1111. of :L scintillator solution cori- 
sisting of 0.3$& diphenylosazole (PPO) and O.Ol$  of p-his[2- 
(5-phenylosazolyl)~be1i~ene (POP( )P) ii i  a solvent of 30Ch ethanol 
in toluene. Radio:trtivitj, \viis riieiisured liy liquid scintillatinii 
i~ounting in :L Packard Tri-Carh scintillation spectrometer (ip- 
crated : ~ t  tap  7 and a 10-100 channel. Standards were prepared 
by adding quantities of labeled thiabendazole to urine samples or 
to xi ter .  Since no quenching was observed, calcu1:itions ivrre 
txrsed on xclueous standards. C'ontrol mines \\we treated siriii- 
larly to obt;iin bwkground wtivi t ,y .  

Procedure for Plasma and Feces.- -S:+nipIw )\-ere phted ciirec t iy 
i n  cwpped p h c h e t s  of 2.5-cm. dianieter. and rounted in a gas 
fiow cwiiiter with :I niic-roniil Lvindfnv. All counts irere corrected 
for self-absorption :inti citlculations ivere based on standards 
cmried throughout the procedure. 1Sitlier 0.5 ml. of plasma or 
whnle blood or 1 ml. of a 20-fold tiqueous dilution of feces were 
plated directly in the planchets, evaporated t o  dryness, and 
cwuntetl. 

Procedure for Tissues. - I )lit7 grwtii o f  tifisue was hri~i~~~genized 
with 3 ml. of formamide in B Virtis homogenizer. One ml. of this 
homogenate, equivalent t>n 0.25 g. wet, weight) of tissue. was added 
tn 17 ml. of the toluene -etha.nnl-phosphor snlution arid m i n t e d  
in the liquid scintillation spectrometer (counting efficiency was 

An in te r i ix l  st:tnd:tril tec~liriiclut~ PIII- 

ng (:1'-lrhelecl benzoic. arid \viis used to iwiiipens:tte for t I)(> 
c~ueni~liirig o f  scintillat.ions Iry tissue :ind tissue pigments. -1 
corrci+iilri f:tc+crr (r:tngv for :j,ll tissric~s c.sc:rpt spleen, 1 .Ob I ,;!, 

Tlir residue w:i,s 

\vi t l t  Sa5 ant1 ( '1 ' ) .  

Results and Discussion 
Recovery of Administered Radioactivity.-I'ollowiilg 

5 single oral dose of thiabeiidazole (50 mg., kg. of body 
weight), 8 lambs Pucreted approximately 'JOYc of the 
dobe i l l  their iiriiie (range 73-775;) and feces (range 
13-16x) in 48 hr. The results of one lanib (typical of 
the others) are preswted graphirally iir Fig. 1. Chro- 

' O l  ,100 

10 20 30 40 50 
TIME (HOURS) 

11 iy I .  I)istritrut~ori of redloactivity foll~~fiiny or,d ,Ldiitiil 

The ordinates are cdcu l ion of thiabendazole to a lamb. 
from the specific activity of thiabendazole (120,600 c.p.m ; 
iiiinokl. 

inatography of \\-hole urine indicated that iicarly all of 
t l ie iadioactivitj. I\ as in the form of tl.iiabriida~ol(~ 
metabolites. Of tlir total urinary radioactivity :ip- 
pi'oximately 25;  remained as unchaiiged thiabeiidazolc. 

Drug concentrations in plasma of one of the l a m b  
are reported (Fig. 1) as a function of time up to 48 hi.. 
after dosing. Absorption apparently occurred fairly 
rapidly, peak drug levels in plasma being attained 
within several hours. Thereafter, the drug concen- 
tration in plasma dropped continuously and disap- 
peared in 3 days. 

'l'issue residues of radioactivity in 8 lambs receiving 
.TO I H ~  oi t l i i ; t i~ci icIazol~~ (('I4- 0 1  S"-lnl)plctl) pcr' kg. 0 1  

I i J  1 ~ ~ l i i l ~ i n ~ ~ ~ ~ l ~ i ~ ~ ~ i i  gidda ~ ~ ~ 1 1 1 ,  IOU % ) I 1  lilerh \ I J Y  wauilod ul t l i  L > \ 
IC1 n s t e r ,  and then L \ N I I P O ~ T  t o  w n x e r t  t u  ainrric)- 
ctq. ~ $ 1 5  \ ~ c + - ~ r t , l  ,>IT n r i 1 1  x . i tc i  
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TABLE I 
L)ISTRIRUTIUN OF RADIOACTIVITY (y/ct.) IN TISSUES OF LAMBS SACRIFICEU AT T.ARIOUS nhfse FOLLOWING 

A S I N G L E  O R A L  1 l O S E  OF LABXLED THIABENDAZOLE (50 MG./KG.) - Duration and isotope label- 

Organ or tissue 

Abomasum 
Brain 
Cecum 
Fat 
Heart 
Kidney 
Large intestine 
Liver 
Lung 
Muscle 
Pancreas 
I'lasms 
Skin 
Small intestine 
Spleen 

6 hr. 
C" 
5 . 1  
1 . 0  

34 .4  
2 . 8  
2.7 

13.9 
4 . 6  
9 .6  
2 . 4  
2 . 0  
2 .6  
7 . 7  
3 . 2  

33.6 
3 . 1  

5 days 
c14 

0 . 0  
0.09 
0 . 0  
0 .0  
0.15 
0.28 
0 .0  
0.62 
0 .0  
0 . 0  
0.18 
0 . 0  
0 . 0  
0 . 0  
0 . 0  

8 days 
C" 

0 .09 
0.12 
0 . 0  
0.0 
0.12 
0.15 
0 . 0  
0.52 
0 . 0  
0 . 0  
0.18 
0 . 0  
0.17 
0.0 
0 . 0  

body weight are compiled in Table I. Only minute 
quantities of labeled substance were retained by lambs 
sacrificed 5 , 8 ,  or 16 days after dosing, and no detectable 
residue in tissue appeared after 24 to 30 days. T'alues 
recorded as 0.0 are equal to or less than 0.06 y of thia- 
bendazole/g. of tissue. At the approximate peak 
plasma level (6 hr. after dosage) concentrations of iso- 
tope in tissue ranged from 1 to 34 y/g. Those tissues 
apparently not actively engaged in metabolism or ex- 
cretion contained 1 to 3 y/g. 

Paper Chromatographic Study of Thiabendazole 
Metabolites.-When urine from sheep receiving CL4- 
or S35-labeled thiabendazole was examined by radio- 
autography of paper chromatograms, a total of six radio- 
active spots was revealed. Reported in Table I1 are 
the Rf values of each component found in 24-hr. sheep 
urine and the approximate per cent of the total radio- 
activity of each component as determined by the flow- 
gas counting integral scanning instrument. 

TABLE 11 
PAPER CHRO~IATOGRAPHY OF URINARY AIETABOLITES OF 

THIABEND.4ZOLE' (24-HR. LAMB URINE)  

Com- 
ponent 

1 
2 
3 
4 
5 
6 

Rf 
value 
0.73 
0.59 
0.42 
0.27 
0.20 
0.12 

Total 
radio- 

activity, 
% Identity 

2 Thiabendazole 
10 5-OH thiabendazole 
2 Unknown 

11 
2 Unknown 

70 Glucuronide of spot 2 

Ethereal sulfate of spot 2 

0 Urine samples from sheep dosed with (314- or S35-labeled thia- 
bendazole were chromatographed on Whatman KO. 1 paper with 
n-butyl alcohol-acetic acid-water (4:  1 : 1) as the ascending sol- 
vent. The spots were detected by radioautographs prepared by 
exposure on Eastman type KK industrial X-ray film. The 
radioactivity on the chromatograms was counted by a gas-flow 
counting integral scanning instrument. 

Component 1 appeared to be intact thiabendazole. 
It had the same Rr as the parent compound and showed 
similar fluorescent characteristics. The compound, 
eluted from the paper with 0.1 N HCI, fluoresces max- 
imally a t  370 mp following excitation at  310 mp using 
an Aminco-Bowman spectrophotofluorometer. 

8 days 
s 86 

0.20  
0.16 
0 . 0  
0.08 
0.16 
0.28 
0.20 
0.72 
0.08 
0.12 
0.08 
0 . 0  
0.20 
0.32 
0 . 0  

16 days 

0 .0  
0 . 0  
0.16 
0 .0  
0.08 
0 . 0  
0 . 0  
0.15 
0.08 
0.13 
0.0 
0 . 0  
0 . 0  
0 .0  
0 . 0  

21 days 
CL' 
0 . 0  
0 .0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 .0  
0 . 0  
0 . 0  
0 . 0  
0 , 0 
0 . 0  
0.0 
0 . 0  

30 days 
CI4 

0 . 0  
0 . 0  
0 .0  
0 .0  
0 .0  
0 .0  
0 . 0  
0 .0  
0 . 0  
0 .0  
0 .0  
0.0 
0 . 0  
0.0 
0 .0  

30 days 
ClI 

0 . 0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.0 
0 . 0  

Components 4 and 6, accounting for approximately 
8470 of the total radioactivity, were converted enzy- 
matically to component 2 .  Thus when 1 ml. of urine 
was incubated with 250 units of p-glucuronidase 
(Sigma), component 6 did not appear but rather there 
was a quantitative addition to component 2. I n  like 
manner when 1 ml. of urine was similarly incubated with 
0.01 ml. of glusulase,16 both components 4 and 6 were 
converted to component 2 .  Elution of component 2,  
before or after enzymatic treatment, with 0.1 N HC1 
yielded a fluorescent material which after excitation a t  
325 mp fluoresced maximally a t  425 and 525 mp. 

Isolation of 5-Hydroxythiabendazole.-A substance 
which chromatographs and shows similar fluorescent 
characteristics as does component 2 was isolated from 
glusulase-treated urine and shown to be identical with 
synthetically prepared 5-hydroxythiabendazole. ISO- 
lation was carried out by extracting 5 times, 200 ml. of 
urine adjusted to pH 6, with an equal volume of ethyl 
acetate followed by one extraction with methylene 
chloride. This extraction procedure served to remove 
components 1 and 2 leaving behind components 4 and 
6 (determined by radioautographs of the two phases). 
KO trace of unidentified components 3 and 5 was seen. 

Less than 10% of the urinary radioactivity had been 
extracted by the above procedure. To the aqueous 
phase 1 ml. of glusulase was added and incubated over- 
night a t  37'. The urine mas again extracted 3 times 
with equal volume of methylene chloride and the 3 
extractants combined. Approximately SOYo of the 
urinary radioactivity was located in the organic phase. 
The organic phase mas evaporated, under reduced pres- 
sure a t  40°, to a small volume (about 10 ml.), and 
streaked across a sheet of Whatman S o .  4 paper and 
chromatographed, using the above n-butyl alcohol- 
acetic acid-water system. A single radioactive band 
appeared, having an Rf of 0.6, which was eluted from 
the paper with 0.1 N HC1. Following adjustment 
of the HC1 eluate to pH 6, the material was extracted 
into methylene chloride and evaporated to dryness. 

The crystals formed were shown to be identical with 
synthetically prepared 5-hydroxythiabendazole by the 

(16) Glusulase, available from Endo Laboratoriee, New Y o r k ,  N. Y., 
contains 100,000 units of @-glucuronidase and 50,000 units of sulfatase per 
nil. 
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Fig. 2 .  -Infrared absorption spectra of j-hydroxythiabendazole (upper) and compound isolated from urine (lower) run in KRr pellet 8. 

following tests. Like the synthetic material it had R, 
0.,59 in n-butyl alcohol-acetic acid-water (4 : 1 : 1 j and 
upon excitation a t  323 mp, it fluoresced niaximally 
in 0.1 N HC1 a t  425 and 325 mp. Both compoundb 
had identical ultraviolet spectra. In 0.1 N HCl, they 
absorbed maximally a t  318 ( E  17,794) and 240 nip 
(10,416); in 0.1 N KaOH they absorbed at 335 nip 
( E  13,063). The crystals melted at 282' and tlie nielt- 
ing point was not altered when nixed with authentic 
5-hydroxythiabendazole. The infrared spectrum of 
the metabolite was indistinguishable from the authentic 
material (Fig. 2 j .  

Isolation of the Glucuronide of 5-Hydroxythia- 
bendazo1e.-The procedure for the isolation of the 
major urinary excretion product of thiabendazole 
metabolism consisted basically of chromatography on a 
strong cation-exchange resin, CG-120 (ammoniuni 
cycle) followed by elution nith a series of buffers of 
increasing pH values. 

Sheep urine (45 nil.) containing radioactivitj- equiva- 
lent to 147 nig. of thiahendaz~le-C'~ was diluted n-ith 
water to 230 nil. and adjusted to pH 3.0 with HC1. 
This solution was then charged to the column and eluted 
as shown in Table 111. Approximately 83% of the 
radioactivity in the original urine saniple was accounted 
for in the eluates. In  the case of each fraction indi- 
cated, elution was continued until the radioactivity 
fell to below 17' of that in the initial stock solution. 

The three most highly radioactive portions of the pEI 
5.0 eluate, containing 307, of the urinary radioactivity, 
were combined. Removal of acetate was accomplished 
by passing the solution through a 14-m1. CG-120 hy- 
drogen-cycle column, which retained all the radio- 
activity and allowed the free acetic acid to he washed 
away in the effluent. Elution with 2 A' amnioiiiurn 
hydroxide recovered the radioactivity in better thaii 
95yG yield. The excess ammonia in tlie eluate was dis- 

rrinnry 
radioactivity, 

c; h 

-I 
I -I 

1 
,1:i 
i 
2 

J 0 
2 

s:j 
" Collected in 30-ml. portions. * The elution pattern show~i 

here is typical but not necessarily quantitatively identical for  
different urine samples, nor for the same urine with time. I t  wa9 
found that during storage the pH 5 fraction decreased and the 
2 S XHIOH fraction increased. This change was shown to be 
tittributable to slow hydrolysis of 5-glucuronide to 5-hydroxy- 
thiabendazole. 

tilled in uucuo and the remaining water lyophilized, 
leaving a frothy, off-m-hite solid residue (95 mg.) with 
radioactivity equivalent to 43 mg. of the original la- 
beled thiabendazole, indicating a 2.2-fold dilution of the 
molecule, presumably by conjugation. The ultra- 
violet spectral properties of the conjugate showed only 
minor alterations of the thiabendazole chromophores 
except for mass dilution effects, indicating that the 
conjugating group had no significant ultraviolet char- 
acter except for end absorption as shown in Table IV. 

The infrared spectrum of the conjugate was char- 
acterized by a large region of absorption at 9.4 I.( where 
the C-0 strctch frequency is known to occur, and in 
addition showed very strong -OH absorption. 

The n.m.r. spectrum of the conjugate showed changes 
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TABLE IV 
-Thiabendazole- -Glucuronide-- 

Solvent hmaX e Xmax c 

0 . 1  N HC1 301 26,130 308 17,920 
243 13,668 248 10,768 

0 . 1  A’ KaOH 302 20,703 308 16,506 
235 (infl.) 16,381 237 (infl.) 16,506 

in the aromatic spin-spin coupling pattern, but no 
change in the thiazole protons at  positions 2’ and 5‘ 
from those of thiabendazole, leading to the inference 
that the molecule was substituted at  the aromatic 
positions 5 or 6. A large number of active protons 
and protons on C-0 functions were also evident. 

The above spectral evidence suggested strongly that 
a sugar moiety such as glucuronic acid must be at- 
tached to the thiabendazole molecule. Enzymatic 
hydrolysis proved that this conclusion was correct. 

p-Glucuronidase Hydrolysis of the Conjugate.-Con- 
jugate (50 mg.) and 1000 units of P-glucuronidase were 
dissolved in 10 nil. of pH 6.5 Sorenson buffer (20 mg./ 
ml.) and incubated a t  37” for 18 hr. Extraction with 
ethyl acetate removed most of the radioactivity from 
the aqueous phase. The hydrolysis product was then 
back-extracted into 0.1 N HC1, neutralized to pH 6, 
and re-extracted into ethyl acetate, from which it 
was recovered by evaporation. 

The ultraviolet spectra of the product were as follows: 
in 0.1 N HC1, A,,, 318 ( E  17,577) and 251 mp (10,199); 
in 0.1 N SaOH, A,,, 336 ( E  12,803) and 254 mp (infl.) 
(13,020). 

These spectra showed a large shift with pH in con- 
trast with that of the conjugate which showed no change 
in position in the 300 mp region. This is in agreement 
with the expectation that liberation of an ionizable 
group in the aromatic position of the molecule had taken 
place. 

The n.m.r. spectrum of the hydrolysis product was 
found to be identical with that of an authentic speci- 
men of 5-hydroxythiabendazole. 

Isolation and Identification of the Sulfate Ester of 
5-Hydroxythiabendazole.-The sulfate conjugate of 
5-hydroxythiabendazole was isolated from sheep urine 
by preparative electrophoresis and identified by com- 
paring its physical properties with the synthesized 
material. 

Following oral administration of thiabendazole to a 
sheep (400 mg./kg.), a 1.2-ml. sample of the animal’s 
first 24-hr. urine was applied to 6 4  cm. wide strips of 
Whatman S o .  3 MbI paper. The strips were subjected 

to electrophoresis (200 v., 16 hr.) in pH 10 glycine- 
sodium hydroxide, 0.05 ill in glycine. Authentic sul- 
fate ester of 5-hydroxythiabendazole, run simulta- 
neously with the urine samples, was detected by ultra. 
violet absorption in a compact spot centered 8 cm- 
from the load line. 

The urine strips showed the presence of broad mul- 
tiple ultraviolet absorption bands in the region of 2-6 
cm. from the load line. These bands were isolated 
and extracted with ethanol. Paper chromatograms of 
this ethanol-soluble material were prepared and the 
ultraviolet absorbing material a t  Ri 0.27 mas eluted 
with methanol to yield 1.5 mg. of compound. Further 
purification was not attempted since, by the following 
tests, the fraction was indistinguishable from the syn- 
thetic material. Qualitative tests for sulfate” ion on 
100-7 amounts of both the synthetic and natural mate- 
rial were negative. After acid hydrolysis (boiling in 6 
N HC1 for 1 hr.), sulfate ion was detected in both mate- 
rials and conversion to 5-hydroxythiabendazole was 
demonstrated by paper chromatography. 

On the basis of these studies, the scheme presented 
in Table V is suggested for the metabolic transforma- 
tion of thiabendazole in sheep. 

TABLE V 
METABOLISM OF THIABENDAZOLE 

Thiabendazole Component I1 

Component IV Component V I  
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(17) F. Feigl, “Qualitative Analysis by Spot Tests,” 3rd Ed., Elbevier 
Publishing Co., Inc., Ne% York, N. Y.,  1948 p. 238. 


