
Although ;I rcccnt comprchcnslvc re\ieN article discusses 
the participation of gastrointestinal micro-organisms in the 
metabolism of xenobiotlc substances [I]. the role played 
by the enzymes of the gastrointestinal tract itself in the 
mctabohsm of ingested drugs or toxic agents has not been 
fully appreciated or adequately explored. 

The presence of an arylnmidasr in the intestine that 
could hydroljre drugs that contain an amldc functional 
group was suggcstcd by the work of Michel 01 trl. [Z]. who 
first reported that acctanilide was hydrolyrd by rat inlrs- 
tinal homogcnatcs. albat at only a slov rate compared 
to liver. Krebs cr trl. [3] observed that mucosn from sheep 
jejunum were capable of hydrolyzing the :tcet!l group from 
acet~lsulfomc~~~thine, while Gomori [3] prcscnted histo- 
chemical evidcncc that rat and guinea pig intestinal 

mucosa contain an amidase that hqdrolytcs the amide 
group of ,2’-chloroacetyl-7 (or /I)-naphthqlamines. Patkl 
and Shirsat [S] concluded from indirect cbidcncc after OIKII 
jading of ii number of homologous .\ ‘-aliphatlc aq I dc- 

rllati\es of sulfadiarinc to mice that deacylation occurred 
~fi the gastrolntcstmal tract. the proplonyl and butyrl group 
being the most rapidly dcaqlntcd. The presence oi 
an enqme in rat ,jqunal strips that rc:tdll) h!drolqrcd the 

but! r\l group from the cat-c~nogen~c \ -~-ll~lorcnqlbut~r- 
amldc (FBA) M;IS demonstrated h! Naga\a~\a and Gut- 
mann 161. Rccentll, Wang and Bqan [7] noted that 
homogenates prrparcd from the small intestine of rats. 
mice, hamsters. and guinea pigs hydrolyzed the fol-m!l 
group from A-form>latcd nitrof~lr~lthiarolamines. 

WC wish to report that intestinal mucosa from a number 

of different species contain an arylamidusc~- \\hich can be 
isolated from whole intestinal homogenates convenicntl> 

in the form of acetone ponders of the soluble fraction 
that IS espcciallq actikc in dcac;latinp the butql-yl group 
from FBA. Some of the propcrtics and specificities of this 
arqlamidase have also been studied 

!\l~r~io/.\ UU/ ~rwr/w~/.~. \ -I-Fluorocn~ Ibut! ramidc. \ -2. 
tluorrnqlacetamidc. :L-3-Buoren~lsuccinamic acid. .\-2- 

fluoren~lbenzamldc. and ,2’-2-tluorcn)l-p-tolucnesulfona- 
midc. all prrparcd in this laboratory. were available from 
an earlier stud! [6]. I-Acctamidobiphenyl. p-nitroacetanl- 
lide. 4ncetamidohenzoic acid. and ,‘V”-acet~Ist~lf~~nilamidc 
were prepared by acetylatlon of J-aminoblphenl I. 1’.n- 
troanilinc. /wminohcnzoic acid and sulfanilamide. I-cspect- 
i~cly. b! standard proceduI-cs folloucd by at le:tst t\lo 
cr!stallizLtions from appropriate soI\cnts to gi\c pr-od- 
ucts with melting point5 corresponding to the litcruturc 
vnlucs. 

When possible. the animals wcrc fated 34 hr brforc sac- 
rifice and subsequent excision of the small Intestine. The 
longitt,dinallq-slit intcstinc (jqlunum and ileum. pooled 
from 2 3 animals ahen nrcessar)) was washed gently vith 
cold isotonic saline. cut into small squares. blotted on filtcl- 
paper. and weighed. A IO”,, (M v) homogenate uas pre- 
pared in ice-cold demineralized uater bq blending in :I 
Waring blcndcr for 5 4 min. The mince was further homo- 
genircd in a pcrf~uorocarbon-on-&lass homogenlzcr until 
al1 of the large pw~s of tissue Lccrc disintegmted. The 

hcawcr particulate fraction ~11s lirst sedimented b! ccntri- 
Ligation at 0000 q (K,,,,$,) for 20 mm at i-5 the sediment 
v.w washed with 20 ml of fresh demineralircd water h> 
homogcni7ation. and the centrifugatlon repeated. The com- 
hmed supernatant fractions wre then centrifuged at 
I10.000 (1 (/<,,_I for at Icast 60 min to rcmolc the micro- 
somcc. To prccipitute the enrlmc. the I10.000 q supcrna- 
tant was diluted wrth IO WI of ice-cold acetonc. After 

standing scvel-:[I hours or occrnight. the protcin precipitate 
II;~S scdimcntcd h> centrifugation at 700 q Ibr 5 min. 
washed once uith I \ol of cold acetonc. rcscdimented. and 
cvllcctcd by filtration (suction) on ;I sintsred glass filter. 
No further attempts v,crc msdc to purify the rnryme 

hebond this stage. The acetone powders can be kept at 

-5 in tight)! capped vials for several months without 

detcctablc loss of enzymic activit!. The nitrogen content 
of thcsc acetonc po\+ders as determined hk ;I semi-micro 
Kjehldahl proccdurc \+:I) 0.12 i 0.01 mg nitrogen ‘mg of 

preparation TOI- all of the species studied. viz.. rat (Holtz- 

man. male. female). mice (CF-I. m). guinccr pig (Mayo 
Clinic strain. m. I). rabbit (albino laborator) stock. m. f). 
dog (mongrel. m). The smaller ammals Mere sacriliccd bq 
cervical dislocation. the rabbits acre killed b> cxsanguina- 

tmn from the heart. and the dog intcstmes were obtained 
during experimental surgery. The human speamcn \I;IS a 
male adult patient c\ ho had died from Hodgkins disease: 

the Intestine was removed 3 hr after death. 
The acetone ponders. although prepared from the sol- 

uble fraction ol the intcstincs. did not completeI! redissolve 

in M IS phosphate buffer. pH 6.X: therrforc. the enzyme 
suspenswns (0.10 -l.O”,,. M v) Mere homogenized just bcforc 

use in order that rcprcsentatiw aliquots could hc taken. 
The incubation slstcm contained 0.20 2.0 ml of the 

rnrymc suspensions in huffa corresponding to protein 

nitrogens ranging from 0. IO to 9.6 mg per tube, 200 nmolcs 
of the acctvlntcd aromatic amine (added as 100 pl of a 
1.00 x IO ’ M stock solution 01‘ the substrate in SY,, eth- 
anal). and M I5 phosphntc buffer. pH 6.X. to ;I total $01 
of 3.0 ml. After incubation at 37 in iilr for I or 2 hr. 

the rcaction was stopped by the addition of 4.0 ml of Y’,, 

perchloric acid. and the precipitated proteins scdimentcd 
b! centrifugation at I I.000 g (K,,,,,,) in the cold for 30 min. 
Control tuba 15 hich L\crc also incubated included one 
whel-c cnqmc V.:IC omitted. one where substrate has omit- 

ted. and one to wvc as internal htandard M here 200 
nmoles (theoretical amount Ilberatcd bj complete hqdroly- 
his) of the corresponding free amine replaced the acctylated 

5ubstratc. 
The aromatic amincs liberated h! the action of the intcs- 

tinal amidasc were quantitatiwl> determined by diaroti/a- 
tion and coupling with wdium ~-naphthol-?.h-JistIlfonotr 
(R-salt) using B proccdurc patterned after both the Brattotr 
and Marshall test [X] and the R-salt method of West- 
fall [9J as follws: to .3.0 ml of the dcprotcinized incuba- 
tion mixtures. I.0 ml of 2N HCI and I.0 ml ofO.lo”,, (H v) 

aqueous NaNO, acre added successively. After mixing 1;~ 
3 min. 1.0 ml of ;L freshly-pt-cparcd 1.0”,, (w v) solution 
of sodium 2-naphthoI-3.6-dis~~lf(~~~~~tc (which had been re- 
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Substrate 

111 r 11, 11, I m I 111 111 

I~-7-FluorenqIbut4ramidc (FBA) 155(f) 1 1001- 2 7001 I70 s: s-l 70 .33 63 15 
,V-2-Fluorenylacetamidc 44(m) h : 77 XS -12 3 IX 17 <.y <5 

N-2-Fluorenylsuccinamic Acid <s IO I5 9 5.0 3s I 5 ,c .! 
Ri-2-Fluorenylbenramidc <5 II < 5 <I 5 < 5 -5 c-5 
4-Acetamidobiphenyl l3lml I’ Ih I4 5 h hl c5 - < > 
rl’-Acetylglycine (5100,: 

* Results of two or more separate determinations. cxccpt for mouse. female guinea pig and female rabbit. For Iou 
activities. the enzyme concentrations were raised 2 to IO-fold In order to incrcasc the <cnsitivitl of the assays. Acctanlllde. 
I)-nitroacetanllide. 4-acetamldobenlolc aad. ~~VJ-ncetylsulfan~larnldc or !l’-)-lluorc~~yl-/i-lolrlenr\~lllo~~~~tnide wcrc not hgd- 
rolyzcd under these conditions hy the IO’ q supernatant fraction of the rat or bg the acctonc powder\ 01‘ any 01 
the species hsted here. 

t See lootnotc * under Materials and Methods. 
$ Amount of glycine liberated as described under Materials and Methods. 

crystallized from water using charcoal l”or decoloriation) 
in 10 M NH,OH was added. The absorbance was read 
on a Beckman DU spcctrophotometcr at the foIlowIng 
wavelengths: 520 nm for 2-fuorcnamine, 515 nm for 
4-aminobiphenyl. SO0 nm for p-nitroaniline, and 490 nm 
for sulfanilamide and aniline. These wavelengths lie at 01 
very close to the absorption maxima of the I-arylazo-2- 
naphthol-3.6-disulfonatc chromophorcs developed with the 
different amines under the above conditions. Beer’s lau 
was followed by all of the alo dyes l’ormed within the 
range of concentration used. provided that the proteins 
in the incubation system wcrc first sedimented h> strong 
centrifugation. However. with increasing protein concen- 
trations. the absolute color yield diminished due to loss 
of some aromatic amme hy adsorption on the sedimented 
protein. and the use of internal standards has adopted 
to correct for this error. In these cases. the amount ol’ 
,V-acylaromatlc amine hvdrolyred was calculated from the 
expression : 

where A, and .A,, arc the absorhanclcs of the sample and 
the internal standard. respectively, and -1,. the absorbance 
of the blank which contained no substrate. Actikltics arc 
expressed as the amount of substrate hydrolyzed. time,‘mg 
protein nitrogen. In no cast was hydrolq?is ohscrbcd in 
the absence of enzyme. The amount of glycinr lihcratcd 
from acetylglycine was determined h> the ninhqdrin 
method of Troll and Cannan [IO]. 

For in rli~o administration of agents affecting protein 
synthesis. littermatcs (Holtzman rats. malts) weighing ap- 
proximately IO@ 150 g were used for each experimental 
group. Sets of 2 animals received a single agent and 2 
animals from the Same litter served as controls. Sodium 
phenobarbital (40 mg:kg) wab administered intraperl- 
toneally once daily for 3 days. Puromycm (7 mg.kg and 
35 mgjkg) and ut.-cthionine (175 mg;kg) were admimqtcrcd 
orally twice a day for 3 daqs. whrle phenothiazine in 
peanut oil (100 mgjkg) was administered orall> once daily 
for 2 days. All control animals received the corresponding 

*In order to detect the hydrolysis of substances which 
were much less readily hydrolyzed than FBA. enough 
enzyme was added to the test system to hydrol>/c com- 
pletely the added 2(X) nmoles of FBA In 2 hr. 

vchiclc l’ol- equal pcrlods oC time. When not specified. the 
\chiclc was LQLater. The animals wc‘rc \acrlliced IX 24 hr 
alie!- the last dose. and food sxs withheld during thlv 
period. 

R~xr/r\. The amldaae. ol’ mucosal origm [6J \\a$ Isolated 
horn the soluble I lO.OOO q supcrnatant l’rraction 01‘ the rat 
small intestine. The mitochondrial and microsomel frac- 
tlons had essentially no a&kit!. \vhile the I IO.000 q super- 
natant fraction hydroljlcd up to I.55 nmolcs 01‘ ‘FBA in 
2 hr per mg ol’ protcm nitrogen (Table I). compared to 
13 nmoles 2 hr mg N l’or a IO pel- cent homogenate 01 
the uholc small intcatlnc. The acetone powders prepared 
Irom the I lO.OoO ~1 cupernatnnt fraction from the rat intrs- 
tine aluaqs h>drolq/cd FBA at a rate 2 700 nmole\,‘Z 
hr,‘mg N under the standard conditions 01 assay* and at 
optminI cnqme and hubstratc concentrations dcacylatcd 
FBA at a calculated rate of 3X0 i X0 nmolcs’hr’mg N. 
This cn/)mc prepat-ation cxhihited a broad pH opttmum 
(ncr the range pH 6.5 X.5. Although s~>lubilit~ prohlcm\ 
mitigated against precise cnzymc kinetic mcasul-ements. the 
approximate k,, ol’ the rat cnqmo for FH N;I\ calculated 
i‘rom Llnewca\er HurL plot\[ I I ] to he I. I5 t 0 19 v IO a 
hl. 

I hc dcacylatlon of \arloustq qlatcd 2-Huol-cnamincs 
as \Iell ;I\ the deucctylatlon 01‘ the acctyl derivatives of 
~mc rcprcsentativc amines arc compared In Tahlc I The 
speciliclty of the 110.000 (1 supcrnatant fraction of rat intcs- 
tine WI\ not dlfYcrcnt from the acctonc pow&r dcrivcd 
thcrcfrom. indicating that the acetone treatment had no 
effect on thi? propcrtk or the entymc. Also, there appeared 
to hc no dill&cncc\ hct\\cccn acetone poudcr preparation< 
from malt and female rats. OC the .2’-acylated aromatIc 
amincs t&cd. FBA R;IS hydrol>/cd bv l’ar- the most rcadilq. 
l’oll~cd b! .2’-2-lluorenq Iacctamide iTahlc I). ‘\ -I!-Fluor- 
cnylsucclnumlc acid and .L-2-Huorcn~lhcn/;lmldc ticrc 
onl! slo%Ik hydrol>/ed. The butyryl group IS thcreforc 
more au\ceptihle to h)drolysi\ by this rat cn/gmc followed 
by the ncetyl group. Houeber. I-ncrt;lmidohipheriyl, which 
differs in structure from .I -2.tluorenqlacctamide onl! in 
the lack of ;I methylcne bridge hctwccn the tmo hcn/cne 
rings. was only fcchl) hqdrolyled: and acctamlidc or othel 
electroncpati~elq ,~r~r \uh\titutcd acctanilidcs wcrc not at 
all h>drolyred hq this enzyme. As cwpccted. the mtcstmal 
preparation from the rat had con\idcrahlc acctylglycmc 
dcacctylase activny [IO] 
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Table 11. EfCect of various suhstilnces on the hydrolysis ol 
FBA by rat intestinal arylamidase i/l rirro 

compound* 

NaF 
LIF 
o-Phcllanthrolinc 
KC‘N 
NaN, 
Iodoacetomide 
/I-(‘hloromercuri- 

hcncoat~ 

E DTA 

Ftll~lnol 

Ethanol 
Ethanol 
I-GME 
FGMt. 
EGME 

Acetjlglycine 

Concentration Per cent 
in medium inhibition 

IO”,, b!, VOI 
Ii”,, h> vol 
X”,, by vol 
I.~“,, by vo1 
17”,, by \ol 
27”,, bq. vol 

7.5 x 10 ’ M 

* Except for the alcohols which were added togethel 
with the subbtmte. these compounds were premixed with 
the cnqme for 30 min at room tcmpcrature before addi- 
tion of the suhstr;tte and incubation ;1t 37 In all c:~ses 
cxccpt where noted, the ethanol concentration in the incu- 
bation medium was 6.7”,, by \ol. 

i- Limits of soluhilit> : octuul concentrations may have 
hecn lower as precipitate\ acre observed. $ Avcrn- 
gc i SD; numhcrs m parcnthcscs indicate number 01 
determinations. 

rat. mouse. guinea pig. rabbit. and man. the relative activi- 
Itch Iitting 111 the order rat > mouse > guinea pjf ,b 
man . &hit > 0 (Table I). The absence of this en/>mc 
In the dog intestine \V;LS verified by Independent ohserva- 
tions on ;I second dog; no hydrolysis of FBA or any other 
substrate was dctcctsblc cvcn h! incre:lsing the enz!,me 
concentration 6.S-foId. 

Thcrc appe;lrs to he some v:u%tion in the susceptibility 
to hydrolysis of suhstratcs other than FBA bq. intestine 
of different species. Thus. while the rahbit cnrymc deacq- 
lated FBA more sloalj than the cnzymc from rat or 
mouse. it hjdrolyred the succinll group of I\‘-l-fluorenyl- 
succinamic acid much more rcadill th;m the cqme from 
an! other species studied. The rabbit enzyme. as with the 
rat. mouse. and guinea pig. c;tn also hydrolyze 4-acctami- 
dohiphcn)l. albelt ;lt only ;i vcr) slow rate. Hydrolysis of 
acet;lnilidc was not detcctcd with intestinal preparations 
from any of the species studied. lncludmg man. 

The h\drolksis of FBA b! the rat preparation was csscn- 
tiallq uninhibjtcd by :tddltion of sulfhydryl blocking agents 

Table 3. I.fYccts of ~JI rirro :rdministrntlon of agents a&ct- 
ing protein synthesis on FBA hydrolysis by r:tt intestin;tl 

arylamidase 

Su bstancc 
administered 

Dose 
(mg,kg x no. days) 

FBA 
hydrolyzed 
(per cent of 

controls) 

Puromycm 14 X 3 63 + 5* 
Purom\cin 70 X 3 40 + 7 
r,L-Ethioninc 350 X 3 33 f 4 
Phenoharbltal 40 X 3 175 * 9 
Phenothia?inc IO0 X 2 95 f 4 

* ,Averagc + SD. of triplicate dctcrminations 

to the incubation medium (Table 2). Azlde or cyamde Ions 
likcwisc did not inhihlt the enzvme. However. inhibition 
W;IS observed with Ruoride ions- and by alcohols such as 
ethanol ;md ethvleneglycol monomethyl ether (EGME) in 
hieh conccntrat;ons. Whereas the metal chelating agent 
o-phenanthrolinc was inhibitory. EDTA W;IS not. Acetyl- 
glycinr at ii concentration forty times that of FBA had 
onI\ ;i slight effect. suggesting that different enzymes must 
be ;nvolvcd in the hydrolyses of these rtructLlrallq-diverse 
suhstanccs. 

Prior administration of puromqcin and r)L-cthionine. 
Lrgents known to block protein synthesis. caused a decline 
in cnqmc activity (Table 3), prcsubahly b) blocking the 
synthesis of nc!\ enrymes in the intcstlnal mucos;i. 
Administration of phenothiazine. ;I substance which in- 
duces the synthesis of henrpyrene hydroxylase in rat intes- 
tinal mucos;, [I?]. had no cffcct. while phenobarbital prc- 
trentmcnt had a pronounced stimulatorc elTect. 

Di.\clr,s.\io,l. Knowledge of species specificity and the 
organ distribution of tissue amidascs that hydrolqzr ,Y-acy- 
latrd dcrivatlvcs of biologically-active amines arc of intrin- 
sic value to toxicologists and pharmacologists. Such mfor- 
mation is also of special Interest to medicinal chemists who 
wish to design and synthesize pharmacological agents that 
can hc sclectivcl) actlvatcd by enqme actton 113. 141. Dcs- 
pitc the obvious significance of the intestine :is 21 metabolic 
organ. surprisingly few studies have focused on the specific 
met:iholism of drugs. In the CCIX of amidascs, mvestigators 
have merely included the intestine in 11 geneml screen for 
possible presence of isocnzymes. 

The acetone powders from the small intestine of the 
v:irious spccics dcscrlbed here ;u-c crude and undoubtedly 
contain a mixture of ;I numhcr of enzymes; let. except 
for FBA. :V-acetylglycine. and, to a lesser degree. <V-2- 
Huorcnylncetamide. most of the acylated amines studied 
were only feebly or not art all hydrolyzed by these prep- 
arations. The flulure of acetanilidc to hc hydrolyzed dis- 
tinguishes this from the ‘;lcetanilidc deacetylase’ described 
by Bray ct trl. [ 151: and. since the I lO.Oo() ~1 supcrnatant 
fraction of homogenates likewise did not h>drolyte ace- 
tanilidc (Table I). this tack of activltb cannot be ;lscrlbed 
to the known propensity of acctanillde deacetylasc to inac- 
tivation b) acctonc treatment. 

Whether the ctqrne that hydrolyzes FBA is identical 
to the aminopeptldase found in porcine .jejtmum and 
ileum [ 161. to lcucinc aminopcptidase itself [ 171. or to the 
aryl;nnidasc found in human duodenum [IX] remams to 
hc clarified. The propcrtics of this enzyme :tlso suggest 
the possibility th:rt it might be iso7lmic with the amidase 
isolated and purified from the soluble fraction of guinea 
pig livers [l9]. or even with the liver microsomal amidascs 
isolated from the s;imc spccics [XI]. However. further puri- 
fication and careful comparisons with selected ktdditional 
substrntcs ;lrc rcqulred before such definitive relationships 
c;m bc deduced. 
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Identification and distribution of benqlamine in tissue extracts 

isolated from rats pretreated with pargyline 

eth\laminc. S: I I\ L I: and carbon tctrachlorldc trlcth>l- 

amine, 5: I (\,k). The dansyl henrylaminc /one \+a+ 

remokcd l’rom the plate. and the dansyl amme cluted v,ith 

30 ~11 of Fisher Spectranalqxd grade ethyl acetate L?]. 
Dansql henqlaminc was Identified (31 its muss apcctrum 
and quantitated mass spcctromctricallq using the inte- 

grated ion current pi-occdurc [5]. 

toriw. Nor;h i‘hicago. Ill.). The ‘mince; \\crc wspcndcd 
in incubation mcdlum containing unlahclcd parg!llnc II>- 

drochloridc ( l-i * IO a M) ;md prcincuhntcd rOr I0 nijn 
at 37 in a shaking lbatcr bath. Parg>lincL”<‘] hqdrochb 

rldc solution (?75.000 dls. min SO 111) was then addccl and 
the incubation continued fool- 90 min. Hoilcd tlawc umplc\ 

and samples containing only pargyline[“C‘] hydrochloride 
were incubated in an ldcniical manner Incuhatlona wcrc 
ended by homogcni/ing the minced tissue in 04 N pcr- 
chloric acid: unlabeled bcnrylamme (25 ng) was added ;,I 
carrier and henrylammc tsolnted as ahovc. Radioacti\lt! 
was measured in ;t Nuclear Chicago Iwcap 300 IquA 
scintillation counter. 


