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ThZhn pH6.5+0.8, 5.840.4, 5.94+0.3 ThHotzo
T D &b Ascorbin BBRIRIC X 0T FRILERMEICME S
Z ERb ot

2. H.M. & Ascorbin BiRFEZEDRFAL~Y Vi
B LR pH

EWHA8£AE IOHFHEE 1041 H M. gH 1.0g,
Ascorbin 5[] 0.8 ¢ %Atk X OBERO 4 @R
AEe, FH1EBROBAV<Y viEER XU R pH
wHIE Lico Table 1R LAk 51c, IEFHATIRERS
=Y VEEL 65~515 mcg/ml(FFH 308. 3 mcg/ml),
PH (% 5.5~6.1 (F15 5.8) Thoto RAENLTY Vi
LR pH i AHBABAMRIE A BT, LIk~ Y v
WEBEEC XD Toinh DERD O HIREEZTD
FEALAFEDRERTH DN, —BieeRerL<Y vV
BEMEWEAN R DRI,

3. H.M. ¥ Ascorbin BEIRFAEROHHE

A4 A HM 1.0g & Ascorbin fi§ 0.8g %
FEEE IORERCChZ R S, B9 1EEIR
CHEAMEYRAL, TOBEBELE Lo ¥ iRAH
DRENBE L, 22 TOEAMBEOMIEAY ERE Lo

Fig. 1it/m L X 5 i, IRABERIRIC E. coli ¥ 72t Pro-
teus mivabilis % BA LIcH4E, 28 DHE (105/ml) 23R
AZRHTNTH 8HEHOIEA © B Hk 20/ml LIFooRE
BRECH U Thico ZOBE, WNBETIHEE L 8
REICIR & A SRR A DT foo Klebsiella Ti 3
X10%/ml DEANBEA I M B A7 8 BT 1X10%/ml
DHEIER LT ey, 24 BEEITiX 20/ml DLF & 7eD
T\ foo Pseudomonas aeruginosa OBEILFI3H L=
RREILDO T IRAKKIC 5X105/ml DB R EAS
B e SEHFBTIZ 2X108/ml i\ Drc AT B A%,

Table 1. Concentrations of formaldehyde and pH of

the urine following administration of hexamine
mandelate and ascorbic acid

Case| Goncentration, | i | Case| SPheemtiatione| o
No, (meg/ml) No. (mcg/ml)
1 300 55| 1 g 265 5.4
2 65 570 2| & 9% 5.6
%3 455 5.7 3 T 150 5.7
g4 510 5.7 4| ° 95 5.8
5 137 5.8 5| £ 30 5.9
g 120 5.9 6] 2 410 6.0
7 365 6.1 | 7| F 135 6.0
8 515 6.1 | 8 o 325 6.2
9| 2 10 6.2
0] & 200 6.5
OV 308.3 5.8 | AV 212.0 5.9

24 BRI & [ U < \KH (108/ml) i@ A>T
720 5X10%ml, 5X10%/ml JR A DA T 4 8 BT
WOIC AEB DA DR BRI, 24 B Tk FRIE
LTwio LasL, HBRRI b izd i FhFh 1072
1078 HY L Tuvieo

Fig. 1 Antibacterial activities of the urine follow-
ing administration of hexamine mandelate and
ascorbic acid

—— : Urine following administration
------ : Control urine

24hrs 8 24 ilrs

Fig. 2 Clinical course and laboratory findings of
a patient treated with hexamine mandelate
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Table 2. Minimum bactericidal concentration of formaldehyde

against various organisms in saline

BT 5 RBEGGEe s L, HO M. BERER) T
BBEHEMIOH M. B X ) FEFEEE
FHTBZENT X B, @RETHFRHRE
YIERRFET B DG b R - FiEFIE R

25 H M BRI X0 TRT 5 2 LR TE D,
GH. M. I X > CHER %A1 T X %25,

No. of | Incubation M.B.C. (mcg/ml)

bacteria | period(hrs) E.coli Klebsiella Proteus Pseudomonas
10°/ml 24 93 93 93

10°/ml 24 23 23 23

10°/ml 8 185 740 740

D3 ,ﬁﬁllbiﬁﬁ Lo
1. REByzonwT
RERBRHPLISOFRTHRE LI L Bbh 58

4. FA=Y VOREAMECRTSBRED

HM o MIRbCE TR~ Y Vi B L 2
APKEWDT, kA=Y VD E. coli, Klebsiella, Pro-
teus mirabilis, Pseudomonas aeruginosa =343 3 fR{E
BEBE X TN TR IR 1k~ Y v A
RCHEBRRL, Ziuc M 28 108/ml F 721% 10%/ml
ied XOWBAL, SBRICkX 24 B % /o 8 B
Bic1aeHELY Ly, HLIEKEIICBHERL, B
S FEFIRNRREHAL <Y VIBERRDI,

Table 2 /R Lic X 5T, % 4D 108/ml iz 24 KRi
ERE RS LA~ Y VOREZHEEIWThoRs
T 93meg/ml THOI, 10)/ml L EHEA LT3
ERAER B b 23~46 meg/ml L A U fco 108/ml
DA 8 FHIFA & B A SRR IS 185~
740 meg/ml L HIIC HAREBEE LT,

B. EERBZ

FEGIEFXT Fig.2 © X 5 I8 Lico FRBE DK

Fig. 3 Effect of early and late hexamine mandelate
treatment of the two patients having the
almost same spinal cord lesions(Cg incomplete
paralysis)
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Table 312/R L X 51z, H. M. ¥BIERTH T 38 2% Hols
Lx 7 QIEFITIXRBD L b e 27 iER] No. 4 % D
& HM B X 0 TNTREA BRI BLSh,
5% 6l EED®E (NO2:P=0.1, #opffi P=0.05)
MRDORIco FILEMY AR S L H M. HENTREA
Box1 2 AYD 3.4+8.0 ACThHLZORKL, WMEEHIT
1.6+3.0 HE A (P=0.05) =W LT

sk, HIECIDOZHHEORME, MM X 258 RF
BEL, TIHARZGBOHN, FOMREHEEOR
ERBRIIEGI R B LT %5 &, Fig. 310iR LicfhEm
2HERID X 51z, H.M. MR ARSE L 7 fFitbh
7efl (Fig. 3F) TIXM Sy oM, 23R
DIEfENZ BRI

2. HAEFHOBEH R owT

RIEFRERNDOWU LN RBEBIERH D, Dldic
FRIhIHAR Y, O, Ry L b TR AKTH
B Uiz (Table 3), H. M. ¥R O BT X7 95
Bl i s &, HEED 1 BYD OH4AFTHEYHE
ETNTHA LTE DY 9 fiF 8 flic B D% (P=0.05)
NBEbRII, e, ABEHE L e H M. By BG
L7z 10 SEB &4 T H M. #ERTHO 1 0 B Y40 ot
HEFITFEE S AR 25 L 15.1+£5.9 H2b 1.8+1.1
HAE ) 1/10 @B LTE b, #Hime dEEomd
(P=0.05) TH2to

3. MIERIoWT

H. M. {5880 11 REGI DR K527 Rix Table 4 0 X 5
ThHdo 1HENETOMEIRIX 26, 571 2 #¥FE, 3071
RIFEREEARYD B\ DX D BETHM B
AT IO B DR ORFBIE Table 5 DX 5 TH
Bo RO X D — TR ARYUIW SR LT 5
2%, BAUERE, KA CIIEBRER A E V. LA L, &
NDRERGHE?ERIREE, R#7n L OBFHELIER &
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ATNB SRR D2 b H Dl LnL, F0
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Table 3 Effect of hexamine mandelate treatment.
. Observation period | Days of fever per | Days of antibiotics
Case Lor.:atxon of (month) month usage per month
Sex | Age | lesion & type

No. of paralysis Treatment Treatment Treatment

Before After Before After Before After

1 S | 38 | Ls —Comp 32 30 2.1 1.3 24.2 0.7*

2 $ | 58 | C+ —Incomp 23 30 1.5 0.4%* 18.2 1.9%

3 $ | 31 | L= —Comp 18 17 7.1 0.3* 18.3 0.5%

4 ¥ | 56 | Ds —Incomp 17 19 0.4 0.4 8.5 4.5%
5 ¥ | 67 | D1z —Incomp 15 6 1.5 1.3 12.0 5.2

6 % | 40 | Cs —Incomp 15 15 6.1 2.0% 19.4 0.7%

7 % | 31 | L —Comp 13 26 0.7 0.1% 4.8 0.8*

8 £ 43 | Cs —Incomp 8 12 9.0 1.6%* 17.0 1.3%

9 % | 48 | C4 —Incomp 6 15 2.3 0.1% 13.5 1.8%
10 S 54 | C« —Incomp 10 1.6 1.6
11 $ | 44 | Co —Incomp 22 1.4 1.1
12 $ | 50 | Ce —Comp 20 1.0 2.3
13 % | 56 | Cs —Incomp 18 0.2 1.4
14 Y 44 | Cs —Incomp 6 0.0 0.0
15 ) 76 | Cs —Incomp 14 0.8 1.2
16 ¢ 18 | L2 —Comp 8 1.4 0.6
17 % | 47 | L1 —Comp 7 1.0 0.9
18 % | 43 | L1 —Comp 7 3.1 2.0
19 | ¥ | 46 | Ls —Incomp 6 0.0 0.0

ave = SD 3.4%8.0|16+3.0% [15.1+5.9]1.8£1.1%
* 1P=0.05, k% :P=0.1

Table 4 Kind of bacteria isolated from the significant

Comp : Complete, Incomp : Incomplete paralysis

bacteriuria before hexamine mandelate

B, EIEMEMN1GLbRI BHERIEEY T~
NAFARDBEHEFRE Lichd, HEBH & i iRBo
BRSO R HIT T3, BIEHMITER No.
4, 67 IFOLWETHbo WIRE 6 7 A HENDEMM AR
bh, 817 BELIEER S EB, 11 » A BFil
HITIeD%o MBI —ARBL X< 8 » A HWEREL
BES REBEH T H B o

IMERT R, FEHEEE, FFE8RE/R 21X 1 fl% Fig. 2R L
Toil, EEGITEEIXRD bRt ol

%

®

treatment
Kind of Kind of
Case No. bacteria Case No. bacteria
1 Pr+Kl E + Eb
2 E + Kl + Eb 8 Kl + Pr + Ci
3 KI+ E Kl
4 E + Eb + Ps 20 Ps + Eb
5 E + Ps 21 Kl
6 Kl + Pr
E: E. coli, Kl : Klebsiella, Eb: Enterobacter

Pr . Proteus, Ps:. Pseudomonas, Ci: Citrobacter

% b OIXE LI PER % S LIcBOBEN S DD,
4. EIfeH

BIREEN 16, BEN1AREDR. BREED
FEFNE Ascorbin BRORIBIZ X 5 3 D& Bbh, REs:
EFzEL7 veE=Y A 6g/HFARERE LI L AN
IRASTIBE & IsDtco FEEONIBAEH E 70, &K
FEL TR ADRSHHE Licht, ARFPIE X b HEL
oo

MR © & PFEE LTI, BMNRER 16, BEE1

H MAKECR TR E L 2 bREBHEHEHNE LTH
WHREERIIRE 400259, bl ETIIERER D
RERIR TR b IO T RENLHR DL, FH
FEL DN X5 ThDo FEAIMMEEIHRENTE LL
HBERLTWAEE, RIMCHEMLTLittE»EET, K
FECHZT Lo BEEOENY H M, ¥ORG#H
HINDILERDD EEL DB,

H.M. ¥ Hexamine }* Mandel lRO#ESHETH D,
Hexamine 3@ OBRE T THAL~ Y VIZB(L LITEN
B H 5T oI5, Mandel FRIT Fh B4 S s
EOHE NS DM, RO pH # (K%, Hexamine 0
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chloride!) 7g 23405 Tk b, Bk ¥ FREEMAN 59

VERCIH IRNCER %0 H. M. 23 BRI TH B IR A

BT Ee b it

[\

1% Ascorbin 8%, HM. L LTW5Bo LHrL, WWTF
LRSS Ascorbin BREISMIIR B AKX

1% Methionine % HOLLAND 59 |} Methionine #

R+ 534 L LT Ascorbin f'®, Methrio-

nine, Ammonium chloride, Ammonium nitrate calcium
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Wik 5 cBbh b, HOM. L Ascorbin % IR
LIcf, RPiznich o B o si<y YRBIER
N, TOBIXALVTY VEDLDDEEHMECKTT 5
HOLOHELTRSHENCE S B L Bbhis L
2L, bhbh ik L GANDELMANY 4 8§ 1L Tu»
X5k, RPFREErL<Y VEIRBEAR I OTHED
HELTEY, HM 04 ENTORELITMT % & ¥
FEEITREAEEL DRI

H.M. & Ascorbin BRI # DR OFEINE, R
YYERRNE & LTHR D%\ E. coli, Klebsiella, Proteus,
Pseudomonas aeruginosa oo\ ~THEt Uiz {ERRR
w 8 & 24 BRH & kDo, ALTFEHEMT 8 I
FMREIR L, = oMiBERE, piEhiic M. 2BHATH
WX ORI ERNEREC/ER TS L& X1 hbThH
o ZDIFKIRAEZ DRI E. coli, Proteus mirabilis,
Klebsiella Wt L 8 B CE LWRE AR L, Lo
L, Pseudomonas aeruginosa vzt LCikis LA
THY, HENS W E XL T H D %o GANDEL-
MANY 2D X5 el FREE W TRLT WS,
¥ 7z Candida ITHBE IR TN E LRRT W5,

HWHEAFC L 0 RBIRGE X, 20, @M, =
T h OB T BT bhndDTH B,
(LSRR D BB TSI 331 5 IR RYYE, MoliE7e
I X BT EE LA S, MBI oA
BELHEMEIES 1RE LD, RERIEDOREIIZ
P X D B O RBEEANLBIT LTV S, 2h big
I CI M R SR RIC R DR, B aEMEL, %
YR DI b o DT HERG R D 3R L I
HAEINT % XD THEEDLDTH D,

B0 RTIRBBRYYEC S LTk, Fo pH 2 {iE 0%
HIRARWE BRI 2 tc il X 5 &35 AR i 0h
% b, Sulfa %[, Nitrofrantoin, H. M., ® Cycloserine,
Ampicillin'® 7 & %2 FRHNC BN 535 3 & 23 7
ERhTW53, 2hbo 5 b HM ik, LR L
KRB b3 h e B b oz EAHE IR TWS,

H M. EEMOFHRBEEORITBERER N L, 1o
EhOTEHEOEFIMMETH O, ZhbDMiHEED
BAERGIE, 1EOMAEFIRTTEL v b 0 b
<, &5 LTHIFFERI/EAT S H. M. © X 5 o385
e b B% 27w H M. % AR HIBEER ©
HERB VT CHINT % L TR FirfhofidFic S 5, L
731, HOLLAND® & X Fe#tch 4 0 3/ JE o JR i REHy
fEC HOM. 2 EHIMER L, O RERREOWA %
ZTEDY, bhibho H M BTG E T
QT ERRAEETH O BIOEFIC X » BARKY T
B Baidd U, B IRBSMEGIC b B RE OB IE R R

DH2TcT Lk, REFEEERS X Fhc BB it
FIOMERABE M L2 L bW LN TH D, Uizt
DT BTIRBRYIEC KT 5 H M. a0, i
T DO TIERIC OV R L LD RE R D = &2
WELBbhic, 73 FREEMAN LOTHIEIR D%
FHERFIFEDOREET LB STy, H. M. {4528 Sulfa #l,
Nitrofrantoin X h ¢ HTWAE 2 HE LT 5,
H M. 530 & 3 2vb b HERSMEF IS IEH X R
BONIHE D T — T VIERETREMCT S L Z bhto Hidb
DOHEBEEB THBEN TN ) OBREIRA bhiic
L3 BF, BRI H MBI E T Tl R v i
632 2 ERIREIREER DD H M. 0K, L
EUDRROR TS X 5159, 5§ A Bl 4 72 @iy
L, WORAEEFIZ LTHD H M. Gifliv s o
ERRMEEEE F S s b0 L L EM ke Bb
Hico L, DX 5 aPHRERT L HOURKRIEG D
HBET L0 HDo CORDRMER A S & EFHEE
NDHTOME E BT D Z L% L, FREFDOEENE
TEXRRLTED, HM BERET TR, REB~DE
BRI ORLE, RIREMD Db ORI, X bic
FEGIC X > T BERESHI UM 7 & ORAHE L LE 3
FLEETH S,
RIPROREAT 5T, LiE LIEFORIEMARIE &
7£%0 HO MAZiGEEDEWIEFITH H, FREEMAND 5%
24 Bk 3 B JiisE, TRENE, BEIRE e & 2 ERRL,
HOLLAND® 5 1~4 ERIIRA L 20 il 2 iz
EDEIER AT\ 50 o DREERTIX I HAsvisEl
TERE LTRES 1T THY, I, Bk, mMKFTR
7o ERAL TR D e 2tc REEMEAL D fo b Uiz
Ascorbin MRIC X 5%, WA HER L 2228, Rik
BRIRER, ERER RS- six e L, EH No.10 ©
b ERXRE» T — T AT RTHY, 1o
FBicistc % Proteus mivabilis DEGFITH D, FEH
IR T ofc = & anb H. M., Ascorbin fiBic X %
H D ETEZITL Dt

S RIDERR, EETEL IR L VEFAR DO,
H. M. 03EBERY, FRPMOBRLGHS ey,
H. M. DR DL TOMEIX I\ & D RER S FER
FBEMNA DR THM X2 MBI TE o L
UAIEFI ORI A ZIEHTH D, SHOMHELER
PRBHETHA 5o 7o Mandel BIFEEOH 5 3 D
CE 2 TULIebis O L unbh TR Y, ZOME TS
REBNLETH S,

H.M., Ascorbin o540 1 0ENLO LIS
DI RNEIMMC BIBEE R F 2 5 b DD ik Dl
Ll “DHERRLTX” #F 2 5L 15DEH mg #HEPL
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L, $EBla/ kT2 0 TRADLEEBbh b,
¥ =
K35 R ERIE DRFRIE R 55 Todic, FRIRG
BEOHRYETREBEPELZN G L L, |5 #H H < ER
L, #teaid e, EiciittholE Lic {\ Hexamine
(Methenamine), Mendelate (H. M.) DZhE % AEBRE N
¥ X ORI Lico
REBiEt L, H M. OfEf% foh e 512iL, Ascorbin
BOPHAAEY L Bhhico Ascorbin ig H. M. OR
BT ADRFIL, 65~515 mcg/ml (5 308 mcg/ml)
DFNYY VEED, TOREIKGHE ERE sV
7V d, BRECHESCHERCE L & Bbhico
T AN H.M. & Ascorbin f## IRA L7 ORIZ Bk
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EXPERIMENTAL AND CLINICAL STUDIES ON HEXAMINE
MANDELATE IN RECURRENT URINARY TRACT INFECTIONS

Suiceakr Sato*, Axkio Kosavasur***, HirosHr SAkaAMAKI*¥,
Yosummiro Fuse** and Tatsvo Ito**
Departments of Medicine*, Orthopedic Surgery** Kawatetsu Chiba Hospital.
Clinical Laboratories, Chiba University Hospital. Chiba.

For the purpose of studies on prevention of recurrent urinary tract infections, effect of hexamine
(Methenamine) mandelate was evaluated to the infections in vitro and in vivo.

Ascorbic acid was considered to be a suitable urine acidifying drug that enhances the activity of
hexamine mandelate. The considerable amount of formaldehyde (average 308.3 mcg per ml) was
detected in the urine following the administration of hexamine mandelate and ascorbic acid. The
concentration was enough to inhibit growth of the various causative organisms in the infections; that
is, bactericidal against E.coli, Proteus, and Klebsiella, whereas bacteriostatic against Pseudomonas.

Hexamine mandelate (4 g/day) and ascorbic acid (3.2 g/day) were administrated daily to 19 patients
with recurrent urinary tract infections followed by injury of the spinal cord in the periods ranging
from 6 to 30 months. The number of fever attacks of the patients were decreased significantly by
the administration, accompanying less necessity of the usage of antibiotics.

Hexamine mandelate and ascorbic acid appeared to be effective prophylaxis agent in recurrent
urinary tract infection with low incidence of side effects.



