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Tne cotermimtion of the reduction potential of tetrwzoliv: ?
cowpounds. =
1
by DB, Jerchel and K. Moshle. %

Zer. d. Jsulschen Chen. Ges. 77 591-601 (1944).

a- — e
.coording W G. daken {1},:2.3.5-iriphengl-tet~azoliun cloride,
{3; By =Ry = By ® Cé,iig} {3 important as a stain indicator in the
2a0termimation ofF Vhe vieol iy ur cersel anc com geeds. The colorless
tetrazoliun sait is dyurogensted inte dark red, prorly w=msicer-solulie,
siﬁswme)ﬁwl forman {5y & = B =53 = Cgide) by vishls garzlmi{”‘"‘" g
tissue 427, I seemsd proxisirg, thsrvafore, o investigate the redustion i <

of tetraselium conoounds potentiomsirically. LY i _—
R-%.Ry y K182, ~N ;
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An attesipt to establish a reduction-oxidation potenmtial for the
sys* ez tetraszoliwn sait/formaszan in the usweal sammer (3}, failed. A
reducticnal proceas wth an irrevsrzidle course is involved hare. The
experience gained in the preparsiive treatrent of these conpounds {4)
had revealed the following: Tetrasolimm salts ray be reduced to forzazans 1
by mmercus reductants undsr the zoot diversified conditions; the de-
nydration of these forzasans 1o tetrasolicz compounds, on the other hand,
cust be conducted wwder quite partimular comditions (with l2ad tetra-
acetate, anylmitrite or mercuric oxide 2s axidizing agent).

Tha work of J.&. Comant {5} amg L.F. Fiezer (&) bas estadlished
weoretical and practicsl prerequisites for the detersimatiosn of Uw ]
siectrunctive forves im irreversible cxidation-rediction procciazss.

Tne resox rotemiial of an unknoaw compoend my be determired by
metric commarison of a known compound with the uniwm, reverzitv'e
comnound, The miriture of the oxidstied and reduced forms of reversible
inaicator sysiems under varisd comitions yields 3 series of redctiomal
systens with koown ooteniials. an unknown substance {n the suount
emiirolecuiar . the leuco fors is ~dded, Af%sr 2 few mismmles tha
zdjustment ol constant potentials is observed. Ther imiisate the pow
eailidrial state Letween known and un-mown redox systexs., I ihese
values are represested graphically in selation o ths corresponding
todicator potentials, the resulting poinis may be connected by a slraight
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Uns., The polnt obtaines by extrapolation to O volts ceviation as point
of imtersaction of the line with the ordinate, indicalas the redox i
potential of the unkninm substance. Fig. 1 and 2 represent this type of

redox potential deimrmimstion for safranin at pH 1.72 and for anthrachison-
disulfomate-{2.7) 2t pH 1.02 am 6.72.

It iz remarizble bow closaly the valuss fourd by thals incirest
mathod azrze with the redox potentials deterzined in the usual manner

(Tabls 1).
3 TaBLE 1.
2! Sabstance horzal potential Norwal potential
{calommel- {deterxined in-
slecirode) cirectly)
Yolts
1.02 anthrachinon-dismlfomate~{2.7) ~0.073 G077
Sairanin 3. 100 ~0.101
.72 anthrachinon~disulfonate-{2.7) 0,593 o501

Uron cozbimation of 4 ffaront known, reversible redox systexs with
the lLrreverzible test substance, potentizl changes are obServed, hosever,
@ wiich indicstes the nown redox systerss Detwesan which the irreversible
oxidation-recaction resction is to be incorporated. J.B. Conmant (5)
caimed the eoncept of "apparent oxidation potential {A0P)* or "apmrent
rocaction potential (4RP)}® for potential derived by this mothod —
eqating i for prectical reascns with that of a redox gystem that i
oxidated or reduced conly to 20-30% vithin 30 nmimutes. i

Separting fron this potential concept, L.F. Fleser (&) later defined %
another related concept, that of "aritieal potentlal.™ dates of reaciica :
are comgarsd in the determinatica of AOP or A8P. 3ince the coGstants,
for exazple, of the rate of defydration of & fferent corpourds may Leve
different values, and mon-cozparabie potentials would thus oe neasursd,
Fleser searchas for referencs redox sysiemy which produce only fmll
reactions in a shori time, He measures potential changes caused 4y
diflerent gystems within 5 =imeies. 3y appropriate extrapcliation he then
oblains the values designated Zcritical oxidation potentials® (7).
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ha approxisate vosiclion of the reduciion motential of tetrazoliun
conpowxxds was dstermined by seans of &l fferent stain indicators for
. wurposes of erientation {2). & clus is obiained thereby as to e
indicator substance shlch is fesaible a¢ a cosparative systea in motesiial
measurenenl .,

if the ssasurement of redox potential is condooted wish the ald of
the elecirometric meihod, the processz is the following: Systess with

@ different votentiale ars producad by the =ixture of reducted amt oxidated
forms of reversinle Sndicaters. To the mixture is sdded an axcunt of
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tetrasolius 3ait ihe acveplor substance) equimdlecular to the reduced

. rorder of the indicator. how, $f the adjusted potensial of the ingicator
TN iz zore regative than the reduction potemtial of ths acceptor, ihe formey

s zay be ~adecad. Thls is recognised by @ distinet polemtiel variation,

aeasured Wil platims electrodes azainst a calosel eiectrode according

W tae privciple of lhe compensational zwthod. The magnituds of the
mrasored notential change depents on tns existing differmnce batwesn
ingicator petential and tne reduction potential of ine acceptor subsiasce.
«he progression ol potentiai changs in relaticn to trne lime is depicted

i riz. 3, veing the reduction of iriphenyl tetrazoliusm chlsride as an

‘ - o . R N . N ,' :' L
W\*’-ht - :‘r. : N - Laad gaua .:' Sieadiant B
-2 R S R ISR SR RS B %

g iyt '.Cr‘_.:.,k".-‘ e

examnle. ,,
i Unstable rodox aystews perfors zimilariy. Their adjusting sqmi- §
litriun i3 constantly adsturbed Ny secondary reactions. Tne valuss ;

E msesured and then expressed in percent of tos used oxidising agent, were

IR ¢ inserted in an empirical formals by Fleser. In this mrmer he oblainss
go~<called values of percentual oxidatlon whlch, entered against the
zatching ingdicator potential values, wers located o1 1 lire. However,

if als formuls 15 used in oonfunciicn with the msasured reszits of
tetrazoliun salts, no salisfactery pressntaticn can be acadeved. Herse

the sniry of potential changes ocourring in the first 5 =imutes, in
iogarithmic writs, sgalnat the correzponding indicator potentisl values
{in normal units) lzads %o points which m3y be comnected by a line (Fig.3).

@ an extrapolation to O millivelts potential changs is sot feasible.
For this reason a potential changs of 1 =illivolt within the first 5
ziputes is empirically fxed s the standard valus, The definition of
this value at 1 gV corresponds best 0 tha msasured tolsrance altsinable
with the apparatus, Yhe isportance of the msasured yaluss is dus o the
cireuzstance that they permit the sxact cowparison of the redox potential

l i 4 of different substances which change irreversibly upon reduction.
i i 7ahle 2 reflects a tabtulation of reducticn potential values ;
established for the various teirazolium salte. at pH 6.72 the potentials :

of 2.3.5-tripdenyl-, 2.3-diphsrgl-5<arboxy-, <.3-aiphenyl-S-methyl-, !
Z-phengl-d-{poxy-ptisnrl)~ and 2~phenyl-3-{p-carboxy-phesnyl)-s-cethyl- :
tetragoliux chloride Wve alapst exactly the sams magnitude. 2-phenyl-3~
(o-carboxy-pheryl; - 5-metigl- axd 2-phenyl-3-{e—carboxy-phenyl j-5-n-beptyl-
tetrasoliun chloride, on the oiher hand, are far more & fficuit to reguce,
Their reduciion potentials are zore negative by about 140 ©¥. These
cxpounds probtanly are in soistion in the foras of axphoteric fons (ITI).
it may be assumed, thersfore, that the negslive chargs of ths cardoxgl
group, which is proxizal to the poaitive charge of the tetzarsi mweleus,
22 an inflcence o ks radox potenmsdial {8).
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TAHLS 2: Deterw'mticn of the reduction rotentials of &3 £ Farent
tetragolivn 2alls, _

Acceplor substancs Indicator  Adjusted Changs i dsduction potential

fndiestar fow icmangs 1 n¥/0~5 =in)
polential C-5 =in czicnel el. Hy el.
oy = n¥ Yolts
Indgo-tri- 1.8 0.1
sulfonate 306.4  0.23
319.5 0.3
320.6  0.57
mng \7.93 “3}2 “10383
(6) 335.9 1.23
0.1 2.63
NN G He 9.0 &.0 6.72
C s C } T Indige-di- 3367 1.06
5- \ + sl fomte 335.8 1.5
NN . LD 2.3
hndl 19.2 3.1
3%0.0 3.3
354.5 5.1
354.6 4.1
359.9 8.5
‘ ¥78.4  30.0
mtmm 333-7 Qs?ﬂ’ 5-8.9 "337 '0-38-8 1
r(ﬂ.&‘;.fbm%- 360.0 k.5 1
2.7
ped.Co k- 9 Indigo-tri- 325.2 0.7 6.72
Hooc.C | g Sifomts Bk 1.8 5% -0.08
NNy REL T
W
) . O Indtpe-ted.  322.9 0.35  6.72
PR B sulfsmmie 335.9 0.7
Ch,.C i cl” 6.9 2.0 -338 -0.089
3 \ N fé’" ™
. oy Indigo-trd~ 322.7 O.a £.72
. 19# N. Gty i mlfomate 335.0 2.8
iy + \‘ %a.1 2.0 -337 -0.083 :
O] \N=N! 3 ou
Y3 _
£
) ) . Indigo-tri- 323.2 0.7 &.72
. : i &N N L ¢1” sulfonate 335.8 1.9
- : i ¢ ) #8.0 5.1 -38 0.07
. 1 NN’ (O Lood
. ) @ - N L HS anthrachimon- 32.8  0.15 6.72
RN EHS elomte-{2) £55.1 0.3
cHy L | eso¥ ¢ 459.7 0.7
MN=RL(H Stranin 3.0 5.3 457 -0.218
. itheachinen- 458.1  0.25 6.7
. AT tomatetd)
B Cil.C 1\, o Srvemin 1.2 6.9 478 0,229
\H:#.O
4
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in e case of irineryl *eirazolivg ehloride, the reduction sotential
was aise estaciishes for ph 5.69. The value is Lhs 2aze as thet for g
6.72. Tous the reductior potential in the tested ares is notl ceperient
on the actaity of the soivent, in comrast o the redox potential of
Buercis seen 5tain irdicatars,

The new sudstinces were subiediad te an orientative test with sorn
seeds, i ih the cocperatien of Ur., ¥. Moewus, Mo siaining action on ihe
viable areas of the germnal layer could be chserved in inhe cass of
S-methyl-2-poenyl-3-{c~carboxy-chenyl)-tetrasolive eiloride. Ihe
corresponsiing pecarboxy cozpound produced 3 ten~wrary pink mmlzration,
Lhejther of thess substancesz iz suitabie as an {ndzator of Mological
=aterial, since the foruazans sroduced by thes =r» —<ftg watcr Z3iuble and
s may be furtner reduces to coluriess compounds by the growing gerainal
tissue {the sape is true for sotium dithionite solution at o0 7). The
situation is more favorahle in the caz2 of S-n-beptyl-2-pnenyl-3-{o-

rooxy-phenyl i-teatrasolinn chloride; the resulting forzaman is poorly
scluble in water., This tetrazolium sell, suspendsd in phosphate baffer,
rrodueed colwrations of the grrminal layer, tut these were consideraoly
weakier than those evoked by triphenyl tetragolicem chioride and, surpri-
singly, Uxited to the vegstation points, The szutellum was mot stalined
in aloost every case.

Tne present im'esuigat.ion shoved that the reduction potentials
{deviation 1 s¥/5 min.) of tetrazolium salla may be detertmined »dth
2recision, ?et'azaliun compourds of distinctly differeniiates reduciien
potentisle zay be produced by sppropriate sutstitution. The basis is
thersby estabiished for work in Hologlieal investigations wxler zerobic
conditions in the range of -0.080 to 0.2 wilta {Hy electroda) with
indicators of calibreted potentials, tha ®lsico forms® of whlch ore
stadile in atwospharic oxygem, in wwmrast to lessolactoflavin, indige
witite arxi otnara.

Pescription of the tesis,

The spparates gescribed by L. Hallenfels and &. Koehle (12) in the
caze of recox potential reasurezents s used for the daternimtion of
re&uczim ortentials. It was emqiipped xith an additional accessory
1, 2, 3, &4 {Fig. u} {13). The electrometric titrstion is carried out in
s e.ectrode vessel 5 egudppsd with 3 mumber of ground Jaces for toe
i rpouetion of slsstiredes, gas siresasn, burelle and agar brigge 1o the
sajomel slvotrode. Uns of ihe ground faces i oscupled by 2 dropping
furnel 1, casshie of holding tw M ffurent substances. The w0 sections
are ciosad off by stopoocks 2 and 4. The tiin tubss atisched lhereio wrg
for tse passage of 3 g2s streazs. Tre rmitrogen gAas, passed through a EB
receiver ang incandeszcent copper [ilings, enters Mfirough the titratlon
vezsal § (stopcoax J is clessdj, through the slighily open stopooctk 2
inio the lower part of the dropping furmel 1 and parmesatss the {iuid
matained therein. Stopootk 4 is closed snd bhars the liulic in ibhe upper
sorticn. oo altrogsn sirsis may also reducs the Auid locatsd in the
uppar part via 3 tabe wideh {3 inserted in the xide of ihe voszsel and
wiich reachss well velow the sarface, The gas streas contioues through
tos g2s ey conreciion b and & cormecting doss via lhe burette 7 into

5
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the bubble counter and pressure receiver 8 or through the burette and
an Erlenmayer flask 9 into the open. The titration vessel 5 is enclosed
by a water sleeve and is held at 20°C by an ultrathermostat.

Process of measurement: 5 X 10~6 moles indicator substance in 30 cc
buffer solution (pH 6.72 and 5.89: Phosphate buffer, pH 1.02: n/10 HCl)
are placed in the titration vessel 5 and reduced within a few minutes by
hydrogen after addition of one drop of 1% colloidal Pd solution. After
a check of pH by means of a Pt~-Mohr electrode the stream of hydrogen is
replaced by -a stream of nitrogen, meticulously freed of oxygen. After
the hydrogen has been displaced from the apparatus (10 minutes), tne
lower portion of the dropping funnel is filled with 10 cec buffer solution
(stopcock 2 closed; stopcock 3 open). Stopcock 3 is then closed and stop-
cock 2 slightly opened. Stopcock 4 is now cl_,gsed and the upper portion
of the dropping funnel is filled with 5 X 10™° moles tetrazolium salt
disgolved in 10 cc buffer solution. 15 cc of the solution of indicator
substance required for the adjustment of the desired notential is placed
in vessel 9. The system is prepared for measurement by passage for 1-2
hours,

The indicator solution contained in the flask 9 is compressed into
the burette 7. i previously computed potential is adjusted by dropwise
addition of reduced indicator from the titration vessel 5, containing the
identical quantity in all tests, leasurements are carried out by means of
3 platinum electrodes against a calomel electrode according to the
customary compensation mesthod. Readings were precise within 0.2 mV,
since a measuring wire 50 cm in length corresponded to 100 mV and a
sensitive mirror galvanometer was used as a zero instrument.

First the uffer solution in the lower funnel space is led into the
titration vessel by opening stopcocks 2 and 3; the potential deviation is
noted. GCenerally a very small potential is obtained (less then 1 mV),
depending on the indicator used. It is always measured, howsver, as a
control. After 1 minute the potential vulue becomss constant; measure-
ment is continued from the 5th to the 10th minuts. Now the contents of
the upper funnel space are added. The constantly flowing gas facilitates
a thorough mixture of the tetrazolium salt solution with the indicator
solution. If the indicator has a more negative potential than the tetra-
20lium salt, the start of a potential deviation may be observed already
after 3 minute. Its progression is measured after 1, 3, 5 and 15 minutes.
The dai« depicted in Fig. 5 were obtained for triphenyl tetrazolium
chloride.

Fig. 3 chows the 5 minute values. They differ from the measured
data by the subtraction of a small blank value. This may be astablished
in the case of potential values that produce a straight potential/time
curve; in our present aggregate of curves, by extending the rectilinear
curves toward time O. The blank value is obtained at the intsrsection
of the line with the ordinate. The corrected values, entered logarith-
mically in relation to the indicator potential, yleld a straight line;
its intersection with the line representing 1l mV indicates the deaired
reduction potential,

6
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Indicators: The redox potential of the utilized indicators was
measured and the progression of the titration curve fixed for pH 6.72,
1.02 and 5.39 (Table 3). It served as reference to the percentual share
of oxidated and reduced forms for each indicator potential.

TABLE 3.
Indicator E E 9 JZ
pH 1.02 (n/10-Hel) calomel elec. norm. H, elec.

Volt Volt mV mv
anthrachinon-sulfonate~(2)(14) -0.118 £0.131 4.1 4.7
Safranin (15) -0.101 fo.u.8 14.0 13.7
Antnrachinon-di sulfonate-(%. 73 -0.073 £0.176 14.6 4.5

4)

pH 6.72 (m/10 phosphate buffer)
Safranin -0.513 ~0.269 13.5 13.0
anthrachinon-sulfonate-(2) 0445 -0.196 15.0 1.0
Anthmcninon-disulfOMte-(zo',) "00‘003 -001515 16.5 1603
Indigo disulfonate (15) =0.335 -0.086 1.7 14.8
Indigo trisulfonate (15) -0.303 ~0.054 21.0 18.5

pH 5.89 (m/10 phosphate buffer)
Anthrachinon-sulfonate-(2) ~0.397 (comp.) =0.148 - -

The data obtuined from these curves must agree with those yielded by
tests. This guarantees that none of the reduced indicator disappears
during the passage of nitrogen due to oxygen traces, and that the added
indicator solution is also completely free of oxygen.

The reduction potential is distinctly, 1f not oconsiderably, dependent
upon the concentrational ratio of acceptor to indicator. The example
shown in Table 4 (acceptor: tripheuyl tetragzolium chloride; indicator:
indigo trisulfonate) shows this.

TABLE 4.
Ratio Adjusted indicator potential nV of change
acceptor-indicator(*) (calomel olec.go 0=5 min.
2:1 =330.6 mV 0.7
11l =329.8 oV 0.9
ill -33000 nV 1.3

(#*) amount of indicator: § X 10~ mole.
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The determination of the redox potential of compounds with re-
versible reactions: The same course may be taken here as in connection
with irreversible systems. However, the union of indicator and acceptor
is not marked by & reduction reaction, but by a constant potential value,
i.e. the adjustment of a new equilibrium. Values obtained by this method
are contained in Fig. 1 and 2, The rectilinear course is assured only if
the indicator potential and the redox potential to be found are not more
than 50 mV apart.

C-methyl-N-phenyl-N'~(p-carboxy-phenyl)~formazan: Was obtained
quantitatively according to E. Bamberger and O. Billeter (4,10) in the
manner described from the phenyl-hydrazine of acetaldehyde and the
diazonium compound of p-amino-bengoic acid. From alecohol brick-red,
shiny needles. Melting point 185°C (Berl).

Computedt C 630& H S.W N 19.86.
Found: C 63.76, 63.94, H 5.23, 5.32, N 20.02, 19.96. (Micro-Dumas).

5-methyl-2-phenyle3-{ p-carboxy-phenyl)~tetrazolium chloride: 5 g
C-methyl-N-phenyl-N'-(p-carboxy~phenyl)-formazan were dehydrated with 10 g
lead tetraacetate in CHCljy. After mixing with methyl-alcoholic hydro-
chloric acid, the desired tetrazolium salt was obtained in good yield.

Crystals from methanol-acetic acid. Melting point 268°C (Berl, decomposi-

tion).
015H1302N1‘01 (316.6).

Computed: C 56.86 H 4.13 N 17.70
Foum: c 56-96’ 56072, H ‘0039’ lboze’ N 17.79, 17.87. (l‘ﬁ.cw—m.).

C~methyl-N-phenyl-N'=(o-carboxy-phenyl)~formazan: The formagan was
obtained in the same mamner as the p~carboxy oompound from dissociated
o-aminobengoic acid and acetaldshyde phenyl hydrasine. Crystallisation
from copious alcohol. Dark red needles. Melting point 200°C (Berl). -

°15H11.°2Nu (282.1).

Foum’ C 63087’ 63.76’ H 5035, 5030, N 19.90 (mcro-Dl.IMI).

5-methyl-2-phenyl-3-(o-carboxy-phenyl)-tetrasolium chloride: The
dehydration of the appropriate formasan with lead tetraacetate led to
tetrazolium salt in a smooth reaction. After treatment with hydrochloriec
acid and repeated precipitation it crystallised from alcohol-acetone after
addition of ether. Melting point C (Berl, decomposition).

015“1302“1‘01 (316.6)

Computed: C 56.86 H 4,13 " N17.70
Found: C 56.83, 56.82, H 4.96, 4.31, N 17.72, 17.56 (Micro-Dumas)

Equivalent welght 315.1

1T, Yol ey
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At c;methyl-N-ggmyi.-N';(p—o&phenyl)-fommz From the diasonium
8 of p-amino-phenol and acetaldehyde phenyl hydrazine. Crystals from
alcohol. Helting point 148-149°C (Berl).

CMHMON‘* (254.14).

Computed: O 66.11 H 5.58 N 22.08 ,
Found: C 66.13, 66.39, H 5.62, 5.89, N 22.37 (Micro-Dumss).

5-methyl-2-phenyl-3-(p~oxy-phenyl)-tetrazolium chloride: From
C-methyl=N-phenyl-N'-(p-oxy~-phenyl)-formagan by dehydration with excessive
lead tetraacetate in acetic acid. Needles from methanol ether. Melting
point 261°C (Berl). :

Cy 130N, C1 (288.6)

Computed: C 58.21, H 4.55, N 19.42, Cl 12.29.
. Found: C 57.79, H 4.80, N 19.30, Cl 12.27.

C-n-heptyl-N~phenyl-N'~(o~carboxy-phenyl)-formagan: From 22 g of
oxtylaldehyde phenyl hydrazine and 13.8 g of the diasonium compound of
o-amino~benzoic acid., Yield 20 g of crude formazan. Brick-red needles
from alcohol. Melting point 162°C (Berl).

C21H2602N;, (366.2).

Computed: C 68.81, H 7.15, N 15.30.
Found: c 68099’ H 700‘0’ N ]A.?l.

5-n-heptyl-2-phenyl-3-(o-carboxy-phenyl)-tetrazolium chloride: 5 g
of the analytically pure formagan described above were dehydrated with
lead tetraacetate in CHCl3. 3 g of crude tetrazolium salt were obtained
after removal of the lead with methyl-alcoholic hydrochloric acid.
Purification by twofold precipitation from alcohol with ether. Crystals
from alcohol. Melting point 228-230°C (Berl, decomposition).

C21Hp50N,C1 (400.68).

Computed: C 62.89 H 6.29 N 13.98,
Found : C 62.6‘5, 62061, H 6056’ 6.53’ N 13.960

NOTES.

(1) Comptes-rendus de l'association Internationale d'Essais de
Semences 1, 1 (1940); Ber. dtsch. bot. Ges. 57, 191 (1937); 60, 299, 434
(1942). == (2) R. Kuhn and D. Jerchel, Ber. 74, 949 (1941). == (35 see
R. Wurmser in Handbuch der Enzymologie by Nord-Weldenhagen, Leipsig 1940,
p. 298. === (4) R. Kuhn and D. Jerchel, Ber. T4, 941 (2941} . =— (5) Chem.
deviews 3, 1 (1926). === (6) Journ. am. Chem. Soc. 52, 5204 (1930). ===
(7) e develops his method for the "oritical oxidation potential™ of
unstable redox systems. —-- (8) Perhaps, following a thought of R. Xuhn,
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the lewering af the poberiial i% dus S0 thu passibis formation of an
heterc-polar ring: :f. Standssensabafton, £2, 618 {,932).
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1 2¥/0-5 min.) of triphenyl tetrasolimm chloride. pi 6.72.
. . irdloator: indigo trisvifomate.

le) ¢ Indicator: infigp dmulfonste.

abscissa: Imdlostor potential {ealomel electrode}.
Ordimatet =V changs/C-5 =in. {logaritimic wmits)

e R B ¢

o

e sewsialaituaehl dit o4 A

&

o




kb Sae Nt

spraratuz for potentiasl zeascremeats.

Fig. &.




adjusted
ind cstar potential

/"359.9 e

el

B

/

b 354.5 oY

- 350.0 of
349.2 =7

P 220.1 =Y
P 358.1 =¥

333.9 ¥
328.8 =¥

326,86 =%
313.5 =N

3i0.5 =¥

3.8 &y

iy

15 min.

Fig. 5. ;8 6.72. Progression of potentizl changes by msans of

triphenyl tetrazolium chicyide.

2w, Indleator: Indige trisulfomits,
f em—d Indicator: Indig dseliom e.




