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THE VOIDING DEFENSE MECHANISM OF THE URINARY
BLADDER : EFFECTS OF OSMOLARITY AND
HYDROGEN ION CONCENTRATION ON
GENERATION TIME OF BACTERIA

Tadao Kirivama, Hiroshi Hrinaka and Kazuo NagaTa
From the Department of Urology, Yamaguchi University School of Medicine
(Chairman : Prof. J. Sakatoku, M. D.)

An experiment was carried out in order to investigate the effects of osmotic pressure and hydrogen
ion concentration on the generation time of various bacteria. The following result was obtained.

1) E. coli, Serratia, Klebsiella, Retigerella and Pseudomonas aeruginosa were isolated from the urine spe-
cimens of patients with urinary tract infection. A strain of each bacteria was cultured in the two systems,
one being the broth of pH 7.0 with the osmotic pressure 100, 300, 500, 700 and 900 mOsm/liter and
another that of 296 mOsm/liter with the hydrogen ion concentration pH 5,6,7,8 and 9. The genera-
tion time was measured. Osmotic pressure gave little effect, but pH gave the considerable effect on
the generation time of E. coli, Rettgerella and Pseudomonas aeruginosa which was prolonged in pH 5.0.

2) In order to know these effects more precisely, two factors, pH and osmotic pressure, were

given three different levels.
was 150, 300 and 600 mOsm/litre.

Three levels in the former were pH 5.5, 7.0 and 8.5 and that in the latter

Thus, two-repetition method was carried out on three levels and two factors. The order of 18

measurements was completely randomized. The results obtained was analysed according to Duncan’s

range test at the risk level of 59.

siella, Retigerella and  Pseudomonas

Significant difference was observed in the generation time of Kleb-

aeruginosa at the pH of acid side and that of Pseudomonas

aeruginosa at the low osmotic pressure as well as at the high osmotic pressure.
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ERBIHUIZD, OX T normal residual urine rate
LHBD generation time REERAFICHIELIZ. T
5 normal residual urine rate (% 0.19%Ch b, 7
43 (pH 7.0) fiTD E. coli (n=19), Klebsiella
(n=9), Serratia (n=17), Pseudomonas aeruginosa (n=
16) B OF Reitgerella (n=8) (D generation time |,
ZCFN 2414354, 23.04£2.54, 28.84-4.0 4,
27.24+4.84F, 3794449 TH 51210, BT, B
B v RinH U TR ERFMEEEEERRICIY 2
HRBEERETE L. Z0HE, ARRERNHER
EEUTA S L, LTohi- TERIOBER 24
EUTN L LT, REHEAOSHREROHREHINE
ThHh, TLERBELEING 0L 2 HE
B3 HEHEDEEBRGEL2EAT RS LR
#L 0.

4EIZ, EO generation time W ERBITES
O PH OBEU I PR T 5.

£ B A &

NaCl CEBT %, IN NaOH & 1IN HCI CpH »
FETLC,296 mOsm/L TpH 5, 6, 7, 8 8XF9 &
pH 7.0 ‘CEZEE 100, 300, 500, 700 35Xk ¥ 900 m
Osm/L D2RFD T4 2 (BRI 4 23— »
TR LIz, BBEEB LU pH OWERE, ZheEh
Osmometer Model 330-D (Fiske) 73 5 (¢ pH meter
Model HM-5B (FHEHETF) #HERLIZ.

Generation time QHFEIL, FIHSTRNIZHET
Brltolz. IbbT4 3 TIoRRE®R, BEL
TCRIBE D102 2%, SBTPER LIz 2 RIUD T4 =2
% 10ml EEL, 37°C CREB U, B 2 KHE
BEI4BEEE I 3RERBL N REOEERZE

FREIRETEEL, generation time (g) %
_ 120xIog2
€~ Tog N-log No

TEHELL. 2008ED S b/ASWIER-T2. T
T°C No i3, BER 2RI KREOMERZ,
Nz, S5 2FRBI b bERBEIRHETRS
R E OB 2R

BIRT 5 COFRERNY HRHE ST, BF 2
pH EBZEFEE L, Z2hFN 5.5,7.0,85 X ¥ 150,
300, 600mOsm/L o 37k#E, 37z b 3KH%E2EF
2@ HELUOZREEER T, pH BLFRBED
WEEPRE LI, 55 AI8EOHIEIER EEIER S
Utz. pH BLOBBFEOF#, generation time D
REFESEREUERCTHS. HHLEER,
IRESBYUERE X D 0B - AE SNz E. coli, Serratia,
Klebsiella, Rettgerella 33X U¥ Pseudomonas aeruginosa (D

EH1HTHAB.

X B B &

pH ¥k (RBZEFED generation time (TRIT 5%
P PHERINITHE U2 iiIE, Table I, Fig. 1, 2
RTTELTHB. E. coli NIJH HEEMNT,
Reitgerella 5357 « {EROM A THE 2217 T gene-
ration time PSHFVICES LTV BH, —RITICIE
R 505 KEE)§ »HEN TORBEOEL T,
BHEFED generation time {CRIFTHEII/NINVE S
THb. LU T pH I8 Rz, &<
I pHS ORKIFTHEZ, pHO DZhi b &<,
E. coli NIJH, Reitgerella, Pseudomonas aeruginosa "Gl
LR COEABEETH -1

Table 1. Effects of osmolarity and pH on
generation time (in minute)

k
XK

mOsm/L 100 300 S0C 700 SO0
pH 5 6 7 8 9

26.0 252 261 275 280
390 266 248 24.4 307

243 225 231 226 246
27.7 23.7 228 23.1 247
. 282 26.5 269 26.7 287
Serratia 32,1 285 272 299 288

336 305 311 32.1 348
442 324 310 319 341

286 290 284 294 290
37.1 305 272 3098 313

E. coli NIJH

Kiebsiella

Rettgerella

Ps. aeruginosa

* in broth of pH 70 and **of 296 mOsm/L, at 37 C.

© E. coli NIJH
B Klebsiella
40 O Serratia

X Rettgerella
o Pseudomonas
35 x
X
X
X X
30 o
o]
8 ° 0 In
° @
o a
* [
. °
25 . P
a2
= | ]
20

100 300 500 700 800

Fig. 1. Effect of osmolarity on generation time
(broth, pH 7.0)
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3, 4, 5,
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18[HI#EfT U1z generation time MDSEEAMADS, BT
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Fig. 2.

Generation time

Fig. 3.
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Effect of pH on generation time
(broth, 296 mOsm/L)
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Effect of esmclarity and pH cn generaticn
time of a strain of E. coli (in broth at 37°C)
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STHESTSR 7~ & 55 Table 2, IR LToh 5.

E. coli DiEaHv pH BIUBRETFOHER 51T
generation time PIEET 38, LOERFEETX
{, BIEEOEBDDI Y DML 62.3% &0
SEBBEIH T LD TH%. Klebsiella TIZ, pH

Generation time

Fig. 4.

Generation time

Fig. 5.

Ap:pHb5S
Ay 70
Ay: 85
0 By :150™F
B,:300
B3:600
N B
B
20"
B1 Bz BS
A 26.0 28.9 24.3
T 27,4 | 25.9 | 27.2
A 22.7 22.1 22.2
21 25.4 | 235 | 23.0
A 25.2 24.7 23.3
31237 | 22.4| 257
10 A Az A3

Effect of osmolarity and pH on generaticn
time of a strain of Klebsiella (in brecth at
37°C)

B3
30]
B
Ay:pHB5  Bi150™Eg,
Ay 7.0 B:300
20 Ay 85 B3600
B B, Bs
A | 3011 29,6 32.8
1 27.3| 28.6| 36.3
A, | 26.0| 26.7 | 30.2
2| 27.4 | 25.2 | 27.9
A | 31.8] 3031317
31 24.4 | 33.3| 32.9
g % Ao

Effect of osmolarity and pH on generaticn
time of a strain of Serratia (in breoth at
37°C)
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X AEEBOAVBEREL BOKETEZRTH 503,

BEFOHEL L OXEERICERERENA LN
=7z, Serratia TH pH LBBREOXEFHIRBD L
NI o723 pH 26 NICEBFEIC L % generation
time DEEIE, Z CENERE 5Bl F L% DKHE

40"
& .
£ Ay:pHBS
= PV
2 Ay 85
g
S By :150MEgy
S B 1300
B;:600
30
B4 B2 Bs
A | 40.4 | 3331309
1| 32.4 | 33.1 | 30.5
20 A, | 27.9 | 25.7 | 26.9
2] 27.3 | 256 | 27.3
A | 281 292|278
31 27.9 | 27.6 | 33.3
M Ay Az

Fig. 6. Effect of csmolarity and pH on generation
time of a strain of Rettgerella (in broth

at 37°C)
f7
£ 8d
£
c
‘e
i
g 70
o
(L]
A1:pH 55 B1:150MEY(
601 Az 70 B2:300
Ay: 8BS B3:600
50"
40"
30
B B2 B3

At |566,36.56(42.1,57.0 | 90.2,103.2
A2 |276, 36.8|36.9,38.8 | 32.5,43.2
A3 |380, 49.8|31.6,45070.7,84.2
T

Ay Ay A3
Fig. 7. Effect of osmolarity and pH on generation

time of a strain of Pseudomonas aeruginosa

(in broth at 37°C)

TEHETDH -7z, Retigerella DG, Klebsiella DEE
BEEDLTNT, pH OBEOLMERE 1 %Dk
BTHER T, —7, BEEORE, pH LEZE
EOREVERICIBERELED bigh o1z, Pseudo-
monas aeruginosa (X435 pH BLUEBEBEOHEET
K& <, generation time QEEIDNTNDITHNIT
WEBER 1 BOKETHER TD -1z, 12 Pseudomonas
aeruginosa “Cit pH B X OBEBEEDRXEEHBRD S
h, BRE SHOKETERTH I

BT 5E, R pH BIUOBRBEDOHETLEE
LizkAbh5 generation time OFEMEDL, 20
EEO—HITRELHICL 2 30T, HFREZ-TE
TR dIFIUE, Serratia, Klebsiella, Retigerella 35X F
Pseudomonas aeruginosa Tk} A pH, Serratia 33X
IF Pseudomonas aeruginosa 1TISIT A B E, 75 6.00C
Pseudomonas aeruginosa 1A 6N AHE DR EIETH
-1z

LI & E. coli, Klebsiella, Serratia, Reitgerella 35X 8
Pseudomonas aeruginosa (D generation time [TRIEF
pH L BETOHEOIKEMPBUTAONIFR
BRBELTE. UhLZCTRELTE DR%E
RF3IAEBTBEL TAHONZERETIIZL, BH
FORKEETRONIBEEETHS. LIT->TH
L% Duncan QOEFABGERE 2 MV TRERE 5
BONKIETHRE LT, CORBRBPRITE LDIZEDH
Table 3 THs. CLORITRINTVSCTE LK
5 GBDIKYE TEHEENED HNIzh DI, Kibsiella,
Rettgerella 33 Y F Pseudomonas acruginosa RIS THR
PRI DB B s & (RIT Pseudomonas aeruginosa (CRI33
ERBEELBERETOHETH-HIT.

% S

BEBED voiding defense mechanism %2 EMICHE
FLUTWL BT, $ED generation time —X b IEF#
izt doubling time Tdh BHS—IZNHED parameter
Thd. WL DHDOHMEED generation time [T
R RITTHS, C D D5 BT voiding defense mechanism
DIFFITHRET L Bbh s IO TEALTAIN.

1) BRE

Barber®jz - if E. coli (O generation time I
15°C 71804, 25°C T444y, 35°C 7224y, 40°C T
1753 Tad b, 37°C HRICERADEMEEENSHS. U
L 37°C 95 46°C DO Cid generation time T3
B EAEEB B A, —RRICZ ORBOBEEIDWT
L EENEEEE, BIEERRE, BeiiEREE»EAL
T AT, T ® E. coli O generation time *iRRE



Table 2. Two-factor ANOVA table for completely randomized design
for experiment for effects of osmolarity and hydrogen ion

AL (30 - SRR - BORAYRT

concentration on generation time of bacteria.

S DF v F F’ (%)

£.coli

A 4680 2 2340  3.51 18.4

B 4654 2 2327  3.49 18.2

AxB 2872 4 7.18 1.08 1

£ 6008 9 6.67 62.3

T 182.14 i7 100
Kilebsiella

A 3810 2 19.05 B.07* 962* 5).9

B .87 2 0.94 040 047

A xB 443 4 112 047

E 21.28 9 2.36

£ 2577 13 1.98 48.1

T 6574 17 100
Serratia

A 4519 2 2260 479* s523% 229

B 5850 2 2925 620% e77* 312

Ax8 1367 4 342 072

E 4450 9 472

£ 56.17 13 432 45.9

T 15986 17 100
Rettgerella

A 137.73 2 6887 1271%F 55.0

B 824 2 412 076

AxB 3604 4 3.0l 1.66 6.2

E 4871 9 5.42 388

T 23080 17 100
Ps. geruginosg

A 244101 2 122056 1466 27.8

B 343120 2 171560 20.60** 39.9

AxB 1569.25 4 3923} 4.71% 15.1

E 74940 9 8327 17.2

T 819090 17 100

*:P<O0S  ¥*:1pP<0O0l

Table 3. A table of analysis by Duncan’s methed for effects of osmolarity
and hydrogen ion concentration on generation time of bacteria.

E. coli Serratia Klebsiella Rettgerelia Ps. geruginosa

R 5.87 472 3.8 5.30 20.70

Rz 5.60 450 3.30 5.05 19.74
[Ha,7 Fa,| 373 3.55 347" 6.65" 28.30%
[Ma, - Ha,] 075 041 2.45 4.45 11.05
[Ba,=Ma,| 298 3.14 1.02 2.20 17.25
|vg,~¥g, |  3.05 a7 0.79 1.59 29.79*
|¥a,~Ys,| 368 3.35 030 037 28.76*
[Ve, 48, | 063 0.82 0.49 .22 1.03

* . Significant at 5% level.

739
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LOBRHERY, LT - EHCBHITHIE, »2H
(D generation time IR & OBERIENIONBC
EWBNLD,. LchS- TN TROEE X 35°C >
5 41°C OFEFATEEL 5 213 ¥o0vh b, BEED
voiding defense mechanism %##73 % IV, BED
generation time TRITTHELBET 2 HF 37200,

2) BR

—HCIESE generation time ICIXEBERIILAL
T I, WIS O#E (total mass of bacteria
produced) 2SR H45IMD, DL LXBED
VeI ER S 2 L DO TR A A1 generation time (T
B, Aercbacter aerogenes DIE HIUVVTIIEHIEE X
O015%E an T3, WIFHICE ZBEMD voiding
defense mechanism 27 LT L ICRABEZRTF &
Erbhs

3) EHIDMAR

IR Uz & L 837°C Tty 5 E. coli D generation
time X, 74 3 HATIEH205TH%H, glucose
ammonium-salts medium G350 &% 3. 2Dl &
Db ¥ B L S ITHHEE(D generation time (&, 74 =3
> (meat digest broths) @k 5 /:3E&pkEHE (com-
plex media) Tz F £, glucose ammonium-salts
medium Dk 5 -5 REEH (chemically defined
media) TIEWVWP., DL 5 ITEEHOR DS genera-
tion time IZRIFTHEIIIDDTKREN. Lizdio
TZOBRIVBEHET, L bEANYELZ OREEY
DEE I N AR P EH & 45 voiding defense mecha-
nism OfEHTCIZ, ROKRD & Zps generation time
TR TR DB BB RE & 72 5. Bacillus sub-
tilis & E. coli 2FVTE 78 - 12 Monad® DEISEIT
Ihi, =2 ¥F-FHER2YE (BEY) OBEME
U E 1L, generation time |3EEO—REBTdh 503,
ZCUELOREI 250 BRI {FTh, 35K
ZNUE O —FD BES B4 % & generation time
BEST—Eis. BIORE ¢ SHEE R
(generation time DYE) & DI, ROPARTH
IN BRI B

R=Ry—°
c+cy

T Re BWBEHOEFO BET TAL LD BRO
BIEE R, o i R 3 1/2 R 2RTEIOEDTOD
BELZEPLTVS. G ROy E generation
time & DEROMEIISHOFETD 5.

4) KFA A VBE

B BRRIITIE, KR4 F > BE D generation time
T AREER, BROZNEELL TS, b

L generation time (CRUTTEEIIDL L, L AM
B D#%L (total mass of bacteria produced) iZ5 4 %
BN K TH 5. Klebsiella aerogenes DX HU VT pH
6.45 75 pH 8.3 DRI TiT generation time | I—57E
EZZLTLAD, BBL 190 x 105/ml 5 12.5x 108/
ml {Zhiz3s.

BITR pH T B2 RIFTHRTIE, Rpicdif s
T 2GR BEOREREY, EAWHES L FZoHY
BREEBRO IOV D L. ZDIHT urea-splitting
organisms DEYUT L % HEIIAR L, FXlA
LNIZEETH 5. Sanford® Tk 3 & Proteus vulgaris
& % RESEBIETIE, #9350 1 OEFITR pH H
7.0 DL Eiw ERUTWS.  Proleus vulgaris OORTEDIR
PH @33 B % #%3f U1 Gnarpe OES 3dh
%. R2EHE UT Proteus vulgaris % in vitro "CHLEE
$5&, 5B pH X 6.8 25 8.5 ickEREL,
10E: 51212 9.0 Bl E & 72 5. Pseudomonas aeruginosa
R Alcaligenes faecalis “C{{E>D ERF % A B3 Strep-
tococcus faecalis, E. coli, Staphylococcus albus (DIEEIT
BREBEAERETHS. Rig7 F~#% 1 mgml T
B4 % & Proteus vulgaris R Pseudomonas aeruginosa T
WiaY 7.2~73 fIETLET ALY, ZOHKEE
TUT24RRRITIE 2N Eh 625, 6.75 1Tiz 5. iy
DAEED HEHTE COPTHO LRE A58
6.5 7L 6.0 fIFE TIET T 5. DER E coli &
Proteus vulgaris % 1:1 %1213 10:1 L THEBEL ThH
Y HESERPH O LR Z AN, COH%1:10
g A& pH H5 9.0 RIS &S,

Asscher et al. © (X, [ROBHE UTOHEEMH T/
DB R RPERSLO#EHOE XM T 2 HNT,
BEBRAHTR, TTRBSIPERERO pH BEHE
¥t FIRATO E. coli (D mean generation time %»
HELTCWA. pH 6~8 DT, BBEENIEREH
HN® 300~1,200 mOsm/L (D Tld, mean genera-
tion time {FFF—ETIIE AL pH L EBEDHE
Z HFiau. 121 BBEEDS 200mOsm|L 27z &
E. coli (> mean generation time {3, pH BRIz <
[EpiciEET %, pH 5.0 itis 3 & 600 mOsm/L L
T Ci% mean generation time [JEREE ICEPITERE
UTW A%, 800 mOsm/L Pl kicic 5 & B45EASFHIE
3C%. pH 4.0 Tik#Ef L7z 200~2,000 mOsm/L
D&MDz TRESEEINS &Y. 351
TR, BRELTR, BRETROIRT, E. coli OH
FEICE L, #DE TO mean generation time H355 75>
V. DT EBERRD pH BEEDEFDS E. coli
ORBEIHUCEERNCEEIN TV AL LKk
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Bh3, LD EDHETI ERPLERIC asymptomatic
significant bacteriuria 2 IFFE9 A SBHICIL 7 5 g
LR 5.

OO OEESB X L BRI Z R L b,
EEEZEA TR 8L O BEEO B D generation
time CRITTHBRIZNIEZE KRS @ L5
FEBE D (total mass of bacteria produced) T X
DEELBBRL TN A EEBR T, RAPKEET AHED
By &2 BB OB L D EED ANV,

& B3

ZFEME D generation time [ RIFTTEBLL L
KFA A BEOHE RN S HETERL, ROEM
2.

1) REZBYLVERE X Yyt ic E. coli, Serratia,
Klebsiella, Rettgerella %5 X UF Pseudomonas aeruginosa D
1 BRNWT, 296 mOsm/L TpHS5, 6,7, 8 BX
r9 & pH 7.0 CEZHEE 100, 300, 500, 700 is L F
900 mOsm/L. D 2 RF|D 74 3 > M T generation
time LTz, BBEOHEIILS Tz pHO
IR0 L, pH 5.0 “TiZ, E. coli, Retigerella ¥
X 78 Pseudomonas aeruginosa (D generation time H3%E
=300 1

2) AL OHEBEPFHMCASHINT, BT %pH
LRBEEL, 2CZhpH 5.5, 7.0, 8.5 5L 07 150,
300, 600 mOsm/L  37k#E, 972 b5 3 KRE2ZRF
2 E# R L O nAEEE T HBE Uiz, 18 EOH
EMFIEES & Uiz, 185 NI % Duncan D#f
FREEYAVTRERE S BOKETHRELL. R
EMN D SNT. LDk Klebsiella, Rettgerella 35 3 X
Pseudomonas aeruginossa (D generation time [ZR13d"
FRMEAIDREE, 73 & NIT Pseudomonas aeruginosa (D%
NIRRT ERBEFRE L ERBEEDORE TH 1.

WEiA 5L, HIRE, BRI
R ERICER LT

X 3
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