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The simplest way of recording the pattern is fo
photograph the horizontal sweeps on @ vertically
moving film running continucusly at slow speed, with
the external (vertical) time-base circuit disconnected.

L. HaspANes
C. R. Szogrown
Department of Physiology,
Karolinska Institutet,
Stockholm.
Feb. 18.
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A Sensitive Method for the Estimation of
Hydrogen Percxide in Biclogical
Materials

Durmie recent years s number of methods for the
estimation of hydrogen peroxide which utilize the
prineiple of coupled oxidation have been published.
Catalase or peroxidase combines with hydrogen
peroxide as it is liberated, and the complex thus
formed then brings sbout the oxidation of such sub-
stances as nitritel, ethanols, cytochrome o3, or men-
ganous ions in presence of p-cresol'. The extent of
these oxidations may be measured by manomstrie,
colorimetric or spectrophotomeiric means., The
method of detecting hydrogen peroxide to be de-
seribed is based on the same principle bubt has the
‘advantage of greater sensitivity. In this case the
disappearance of the fivorescent peroxidase substrate
‘soopoletin (8-methyl-7-hydroxy-1 : 2-benzopyrone) is
observed with the aid of a suitable fluorometer. The
Beckman speetrophotometer model DT used as for
‘the estimation of fluorescence in solution (Beckmarn
‘Bull. 149-¢) wos found satisfactory, s concenbration
of 2 x 10-1® mole per ml. giving & reading of 100

_divisions on the intensity scale with the ingfrument
‘adjusted to its highest sensitivity. Up to 2-5 x 10~
mole per ml., the intensity of fuorescence is propor-
“tional to the concentration of scopoletin (Fig. 1).
i An aqueous solution of seopoletin is reasonably
$table in diffused light and is not oxidized by either
peroxidase or hydrogen peroxide alone. However,
if peroxidase and hydrogen peroxide are both added,

oxidation with loss of fluoresecence proceeds very
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Fig. 2. Relationship between the quantify of hydrogen peroxlde

and the amount of peroxidative oxidation of seopoletin. Reaction

mixtures contzin yer mi 25 X 107% mole seopoletin, hydrogen

poroxide os indicated in the flpure and aqueons exiracts of
dehydrated horse Tadish at pH 45

rapidly. Fig. 2 shows the quantitative relationship
between the amount of hydrogen peroxide added and
dissippearance of seopoletin. In this experiment each
reaction mixiure was made up to 1 ml. and contained
an aqueous extract of commercial &mﬁ%&_ﬁm&. horse
radigh at pH 4-5, 2-5 x 10-® mole of seopolstin and
varying amounts of hydrogen peroxide. After a fow
minutes, -0 ml. of borate buffer (pH 10) was added.
and the residual seopoledin fuorescence Bom.mﬂo.m.
Precisely one ole of hydrogen peroxide was required
for the oxidation of one mole of scopoletin. This
simple stoichiometry applied so long as the geopoletin
was present in about 20 per cent excess. )
The experiment was repeated using Emﬁdo&%&%
produced hydrogen peroxide. Pea epicotyl juice con-
ifains a diamine oxidase which produces one xmole of

. hydrogen peroxide per mole of putrescine oxidized*.

Tt also contains a peroxidase. Fig. 3 illustrates the
offect of time on the oxidation of scopoletin by pea
epicotyl juice (pE 6-8) when enzymatic oxidation of
putroscine contributes the necessary hydrogen per-
oxide. In this experiment 1.2 X 10-* mole of
putrescine was added to a ten-fold excess of secopoletin,
The reaction commenced immediately bub proceeded
slowly, coming to cornpletion within 11 min. About
80 per cent of the predicted smount of scopoletin
was oxidized. On a second addition of 1-2 x 10-
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Fig. 3. Rate of oxidation of scopoletin {12 ¥ 10-% mole per ml.)

by pea Juice pX 6'8 with pufrescine as source of endogenous

hydrogen peroxide (curve ), Additions: curve B, 12 x 107

mole putreseine (ph X) ; eurve €, a second addition of 12 x 30-*
mole puirescing 11 min. Inter (ab ¥}
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mole of putrescine, the reaction was faster and
oxidation of the theoretical amount of seopoletin tools
place. When equivalent amounts of hydrogen per-
oxide were added to the reaction mixture instead of
putrescine, it was found that only 66 per cent of the
theoretical amount of seopoletin oxidation occurred.
Similarly, a second addibion of hydrogen. peroxide
resulted in the theoretical amount of oxidation.
Apparently there are present in pees juice alternative
peroxidase substrates which may interfere, espesially
in the more alkaline pH ranges. For this reason it
sometimes becomes necessary to remove these fnter-
fering substances by a preliminary oxidation before
proceeding with the quantitative estimation of
hydrogen peroxide production.

A number of reducing substances ave capable of
competitively inhibiting the oxidation of seopoletin
by peroxidase; for example, ascorbic acid, gluta-
thione and manganous ions. Consequently other
fluorescent phenolic coumarin derivatives wers In-
vestigated. Hseuletin is more readily oxidized by
perozidase than is scopoletin, and ascorbie acid doos
not interfere, but unforbunately its flucrescence is
relatively weak and, moreover, its oxidation by
molecular oxygen is catalysed by polyphenol oxidase
{(scopoletin is nob oxidized by polyphenol oxidase
over & period of four hours). On ths other hand,
umbelliferone is resistant to peroxidative oxidation.
Seopoletin therefere appears to be the best fluorescent
indicator so far found for the peroxidative estimation
of hydrogen peroxide, After interfering substances
bhave been removed by a preliminary oxidation,
amounts of endogenously produced hydrogen per-
oxide in the range of 10~ mole can be defermined
quanéitatively.  This represents a hundred-fold
inerease in sensitivity over previous methods. The
limitations of available analytical procedures are in
large part responsible for the paucity of information
of hydrogen peroxide metabolizm in plant and animal
tissues. This new method incorporates features which
make it particularly suitable for biologival investiga.-
tions,

- W. A, AvprEar

Seience Service Laboratory,

University Sub-Post Office,

London, Ontario.
Dec. 28.
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The Primary Photochemical Process
in Bromine

Tae absorption spectruma of bromine exhibits a
continuum which commences at about 5107 A., and
it is known that the absorption of light of wave.
length less than this value causes the dissociation
of bromine into an atom in its normal 2P0 state
and one in the excited 2P,,. state. Photochemical
studies have shown thet bromine molecules are also
dissociated when irradiated with light of wave-
lengths greaster than 5107 A. Thus the quantuom
yield of the hydrogen-bromine resction? is apPpProx-
imately the same at 5460 A. as for light of wave-
length in the conbinuum, that is, 5107 A. Further,
it has been demonstrated that the quantum yisldss
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of wave-length between the limits 4500 and 6800 A

Two theories have been proposed to explain this}d
constant quantum yield for light with wave-lengthig
in the diserste region of the bromine spectrum. Jostif
suggested that the excited bromine molecules formedi
by the absorption of radiation with wave-length ini
the bended region of the spectrum dissociate with 3
high yield into normal (2Pgr2) atoms on collision
with other molecules. Kistiakowslky and Sternbergy
have conftroverted this point of wview and Em&mm%m
suggest that the absorption of light at the longer;
wave-lengths is largely due to bromine moleculesil
Possessing some vibrational energy due to thermalil
excitation. The main evidence in support of this
new theory ‘comes from measurements of the fem-£5
perature variation of the coefficients of absorptionij
of light for bromine. In this communication it isi
shown that theoretical caleulations of the temperature i}
variadion of the abgorption of light by vibrationally i
excited bromine molecules vield results in good agree- '
ment with the experimental data of Kistiakowsky -
and Sternberg.

The intensity of absorption of light of frequency v
is given by the formula :
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where I, §s the intensity of the incident radiation, Az
iz the thiclkmess of the absorbing layer, |B¥?"] iz the
matrix element for the transition betwesn the elee-
tronic sbates with vibrational levels »* and 2", and Ny
is the number of molecules in the vibrational level 4

of the ground-state. Ny — N &P .Tmm@ﬁaﬁw

where f is the peartition function, and Folv”) =
O — @™ + @y . .., Wy = W — @ptdg
wewﬁ.&_ﬁ vy and Wolfo == Ol « « v« m..w.D.Ow with Kistia-

kowsky and Sternberg?® we suppose that the absorp-
tion. of radiation by the vibrationally execited bromine
molecules leads to dissociation, it is easy to see that
the ratios of the absorption coefficients at two different
temperatures 7'; and 7, for light of a given frequeney,
are :

Hﬁ%....xhﬁ.uv = L.Dweaﬁ_mv__‘ze*ﬁ.i =
exp A]Qerav&oAMﬂu — T T (2)

For the ground HMM state of bromine?, w, = 3233
orat and wmwe = 107 cma-?; e i mknown bub
can be neglected. Using these spectroseopic con-
stants, the ratio I(422-1° K.)/7(308-1° K.) has been
caloulated for bromine molesules excited in various
vibrationallevels of the ground.state. Tabls 1 glves
the results of these caleulations and shows also the
values caleulated from the experimentsal data of
Kistiakowsky and Sternberg.

The agreement between the two sets of values is
Particularly good in the case of the v” = 3 level, and
the general concordance between the theoretical and
the experimental values for these three levels must

Table 1, ABSORPTION COEFFICIENTS FOR VIBRATIONALLY Fxerren
Broul¥E MoLECULES

v Gl om.t 1{£28 1){7(308 1)
e Coloulain " Experinental
1 321 .08 1-49 111
E 539-98 353 14
3 95676 33 816
1
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