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In order to investigate the relationship among the chemical structure of tetrazolium salts their
inhibitory activity against growth of mycobacteria and their reduction by mycobacteria, various
tetrazolium salts containing heterocyclic compound at the 5-position of tetrazolium salt, were
synthesized as pure hydrochloric acid salt. Most of them contained some moles of crystal water.
Molecular formulas of them are as follows.

5-(2-thienyl)-2, 3-diphenyl-2H-tetrazolium chloride (STC) C,7H;3N,SCI-H,O

5-(3-thienyl)-2, 3-diphenyl-2H-tetrazolium chloride (8-STC) C;;H;3N,SCI-H,0O

5-(2-furoyl)-2, 3-diphenyl-2H-tetrazolium chloride (OTC) C17H;3N,OCl

5-(3-furoyl)-2, 3-diphenyl-2H-tetrazolium chloride (8-OTC) C;;H;3N,OCI-H,O

5-(2-pyridyl)-2, 3-diphenyl-2H-tetrazolium chloride (a-PTC) C,;sH;4N;Cl-4H,O

5-(3-pyridyl)-2, 3-diphenyl-2H-tetrazolium chloride (8-PTC) C;sH;,N5Cl-7H,0O
5-(4-pyridyl)-2, 3-diphenyl-2H-tetrazolium chloride (7-PTC) C;3H4NsCl-6.5H,0
5-methyl-2, 3-diphenyl-2H-tetrazolium chloride (MDT) Cy4H,3N,Cl-H,0

2, 3, 5-triphenyl-2H-tetrazolium chloride (TTC) CyoH;5N,Cl-2H,0

These compounds were examined on their inhibitory activity against growth of various kinds
of mycobacteria on both Ogawa’s solid egg medium and Kirchner’s fluid medium, as well as on
their capability of developing color as a result of their reduction by mycobacteria.

Only one of them, a-PTC, did not develop color on its reduction by various kinds of mycobac-
teria even in their logarithmic phase of growth, whereas this compound as well as the other
compounds did on their reduction by various kinds of intestinal bacilli. a-PTC, as well as
B-PTC, also showed a slight mycobacterio static effect for tubercle bacilli. In the reduction by
mycobacteria, this particular nature of a-PTC seems to be related to its affinity with reducing
enzymes in cell membrane of mycobacteria, because the reduction potential of a-PTC is not much
different from that of the other compounds. From these results, it is concluded that in these
compounds, their reduction by mycobacteria might be unrelated to their growth inhibitory effect

against mycobacteria.

* From the Institute of Immunological Science, Hokkaido University, Kita~ku, Sapporo 060 Japan.



178

B OELS2E B4E

On the basis of these findings, and considering molecular optical absorption coefficient and

maximum absorption of these compounds, STC and OTC were regarded as the best two for a

rapid detection of growth of mycobacteria.

RICEESIIEFERNCEDEBRUEET 7 V) 4
— At LkFEBRE T TC L33%) 2ERKLT, £D
B X DR ITRAICDOWTHE LD, Zhbo
TR DOPHAD B L3RS & BB 3 5 FEH IR
{EA & DBEfR%E TC ROILEMIT DT b ERRINCIE]
THIDTH D, TORER, ThbDTCDHH LD
PR IO TERIT, mORERECHOTS
T EERMD, FEEEL, HoHWikar = - uhisic
DR TRDHICWEREIR, 2o TCARIEHEET,
ZOFREI X OTEIE ED 2 r = — L UTREILHE

RT3 TE, hoar=—ROHREETKS
CERRHELE, B, thbo TCExHVTe FHE
v VEIERE O RRERN L AR TH 5 2 & 20 TR
L7z,

e MLy YEEBEOENEY VT, L
TC o—3#T% % 5-(2-thienyl)-2, 3-diphenyl-2H-tetra-
zolium chloride (STC) (Fig.1 ®» (1) & X" 5-(2-
furoyl)-2, 3-diphenyl-2H-tetrazolium chloride (OTC)
2)2 & FER D 2, 3, 5-triphenyl-2H-tetrazolium chloride
(TTC)(B) ¢ H#s+5 &, TTC ik v, v oMW
FOERBELIIET 52, STC 3108 OTC 11v oMo

Fig. 1
BOFEF XL LICDTH B,
N—N—CeH:) N—N— CeHs TR DOEBRHEEL IS DAY OIS OER
1 2,
R_& Q_Eﬂﬂﬁe.wc” H CESSHENOMEDZIT X5 S DTH B NEI LB
“N=N-Celts Ny, BT B7®ic STC 3520 OTC ket~ < Fig.lic
) RLAET P VY o— 2RO SMDKEL LY O VERD
Tetrazolium salt, Formazan, o -
colorless colored (A B LCER LA WAE AR LT, T OEILHE
k&R T A E DR B LT, ¥, Shb
DIERICERT %5 & Bbh 2R ICEMDWIE R X URIT
STC: R= | | a WO FRIOBARBIN & & D5 FRICHREE L7,
S
RBRMWHEAE
OTC: R= | | 2)
0 ) BET VY o~ 2
TNLR=<:>— - STC & B-STC 3 X 0" OTC & $-OTC %z 5-me-
thyl-2, 3-diphenyl-2H-tetrazolium chloride (MDT) %
Table 1.
Mp. of
Tetrazolium | raw material |Oxydation| Mp- Decomp. p. Mol. formula Element. analy.
A phenylhydra- thod
S
_zone)| metho °c C H HO
Cal.  59.93* 3.82% 5.02
STC 1357 A 263 | CoHieNSCIHO I Rong 5965 4.08  5.20
g Cal.  59.93* 3.82* 5.02
B-STC 1379 A 245 C17H13N4SC1-H20 Found. 60.23 4.02 5.26
Cal.  62.87 4.03
oTC 97 A 260 | CyHisN,OCl Found. 62.68 4.12
A Cal. 59.56 4.41 5.25
B-OTC 149,599 A 132~136 | 236~238 | Ci/HNOCIHO | Rl g 2947 430 5.37
Cal. 57.85 5.20 6.20
MDT 57 A 104 243 | CuHpNCI-HO I Roung. 5760 5.38  6.31
~ - Cal.  53.00 5.43 17.67
a-PTC 176 B 81~91 237 | CisHuNsCl-4H0 1 Foiing. 52 04 5,33 17.72
g Cal.  46.80 6.11 27.30
B-PTC 158 B 140~143 | 239~240 | CiHiNsCL-THO | B 0a 46,92 6.25 27.07
Cal.  47.72 6.01 25.86
-PTC 179 B 128 218 | CosHuNsCl-6.5H.0 Royngd. 47,70 6.04 25.97

A : Oxidised with amyl nitrite, B : Oxidised with yellow mercuric oxide, * : Dried substance.
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LEILOD7 =Y voU 7 VL ERBCHE T35, K
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IKTHEIREEITLS 2, HDWE= b r 2t 2 ViZ CHE
mtfﬁg?é S LM E 2 58 /7 — VIZE

L, BEBOREL 2 TEBEBL, Al toTn
Bﬁﬂbfﬂﬁmﬁﬁ@%mzﬁﬂb,%@ﬁ@%m;
D BfEdRETT70 5, Table 1 I AEBIZ A 7o%%E TC
DEK EETNBH ORI, BILTE 88 575
FAKFEGHR LCESKDOEEE R LA, €YV
BELLINALDT LT VY L — it a-PTC, B-PTC
B IO r-PTC ThoT, = ofiERit Fig. 2 RL
72

Fig. 2
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N=N—CsHs A-PTC: R= I s
N
N
=
7PTC: R= | || (g
N

2) T EIVY .- AEOHER L UBTR AR
i) Mycobacteria 1Zxt3 %35 : BEA 3 L O fkks
HTIT7e o7, BIECHT 2 RABILFEHY R LA &R
BRC UCATinotes, BT &, NI 55 5 L
logarismic 7 3EFEII DRI B 5 & Bt 2 Fi# myco-
bacteria DEE M HEGIFER 2 F3H, T D 10-5mg
% 0.1ml @& e ChRARE/NIRmES g, <«
DERE LA A K TIC LC37C TEHEATT 5,
LT, HE2 R IC4AKICLE TC D0.5% K%
WD 0.1ml % Z OEBEFMOEMhE BB 5 L 5CHLT,
TR T, BERI6S XU iRz re =~
A PIET B, EIZ 72 mycobacteria (3 M. tuber-
culosis ® HyRv, FIUB, Bk X 04 k5554 E M.
bovis @ Ravenel, =i, 4 No.1 ¥ X 0" BCG oth
THhAKTOTH B, T1o, H2 a-PTC DFEEARC
LEROEkOMICEREROE T/RT £ D mycoba-
cteria 10¥k% BV 72,

—7, WEEMIC BT 5 BB F B0 % 2 8%
Ak T —BEHR FiVo, SminEHc i TC wikfk
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BINE LIS FED 1.2x10-"mol/m/, 6 x 10~"mol/m/,
1.2%10""mol/m/, 0.6 x 10-"mol/mZ, ¥ L T¥ 0.3x10-7
mol/m/ L7055 X 52 0.1ml DKBFE LTH RhoL7o,
Z LT, HyRv 3 X" BCG /NI RE LI-EHE
2 BARE U ARRDKIFEEK Img/ml % 0. 1ml JE5HE
LT3 BB RB I DREZHE Lz, T OREELRT
WP, TOBETROIIEMORAAEZEL T
;L7

i) BAMEEOMOECX 2 5035 « ERiE
OETRTHEREY SRR EER, BN HEF
Lizzr=—i2 a-PTC % L0 STC @ 5mg/ml
DRERH T T AR Y BR 5 L 5ZEmL, E
BRI T2 r = —DREEY LB,

3) ## TC DETTEDEE

BEAEER T pH 6.85 \CHEIL7250% 2 £ 2 — XK
BRIz AE TC 2 5x10™ =LK E LT, MR P-85Kk
R—=Frr 7 7EBETHEL, FAECLI>T —E2(V
vs S.C.E.) &, BIEEESC, 50% A 2/ —n
KEKR A FBLICERY AKMH, HFEEm: fikd
1.50mg/sec, F5THEEE] ¢ HIEW P 4.91sec, KEEF A -
79.0cm, R : 50nA/mm DEELMT TR0,

4) %71 TC o4 FRIHBOWE

&7 TC oG FRIEEEREST B ieHich, TR
TTCHK X W EHEREL, ToOBRKEELMAEIED,
ChBETROZEEEHET TTC X FlicRAR L
T A VWV E BB L TEDRL T SRR L
WCHIE L7c, WEHKEHIB 124 B2 70— 2558
EitTth s,

AE%0.5x10 = L &R L, K 1lml @R, 74
2 EVBERRON 2 f5EINL, Shc20%5 s Y
KEKO. Iml %Nz, 7 + < VW LIRS T
A=Az T 50ml L35 (IxX10™*E B, =
D, B LIe7 » A= FAREREL, by VAT
T5, HALH VEHREHIL, WEOMEELT Va2~V TE
IR IRL, 1x107° =K & LTRGER BIE
Lﬁ%%%%ﬁ&ﬁﬁbtcﬂh ZERIBOHER BN D
PRAFTEH L,

=R &R

1) TC D7 5 V) o — 2BOSOKER LY &
VERBIZ IO TER LAY DOBTRER L OHE
ﬁl:

HDOHPHELPTHLMZ LD &L, TC oF b5V

Vo= 2BROSMOKELF A7 VEANTIT TV
RTERLCED, ChbEFRAMLAGHOBEROME
PR IEEYTIIHBEEC L 2 BTRAK L X0
By o EREC T 2 HENCHEN L DR DT,
Y O VEROBRTBEORL BH L TC, Tibb 5-
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Table 2. Bacteriostatic Effects of Tetrazolium Salts on Growth of
Mycobacterium tuberculosis and Mpycobacterium bovis
Time of a-PTC B-PTC 7-PTC
Strain ?)dadlél(;?t:er Days after
inoZulation inoculation 16 21 16 21 16 21

Aoyama 2 0.01 77 0.01 77 0.01 89

14 100 136 125 110 125 137

HzRv 2 37 109 20 86 29 100

Human 14 70 100 48 103 52 100
Kurono 2 1.6 13 2.5 13 2.4 17

14 100 91 122 113 100 95

Imamura 2 6 20 6 30 12 36

14 133 93 50 98 113 86

Ravenel 2 20 80 5.5 88 26 140

14 118 100 94 104 131 100

Ushi No.1 2 0.01 4.2 0.01 10 0.05 51

Bovine 14 40 92 63 73 87 73
Miwa 2 0.01 20 0.01 3.0 0.01 3.0

14 79 105 89 120 100 100

BCG 2 0.01 0.01 0.01 0.1 0.01 0.12

14 93 94 72 107 114 107

The values represent percentage of colonies compared to the control (Aq.dest.) taken as 100 per cent.

(2-pyridyl)-2, 3-diphenyl-2H-tetrazolium chloride (a-
PTC)(Fig.2 ® (4)], 5-(3-pyridyl)-2, 3-diphenyl-2H-
tetrazolium chloride (8-PTC) (5), ¥ X 0% 5~(4-pyridyl)
-2, 3-diphenyl-2H-tetrazolium chloride (7-PTC) (6) %
BFRLT, ohb TC o/ ETtoe IOy v
BEEETh TR AR 5 IR L s, 0
B HE 2 r =~ TRLIcDH Table2 ThH 5, =
DRICHELNe L 5T, WTFhiEEo (2HE)
TR LICH AT OATE %R, STC H 5\ ik
OTC o X >l e M8, v o B3 298N
DFEH B B IR,

DR, EHd a-PTC D2 W h oI X
DTHEILIEOEET, 2 r = — 13 REBDOT & R
THote, Lind, ke MOy Bk LCHE
EEE 2 B RCHENTS &, HHEEOREMRIEFAL
BHote,

D DEEITLFEODOBLEG L AEREC KT 5 I A E
BHOCHE T B 0mie, e bk X Oy SEISERE O1R
FEHELT, ThZh HyRv & BCG s, Fare
>~z o h b oEEfERIC STC,0TC k8 X0 TTC
REEZETC L EbiT @, B35 L O 7-PTC Offi 2 DR
HHEMLT, BEEEBHILEY LO7ckiR % Table
IR, Tt s &, HyRv it LTI ARERT
EWFh i kER v, BCGrxt LT TTC1xE L
S FEBFxMIE LT, LT, 5-(3-thienyl)-2, 3-diphenyl
-2H-tetrazolium chloride (8-STC)?, a-PTC, f-PTC %
REEETH b, S5-methyl-2, 3-diphenyl-2H-tetrazolium

chloride (MDT)®, STC, OTC, 5-(3-thienyl)-2, 3~
diphenyl-2H-tetrazolium chloride (8-OTC)® s k8
7-PTC 72 13 HHMEIEOBEIIEEZ R LT 7,

FARTCIC X B0 REBER LIRS A S O A &
T a-PTC DIAMIEORBEREC LG L T,

Table 3. Bacteriostatic Effects of Tetrazolium
Salts on Kirchner’s Medium
Mol. concent.
Compound | Strain
107712 6 1.2 0.6 0.3 0
TTC BCG - - = 4+ H H#
HyRv H oo H W
MDT BCG HoOoH W
HgRv H o+ W
STC BCG + H H OH
HgRv Hoo# H
B-STC BCG - H H+ H+ H
HgRv H+ o+ H H H
OoTC BCG 4 O OH H
HyRv # o H#
g-OTC | BCG H+ H O H H H
HaRv H  H# M
a-PTC BCG - 4+ H H H
HgRv #Ho# # H
B-PTC BCG s S S I
HaRv HH# W H
7-PTC BCG +  H o H
HyRv # o H
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Fig.3. Polarograms of Tetrazolium Salts

| L
MDT.
4-0TC |
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2 i 7-PTC
1P i/
[ S2 (S
D el
L 1/ —T | «-PTC
— =
0.2 0.2 0.4 0.6 0.8 1.0

The conditions of measurment were as follows : concentra-
tion, 5% 10-4 mol. in aqueous methyl alcohol (50% v/v),pH 6.8,
buffer KH2POs-Na2HPO4, under N2 gas (through the aqueous
methyl alcohol), 25°C; mercury flow rate in deionized water
m, 150 mg/sec, drop time in supporting electrolyte at open
circuit ¢, 4.91 sec., at mercury hight 2, 79.0 cm, sensibility s,
50 nA/mm, measured on the Yanagimoto P-8.

Table 4. Half-wave Potentials of Tetrazolium Salts
at 25°C in aqueous methylalcohol (50% v/v)
at pH 6.8. —E;,; (V vs S.C.E)

TTC 0.346 0. 466 0.778
*0. 400 — 0.784
a-PTC 0.280 0.604 _
*0.376 0.688 —
5-PTC 0.358 0.646 —
*0.358 0.634 -—
7-PTC 0.346 0.658 0.826
*0. 382 0.658 0.826
STC 0.286 0. 400 0.724
*0. 322 0.424 0.724
p-STC 0.346 — —
*0. 388 — —
OTC 0.304 0.442 _
*0.334 0.400 ———
5-OTC 0.274 0.364 —
*0. 256 — —
MDT 0.382 0.688 e
*0. 424 0.700 ——

* ! Value in the second measurment at the same solution;
calculated by middle point method on the Fig.4.
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2) a-PTC =3 2B ILHBOBE

a-PTC FIEH TREEORE X R B AT, #E
MNABREIDIA, ZDZEFSETLOLENb L
TC it bhienrotz, TC I IMEME TH DD
BRRICAS LD TR<?, BECHLTERAT L%
X HDREBTHA S, Lich>TTC DRILHEELE
DOHIfEEREORERC L5 %2 bh, a-PTC LIV
FOMOEERNMEYWEELEE TC ORTEEDE
25 a-PTC Dz Dk 5 e ENHETE L LHFLT,
BEEEAYBE LT, Lo LiERIIFig 3 3 LU Table
4 ZRTTEL, BLLEZARADRIEDI,

Fiz a-PTC ofEREMs e R IOy YEIEKE
IR BN A0 ENREE T 5 o4 fE mycobacteria (2
DNTL BRI, Tickht M. phlei, M. smegmatis,
M. avium Flamingo, M. kansasii P4 3 X0V P8, M.
marinum B-439, M. scrofulacewm P6, M. intracellu-
lare P42 3 X U4, M. xenopi =27 a-PTC
e A BREILIEE S LT,

# %= Mycobacteria DA DIBHRME T OfloE, 37
b Klebsiella, Citrobacter, Shigella sonnei, Salmo-
nella typhi, Salmonella enteritidis, Arizma, Proteus,
Vibrio parahaemoliticus 1. Y. -> Ttk < Fta L, E. coli,
Salmonella paratyphi B, Staphylococcus Tix55< FE
ThH I EDBNDOT,

3) TC OB 7 # L~ v DRHEIMOFERBI &

TR

BB OB = » = — OREEIEC A2 TCIRET
ENTEHPELEYET L7 s A= VR THLDT
T b, FOTHADT 5 L=F VY OHTR
Jerrsr & TR OBARBI A PE L, £ OfERL Ta-

le 5 IWR LT, COREC LDE, FRMOBKRBRIIUL
STC 7 y =+ viidgbkEL, kT OTC o%
NTHot, L L& G FRHARENT NS 2
D712,

Table 5.

Tetrazolium | Visible spectral Molecular
absorption peak extinction

salt of formazan(NM)| coefficient
STC 520 14050
B-STC 492 16040
OTC 513 14120
B-OTC 495 16080
MDT 410 30270
a-PTC 466 ‘ 20910
8-PTC 475 } 20770
7-PTC o 23050
TTC 480 | 16150
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b hbiui TCIZB\ T, £DF P53V Y o — A
BOSMOKZEYF A7 vEILVL7 7 VIR TEIR
iz STC XV OTC &ML, Thbre Pk
T Oy SRR O ETSE B O 2 B HICRmT % &,
BT L CoRFBHMILFAY "L, Lrd, £
OIEFRILF 4 7 = VBB H\ L7 T VIRROEWRALEIC X
DTHEERETHEZER A L, £2AT, bhbhnt
WEBLTV5 X 5T, PUSBAEILER 2 B &30
EERY T TESEREE B D TV 5, ThICTL 5 &,
VO VHILEVEEANA T 5y FOBE, €V 2V
EFETH D, A F T F v FEE-CONHNH, 23
WD, LT, ZOBEEEOBRIATWAME
I 2THE NP HEL T 5D THDT, Fig 4 1R

Fig. 4
Isonicotinic acid hydrazide (INH)
R, R,=H, R;=-CONHNH, (7)
ZAN\N—Re Nicotinic acid hydrazide (NH)
5 Ry, Rs=H, R,=-CONHNH, ()

Picolinic acid hydrazide (PH)
Ry, Ry=H, R,=-CONHNH, (9)

Rs

FAV=aFVEBAAMFF5Fy F (INH) 12 o v
DANL (F7ix T L) ORFEELBEBRSNILOTHDH
B LRG, €2 ) YEAA F7 5y F(PH) 22
MR E, =27 VB~ FI5Fy FONH) & L5,
FCEMIES IO RFHAOSEAL, FOMEI L 2T,
WHEI2SEDTL %, BIZIEE Y Vv DFA+HN AT =
) FFEEEAOHHIT L OMEI IO TUXEN Z b ik
(AL

FIT, KPR TEITCDOF +5 VY o — 2BDS5L
DKFHR ) O VBRTERLCHEDOMBI X2 THH
HDER I OBTFH O LHeDTH D0, a-, b,
7-PTC &dic, 2% b BHEE LR, EEH
TR FRPCRINT 2 L REEOHIEEAY v rHlE
v SRR L, el AR IOBE I bFE LW
XA BRI D, FOBECOWTIISEOTIRIC
it biaw,

a-PTC 7% mycobacteria 1 L2 CGETLIN/\WEHE
DB DT, & UTHAEE LT Wi BIRTTHR
BON &0 D, BOHIE &R ITFEEC BRI T
&, Thue TC ofER B FALELY » v <y
VIZHDHDTIENZ ELHALNTHD, TC LD DN
MIEEREAE TS EEL bR, LI AERSINDLTS
L, MEEORENHOTIICEAT S b0 TH B, T
W TCHENREME TH D EbHEP/FAT A LA
bhs,

COREELCEETC ORTEEL L b1, %

o OEL2E B45

DR KZE LS, BEEC I >THRELL «-PTC
PRI B MELR R Lichir Tikinl, a-PTC 23R
Bt L TBRREA LRV C LR TEE L LB g
BBHHbDLEbRD, i a-PTCZAMED mycobac-
teria = X2 CEILFEGLLILWVA, BAMEDEZ S, Lb
Nt 2, 3 OMETE Lo TETHE LT, Mycobacteria
134080 TC %@L T 501 a-PTC DR ARG LIcW
HHIITRHATSH 5,

E#ic, TC &AW CHZE DRI B ZgE L
B a m = =% E ORI R 70d O RiE -
DIGAEEL Tk, TORTEADEPZ L2358 11T
ERxhb, TR TTC OBRTHYED 7 + <+ v OT]
BEDOFARBIL & 7 D75 FRICHRE A LENcDTH S
25, BTBRIEEOKE L O THEARBEROE LD
%= r = — O BT B s T, £DETS
EREORBIIED/ NI W L EieEL DL, -
= —DREBAIEIZIL STC % L0 OTC »x b #EY TH
B EBbND,

t v v

F TV o~ AHEOREEE & T DR L DR
THEE L OMBEEOFRERILIER L DBEFEE L%
fods, TS VY L~ A Y) O vEYETE
EERFICERL, RCARLICERBLFF 7=V
BHHNE7 5 vEBEEDLAW L HEL, chbofk
B OEE R X OV AN 1T % E O FBLILIE
AERTLROEZBF L, €V O VROBRMBIZLS
WENOERITE LA L REShighoie, ey o
VIO aff TE#BEI RS © (a-PTC) (1A MBI HE
CIDTRLEIhDN, FHEIa 77 ) Y TxLelE
TFth R Dl 2 ENFIRD 5 HFEREL LTRIEES R,
BIUEESR LA, Dl D& REN DI, F
7o a-PTC 3T e S DIEITEIEA LR L, BT
BLMEFALGAIOMETHD  LE2RT L,

AL EILAH OFRERCEL, FEHT,
HrREhT, MEET, BEAERTORECESOEY
£, TE-Fr 57 4 =KL Qe REE
SRR E R OfRED b LIERIEMEL 0
SHEBATE - = &, TIZ mycobacteria DAt DRI
DT OBRTRERBC OV T, JLEEAREE R ME
SFHEGHAKERE O ZEMHTAC Z & R i TS
WieLET,

X ik
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