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STUDY OF N-NITROSAMINE FORMATION BY ESCHERICHIA COLI SEROTYPES 

ISOLATED FROM URINARY TRACT INFECTIONS

CHAPTER I  

INTRODUCTION

Urinary t r a c t  in fe c tio n  i s  one of the most common in fec tio u s  

d iseases encountered in  medicine (34), Urine i s  normally free  of 

microorganisms unless i t  i s  contaminated during c o lle c tio n  or a 

u rin a ry  t r a c t  in fe c tio n  has occurred. Urinary t r a c t  in fe c tio n  i s  

defined as an in fe c tio n  involving the c o lle c tin g  system and kidneys or 

the bladder and i s  recognized by a wide a rra y  of c l in ic a l  symptoms 

such as c h i l l s ( fev e r, dysu ria , u rin a ry  frequency, pyuria and the 

presence of la rge  numbers of microorganisms in  a p roperly  co llec ted  

specimen (34 ), I t  was recognized as e a r ly  as 1888 th a t  u rine  specimens 

obtained from p a tien ts  w ith ren a l in fec tio n s  contained la rg e  numbers 

of E scherichia c o ll  in  pure c u ltu re . Disease was produced when 

E scherichia c o li suspensions were in je c te d  in to  experim ental anim als, 

thus f u l f i l l in g  Koch's postu la tes (34), Escherichia c o li  i s  considered 

to  be the  most common e tio lo g ic  agent encountered in  u rin a ry  t r a c t  

in fe c tio n s . Epidemiologic stud ies have shown th a t  r e la t iv e ly  few 

E scherichia c o li serotypes are  involved in  u rin a ry  t r a c t  in fec tio n s  

(13, 18, 23, 31, 52, 65, 66, 67) ,  The ten  most common 0 serotypes
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involved are  01, 02, (X̂ , 06, 07, 08, 018, 025, 050 and 075 (65),

although d ifferences in  the common serotypes may be noted in  d if fe re n t

geogra#iic locations#

Urinary t r a c t  in fe c tio n  i s  diagnosed lAen 10^ organisms/ml or

more are  found in  a clean-voided u rine  specimen (29)* Urine i s  an

ex ce llen t cu ltu re  medium and i f  microorganisms are  inoculated  in to

normal u rine  they  w il l  double approximately every 45 minutes and
0

ra p id ly  approach 10 organisms/ml (5)# This i s  the  approximate number 

of b a c te r ia  p resen t in  the  u rine  of most p a tien ts  w ith u rinary  t r a c t  

in fe c tio n  (56),

In  recen t years# N-nitrosamines have been demonstrated to  be 

carcinogenic fo r  many animal species# Precursors of N-nitroso com­

pounds may be converted to  nitrosam ines in  the presence of n i t r i t e  by 

a chemical rea c tio n  under acid  conditions or by enzymatic reactions 

mediated by n itra te -red u c in g  b a c te ria  in  the presence of n itra te #  The 

frequency of u rin a ry  t r a c t  in fec tio n s  in  the general population and 

the presence of secondary amines, n i t r a te s ,  and n i t r i t e s  in  the environ­

ment leads to  the specu la tion  th a t  carcinogenic N-nitrosamines may be 

synthesized during the  course of acute or chronic u rinary  t r a c t  in fec ­

tio n s  caused by members of the  fam ily Enterobacteriaceae which, by 

d e f in it io n , must reduce n i tr a te  to  n i t r i t e  ( l6 , 30)# There have been 

few stud ies  designed to  demonstrate the n itro sa tin g  c ap ab ility  of 

E scherichia c o li  serotypes iso la te d  from u rinary  t r a c t  infections#

The ob jec tives of th is  study were to*

1* determine the  common 0 an tigen ic  types of Escherichia 

c o li  involved in  u rin ary  t r a c t  in fec tio n s in  th is  geographic 

lo c a le ,



3

2 . study the frequen tly  found serotypes fo r  th e i r  a b i l i ty  

to  n itro sa te  secondary amines in  the presence of n i t r a te  

in  v i t r o , and

3« study the  nitrosam ina forming s tra in s  fo r  th e i r  a b i l i ty  

to  n itro s a te  secondary amines in  vivo,

HISTORICAl REVIEW 

N-Nitrosamlnes

Over the past th ree  decades many chemical compounds have been 

shown to  be carcinogenic fo r  labo ra to ry  animals and humans. Tumors 

have re su lted  from systemic ap p lica tio n  of a p a r tic u la r  compound in  

question or through acc iden ta l or occupational contact w ith the carcin­

ogen ( 17, 35» 39, 41, 70) ,  N -nitroso compounds have been stud ied  

extensively  and the carc inogen ic ity  of th is  group of chemicals i s  w ell 

estab lished  (3 , 8, 15, 39), In te re s t  in  the endogenous form ation of 

carcinogenic N-nitrosamines has increased follow ing the  demonstration 

th a t  these canpounds may be chemically synthesized by the in te ra c tio n  

of secondary amines and n i t r i t e  (55)# The chemical form ation of 

nitrosam ines may occur in  an acid  environment, such as the stomach, 

Nitrosamines may be formed from secondary amines and n i t r i t e  in  human 

and c a t g a s tr ic  ju ic e . This n itro sa tio n  has been performed v itro  

and ^  vivo (59), Other areas o f the body are maintained a t  or near 

n eu tra l pH, thus conditions ra re ly  e x is t  in  which the pH i s  low enough 

fo r  the non-enzymatic n itro sa tio n  reac tio n  to  occur,

N -nitroso compounds are found in  the environment as n a tu ra l 

ingred ien ts of fo o d stu ffs , iJ a n ts ,  and tobacco (35, 39, 63, 70) ,
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Carcinogenic nitrosam ines, such as dimethylnitrosamine and n itro sopy r- 

ro lid in e , have been id e n tif ie d  in  foods such as bacon, sausages, f ish  

and mushrooms and they occur in  the ng/kg range (57t 58), The ro le  of 

n a tu ra lly  occurring nitrosam ines may vary according to  the frequency 

and duration  of ingestion  of these substances.

N itra tes  and N itr ite s  

N itra tes  a re  d is tr ib u te d  in  nature as n a tu ra l constituen ts of 

p lants and they are p resen t in  high concentration in  b e e ts , rad ish es, 

ce le ry , le t tu c e , and spinach (17, 35, 70). They are a lso  p resen t in  

lower concentrations in  f r u i t s  and as add itives in  cured meats.

N itra tes may occur in  varying concentrations in  water as a r e s u l t  of 

sewage e ff lu e n t, f e r t i l i z e r s ,  aquatic  p lan ts , and the leaching of 

n itra te s  from the s o i l  (17, 35), They are not tox ic  in  the concen­

tra t io n s  normally ingested  by man, however the health  hazard of n itra te s  

occurs when they are  reduced to  n i t r i t e s  and coupled to  amines to  form 

carcinogenic N -nitroso compounds. N itr ite s  are  used as p reservatives 

in  cured meats, f ish es  and cheese or may be found in  green vegetables 

as the r e s u l t  of b a c te r ia l  reduction  of n i t r a te  (48), Microorganisms 

in  the o ra l cav ity  may account fo r  the  presence of n i t r i t e s  in  sa liv a . 

This i s  another example of the reduction  of n itra te s  in  body f lu id s  

(21) .

Amines

Since n itra te s  and n i t r i t e s  are availab le  to  most animals in  

th e ir  d ie t ,  the lim itin g  fac to rs  in  endogenous nitrosamine form ation 

appear to  be the a v a i la b i l i ty  of secondary amines and chemical or
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enzymatic coupling agents* Dimethylamine* diethylam ine, and n i t r i t e  

have been recovered from f is h  meal, f is h  products, c e rea ls , te a , and 

tobacco (35)* The o rig in  of these  chemicals may be endogenous or 

r e s u l t  from n a tu ra l contam ination, b a c te r ia l  growth or manufacturing 

processes* Other amines capable of n itro sa tio n  are drugs and p estic id es  

which may be ingested  (22 ). P reparation  of meat and f is h  fo r  consump­

tio n  may r e s u l t  in  the production of secondary amines by the conversion 

of cadaverine and pu trescine in to  p iperid ine  and pyrro lid ine (33)#

Many foods contain  le c i th in  and choline which may be degraded by 

in te s t in a l  b a c te ria  to  form dime'tiiylamine which i s  elim inated as 

u rin ary  dimethylamino (4)* Amines are  p resen t, th e re fo re , n a tu ra lly  

in  the d ie t  or as degradatory products of b a c te r ia l  ac tio n  or food 

processing.

The stomach i s  considered to  be re la t iv e ly  free  of microorgan­

isms since the pH i s  not conducive to  the establishm ent of a re s id e n t 

f lo ra  (54, 55)# Thus, n i tro s a tio n  of amines could not be mediated 

through m icrobial enzymatic processes. Any form ation of nitrosam ines 

would be dependent on chemical ccmbination a t  an acid  pH* Rats and 

mice frequen tly  develop stomach cancer when fed  a la rg e  sing le  dose or 

sev era l small doses of N-nitrosamines (41)* To d a te , no ta rg e t  organ 

suscep tib le  to  the carcinogenic a f fe c t  of N-nitrosamines has been 

determined fo r man, however i t  has been suggested th a t  synthesis of 

N-nitrosamines during an episode of b a c te r iu r ia  may increase the r is k  

of stomach cancer (2?)*

I f  b a c te ria  a re  able to  catalyze the conversion of amines to  

nitrosam ines in  the presence of n i tr a te s  or n i t r i t e s ,  the reac tio n
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oould occur only a t  s i te s  where the necessary components are  found*

Such a lo ca tio n  might be the mouth, although n itra te -red u c in g  Entero­

bacteriaceae  do not c o n s titu te  a p a r t  of the normal f lo ra  (? )•  N itra te  

reducing microorganisms are  found reg u la rly  in  the lower in te s t in a l  

t r a c t ,  however the endogenous production of carcinogenic compounds i s  

u n lik e ly  because n i tr a te s  and n i t r i t e s  are  rap id ly  absorbed in to  the 

c irc u la tio n  leaving in s u f f ic ie n t  time fo r  the in te ra o tio n  of b a c te r ia , 

amines, and n i tra te s  (26)* N itra te  excretion  stud ies in  r a t s  ind ica ted  

rap id  removal of n i t r a te  in  the u r in e , while l i t t l e  n i t r a te  was 

recovered from the in te s t in a l  t r a c t  (26 ), This suggested th a t  the 

most l ik e ly  s i t e  fo r  nitrosam ine form ation i s  in  the  bladder of 

ind iv idua ls w ith u rin ary  t r a c t  in fe c tio n s .

Microorganisms, N itra te , and Amines 

Sander (53) f i r s t  demonstrated th a t  b a c te r ia  were capable of 

forming nitrosam ines from secondary amines and n i tr a te  dm v i t r o . The 

microorganisms used in  the study were Escherichia c o l i , Proteus 

v u lgaris  and S errat i a  marcescens, a l l  n itra te -red u c in g  b a c te r ia .

These n itra te -red u c in g  b a c te r ia  were added to  a glucose-free cu ltu re  

system containing potassium n i t r a te  and dipropylamine, diphenylamine, 

or N-m ethylaniline, The cu ltu re  was m aintained a t  a n eu tra l pH and 

the  conversion o f the  amines to  n itro so  compounds was demonstrated.

The form ation of nitrosam ines was t h o u ^ t  to  be due to  b a c te r ia l  

enzymatic a c t iv i ty  since chemical conversion occurs only a t  an acid  

pH (45), The e ff ic ie n cy  of nitrosam ine form ation was co rre la ted  wi.th 

the  chemical composition of the precursor amine, the more basic  amines 

being le ss  re a d ily  converted to  nitrosam ines than n eu tra l amines.
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Sander and S e lf  (5^) in v es tig a ted  the formation of nitrosam ines in  the 

human stomach due to  b a c te r ia l  action# The stomach of achlorhydric 

ind iv idau ls  might be colonized by in te s t in a l  b a c te ria  due to  the 

reduced a c id ity  and hence, m icrobial nitrosam ine production n d ^ t  

occur# Thirty-one achlorhydric sub jects were te s te d  fo r  nitrosamine 

form ation ^  v ivo# The p a tien ts  were given sodium n i tr a te  and diphen­

ylamine in tra g a s tr ic a lly #  Subsequent examination of the stomach 

contents demonstrated the  presence of diphenylnitrosam ine, in d ica tin g  

th a t  the  b a c te r ia  colonizing the stomach had reduced n i tr a te  to  

n i t r i t e  and subsequently catalyzed the n itro sa tio n  of diphenylamina to  

diphenylnitrosamine# Drasar and H ill (lA) have proposed such a 

mechanism as being responsib le  fo r  the development of stomach cancer 

in  achlorhydric in d iv id u a ls ,

Alam, Saporoschetz and E pstein (1 , 2) stud ied  the formation of 

N-nitrosOfdperidine in  the stomach and in te s t in a l  contents of normal 

ra ts#  The stomach and in te s t in a l  contents contained microorganisms, 

however, the  id e n t i ty  of these  microorganisms was not established# 

B a c te ria l conversion of p iperid ine  to  N -nitros opiperidine in  the 

presence of e ith e r  n i t r a te  o r n i t r i t e  was expected as the stomach of 

the r a t  was le s s  a c id ic , thus encouraging m icrobial colonization# In  

v i t r o  s tu d ies  u t i l i z in g  g a s tr ic  ju ice  containing n i t r i t e ,  p iperid ine 

and normal m icrobial f lo ra  re su lte d  in  the demonstration of n itro so - 

piperidine# S im ilar experiments using  contents of the  small in te s t in e  

d id  not reveal nitrosam ine form ation, a l th o u ^  a l l  precursor substances 

and microorganisms were present# The lack  of nitrosam ine form ation in  

the sm all in te s t in e  was not explained (1)# The in  vivo adm inistration
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of n i tra te s  and p iperid ine  re su lte d  in  the recovery of n itro so p ip e ri­

dine from g a s tr ic  and small in te s t in a l  contents. The coprophagie 

nature of r a t s  could account fo r  the co lon ization  of the e n tire  

d igestive  t r a c t  (26), When 25 mg of sodium n i tr a te  and 1250 mg of 

p iperid ine hydrochloride were in je c te d  in to  lig a te d  small in te s t in a l  

loops, N -nitrosopiperidine was recovered in  amounts ranging from 

2-25 Jig (1# 2 ) , R esults of these stud ies ind ica ted  the a b i l i ty  of 

n itra te -red u c in g  microorganisms to  form n itro so  compounds in  the 

presence of n i tr a te s  and amines.

The form ation of dimethylnitrosamine r a t  in te s t in a l  

f lo ra  under anaerobic conditions was stud ied  by ELubes, Cerna, 

Rabinowitz and Jondorff (33)» U tiliz in g  dimethylamine and sodium 

n i t r i t e  a t  n e u tra l pH, the form ation of dimethylnitrosamine was 

accomplished. The add ition  of neomycin to  the  incubation m ixture, 

which in h ib ited  m icrobial growth, re su lte d  in  lower y ie ld s of the 

n itro so  compound. This a n tib io tic  in h ib its  the fa c u lta tiv e  aerobic 

b ac te ria  w ithout a ffe c tin g  the anaerobes such as Bacteroldes or 

Clostridium  spec ies. I t  was concluded th a t  aerobic b a c te ria  make a 

s ig n if ic a n t con tribu tion  to  nitrosam ine formation under these experi­

mental conditionso Rabinowitz (51) then stud ied  the form ation of ^^C 

dim ethylnitrosam ine, su b s titu tin g  sodium n i tr a te  fo r  sodium n i t r i t e ,  

and recovered ^^C dimetl^rlnitrosamine. These findings supported the 

conclusion th a t  n i t r a te  reducing microbes may catalyze the n itro sa tio n  

of dimethylamine vivo, although n e ith e r the  enzyme system nor the 

m icrobial species responsible was id e n tif ie d . These experiments were 

repudiated by CoUins-Thorapson, Sen, A ris , and Schwinghamer (12),
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They showed th a t  nitrosam ines were not formed by enzymatic a c t iv i ty  but 

th a t  the chemical n itro s a tio n  of secondary amines could occur a t  ^

5*5 to  5*8, h igher than th a t  previously  th o u ^ t  required fo r  chemical 

n itro sa tion#  In  c o n tra s t to  the  repo rts  of Sander (53) and Hawksworth 

and H ill (24, 25), Escherichia c o li did not catalyze the conversion of 

dimethyl or diethylamine to  the corresponding N-nitrosamiw# Dimethyl­

nitrosam ine was recovered from cu ltu res of s trep tococc i which are non 

n itra te -red u c in g  microorganisms# Collins-Thompson and coworkers (12) 

conducted a se r ie s  of experiments to  d is tin g u ish  between enzymatic and 

chemical n itro sa tio n  of amines by strep tococcal cultures# These experi­

ments revealed th a t  cu ltu re  f i l t r a t e s  and media containing v iab le  or 

autoclaved organisms contained comparable amounts of N -nitros odimethyl- 

amine, suggesting th a t  n i tro s a tio n  was ca rried  out by a nonenzymatic 

reaction#

Ayanaba and Alexander (6) te s te d  various b ac te ria  and fungi 

fo r  th e i r  a b i l i ty  to  convert diphetylamine to  diphenylnitrosamine# 

Prelim inary stud ies in d ica ted  th a t  the g re a te s t y ie ld s of diphenyl­

nitrosam ine were obtained using Pseudomonas sp# and Cryptoeoccus sp# 

Experiments were ca rried  out to  is o la te  the enzyme responsible fo r 

N -nitrosation# C ell e x tra c ts  were prepared u t i l iz in g  the French 

pressure c e l l  to  rupture  the microorganisms# The supernatant f lu id  

was shown to  have the  g re a te s t amount of n itro sa tin g  ac tiv ity #  The 

n itro sa tin g  property of the c e l l  e x tra c ts  was h e a t- la b ile  in  co n tras t 

to  the heat s tab le  p reparations of Collins-Thompson and coworkers 

(12), suggesting th a t  microorganisms con tribu te  to  N-nitrosamine fo r­

mation in  nature# M icrobial in te ra c tio n s  in  nature may include
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synthesis of secondary amines, production of n i t r i t e  from n i tr a te  or 

ammonia oxidation , or form ation o f an enzyme catalyzing  N -n itro sa tion .

Thus, i t  appears th a t  ^  s i tu  form ation of nitrosam ines in  

humans could occur in  any lo ca tio n  where b a c te r ia , n i t r a te  o r n i t r i t e ,  

and precursor amines are  p resen t. The two most l ik e ly  s i te s  are  the 

la rg e  in te s t in e  and the b ladder of ind iv idua ls w ith u rin a ry  t r a c t  

in fe c tio n s . Hawksworth and H ill (24, 25) c a rried  out ^  v i t ro  experi­

ments w ith Escherichia c o li  to  demonstrate the a b i l i ty  of the organism 

to  n itro sa te  diphenylamine, diethylam ine, p ip e rid in e , p y rro lid in e , and 

N-m ethylaniline. Five of the ten  s tra in s  stud ied  were capable of 

n itro sa tin g  these amines under the conditions employed. A dditional 

s tu d ies  (26) v e r if ie d  the n itro sa tin g  c a p a b ili ty  of 2?^ of the  E. c o li  

s tra in s  te s te d . Other e n te r ic  b a c te r ia  appeared to  possess n itro s a tin g  

c a p a b ility  to  a le s s e r  degree.

Brooks, Cherry, Thacker, and A lley  (10) demonstrated the 

presence of dim ethylnitrosam ine in  the u rine  of a p a tie n t w ith c y s t i t i s  

due to  Proteus m ira b ilis . This compound was not p resen t in  u rine  

co llec ted  a f te r  treatm ent and e lim ina tion  of the e tio lo g ic  agent from 

the u rin a ry  t r a c t ,  v i t ro  s tu d ies  w ith the organism in  autoclaved 

u rine  and in  cooked meat medium in d ica ted  th a t  Proteus m ira b ilis  could 

n itro sa te  dimethylamine. Q uan tita tion  of dimethylnitrosam ine formed 

during the course of th is  u rin a ry  t r a c t  in fe c tio n  in d ica ted  th a t  

s u f f ic ie n t  nitrosam ine fo r  carcinogenesis (15, 41) was produced.

Thacker and Brooks (64) stud ied  the form ation of N-nitrosodimethylamine 

in  normal u rine  by th ree  s tra in s  each of Proteus m ira b il is , Proteus 

v u lg a r is , Proteus r e t tg e r i  and Proteus morganii. A ll s tra in s  of
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Rroteus m ira b ilis , Proteus r e t tg e r i  and Proteus morganii produced N- 

nitrosodimethylamine when incubated ae ro b ica lly  in  urine# Proteus 

vu lgaris  s tra in s  fa i le d  to  produce nitrosamine# Both dimethylamine 

and n i tr a te  were shown to  be presen t in  low concentration as normal 

constituen ts of the u rine  used# The re s u l ts  in d ica ted  th a t  N -nitroso- 

dimethylamine may be formed in  the  u rine  of people w ith b a c te r iu r ia  

due to  common u rin a ry  t r a c t  pathogens#



CHAPTER n

MATERIALS AND METHODS

B ac te ria l S tra in s Used 

B ac te ria l reference s tra in s  were obtained from severa l sources. 

Escherichia c o ll  serotypes 06 and 075 were supplied by Dr, G. Dominique 

of Tulane Medical Center, New Orleans, Louisiana. These s tra in s  were 

used as p o sitiv e  con tro ls to  check the e fficacy  of the serotyplng 

procedure and typing sera  used. A nitrosam ine producing s t r a in ,  E. 

c o ll 555, was obtained from Dr. J .  Hawksworth of S t , Mary's H ospital, 

London, En&land. This organism was used as a positive  reference s t r a in  

fo r  ^  v i tro  nitrosam ine form ation s tu d ie s . Proteus m irab ilis  40-512-1, 

known to  form dim ethylnitrosam ine, was supplied by Dr. J .  Brooks,

Center fo r  Disease Control, A tlan ta , Georgia. This s t r a in  was a lso  

used as a known n itro sa tin g  con tro l microorganism In  the ^ t r o  

assays.

Other E. c o ll s t ra in s  used fo r  1^ v i t r o  stud ies were Iso la te d  

from human feces or u rin e . A to ta l  of 207 Iso la te s  from p a tien ts  

ex h ib itin g  symptoms of acute or chronic u rin ary  t r a c t  In fec tio n  were 

obtained from severa l h o sp ita ls  In  the Oklahoma C ity a rea . Twelve 

E, c o ll  s tra in s  of In te s t in a l  o rig in  were supplied by Dr. L. Bernard, 

C hild ren 's Memorial H osp ita l, Oklahoma C ity . Both enteropathogenlc

12
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and nonpathogenic s tra in s  were among the in te s t in a l  iso la tes*  Thus, a 

V ariety of iso la te s  was used fo r  a omnparison of n itro sa tin g  a b i l i ^  

among E, c o li s tra in s  of normal f lo ra  and those s tra in s  causing 

u rinary  t r a c t  in fec tio n s  and in te s t in a l  in fec tio n s .

All s tra in s  of E, c o li  were sto red  a t  4°C on stock culture 

agar s la n ts  (D ifco), The s tra in s  were tran sfe rred  a t  3 month in te rv a ls  

th ro u ^ o u t the course of the study. Fresh iso la te s  were used fo r  

biochemical confirm ation and sero log ic  s tu d ie s , as w ell as fo r  a l l  in  

v itro  and ^  vivo s tu d ie s ,

E, c o li s t ra in s  ty p ic a lly  demonstrate the follow ing biochemical 

c h a ra c te r is tic s t  they ferment glucose and lac to se  w ith the production 

of gas, s p l i t  indo l from tryptophan, produce an acid  environment due 

to  h ighly  acid ferm entation products, produce few n eu tra l ferm entation 

products such as acetylm ethylcarbinol, cannot u t i l i z e  c i t r a te  as a sole 

source of carbon, and are able to  reduce n i tr a te  to  n i t r i t e  ( l6 ,  30)# 

U tiliz in g  these p ro p e rtie s , a l l  is o la te s  were confirmed as E, c o li  by 

the following procedures :

1 , appearance on eosin-methylene blue agar

2 , u t i l iz a t io n  of glucose, la c to se , and/or sucrose

3o p o sitiv e  indo l t e s t

4 , p ositive  methyl red t e s t

5, negative Voges-Proskauer reac tio n

6, negative Simmon's c i t r a te  t e s t ,  and

7, reduction  of n i t r a te  to  n i t r i t e  when grown on n i tr a te  agar.

Iso la te s  conforming to  the above c r i t e r i a  were serotyped by

th e ir  0 somatic an tigen  according to  the s lid e  agg lu tina tion  method of
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Katifmann (30) o The K envelope antigens of E. c o li in te r fe re  w ith 0 

ag g lu tin a tio n , therefo re  a l l  s tra in s  te s te d  were bo iled  fo r  one hour 

p r io r  to  typing in  order to  remove the K an tigens. Brain h e a r t in fu ­

sio n  s la n ts  (Difco) were inocu lated  w ith E, c o li  s tra in s  and incubated 

a t  35®C fo r  18 hours. The fre sh  cu ltu res were washed from the s la n ts  

w ith 0,7 ml s te r i l e  physiologic sa lin e  (0 ,9$ , w /v). The sa lin e  

suspensions were bo iled  fo r  one hour in  a water b a th . One drop of 

each sa lin e  suspension was added to  a se r ie s  of ag g lu tin a tio n  w ells 

on a premarked s l id e .  Each w ell contained one drop of a monospecific 

0 antiserum  d ilu te d  1x5 in  a 1:10,000 m erthiolate -water m ixture. The 

0 a n tise ra  used were types 01, 02, 04, 06, 07, 08, 018, 025, 050, and 

075 (Difco) 0 A sa lin e  con tro l co nsis ting  of one drop of each E, c o li 

suspension and one drop of physiologic sa lin e  was added to  each s l id e .  

The s lid e s  were ro ta ted  u n t i l  v is ib le  agg lu tin a tio n  occurred or one 

minute had elapsed. I f  agg lu tin a tio n  appeared in  a l l  the  w e lls , 

including  the sa lin e  co n tro l, the E, c o li  s t r a in  was designated as 

r o u ^ .  I f  no a g lu t in a t io n  was noted, the s t r a in  was termed untypable* 

I f  a g lu t in a t io n  occurred in  a w ell containing one of the a n tis e ra  and 

not in  the sa lin e  co n tro l, the s t r a in  was designated as a sp e c if ic  

sero type. Reference cu ltu res were typed as p ositive  contro ls th ro u ^ o u t 

the  serotyping s tu d ie s .

Experimental Animals 

Male r a ts  of Holtzman descent, weighing 240-260 grams, were 

used fo r  the animal experiments. These animals were obtained from the 

r a t  colory of the  Oklahoma Medical Research Foundation, Oklahoma C ity , 

Rats were housed in d iv id u a lly  in  metabolic cages designed so th a t
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urine  could be co llec ted  free  of fe c a l m aterial* The animals were not 

fed  s o lid  food bu t were given 5$ (w/v) ^ u co se  so lu tio n  ^  lib itu m . 

This method of feeding was ca rried  out in  an e f fo r t  to  prevent fe c a l 

contamination o f the u rine  and to  increase  the u rine  volume (20),

This procedure f a c i l i t a te d  the e x tra c tio n , concen tra tion , and assay of 

n itrosam ines.

In  V itro  Studies

Urine as Culture Medium 

Q uan tita tion  of B acte ria , A c a lib ra te d  lo o p -d ire c t s treak  

method was used to  q u a n tita te  E, c o li  organisms fo r  growth curves in  

v i t r o , A loop, c a lib ra ted  to  d e liv e r  0,01 ml, was dipped in to  a 6 

hour b ro th  cu ltu re  and streaked  on an eosin-methylene blue p la te  as 

shown in  Figure 1 , This procedure was a lso  used to  q u a n tita te  the 

inoculum fo r  animal in fe c tio n s , the number of organisms excreted in  

the u rine  during in fe c tio n , and the  microorganisms recovered from 

in fe c te d  animals a t  the term ination  of each experiment. This method 

y ie lded  th ree  d ilu tio n s  on a s in g le  p la te  corresponding to  10 , 10”-̂ ,

and 10 0

Growth Curve, In  v i tro  and 3^ vivo growth curves fo r  E, c o li 

were detei-mined using r a t  u rine  as the cu ltu re  medium. The ^  v i tro  

curve was determined by in ocu la ting  0,1 ml of an E, c o li b ro th  cu ltu re  

con tain ing  1 (7  organisms/ml in to  fla sk s  contain ing 40 ml of f i l t e r -  

s te r i l i z e d  r a t  urine  adjusted  to  pH 7 ,0 , The fla sk s  were incubated a t  

35°C in  a shaking water bath (Aquathem model R-86, New Brunswick 

S c ie n t i f ic ) ,  One ml samples of u rine  were removed fo r  colony counts
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Fig . 1 -  Q uantita tion  of b a c te ria  by the c a lib ra ted  loop -  
d ire c t  streak  method. Inoculum i s  spread over top one -h a lf  of 
p la te  then in to  lower r ig h t  quadrant and f in a l ly  in to  th e  lower 
l e f t  quadrant, y ie ld in g  the d ilu tio n s  noted.
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a t  0, 1 , 2 , 3, 4 , 5f 6, 12, and 24 hours. D ilutions of the urine 

cu ltu re  were made to  obtain p la te s , streaked as shown in  Figure 1 , ,  

having approximately 30 colonies on one of the quadrants. A ll d i lu ­

tions were p la ted  in  dup licate  to  obtain  an average colony count fo r 

each sampling period . For vivo n itro sa tio n  s tu d ie s , i t  was neces­

sary  to  prevent b a c te r ia l  growth and metabolism- a f te r  the organisms 

were excreted in  the r a t  u rin e . For th is  reason, i t  was necessary to  

a sc e r ta in  the minimal in h ib ito ry  concentration of an a n tib io tic  to  be 

added to  the c o llec tio n  v e sse l. In  add ition , i t  was assumed th a t  the 

a n tib io tic  would prevent growth of any contaminating normal f lo ra .

A ll s t ra in s  of E, c o li  te s te d  were suscep tib le  to  a 10 pg d isc  of 

gentaraycin (BBL) by p la te  te s t in g , thus th is  a n tib io tic  was used in  

animal experiments. The number of gentamycin d iscs (10 pg) needed to  

in h ib i t  growth of E, c o li  was determined by adding 0, 1 , 2 , 3, 4 , 5i 6, 

7 , or 8 d iscs to  20 ml u rine  samples containing 10^ organisms/ml, the 

maximum number of m icrcsrgsnisss excreted  during ^  vivo s tu d ies . 

According to  the re s u lts  of th is  assay, i t  was necessary to  add 4 

d iscs (40 pg) to  each uriiw  c o llec tin g  v esse l.

In  vivo excretion  curves were obtained by using broth  cu ltu res 

of E, c o li  containing 10^ organisms/ml. The organisms were cen trifuged , 

washed twice w ith s t e r i l e  n u tr ie n t b ro th , and resuspended a t  the 

desired  concentration in  10 ml of s t e r i l e  b ro th . Rats were anesthe­

tiz e d  by e th er and an in c is io n  was made on the r ig h t  do rsa l area 

exposing the r ig h t  kidney. The kidney was brought to  the surface 

using forceps and 5 p i  of the E, c o li  suspension was in je c te d  in to  two 

d if fe re n t  s i t e s .  The in c is io n  was closed using clamps and the r a t  was
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returned to  i t s  cage. The progress of the in fe c tio n  was monitored by 

q u an tita tiv e  p la te  counts of r a t  urine samples. The urine samples were 

co llec ted  in  s t e r i l e  disposable 4 ,5  ounce cups (Falcon P la s tic s )  a t  0, 

2 , 4 , 6 , 12, 24, 48, 72, 96, and 144 hours postinfection* The cages 

were d is in fec ted  with w ater, 5^ (v /v) phenol, w ater, and ethanol p rio r  

to  co llec tio n  of the urine specimens* The ra ts  were induced to  

u rin a te  a t  the sp e c if ic  time in te rv a ls  by e x c ita tio n  due to  handling* 

N -N itrosation by Escherichia c o li in  Urine. To e s ta b lish  

th a t  the N -n itrosation  of secondary amines occurred in  u rin e , s tud ies 

were done using f i l t e r - s t e r i l i z e d  urine as the cu ltu re  medium. The 

stud ies were performed u t i l iz in g  human and r a t  u rine  to  which 0.2#

(w/v) glucose and 0.2# (w/v) potassium n itr a te  were added. Diphenyl- 

andne and p iperid ine were employed as the precursor amines to  be 

converted to  the corresponding N-rrLtrosamines.

N-Nitrosamine Assays 

Dipherylamine has been shown to  be more rea d ily  n itro sa ted  

than other amines and fo r  th is  reason the conversion of dipherylamine 

to  N-nitrosodiphenylamine was s tud ied . Ten ml samples of n u tr ie n t 

broth  containing 0,2# (w/v) glucose (B actério log ie  grade, Difco) and 

0.2# (w/v) potassium n i tr a te  (Baker Chemicals) were inoculated w ith 

the £ . c o li  s t r a in  under study and incubated overnight a t  35°Co One 

mmole of dipherylamine (Eastman-Kodak) was added a se p tic a lly  to  90 ml 

of g lucose-n itra te  bro th  p rio r  to  the add ition  of the 10 ml overnight 

broth  inoculum. These cu ltu res were incubated a t  in  a shaking 

water bath  fo r  18 hours. The cu ltu res were then centrifuged a t  9,000 

X g a t  4°C (S orvall RC2-B) fo r  ten  minutes to  remove b a c te r ia l  c e lls
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and debris* The supernatant f lu id s  were checked fo r  the presence of 

n i t r i t e  using a q u a lita tiv e  su lfo sa ly cy lic  acid-alpha naphthol reagent 

( 61) ,  and then a lk a lin ized  to  pH 9,0# The broths wore ex tracted  twice 

w ith 50 ml of dichloromethane (F isher S c ie n tif ic )  and since diphenyl- 

amine and diphenylnitrosam ine are nonvolatile  compounds, the e x trac ts  

were concentrated to  dr]mess in  a ro ta ry  evaporator (Rinco Instrum ent 

Company), The residue was washed twice w ith 1 ,0  ml o f dichloromethane 

(F isher S c ie n tif ic )  and the washings were tra n s fe rre d  to  small v ia ls  

and d ried  a t  70°C, The residue in  the v ia ls  was reco n stitu ted  with 

dichloromethane to  0,1 ml and dipherylamine and diphenylnitrosamine 

were assayed by th in  lay e r chromatografdiy according to  the methods 

described below.

The f i r s t  method used was sp e c if ic  fo r  N-nitrosamines (50), 

S i l ic a  gel G p la te s  were spread to  0,25 mm th ickness, d ried  a t  room 

temperature fo r  30 m inutes, s to red  in  a d e ss ic a to r , and ac tiv a ted  a t  

UO®C fo r  30 minutes before u se . Ten i l l  samples were spotted  2 cm 

from the base of the p la te s . A fter the samples had d ried , the p la tes  

were developed in  a chromatography tank containing a so lven t system 

cœnposed of hexaneidiethylether(dichlorom ethane (4 :3 :2 ) , Following 

m igration of the so lven t f ro n t 10 cm from the sample ap p lica tio n  s i t e ,  

the p la te s  were removed from the tank and a ir -d r ie d . The presence of 

diphenylnitrosam ine was detected  by spraying the p la te  w ith a palladium 

chloride reagent w ith subsequent exposure of the p la te  to  shortwave ÜV 

l ig h t  (H inera ligh t Model R-51, U ltra v io le t Products, Inco) fo r  5 

minutes, N-nitrosamines form a b lu e -v io le t complex when tre a te d  in  

th is  manner. An a lte rn a te  de tec tion  method ( 6I )  u t i l iz e d  a so lvent
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system of benzenetpetroleum e th e r  The p la te s  were s i l i c a  gel

G containing 10^ (w/w) zinc dust# Since th is  procedure was used to  

id e n tify  both dipherylamine and difdienylnitrosamine on the same p la te , 

the so lvent f ro n t was allowed to  m igrate 15 cm to  achieve b e tte r  

separa tion  of the  two compounds* The color developing reagent used 

was a modified E n rlich ’s reagent contain ing  1 g of para-dimethyiamino- 

benzaldehyde d isso lved  in  25 ml of 12 N hydrochloric acid  and 75 ml 

of methanol. Reacted p la tes  were sprayed w ith the reag en t, a i r  d ried , 

and warmed in  a hot a i r  oven a t  90®C fo r  5 minutes. This sequence was 

found to  enhance co lor development, diphenylamine appearing yellow and 

diphenylnitrosam ine appearing reddish-brown.

Prelim inary ^  v i t r o  s tu d ies  were performed using  diphenylamine, 

while subsequent s tu d ies  employed v o la t i le  secondary amines such as 

dibutylam ine, d iethylam ine, and p iperid ine  (Eastman-Kodak), For de tec­

t io n  of these compounds, an experim ental design s im ila r  to  th a t  used 

fo r  diphenylamine was empJLoyed, Since v o la t i le  secondary amines are 

le s s  re a d ily  n itro sa te d  than diidienylaraine, 500 ml b ro th  cu ltu res were 

used in s tead  of 100 ml c u ltu re s , Dibutylamine, diethylam ine, and 

p iperid ine  (0 , 05^, w/v) were added to  designated cu ltu re  vesse ls  in s tead  

of the 1 mM concentration  used in  diphenylamine experim ents. Due to  

the v o la t i le  nature of these amines and th e i r  N-nitrosam ines, the 

so lven t was not evaporated to  complete dryness. Concentration was 

c a rr ied  to  le s s  than 1 ml by ro ta ry  evaporation. The residue was 

tra n s fe rre d  to  small v ia ls  and he ld  a t  room temperature u n t i l  the 

remaining so lven t had vaporized. The residue was then re c o n s titu te d  

to  0 ,1  ml w ith dichlorome thane and assayed fo r  N-nitrosamines using
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th in  lay e r and g as-liq u id  chromatography. The th in  lay e r system 

u t i l iz e d  the palladium chloride reagent sp e c if ic  fo r N-nitrosam ines, 

Samples fo r  gas chromatografMc analyses were prepared by sp o ttin g  the 

e x tra c t remaining a f t e r  the i n i t i a l  th in  lay e r chromatographic analysis 

onto s i l i c a  gel G p la te s  w ith subsequent development in  the hexane: 

e th e r :dichloromethane so lven t system (50, 6 l ) ,  The r ig h t  edges of the 

p la tes were sprayed to  show the m igration o f a standard N-nitrosamino 

and sec tions w ith the same Rf value as the standard were scraped from 

the p la te s  and washed twice w ith 1 ml dichloromethane to  e lu te  any 

N-nitrosamine from the s i l i c a  g e l. The e lu a tes  were concentrated to  

0,1  ml and assayed by gas liq u id  chromatography, A Varian Aerograph 

(model 1700) equipped w ith a flame io n iz a tio n  d e tec to r was used 

employing a 6 fo o t s ta in le s s  s te e l  column packed with 28^ Penwalt 223 

and 4$ potassium hydroxide on Gas Chrom Q, This column w il l  separate 

amines and th e ir  d e riv a tiv e s . The conditions under which gas liq u id  

chromatography were c a rr ied  out are  summarized in  Table 1 ,

In  v i t r o  experiments were done using diphenylamine as the 

precursor amine in  an e f fo r t  to  determine the k in e tic s  of d iphenylni- 

trosandne form ation w ith resp ec t to  the time required  fo r  nitrosam ine 

form ation and the concentration  of the su b s tra te . The leng th  of 

incubation  requ ired  fo r  form ation of N -nitros odiphenylamine was 

determined using a se r ie s  of 50 ml bro th  cu ltu res of E, c o li  containing 

10 mg diphenylamine. These cu ltu res  were incubated fo r  0, 8, I 6 , 24, 

32 , 40, or 48 hours, cen trifuged , a lk a lin ized  (pH 9*0), ex trac ted , 

concentrated, and assayed fo r  the presence of dipherylnitrosam ine, In  

a s im ila r manner, 50 ml bro th  cu ltu res  containing 0, 2^ (w/v) glucose.
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TABLE 1

GAS-LIQUID CHROMATOGRAPHIC CONDITIONS USED 
FOR THE DETECTION OF VOLATILE AMINES 

AND N-NITROSAMINES

Flow ra te  
(ml/inin)

Temperature
(*C)

Nitrogen

Hydrogen

Oxygen

40

40

400

Column

D etector

In je c to r
port

,“10

160

190

195

S e n s itiv ity  : 2 x 10 m illiam peres/m illivo lt 
Sample s iz e  ; 2 m ic ro lite rs
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0,2^ (w/v) potassium n i t r a te ,  and varying concentrations of diphenyl- 

amine were inoculated w ith 10^ E, c o li  c e lls  of the s t r a in  under study» 

Diphepylamine was added in  concentrations of 0, 5» 10, 20, and 50 mg 

since these concentrations were considered as possible doses in  in  

vivo experiments. The cu ltu res were incubated overnight and assayed 

fo r  diphenylnitrosam ine.

In  Vivo Studies

Recovery of Diphenylamine 

Fluorometry was used to  q u an tita te  diphenylamine and diphenyl­

nitrosam ine present in  r a t  u idne. The procedure was found to  be 

unsu itab le  fo r  diphenylnitrosam ine since the n itre so  group quenched 

the fluorescence of the phenol r in g s . However, th is  method was usefu l 

fo r  the q u an tif ic a tio n  of diphenylamine. An Arainco-Bowman Spectrophoto- 

fluorom eter (American Instrum ent Coi) was used w ith a maximum e x c ita ­

t io n  wave length  se t tin g  of 295 nra and maximum emission wave length  

of 370 nm. The instrum ent was ca lib ra ted  using a 1 ug quinine su lfa te  

standard . D ilutions of u rine  ex trac ts  were made in  95^ ethanol and 

absolute values were e stab lish ed  by comparison w ith a standard curve 

fo r  diphenylamine in  ethanol (Figure 2 ) ,

Recovery of N-nitrosodiphenylamine 

Male r a t s ,  in d iv id u a lly  housed in  metabolic cages, were given 

5$ (w/v) ^ucose  so lu tion  ^  lib itum  to  increase th e ir  urine volume 

(20 ), A fter three days of d iu re s is , the animals were in fec ted  w ith a 

predetermined inoculum of E, c o li s tra in s  showing n itro sa tin g  capa­

b i l i t y  in  ^  v i tro  experiments » Five p i  of a 10 /ml suspension of
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E« c o ll  s t r a in  93 or 108 was in je c te d  in to  2 c o r t ic a l  areas of the 

kidney, using  a 10 | i l  Hamilton sy ringe. Following the su rg ic a l pro­

cedure, the ra ts  were allowed to  recuperate fo r  24-48 hours. At th is  

time the  h ighest number of organisms was excreted in  the u r in e . The 

animals were then given varying doses of diphenylamine in  corn o i l  

and potassium n i t r a te  in  d i s t i l l e d  w ater by g a s tr ic  in tu b a tio n  per os. 

The r a t io  of amine to  n i t r a te  was 1 :2 , ^  v i t ro  s tu d ies  have in d ica ted  

th is  to  be an optim al r a t io  fo r  n itro sa tio n  (64 ), I n tra g a s tr ic  in tu ­

bations were given a t  8 hour in te rv a ls  and u rine  was co llec ted  and 

analyzed fo r  the presence of n i t r i t e ,  dijhenylam ine, and N -nitroso­

diphenylamine, A sp ira tion  of b ladder contents and kidney homogenates 

were obtained fo r  q u a n tita tiv e  colony counts a t  the end of each 

experiment. Four normal and in fec te d  kidneys were recovered and 

fixed  in  10^ (v /v ) n e u tra l buffered  form alin fo r  t is su e  examination. 

Tissue sections were prepared and subsequently s ta in ed  w ith  hematoxylin- 

eosin  (36) aW Brown and Brenn's modified gram s ta in  (1 1 ), These 

kidney sections wore examined fo r  the presence of microorganisms and 

in d ica tio n s of inflammatory processes compatible w ith an acute or 

chronic in fe c tio n .

Urine specimens co llec ted  in  the presence of gentaraycin were 

re f r ig e ra te d  a t  4°C u n t i l  assayed, A portion  was used to  assay fo r  

the reduction  o f n i t r a te  to  n i t r i t e  and the remaining u rine  specimen 

was ad justed  to  pH 9*0, The a lk a lin ize d  u rine  was ex trac ted  twice 

w ith one-half volume of dichlorome thane. The e x tra c t was washed w ith 

an equal volume of glycine-hydrochloride b u ffe r (pH 2 ,0 ) to  remove 

in te r fe r in g  amines, followed with an equal volume of 20$ (w/v) potas­

sium carbonate to  remove any b u ffe r trapped in  the so lv en t. The
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e x tra c t was d ried  over anhydrous sodium carbonate fo r  30 minutes to  

e lim inate  re s id u a l w ater. The dichloromethane e x tra c t was then 

concentrated , d rie d , and rec o n s titu te d  in  the same manner used fo r  the 

in  v i tro  assay . F i f ty  p i  samples were spo tted  on s i l i c a  gel G p la te s  

contain ing 10^ (w/w) zinc d u st and developed u t i l i z in g  a spray reagent 

sp e c if ic  fo r  phenolic compounds (6 l ) ,



CHAPTER n i  

RESULTS

Id e n tif ic a t io n  of E, c o li  Isolattfceg 

Biochemical Id en tif ic a tio n  

Two hundred seven b a c te r ia l  s t ra in s  isolaated from u rine  and 

12 in te s t in a l  s t ra in s  presum ptively id en tified  msssE* co li were co l­

lec te d  from h o sp ita ls  in  the Oklahoma C ity  area# Biochemical co n fir­

mation of these s tr a in s  was c a rr ie d  out and agreegsitent o r disagreement 

w ith the reactions l i s te d  in  Table 2 was establisssligd. JLU 12 i n t e s t i ­

na l s t ra in s  demonstrated reac tio n s c h a ra c te r is tie a  fot* Escherichia c o li « 

The m ajo rity  of the s tra in s  iso la te d  from urinaxyy» t r a c t  in fec tio n s  

a lso  conformedo N inety-eight ^  of the iso la tes  fTïom vrine were lac to se  

p o s itiv e  and had ty p ic a l colony morphology when pçajated on eosin  

methylene blue agar© When grown on tr ip le -su g a r  iroti agar s la n ts ,  a l l  

of the is o la te s  fermented lac to se  and/or sucrose (acid s la n t)  and 

dextrose (ac id  b u tt)  w ith gas form ation. This ro.e action i s  "typical of 

E, c o l io Other biochemical reac tio n s commonly enimployed in  the id e n t i ­

f ic a tio n  of E, c o li  are  freq u en tly  summarized ' the acronym IMVIC, 

re fe r r in g  to  the production of indole from trypti>;o-yhan, a c id  production 

as in d ica ted  by methyl red  change, acetyl-methjrlcis^fbinol production 

(Voges-Proskauer t e s t ) ,  and the u t l iz a t io n  of cit%];ata as a carbon

27
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source» As seen in  Table 2 , 96'^ of the s tra in s  obtained from urine ■ 

were indole p o s itiv e , 97^ were methyl red  p o s itiv e , while 98^ were 

Voges-Proskauer negative and 9ôjé did not u t i l i z e  c i t r a te  as a carbon 

source. Genera of the fam ily Enterobacteraceae must be capable of 

reducing n i tr a te  to  n i t r i t e  and i t  may be noted th a t  a l l  of these 

is o la te s  conformed to  th is  c h a ra c te r is t ic . I t  w il l  be seen in  Table 2 

th a t  97$ of the iso la te s  in v estig a ted  were confirmed as Escherichia 

c o l i . Two indole negative s tra in s  were designated E, c o li and th is  

was confirmed by sero log ic  typing.

Serologic Id e n tif ic a tio n  

Common E, c o li  serogroups is o la te d  from u rinary  t r a c t  in fec ­

tio n s  are 01, 02, 04, 06, 07, 08, 018, 025, 050, and 075 ( 65) . The 

201 E, c o li  iso la te s  were serotyped using monospecific a n tise ra .

R esu lts of the serotyping experiments a re  shown in  Table 3» Twenty- 

nine of the  s tra in s  were designated as r o u ^  because agg lu tination  

occurred in  a l l  of the  sera  used as w ell as the sa lin e  con tro l. Ninety- 

two s tra in s  were inagglu tinab le  in  the 0 a n tise ra  employed. Eighty 

s tra in s  showed ty p e-sp ec ific  agg lu tin a tio n  w ith in  one minute and were 

designated typable.

The Eo c o li s tra in s  showing mono-specific agg lu tina tion  are 

shown according to  serotype in  Table 4 , Frequently iso la te d  serotypes 

were 06, 075, and 04, These three serogi'oups represented 40, 19, and 

13$ resp ec tiv e ly , of the typable s t r a in s .  The other 28$ typable E, c o li  

s t ra in s  were d is tr ib u te d  among 01, 050, 07, 025, 02, and 018 serogroups. 

No s tra in s  of the 08 serogroup were iso la te d  during the course of th is  

study.
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TABLE 2

BIOCHEMICAL CONFIRMATION OF PRESUMPTIVE 
ESCHERICHIA COLI ISOLATES

Reaction Iso la te s  demonstrating ty p ic a l biochemical 
reactions fo r  the genus Escherichia

Urine is o la te s  
(207 s tra in s )

In te s t in a l  is o la te s  
(12 s tra in s )

Nurr.bftr P«^ ren t Nn.TihinT

Lactose ferm entation; EMB 203 9Ô 12
Lactose/Dextrose fermenta­ 207 100 12

tio n : TSI
Indol positive 199 96 12
Methyl-Red positive 201 .. 97 12
Voges-Proskauer negative 203 98 12
C itra te  negative 200 96 12
N itra te  reduction 207 100 12

Total number of s tra in s  
id e n tif ie d  as E, co li 201 12
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TABLE 3

AGGLUTINATION REACTION OF ESCHERICHIA COLI 
URINARY TRACT ISOL/VTEb

Type of reaction Number of iso la te s Per cent - ■

Type sp e c if ic 80 40.0

Rough 29 14.5

Untypable 92 45.5

Total 201 100.0
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TABLE 4

ITPE SPECIFIC ESCHERICHIA COLI URINARY 
TRACT isolates ACCORDING 

TO SEROGROUP

Serogroup Nunber. .of type- 
sp ec ific  is o la te s

Per cent

06 32 40
075 15 19
04 10 13
01 7 9
050 5 6
07 5 6
025 4 5
02 1 1
018 1 1
08 0 0

T otal 80 100
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In  V itro  N-Nitrosamine Assays

Broth Culture Experiments 

T hirty-seven s tra in s  of E, c o li  se lec ted  a t  random from the 

201 confirmed is o la te s  from urine were analyzed fo r  th e i r  a b i l i ty  to  

form N-nitrosodiphenylamine from difdieiylamine and n i tr a te  « The 

rea c tio n  was ca rried  out in  n u tr ie n t b ro th  cu ltu res  containing 0.2# 

(w/v) glucose, 0o2# (w/v) potassium n i t r a te ,  and 10 mg diphenylamine*

As shown in  Table 5, 8?# of the E, c o li s t ra in s  te s te d  n itro sa ted  

diphenylamine * There was no re la tio n sh ip  between serotype and N- 

n itro sa tin g  a b i l i ty  since diphenylnitrosam ine was demonstrated in  91# 

of the ex tra c ts  from ty p e-sp ec ific  s tra in s  and 95# of e x tra c ts  from 

untypable s t r a in s .  Eighty-seven per cen t of the iso la te s  from urine  

produced the N -nitroso compound, whereas 100# of the  in te s t in a l  

is o la te s  (6 enteropathogenic and 6 non-typable) were capable of 

n itro sa tin g  diphenylamine in  the presence of n i t r a te .

Diphenylnitrosamine and diphenylamine were detected  by th in  

lay e r  chromatography u t i l i z in g  a developing reagent sp e c if ic  fo r 

phenolic compounds ( 6 l ) ,  The add ition  of th is  reagent to  a p la te  on 

which E, c o li  b ro th  e x tra c ts , an uninoculated con tro l e x tra c t, and 10 

pg standards of diphenylamine and diphenylnitrosam ine were spotted  

gave the ty p ic a l r e s u l ts  seen in  Figure 3« Sample 1, a con tro l b ro th , 

was ex trac ted  in  the  same manner as the inoculated  c u ltu re s . The 

in tense  reactions (Rf 0,6) correspond to  the reactions of the d ijheny l- 

amine standards (Rf 0 ,6) th a t  were applied  a t  locations 5 and 7# 

Diphenylnitrosamine was not detected  in  the uninoculated con tro l b ro th . 

The e x tra c ts  of E, c o li  broth  cu ltu res  (samples 3» 6, 8) had large
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TABLE 5

N-NITROSAMINE FORMATION BY ESCHERICHIA COLI 
SEROTYPES ISOLATED FROM URINE

Serotype Number of Number forming 
is o la te s  N-nitrosamines

Per cent

Type-specific 22 20 90

Untypable 13 11 85

Rough 2 1 50

Total 37 32 87
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-■ ’/ f

Ri" 0.8

sRf 0 .6

Rf 0.4

Origin

8

Fig. 3 “Thin lay e r chromatogram of four Escherichia c o li  broth 
ex trac ts  demonstrating in  v itro  n itro sa tio n  of diphenylamine.

1. E xtract o f an uninoculated con tro l 
Rf 0.6  ; diphenylamine .

2. Diphenylnitrosamine standard (10 )xg)
3 . E x tract of E. c o li s t ra in  93
4o E xtract of E. c o li s tra in  108
6. E x tract of E. c o li s t r a in  116
8. E xtract of E. co li s tra in  123

Rf 0 .8  : unknown diphenylamine d e riv a tiv e  
Rf 0.6 : diphenylamine 
Rf 0 .4  : diphenylnitrosam ine

5. Diphenylamine standard (10 jag)
7. Mixed standard (10 ug)

Rf 0 .6  : diphenylamine
Rf 0 .4  : diphenylnitrosam ine
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spots a t  Rf 0,6 confirming the presence of re s id u a l diphenylamine.

Also p resen t were reactions (Rf 0,4) which corresponded to  the 

diphenylnitrosam ine standard (samples 2 and 7 ) , Culture e x tra c ts  

a lso  demonstrated a sm all spot a t  Rf 0 ,8 , The reagent used i s  

sp e c ific  fo r  phenol rings and the compounds demonstrated a t  Rf 0 ,8  

are unknown diphenylamine d e riv a tiv es ( 6 l ) ,

Following completion of s tud ies demonstrating conversion of 

diphenylamine to  i t s  corresponding N-nitrosamine, the form ation of 

v o la t i le  N -nitroso compounds was in v es tig a ted . Two dialkylam ines 

(dibutylamine and diethylam ine) and one hete rocyclic  amine (p ip erid in e ) 

were employed as precursor compounds fo r  the n itro sa tio n  re a c tio n . 

F iftee n  E, c o li s tra in s  previously  shown to  n itro sa te  diphenylamine 

were used in  these experiments, A th in  lay e r chromatogram o f e x tra c ts  

from E, c o li  s t r a in  93 bro th  cu ltu res  grown in  the presence of the 

amines l i s te d  above i s  shown in  Figure 4 , In  each case, the N -n itro s- 

andne corresponding to  the precursor amine was formed (lo ca tio n s 5f 6,

7, 8 ), This i s  evidenced by comparison with the standard N-nitrosamine 

shown on the  l e f t  side of the th in  la y e r  p la te  (lo ca tio n s 1 , 2 , 3 , 4 ) , 

The developing reagent used was sp e c ific  fo r  N-nitrosamines and no 

other compounds were detected  in  the e x tra c ts . G as-liquid  chromatog- 

rajiiy  of the ex tra c ts  was ca rried  out to  confirm id e n tif ic a t io n . This 

procedure was se lec ted  in  order th a t  both amines and nitrosam ines 

could be e lu ted  from the same column. The e lu tio n  times (R st) and 

d istances (Rf) fo r  d ie thy ln itrosam ine, dibutylam ine, d ibu ty ln itrosam ine, 

p ip erid in e , and n itro sop iperid ine  are shown in  Table 6, Diphenylamine 

and diphenylnitrosam ine are nonvolatile  diphenyl compounds and w il l



36

Rf 0.71 
Rf 0.65

Rf 0.55 
Rf 0.50

O rigin

8

F ig. 4 -  Thin lay e r  chromatogram demonstrating in  v itro  N- n itro sa tio n  
of dibutylam ine, diethylam ine, diphenylamine, and p iperid ine  by E scherichia 
c o li  s tra in  93.

1 . D ibutylnitrosam ine standard : Rf 0.65
2. D iethylnitrosam ine standard ; Rf 0.55 
3* Diphenylnitrosamine standard : Rf 0.71 
4« N itrosop iperid ine  standard : Rf 0.50
5* E x tract of E. c o li  s t r a in  93 grown in  presence of dibutylamine 

Rf 0.65 : d ibutylnitrosam ine
6. E x trac t of E. c o li s t r a in  93 grovm in  presence of diethylam ine 

Rf 0.55  : d iethyln itrosam ine
7 . E x trac t of E, c o li s t r a in  93 grown in  presence of diphenylamine 

Rf 0.71 : diphenylnitrosam ine
8. E x tract of g . co li s t r a in  93 grown in  presence of p iperid ine  

Rf 0.50  ; n itro so p ip e rid in e
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TABLE 6

GAS-LIQUID CHROMATOGRAPHIC IDENTIFICATION 
OF AMENES AND N-NITROSAMINES

Compound Rf^ Rst^

Diethylamine _c _c
D iethylnitrosam ine 3.5 4.0
Dibutylamine 2.9 3.5
Dibutylnitrosam ine 21.5 26.0
P iperid ine 2.5 3 .0
N itrosopiperid ine 14.1 17.5

^Rf:d istance  a compound m igrates, measured from in je c tio n  poin t to  
peak maximum (cm)

^R at:e lu tion  time of compound from in je c tio n  to  peak maximum (min) 
c.Diethylamine e lu te s  w ith the so lvent fron t
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not e lu te  from th is  column, Diethylamine e lu tes  very rap id ly  so 

th a t  the peak cannot be d istingu ished  from the so lven t f ro n t. Each 

of the other compounds has a c h a ra c te r is tic  re te n tio n  time and 

m igratory d istance and i t  was possib le to  id e n tify  chromato graphic 

peaks by comparison with standards. Representative gas chromatograms 

of e x tra c ts  of E, c o li  bro th  cu ltu res grown in  the presence of 

dibutylamine and p iperid ine  are presented in  Figures 5 and 6, respec­

t iv e ly , The f i r s t  large  peak seen represen ts the solvent f ro n t. The 

re te n tio n  time fo r  dibutylamine was minutes, while N -nitroso- 

dibutylamine was elu ted  i t  26 minutes (Figure 5 ), P iperidine and 

n itro sop iperid ine  had re te n tio n  times of 3 ,0  and 17,5 minutes, 

resp ec tiv e ly  (Figure 6 ), A summary of v o la ti le  and nonvolatile  

N-nitrosamine form ation in  bro th  cu ltu res by E, c o li iso la te s  of 

in te s t in a l  and u rin ary  t r a c t  o rig in  i s  presented in  Table 7 . A ll of 

the in te s t in a l  s tra in s  formed N-nitrosodiphenylamine, The n itro sa tin g  

a b i l i ty  of these s tra in s  was not stud ied  fu r th e r . Eighty-seven $ of 

the E, c o li s tra in s  iso la te d  from urine n itro sa ted  diphenylamine, 

giving a to ta l  of 90/5 n itro sa tin g  s tra in s  when in te s t in a l  iso la te s  

wore included. The 15 s tra in s  stud ied  with regard to  N -nitrosation  of 

diethylam ine, dibutylamine and p iperid ine  had previously been shown 

to  form diphenylnitrosam ine, A ll is o la te s  stud ied  formed d ie th y l­

nitrosam ine and dibutylnitrosam ine while 93$ of iso la te s  formed 

detectab le  lev e ls  of n itro sop iperid ine  (Table 7)»

The medium used in  prelim inary stud ies contained 0,2$ (w/v) 

glucose, which enhanced the growth of E, c o li  and presented the 

p o ss ib lity  of a decreased pH which may enhance n itro sa tio n  through
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Fig# 5 -  G as-liquid  chrormtograia of an e x tra c t from a bro th  
cu ltu re  of E sche^chia  c o li  s t r a in  93 containing dibutylam ine, 0,2# 
glucose, and 0,2# n i t r a te .  The peaks are  the so lven t f ro n t (SF), 
dibutylamine (DBA), and N-nitrosodibutyland.ne (NDBA),
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Fig# 6 -  G as-liquid  chromatogram of an e x tra c t from a bro th  
cu ltu re  of Escherichia c o li s t r a in  93 contain ing  p ip erid in e , 0.2^ 
glucose, and 0,2% n itra te #  The peaks are  the so lven t f ro n t (SF), 
p iperid ine  (PP), and N -nitrosopiperid ine (NPP)#
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TABLE 7

COMPARISON OF DETECTION PROCEDURES FOR ANALYSIS OF EXTRACTS 
PREPARED DURING IN VITRO N-ÎJITROSAMINE 

FORMATION BY E. COLI ISOLATES
OF URINARY TRACT AND 
INTESTINAL ORIGIN

Origin of Iso la te s Per Cent N itrosa tion

N-nitrosamine assayed
T hin-layer G as-liquid

chromatography chromatography

In te s t in a l  t r a c t
diphenylnitrosam ine 100 not te s te d

Urinary t r a c t
diphenylnitrosam ine 67 not te s te d
diethylnitrosam ine 100 0
dibutylnitrosam ine 100 100
n itro so p ip e rid in e 93 93
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chemical c a ta ly s is .  Experiments were designed to  study the e f fe c t  

of glucose on the form ation of n i tro s  odiphenylamine ^  v i t r o . These 

experiments re la te d  to  planned ^  vivo s tu d ies  because normal r a t  urine 

contains l i t t l e  or no ^ u c o se . The e f f e c t  of removing ^ucose  from 

the t e s t  system i s  shown in  Figure 7* Cultures grown in  the absence 

o f ^ u co se  gave a low y ie ld  of diphenylnitrosam ine while the cu ltu res 

grown in  the  presence of 0,2$ (w/v) glucose demonstrated increased  

form ation of diphenylnitrosam ine. Although the y ie ld  of n itro s  odiphen­

ylamine was low in  the ^ u co se  free  e x tr a c ts , th is  compound was present 

in  de tectab le  concen tra tions. These experiments demonstrated the 

f e a s ib i l i ty  of using  diphenylamine fo r  animal s tu d ie s .

Upon se le c tin g  diphenylamine as the su b s tra te  fo r  in  vivo 

N -n itro sa tion  experim ents, the phenomenon of su b s tra te  in h ib itio n  was 

in v es tig a te d . R esults of these experiments are  shown in  Figure 8, 

N utrien t bro th  cu ltu res  o f E, c o li  s t r a in  93 were grown in  the presence 

of 0, 5» 10, 20, or 50 mg diphenylamine, N-nitrosodiphenylamine was 

recovered frœn a l l  cu ltu re  e x tra c ts  except the  negative con tro l cu ltu re  

which contained no diphenylamine. Increasing  amounts of the n itre so  

ccsnpound were recovered as the concentration  of the amine increased . 

This i s  evident as la rg e r  and more in tense  reactions on the chromato­

graphy pùLate.

Experiments were conducted to  determ ii» i f  increas ing  amounts 

of nitrosam ines would be synthesized w ith  longer periods of incubation . 

Broth cu ltu res  containing 10 mg diphenylamine, 0,2$ (w/v) glucose, and 

0,2$ (w/v) potassium n i t r a te  were inocu lated  w ith E, c o li  s t r a in  93 

and incubated fo r  0, 8, l6 ,  24, 32, 40, and 48 hours (Figure 9)» Con-
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Rf 0.80 

Rf 0.65

Rf 0.45

Origin

1 2  3 4 5

Fig. 7 -  The e ffe c t of glucose on the in  v i tro  n itro sa tio n  of 
diphenylamine by E scherichia co li s t r a in  93»

1, E x trac t of E. co li broth cu ltu re  without glucose

2 .
3.

4.
5.

Rf 0.65 : diphenylamine 
Rf 0.45 : diphenylnitrosam ine 
E xtract from uninoculated broth 
Rf 0.65 : diphenylamine 
Mixed standard 
Rf 0.65 : diphenylamine 
Rf 0.45 : diphenylnitrosam ine 
Same as sample 1
E x tract of E. c c li  broth cu ltu re  with 0 .2  % glucose 
Rf 0.80 ; unknown diphenylamine d e riv a tiv e  
Rf 0,65 : diphenylamine 
Rf 0.45 : diphenylnitrosam ine
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•Rf 0,6

O rig in

Fig . 8 -  The e ffe c t of severa l concentrations of diphenylamine 
on n itro sa tio n  and diphenylnitrosam ine recovery from ex trac ts  of 
Escherichia c o li  broth  c u ltu re s .

1. Without diphenylamine
2. Culture contained 5 mg diphenylamine
3. Culture contained 10 mg dipherylamine
4. Diphenylnitrosamine standard:Rf 0.6 
6. Culture contained 20 mg diphenylamine 
6, Culture contained ^0 mg diphenylamine
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version  of diphenylamine to  diphenylnitrosam ine was noted a t  a l l  time 

in te rv a ls  in  approximately equal amounts, except immediately post­

in o cu la tio n . This sample, processed a t  the beginning of the experi­

ment, served as a negative con tro l and diphenylnitrosam ine was not 

recovered. A non-reacting  area was noted a t  the same Rf "value as the 

standard diphenylnitrosam ine and subsequent s tu d ie s , using developing 

reagents fo r  diphenylamine, ind ica ted  th a t  th is  spot was diphenylamine. 

Chromatography of diphenylamine and the nitrosam ine in  hexane te th e rt 

dichloromethane d id  not resolve these compounds and chromatograms of 

e x tra c ts  obtained from animal s"tudies were processed w ith a petroleum 

e th e r and benzene sol"vent system. This so lven t system was s a tis fa c to ry  

fo r  separa ting  diphenylamine and i t s  d e riv a tiv e s .

Rat Urine Experiments 

Forty  ml o f f i l t e r - s t e r i l i z e d  r a t  u rine  (pH 7,0) were inocu­

la te d  w ith 0.1 ml of an E. c o li  s t r a in  93 b ro th  suspension in  order 

to  study the growth k in e tic s  of E. c o li  in  r a t  u rine  (Figure 10).

The experiment was performed in  quadruplicate and the points on the 

growth curve rep resen t an a"verage of the values obtained. Following 

a 3 hour lag  pdiase, exponential growth was apparent and a concentration
O

of 2 .6  X 10 microorganisms/ml was a tta in e d  a t  12 hours. The re s u lts  

of th is  experiment ind ica ted  th a t  r a t  u rin e , in  the absence of in fec ­

tio n  and inflammation, would serve as a s a tis fa c to ry  cu ltu re  medium.

In  v i tro  N-nitrosamine stud ies were subsequently ca rried  out 

using f i l t e r - s t e r i l i z e d  urine  in s tead  of Tr't r i e n t  bro th  as a cu ltu re  

medium. E. c o li s tra in s  93t 555, 98, and 103 were inocu lated  in to  

flask s  containing 50 ml s t e r i l e  r a t  u rin e , 0.2# potassium n i t r a te ,  and
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Rf 0.6

Origin

Fige 9 -  The e ffe c t  of inci’b itio n  time on the  formation and 
recovery of diphenylnitrosam ine from ex tra c ts  of E scherichia c o li  
s t r a in  93 b ro th  c u ltu res .

1. Immediate ex trac tio n  of cu ltu re
2. E xtract of broth  cu ltu re  8 hours post -  inoculation
3 . E xtract of broth cu ltu re  16 hours post -  inoculation
4. Diphenylnitrosamine standard ; Rf 0.6
5. E x trac t of broth cu ltu re  24 hours post -  inocu lation
6. E x trac t of broth  cu ltu re  48 hours post -  inocu la tion
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Fig. 10- In  v i tro  growth curve fo r  E, c o li s t r a in  93 in  r a t  
u rine  (pH 7,0  The po in ts on the  curve represen t the  mean of 
fou r samples.
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10 mg diphenylamine. Thin lay e r chromatography of ex trac ts  of the 

u rine  cu ltu res demonstrated diphenylnitrosam ine formation by E. c o li 

s tra in s  93. 103, and 555# R esults were the same whether human o r r a t  

u rine  replaced the b ro th . When 0,1# p iperid ine was used as the precur^ 

so r amine, N -nitrosopiperid ine was recovered. Diphenylnitrosamine 

and/or N -nitrosopiperid ine were not detected  in  the urine ex tra c ts  

containing E. c o li  s t r a in  98. This s t r a in  served as a negative con­

t r o l  because v i tro  bro th  cu ltu re  experiments had revealed th is  

n itra te -red u c in g  s t r a in  to  be incapable of carry ing  out the n itro sa tio n  

reac tio n .

Animal Experiments

Fluorom etric Diphenylamine Assays 

P rio r to  ^  vivo N -n itro sa tion  s tu d ie s , i t  was necessary to  

determine i f  o ra lly  adm inistered diphenylamine was excreted in  r a t  

u r in e . Prelim inary stud ies using  th in  lay e r chromatography assay 

procedures in d ica ted  sm all amounts were being excreted or recovered 

by the ex trac tio n  procedure. A standard curve fo r  diphenylamine in  

ethanol was prepared by p lo tt in g  the log-^g of the re la tiv e  in te n s ity  

ag a in st the log^^ o f the diphenylamine concentration (Figure 2 ) . The 

curve was l in e a r  from 0.0001 pg to  5,0 Pg, Quenching was noted a t  

h igher concentrations of diphenylamine with the g rea tes t decrease in  

fluorescence occurring between 10 and 100 pg. The recovery of 20 mg 

diphenylamine added to  r a t  u rine  and immediately ex tracted  i s  shown 

in  Table 8, Six in te rn a l standards were included with an average 

recovery of 17.8+2.8 mg diphenylamine fo r  an 89.4# recovery ra te .
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TABLE Ô

FLUOROMETRIC ASSAY OF URINE CONTAINING 
TVvENTY MILLIGRAMS DIPHEOTLAl-HNE

Pooled- urine 
sample

Milligrams
recovered

Per cent

1 19.2 96.0

2 19.6 98.0

3 21.6 108.0

4 17.5 87.5

5 15.6 78.0

6 13.8 69.0

Average 17.8+2c8 89.4
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Results of fluorom etric analysis  of u rines from ra ts  given 10 rag 

diphenylamine by in tra g a s tr ie  in tuba tion  every 8 hours fo r  48 hours 

are shown in  Table 9o Three animals were used and the average 

values were p lo tte d . Assays were ca rried  out on pooled u rine  speci­

mens co llec ted  during the f i r s t  8 hours (10 mg dijJienylamine given), 

the second 16 hours (20 mg diphenylamine given), and the second day 

(30 mg diphenylamine given). The diphenylamine concentration was 

ca lcu la ted  by converting the log^^ concentration value obtained from 

the standard curve to  an a n tilo g  and then converting the a n tilo g  to  a 

re a l  number. The average recovery ra te  was 15 pg diphenylamine/lO mg 

diphenylamine in tuba ted , which i s  0,15$, a very low recovery. These 

re s u lts  ind ica ted  th a t  form ation of sm all amounts of N-nitrosodiphenyl- 

amine (1-10 pg) could be expected ^  vivo as only small amounts of 

difherylam ine were being excreted  in  the u rin e . However, the N-ni tro s - 

amine assay procedure w il l  d e te c t as l i t t l e  as 1 ,0  pg of an N -nitroso 

compound, in d ica tin g  th a t  the expected amounts of dijiienylnitrosam ine 

from ^  vivo experiments would be d e tec tab le .

E ffects of D iuresis on Urine Volume 

The average volume of u rine excreted by normal r a t s  was 

determined to  be 5 ml/24 hours. The N-nitrosamine assay procedures 

employed required  a la rg e r  volume of f lu id . D iuresis with 5$ (w/v) 

glucose was employed to  increase  the urine volume (Table 10), A fter 

72 hours consumption of 5$ (w/v) glucose, the average u rine  volume 

increased  to  155f28o4 ml/24 hours. This le v e l of u rine  output was 

maintained u n t i l  ra ts  were given 20 mg of diphenylamine. The diphenyl­

amine was in tubated  in  the stomach every 8 hours. Following 3 doses
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TABLE 9

FLUOROMETRIC ASSAY FOR DIPHENYLAMINE FROM THE URINE 
OF RATS GIVEN TEN MILLIGR/\MS DIPHENYLAI'IINE 

EVERY EIGHT HOURS BY GASTRIC 
INTUBATION

Animal
Number

Time Period

0-8 hours 

(10 rag diphenyl-

8-24 hours 

(20 mg diphenyl-

24-48 hours 

(30 mg dinhenyl-

micrograms
recovered

% micrograms
recovered

% micrograms
recovered

%

1 10.0 0 .1 21.0 0.1 100.0 0.33

2 7.5 0.075 20.0 0.1 50.0 0.17

3 20,0 0.2 — — 30.0 0.1

Average diphenylamine recovery/lO  mg diphenylamine in tubated = 15.0 jig
(0.15%)
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TABLE 10

THE VOLUME OF URINE RECOVERED FROM NORMAL EATS 
BEFORE AND DURING DIURESIS INDUCED 

WITH 5 ^ (W /v )  GLUCOSE 
AD LIBITUM

Urine Volume (ml/24 hours)

Animal
Before

D iuresis
72 hrs 

D iuresis
D iuresis vdth 20 mg diphenyl­
amine given in tra g a s tr ic a l ly  

every 8 hours

3 doses 6 doses

1 5 160 75 50
2 2 120 140 70
3 8 200 180 80
4 3 140 130 40
5 4 150 45 15
6 7 150 100 20
7 3 130 60 30
8 2 200 150 40
9 6 120 50 50

10 8 190 110 50
11 7 140 70 30
12 5 160 loo 20

Mean + 5+2.2 155+28.4 101+42.8 41+20
standard
deviation
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of diphenylamine, u rine  volume decreased approximately 35#» A dditional 

diphenylamine (6 doses to ta l )  caused the u rine  volume to  drop to  an 

average of 41 ml in  the second 24 hour period . The decreased urine 

output and the presence of hematuria ind ica ted  to x ic i ty  of th is  lev e l 

of diphenylamine fo r r a t s .

Kidney H istology a f t e r  In fec tio n  w ith E, c o li

The experim ental animal model chosen fo r  th is  study required 

in je c tio n  of E. c o li  in to  the r ig h t  kidney to  induce a u n i la te ra l  

pye loneph ritis . When 2 x 10^ c e lls  o f E. c o li  s t r a in  93 were in je c te d  

in to  2 s i te s  of a su rg ic a lly  exposed kidney, 10^ organisms/ml were 

recovered in  the u rine  w ith in  2 hours p o stin fec tio n ; The average 

number of organisms recovered from the u rine  of 4 in fec ted  animals i s  

shown in  Figure 11. The number of E. c o li excreted  in  the u rine  was 

determined by q u a n tita tiv e  cu ltu re  and the peak number of organisms 

(7 X 10^/ml) was reached a t  2 days p o stin fec tio n . A fter 2 days, the 

u rine  colony count slowly decreased, rep resen ting  recovery from the 

acute stage of the in fe c tio n . Six days post challenge 2 x 10^ ce lls /m l 

were recovered from the u rin e . When u rine  counts were performed 14 

and 21 days a f t e r  in fe c tio n , le s s  than 10^ organisms/ml were cu ltu red . 

Homogenates of the in fec te d  kidneys removed a f te r  21 days had an 

average of 10^ organisms/kidney showing th a t  manÿ organisms were s t i l l  

p resen t in  kidney abcesses bu t were not being excreted in  the u rin e . 

Possiblia form ation of an tibodies which f a c i l i t a te d  the phagocytosis 

and d estru c tio n  of organisms in  the bladder may exp la in , in  p a r t ,  the 

low recovery ra te  of v iab le  organisms in  the u rin e .

Tissue sections of in fec ted  kidneys from ra ts  receiv ing
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Fig. 11- Q uantita tive  p la te  counts on u rine  a f te r  d ire c t in je c tio n  
of Escherichia c o li s tra in  93 in to  the r a t  kidney. The points on the 
curve represen t the mean number of organisms cultured from urine spec­
imens of four in fec ted  animals.
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diphenylamine were sta ined  using hem atoxylin-eosin and the Brown and 

Brenn procedures (11, 36) .  Microscopic examination of the hematoxylin- 

eosin  s ta ined  sections demonstrated the presence of an acute inflamma­

to ry  process ty p ic a l of c o r t ic a l  abcess form ation. There were fo ca l 

abcesses with large  numbers of polymorphonuclear leukocytes and 

tubu lar i n f i l t r a t io n .  Organisms were not seen upon examination o f the 

Brown and Brenn sta ined  sec tio n . This was not unexpected because 

tis su e  homogenates yielded 10^ organisms/kidney and g rea te r numbers 

must be presen t before organisms can u su a lly  be detected microscopi­

c a lly  (11), No pathology a ttr ib u ta b le  to  diphenylamine was noted. 

Tissue sections of kidneys from uninfected  animals receiv ing  diphenyl­

amine were not prepared and the degree of kidney pathology due to  

diphenylamine alone cannot be assessed , however signs of to x ic i ty  were 

evidenced by dysuria and hematuria.

In  Vivo Nitrosamine Formation 

Table 11 i s  a summary of dm vivo N-nitrosodiphenylamine 

form ation in  re la tio n  to  the concentration of diphenylamine in tuba ted . 

Eight out of 21 animals te s te d  wore suspected o f excreting  N -nitroso- 

diphenylamine when 10 or 50 mg amounts of diphenylamine were used as 

the su b s tra te . When 20 mg of diphenylamine were given, 1 p o s itiv e  was 

noted out of 11 in fec ted  anim als. When E, c o li  was grown in  the 

presence of diphenylamine p r io r  to  in je c tio n  in to  the animal, the 

form ation of N-nitrosodiphenylamine occurred in  5 of 9 anim als, N- 

nitrosodiphenylamine was not recovered from any of the con tro l anim als. 

The contro ls consisted  of: un trea ted  anim als; non-infected bu t in tu ­

bated animals; in fec ted  bu t not in tubated  animals ; and sham operated
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TABLE 11

N-NITROSODIPHEira.AllINE RECOVERY FROM URINE OF ANIMAIS INFECTED 
WITH ESCHERICHIA COLI AND INTUBATED WITH VARYING 

CONCENTRATIONS OF DIPHENYLAMINE

Concentration of diphenylamine in tubated

50 mg 20 mg 20 mg 10 mg

Number of 
animals

3 11 9 18

Number of 
animals form­
ing N -nitroso­
diphenylamine

2 1 5 6

Per cent 67 9 56 33

E scherich ia  c o li grown in  presence of diphenylamine p r io r  to  
in fec tin g  animals
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(non-infected) and in tuba ted  anim als.

In fec ted  Rats given 50 mg dinhenylamine/8 hours. Animal 

stud ies  were c a rried  out using  E, c o li s t r a in  93» an dm v i tro  n itro s a -  

t in g  organism iso la te d  from u rin e . Rats ware u n i la te r a l ly  in fec ted  in  

the r ig h t  kidney, allowed to  recuperate fo r  24-48 hours, and then 50 

mg of dipjienylaraine i n  corn o i l  and 50 mg of n i t r a te  in  d i s t i l l e d  

w ater were given by in tr a g a s tr ic  in tu b a tio n  every 8 hours th ro u ^ o u t 

the experiment. Urine samples co llec ted  before and a f te r  in fe c tio n  

b u t p r io r  to  adm in istra tion  of the amine and n i tr a te  did  not y ie ld  

de tec tab le  amounts of n i t r i t e ,  diphenylamine, or d ijiienylnitrosam ine. 

Urine co llec ted  during each 8 hour dose period was assayed in  the same 

manner. A ll animals given diphenylamine had de tectab le  amounts of 

diphenylamine in  e x tra c ts  o f u rine  samples. Urines from con tro l 

animals d id  not y ie ld  diphenylnitrosam ine. Two out o f 3 in fec te d  

animals given dijiienylamine and n i tr a te  in tr a g a s tr ic a l ly  had n i t r i t e  in  

th e i r  uidne samples. Thin la y e r  chroma to  graphic analysis o f the 

e x tra c ts  from the two n i t r i t e  p o sitiv e  u rine  specimens demonstrated a 

sm all purple spo t a t  the same Rf as the N-nitrosodiphenylamine standard . 

These spots were observed in  the e x tra c ts  from 8 -l6  hour u rine  c o lle c ­

tio n s , The r a ts  given difiienylamine (50 mg/8 hours) appeared s ick  and 

had dysuria  between 24 and 32 hours a f te r  the s t a r t  of the experiment. 

Due to  th is  to x ic i ty ,  the diphenylamine concentration was reduced and, 

in  subsequent experim ents, a l l  u rines co llec ted  fran  a given r a t  were 

pooled. Thus, in  l a t e r  experim ents, a 24 or 48 hour urine  specimen 

was assayed ra th e r  than an 8 hour specimen as described above.

In fec ted  r a ts  given 10 rag diphenylamine/8 hours. The next
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se r ie s  of experiments was performed according to  the estab lished  proto­

col except th a t  10 rag of dipherylamine and 20 mg of n i t r a te  were 

adm inistered every 8 hours fo r  a 48 hour period . Proper con tro l an i­

mals were included in  each s e r ie s , Diphenylamine was recovered from 

the u rine  of a l l  animals receiv ing  th is  compound. N itr i te  was present 

in  the urine  of only 1 of the 4 in fec ted  animals and none of the urine 

e x tra c ts  had detectab le  amounts of diphenylnitrosam ine. The e x tra c ts  

were prepared from 24 hour pooled u rin es .

Other experiments were in i t ia te d  using  the same conditions as 

the previous study except th a t  the e n tire  48 hour urine  specimen from 

each animal was pooled and an e x tra c t prepared. Ten p i  samples of 

these e x tra c ts  d id  not have detectab le  le v e ls  of diphenylnitrosam ine. 

When the remaining 90 p i  samples were assayed by th in  lay e r chromatog­

raphy, large  bleached areas with a purple periphery were observed in  

6 out of 10 urine  e x tra c ts  from in fec ted  and in tubated  anim als. The 

Rf of th is  reac tio n  corresponded to  th a t  of the diphenylnitrosam ine 

standard . The s ta in ed  portion  was heav ies t a t  the base of the bleached 

a reas . The color developing reagent used was sp e c ific  fo r  N -n itro s- 

araines in  th a t  a purple co lor (N-nitrosamine) develops a f te r  spraying 

the chromatogram and exposure to  u l t r a v io le t  l ig h t .  These re su lts  

suggested th a t  diphenylnitrosam ine had been formed ^  vivo in  the E. 

c o li  in fec ted  animals in s t i l l e d  w ith diphenylamine and n i tr a te  because 

the purple s ta in  was not observed in  the u rine  e x tra c t of the non- 

in fec ted  con tro l receiv ing  diphenylamine. A bleached a rea , s im ila r to  

th a t  described above, was noted and th is  substance was proven to  be 

diphenylamine.
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Other prelim inary experiments, using the same conditions as 

above, were performed and the chromatograms of u rine  ex trac ts  were 

developed using a spray reagent which d if fe re n tia te d  diphenylamine 

from i t s  deriva tives (61), The pooled ex tra c ts  from 4 in fec ted  a n i­

mals were assayed. Again, n i t r i t e  was de tec tab le  in  only 1 of the 

4 u rines p rio r to  ex tra c tio n . A ll e x tra c ts  had detectab le  amounts of 

diphenylamine but diphenylnitrosam ine was not de tected .

In fec ted  ra ts  given 20 mg of diT)henylamine/8  hours. Since 

n i t r i t e  was not co n sis ten tly  recovered from urine of in fec ted  anim als, 

the concentration of n i t r a te  was increased  to  40 mg per g a s tr ic  in tuba­

t io n , At the Same tim e, the diphenylamine dose was increased to  20 

mg per 8 hours. Rats were d iuresed , in fe c te d , and in tubated  as in  

previous experiments. The urine from each animal, co llec ted  over the 

48 hour period of diphenylamine and n i tr a te  adm in istra tion , was pooled. 

N itr i te  was present in  low amounts in  2 out of 3 of the pwoled urines 

from in fec ted  animals and in  higher concentration in  the th ird . Chroma­

tography of the e n tire  urine e x tra c t from the l a t t e r  animal revealed 

a reddish-brown spot compatible w ith the co lo r of the d iphenyln itros­

amine standard. However, the Rf value of the experimental e x tra c t 

was le s s  than the Rf of the standard. The reason fo r  th is  may be the 

presence of o ther compounds or overloading of the cha-omatographic 

p la te , re su ltin g  in  the t a i l in g  observed.

Subsequent experiments were performed to  eljjn inate in te rfe r in g  

amines and other compounds from the u rine  e x tra c ts . An e x tra c t of 

24 hour pooled u rines was made, re su ltin g  in  2 e x trac ts  per animal. 

N itr i te  was present in  the urine of 1 out of 3 in fec ted  animals.
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Chromatographic analysis of a 50 p i  sample from the f i r s t  u rine  e x tra c t 

of th is  animal revealed a compound giving the same co lor reac tio n  as 

the standard diphenylnitrosam ine and a t  the same Rf value (Figure 12), 

Urine ex tra c ts  from the o ther 2 animals contained only diphenylamine.

In  order to  confirm th a t  the compound in  question  was d ipheny ln itros­

amine, th in  lay er chromatographic analysis was performed and a develop­

ing  reagent sp ec ific  fo r  N-nitrosamines was employed (50), F if ty  jul 

of the e x tra c t in  question  was analyzed. Upon developing the p la te ,  a 

purine spo t appeared which had an Rf value of 0,62 compared w ith the 

Rf 0,65 of the dijdienylnitrosamine standard. This spot was d ire c tly  

below a pale bleached area (dijhenylam ine) which appeared to  in h ib i t  

the  m igration of the N-nitrosodiphenylamine compound.

In  an attem pt to  enhance iji vivo nitrosam ine form ation, addi­

t io n a l  experiments wore performed. In  these experim ents, E, c o li  s t r a in  

108 was grown in  the presence of diphenylamine p r io r  to  use as an 

in fe c tin g  inoculum. A ll o ther conditions such as the concentration of 

diphenylamine (20 mg), n i t r a te  (40 mg), and the in fec tin g  dose were 

the same as in  p r io r  experim ents. N itr i te  was detected  in  the u rine  of 

4 out of 5 in fec ted  anim als. F if ty  fol samples of the ex tra c ts  of pooled 

u rine  were applied  to  th in  lay er chromatography p la tes fo r analysis 

(Figure 13) ,  Diphenylamine was demonstrated in  a l l  e x tra c ts . E xtracts 

from 3 out of the 5 in fec ted  animals (samples 1, 5» 6) contained d e te c t­

able amounts of diphenylnitrosam ine. Three of the ex trac ts  (samples 1,

3 , 6) a lso  contained unknown diphenylamine deriva tives although these 

were not the same ex tra c ts  as those containing diphenylnitrosam ine.

The experiment was repeated using E, c o li  s t r a in  93« Diphenylnitrosamine 

was detected in  the urine of 2 out of 4 in fec ted  animals.
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Fig. 12 -  E x trac t from urine of an animal in fec ted  with E scherichia 
c o li  s t ra in  108 and in tubated  w ith 20 mg diphenylamine and 40 rag 

potassium n i t r a te  every 8 hours.

1 . E x trac t of u rine  from an in tubated  but noninfected animal 
Rf 0 ,8  ; diphenylamine

2. Diphenylnitrosamine standard : Rf 0.6
3. E x tract of u rine  from an in fec ted  and in tubated  animal 

Rf 0 ,8  : diphenylamine
Rf 0 .6  : diphenylnitrosam ine

4. Diphenylamine standard : Rf 0 .8
5. Mixed standard

Rf 0 .8  : diphenylamine 
Rf 0.6 : diphenylnitrosam ine
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ü f  0 .8

Rf 0 .7  
Rf 0.65 
^  0.6

O rigin

F ig .  13 -  E x t r a c t s  o f  u r in e  from  s e v e r a l  a n im a ls  i n f e c te d  
w ith  E s c h e r ic h ia  c o l i  s t r a i n  1 0 8 ,in tu b a te d  w i th  20 mg d ip h e n y l­
am ine and 4 0  mg p o ta s s iu m  n i t r a t e  e v e ry  8 h o u rs .

1 .  E x t r a c t  o f  u r in e  f m a  an i d f e c t e d  and in tu b a te d  a n im a l 
Rf 0 .8  : d ip h en y lam in e
Rf 0 .7 ,  0 . 6 5  : unknown d ip h e n y la m in e  d e r i v a t i v e s  
R f 0 .6  : d ip h e n y ln it ro s a m in e

2 . E x t r a c t  o f  u r in e  from  an in tu b a te d  b u t n o n - in f e c te d  a n im a l 
R f 0 .8  : d ip h e n y la m in e

3 . E x t r a c t  o f  u r in e  from  ^  i n f e c te d  and in tu b a te d  a n im a l 
R f 0 .8  ; d ip h e n y la m in e
R f 0 .7 ,  0.65  : unknovm d ip h e n y la m in e  d e r i v a t i v e s

4 . I iix e d  s ta n d a rd
R f 0 .3  : d ip h e n y la m in e  
R f 0 .6  ; d ip h e n y ln it ro s a m in e

5.  E x t r a c t  o f  u r i n e  from  an i n f e c t e d  and in tu b a te d  an im a l 
R f 0 .8  : d ip h en y lam in e
R f 0 .6  : d ip h e n y ln it ro s a m in e

6 . E x t r a c t  o f  u r i n e  from  an i n f e c t e d  and in tu b a te d  a n im a l 
Rf 0 .8  ; d ip h en y lam in e
R f 0 .7  : unfmown d ip h e n y la m in e  d e r i v a t i v e  
Rf 0 .6  : d ip h e n y ln i t ro s a m in e

7 . E x t r a c t  o f  u r in e  from  an in f e c te d  and in tu b a te d  a h ira a l 
R f 0 .8  : d ip h e n y la m in e



CHAPTER IV 

DISCUSSION

C ertain 0 serogroups of Escherichia c o li  are more frequen tly  

involved in  u rinary  t r a c t  in fec tio n s  than o thers . Turck and coworkers 

(65» 66) found th a t  the predominant serotypes iso la te d  from u rine  of 

people l iv in g  in  the western United S ta tes were Oh, 06, and 075» E, 

c o li  serotypes 01, 07» 025, and 050 were a lso  iso la te d  but the in c i­

dence of these types in  u rin ary  t r a c t  in fec tions was reduced. Studies 

from o ther sections of the United S ta tes  and Europe reveal th a t  some 

V aria tions in  serotype may occur in  d if fe re n t geographic lo ca tio n s . In  

Europe, the most common E, c o li serotypes found in  urine  are 01, 02, 

and Oh (13, 23» 37» 38). I t  i s  not unexpected to  note d ifferences on 

a con tinen ta l scale» b u t i t  i s  in te re s tin g  to  note d ifferences w ithin 

a sm aller geographic lo c a l i ty .  Results of a recen t study of 7 geogra­

phic locations in  the United S ta te s  showed th a t  E. c o li 09 was the 

most prevalent serotype iso la te d  from u rinary  t r a c t  in fec tio n s  in  

C alifo rn ia  (h3). This serotype i s  not common to  o ther sections of 

America, The serotypes most frequen tly  noted in  a l l  the geographio 

areas were Oh, 06, and 075 (h3 ). The two most common serotypes from 

s tu d ies  in  Missouri were 06 and 07, which accounted fo r  22^ of the 

typable s tra in s  (h3). The re s u lts  of serotyping s tra in s  of E. c o li

63
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iso la te d  in  the presen t study compare w ell w ith those of previous 

stud ies in  th a t the most frequent serotypes were 04, 06, and 075f 

which accounted fo r  72^ of the typable s t r a in s ,  W interbauer, Turck, 

Kennedy, and Petersdorf (69) surveyed E, c o li iso la te d  from u rinary  

t r a c t  in fec tio n s and found 70^ of the typable s tra in s  were 04, 06, and 

075 serogroups. There appears to  be l i t t l e  d ifference  in  the E, c o li 

serotypes iso la te d  from th is  section  of the country and o ther areas 

of the United S ta te s , The percent of typable s tra in s  (40^) was 

considerably lower than th a t  observed in  o ther investiga tions (65$)

(13, 18, 37» 38 , 43) ,  T h is  c o u ld  be due t o  th e  o m iss io n  o f  a n t i s e r a  

s p e c i f i c  f o r  s t r a i n s  p r e v a le n t  i n  th e  Oklahoma C ity  a r e a  o r  to  th e  

l im i t e d  sco pe  o f  s t r a i n s  s u b je c te d  t o  s e r o ty p in g .  M ost i n v e s t i g a t i o n s  

have b e e n  more com p rehen sive  i n  th e  a n t i s e r a  u s e d  and  th e  number o f  

s t r a i n s  se ro g ro u p e d  (13, 43),

Sander (53) f i r s t  demonstrated th a t  E, c o li and other members 

of the fam ily, E nterobacteriaceae, could n itro sa te  secondary amines in  

the presence of n i t r a te .  The add ition  of ^ucose  to  the medium resu lted  

in  increased  y ie ld s  of an N-nitrosamine, The re s u lts  shown in  Figure 

7 confirm th is  phenomenon. The add ition  of ^ucose  to  the medium 

re s u lts  in  acid  form ation, providing an environment conducive to  

chemical n itro sa tio n  of the secondary amine presen t. However, the pH 

of the ^  v itro  system containing glucose was never le s s  than 5*6*

T h is  l e v e l  o f  a c i d i t y  h as  b e e n  r e g a rd e d  a s  b e in g  to o  h ig h  f o r  th e  

c h e m ic a l c o n v e rs io n  o f  am ines (26), I n  th e  p r e s e n t  s tu d y ,  c o n t r o l  

b r o th  s o lu t io n s  a t  pH 5*6 w ere in c u b a te d  w ith  s e c o n d a ry  am ines and  

n i t r a t e  w ith o u t  b e in g  in o c u la te d  w i th  a  n i t r o s a t i n g  s t r a i n  o f  E , c o l i .
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Assays of e x tra c ts  from these so lu tions did not reveal nitrosaraines* 

F urther evidence a g a in st chemical n itro sa tio n  of amines in  th is  study 

i s  the f a c t  th a t  E, c o li s tra in s  incapable of n itro sa tin g  amines were 

iso la te d , E, c o li  s t r a in  98 was used as a negative con tro l throughout 

th is  in v es tig a tio n  and did not n itro sa te  secondary amines under any of 

the c u ltu ra l  conditions employed. Glucose w il l  a lso  enhance m icrobial 

growth w ith increased  m etabolic a c t iv i ty .  The p o ss ib li ty  of inducing 

the n itro sa tin g  enzyme or increasing  the sp ec ific  a c t iv i ty  and concen­

tra t io n  of the enzyme in  the medium cannot be overlooked. No attem pt 

was made to  is o la te  the enzyme responsible fo r  n itro sa tin g  secondary 

amines. Most of the s tra in s  (8?^) in vestiga ted  had the c a p a b ility  of 

n itro sa tin g  precursor amines and i t  would appear th a t  these is o la te s  

a c tiv e ly  n itro sa te  secondary amines and are not merely functioning  to  

reduce n i tr a te  to  n i t r i t e  and generate an acid  environment su ita b le  

fo r  the acid  c a ta ly s is  of n itrosaraines,

Sander (53) demonstrated the dependence of nitrosam ine forma­

tio n  on the chemical composition of the precursor amine. The y ie ld  

of nitrosamine was s ig n if ic a n tly  lower when h ighly  basic  amines were 

u t i l iz e d ,  compared to  more n e u tra l amines, Diphenylamine, a n eu tra l 

amine, should be n i tro sa te d  w ith g rea te r f a c i l i t y  than o ther amines 

stud ied  ( dibutylam ine, diethylam ine, p ip e rid in e ). Such was the case 

in  experiments c a rried  out in  th is  study. The reason fo r  the decreased 

n itro sa tio n  of basic  amines l ie s  in  the protonated nature of the amine 

group (10, 25), Investiga tions regarding the carcinogen ic ity  of 

nitrosaraines have ind ica ted  th a t  the nitrosaraines derived from high ly  

basic  amines have g rea te r carcinogenic p o te n tia l (15, 41), This i s
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i n t e r e s t i n g  from  an  e n v iro n m e n ta l  s ta n d p o in t ,  a s  h ig h ly  b a s i c  p r e c u r s o r  

aimines w ould  have  t o  b e  p r e s e n t  i n  g r e a t e r  c o n c e n t r a t io n  t o  p roduce  

d e t e c ta b le  l e v e l s  o f  N -n i t ro s a m in e s ,  The f u n c t io n  o f  th e  k id n e y ,  how­

e v e r ,  i s  t o  c o n c e n t r a te  th e  com ponents o f  a  s o l u t i o n  (p la sm a ) and  t o  

e x c r e te  t h i s  c o n c e n t r a te d  s o l u t i o n  ( u r i n e ) .  C o n s id e r in g  t h i s  n a t u r a l  

r o l e  o f  a  n o rm a lly  f u n c t io n in g  k id n e y ,  th e  p o s s i b l i t y  o f  h a v in g  a 

c o n c e n t r a t io n  o f  b a s i c  s e c o n d a ry  am ines s u f f i c i e n t  f o r  n i t r o s a t i o n  

w ould b e  c o n c e iv a b le .

Healthy animals are normally r e s is ta n t  to  u rin a ry  t r a c t  

in fe c tio n s . To induce in fe c tio n  o f the kidney in  such anim als, i t  

i s  u su a lly  necessary to  o b stru c t the  u rin ary  t r a c t  by im planting a 

fo re ign  body o r to  traum atize the kidney. D iu res is , induced w ith 

glucose, has been demonstrated to  have l i t t l e  e f fe c t  on ren a l c o r t ic a l  

in fec tio n s  bu t w il l  enhance the invasive nature o f E, c o li and allow

th is  microorganism to  spread throughout the u rin a ry  t r a c t ,  P late
4 5

counts of u rine  demonstrated 10 -10 organisms per ml in  u rine  speci­

mens 4-5 days a f te r  in je c tio n  of 10^ organisms. D iuresis a lso  

increased  the s u s c e p tib i l i ty  of healthy  r a ts  to  b a c te r iu r ia  when as 

few as 10 Eo c o li  c e lls  were in je c te d  in to  the b ladder lumen (20 ), A 

method has been reported  fo r  inducing experim ental pyelonephritis in  

r a t s ,  w ith only minor kidney damage, by using a m icropipette to  d e liv e r 

organisms d ire c tly  in to  the kidney (44), This procedure produced a 

chronic pyelonephritis in  r a ts  la s t in g  100 days. The in fe c tin g  micro­

organism (Eo c o l i ) was excreted  in  the u rine  fo r  the e n tire  periodo 

Animal in fec tio n s  induced during the course of experiments reported  

in  th is  in v es tig a tio n  combined d iu re s is  and d ire c t  kidney inocu la tion
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in  order to  obtain  large  q u a n titie s  of urine  and to  induce pyelone­

p h r i t is  w ith a minimum of t is su e  d estru c tio n . Animals in fec ted  in  

th is  manner developed an acute in fe c tio n  th a t  reso lved , over severa l 

days, in to  a chronic in fe c tio n . The ch ron ic ity  of the in fe c tio n  was 

v e rif ie d  by recovery of the in fe c tin g  E, c o li serotype 21 days a f te r  

the su rg ic a l im plantation of the inoculum, ^  vivo experiments reported  

here u t i l iz e d  animals only in  the acute phase of the b a c te r ia l  in fe c tio n . 

This model would be fe a s ib le , however, fo r  long-term  feeding experiments 

designed to  study tumorigenesis due to  endogenous N-nitrosamine forma­

tio n ,

N-nitrosodimethylamine has been iso la te d  from the urine  of two 

humans w ith b a c te r iu r ia  due to  Proteus m irab ilis  (10), The s t r a in  of 

Po m ira b ilis  was found to  be capable of n itro sa tin g  dimethylamine in  

v i t ro . The p resen t in v e s tig a tio n  rep resen ts the f i r s t  con tro lled  

experiments demonstrating iji vivo form ation of N -nitroso compounds in  

an animal model. The p re re q u is ite s  necessary fo r  ^  vivo nitrosam ine 

form ation were p resen t as a n itra te -red u c in g  microorganism (E, c o l i ) , 

n i t r a te ,  and a precursor amine were present sim ultaneously in  the 

bladder and/or kidney. The low le v e l of n itro sa tio n  found may be 

re la te d  to  sev era l fa c to rs , Diphenylamine was demonstrated to  be 

re a d ilj’’ n itro sa te d  in  the presence o f glucose. Although d iu res is  was 

induced by supplying the animals w ith 5^ (w/v) ^ucose  ad lib itu m , 

Freedman (20) presented evidence th a t  the urine  of animals undergoing 

glucose d iu re s is  does not contain  glucose in  concentrations higher 

than th a t  of normal anim als. The lack  of glucose in  the urine of 

animals maintained on 5,̂  (w/v) glucose so lu tio n  was probably due to
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tu b u la r reabsorption  which was not a ffec ted  by the rena l c o r tic a l 

abcesses th a t  were induced. The d i f f ic u l ty  in  demonstrating n l tro s -  

amines ^  vivo in  th is  study may have been due to  the low lev e ls  of 

n i t r i t e  p resen t. This could be a r e s u l t  of rap id  urine  formation due 

to  d iu re s is  and the flu sh ing  ac tion  of the la rg e  urine  volume induced. 

B acteria  and n i tr a te  must be present in  the bladder of in fec ted  

ind iv idua ls  fo r  a t  l e a s t  4 hours in  order fo r  s u f f ic ie n t  n i t r i t e  

form ation as evidenced by a p o sitiv e  n i t r a te  reduction  t e s t  (60), Most 

of the in fec ted  animals d id  not have demonstrable n i t r i t e  in  th e i r  

u rin e . Those u rine  samples p o sitiv e  fo r  n i t r i t e  u sua lly  contained 

diphenylnitrosam ine. D iuresis decreases the re te n tio n  time of urine 

in  the bladder and th is  r e s u lts  in  a sh o rte r  reac tio n  time between the 

microorganisms, secondary amines, and n i t r i t e .  In  v itro  stud ies were 

performed with 10^ or g rea te r microorganisms/ml, while the maximum
n

number of organisms in  u rine  of in fec ted  ra ts  reached 10 organisms/ml. 

The ^  v i tro  system was a closed system and the microorganisms were not 

d ilu te d  by excretion  from the system. The opposite s i tu a tio n  ex is ted  

in  the i^l "vlvo system, where the agent responsib le  fo r  n itro sa tio n  was 

constan tly  being excreted  and, once excreted , growth of the organisms 

was stopped by a n tib io tic s .

The p o ten tia l fo r  nitrosam ine production in  an in fec ted  human 

bladder would be increased because 75^ of ind iv idua ls  w ith u rinary  t r a c t  

in fec tio n s  have b a c te ria  in  excess of 10^ organisms/ml of urine (29). 

Humans a lso  re ta in  urine  fo r  longer time in te rv a ls  and are not subjected 

to  glucose d iu re s is . Thus, conditions favoring b a c te r ia l  in te rac tio n s  

w ith n i t r a te  and amines e x is t  in  man, whereas unfavorable conditions
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ex isted  in  the animal model used# B ac te ria l s tra in s  may vary g rea tly  

in  th e i r  n itra te -red u c in g  a b i l i ty .  A ll E, c o li used in  these experi­

ments reduced n i tr a te  to  n i t r i t e ,  bu t v a ria tio n  in  the amount of 

n i t r i t e  formed was noted# This could be of p a rtic u la r  importance in  

human in fe c tio n s , as the n itro sa tin g  a b i l i ty  of in fe c tin g  b a c te ria  may 

determine Wiether or not enough n i t r i t e  i s  formed to  re a c t w ith secon­

dary amines present in  the u rine  and, thereby, present a carcinogenic 

th re a t (6^)#

Due to  the low concentration of diphenylamine recovered from 

the u rine  of experimental anim als, fu tu re  stud ies should be designed 

using amines such as dimethylamine, p ip erid in e , and p y rro lid in e , which 

are n a tu ra lly  found in  urine# Piperidine was employed in  ^  v itro  

experiments, bu t could not be dissolved in  a so lu tio n  su itab le  fo r  in  

vivo adm inistration# This amine i s  rea d ily  n itro sa ted  in  the presence 

or absence of glucose, however i t s  basic  nature re s u lts  in  lower y ie ld s 

of i t s  corresponding N-nitrosamine than those found w ith diphenylamine 

(25)# The lev e l of N -nitrosopiperidine formed during i ^  v i tro  experi­

ments ca rried  out in  the course of th is  study was near the lim its  of 

s e n s i t iv i ty  of the assay techniques used. New techniques, such as gas- 

liq u id  chromatography using an e lec tro n  capture de tection  system 

capable of de tecting  picogram q u a n titie s  of nitrosam ines and a thermo 

e lec tro n  analyzer, which s p e c if ic a lly  id e n tif ie s  N -nitroso compounds, 

have recen tly  been designed (10, 19)# The analysis of u rine  ex trac ts  

by these techniques would probably d e te c t nitrosam ines formed from 

secondary amines which are n itro sa ted  to  a le s s e r  ex ten t than diphenyl­

amine#
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Secondary amines are normally present in  the urine as a r e s u l t  

of absorption from the d ie t  or through d e riva tion  from amine precur­

sors (4 , 70). N itra tes are a lso  present in  u rin e , depending on the 

concentrations ingested  in  food and w ater, Hawksworth and H ill  (24,

25) have reported th a t  n itra te s  must be presen t in  higher concentration 

than the amine precursors in  o rder fo r  N-nitrosamine formation to  

occur and they postu lated  th a t  ind iv iduals l iv in g  in  areas in  which 

the water has a high n i tr a te  content may be placed a t  g rea ter r is k  than 

the general population, A re tro sp ec tiv e  study of such a population 

ind ica ted  a s ig n if ic a n t increase  in  g a s tr ic  cancer incidence as 

opposed to  people l iv in g  under s im ila r conditions but consuming le ss  

n i t r a te  (27), The re s u lts  supported the hypothesis th a t  a high n i tr a te  

in take was conducive to  nitrosami.ne formation in  the bladder and th a t  

these nitrosam ines were reabsorbed, giving r is e  to  stomach cancer. Low 

n itr a te  concentrations (1 mM) may be s u f f ic ie n t  fo r N-nitrosamine 

synthesis in  vivo i f  the m olecular r a t io  of am ine:n itra te  i s  between 

1:1 and 1:4 (33 ,64), The am ine:n itra te  r a t io  was maintained a t  1:2 

thoughout the cu rren t study and the demonstration of nitrosamines 

supports such repo rts  in  the l i t e r a tu r e .

I t  i s  estim ated th a t  10-20^ of the female population in  the 

United S ta tes has one or more u rin a ry  t r a c t  in fec tions a t  soma time 

during th e ir  l i f e  (62), Approximately 8 m illion  Americans have a 

u rinary  t r a c t  in fec tio n  a t  any given time (62, 68), Pregnant women 

are more suscep tib le  to  u rinary  t r a c t  in fec tio n s than the general 

population (62), The incidence o f complicated pregnancies or b ir th  

defects in  humans due to  N-nitrosamines is  unknown but the tera togen ic
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e ffe c t  of N-nitrosamines has been shown in  many labo ra to ry  animals (28, 

46), Animals are a lso  q u ite  su scep tib le  to  the carcinogenic ac tion  

of N-nitrosamines (8 , 9 , 15, 32) and experiments u t i l i z in g  a t is su e  

cu ltu re  system in d ica ted  th a t  human l iv e r  m etabolizes N -nitroso com­

pounds in  the same manner as r a t  l iv e r  (4 ? ) , suggesting th a t  man may 

w ell be suscep tib le  to  the carcinogenic e f fe c t  of N-nitrosam ines,

Tumors may be formed by compounds such as dimethylamine, p ip erid in e , 

and pyrro lid ine  a f te r  conversion to  th e i r  respec tive  nitrosam ines in  

the b ladder. Reabsorption of these compounds may lead  to  tumor forma­

tio n  a t  s i te s  o ther than the b ladder. Target organs have not been 

id e n tif ie d  in  man bu t one can assume th a t  organs such as the l iv e r  and 

stomach could w ell be ta rg e t  s i te s  due to  the  carcinogenic mechanisms 

of N -nitroso compounds (27 ), Experiments have shown th a t  nitrosam ines 

are not u ltim ate  carcinogens but th a t  m etabolic de riv a tiv es  of these 

compounds are the carcinogenic agents (3» 15# 42), The s i t e  where the 

nitrosam ine is  m etabolized may be the s i t e  o f tum origenesis. I t  i s  

cu rren tly  believed th a t  n itrosam ines, or th e i r  m etabolic d e riv a tiv e s , 

a lk y la te  nucleic  a c id s , re su ltin g  in  b ase -p a ir mutations (41, 42, 49), 

Although the cu rren t s tu d ies  were not concerned w ith demonstrating a 

carcinogenic e f fe c t  of N-nitrosam ines, the form ation of d iphenyln itros­

amine in  ra ts  w ith u rin a ry  t r a c t  in fec tio n s  lends credence to  the 

hypothesis th a t  n itro so  compounds, produced during u rin a ry  t r a c t  in fec ­

tions in  man, may increase  the r is k  of tum origenesis. The population 

a t  g rea te s t r isk  a re  young women of ch ildbearing  age and men over 50 

years of age (68 ), an age a t  which b a c te r iu r ia  f i r s t  becomes noticable 

In  the male population.
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Small amounts of diphenylnitrosam ine were recovered from 

e x tra c ts  of u rine  from in fec ted  anim als, an observation which should 

be regarded as a p o te n tia l h ea lth  hazard. The form ation of N -n itros- 

amines dm vivo during u rin ary  t r a c t  in fe c tio n  im plies a carcinogenic 

hazard to  man and no exposure to  a carcinogen should be regarded as 

safe (40 ). F u rther s tu d ies  would be required  to  c la r ify  the dose- 

response re la tio n sh ip s  between N-nitrosamines and carcinogenesis in  

humans and the ro le  of S. c o li  i n  nitrosam ine sy n th esis .



CHAPTER V 

SUMMARY

Urinary t r a c t  in fec tio n s  due to  Escherichia c o li are common in  

humans and may involve up to  20^ of the female population a t  some 

period of l i f e .  Serotypes most frequently  iso la te d  from u rin ary  t r a c t  

in fec tio n s are 04, 06, and 075 and these serotypes have been id e n tif ie d  

as the most common is o la te s  recovered from p a tien ts  in  the Oklahoma 

City a rea .

Results of ^  v i tro  nitrosam ine form ation stud ies using E, 

c o li s tra in s  iso la te d  from urine and feces demonstrated th a t  the 

m ajority  of s tra in s  te s te d  (90^) could reduce n i tr a te  and catalyze the 

conversion of dijdienylamine to  diphenylnitrosam ine. F urther in v e s ti­

gations in  v i t r o , using dibutylam ine, diethylam ine, and p ip erid in e , 

confirmed the n itro sa tin g  a b i l i ty  of se lec ted  E, c o li i s o la te s .

The re s u lts  of animal s tu d ie s , using 2 of the ^  v itro  n itro s ­

amine producing E, c o li  s t r a in s ,  ind icated  th a t  conversion o f diphenyl­

amine to  diphenylnitrosam ine may occur in  E, c o li  in fec ted  animals 

when an am ine:n itra te  r a t io  of 1:2 i s  adm inistered by the in tra g a s tr ie  

rou te . Growth of the E, c o li  inoculum in  the presence of dipherylamine 

p rio r to  in fec tio n  enhanced the recovery of diphenylnitrosamine from 

urine e x tra c ts ,
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These experiments in d ica te  th a t many s tra in s  of E, c o li iso ­

la te d  from pa tien ts  with b a c te r iu r ia  may catalyze the form ation of 

N-nitrosamine compounds ^  v i tro  and ^  vivo» A d iscussion  of the 

h ea lth  hazard to  man and the population a t  r isk  has been presented#
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