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as demonstrated by the approximate 98.5 
recovery of added carotene to various con- 
trols. 

The examination of radioactivity of the 
non-saponifiable fraction after 6 hours of in- 
cubating carotene with cell-f ree liver homo- 
genate reveals considerable activity in a 
fraction which does not contain carotene or 
digitonin-precipitable sterols. It was not 
possible under these conditions to recover C- 
14 labeled Vit. A. Work is now in progress 
to isolate and characterize the various radio- 
active products present in this non-saponifi- 
able fraction. 

The liberation of C"02 early in the incu- 
bation periods indicates that some cleavage 
of the carotene molecule takes place early in 
the degradation phase. 

Addition of ATP, DPN, nicotinamide and 
MgC12 accelerated the destruction of caro- 
tene. Although there was considerable varia- 
tion between one rat liver and another, the 
addition of these cofactors did accelerate the 
destruction of carotene by any one liver 
preparation. The amount of carotene de- 
stroyed by cell-free rat liver homoqenates ap- 
peared to be approximately the same under 
aerobic and anaerobic conditions. 

Summary. Ten to 20% of ,&carotene was 
destroyed by incubating C- 14 labeled p-caro- 

tene with various tissues from the rat. All 
tissues studied had the ability to transfer ra- 
dioactivity from p-carotene to sterols, saponi- 
liable material and steam-distillable com- 
])mind or compounds. ATP, DPN, nicotina- 
rnide and hlgCla were cofactors that in- 
creased ,!$carotene destruction by cell-free 
homogenates. A negligible amount of CO:: 
was liberated during incubation. 

The author thanks Mrs. Phyllis Spiker for techni- 
cal assistance. 
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Action of Synthetic Lysine Polypeptides on Isolated Guinea Pig Ileum.' 
(26627) 
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Department of Rioc-h~mistry, llnhrprsity of Wisconsin, Madison 

Synthetic lysine polypeptides or polyly- 
sines are polycations which readily interact 
with many polyanionic substances. In vitro, 
they agglutinate bacteria( 1,2 ) , viruses and 
virus deaxyribosenucleic acid ( 3  ) , and red 
blood cells (4,s). Lysine polypeptides inhibit 
pepsin ( 6 )  and fibrinolysis( 7)  , but enhance 
conversion of fibrinogen to fibrin ( 8 )  , and are 
hydrolyzed by trypsin (9). In viva, polyly- 
sine preparations possess antiviral 10) and 
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antitumor( 11) activities and are weakly an- 
tigenic in rabbits( 12,13). Subcutaneous in- 
jections of polylysine into rats increases cap- 
illary permeability, presumably as a direct 
action on the vascular endothelial cement 
( 14). A preliminary abstract( 15) suggested 
that polylysine and protamine released hista- 
mine when large doses were injected intra- 
venously into dogs or cats. Histamine was 
also released from washed cell-free liver ho- 
mogenates. In the work reported here, we 
have continued studies on the biological 
properties of polylysine and will describe the 
release of a contractile substance, probably 
histamine, by lysine polypeptides from the 
isolated guinea pig ileum, preparation of 
polylysyl histamine, and the inability of 
trypsin to hydrolyze a terminal lysyl-hista- 
mine bond. 

Materials and methods. Materials were 
obtained as follows: L-lysine from Mann 
Biochemicals, protamine sulfate from Eli 
Lilly Co., histamine from Distillation Prod- 
ucts, and salt-free crystalline trypsin from 
Pentex Laboratories, Inc. Benadryl (2-di- 
phenylmethoxy -hT? N-dimethylet hylamine hy- 
drochloride) was purchased locally as a 
1:1W solution for injection. Young adult 
female guinea pigs were obtained from Zeimet 
Farms, Madison. 

6-Carbobenzoxy L-lysine polypeptide was 
prepared by ammonia-initiated polymeriza- 
tion of e-carbobenzoxy-N-carboxy-L-lysine 
anhydride in dry dioxane( 16). Degree of 
polymerization was determined by a-amino 
nitrogen analysis. Carbo benzoxy protective 
groups were removed by treatment with an- 
hydrous hydrochloric acid in glacial acetic 
acid( 1 7 )  and the product isolated as polyly- 
sine hydrochloride. 

Poly-L-lysyl histamine was prepared by 
initiating polymerization of c-carbobenzoxy- 
N-carboxy-L-lysine anhydride with hista- 
mine in dry dimethyl formamide. In the 
polymerization procedure, 15.3 g ( 5 h M  
moles) of the anhydride were dissolved in 
275  ml of anhydrous dimethyl formamide. 
To this solution were added 556 mg (5mM 
moles) of histamine base representing an an- 
hydride to initiator ratio of 10. The clear 
yellowish solution was stirred for 36 hours, 

protected with a calcium chloride drying 
tube. Subsequently, the polymerization mix- 
ture was poured into excess water to precipi- 
tate the polymer. The product was washed 
thoroughly with water and lyophilized. Car- 
bobenzoxy groups were removed with anhy- 
drous hydrochloric acid ( 17) to yield poly-L- 
lysyl histamine hydrochloride in a yield of 
84% of theory. The product gave strong 
positive Ehrlich diazo and biuret reactions. 

Polylysyl histamine, its hydrolysate, ly- 
sine, and histamine were spotted on What- 
man 4 paper, and paper chromatograms were 
developed 16 hours in secondary butanol- 
98 % formic acid-water ( 70: 15 : 15). Papers 
were sprayed with 0.5% ninhydrin in water- 
saturated n-butanol or with the imidazole re- 
agent of Block et d.( 18). Polylysyl hista- 
mine did not migrate while histamine, ly- 
sine, and hydrolytic products migrated as 
expected. Furthermore, histamine when 
mixed with polylysyl histamine migrated 
freely. Although the solvent system did not 
effect good separation of L-lysine from hista- 
mine, i t  showed there was very little con- 
tamination of the polymer with lysine or his- 
tamine. 

Polylysyl histamine was analyzed for his- 
tamine by adaptation of the colorimetric de- 
termination of histidine described by Jorpes 
( 19). Diazotized sulfanilic acid and hista- 
mine formed a cherry-red color that reached 
maximum intensity in 10 minutes and had a 
maximum absorption at 500 mp. Lysine did 
not interfere with the color measurement at 
this wavelength. Polylysyl histamine, hy- 
drolyzed in 6N HC1, contained 4.576 hista- 
mine indicating an average of 1 5  lysyl resi- 
dues per molecule. 

The polypeptides were tested on the iso- 
lated guinea pig ileum using the technic as 
outlined by Code and McIntire(20). Sec- 
tions of ileum 4 to 6 cm were mounted in 
Tyrode's solution gassed continuously with 
95% oxygen and 5% carbon dioxide, U.S.Y. 
The muscle bath, similar in design to Coul- 
son's(21), had a 30 ml capcity and was 
immersed in a water bath at 35°C. Solu- 
tions to be assayed were incubated at 35"C, 
and test aliquots of never more than 1 ml 
were added to the muscle bath with a 
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syringe. After the muscle response was re- 
corded on a Bird Horizontal Kymograph, 
the bath was drained and, unless otherwise 
indicated, the muscle was washed 3 times 
each with 3 0  ml of Tyrode’s solution from a 
reservoir in the water bath. Stock test solu- 
tions were prepared in the required amount 
of Tyrode’s solution, and if necessary, the pH 
was brought to 7.2 with sodium bicarbonate. 

Tryptic hydrolyses of ply-L-lysyl hista- 
mine in 0.22 M collid,ine buffer at  pH 7.6 
and 26OC were patterned like those described 
by Waley and Watson(9). The reaction 
mixtures contained 48 pg trypsin and 2 0  mg 
poly-L-lysyl histamine hydrochloride in the 
collidine buffer. Ten pl aliquots of the reac- 
tion were spotted on Whatman 1 paper at 
zero time, and at  5, 10, 20, 40, 80, and 1,OOO 
minutes after initiation of the reaction. En- 
zyme and substrate blanks were spotted at 
the end of each experiment. The enzymatic 
reactions were terminated on paper by ap- 
plying 2 N  acetic acid to the spots. After ad- 
dition of lysine and histamine markers, the 
papers were developed 15 hours in ascending 
fashion in n-butanol-pyridine-water ( 1 : 1 : 1 ) , 
and the dried papers were sprayed with the 
imidazole reagent of Block et d ( 1 8 ) .  In  
addition, distribution of lysine peptides with 
and without histamine residues was deter- 
mined from identical chromatograms con- 
taining spots from a 1,000 minute reaction 
mixture. One chromatogram was sprayed 
with ninhydrin reagent and the other with 
imidazole reagent. 

The tracings in Fig. 1 indicate 
that L-lysine (1 : 2,000) failed to induce con- 
traction of the freshly excised guinea pig 
ileum, whereas polylysine containing 2 8 lysyl 
residues ( 1 : 2,000) stimulated the ileum to 
contract. There was only a slight lag in the 
response of the muscle to the polymer com- 
pared to its immediate response to histamine 
(1:3O,OOO,OOO) suggesting that the site of 
action of the polymer was not hindered. 
Other isolated segments of ileum contracted 

Results. 

in the presence of synthetic L-lysine poly- 
peptides prepared with anhydride to initi- 
ator ratios of 10, 40, and 320. The muscles 
were generally refractory to a second addi- 
tion of polylysine to the bath but were al- 
ways sensitive to subsequent additions of 
histamine. In exceptional cases it was pos- 
sible to demonstrate (Fig. 2 ) ,  a very weak 
response to a second challenge with polyly- 
sine. Protamine ( 1 : 2,OOO), although much 
less effective than polylysine, also stimulated 
the ileum to contract (Fig. 3 ) .  A subsequent 
addition of polylysine to the bath, however, 
had no effect on the ileum. Also, polylysine 
was ineffective after a second histamine re- 
sponse indicating the polymer was not dis- 
placing non-specifically bound exogenous his- 
tamine. These data indicate polylysine per 
se was not mediating the contraction but was 
stimulating the release of an active material. 
The first contact with polylysine presumably 
depleted the available contractant and subse- 
quent additions of the polymer were inef- 
fective. 

Benadryl ( 1 : 10,000,000) completely pre- 
vented the intestinal response to polylysine, 
thus implicating endogenous histamine as the 
contractile agent (Fig. 4).  Responses to the 
synthetic L-lysine polypeptides were ob- 
tained only with freshly excised ileum, and 
there was variation in the magnitude of the 
contraction. When the muscles were main- 
tained in aerated Tyrode’s solution for pe- 
riods exceeding % hour the response to poly- 
lysine, but not to histamine, lessened and in 
most cases became almost nil. 

Polylysyl histamine ( 1 : 6,0100) also in- 
duced a contraction of the isolated guinea pig 
ileum which was blocked by Benadryl. The 
polylysine moiety alone a t  this concentration 
would not produce a contraction of the ob- 
served magnitude, and the same muscle re- 
sponded to a second addition of the polylysyl 
histamine. These 2 factors preclude activity 
due to the palylysine portion of the polylysyl 
histamine and suggest that the response may 

FIG. 1. Effect of polylysine on isolated guinea pig ileum. 
FIG. 2 .  Effect of polylysine on isolated guinea pig ileum. 
FIG. 3. Effect of protamine on isolated guinea pig ileum. 
FIG. 4. Blocking of polylysine action on isolated guinea pig ileum with Benadryl. 
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be due to traces of free histamine in the 
preparation. 

Polylysyl histamine. as a model substrate. 
offered an opportunity to study the effects of 
trypsin on the C-terminal lysyl-histamine 
bond and further to study the protedytic the- 
ory of histamine release( 2 2  ) .  Chromato- 
grams of the tryptic hydrolyzate sprayed 
with the imidazole reagent clearly showed 
the lysine polymer was readily hydrolyzed 
within 5 minutes after initiation of the en- 
zymatic reaction. As the reaction proceeded. 
3 imidazole-positive spots became the pri- 
mary reaction products, and the spot at the 
origin decreased until j t was completely gone 
at  the end of 1,000 minutes. Only a very 
small trace of the bound histamine. however. 
was released during the reaction. The chro- 
matograms of the 1,000 minute reaction mis- 
ture sprayed with imidazole reagent indi- 
cated 3 spots corresponding to a faint trace 
of histamine with an Rf of 0.44 and 2 major 
components, probably dilysyl and trilysyl 
histamine(9) with Rf values of 0.38 and 
0.2 4, respectively. The nin h y drin- trea t ed 
chromatograms showed the same pattern in 
addition to large quantities of lysine peptide 
fragments close to the origin. The results 
indicate that the lysyl-histamine bond was 
resistant to tryptic hydrolysis. 

Discussion. The contractile response of 
freshly excised segments of guinea pig ileum 
to polylysine and protamine and the subse- 
quent refractoriness of the muscle to the 
polypeptides indicate that the contraction is 
not due to a direct action of the polymers. 
The failure of an equivalent amount of L- 
lysine to induce a contraction suggests that 
polylysine activity may be due to its basic 
polyelectrolyte character. There was only a 
slight lag in response of the muscle tc, the 
polymers, as compared to the immediate re- 
sponse to histamine. This small delay and 
the observation that the muscle is refractory 
to a second stimulation by the polypeptide 
indicates that polylysine released some 
loosely bound substance which in turn in- 
duced the contraction. The first addition of 
polylysine depletes the available contractant? 
and subsequent additions of polytner are 
then ineffective. Blocking of the contractile 

response by Benadryl indicates that loosely 
bound histamine or similar substances medi- 
ates the contraction. Boreus and Chakra- 
varty (23 ) have recently correlated release 
of histamine during the antigen-antibody re- 
action in sensitized guinea pig tissues -with 
disappearance of mast cells. In the jejunum, 
however, the mast cells did not disrupt sig- 
nificantly, and only a maximum of 3% of 
total histamine was released. Perhaps only 
those mast cells near the surface of the in- 
testine are available for histamine release. 
.Assuming that the response to histamine was 
linear and that concentration of the hista- 
mine in the tissues was of the same order of 
magnitude as those found by Boreus and 
('hakravarty(23) (10.9 to 14.7 pg/g ]  an ap- 
proximation can be made of the quantity of 
contractant released calculated as per cent 
of total histamine. Figures which give maxi- 
mal calculated values indicate that only 4 
to 5% of the histamine in the intestine was 
released in the present studies. The low re- 
lease of histamine by the intestine may re- 
flect the impermeability or great reactivity of 
the intestine toward polylysine. These ob- 
servations are compatible with either the ion 
exchange( 24) or the lecithinase activation 
( 2 5 )  concepts of histamine release. 

When the muscles were maintained in 
aerated Tyrode's solution for periods of time 
exceeding y$ hour the response to polylysine, 
but not to histamine, lessened considerably. 
Responses to: the synthetic polypeptides were 
obtained only with freshly excised ileum. 
The decreased response with time might re- 
flect a slow release of that portion of endo- 
genous histamine which can be rapidly dis- 
placed by the polylysine. 

Paton(26) has suggested that basic hista- 
mine liberators might release endogenous his- 
tamine in the gut to stimulate intestinal mo- 
tility. Perhaps as proteins are hydrolyzed 
in the gastrointestinal tract, basic peptides 
similar in their action to polylysine mediate 
the release of small amounts of endogenous 
histamine which in turn increases intestinal 
motility. 

Rocha e Silva(27) tested a series of acy- 
lated histamines for antihistaminic activity 
on the isolated guinea pig ileum and demon- 
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strated that blocking the primary amino 
group but leaving the imidazole ring free for 
binding reduced histamine activity and re- 
sulted in compounds with weak antihista- 
minic activity. The concentration of poly- 
lysyl histamine required for contraction 
showed that coupling the histamine to the 
peptide also greatly reduced the activity of 
the histamine. 

Since trypsin was found to induce contrac- 
tion of the isolated guinea pig ileum (28) and 
to release histamine from rabbit platelets 
( 2 9 ) ,  Rocha e Silva postulated that endo- 
genous histamine was bound to the carboxyl 
group of a lysine or arginine residue forming 
an amide bond with the primary p-ethyl 
amino group of histamine. Histamine was 
thought to be released by some proteolytic 
enzyme with the specificity of trypsin which 
was activated during anaphylaxis( 2 2 ) .  Al- 
though the proteolytic theory has generally 
been displaced in favor of other mechanisms 
(24,25), the action of trypsin on the lysyl- 
histamine bond has not been previously ex- 
perimentally tested. Paper chromatographic 
studies of the action of trypsin on polylysyl 
histamine showed that after 16 hours only 
trace quantities of histamine with an Rf of 
0.44 were released from the polypeptide. The 
bulk of the imidazole residues remained in 2 
spots with Rf values of 0.38 and 0.24. Based 
on the work of Waley and Watson( 9),  these 
unknown spots should correspond to lysyl- 
histamine peptides. A ninhydrin spray re- 
vealed the same pattern and other lysine pep- 
tides close to the origin. These data indicate 
that very little of the covalently bound his- 
tamine is released by trypsin and are incom- 
patible with the proteolytic theory of hista- 
mine release. Perhaps higher levels of tryp- 
sin would attack the lysyl-histamine bond as 
in the case with lysyl amide(30) : however, 
higher levels of trypsin would not be consis- 
tent with the concentrations used in biologi- 
cal experiments( 28,29,3 1). Furthermore, 
based on chemical manipulations of the poly- 
mer, there is no unique lability of the lysyl- 
histamine bond which was once suggested 
(32 )  as due to the amplitude of the peptide 
chain. These data furnish direct evidence 

that the lysyl-histamine bond is refractory to 
trypsin hydrolysis, and that adjacent lysyl- 
lysyl bonds are much more easily split by 
trypsin. 

Summary. L-lysine polypeptides stimu- 
lated contraction of freshly excised guinea 
pig ileum. Ileal segments were refractory to 
a second challenge of polylysine, and the an- 
tihistamine, Benadryl, blocked the action of 
the polypeptide. Consequently, the contrac- 
tion was attributed to release of endogenous 
histamine or a histamine-like substance 
which was displaced by the basic polypep- 
tide. Polylysyl histamine was synthesized 
by initiation of polymerization of 6-carboiben- 
zoxy-N-carboxy-L-lysine anhydride with his- 
tamine. Although polylysyl histamine was 
readily hydrolyzed by trypsin, the primary 
products were lysyl histamine peptides which 
indicated that the histamine-lysine bond was 
not hydrolyzed by trypsin. The relationship 
of these data to the proteolytic theory of his- 
tamine release was discussed. 
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-4 Non-Competitive fl-Glucuronidase Inhibitor in Rabbit Urine." (26628) 
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It has been suggested by Boyland( 1) that 
urinary glucuronidase may be an important 
factor in induction of bladder cancer by cer- 
tain aromatic amines. According to this con- 
cept, non-carcinogenic glucuronic acid con ju- 
gates of 2-amino-l-naphthol might be hy- 
drolyzed by glucuronidase in the bladder to 
yield the carcinogenic 2-amiiio- 1 -naphthol 
(2) 

I n  an investigation of the relationship of 
2-naphthylamine metabolism to bladder tu- 
mor induction, urinary P-glucuronidase has 
been assayed in various species by the meth- 
od of Boyland et d ( 3 ) .  These determina- 
tions revealed marked variations in p-glu- 
curonidase levels of various species. An un- 
expected finding was the apparent absence 
of this enzyme in urine obtained from several 
kinds of rabbits ( 4 ) .  Subsequent experiments 
showed. however, that rabbit urinv did con- 
tain p-glucuronidase and that the enzyme 
could be precipitated from urine with ammo- 

*This project was supported in part by a gift 
--- - 

from the Jacob G. Schmidlapp Memorial Fund. 

nium sulfate. The failure to demonstrate 
p-glucuronidase activity in whole urine was 
due to the presence of inhibitory materials. 
Similar investigations indicated that glu- 
curonidase inhibitors were also present in 
urine of man, dog, rhesus monkey, mouse and 
rat (4). These observations confirm and ex- 
tend the findings of Abul-Fadl( 5)  and Lewis 
and Plaice (6) who demonstrated p-glucu- 
ronidase inhibitors in human urines. The 
present report deals with the partial charac- 
terization of the /3-glucuronidase inhibitor (s) 
in rabbit urine. 

-4laterinls and nzefhods. Two mzle and 2 
female rabbits, inbred animals from a tuber- 
culosis-resistant race,+ were used for this 
study. They were maintained on a diet of 
I'urina Rabbit Pellets with water ad libitum. 

During experimental periods the animals 
were housed in metabolisin cages equipped 
with stainless steel funnels; urine was col- 
lect ed in to iced vessels, without preservative, 

t We are indebted to Dr. Max Lurie, Henry 
Phipps Inst. for the gift of these animals. 
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