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SUMMARY 

The metabolism of methylenedioxy-l4C- and a-methylene-l”C-piperonyl but- 
oxide in the rat was elaborated using both thin-layer and radioautographic techniques. 
Following single intravenous injection of the methylenedioxy-1°C isotope, 13 metab- 
olites were detected in the bile and II in the urine, while the analogous administration 
of the a-methylene- 1% isotope resulted in 24 metabolites in the bile and 26 in the urine. 

Co-chromatographic procedures have suggested the similarity (in & values) of a. 
total of 14 biliary and 14 urinary metabolites arising from both isotopes. In addition, 
significant radioactivity from each isotope was detected in the lung and fat and identi- 
fied as unchanged piperonyl butoxide in both cases. The rates of biliary elimination of 
metabolites from both isotopes indicated initially high levels of excretion followed by 
a $,roZosg& period of elimination. The significance of this in addition to the tissue resi- 
dues is discussed. 

INTRODUCTION 

In an earlier paper1 we reported on the elimination of the methylenedioxyphenyl 
pesticide synergists piperonyl butoxide (I) and tropital (II) and their metabolites in 
rat bile and urine, resulting from single intravenous administration of the two com- 
pounds. 

H& 
H20CH2CHZOCHZCHZOCqHg 

H2C< 

(I) (II) 

The purpose of this investigation was to explore further by thin-layer and radio- 
autographic techniques the nature of the metabolites and radiocarbon distribution 
pattern in the animal of piperonyl butoxide labeled in the methylenedioxyJ%* or 
a-met hylene- 14C* side chain, in separate, but identical, experiments. 

* Methylencdioxy- 1% and cc-mcthylene-‘4C pipcronyl butoxide were obtained from New 
England Nuclear Corp., Boston, Mass., U.S.A., in specific activities of 26.0 and 27.0 mC/mM, 
respectively. 

J. Chromatog., 41 (1969) 61-79 
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EXFERIMENTAL 

Preparation of the $Eates 
Thin-layer plates. Silica Gel GF (Analtech)* (250 mm, 8 x 8 in.) plates were 

washed by ascending chromatography with chloroform-methanol (L : I), then acti- 
vated at 1x0~ for 11~. 

Prefiarative $dates. Chromaflex TLC gradient plates (Kontes) * * (a “wedge”- 
type channel plate whose ground channel decreases in depth from IOOO to 125 ,u; 
outside dimensions are 200 x 200 mm) were prepared with Silica Gel PI?,,, (Brink- 
mann). The plates were washed with chloroform-methanol (I: I), then activated at 
110~ for 2 13. 

Sozvl?nt systems 
(A) Toluene-acetic acid-water (IO: IO: I). 

(B) Ethyl acetate-acetic acid-methanol (70 : IO : 20). 

(C, +Butanol-acetic acid-water (IO:I:I). 

(D) Benzene-acetone(sg:~). 

C?iromogeni~ reageds 
(I) Chromotropic acid2. 
(2) Ferric chloride-potassium ferricyanide reagent3. 

Bile and urine sam$ling 
Single intravenous injections of both the 14C-labeled piperonyl butoxide samples 

were given to adult male rats of the Sprague-Dawley strain averaging 300 g in weight. 
Bile samples were collected by fistula and urine samples by cannulation from each rat. 
Details on the handling of the animals, anesthesia, surgery and sample collection have 
been previously describedd. Ten urine samples were collected from each administered 
isotope, one before i.v. injection, eight at appropriate intervals after injection and the 
last at the termination of the bile collection, All samples were frozen until the time of 
analysis. 

Pre$aration of tissue homogenates 
,. 

Tissues were homogenized in distilled water with a tri-R t&on tissue homogeniz- 
er, the final volume being adjusted to contain IOO mg solids/ml of homogenate. Radio- 
activity was measured in aliquots of the homogenate which had been added to hy- 
droxide of Hyamine-IoX (Packard Instrument * l ‘) .The homogenate-hyamine solution 
was added to a dioxane scintillation solution* * *, then counted in a PackardTri-Carb 
Model 3375. An internal standard was added to the sample (to determine the degree 
of quenching). 

Purification of $+evostyl b&oxide 
Non-radioactive. Technical' grade piperonyl butoxideg was purified by prepara- 

* Obtained from Analtech, Inc., Wilmington, Del., U.S.A. 
l * Kontes Glass Co., Vinclancl, N. J., U.S.A. 

l ** Packard Instrument Corp.,, Darner’s Grove, Ill., U.S.A. 
Q Obtained from McLaughlin, Gormlcy and King Co., Minneapolis, Minn., U.S.A. 
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tive plate chromatography. A 20 oh solution of piperonyl butoxide in benzene was ap- 
plied with a Radin-Pelicls streaker*, in amounts of approximately 75 mg per plate, 
to a gradient plate prepared with Silica Gel PIigfi4, then developed with benzene-aceto- 
ne (39 : I). After development, the impurities were scraped from the plate, the plate 
developed with methanol in a go0 dimension to flush the compound to one end 
of the plate where it was then scraped onto an elution column. The column was a 
6-in. disposable pipette containing a plug of glass wool, then l/e in. of Adsorbosil, CAB 
1420,140/200 mesh* and finally the silica gel scrapings from the above two-dimensional 
chromatogram of piperonyl butoxide. The column was eluted with methanol, and the 
eluate concentrated under nitrogen. (About 2-2.5 ml of eluate was obtained per prc- 
parat ive plate.) 

Rndioaclive sanzj?hs. Between Igoo-zooo ,uC of the methylenedioxy-1°C isotope 
were mixed with purified non-radioactive piperonyl butoxide (I :25) and chromato- 
graphed on Silica Gel PI;,,, p lates and developed with benzene-acetone (39: I) as 
above. The chromatographed sample was checked for purity by preparing an auto- 
radiogram of a 5 /Al re-chromatographed aliquot. 

os-Methylene-W-piperony 1 butoxide (7,775~8,000 PC) was purified by preparative 
chromatography as above. A two-fold purification followed by dilution with non-radio- 
active piperonyl butoxide (I :20) yielded a product of analogous isotope activity to 
that of the methylenedioxy-r4C-piperonyl butoxide. 

Carbon dioxide analysis 
Expired air from rats injected with labeled piperonyl butoxide was bubbled 

through two traps of IO ml each of hydroxide of Hyamine IO-X**. Both traps were 
replaced with fresh solutions approximately every half hour. An aliquot of the solution 
was subsequently removed from each trap and counted (radioactivity was found pri- 
marily in the first trap with a slight amount carried over to the second trap). 

Clzronaalogra$4y 
Ten to twenty microliters of all bile and urine samples were applied on Silica Gel 

GF (Analtech) plates. The bile samples were developed two-dimensionally with 
toluene-acetic acid-water (IO: IO: I) and with%-butanol-aceticacid-water (IO: I :I) for 
the go” development. The urine samples were developed two-dimensionally with ethyl 
acetate-acetic acid-methanol (70: IO: 20) and with +z-butanol-acetic acid-water (IO: 

I :I) for the go0 development. Seven-day autoradiograms were then made of each 
plate and finally each plate was sprayed with chromotropic acid reagent, then heated 
at 120° for 5--x0 min to develop the color and photographed using equipment and 
procedures previously described 1. Separately developed plates were also sprayed with 
the ferric chloride-potassium ferricyanide reagent and the developed colors recorded 
(the reagent is positive for phenols). 

Prej5aYalio9a of aattoradiogranas 
Seven-day autoradiograms were prepared by sandwiching 6.5 x8.5 Kodak 

Medical X-ray (No-screen) Safety film between the chromatoplates and a glass plate, 
then taping the two plates together. The films were developed with Kodak X-ray 

l Obtained from Applied Scicncc, Lnc., State Collcyc, Pa., U.S.A. 
l * Obtained from Packard Instrument Co., Darner’s Grow, Ill., U.S.A. 

J. Ckvomalo~.. 41 (1969) 61-79 
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Fig. I. (A) 1f33 h two-dimensional autoradibgram of rat bile (IO 141) after i.v. administration of 
mcthylencdioxy-W-pipcronyl butoxido (50 ~1, 183 PC). Plate developed (150 mm) first with 
toluene-acetic acid-water (IO:IO:I), then at go0 for IOO mm with N-butanol-acetic acid-water 
(IO:I : I). (B) 168 h two-dimensional autoradiogram of rat bile (IO ~1) after i.v. administration of 
a-mcthylene-WZ-piperonyl butoxide (50 ~1, 167 /AC). Plate developed (150 mm) first with toluene- 
acetic acid-water (IO:IO:I), then at go0 for IOO mm with n-butanol-acetic acid-water (IO: I : I). 

J. Clwomatog., 41 (rgGg) 6X-79 
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developer and fixed with regular Kodak fixer using the manufacturer’s recommended 
specifications. 

RESULTS AND DISCUSSION 

Bile metabolites 
Following the single 

a-methylene-14C-piperonyl 
iv. administration to the rat of methylenedioxyJ4C- and 
butoxide, 13 and 24 radioactive biliary metabolites were 

detected by thin-layer chromatography and autoradiography (Figs. IA and IB, 
respectively). Table I depicts the summary of rat biliary metabolites in terms of their 
Ep values, their respective c.p.m. and detection with both chromotropic and ferric 
chloride-potassium ferricyanide reagents following two-dimensional chromatography. 
Unbracketed RF values are those obtained with the first development and bracketed 
values obtained by the latter go” development. Also shown in this table are RJP values 
and spot colors with chromotropic acid for IzoN-radioactive biliary metabolites (a 
total of eight for both experiments also found with the above two-dimensional 
TLC:). 

A consideration of the isotopic material used suggests that most of the biliary 
metabolites resulting from the methylenedioxy- 1% isotope should also appear in the 
bile following administration of a-methylene-*‘K-piperonyl butoxide as long as the 
propyl side chain remains intact. 

‘To ascertain which of the isotopic metabolites were similar on both autoradio- 
grams, two techniques were used, viz. .(,I) IO ,@ of each isotopic bile sample were spotted 
on separate plates and each plate developed in two dimensions simuItaneously in the 
same tank, and (2) 3 ~1 of the a-methylene- 1% isotopic bile was spotted separately on 
three TICplates. Methylenedioxy- W biliary samples (3,6 and g ,ul, respectively) were 
superimposed on the initial 3 ~1 a-methylene- 1% biliary spot and developed in two 
dimensions as above. Under these conditions, the following metabolites appeared 
identical (according to their Rr;l values) : A = I ; B = 2 ; tZ = 3 ; 33 = 4; F = 8; 
M = 24 and H = 7. 

It is interesting to note that all radioactive compounds in the methylenedioxy- 
l*C bile were detected with the chromotropic acid reagent when the metabolite concen- 
tration was equal or greater than 353 c.p.m. The only exception was metabolite F, 
which possessed a c.p.m. of 2,877, h the case of a-methylene-W metabolites, meta- 
bolites 12 and 18 also reacted positively with chromotropic acid reagent, but both 
appear as non-radioactive compounds in the methylenedioxy-1% bile samples. Com- 
pounds at R,;, x IOO, e.g. 90 (goj, 8z ‘(SS) and 16 (32) also gave a positive chromotropic 
acid reaction but appeared as non-radioactive metabolites in both isotopic bile samples. 
These observations are diEcult to interpret since chromotropic acid reagent reacts 
positively with the methylenedioxy moiety via intermediate formaldehyde formation 
thence, chromogenic reaction with di’hydroxy-2,7-naphthalenesulfonic acid. The possi- 
bility 'of tivb compounds present in one spot cannot. be excluded. Table I: also reveals a 
number of phenotic meqoE&S w&h fhe ferr& chl.oride=--po~ &zXr&q&&~ 
re’agenr, e.g. meeabofites F and M and metabofiifes 8, Q< 20 and 

: .SAyS% d #s-&*>~kne~~x b&s ii!$ampI~ ,pt$speiX~&>~_ 

24 found in fhe,methy- 
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Fig. 2. Relationship of the total radioactivity (c.p.m.) with time of all the biliary metaholitcs 
following i.v. administration of a-mcthylcne- 1°Cpiperonyl butoxidc (curve A, scale o-3Go x ro3 
c.p.m.) and methylcnedioxy f*C-piperonyl butoxide (curve B, scale o-20 x 10s c.p.m.). 
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Fig. 3. (A) Relationship of radioactivity (c.p.m.) with time of the combined major biliary meta- 
bolites (numbers G tind 7) following i.v. administration of a-methylenc-1°Cpipcronyl butoxide. 
(13) Relationship of radioactivity (c.p.m.) with time of two biliary metabolites of intermediary 
activity (numbers 12 and 13). . 
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30 min, every 5-6 min for the next 3 h and finally every IO min to the conclusion of 
the experiment. 

Within 4 min after administration, metabolites F and G LS well as metabolites 
6 and 7 appeared in the bile following administration of both isotopes. Within 13-14 

min after injection, all metabolites detected appeared in each bile series, 
Fig. z depicts the plot of the total activity VCYSZCS time of all the biliary metaboli- 

tes following iv. administration of a-methylene-I%- and methylenedioxy-l*C-piper- 
onyl butoxide (curves A and B, respectively) and demonstrates the $‘roZonged elimina- 
tion of the metabolites (to 400 min) following initially high levels of excretion. The 
approximately ten-fold higher biliary elimination of the a-methyleneJ*C isotope 
(curve A, 0-360 x 103 c.p.m. scale) compared to that of the methylenedioxyJ*C 
isotope (curve IS, o-20 x IO3 c.p.m. scale) is also illustrative. 

Figs. 3A and 3B illustrate the relationship of radioactivity (c.p.rn.) with time for 
the combined major biliary metabolites (6 and 7) and metabolites of much less activity 
(12 and 13), respectively, following i.v. administration of a-methylene-14C-piperonyl 
butoxide. 

Table II summarizes the total (metabolites 6 and 7, 12 and 13, as well as the 
combined remaining metabolites) radioactivity of the biliary a-methyleneJ*C-piper- 
onyl butoxide metabolite recovery from 6.1 to 385.1 min. Metabolites 6 and 7 account 
for 50 yO or more of the total biliary excretion. 

Fig. 4’depicts a plot of the activity VeYsZts time of the major biliary metabolites 
(C and H, M, F and G) following the i.v. administration of methylenedioxy-14C-pi- 
peronyl butoxide. Table III (in. an analogous manner to that of Table II above) sum- 
marizes the total (metabolites C and H, I?, G and M, as well as the combined remaining 
metabolites) radioactivity of the biliary methylenedioxyJ*C recovery from 2.3 to 
417.6 min. The above five metabolites account for approximately go YO or more of the 
total biliary excretion, 

70001- 

t I I t ! I t I I I 

40 80 120 160 200 240 280 320 360 400 
Time (mid after injection 

Fig. 4. Relationship of radioactivi!y (c.p.m.) with time of the major biliczry motabolitcs (C and 
I-I, M, I? and G) following i.v. administration of mcthylcncdioxy-1%piperonyl butoxido. 

Urine metabolites 
Eleven and 26 metabolites have been detected in the urine of the rat fol- 

lowing administrationof methylenedioxyJ*C- anda-metl~ylene-14C-piperonyl butoxide, 

J. Clwomalog., 41 (x.969) 61-79 
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72 L. FLSI-IBEIN, H. L. FALK, J. FAWKES, S. JORDAN, B. CORBETT 

Fig. 5. (A) 168 h two-dimensional autoradiogram of rat urine (IO ~1) taken 336 min after i.v. 
administration of methylencdioxy- 1Gpipcronyl butoxidc (50 1~1, 183 /AC). First development 
(I 50 mm) with ethyl acetate-acetic acid-methanol (70 :IO: zo), then go0 development (150 mm) 
with +butanol-acetic acid-water (IO: I :I). (B) 168 h two-dimensional autoracliogram of rat urine 
(10 ~1) taken 235 min after i,v. administration of a-metl~ylene-l‘W-pipcronyl butoxidc (50 ~1, 
167,~ C), Pirst development (I 50 mm) with ethyl acetate-acetic acid-methanol (70 : IO :20), then go0 
development (150 mm) with n-butanol-acetic acid-water (IO:I :I). 

J. Chvomatog., 41 (1969) 61-79 
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TABLE IV 

SUMMARY OF RADIOACTIVE METABOLITES IN RAT URINE POLLOWING SINGLE INTRAVENOUS ADMINI- 

STRATIONS OB M13THYLENEDIOXY-14C- AND c&METNYLENE-~~C-I?IP~~RONYL BUTOXIDE 

MetJyZenedioxy- 14C-~i~evonyZ ct-MetJ~yknc 
butoxide 

-1”C+i/mo~ayl butoxide 

Metabolite 
spot No. 

R+ x IOO Mrtnbolitc 
spot No. 

Rfi*n x IOO Mctaboli te 
spot No. 

RI,.& x IOO 

I 0 (0) I 0 io) 14 41 (31) 

2 7 (15) 2 0 (5) 15 3 29 (13) 3 I4 (4) 16 1: I;:; 

2 29 41 (24) (31) 
4 I9 (0) I7 

I7 (12) 
50 (0) 

18 52 (33) 

6 

z ;: 

[;$ 2 
I9 

(15) 
I9 

; 24 (51) 20 21 ;; 60 

I;$ 

63 (51) 25 (17) (57) 
9 

IO z;: I;;,’ 
9 27 (22) 22 63 (41) 

IO 32 (32) 23 69 (49) 
II 95 (77) II 37 (24) 24 75 (57) 

12 39 (51) 25 82 (69) 
I3 35 (0) 26 90 (73) 

0 Adsorbent : Silica Gel Gl?. Developing solvents : first clevelopmcnt : ethyl acetate-acetic 
acid-methanol (70 : I o :20) (unbracketed Rp values) ; go’ clevelopment : Iz-butanol-acetic acid- 
water (IO :I :I) (braclcetcd Rp values). 

respectively, as depicted in two-dimensional autoradiograms shown in Figs. gA and 
$3. Table IV summarizes the Rp values of the urinary metabolites obtained on Silica 
Gel GF (Analtech). The developing solvents were ethyl acetate-acetic acid-methanol 
(70 : IO : 20) for the first development and ?z-butanol-acetic acid-water (IO : I : I) for the 
second go O development. 

Co-chromatographic autoradiographic procedures utilizing both isotopic urine 
samples (in a manner analogous to the biliary metabolite analysis described above), as 
well as a comparison of the autoradiograms from both isotopes and the tabular RF 
summary (Table IV) suggests the following similar urinary metabolites (the asterisked 
number referring to the cc-methylene- 1% metabolite) : metabolites I and I* ; 2 and 5* ; 

3 and 6* ; 4 and g” ; 5 and r4* ; 8 and 22* and II and 26*. 
Fig. 6 depicts the plot of the total activity Z~WSZ~S time of all the urinary meta- 

bolites following iv. administration of a-methyleneJ~C- and methylenedioxyJ4C- 
piperonyl butoxide (curves A and B, respectively). Figs. 7 and 8 illustrate the relation- 
ship of activity VCYSUS time for the major urinary metabolites of methylenedioxyJ4C- 
and a-methylene-14C-piperony 1 butoxide, respectively. The analogous prolonged ex- 
cretion of urinary metabolites for both isotopes is illustrative. 

Table V summarizes the radioactivity (c.p.m.) recoveries with time of the urinary 
metabolites I-g following iv. administration of the methylcnedioxy-l”C isotope. 1 

Table VI in a similar fashion depicts a summary of the radioactivity recoveries 
with time of the majority of urinary metabolites following i.v. administration of a- 
methylene -14C-piperony 1 butoxide. 

J. Clwomatog,, 41 (1969) 61-79 
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160000 

140000 
F 

120000 
t 

3 100000 
6 
2 80000 
.z 
‘z 60000 
a i 

Curve B 

Y-----b 

0’ - ’ I t I I I 
.40 80 120 160 200 240 280-3203604~ 

Time (mid after injection 

Fig. 6. Relationship of the total radioactivity (c.p,m.) with time of all the urinary mctabolitcs 
following i.v. administration of a-mcthylenc- 14C-pipcronyl butoxide (curve A) and mcthylcnc- 
diosy-%-piperonyl butoxidc (curve 13). 

10000 

9000 

8000 1 
6000 - 

Tlme (mln) after injection 

Fig* 7. Relationship of radioactivity (c.p.m.) with time of the major urinary metabolitcs (number I, 

5, 6, 7 ancl 8) following i.v. administration of mcthylcncdioxy-l*C-piperonyl butoxide. 

Tisstie distribzctiom of radioactivity 
Table VII illustrates the percent radioactivity recovered from iv. administered 

a-methylene-i4C- and methylenedioxy-14C-piperonyl butoxide in rat tissues and 
excreta. Results from analogous experiments with methylenedioxy-W-tropital are 
included for comparison. Table VII illustrates the wide distribution of the isotopes in 
tissue and points out the unexpected large percentage of total radioactivity in both 
lung and:fat for each isotope under study. Both whole lung tissue and peri-renal fat 
were analyzed by both thin-layer chromatograplly and autoradiography. 

J. Cltromatog., 42 (1969) 6x-79 
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METABOLLSM OF PIPERONYL BUTOXIDE IN RATS 

Time tmin) after qectton 
Fig. S. liclationship of radioactivity (c.p.m.) with time of the major urinary metabolitcs following 
i,v. administration of a-mcthylenOW-piperonyl butoxide. 

TABLE VII 

FERCENT RADIOACTIVITY RBCOVERED FROM INTRAVENOUS ADMINISTRATION 0FO!-METNYL&NE-14C, 
METHYLENEDIOXY- 14C-PIPERONYL BUTOXIDE AND METNYLENEDIOXY- 14C-TROPITAL IN RAT TISSUES 
A ND EXCRETA 

xisszles Isotope& 

PifisronyE butoxide Xropilal 

c+Methylene-1% n/retl~ylc~aedio.-~4C Mcthylene-l% 
- ^-- 

V-4 v-7 v-5 V-G 

Lung 25.07 17.15 16.38 14.73 12.30 
Liver 1.33 1134 61.42 3.61 2.55 
Spleen 0.01 co.01 0.04+ 0.05 0.09 
Kiclneys 0113 0.14 0.28 0.29 0.18 
Heart 0,46 0.11 0.11 0.09 1.01 
%hymus 0.81 0.17 0.11 0.21 o.oG 
Blaclcler co,01 - 0,OI 0.01 0.01 
Muscle 11~61 3.41 3.08 5.13 5.74 
Fat: 9.22 14.00 11.67 IS.10 12.33 
G.I. tract I,OS 0.75 o&3 0.89 0.72 
Blood 0~67 3.11 3.87 2.ss Not available 

Bile 25.52 46.70 3.40 3.33 7.00 
Urine 5$21 5.10 0195 0.74 13.00 
CO2 <O,OOI - 40.00 41.61 0.801, 

Total recovery (%) g1:12 9I.98 84.95 91.67 (55.82) ” 

a a-Methylcnc-1QGpipcronyL butoxidc : 50 1~1 (3.72 X 10~~p.m.) ‘( 167 /AC) administered. Collec- 
tion time: 7 h 35 min. Mcthylcneclioxy- W-pipcronyl buloxidc: 50 ~1 (4.07 x IO@ c.p.m.) (183 ,uC) 
administered. Collection time: 7 h 56 min. Methyleneclioxy- leC-tropital: 50 1.~1 (5.3 x 10~ c,p.m.) 
(3,2 PC) sdminislcred. Collection time 7 h 55 min. 

b Ssmplc lost during collection. 
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TABLE VITI 

TWO-DIMENSIONAL THIN-LAYER CMROMATOGRhPHYn (&’ VALUES x ZOO) OF RAT LUNG AND PERI- 

RENAL PAT FOLLOWING INTRAVENOUS ADMINISTRATION OF METNYLENI”>DIOSY-14C- AND a-METHY- 

LENE-lQC-l’IPERONYL BUTOXIDE . 

PZate 
NO. 

Solvent 
systena 

Pipcvonyl 
bzcloxidc 
slandavd 

Lung 

Mctltyfcne- 
diozy-1% 

Pipcvonyz Pevi-venal 

a-Melltylc~ae-1°C 
butoxide fat 
standard 

A 

I3 

A 

C 

C 
C 

A 
D 

I3 
C 

66” 

(94) 

66” 

(19) 

(::, 

66” 

(83) 

0, 66” 

(01, (94) 

66b 

(19) 

0, 66” 

(011 (94) 

66’, 
(19) 1% G, 

66” 

(83) 

(% (% 

a Absorbent: Silica gel GF (Analtech). Solvent systems: (A) tolucnc-acetic acicl-water 
(IO : IO : I) ; (13) ethyl acetalc-acetic acid-methanol (70 : I o :20) ; (C) benzene-acetone (39 : I) ; (D) 
w-butanol-acetic acid-water (10 : I :I). Unbracketed Rp values are for the first dimensional clc- 
velopmenl. Bracketed Rp values are for the go’ development. 

TV Solvent front 150 mm. All other solvent fronts are IOO mm. 

Table VIII depicts the results of two-dimensional thin-layer chromatography on 
Silica Gel GF of rat lung and peri-renal fat homogenates obtained from both isotopi- 
tally labeled piperonyl butoxide treated animals. Four solvent systems were used to 
identify the radioactive spot as unmetabolized piperonyl butoxide in lung tissue 
(along with two metabolites in minor amounts), and in peri-renal fat, using two solvent 
systems. 

Table IX depicts the percent radioactivity found in rat lung homogenates on 
two-dimensional radioautograms following the iv. administration of both W-labeled 
piperonyl butoxide samples and shows that the overwhelming amount of radioactivity 
in both cases is accounted for by unmetabolized piperonyl butoxide (96-9s o/O). 

Ancillary studies are in progress involving the elaboration of metabolites 
following the oral administration of piperonyl butoxide to the rat and preliminary 
TLC findings have also demonstrated the presence of free piperonyl butoxide in whole 
lung homogenates. 

CONCLUSION 

It is impossible at this stage to identify the large number of biliary and urinary 
metabolites detected following the i.v. administration of both methylenedioxy-W- 
and ac-methylene-WZ-piperonyl butoxide. 

CASIDA~ has shown that tropital is oxidized to piperonylic acid following i.v. 
administration thence converted to piperonyl conjugates with the following amino 
acids: alanine, glutamate, glutamine, glycine and serine. 

J. Cltrovnatog., 4r (1969) 6x-79 
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TABLE IX 

I'RR CENT RADIOACTIVITY OF METABOJ.ITES IN RAT LUNG HOMOGENATES ON TWO-DIMENSIONAL 
RADIOALYTOGRAMS POLLOWING INTRAVENOUS ADMINISTRATION OP METIIYLENEDIOXY-14C AND a- 
MI%TIIYLENE-14C-PIDBRONYL13UTOXIDE 

Methylensdio.zy-1% 

lip x IO0 c.p.m. y. nctivity 

Total c.p.m. (20 (41) 
Total c.p.m. (100 ~81) 
C.p.m. whole 

hornogcnatc (I00 141)‘~ 
C.p.m./mg (corr.) 

0 (0) 40.5 2.7 
6G (0) I49 0.1 
66 (94) x4.179 96.2 

14.733 
73nG65 

71.730 
12,366 

a-Mstkylene-14C 

zfiq x 100 c.p.m. o/o activity 

9 (0) 455 I.5 
GG (0) 169 0.6 
6G (94) 29,044 97.9 

2g,GG8 
148.340 

130,540 
24,175 

a Absorbent : Silica. Gel GP (Analtcch). Dcvclopcrs : first climcnsion : tolucne-acetic acicl- 
wster (Io:Io:I) (unbrackctccl Rp values) ; go0 dcvclopmcnt: ethyl acetate-acetic scicl-methanol 
(70:10:20) (brackctccl Rp values). 

1) Ssmple clissolvecl in hyamine ancl counted in a Packarcl Tricarb Scintillator Moclcl No. 3375. 

Conditions may exist for the metabolism of piperonyl butoxide, e.g. via a pi- 

peronylic acid and/or propyl piperonylic acid derivative, followed by conjugation as 

above; this facet is currently under investigation. 
CASIDA and co-workersS~7have also shown that following oral administration to 

mice and rats,piperonylbutoxideislargelyattackedatthemethylenedioxygrouping. 

The release of formate-1°C onscission ofthehydroxymethylene-IQC-dioxyphenylgroup 

wouldleadtoboththeformation ofIWO,and alsotheintroductionofformateJ4Cinto 

the general metabolic pool, henceleadingtothe potential formation of large numbers 

oftaggedmetabolites. We areinvestigatingthisaspectinourstudies. It should alsobe 
noted that neither urine nor bile contained wzclzanged piperonylbutoxide. 

The prolonged excretion of biliary metabolites shown in Figs. 2, 3A, 3B and 4 

followingthei.v.administration ofbothisotopesre-emphasizestheconclusionsreached 

inearlierstudieswithpiperonylbutoxideI andtropital ls8.0f paramount importance is 
the finding of free piperonylbutoxidein the lung following bothiv. and oraladmini- 

stration of labeled piperonylbutoxide. Equally important is the finding of the high 

percentage of radioactivity in the lung following i.v. administration of methylene- 

dioxyJ4C-tropital. 

These studies serve to emphasize certain hazards which 

repeated and prolonged inhalation or contact with pesticide 

further exploration. 
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