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THE Ì4ETABOLISI4 OF C1LCARBOXYL LA.BELED-BENZOIC 
AND PHENYIAGETIC ACIDS BY I1USCA DONESTICA 

INTRODUCTION 

In an attempt to control crop-destroying insects and insect- 

born diseases, man has synthesized numerous insecticides. The 

battle against these insects has been long and expensive, and there 

has been increasing need for still better insecticides. This 

demand has captured considerable research interest and has resulted 

in a great expansion of the insecticide industr. In the United 

States millions ol' dollars have been spent in a search for the ideal 

insecticide, which would be highly toxic to harìniul insects, but 

harmless to men and animals. Although such an insecticide does not 

exist at the present time, DDT has been considered closest to this 

ideal. However, the use of this toxicant has been threatened in 

recent years by the development of DDT-resistance by house flies, 

mosquitoes, and other insects (13, p. 197). Due to the tremendous 

interest aroused by this remarkable insecticide and to the develop- 

ment oï resistance, which occurred -dthin a few years after its 

introduction, much research has been devoted to a study of its mode 

of action. In spite of over 10 years of such research by many 

entomologists, insect toxicologists, and others, the complete story 

of its metabolic fate in the insect body is still unknown. It is 

now a well recognized fact that DDT is metabolized in many species 

to its relatively nontoxic derivatives, D (2,2-bis-(p-chloro- 

phenyl)-1,l-d.ichloroethylene) (28, p. 218), and that the resistance 



of the house fly is related to this conversion. (21, p. How- 

ever, it is noi evident that the phenomenon of DDT-dehydrochlorina- 

tion alone is not sufficient to account for the tolerance of resis- 

tant insects to this insecticide (6, p. 193). It is thought that 

there exists at least one oth3r pathway of DDT metabolism with the 

formation of unknown products (21, p. 8S5). Despite exWensive in- 

vestigations the nature of the unknown metaboites is stili obscure. 

Probably the main reason investigators in this field have not 

progressed further is the lack of basic knowledge concerning the 

detoxication mechanisms of insects. Little attention has been paid 

this subject as Lar as insects are concerned, because of difficul- 

ties in the isolation and identification of the etabolites. HÓw- 

ever, recent advances in analytical methods, such as the use of 

radioactive isotopes and paper chromatography have simplified this 

problem considerably. 

The purpose of this investigation was to obtain some basic 

knowledge concerning the detoxication mechanisms of house flies. 

Such knowledge would be helpful to investigators in this field in 

further study of the metabolism of insecticides such as DDT as well 

as being a contribution to the knowledge of comparative biochemistry 

of insects and other species. 

A classical example of a detoxication mechanism is the meta- 

bolism of benzoic acid in mammals, in which this compound is conju- 

gated with glycine to form hippuric acid (29, p. 10). it seemed 
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reasonable, then, to begin the investigation of detoxication 

mechanisms in insects by studying the detoxication of benzolo 

acid and its homolog, phenylacetic acid. 

Historical Background 

The first evidence that hippuric acid was formed by insects 

was obtained by Davy in 185I (U, p. 13), studying caterpillars, 

and by Sirodt in 188 (15, p. 396) in the study of' diving-beetles. 

Both of these authors based their conclusions on microscopic 

identification of hippuric acid crystals. In 1937 using the same 

technique Brown (Ij, p. 92) was unable to observo hippuric acid in 

the excreta of grasshoppers. In 195L, Friedler and Smith (ls, 

p. 398) studied conjugation mechanisms in adult locusts, and showed 

the presence of a glycine conjugate of benzoic acid in the excreta 

by means of paper chromatography and spectrophotontry. A similar 

observation was made one year later by Casida (3, p. 2l) using 

larvae of mosquito. 

In contrast to the limited literature on detoxication mechan- 

jams in insects there is a vast literature concerning the metabo- 

11cm of benzoic acid by mammals The first hippuric acid was dis- 

covered in the urine of cows in l73L by Keller (29, p. 10), and 

since then the late of benzolo acid in the animal body has been 

investigated y many workers in numerous studies of the biological 

synthesis and utilization of lycine. It has been shown that 

there are so species differences in the detoxication of benzolo 



acid. Goats (25, p. 327) and Indian cattle (29, P. 96) excrete 

the acid entirely as hippuric acid, whereas dogs (26, p. 35), pigs 

(9, p. 572), and men (io, p. 103), after a relatively large dose of 

bonzoic acid, excreted in the urine a reducing substance, which was 

shown to be a glucuronic acid conjugate. Birds, on the oLher hand, 

did not use glycine as a conjugating agent, but rather ornithine 

was used even wtn excess glycine was fed uïth the acid (29, p. 100). 

The metabolism of phenylacetic acid in animals was reviewed by 

Williams (29, p. 107-108). He indicated that it was qualitatively 

similar to that of beazoic acid in horses, dogs, rabbits, and 

sheep. In men, however, glutamine is a conjugating aent, and hens 

have been found to utilize ornithine. 

No literature reference to the metabolic fate of phenylacetic 

acid in insects has been found. 



OBJECTIVES 

The objective of this study was to determine the metabolic 

fate of benzoic and phenylacetic acids when these compounds were 

administered to house flies. It was hoped that it would be 

possible to identify all metabolites that were produced. It was 

further planned to determine the relative importance of any detox- 

ication mechanisms discovered. 



EXIRINENTAL 

A typical experiment was carried out as follows: The radio- 

active benzoic or phenylacetic acid was administered to house flies 

either by feeding or by topical application. At the end of the 

experimental period the lijes were removed and the tissue was ex- 

tracted with ethanol. Ihe excreta in the container was extracted 

with ethanol and water. ihese extracts were counted and chromato- 

graphed on paper for identification of metabolites. Acid and 

enzymatic hydrolyses were attempted in further study of the nature 

of the mnetabolites, 

Organism 

Musca domestica, the common house fly, three to six days 

old of mixed sex, was used throughout the study. ihey were kept 

on a diet containing beef extract, irradiated yeast, and sucrose 

previous to each experiment. 

Materials 

Radioactive benzoic acid, C-carboxyl labeled (sp. act. 

2.3I mc/mnL) and phenylacetic acid, G-carboxyl labeled (sp. 

act. 1.22 mc/mî.), were obtained from a radioisotope conipamy, 

Nuclear-Chicago, Chicago, Iflinois. 

All the compounds used as reference standards in the paper 

chromnatographic studies with the exception of phenylaceturic acid 

is mc/mnì, is niillicurie per mullimole 
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were obtained from cormnercial sources The latter compound was 

synthesized by Mr. Gene Jones of Agricultural Chemistry Department. 

It was found to have a molting point of 11h°C. which agrees with 

that published in literature (ilL, p. 3E21L), and to be chromatograph- 

icafly pure when subjected to two different solvent systems. Its Ef 

value agreed with that of phenylaceturic acid isolated from rabbit 

urine. 

Administration of Radioactive Compounds 

By Feeding 

A one ml. aliquot (approx. 300,000 cpm.) of radioactive benzoic 

or phenylacetic acid in acetone solution was pipetted into a plan- 

chet to be used as a feeding dish, and the acid ;ìeìtralized with a 

drop of 0.01 i MaOl!. The acetone was evaporated to dryness under 

an infrared lamp. One to two grams of sugar were added to the dish, 

and it was placed in a one or two quart fruit jar ith wire screen 

top. 100 to 150 flies were transferred into the jar after anesthe- 

tizing temporarily witn carbon dioxide or by chilling to 3lL°F. 

Water was replenished daily. ach experiment was from seven to 

twelve days duration. The dead flies were removed every day. 

.:_Topical Application 

Flies treated topically received 60 cpnts. of the radioactive 

benzoic acid in on inicroliter of acetone. This was applied to the 



dorsal thorax using a micrometer driven syringe equipped d.th a 

blunt 27 gauge hypodermic needle. Other experimental conditions 

were the same as given above except that only sugar was added to 

the Íeeding dish. 

Recovery oÍ Radioactive Material 

Radioactivity in fly tissue 

At the end of the experimental period the surviving flies were 

killed with carbon tetrachioride vapor, and combined with the dead 

flies previously removed. The flies were ground in a mortar and 

pestle in a small amount of anhydrous sodium sulfate, and the tissue 

extracted with 80% ethanol in a Soxhiet extractor for 10 hours. The 

extraction was repeated with fresh alcohol. The ethanol solutions 

were combined and evaporat.ed to dryness under reduced pressure. The 

residue was re-dissolved in three ml. water, and its radioactivity 

measured. This aqueous solution was then chromatographed. 

Radioactivity in excrete 

To extract the radioactivity remaining in the jar after remov- 

Ing the Llies the container was thoroughly washed three times by 

scrubbing with 15 ml. portions of 9% ethanol and then three times 

with 1 ini. portions of water. The ethanol and water extracts were 

iiltered through glass wool, and each was made up to 50 ml. volume 

in a volumetric flask. An aliquot of each extract was counted, and 



the rest of the extract concentrated to small volume in vacua over 

P2O. Subsequent experiments were conducted on these concentrated 

extract3. 

Radioactivity in Respiratory Carbon Dioxide 

ihe apparatus for trapping respiratory carbon dioxide pro- 

duced during the oxperirnt as simii r to that described by Gregg 

(16, p. 2L-26). Carbon dioxide and moisture in the incoming air 

were removed by a CaC12, a NaOR, and a i3a(OH)2 trap. The flies fed 

the radioactive acids were confined in a one liter suction flask 

connected to tuo preliminary traps. The expired CO2 was trapped 

in a 60 ml. carbonate-free NaCH solution. A second NaOli trap was 

used in initial experiments until it was found that the first trap 

removed all the CO2. A gentle stream of . r was drani through the 

apparatus throughout the experiment by water aspiration. The NaOli 

trap was changed every 10 hours The ox rimeni as continued for 

72 hours. 

Counting Methods 

The radioactivity present in the various fractions of the 

tissue and excreta extracts was measured by a G-14 tube with mica- 

window (window thickness 1.9 mg/cm2) connected to Tracerlab 1000 

scaler". The direct plating thod, using nickle-p]a ted planchets, 

was employed. All the samples were counted ± % error. 
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The radioactivity of respiratory carbon dioxide was determined 

by precipitating as BaCO3 following the nethods described by Calvin 

et al. (7, p. 83-86). The activity of BaCO3 was corrected for 

background and self-absorption. 

Paper Chromatography 

The paper chromatographic methods used wore those of Smith et 

!:' (27, p. 22g), ewater and Hall (12, p. 73), and Armstrong et 

!i' (1, p. 2%) using Whatrnan l filter paper. In al]. cases the 

upper layers of the solvent mixtures were used as the mobile phase. 

Both ascending and descending techniques were used. It was found 

that the best separations were obtained vhen a descending technique 

was used, and the chrornatogram was allowed to develop for 2 hours 

without regard for the position of the solvent front. For the 

metabolites of phenylacetic acid this method was the only one used. 

RI' values were riot exactly reproducible because no attempt was 

made to control temperature nor length of time of each run, but the 

order of separation of the compounds was consistent. All the iden- 

tifications of metabolites were made by comparison with known corn- 

pounds run on the same paper at thc same time. 

The reference compounds, which were acidic or basic in na&ure, 

were detected by ltraviolet light or by spraying with acid-base 

indicator sucn as methyLred (in pH 7.0 phosphate buffer) or bromo- 

cresol green (in pH.5 phosphate buffer). The chroinatograms were 

scanned automatically with an end-window G-14 tube connected to an 
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Esterline-Angus recorder through a precision rate meter, Nuclear- 

Chicago, Model 1615.-B. Radioactive spots on the paper were recorded 

as peaks on a graph, and relative amounts of the met.abolites were 

estimated by comparing areas o! the peaks. 

The compounds found in the crude extracts of excrota often had 

slightly smaller R! values than the reference compounds. However, 

more consistent R! values were obtained by eluting the radioactive 

spots from the first chromatogram of the extracts and re-chromato- 

graphing. 

Hydrolysis of Radioactive l4aterials 

Acid Hydrolysis 

In studying the nature o! the excreted ntabolites an acid 

hydrolysis was undertaken in an attempt to differentiate between 

conjugated and non-conjugated forms. 

The hydrolysis was carried out as follows: An aliquot of an 

eluate of a radioactive spot front a paper chromatogram or of an 

extract o! fly exereta were placed in a pyrex tube to which was 

added an equal volume of 6H Hei. The tube was then sealed off and 

heated in an autoclave at 1(X? C for eight to ten hours The hydra- 

lysate was evaporated to dryness over P2O and KOH 11ets in vacuo. 

The residue was re-dissolved in 0.5 ini. water and submitted to paper 

chromatographic analysis. 
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&izyiaatic Hydro]ysis 

In an attempt to learn whether the radioactive materials 

produced by treated flies were conjugates of' glucuronic acid, the 

extracts were submibied to the hydrolytic action of an enzyme, 

3-g1ucuronidase. trhe assay was carried out as described by 

Fishman (13, p. 611) with slight modification. rIO each of three 

tubes was added a O. ml. aliouot of sample, 3. ml, acetate 

buffer, pH1.6, and 0.1, 0,05, or 0.02 rn].. aliquots of enzyme solu- 

tion (two mgs. of enzyme in lo ml. buffer). ihese tubes vere then 

incubated at 37°C. for 2.S hours with a control bube containing 

0.1 ml. sample and 3. ml. acetate buffer. At the end of the assay 

period, each solution was transferred into a small beaker and evap- 

orated to dryness over P2O in vacuo. The residue was re-dissolved 

in O. nl, water and chrornatographed on paper. 
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RESULTS AND DISCUSSION 

Fate of Benzoic Acid 

Within the limits of error of the method employed at least 

%% of the administered radioactivity was accounted for in excreta 

of the flies ingesting benzoic acid. This is shown in Table 1. 

Table 1. Recovery of radioactivity from 
benzoic acid treated flies 

Percent radioactivity recovered 
Exp. Method of Excreta Tissue Total 
No. treatment ethanol water ethanol 

1 oral 23 6 83 
2 142 13 7 62 

3 topical 36 11 14 Sl 

Approximately 6% of the total activity was recovered by 

extracting fly tissue with the ethanol. Although some activity 

still remained at the end of the extraction, further extraction was 

not attempted. The activity remaining in the extracted tissue may 

have been due to benzoic acid and benzaic acid derivatives assoc- 

lated with the cuticle of the flies. Various phenolic aromatic 

acids have been shown to be present in this tissue (22, p. 399, 

s, p. 270). 

The poor recovery encountered when flies were treated topi- 

cally, as shon in Table 1, exp. 3., is thought to be duo almost 

entirely to the rapid evaporation of the free acid from the exposed 

thorax of the flies. 
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It was anticipated that some radioactivity would be lost 

through metabolism oi benzoic acid to radioactive carbon dioxide. 

This was investigated by trapping respiratory CO2 from benzoic acid 

treated flies and measuring its radioactivity. No activity was 

found, leading to the conclusion that this is not an important path- 

way for benzoic acid metabolism in house flies under the conditions 

of these experiments. 

When the radioactive extracts of the excreted material and the 

tissue viere exandned paper chromatography, as shown in Fig. 1, 

lour radioactive spots were found after either ingestion or topical 

application of benzoic acid. These aro referred to as unknowns 1, 

2, 3, and IL. The RI values of these unknowns and those of several 

possible benzoic acid metabolites are shown in Table 2. it can be 

seen that the RI values of unknowns 1 and 2 coincide with those of 

benzoic and hippuric acids, respectively, in all four solvent 

systems . Thus it appears that unknowns i and 2 are benzoic and 

hippuric acids. Further confirmation of the identity of the second 

unknown was obtained using an isotopic dilution technique. In this 

test 200 mgs of cold hippuric acid were added to a solution of the 

radioactive unknown. The specific activity of hippuric acid 

crysa1s obtained in four successive re-crystallizations did not 

change significantly, indicating that unknown 2 was hippuric acid. 
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Table 2. Ri' values of possible benzoic acid metabolites 

Solvent systeiis: I. benzene-n-butanol-ammonia (2:5:2) 

II. n_butanol_ethano]..buffer* (Q:fl :19) 
III. nbutanol_benzenebuffer* (60:5:15) 

IV. isopropy]. alcohol-ammonia-water (8:1:1) 

Netabolites 

__2L.2!!P23mds I. II. III. IV. 

benzoic acid .26 .15 .27 .85 

unknown 1 .25 .15 .27 .81 

hippuric acid .16 .36 .16 

unknown 2 .15 .35 .16 .61 

m-hydroxy benzolo a. .08 .30 .15 .15 

2,14-dihydroxy " " .02 .27 .111 .12 

unknown 3 .08 .27 .1]. .50 

3,Li-dihydroxy " .01 .10 .03 .08 

unknown L. .01 .07 .00 .06 

p-hydroxy benzoic ' .03 .21 .08 

2,5-dibydroxy n .52 .35 .17 .70 

3,5.. 
ft 11 .0L .16 .06 .30 

salicylic acid .36 .61 .50 

PAB& .03 .21k .10 

(* Buffer was made up by mixing equal volwaes of 1.SN ammonium 
hydroxide and l.SN ammonium carbonate) 

As shown in Table 3, more than 70 of the activity in the 

extract of the oxcreta was accounted for as hippuric acid and 15 

as unchanged benzoic acid. Unknown rnetabolite 3 accounted for 

about 10% of the total radioactive ntabo1ites. Unknon I account- 

ing ior very little of the excreted activity. This finding is 

somewhat contrary to that of Friedler and Smith (15, p. 399). These 

authors fed benzoic, p-aminobenzoic (PABA), and salicy].ic acids to 

adult locusts, and studied the formation of glycine conjugates with 

these compounds. About 20Á of ?AI3A and less than this of the other 

two compounds were excreted as glycine conjugates. They concluded 

that the locust has a limited capacity for this method of 
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detoxication. in earlier experiments Mrers and Smith reached the 

same conclusion regarding acetylation (19, p. 278) and glucoside 

(20, p. O2) formation as a pathway for detoxication in insects. 

The different results reported here may be due to a species differ- 

ence between Locusta and Musca. 

Table 3. The relativo axaounts* 

in excret.a of benzoic 

Exp. No. ___________ 

i 

2 11 

of radioactive metabolites 
acid treated flies. 

Duric acid Unknown 3 Unknown I 

() (%) 

73 II less than 2 

72 13 " 

( The relative amounts were determined by comparing the relative 

areas of the chromatogram curves.) 

Nature of unknown metabolites 

Identification of the unknown metabolito 3 and L. was attempted 

by comparing their RI values with those of derivatives of bcnzoic 

acid. These Rf values are shoun in Table 2. Cozounds ith Ri' 

values considerably di.tierent from those of the two unknowns were 

PABA, salicylic, p-hydroxybenzoic, 2,-dihydroxybenzoic (gentisic 

acid), 3,-dihydroxybenzoic, and 3,lj,- tri-hydrobenzoic (galio) 

acids. The compounds with Ri' values similar to that of unknown 3 

were 2,h-dihydroxybenzoic and m-hydroxybenzoic acids. Unknown I had 

Ri' values similar to that of 3,Li-dihydroxybenzoic acid (protocate- 

chulo acid) in all four solvent systems. 

If the unknown compounds were hydroxybenzoic acids , they could 

be differentiated from a conjugate of benzoie acid through acid 
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hydrolysis. Upon hydrolysis o the radioactive solutions of exereta 

with 6N HC1, two radioactive spots were detected as shown in Fig. 2, 

one or these corresponded to beuzoic acid in RI value. Ihe other, 

located at the origin, appears to be unknown L which apparently was 

not changed by the hydrolysis. Thus the possibility that it is 

protocatechuic acid stili exists. The radioactive spot due to un- 

known 3 was eliminated by hydrolysis indicating that the unknown 

material was either a conjugate oi benzoic acid or some metaboite 

or conjugate of metabolite which was completely destroyed by hydro- 

lytic conditions. The latter possibility seem remote since the 

hydrolytic conditions did not destroy standard solution of m-hydroV- 

benzoic or 2,L-dihydroxybenzoic acids. 

Two conjugating agents other than glycine are known to be in- 

volved in the metabolism of benzoic acid in aniials, These are 

glucuronic acid and ornithine (29, p. 9S-lOO). 

In an attempt to learn whether the radioactive materials 

produced by treated flies were conjugates of glucuronic acid, the 

extracts were submitted to the hydrolytic action of an enzyme, 

-glucuronidase, but the unknown was stifl urthydrolyzed. iowever, 

this was not a conclusive test, because the method used was a gen- 

eral assay method for the enzyme, and the lack of a suitable 

standard substrate for comparison limited the reliability of the 

test. Attempts were made to obtain such a standard by isolating 

benzoylgiucuronide from rabbit urine. This experiment was unuc- 

cessful, however. 
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No attempts were made to determine whether ornithine was 

involved in the metabolism of benzoic acid. 

It is interesting to note that in insects the phenolic acid 

which is responsible for hardening and darkening of the cuticle has 

been isolated and identified as protocatechuic acid (22, p. 399). 

This compound is thought to be a product of the metabolism of tyro- 

sine or some related aromatic compound (2L, p. 33). It is possible 

that protocatechuic acid is produced in the metabolism of benzoic 

acid. 

The dihydrojbenzoic acid (protocatechuic acid) could be pro- 

duced via monohydroxy and diol-type compounds. The possible path- 

way may be as follows: 

epoxidation> 

(I) ) 
o + }120 

enzyme 
perhydroxylation 

(n) 

N N N 
10H loll 

I o ,-'OH / 

The diols can be formed either by an epoxidation (I) or by a 

perhydroxylation (II) . The latter reaction involves free radical 

hydroxylation of aromatic ring (2, p. 151, 17, p. 2706), and the 

former is considered by I3oyland (3, p. l) as the first step in the 

oxidation of the ring. The monohydroxy compound is produced by 

dehydration of this diol, and it is further hydroxylated probably by 

an enzyme such as tyrosinase to form dihydroxybenzoic acid. 
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'Ihe following diagram i11ustrates the possible origin of 

detoxication products obtained in this study. 

hippuric acid (7O) 

COOH 

GOUH 

benzolo acid (l3) 

benzoic 
acid unknown 3 (12%) 

HO0 
OH 

protocatechuic acid (<S%) 
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The Fate of Phenylacetic Acid 

As one would expect the fato of phenylacetic acid was quite 

similar to that of benzoic acid. 

Up to 90% of the radioactivity ingested was recovered in the 

exereta and in the ethanol extract of tissue. This is shown in 

Table ¿4. 

Table ¿4. Recovery of radioactivity from flies 

fed phenylacetic acid. 

Percent radioactivity recovered 
Exp. Excreta Tissue Total 
No. ethanol water ethanol recovery 

1 29 314 :1.14 77 

2 29 29 16 714 

3 28 Sl 11 90 

Nearly twice as much activity was extracted from the tissue of 

the flies fed phenylacetic acid than from those fed benzoic acid for 

the same length of time. This indicates that phenylacetic acid was 

metabolized at a slower rate than benzoic acid by this organism. 

It was anticipated that sorne radioactivity would be lost through 

metabolism of phenylacetic acid to radioactive carbon dioxide. This 

was investigated by collecting the respiratory 002 and measuring its 

radioactivity. No activity was found under these experimental condi- 

tions, leading to the conclusion that this was not an important 

pathway in the metabolism. 

When the extracts of excreta and tissue were examined by paper 

chromatography, three distinct radioactive spots were found. These 
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are referred to as unknown 1, 2, and 3 in the decreasing order of 

migration velocity on the paper as shown in Fig. 3 and LL. The 

location of unknown spots i and 2 was found to coincide with those 

of reference phenylacetic acid and the glycine conjugate of pheny- 

lacetic acid, phenylaceturic acid, respectively, which were run on 

the sante paper. 

As shown in iable , about 60% of the radioactivity appears 

to be phenylaceturic acid and 3!% is unknown metabolite 3. 

Table . The relative amounts* of xnetaboiites in 

the excreta of phenylacetic acid treated flies. 

Eçp. No. phenylacetic 

(%) 

i 
2 

3 <5 

phenylaceturic unknown 3 
(%) - 

38 

65 35 
56 39 

( The relative amounts were determined by comparing the relative 
areas of the chromatogram curves.) 

The Nature of unknown metabolite 3 

A preliminary experiment showed that one radioactive spot was 

obtained ori the paper chromatogram of an acid hydrolysate of the 

exereta. This is shown in Fig. 1.. Thus the radioactive spot due 

to unknown 3 was either a conjugate of phenylacetic acid or of a 

metabolite which was completely destroyed by the hydrolytic 

procedure. 

Three conjugating agents are known to be involved in the me a- 

bolism of phenylacetic acid in animals. These are glutarnine, 

glucuronic acid, and ornithine (29, p. 108). 
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A B 
The radioautograph of phenyiacetic acid (B) and phenylacetic acid 
ntetabolites (A) in n-butanol-benzene-buffer. 



Fig. 

A 

B 

- 
_II- -.I&--- 

w-- 
- 

1_1_iiir_ -w -- 
__, 1-_--- w --.-- 

Chroinatogram graphs or phenylacetic acid metabolites before 
and after hydrolysis in solvent systems: 
A n-butanol-ethaxiol-buffer before hydrolysis 
B. n-butanol-benzene-buffer berore hydrolysis 
C. " after hydrolysis. 



An attempt was made to hydrolyze the unknown by 3 -glucuron- 

idase usin the assay method previously described. No enzymatic 

cleavage could be demonstrated. This experiment sufÍered iron the 

lack of suitable standard substrate, although attempts were made 

to isolate glucuronide of phenylacetic acid from rabbit urine. 

In order to obtain enough radioactive material br a large 

scale chromatogram which would isolate enough of unknown 3 for a 

more detailed study, a mixture of radioactive (300,000 cpm.) and 

regular sodium phenylacetate (S mgs.) was fed to 2000 flies. 

The ethanol extract of excreta from this experiment was used 

for chromatographic analysis, because it was much easier to apply a 

su±iicient amount of radioactivity to the paper for chromatography 

than when an aqueous solution was used. .he extract was submit &ed 

to a preliminary separation as follows z About five mi. portior of 

the solution were applied as streaks rather than spots on 2 strips 

of ihatman #1 filter paper (1.5" x 22"). The strips were clamped 

between two glass plates and developed in solvent system III; 

n-butanol-benzene-buffer (80:5ii5) for 30 hours at room temperature 

using the ascending technique. After drying the paper strips over- 

night the raioactive band which corresponded to unknown 3 was 

located by the radioactivity. The band was eluted iith 95% ethanol 

from four to five strips of the chromatogram and concentrated in 

vacuo to a small volume. The concentrate was re-chromatographed in 

a second solvent system; n-butanol-acetic acid-water (:1:S), BAW. 

ihe eluate of single radioactive spot from the second chroniatogram 
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wa subjected to acid hydro1yis in a sealed tube as described 

previously. i. 'e hyctrolysate was evaporated to dryness over P20; 

and KOB pellets in vacuo, and the residue was re-dissolved in 

o. ml. waer. The aqueous solution was applied to paper (9" x 

u.Stt) for tm-dimensional chromatography o any amino acide 

present. ihe paper was developed first with BÂ in one direction 

Ïollowed by phenol-saturated-water in the other direction using a 

horizontal migration technique. he location di the amino acids 

was detecteci spraying with ninhydrin. From this chroniatograrn 

several nuithydrin-ositive spots were detected as shown in Fig. . 

4Y comparison with a set of standard amino acids run under similar 

conditions, the unknown amino acid spots were identified as glycine, 

threonine, serine, tyrosine, phenylalanine, and alanine. Leucino 

and glutamic acid may be present, but were not definitely identified. 

This list obviously does not include some of the amino acids that 

were destroyed by the acid treatment. 

The presence ol' these amino acids closely associated with 

radioactivity of unknon 3 after two successive chromatoraphic 

separations suggested that a peptide was involved in some manner. 

kadioactive eluate, identical to the one hydrolyzed above, was 

again obtained from two successive chromatographic separations and 

was dialyzed against one liter o1 distilled water. k his was done to 

further establish the purity of the radioactive material and to shed 

some light on the presence of the amino acids or the peptide. After 

the dialysis an aliquot of the solution in the bag was counted and 
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found to contain no radioactivity. Upon acid hydrolysis ol' he 

dialysa te followed by chromatography as before, no aidno acid spots 

were obtained. It still appears, therefore, that the raiioactivity 

and the peptide material were associated in some way. 

In a further investigation of the role oí peptido in metabolism 

of phenylacetic acid an experiment identical to the one involving 

hydrolysis was conducted usina control flies not treated with pheny- 

lacetic acid. The ethanol extract of excreta was subjected to chrom- 

atography in two solvent systems previous to acid hydrolysis as 

before. The hydrolysate after the final two-dimensional chromato- 

graphy was bund to contain no amino acid spots. 

Although the experiments described above are not conclusivo, they 

do tend to confirm the idea that small peptide is involved in some 

way with unknown phenylacetic acid metabolite 3. Thus the peptide 

and the raoloactive material remain associated through two chromato- 

graphic separations, were not separated by dialysis, and a peptide 

was not found when phenylacetic acid was omitted from the diet of the 

insects. 

A survey of literature indicated that such a role for proteina- 

ceous material would be rather unusual, although a peptide which was 

conjugated to PABA through the carboxyl group of the acid had been 

isolated by Ratner et al. (23, p. 69Li-69S) from yeast. These authors 

also observed that the peptide was dialyzable, acidic, and soluble 

in both water and ethanol. 



30 

The following diagram illustrates the possible origin of 

detoxication products obtained in this study. 

o 
phenylaceturic acid / 

diluì 

CH2COOH 

- E) 
phenylacetic phenylacetic acid (<S) 

acid 

J 

CH2C-PEPTIDE 

peptide conjugate of 
phenylacetic acid 

(3g-38%) 
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SUI'IMARY AND CONCLUSIONS 

The ntabo1ites excreted from the LUes administered C-benzoic 

or phenylacetic acids were studied by a paper chromatographic tech- 

nique. The glycine conjugates of these acids, identified by this 

technique and confirmed by the isotopic dilution method, were shown 

to be the najor metabolites. kree benzoic and phenylacetic acids 

were also present ii the excreta. Judging from the R.t values one of 

the bcnzoic acid metabolites appeared as protocatechuic acid. The 

chemical structure o1 the fourth metabolite was not determined, al- 

though several possible compounds were eliminated. Acid hydrolysis 

suggested that it was a conjugate of benzoic acid. Some evidence 

indicating that phenylacetic acid was excreted as a peptide conju- 

gate was obtained, No CO2 was found in the respiratory carbon 

dioxide from both groups of flies, leading to the conclusion that 

the decarboxylation of benzoic and heny1acetic acids was not an 

ixrrportant pathway under the experimental conditions employed. 

The following conclusions were drawn based on the above results: 

1. The most important reaction in the detoxication of beazoic and 

phenylacetic acids by house flies is the glycine conjugation. 

2. The metabolism Of phenylacetic acid in the insect is qualita- 

tively similar to that of benzoic acid. 

3. As far as benzoic and phenylacetic acids were concerned house 

flies have detoxication mechanisms similar to those of animals. 
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Tentative conclusions drawn were that a peptide conjugation of 

phenylacetic acid and possibly benzoic acid is the second important 

pathway, and that the oxidation of benzoic acid to form protocate- 

chuic acid is of sorne importance in the metabolism of benzoic acid. 
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