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as 1847P, is a urinary excretory product from

INTRODUCTION AND REVIEW OF
LITERATURE

warm-blooded animals including human beings. Cre-
atinine is produced from creatine which acts as a

Creatinine, isolated from urine by Liebig as early spare-source of the energy for muscle contraction.
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Thus, creatinine is regarded as an end-product of
muscle metabolism. On creatinine and creatine free
diets, muscle creatine is the only source of urinary
creatinine®.

Nutritional and metabolic interests in creatinine
were originated by Folin®, who pointed out in 1905
that on meat-free diets the daily creatinine excretion
in urine was quite constant in a given individual and
seemed to be related to body weight. In 1908,
Schaffer® reported that the hour-by-hour excretion
of creatinine was as stable as the day-by-day values.
Since then, this work has been repeatedly confirmed
and the effects of diet and exercise have been exte-
nsively reported to be insignificants?. Body weight,
more precisely muscle mass, has been generally
known to have quite high correlations with the
urinary creatinine excretion®. The term ‘creatinine
coefficient’ which expresses the level of creatinine
excretion per kg of body weight was devised from
that fact.

Those individual presumed constancies of creatinine
excretion in urine have been utilized practically in
various ways. First, the constancy of daily excretion
has given great convenience to the many researchers
of nutritional surveys and metabolic studies. Collection
of timed or 24-hour urine is one of the difficulties
and common error-makers on surveys. The urinary
constant of creatinine has been a useful index to
correct urine losses in incomplete urine samples or
to check the completeness of 24-hour urine collections
P, At the same time it has been satisfactorily used
as a basis on_which concentrations of vitamins or
metabolites in urine are expressed and compared!®.
Particularly, urea nitrogen/creatinine ratio'®, hydro-
xyproline/creatinine ratio %19, and height/creatinine
ratio'® have been clinically proposed as simple indices
of protein nutriture. Secondly, urinary creatinine
excretion is used as a measure of the total lean body
mass because of its direct relationship with muscle
mass in both children and adults!®. Graystone®,
who reviewed the early studies on the subject,
concluded that 1gm of urinary creatinine per day is
equivalent to 20 kg of muscle mass.’ Finally, since

creatinine is known to be metabolically inert and is

concentrated to the greatest extent through the glom-
erulus but neither secreted nor reabsorbed significan-
tly by the tubule, creatinine excretion is often used to
measure the glomerular filtration rate as creatinine
clearance (either endogenous or exogenous)!&17, -

Some recent studies have suggested that daily cre-
atinine excretion varies significantly in the same
individual and thus may not be a reliable index of
urine collection or a reference standard for urinary
components'®#~2®, But Jackson™, in his review, strongly
recommended that creatinine excretion be utilized
as a urinary standard. Many investigators have cont-
inued to measure and utilize creatinine excretion with
the wishful assumption of the constancy of creatinine

excretion. Thus, this subject remains important but a
debatable area.

Creatinine excretion has been reported to be decre-
ased in people with various pathologic conditions,
muscular dystrophy, mental retardation, and renal
failure as well as in over-and under-nutrition®52425,
In fever, the creatinine elimination is increased
corresponding to the rise in temperature?®. The vari-
ation in some diseases can be explained with regard
to muscle mass and efficiency and impaired glomer-
ular function, but in others the cause is uncertain.
In a group of Egyptian children with urinary tract
infections, greatly lowered (about half of the normal
value) urinary excretion value for creatinine have
been noticed by Van Reen?”. This is possibly due to
the direct or indirect actions of the infecting bacteria,
even though damaged renal filtration may be one of
the reasons. In 1972, Ravnskov®® reported the almost
complete disappearance of urinary creatinine together
with an unchanged serum creatinine level in a patient
subjected to kidney homotransplantation and suggested
the presence of a microorganism capable of decompo-
sing creatinine. A strain of Pseudomonas capable of
splitting creatinine into urea, ammonia, 'and‘ carbon
dioxide was isolated from human urine by Kopper?®
and Kopper and Beard®® in 1947. The strain closely
resembled Pseudomonas aeruginesa, one of: the
prevalent bacteria in urinary tract infection,: in cult-
ural and biochemical characteristics, though differed
from it in its ability to break down .creatinine.

Several bacteria which can degrade creatinine have
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also been isolated from soil3*~3®. In addition, enzyme
activity decomposing creatinine has been observed
from rat feces®™ and from the colon flora of rats fed
creatinine®®, Therefore, microorganisms of urinary
tract infections could degrade urinary creatinine,
cause invalid estimations of urinary creatinine, and
compromise its various usages, that is, as an index
of urine collection, creatinine ratios, a measure of
muscle mass, and creatinine clearances. These meas-
urements have been used undoubtedly in people with
urinary tract infections. Urinary tract infection, def-
ined as bacteriuria with or without signs or symptoms
of inflammation, affect all age groups and both sexes,
particularly females. About 1 percent of school-girls
and 5 to 12 percent of women have bacteriuria®?.
As a matter of fact, to my knowledge, there has
been no report on this point except the one by Cattell
et ql.3%, They incubated ninety different urine sam-
ples infected with bacteria commonly - encountered
in patients with urinary tract infections without fin
ding any effect on the reduction of urinary creatin-
ine content.

Therefore, research should be carried out on this
subject to clarify the effect of urinary infection on
the level of urinary creatinine. In the present study
the followings were investigated: first, whether alka-
linity of medium can affect the amount of creatinine
since urine from patients with urinary tract infections
can be alkaline mainly due to ammonia produced by
bacterial decomposition of urea; secondly, whether
bacteria, commonly found in urinary tract infections,
utilize or decompose creatinine.

MATERIALS AND METHODS

1. Creatinine Analysis

Creatinine was analysed using a Technicon Autoa-
nalyser II (Technicon Instruments Co., Tarrytown,
‘N.Y.). The method is based on the Jaffe reaction
39,40 and the absorbance was measured at 505nm
in a 15mm flowcell.

Organisms in the sample, if present, were removed
by centrifugation at 2000 rpm for 20 minutes. The
.clear solutions were then diluted with distilled water

to have a creatinine concentration of 5 to 10mg/100
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m) before being applied to the Autoanalyser.
I. Collection of Urine Samples
Three 24-hour urine samples were . obtained from
normal persons. They did not take any medicine
including antibiotics during collection. The urine
samples were collected under the toluene, and the
subjects were requested to keep the bottles refriger-

ated after each voiding.

. Effect of Alkalinity on the Stability of
Creatinine
Creatinine in buffer solutions

Samples of 50, 100 and 200 mg of creatinine (anhyd-
rous, Sigma Chemical Co., 'St. Louis, Mo.) were dis-
solved in separate 50 mls of distilled water. The pH of
each solution was adjusted to 4.5 with HCl and NaOH.
To these solutions was added a buffer of pH 4.5 to
bring the volumes up to 100 ml, making the final
concentrations 4.4, 8.8, and 17.6nM (equivalent to
50, 100, and 200mg/100ml). For buffered creatinine
solutions with the pHs of 6, 7, 8, and 9, the same
procedures were followed. For pH 4.5, 6, 7, and 8,
potassium phosphate buffers (0.2M) were prepared
and for pH 9 a borate buffer (0.2M) was prepared
according to the AOAC methods?.

Twenty-five m! aliquots of each buffered creatinine
solution were distributed into 50-ml culture tubes
with screw caps (25X 150 mm, Corning Glass Works,
Corning, N.Y.) and sterilized by autoclaving at 121°
C for 15 minutes. After cooling at room temperature,
all solutions wére incubated at 37°C. After 0, 1, 2,
4, and 6-days of incubations, 2.5ml of each solution
was pipetted out aseptically and frozen until creatin-
ine could be analyzed.

Urinary creatinine

Five 45-ml aliquots of each urine sample were adj-
usted, with NaOH and HCl, to pH 4.5, 6, 7, 8,
and 9, respectively, and the volumes were brought
up to 50 ml with distilled water. They were sterilized
by filtration through a Millipore membrane, 0. 45 mu
in pore size (Millipore Filter Co., Bedford, Mass.).
Their 25-ml aliquots were aseptically distributed into
50-m] culture tubes which were sterilized by autoc!-
aving at 121°C for 15 minutes. After 0, 1, 2, 4,
and 6-days of incubations at 37°C, 2.5ml of each
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solution was pipetted out aseptically and frozen until
analyzed for creatinine.
I . Bacterial Utilization of Creatinine

Cultures

Organisms used are commonly encountered in
urinary tract infections 3%42:49 Pyre cultures of Es-
cherichia coli, Proteus mirabilis, Proteus morga-
nii, Proteus rettgeri, Proteus wvulgaris, Proteus
inconstans, Pseudomonas deruginosa, Pseudomonas
stutzert,
aureus, Streptococcus Groups D, Streptococcus
Sfaecalis and Candida albicans were obtained thro-
ugh the courtesy of Dr. S. Gaines, the Department
of Tropical Medicine and Medical Microbiology,
University of Hawaii. The cultures were maintained
by transferring every three weeks as stock cultures
in Cystine Trypticase Agar (BBL, Becton, Dickinson
and Co., Cockeysville, Md.). After incubation for 24

hours at 37°C, they were kept at room temperature.

Inocula

The suspensions of 24-hour old bacteria, freshly
prepared, were used as inocula. one loopful of the
stock cultures was transferred on the slant of Tripti-
case Soy Agar (BBL, Becton, Becton, and Co., Coc-
keysville, Md.) in 16X 125 mm tubes and grown at 37
°C for 24 hours. Then, 4ml of sterile physiological
saline (0.85% NaCl) was pipetted onto the slant,

and the growth in it was suspended.

Media

The bacteria were grown aerobically in urine and

liquid synthetic media containing creatinine as a sole
nitrogen source.
Urine samples were sterilized by Millipore filtration
and refrigerated before use. During filtration, urine
was kept cold by covering the container with shredded
ice. Twenty five ml aliquots of sterilized urine were
distributed into 50-ml culture tubes.

The synthetic media were freshly prepared on the
bases of Dubos and Miller3? and Miller et al.#. The
media used throughout contained: creatinine 5 g; glu-
‘cose 5 g; NaCl 5 g; potassium phosphate buffer (0.2M,
pH 7.0) 25ml; tap water to 1,000 ml. Twenty five
ml aliquots of the medium were distributed into 50~

ml culture tubes, autoclaved at 121°C for 15 minutes,

Klebsiella pneumoniae, Staphylococcus -

and cooled at room temperature. Glucose was autocl-
aved separately and added aseptically prior to inocu-
lation. The media were aseptically supplemented with
a vitamin mixture (Iml/100ml of the medium) or
both vitamin mixture and amino acid mixture (2 ml/
100ml of the medium) for some organisms in order
to meet their growth requirements**®, The vitamin
mixture was prepared in the laberatory*® and the
amino acid mixture (BME AA solution, 50X) was
obtained from the Flow Lab. (Rockville, Md.).

Bacterial reduction of urinary creatinine
and creatinine in synthetic media

In order to study bacterial reduction of creatinine,
0.5 ml of the inoculum was aseptically pipetted into each
tube of either urine or the synthetic medium, which then
was incubated at 37°C for 6 days. Every 24-hours, 2.
5ml of the medium was aseptically pipetted out from
each tube after careful shaking. After autoclaving
at 121°C for 15 minutes, turbidity of the synthetic
media was measured by using a Coleman Junior Sp-
ectrophotometer (Coleman Instruments, Inc., Mayw-
ood, Ill., cell size: 7X75mm) at 625nm for the bact-
erial growth determination. The turbidity of wurine
media was measured prior to being autoclaved beca-
use autoclaving caused precipitates of phosphates in
urine, which interfered with the turbidity measure-
ments. Control medium, uninoculated with any bact-
erium, was used as a blank. The same sample used
in the turbidity measurements was kept frozen for
the creatinine analysis. The amount of creatinine
remained after bacterial growth was compared to

that of control.

V. Effect of Other Nitrogen Sources on the
Bacterial Utilization of Creatinine

Since Pseudomonas aeruginosa and Kiebsiella
preumoniae reduzed crezatinine in greater amount than
other organisms, these two organisms were tested.

As nitrogen sources other than creatinine, ammon-
ium sulfate and urea were simultaneously used in such
amount that the ratio between ammonium sulfate
nitrogen and urea nitrogen was 1 to 7. This ratio has
been found between the total nitrogen except urea
and creatinine nitrogen and urea nitrogen in the

urine from people on normal diets®. The creatinine
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Table 1. The Ratio Between Creatinine Nitrogen and
Other Nitrogen Added to the Synthetic
~ Media

g/1,000 ml of the medium
Creatinine N

/Other N

Creatinine  (NH4)2SOs Urea
Creatinine only 2.5 0 0

1/1 2.5 0.43 1.74
1/2 2.5 0.86 3.48
1/4 2.5 1.72 6. 96
1/6 2.5 2.58 10. 44
1/10 ) 2.5 4.30 17.40

concentration of the synthetic media used above was
changed to 2.5g per 1,000 ml, then both -ammonium
sulfate and urea were added at various ratios between
creatinine nitrogen and other nitrogen (Table 1)°
Urea was sterilized through Millip Se filtration anP
added aseptically before inoculation. After inoculati-
on and 0, 1, 3, and 6-days of incubation,-2.5ml of
the medium was pipetted out, autoclaved, and subj-
ected to growth measurement and creatinine analysis
V. Statistics
Three replicates of all experiments with duplicate

determinations were obtained and subjected to stati-’

stical analyses using the Wang Computer, 600 series
(Wang Laboratories, Inc., Mass.).

Student ’s t test was used to determine the signific-

Tewksbury,

ance of differences between means.

RESULTS

1. Stability of Creatinine in Alkaline-
Medium
The effect of the pH of medium on the
recovery of creatinine

It was necessary to confirm that the pH of the
icreatinine medium does not affect creatinine determ-
ination using the Technicon Autoanalyzer II Techn-
aque. In order to do that, the effect of the pH of
the medium on the recovery of | creatinine was
‘examined by dding 50mwg;  100mg, and 200mg of
creatinine to 100ml of - buffer solutions with pH

ranges of 4.5 t0 9.0. The results are shown in
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Table 2. Effect of the pH of Medium on the Reco-
very of Creatinine

Percent recovery of creatinine
added to 100ml of buffer solutions
pH of Medium

50mg 100mg 200mg
4.5 98.6+1.29% 99.5-£0.69 102.2-0.76
6.0 98.4+1.33 101.740.55 103.1240.51
7.0 100.8+1.43 101.940.54 101.6--0.27
8.0 102.84+1.31 100.7+0.39 102.4240.77
9.0 101.44:0.70 100.9:£0.78 101.521.16

*Mean+SEM.

Table 2. Recoveries of creatinine averaged 101.2+
0. 12 (mean+SEM) percent, and there were not any
significant differences in the recoveries regardless of
the pH of the media. Recovery of creatinine, when
50mg of creatinine was added to buffer solution,
showed slightly lower values in acidic media than in
alkaline media. The differences were not significant.
Therefore, the pH of media did not influence the
creatinine determination.
The rate of creatinine loss

The rates of fcreatinine loss when solutions were
incubated at 37°C at various pHs ranging from 4.5
‘to 9.0 are shown in Table 3 Cci‘eatinine concentration
=50mg/100ml), Table 4 (creatinine concentration=
100mg/100ml), Table 5 (creatinine concentration=200
mg/100mb), and Table 6 Curinary creatinine). These
results show that the decomposition rate of creatinine
is very slow at body temperature. Most of the crea-
tinine, added to buffer solutions or present in urine,
was recovered without significant changes due to
pH after one-day of incubation. ~The amount of
creatinine remaining ranged from 94. 4 to 100 percent
of ‘the initial creatinine content. At up to 4-days of
incubation, creatinine remaining in buffer solutions
was not significantly affected by pH. After 6-days
of incubation, greater losses of creatinine were obser-
ved and the loss of creatinine was larger at acidic
pH than at alkaline pH. An average decrease of 15.
2 percent of the initial creatinine content was obse-
rved at pH 4.5 and a 6.3 percent -decrease at pH
9.0 after 6 days. This tendency was . consistent at

all concentrations of creatinine in. buffér solutions but



Table 3. Effect of pH on the Rate of Creatinine Loss in Buffer Solution (Cfeatinine

Concentration=>50mg/100m})

pH of buffer

Creatinine remaining after incubation at 37°C (mg/100mD

Tuti - s
sotution Days of Incubation

o* 1 2 4 6

4.5 46. 30, 68%* 45.0+1.19 42.44-1.60 40.2+0. 45 39.340.96
(100)%** (96.2) (91.6)° (87.0 (84.8)

6.0 47.2+1.27 45.9:-1.56 45.041.51 41.740.59 - 40.8:40. 94
(100D 97.2) (95. 4 88.8) (86.4)

7.0 46.7+0.56 44.6+1.07 44.60. 60 42.4+1.62 40.840.94
(100D (95.6) (95.6) (90.8) (87.4>

8.0 47.2+0.93 44.6+2.07 41.61.59 42,241.37 41.94-0. 49
(100) (94. 4) (88.2) (90. 4) (88.8)

9.0 43.240.59 42.4-21.27 41.541.57 40.6230.98 40.34-0.52

(100D (99.2> (96.00 (94.0) (93°2)*
*The differences in the initial creatinine contents at the various pHs are due to the effect of
autoclaving.
#**Mean +=SEM.

#*The creatinine remaining after incubation as percentage of the initial creatinine content.

*After 2days : The value at pH 4.5 was significantly different from that at pH 9 (p<0.05).

PAfter 6days: The value at pH O was significantly different from those at pH 4.5 (p<0.05),
pH 6 (p<C0.05), pH 7(p<0.05), and pH 8 (p<(0.05).

Table 4. Effect of pH on the Rate of Creatinine Loss in Buffer Solution (Creatinine Concentrat-
ion=100mg/100m!>

pH of buffer

Creatinine remaining after incubation at 37°C (mg/100ml)

solution Days of Incubation
0 L 2 4 6
4,5 95.7+1.32% 94.9+0. 84 86.91+2. 58 81.22-4.88 79.3+3.96
(1000** (99. 2) (90. 8 (84.8) (82.9)
6.0 95.3+1.15 93.51:0.45 89.1+1.63 81.6+3.01 79.312.11
REL))) (98. D (93.5) (85.6) (83.2)°
7.0 93.141.74 89.6:-2.66 85. 6+2.62 81.642.42 79.3+2.11
(100D (96.2) (92.2) (87.6) (85.2)¢
8.0 93. 54:2.61 89. 6-3. 49 89.62.27 80.64-1.21 87.1%0.76
(100D (95.8) (95.8) (95.8)" (93. 1)
9.0 85. 6-:3. 36 84.7:£3. 14 84.7:1.46 81.242.26 79.8+0.71
(100D (98.9) (88.9)" (4.9 (93.2)
*Mean+SEM.

**The creatinine remaining after incubation as percentage of the initial creatinine content.

The value at pH 4.5 was significantly different from that at pH 2 (p<{0.05).
The value at pH 8 was significantly different from those at pH 6 (p<() 05)
and pH 7 (p<{0.05).
The value at pH 6 was significantly different from those at pH 8 (p<0 01) and
. pH 9 (p<C0.0D).
: The value at pH 7 was significantly differeént from those at pH 8 (p<0 05) and

*After 2 days :
PAfter 4 days :

“After 6 &ays :

dA'bfter 6 days

.pPH 9 (p<0.05).
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Table 5. Effect of pH on the Rate of Creatinine Loss in Buffer Solution (Creatinine
Concentration==200mg/100ml)

" ini ini r i ion at 37°C 100mb)
PH of buffer Creatinine remaining after incubation at 37 (mg/

solution Days of Incubation
0 1 2 4 6

4.5 192, 94, 34* 186.6+1. 65 185. 1+0. 97 175.3+3.60 167.22-3. 41
(100)%* (96.8) (96. 0 (90.9) (86.7)

6.0 184, 4+4.07 181.33. 81 175.8+6.87 172.2£7.70 167.243. 41
(1000 (98.3) 95. 4 , (93. 9 (89.2)

7.0 184.24-4.34 179. 95. 02 178.0+4.92 171.8+5.55 166. 1+4.47
(100D 7.7 7.7 (93.3) (90.2>

8.0 190.00. 47 180. 0+7. 06 182.8+2.39 181.8-1.29 176.7+1. 80
(100D (94.0) (96.2) (95.7) (93.0)

6.0 174.0+4. 64 173.0+3. 82 172.6-5.06 168. 6:3. 63 165.2+3.70
(100) (99.5) (99. D (96.9) (94.6)

*Mean+SEM.

**The creatinine remaining after incubation as percentage of the initial creatinine content.
*After 6 days: The value at pH 4.5 was significantly different from those at pH 8 (p<(0.05) and
pH 9 (p<{0.05).

Table 6. Effect of pH on the Rate of Creatinine Loss in Human Urine*

Creatinine remaining after incubation at 37°C (% of the initial content)

PH of urine Days of Incubation
0 1 2 4 6
4.5 .. 100.0 95. 6+1. 36** 93.9:+1. 64° 87.041.46° 84.9-£1.51°
6.0 100.0 97.340. 32 95.94-1. 25¢ 91.7 0. 56f 87.5+0. 87"
7.0 100.0 97.6x1.12 99. 4+0. 66 95.140.74 92, 02-0. 83
8.0 100.0 99.3+0. 31" 100. 44-0. 56 96.0+0. 64 94.97-1.11
2.0 100.0 100. 04-0. 49* 98.841.13 97.7:k1.33 95.8+1.29

*The initial creatinine contents in three urine samples were 142.3, 113.5, and 68.7mg/100ml.
**Mean1-SEM. )
*After 1 day : The value at pH 8 was significantly different from those at pH 4.5 (p<{0.05)
and pH 6 (p<<0.01).
"After 1 day : The value at pH 9 was significantly different from those at pH 4.5 (p<0.05),
pH 6 (p<<0.001), and pH 7 (p<0.05).
*After 2 days : The value at pH 4.5 was significantly different from those at ‘pH: 7 (p<0.05),
pH 8 (p<€0.01), and pH 9 (p<{0.05).
2After 2 days: The value at pH 6 was significantly different from those at pH 7 (<{0.05) and
pH 8 (p<<0.01).
®After 4 days: The value at pH 4.5 was significantly different from those at pH 6 (p<<0.05), pH
7 (p<0.001), pH 8 (p<{0.001), and pH 9 (p<{0.00D).
fAfter 4 days : The value at pH 6 was significantly different from those at pH 7 (p<<0.01); pH
8 (p<0.001), and pH 9 (p<C0.001).
¢After 6 days : The value at pH 4.5 was significantly different from those at pH 7 (p<{0.01),
) pH 8 (p<€0.001), and pH 9 (p<<0.00L).
*After 6 days: The value at pH 6 was significantly different from those at pH 7 Cp<0 01), pH
: 8 (p<<0.001), and pH 9 (p<{0.001).
iAfter 6 days: The value at pH 7 was significantly different from that at pH 9 (p<0.05).
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was more obvious in creatinine present in urine med-

ium. Even after one-day of incubation, creatinine

decreased more in acidic urine than in alkaline urine.

Significant positive correlations existed between pH
and the stability of creatinine in urine. The correla-
tion coefficients between pH and the creatinine
remaining in urine after 1, 2, 4, and 6 days of
incubation were 0.630, 0.596, 0.837, and O0.836,
respectively. The correlation coefficients were all
significant at a p value less than 0.001. This indic-
ates that the stability of creatinine is pH-dependent
with a greater stabiliity at alkaline pH.

1. Bacterial Utilization of Creatinine
Creatinine in urine medium

The creatinine concentration remaining in urine
after incubation with individual bacterial strains at
37°C is expressed as a percentage of the creatinine
content originally present in urine samples (Table 7).
Table 8 shows the bacterial growth in urine medium
expressed as absorbance at 625nm. All bacteria
showed good growth. The turbidities ranged from
0.005 to 0.308 after one-day of incubation. Klebsi-
ella pneumoniae, Pseudomonas aeruginosa, and
Escherichia coli continues to grow unti]l the last
day of incubation, while others had already reached
stationary phase after one-day of incubation. Their
growths were estimated as 10 to 1, 000-fold using a
standard calibration curve of the turibidities and the
viable bacterial counts of mixed cultures. For Kied-
siella pneumoniae, a standard calibration curve was
prepared separately because of its slimy appearance.
The turibidity determinations of Profexs species
seemed to overestimate growth due to the precipitates
formed. Proteus produces ammonia and thus an

alkaline condition in urine.

In spite of the good growth of organisms, creati-
nine content generally did not decrease significantly
compared to that of uninoculated urine after 3 to 6
days of incubation with bacteria. With several orga-
nisms the creatinine contents were lower than that of
controls, but the differences were not statistically
significant. An exception is the creatinine content of
urine samples incubated with Pseudomonas aerugi-

nosa which showed slight but significantly lower

values than control on the second (p<(0.01, decreased
amount=1.8%) and the fourth (p<{0.05, decreased
amount=4.6%) days of incubation. The creatinine
levels on the third and sixth days after incubation
were not lower than that of control, thus the deer-

ease could be due to analytical errors.

Creatinine in synthetic medium

Table 10 shows the bacterial growth in synthetic
medium and Table 9 shows the creatinine content,
expressed as percentage of the initial creatinine
content, after 1 to. 6 days of incubation with indivi-
dual bacterial strains at 37°C. All organisms grew
well giving turbidities of 0.002 to 0.070 after 2-days
of incubation. Their growths were estimated as 10
to 50-fold. Most of the bacteria tested reached their
stationary phase on the first or the second day, but
Pseudomonas aeruginosa and Klebsiella pneumoni-
ae kept on growing until the last day of incubation.
Their growths increased up to 500~fold and 200-fold,
respectively.

Up to 6-days of incubation, none of the bacteria
tested except Pseudomonas aeruginosa and Klebsi-
ella pneumoniae reduced the creatinine content in
synthetic media significantly compared to control,
uninoculated synthetic medium. The creatinine cont-
ent continuocusly dropped in the presence of the
above two organisims until the last day of incuba-
tion. After 6-days of incubation, 12.8 percent (60.
7mg/100ml) of the initial creatinine content was lost
with Pseudomonas aeruginosa and ll.r 8 percent (56
.0mg/100 ml) was lost with Klebsiella pneumoniae.
The rate of creatinine destruction was parallel to the
growth of both bacteria.

The amount of creatinine lost and bacterial growth
were both less as the inijtial content of creatinine
was lowered from 500mg/100ml to 50mg/100m! with
both bacteria (Table 11). However, the percentage
of the initial creatinine content destroyed was incre-

ased as the initial content was lowered.

Il. Effect of Other Nitrogen Sources on
Creatinine Destruction by Pseudomonas
aeruginosa and Klebsielle pneumoniae

Table 12 and 13 show the rates of creatinine destr-

uction by Ps. ageruginosa and Kleb. pneumoniae
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Table 7. Bacterial Utilization of Creatinine in Human Urine*

Creatinine remaining after incubation at 37°C (% of the initial content)

Organism Days of Incubation
1 2 3 4 6

Proteus rettgeri 100. 1£0. 78%* 96.9+1.16 95.1£0.94

Proteus morganii 100.0=:0. 85 97.8+1.21 95.8-+1.12

Proteus mirabilis 104.0+2. 42 98.7+2.85 101.9%3.24

Proteus vulgaris 100. 13:2. 41 99.24+1.97 99.142.24

Proteus inconstans 96.6:-1.43 96.7+1.67 97.8x=1.71

Pseudomoaas aeruginosa 101.3+2. 47 95.040.37*%**  08.513.93 93.90. 67¥** 93.2+1.72

Pseudomonas stutzeri 98.1+£1.96 95.8+1.71 94.9+1.06 94.6-0.95 91.1+1.71

Escherichia coli 98.51.62 95.240.99 96.5-+1.33

Staphylococcus aureus 99.9-+0.94 95.0=0. 85 96.94:0.97 94.540. 59 92.6+1.19

Klebsiella pneumoniae 98.2-+0.57 95.02-0. 85 95.8+1.23 95.3=1.11 91.8+1.61
. Streptococcus Groups D 94.4+1.34 160. 21:3. 25 97.21-0.99 92.7+1.35

Streptococcus faecalis 98.1-+1.01 94.54+1.07 95.9£0.76

Candida albicans 98.1+2.01 95. 4+0. 87 94.94+1.33

Uninoculated urine 99.5+1. 42 96.92:0. 38 97.7+22.17 97.57-1.92 094.2+1.12

*The initial creatinine content in three urine samples were 142.3, 113.5, and 68.7mg/100ml.

**Mean+SEM.

#*¥The value was significantly different from that of the uninoculated urine (p<<0.01).
**¥*The value was significantly different from that of the uninoculated urine (p<{0.05).

Table 8. Bacterial Growth in Urine Medium: Turbidity at 625 nm

Turbidity at 625 nm after incubation at 37°C

Days of Incubation

1 2 3 4 6
Proteus rettgeri 0.274 0.325 0.219
Proteus morganii 0.219 0.184 0. 169
Proteus mirabilis 0. 308 0.261 0.255 :
Proteus vulgaris 0. 299 0.275 0. 259
Proteus inconstans 0.020 0.020 0.017 )
Pseudomonas aeruginosa- 0.030 0. 043 0. 090 0.110 0.097
Pseudomonas - stutzeri 0.005 0.016 0.016 0.024 0.035
Escherichia coli 0.037 0.033 0. 046 0.053 0.086
Staphylococcus aureus 0..140 0. 142 0.093 0.112 0. 149
Klebsiella pneumoniae 0.063 0. 107 0. 144 0.087 0. 100
Streptocqccus Groups D 0.013 0.015 0.010
Streptococcus faecalis 0.016 0.015 0.012
Candida albicans 0.012 0.010 0.009
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Table 9. Bacterial Utilization of Creatinine in Synthetic Medium*

Creatinine remaining after incubation at 37°C (% of the initial content)

Organism Days of Incubation
1 2 3 4 5 6

Proteus rettgeri k 100.1+1.63 99.6+1.29 97.9+0.8  98.62-0.62  97.040.31  97.34-0.57
Proteus morganii 99.8-0.11 100.5+0.68 96.921.30 97.54+0.18  95.8-+2.45  99.0+0.85
Proteus mirabilis 100.0+1.88 100.3z2.10 100.6+2.15 98.6:£1.46  97.931.15  99.5:42.02
Proteus vulgaris 98.84-1.66 98.630.83 98.8-+0.85 97.540.98 96.32-0.79 98.84-1. 42
Proteus inconstans 97.6+0.57 97.240.90 94.540.52  99.7+1.22 97.8+0.82
Pseudomonas aeruginosa  98.7:0.58  075:50.08  95.6--0.24% 03.0--1.09%% 85,60, 615 83.7-1. 05
Pseudomonas stutzeri 100.721.15  97.7241.22 100.242.28 100.6=2.13 98.140.76
Escherichia coli 102.0£2.40 100.041.74 100.6+1.81 100.1%41.17 99.4+1.30  96.5+2.24
Staphylococcus aureus 98.3140.27 96.8+0.47 96.30.49 97.0+1.65 95.24-0.70 94.540.25
Klebsiella pneumoniae 99.720.36 - 97.4740.24  95.320. 3§e*%" 92.12-0. 76$* 86. 82-0. 64*3fk 84,740, 34”?*
Streptococcus Groups D 99.140.87 - 97.7240.71 98.6-+1.89 99.640. 90 99,0=20.69 €5.94+1.15
Streptococcus faecalis 100.9+1.08 98.8+1.00 100.224-0.71  103.60.11 101.24-0.73
Candida albicans 98.941.34 99.341.12  98.2:40.97 97.2+1.16 96.740.46  96.8%1.09
Uninoculated urine 99.13:0.11 97.740.68 97.1+1.50 98.240.18  96.440.25 96.5+0.85

*The initial creatinine content was 474,543, 02 (mean+SEM) mg/100ml after autoclaving.

**Mean+SEM.

***Values were significantly different from that of the uninoculated synthetic medium (p<<0.001).
**The value was significantly different from that of the uninoculated synthetic medium (p<<0.01).

Table 10. Bacterial Growth in the Synthetic Medium: Turbidity at 625nm

Turbidity at 625 nm after incubation at 37°C

Organism Days of Incubation
1 2 3 4 5 6
Proteus rettgeri 0. 006 0.010 0.009 0.011 0.011 0.011
Proteus morganii 0.001 0.002 0.001 0.001 0.001 0.001
Proteus mirabilis 0.009 0.014 0.011 0.014 0.013 0.013
Proteus vulgaris 0.015 0.018 0.018 0.018 0.019 0.018
Proteus inconstans 0.004 0.008 0.008 0.008 0.007
Pseudomonas aeruginosa 0. 007 0.019 0.043 0.072 0.113 0.173
Pseudomonas stutzeri 0.001 0. 005 0.015 0.010 0.025
Escherichia coli 0.010 0.014 0.015 0.014 0.013 0.014
Staphylococcus aureus 0.007 0.007 0.014 0.014 0.014 0.016
Klebsiella pneumoniae  0.065 0.070 0. 080 0.098 0.112 0. 166
Streptococcus Groups D 0. 001 0.010 0.012 0.010 0.014 0.013
Streptococcus faecalis 0.020 0.016 0.013 0. 006 0.011
Candida albicans 0.001 0.014 0.014 0.014 0.014 0.014
— 77— (265)



Table 11. Effect of the Initial Content of Creatinine on the Rate of Creatinine Destruction by Pseudomonas

aeruginosa and Klebsiella pneumoniae

Cratinine destroyed after 6-days of incubation at 37°C (mg/100ml)

Organism

Initial content of creatinine (mg/100mi)*

44.4

91.6 221.4 468.3

Pscudomonas aeruginosa

Klebsiella pneumoniae 12.5+1.45(28.2)

8.6:£1.34%%(21. D¥**  20.54+1.35(21.3) 25.740.87(11.6) 51.4+2.42(10.9
15.720.79(17.1) 31.94-1.60(14.4) 64.2:5.02(13.7)

*Initial contents of creatinine were determined after autoclaving. '

*Mean-+=SEM.

***The destroyed amount of creatinine as percentage of the initial creatinine content.

when ammonium sulfate and urea were simultaneo-
usly added as nit rogen sources other than creatinine,
Growth rates of the two organisms were stimula-

ted by the addition of other nitrogen sources up to

a creatinine N/urea and ammonium sulfate N ratio

of 1/6, but inhibited when other nitrogen sources

were added at the ratio of 1/10.

In the medium containing only creatinine as a nitr-
ogen source, Ps. aeruginosa reduced creatinine by
’30. 3mg/100m! (12.5% loss of the initial content)
after 6-days of incubation. However, when other
nitrogen sources were added at any ratioc from 1/1
to 1/10, Ps. aeruginosa did not ‘destroy ‘creatinine
at all. In the medium containing other nitrogen sou-
rces at the ratio of 1/6, some lower values of crea-
tinine contents than those of paralled controls appe-

ared after 1 and 3 days of incubation, but the

differences were not statistically significant (p>0. 1).

In contrast, as shown in Table 13, Kleb. pneumo-
niage destroyed creatinine in significant amounts when
other nitrogen sources were added up to the ratio of
1/4 as well as when only creatinine was added as the
nitrogen source. The loss of creatinine in the medium
containing only creatinine as its nitrogen source was
56. 4mg/100ml (23.3% loss of the initial content)
after 6-days of incubation. When other nitrogen
sources were added at various ratios of 1/1, 1/2, and
1/4, the amount of creatinine destroyed after 6-days
of incubation were 15.7, 22.2, and 8.2mg/100ml,
respectively. The destruction rate of creatinine tended

to decrease as added amount of other nitrogen sour-
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ces were increased. After one-day of incubation with
a ratio of 1/6, some creatinine appeared to be
lost. ThisAmust be an analytical error since the diffe-
rence frorﬁ the control was not significant (p>0. 1),
and losses did not appear in the same medium after

3 and 6 days of incubation.
DISCUSSION

[ . Stability of Creatinine in Alkaline
Mediam' ’

Urine from the patients with urinary tract. infect-
ions has been reported to be alkaline, while normal
urine is acidic with -a pH of around 6.0. For
example, In Porteus infections, urine is consistently
at about pH 8 or higher. Urine in lower urinary
tract infections is at a pH ranging from 6 to 8 with
predominance at about pH 7 374, This alkaline
urine may be due to the bacterial decomposition of
urea to ammonia. If creatinine were unstable in
alkaline media, urinary tract infections could lower
the urinary creatinine level through the indirect
action of the infecting bacteria. Thus, the stability
of creatinine was checked after incubation "at acidic
and alkaline pHs and at body temperature. As the
result showed, creatinine is quite stable at both acidic
and alkaline pHs without any great difference with
one-day of incubation. On prolonged incubation, slig-
htly more amounts of creatinine were lost at acidic
pHs than at alkaline pHs, indicating that creatinine
is more stable in alkaline medium than in acidic

medium. Therefore, it can be concluded that  the



Table 12. Effect of Other Nitrogen Sources on the Destruction of Creatinine by Pseudomonas aeruginosa

Creatinine remaining after incubation at 37°C (mg/ lOOmD*

The ratio of

Days of Incubation

creatinine N ! 3 ) 6
[other N C*  Ps¥ CPg* C Ps CPs C Ps C-Ps
Creatinine only 220.9  227.5 2.4 237.0  216.4%*  20.6  210.7  180.4%% 30,3
1/1 226.0 22%6.9 0 217.1  218.7 0 202.0 203.5 0
1/2 237.1 2385 0 239.6  238.8 0.8 2155 214.8 0.7
1/4 231.4  23L4 0 212.1  219.1 0 200.5 212.5 0
1/6 2517 240.7 1.0 227.4  218.9 8.6  208.6 212.6 0
1/10 225.7 2057 0 2119 217.7 0 207.6 218.3 0

* The initial creatinine content was 241.7-8.68 (mean+SEM) mg/100m! after autoclaving.
** C indicates the mean of creatinine contents remaining in the uninoculated medium.
Ps indicates the mean of creatinine contents remaining in the medium inoculated with Ps. aeruginosa.
C-Ps indicates the difference between C and Ps: the amount of creatinine destroyed.
*¥* The value was significantly different from that of the uninoculated medium (p<0.01).
*#%% The value was significantly different from that of the uninoculated medium (p<<0.001).

Table 13. Effect of Other Nitrogen Sources on the Destruction of Creatinine by Klebsiella Preumoniae

Creatinine remaining after incubation at 37°C (mg/100ml)*

The ratio of 1

Days of Incubation

creatinine N 3 6
/other N Ok K*¥* CK*¥ C K CK cC K CK

Creatinine only 229.9 212.0 17.9 237.0 190. 5¥** 47.5 210.7 154, 3¥¥** 56. 4
1/1 226.0 210.5 155 217.1  213.0 4.1  202.0 186. 3¥** 15.7
1/2 237.1 244.1 0 229.6  191.1%% 38,5  215.5 193. ¥k 22.2
1/4 2314 220.7  10.7 2121  203.3Feekx 88 200.5 201, 3%k 8.2
1/6 251.7 220.3 31.4 227.4 227.1 0.3 208. 6 214.7 0
1/10 229.2  234.6 0 215.2  229.8 0 207.6  221.2 0

*The initial creatinine content was 241.74:8.68 (mean+SEM) mg/100ml after autoclaving.
**C indicates the mean of creatinine contents remaining in the uninoculated medium.
K indicates the mean of creatinine contents remaining in the medium inoculated with Kleb.

preumontiae,

C-K indicates the difference between C and K: the amount of creatinine destroyed.

*#¥Values were significantly different from those of the uninoculated media (p<{0.01).
***+The value was significantly different from that of the uninoculated medium (p<C0.001).
*¥¥+:*The value was significantly different from that of the uninoculated medium (p<C0.05).

alkalinity of urine produced in urinary tract infection
does not lower its creatinine level. This agrees with
the results of Drabbe and Reinhold®® and Ellinger
and Matsuoka®’. In the former study, with two

wesks incubation at 37°C, only 10 percent of the

_79___.

creatinine "in a solution containing (.75 percent
sodium carbonate was destroyed. In the latter s‘tudy,k
no changes in creatinine concentration were shown in
both neutral and alkalinefurine Cup to pH 10) which

were stored at 5 to 8°C. All creatinine was recovered
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eyen after four weeks.
I. Baeterial Utilization of Creatinine

Since creatinine is - an organic and nitrogenous
compound present in the largest amount, next to
urea, in urine, it was assumed that the infecting
‘bacteria of;urinary tract might consume creatinine
in the course of their growth and thus reduce the
urinary ceratinine level. In fact, some studies have
suggested that several organisms utilize creatinine as
their energy source through energy-yielding catabol-
ism of creatinine or through the assimilation -of the
creatinine into their cells 5%, To investigate this,
13 kinds of bacterial strains found in urinary  tract
infections were individually incubated in human
urine at 37°C. Upon 3 or 6 days of incubation, none
of them- reduced-th_e creatinine content significantly
compared to control, uninoculated urine. Their gro-
wths were 10 _tvcl)\I l;_OOO times. This agrees with the
result of Cattell ez al. ),

The spontaneous disappearance of creatinine in

uninoculated urine could be due to the oxidation of

creatinine or to its transformation into creatinine3%:50,

More careful re-examination might be worthwhile
with Pseudomona; ~aeruginose since slight, but
significantly lowered values of wurinary creatinine
content (1.9% and 3.6% loss of the initial content)
appeared after 3 and 6days of incubation, respect-
ively. Also, in a pi‘évious study, a strain of Ps.
ae}uginosa was iéoiated from human urine and was

found to be capable of splitting creatinine?®®,

From the above results, it is likely that most of the
urinary tract infecting bacteria do not utilize creati-
nine significantly ' in normal wurine from healthy
people. However, this and Cattell e al. ’s study may
have overlooked the effect of bacteria on creatinine
because the organisms might attack other nutrients
prior to creatinine’in the course of their growth. In
fact, human urine is regarded as a complete medium
for bacterial growth and has various kinds of organic
materials easily utilizable by organisms®?. Creatinine
comprises only about one-twentieth of . the total
amount of urinary.organic materials. Eighty to 90
percent of the organic material in urine is urea, the

principal gnd-product of protein metabolism. ‘Urea is
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the primary nitrogen source for Proteus species in
urine since they have strong urease activities®®. If
urea and other organic substances are insufficient for
bacterial growth, bacteria ‘may be forced to attack
creatinine. Such conditions could be found because
the excretion of urea and other organic materials ére
affected by diet, while the creatinine excretion rem-
ains relatively constant.

Based on this hypothesis, bacteria were cultivated
in limited synthetic media- with creatinine as a single
nitrogen source. Glucose ‘was- supplied as a carbon

source, otherwise bacterial growth did not take place.

'In these simple media, all bacteria tested could grow,

while no growth occured in the same . media which
did not contain creatinine. This indicates that creat-
inine as a nitrogen source could support the growth
of Dbacteria, but bacteria except Ps. aeruginosa
and Kleb. prnemoniae seemed to be very limited
in their ability to utilize creatinine. Ps. aeruginosa
and Kleb. pneuwmoniae grew quite well and thus
reduced the creatinine content in the synthetic-
medium. Their creatinine decomposing effects are
attributed to an adaptive enzyme system, ‘creatin-

inase’ 30,34,36)

These two bacteria, capable of decomposing creat-

inine, were further tested to determine whether their

capability could be expressed in the presence of

nitrogen sources other than creatinine. Ps. aerugi-

nosa did not reduce the creatinine content when

other nitrogen sources were added, indicating that

“the organism prefers other nitrogen sources to creat-

inine. Kleb. preumoniae could decrease the creatin-
ine content but only when a creatinine N/urea and
ammonium N ratio of less than °1/4 was present.
This suggests the possibility that Kleb. pneumoniae
may decrease the creatinine content: in urine from
people whose protein intakes are so pobr that their
urines contain non-creatinine nitrogenous materials in

relatively low ratio to creatinine.

In one study, very low-protein.and high calorie
diets produced urine whose creatinine nitrogen/other
nitrogen ratio was about 1/6%®. To clarify thi-
possibility, more studies should be continued, parti

cularly with the consideration” that Kieb, preumoniae



‘is responsible for more than 10 percent of the total
‘incidence of urinary tract infection®®, Whenever the
‘urinary creatinine level is measured in patients with
urinary tract infections and low values are obtained,
the possibility of bacterial decomposition of creatinine

.should be considered.

CONCLUSION

Alkalinity of urine from people with urinary tract
:infections does not have a significant influence on the
urinary creatinine level. However, some Dbacterial
strains responsible for the urinary infections, such as
Kleb. pneuwmoniae and possibly Ps. aeruginosa
tested in the present study, may utilize creatinine in

. the course of their growth and thus lower the urin-
ary creatinine level. Greater destruction of creatinine
~can be expected if the urine contains non-creatinine
nitrogen materials at a relatively low ratio to crea-

“tinine.
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