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THE LUMINESCENCE OF LUMINOL XI
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/Following is a translation of an articlc by
Weber and V, Mikulovic of the Establish-

ment for Judicial Medicine and Criminology

of the Medical Faculty in Zagreb in the Croa-

tian-language periodical Arhiv higienskoga ra-

da (Archives of Hygiene), No. 10, Zagreb, 1959,

pages 101-119.7 )

Use of the Luminol Reaction to Detect Blood

»
4

1

Of all the numerous known chemical method
of detecing blood spots for juvridical medical
purposes, the luminol reaction appears to yield
the safest results. ,The clarity of this reac-
tion is exceptionally great. The correct man-
ner of effecting this reaction to detect blood
spots is shown, and the results of the quanti-
tative measurements concerning the influence of
various natural substances on the chemilumines-
cence of luminol are given. Both catalytic and
inhibitory effects were noted in the action of
these substances, ;Such influences can altoer
only slightly the megular course of the luminol
reaction in detecting blood stainmns.
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Introduction

In judicial-medical and criminological practice it is
often necessary to analyze spots on va;’lous objects, and spe-
cial significance attaches to the detection of blood spots,
Various chemical method /I/ /Numbers in brackets refer to




Similarly numbered items in Bibliography at end/ for detecte
ing blood in spots are known, such as the benzidine and
plienolphtalein test, the reaction with lcucomalachite grecen,
etc. Thesce chemical methods of detecting blood are based
mostly on the fact that hemoglobin possesses the faculty of
peroxidative action, and that this blood coloring, upon ex-
ecution of tae proper chemical test for blood, transfers the
oxygen of the hydrogen peroxide to the colorless form of
some substrate (benzidine, leuco base, etc.), producing its
intensively colored oxidized form. The test yields a posi-
tive result for hemoglobin, and hence also for blood, when
the expected color appears., )

The luminol reaction (chemiluminescence of 3-amino-
phthalhydrazide) is also based on the above principle /27
with the difference that in effecting this reaction no color
is formed, but the reaction mixture shows a more or less in-
tensive emission of light (chemiluminescence) in the presence
of hemcglobin. This light of luminescence can be secn es-
pecially well in the dark and has a light blue color. The
luminol reaction, in comparison with other similar chemical
methods of detecting blood, has a definite advantage, which
1s pronouncedly manifested in the fact that the luminol re-
action has an extremely high brightness, is easy to eftoct
on various objects and also ylelds a safe result when made
with colored test solutions.

The luminol reaction was proposed already in 1937 for
the forensic detection of blood spots /37. It has been used
in practice with great success, and the present paper inves-
tigates it more closely particularly with regard to the in-
fluence of various natural substances on its safety and re-
liability in detecting traces of blood in spots.
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General Remarks about the Luminol Reaction

R

The chemiluminescence of luminol (3-aminophthalhydra-
zide) appears when this synthetic compound is oxidized (ac-~
tually dehydrated) under the influence of active oxygen in
alkaline solutions of hydrogen peroxide, sodium perborate,
sodium hypochlorite and similar substances. This oxidation
of luminol is relatively slow, and the reaction mixture glows
only feebly, The hemin proteids -- but also other substances
of a certain constitution -- have, however, a pronouncedly
catalytic effect on this reaction, and parallel to the in-
crease in the speed of reaction under the influence of the
catalyst there is also an increase in the streigth of the
luminescence of the reaction mixture.




]

When it is a matter of detecting blood (hemoglobin)
by the luminol reaction, hydrogen peroxide is ordinarily
uscd as an cxygen donor, while sodium hydroxide or sodium
carbonate may serve as the reaction component forming the
alkaline solution. It is important for the luminol reaction
with the blood coloring that it is the oxidized 'form of the
hemin proteid that always acts on this reaction, that is, the
form with trivalent iron (methemoglobin or hemiglobin), re-
gardless of what form of blood color is added to the reac-
tion mixture. When the reduced form (hemoglobin) is added,
the primary process of reaction will be the oxidation of the
hemoglobin into hemiglobin, and the thus obtained oxidized
form of blood color will act on the luminol reaction as a
catalyst. The oxidation of hemoglobin into hemiglobin in
alkaline solutions of hydrogen peroxide apparently takes
place with greater speed in the presence of sodium hydroxide
than in that of sodium carbonate. Hence it is recommended
that, in detecting fresh bloud, one work with a reagent con-
taining sodium hydroxide, while, in detecting dried blood,
which contains the blood color predominantly in hemiglobin

form, a reaction mixture with carbonate also yields good re-
sults.

Since the luminol reaction also takes place without
the presence of a catalyst (blood) in the reaction mixture,
the luminol reagent to blood spots is spoiled by standing, so
that one should always work with fresh reagent. The solu-
tions of the individual components of the reagent are fairly
stable, and their composition is not changed essentially even
if they stand for some months. Hence it is recommended that
the following be prepared separately: a) a luminol solution
in some basic medium, b) a hydrogen-peroxide solution in
water, and c) a hydroxide or carbonate solution in water.
These solutions are mixed in definite proportions immediately
before making the experiments, and the ready luminol reagent
thus obtained is usable for two hours at the most. Operation

may be recommended with separate solutions of the following"-
composition:

a) luminol 4 x 10-3 M in naOH 5 ¥ 10-2 M
b) hydrogen per?xide 1.76 x 10~+ M
c) NaOH 4 x 10-+ M

The ready luminol reagent is obtained, for example,
when five ml each of the above-mentioned initial solutions is
added to a quantity of 35 ml of distilled water. For quali-
tative experiments it suffices to adhere approximately to
these relations, while for quantitative measurements one must
always work under strictly equal conditions.
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The recagent with sodium carbonate may also be prepared
according to the above recipe, the sodium hydroxide being re-
placed in the same molar concentration by sodium curbonate.
Of the initial solutions of luminol rcagent, the least stable
is hydrogen peroxide, since it breaks up constantly at a slow
rate into elementary oxygen and water. Hence this solution
has more often to he prepared afresh,

A blood spot may also be detected by a lumii~l rcagecnt
cont ining sodium perhorste instead of hydrogen peroxide
Perborate may be regarded as a solid substanue cusiaining in
each molecule one hydrogen-peroxide molecule: NaBOgj.Hg03.
3H30. This solid with active oxygen 1s very stable, and so-
lutions of a specific concentration of it may be prepared by
weighing. The necessary alkaline reaction of the reagent is
furnished in this case by the perborate alone, while a solu=-
tion of tertiary sodium phosphate serves as a solvent for

luminol, The following may be recommendad as the initial so-
lutions of such a reagent:

a) 0,1% luminol in 1% solution of trisodium phosphate
b) 1% perborate in water.

The ready luminol reagent is obtained when 20 ml of
solution a) are mixed with 3 ml of solution b) and 50 ml
of water are added, Such a luminol reagent with traces of
blocd produces an intensive chemiluminescence.

The quantitative experiments reported in this paper
were performed with a photoelectric apparatus described in
previous publications /3/. The inclination of the galvano-
metor of this apparatus, designated by G, represents the nu-
merical measure for the relative strength (intensity) of lum-
inescence. When one works under like experamental conditions
with the same apparatus, one obtained the same strength of
luminescence and the same numerical value for G. The strength
of luminescence, even under like experimental conditions, de-
pends, however, on the reaction time (in the figures, t in
seconds). The curves showing the dependence of the sirength
of luminescence on the reaction time, the so-called "inlensity
curves,' have a definite maximum, which regularly appears at
the beginning of the action, e.g. in the fifth second of the
reaction process. The numerical value of G at this maximum,
the so-called "maximum strength of luminescencs', is desig-
nated by Gu. The maximum spced of the luminol reaction also
corresponds to the maximup strength of luminescence, and the
maximum speed of reaction is a function =~ under otherwise
like experimental conditions -- of the concentration of the
catalyst (c), that is, in this concvete case, the hemoglobin,
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aud hence also the blood concentration. In addition, there
is also a functional connection between the blood concentra-
tion and the total light (L) of luminescence, i.e. the aggreo-
gate §uantity of emitted light (integral of the intensity
curve).,

The concentration of hemoglobin in the blood solutions
uscd was dctcrmined by measurcements of extinction by mecans of
a Pulfrich photometer by the well-known method /T7.

Showing the dependance of the maximum strength of lum-
inescence on the concentration of the catalyst or the incibi-
tor prnvides a quantitative insight into the action of these
substances. 1In this paper, investigation is made in this
manner into various natural substances which might influence
the result of the luminol reaction in the practical detection
of blood spots. :

Results of the Work

A series of intensity curves of luminescence in a car-
bonate reaction mixture and in the presence ¢f different con-
centrations of hemoglobin (of fresh blood) is shown in Fig-
ure 1, It may be seen that an increase in the hemoglobin
concentration regularly augments the maximum strength of lum-
inescence as well as the total light (area beneath the curve).
Fundamentally like curves are also obtained in working with
other reaction mixtures, and in the presence of a solution of
fresh or dried blood.

The dependence of the maximum strength of luminescence
on the hemoglobin concentration for a carbonate reaction mix-
ture is shown by the curves in Figure 2. Curve 1 in this
figure relates to solutions of fresh blood, that is, to the
series of intensity curves in Figure 1, while curve 2 in Fig-
ure 2 refers to solutions of dried blood, It may be seen
that there is an esscential difference in the action of the
solutions of fresh or dried blood, in the sense that the dried
blood {(hemiglobin) catalyzes the luminol reaction in a consid-
era?ly more pronounced manner than does fresh blood (hemoglo-
bin).

Fundamentally like results are also obtained from a re- .
action mixture with sodium perborate and luminol in phosphate,
Curve 1 in Figure 3 relates to solutions of fresh blood; '
curve 2, to solutions of blood in water which have stood for
24 hours at room tempsrature; and curve 3, to solutions of
dried blood. %Yhen an aqueous solution of blood is left

- 5~




Figure 1. Dependence of the strength of lumi-
nescence (G) on the reaction time
<t in seconds). Reuction mixlure
with carbonate. Curve 1, Hemoglo-
bin concentration 1.73 micrograms
(¥) in 50 m. of reaction mixture.
Curve 2. 5.20 7. Curve 3. 3.67 7.
Curve 4. 17.33 7.
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E Figure 2. Dependence of the maximum strength

H of luminecscence (Gm) on the hcmoglo-
£ bin concentration (¢, micrograms in
= 50 ml of reaction mixture). Curve 1.

solutions of fresh blood. Curve 2.
solutions of dried blood. Carbonate
reaction mixture.
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Figure 3. Dependence of the maximum strength
of luminescence (Gm) on the hemo-
globin concentration. Curve 1. so=-
lutions of fresh blood. Curvc 2.
solutions of fresh blood in watcr
which have stood for 24 hours. Curve
3. solutions of dried blood. Reac-
tion mixture with perborate.




standing! and thc blood dries, the hemoglobin gradually
changes into hemiglobin, and it may be seen from the coursec
of the abovc-mentioned curves that in the perborate mixture

too the hemiglobin catalyzes the luminol reaction better than ——
does hemoglobin,

When a rcaction mixturc with sodium hydroxide is used,
there is no essential difference, as has already been brief-
ly menticned, between the action of fresh blood and dried
blood. In both cases one obtains the curve of the dependence
of the maximum strength of luminescence on the hemoglobin
concentration which is shown in Figure 4 (curve 1).

Figure 4. Dependence of the maximum strength of
luminescence (Gm) on the hemoglobin
concentration (¢c), and in a reaction
mixture with sodium hydroxide. Curve
1. Fresh and dried blood. Curve 2.
With the-addition of an aqueous ex-
tract of human feces.
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from the above results of measurcments of the maximum

strength of luminescence in various reaction mixtures (curves
in Figures 2, 3, and 4J, it may be objectively ascertained
wiich of the reagents used is best suited for detecting quite
small -nd weak blood spots. From the above data one can com-
pute (read from the curves) that quantity of hemiglobin which,
in 50 ml of a given reaction mixture, yields a maximum strength
of luminescence of Gm = 50, The¢ following values re obtained:

WAl T R U L L e e B T o

1. For NaOH--H50, C.88 microgram
2. For Na,CO3--H202 6.0 micrograms
3. For NaB0y-H,05.3H50 11.5 micrograms

These values are related to one another as 1:6.8:13.0, This
means that the detectection of traces of blood by the luminol
reaction by the use of a reagent with sodium hydroxide is a-
bout seven or eleven times clearer than detection under the
same conditions, tut with a reagent containing carbonate or
perborate. Moreover, in working with a hydroxide it is of
secondary importance whether one has to do with fresh or witn
dried blood spots.

I T

As regards the absolute clearness of the detection of
traces of blood, the following may be concluded from the a-
bove results of measurements: In a reagent with sodium hy-
droxide, blood with an approximately normal concentration of
hemoglobin (16 g% Hb) in 1:100,000 dilution yields a reclative
maximum streagth of luminescenceof Gm = 70, and in a ten
times greater dilution Gm = 7 when one ml of blood solution
is added to the reaction mixture. Since 10 ml of blood solu-
tion may also be added to the reaction mixture under the work
conditions shown there, the limit of bloud concentration which
the luminol reaction can detect can be further lowered. It
follows as a final recsult of these consideratio: s that with
the above-mentioned reagent one can detect the presence ot
blood in an aqueous soiution in 1:10,000,000 dilution, and
the quantity of hemoglobin causing an inclination of Gp = 7
on the galvanometer of the apparatus used will be only 0,16
microgram of Hb. This is indeed an extraodinarily high clar-
ity for a method of detecting traces of blood spots.

Of the importarce is the gquestion of the specificity
0of the detection of traces of blood by the luminol rcaction.
Since in this reaction it is really a matter of the peroxida-
tive action of hemiglobin, it is clear that any substance
with the faculity of peroxidative action can catalyze the lum-
.nol reaction. Such naturai substances are, above all, the
vorious hemin proteids, animal and plant peroxidases, various
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catulases and other censuymes with complexly bound iron /T7

or copper. Of the synthetic substances, various complex com-
pounds of iron, but also of copper [§7, vanadium and rutheni-
un 527, act catalytically on the luminol reaction. The num-
ber of substances which catalyze the luminol reaction is
fairly large, but it may be considered that this reaction,

in ils practical application, is specific for blood {(hemoglo-

bin), since other catalysts act in a considerably less inten-
sive manncer, or elsce they arc never in sufficient concentra-
tion in the matter ordinarily tested for blood spots. If,
however, a matter in which there may be positive catalysts

of the luminol reaction is tested for traces of blood, for
example, a matter with plant peoxidase (horseradish), the
possibility of an erroneous result must be excluded by making
a "blind test' with that matter, namely by different‘al anal-
ysis,

In connedtion with thesce consideratioas it was of great
interest to note what natural substance miy ecssentially af-
fcet the strength of the chemiluminescence of luminol in a
positive or negative sense, i.e. catalytically or inhibitor-
ily. A series of e¢xperiments was therefore performed with
agqucocus extracts of a substance which appcars in connection

with blood spots in judicial-mcdical and criminological prac-

tice. The experimentes wer made with extractis of human,
horse, cow and chicken exercrncent {feccs), since the inhibitory
action of urine /107 on the luminol reaction has already been
previously noted and investigated in detail, Tests were also
made with extracts of herseradish (Armoracia lapathifolia),

sreen paprika (Capsicum annuum), tomat (Solanum hycopersicum)

onion (Alium cepa), parlic (Alium sativwa), Savoy cabbage
(Brassica oleracea varietas sabauda), head cabbage (Brassica
oleracea varictas botrytis). It could be presumed that this

vegetable matter would contain substances coming into consid-

eration as effectors of the luminol reaction.

In working with aqueous extracts of human, horse, and
cow and chicken feces, it has been noted that these extracts
contain substances which pronouncedly inhibit the luminol rec-
action, i.c. extinguish the chemiluminescence of luminol,
Figure 4 shows the results of one serics of tests with an ex-
tract of human feces. The extract was prepared by adding about
8 i of fresh feces ana agitated with 200 ml of distilled wa-
ter, the resulting solution was filtered, and for each test
5 ml of filtrate were used for 45 ml of liminol reaction mix-
ture. The curves in Figure 4'shows the value of the waximum
strength of luminescence as a function of vhe hemoglobin con-
centration in the absence (curve 1) or presence (curve 2) of

- 11 -




this feces cextract. It may be scen that the extract, whicgh
obviously contained water-soluble componcnts oi the fecos in
only relatively small concentrations, does strongly inhibit
the luminol reaction., Very similar results were also obtain-
ed with extracts of horse, cow and chickeu feces under approx-
imately like experimental conditions. From the results of
these tests it may be concluded that human and animal excre-
ment contains substances which can effectively extinguish the
chemilaminescence of luminol, and thus can also have a nega-
tive etfect on the procedure of detecting traces of blood by
the luminol reaction.

Since it has been confirmed several times in the prac-
tical application of the luminol reaction in the field that
stable manure can also sometimes give a very waak but posi-
tive rcaction without traces of blood, investigation was made
into the ageing process in the aqueous extract of horse and
cow feces to test its inhibitory properties with respect to
the luminol reaction. Tests were made with aqueous extracts
of these feces in the fresh state (directly after extraction),
and, in addition, under like experimental conditions after
these extracts had been left standing for about four months
at room temperature. For the horse- feces extract it was in-
decd found that there is an essential difference in the ac-
tion of fresh or old extract on the luminol reaction. The
cow feces extract, on the other hand, showed no change in this
sense due to ageing. Figure 5 shows the results obtained with
the fresh horse feces extract (curve 2) and with the old horse
feces extract (curve 3). It may be seen that the fresh extract
has an uneguivocally inhibitory action, whereas the curve ob-
tained with the old extract takes such a course that a consid-
erably more complicated influence may be assumed. It appears
that the ageing in the horse feces extract creates substances
which can also have a positive cataiytic effect on the lumi-
nol reaction, and this catalysis is e¢specially pronecunced when
the concentration of the othexr positive catalysts (hemoglobin)
is relatively small,

In order to verify the assumption regarding the posi-
tively catalytic actior of old horse feccs extract, tests
were made which yielded the results shown in the curves in
Figure 6. In preparing this extract, use was made of 18 g of
horse feces, which was agitated with 200 ml of water. These
tests were made after the extract had stood at room tempera=
ture, for 3& months. They weic made by adding only the ex-
tract at first to the luminul reaction mixture, and then mea-
suring the strength of luminescence. The values obtained
correspond to the catlytic action of the extract. After 30

, HunmwmmmmmnmWm’nﬂmmﬂmﬁw"hm!Mmmm*mmmmvmmmm-'|'|:mrn-ﬂr'm.':&irmhmmvurm’mnvmmmmmmmmmnrwrmmmnmmmm "
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Dependence of the maximum strength of
luminescence (Gm) on the hemoglobin
concentration {c. 71 b in 50 ml of re=
action mixture with sodium hydroxide).
Curve 1. Without feces extract. Curve
2. With fresh extract of horse feces.
Curve 3. With old extract of horse
feces.
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Intensity curves of the luminol reac-
tion in the presence ¢f old extract

of horse feces. G = relative strength
of luwminescence, 1 = reaction time.
Curves 1, 2 and 3 up to t = 30 sec. re-
late to the catalytic action of the fe-
ces extract (2, 6 and 10 ml), and from
t = 30 sec. on, to the inhibition oc-
curring when a hemczlobin solution
(2.539, 7.607 and 12.657 in 50 ml of
reaction mixture) is added to the same
reaction mixture with the same quanti-
ty of extract., Curves 4, 5 and 5 re-
late to reaction mixtures with the
same quantities of hemoglobin, but
without feces cextract.
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seconds of reaction time, hemeglobin (blood) solutions were
added to the game reaction mixtures, and measurcements were
then made of tiae sirengtin of luminescence. The valuces now
obtainced corresponded to the inhibited luminol rcaction. Tor
comparative purposcs, the strengths of the chemiluminescence
of the rcaction mixtures with the same quantities of hcmogloe-
bin were f{inally mcasured, but without adding feces extract
(curves 4, 5 and 6 in figurc G). According to *“his, the
first parts of curves 1, 2 and 3 in Figure 6 (down to t = 3C
seconds) correspond to the catalytic action of old horse fe-
ces extract, while the other parts of the same curves, in
comparison with curves 4, 5 and 6, show an inhibitory action
of the same extracts in the presence of hemoglobin as a cat-
alyst of the luminol reaction,

It may be clearly seen that the catalytic action of
the extruact is fairly weak, while the inhibitory action is
very pronounced. For the practical application of the lumi-
nol reaction in detecting blood spots in thce possible presen-—
cc of stable manure, one may conclude the following from the
aizove measurcment results; Old stable manure with horse ex-
crement may also contain positive catalysts of the luminol
reaction, but the catalytic action of thcese substances is re-
latively very weak. The same manure contains, on the other
hand, pronounced inhibitcrs of the luminol reaction. The
method of detecting traces ¢f blood in such manure by the
lunine” reacticn thus becomes rather uncertain., If the ex-
tract of such manure strongly catalyzes the luminol recaction,
it will in any case contain traces of blood. If it exercises,
on the other hand, only a weak catalytic action on the chemi-
luminescence of luminol, it may contain traces of blood, the
action of which, however, is inhibited by the other substances
present, or ¢lse there is no blood in the manure, but only
weak positive catalysts,

Very wecak positive catalytic influences with respect
to the luminol reaction are also inherent in extracts of var-
ious kinds of vegetable matter. Tigurc 7 shows the intensity
curves of the luminol reaction relating to the catalytic ine-
fluence of extracts of horseradish, onion, garlic and green
paprika. The extracts were obtained by agitating the follow-
ing quantities of vegetable matter with 100 ml of distilled
water: 1 g of horseradish, 3 g of onion, 2 g of garlic and
8.5 g of paprika. To the reaction mixtures were added ex-
tracts in the amount of 10 ml (curves 1, 4 and 5 in figure 7)
or 20 ml (curves 2 and 6 in figurc 7). It may be scen that
the extracts do indeed act on the Juminol reaction in a posi-
tive catalytic manner, but very weakly. Somewhat stronger is
the action of comminuted dry horseradish added directly to the

- 15 -

e e —




VIR AR

P O TR
4

m X & YN—t& BV &

Figure 7. Intensity curves of thc luminol reac-
tion catalyzed by various vcgetable
matters. Curve i. Horseradish ex-
traction (10 ml). Curve 2. Horsera-
dish extract (20 ml)., Curve 3. 0.1
of comminuted dry horseradish was in
50 ml of reaction mixture. Curve 4,
Onion extract. Curve 5. Garlic ex-
tract. Curve 6. Extract of sharp green
paprika. Gsrelative strength of lumi-
nescence. t=reaction time in seconds.
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rcqction mixturc in the amount of 0.1 g. Horseradish con-
tains vegetable peroxidase in rather larger quantity, and

it is evident that this hemin proteid caused the catalytic
effect noted.

On the other ha-d it may be assumed that the vegeta-
ble matter also contaii:: other substances that can inhibit
the luminol reaction. Such a substance would be, first of
allf ascorbic acid. Hence, extracts of vegetable matter will
ordinarily contain two competing components, a catalytic one
and an inhibitory one, and it seems that the latter often
predominates. This is why, for example, extract of green
paprika, which certainly contains a rather large amount of

aiiorbic acid, has precisely the least positively catalytic
cffect. :

In the presence of hemoglobin, vegetable extracts or-
dinarily have a pronounced inhibitory action on the luminol
reaction. As an example of such action, Figure 8 shows the
dependence of the strength of luminescence on the hemoglobin
concentration (micrograms in 50 ml of reaction mixture) in
the absence (curve 1) and the presence (curve 2) of 20 ml of
aqueous cxtract of sharp green paprika. It may be seen that
the inhibitory action of this extract is indeed very inten-
sive.

The results of identical tests with extracts of Savoy
cabbage and head cabbage are shown in Figure 9, It may be
seen that under the same experimental conditions the head-
cabbage extract inhibits more strongly than does the Savoy-~-
cabbage extract. TFundamentally l:ike results were furthermore
obtained with cauliflower extract and tomato juice, with the
former showing only a slightly inhibitory effect.

Conclusions

-

The luminol gect%on~may serve very well for the detec-
tion of blood spots and traces of blood on various objects in
judicial-medical and eriminological practice. There are vari-
ous recipes for preparing the luminol reagent, among which
that with sodium hydroxide yields equally intensive chemilum-
inescence regardless of whether it is a matter of fresh tra-
ces of blood (oxyhemoglobin) or dried spots (methemoglobin).
The reagents with sodium carbonate or with sodium perborate,
on the contrary, yield stronger luminescence with dried blood
spots than with solutions of fresh blood under otherwise like
experimental conditions.) This fact is interpreted by the
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Dependence of the maximun strength
of lumincscence (Ca) ou tiac hemoglo-
bin concentration (7 in 50 ml of
reaction mixture). Curve 1, Vith-
out paprika extract. Curve 2, With
20 ml of extract of grcen paprika
(8.5 g in 100 ml of water).
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Figure 9., Dependence of the maximum strength

of luminescence (Gm) on the hemo-
slobia concentration (9 in 5¢ ml
of recaction mixturc). Curve 1.
Without cxtract. Curxrve 2., In the
presence of 5 ml of Suvoy-cabbage
extract (6 g in 100 ml of water).
Curve 3. In the prescence of 5 ml of
head-cabbage extract (6 g in 100 ml
of water).
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assumption that only the oxidized form of blood col -
cmoglobin) recacts directly with luminol, and the cogzeigigﬁ
of hemoglobin into methemoglobin takes place in strongly al-
kaline solutions in the presence of sodium hydroxide and hy-
drogen peroxide in a very rapid manner (practically instan-
taneous in fact), whereas the same rcaction in more weakly
alkaline solutions, in the presence of carbonate or perbcr-
ate, is considerably less rapid. Hence it is recommended
that in detecting traces of blood use be made 6f a luminol
reagent W}th sodium hydroxide and hydrogen peroxide.

PO B .

The clearness of the luminol reaction to hemoglobin
is extraordinarily great. The quantity of only 0.16 micro-
gram of hemoglobin produce a clearly visible chemilumines-
cence, the strength of which can be safely measured with a
photoelectric apparatus with a selenium photoelement and a
lighted mirror galvanometer. The above~mentioned quantity
of hemoglobin is found in a volume of 10 ml of blood solution

when blood of normal composition is diluted to a proportion
of 1:10,000,000,

The specificity of the method of detecting traces of
blood by the luminol reaction is determined precisely by the
high clority of the reaction of luminol with hemoglobin. Amorg
the natural substances, solely other hemin proteids, particu-
larly vegetable peroxidase, produce such reactions with lumi-
nol. Hence, in effecting this reaction with various kinds of
matter, one must exclude the presence of such natural cataly-
sts of the luminol reaction.

Aqueous extracts of human, horse and cow excrement
(feces) contain substances which pronouncedly inhibit the
luminol reaction catalyzed by traces of blood (hemoglobin).
An old horse feces extract contains, in addition, substances
which act as positive catalysts of the luminol reaction.
This positively catalytic action is, however, extraordinarily
weak, Stable manure may, then, yield a very weak positive
reaction with luminol even without the presence of traces of
blood, and even in the presence of traces of blood the lumi-
nol reaction on this matter need not be strong. Hence it is
rather difficult to prove with certainty the presence of tra-~
ces of blood in stable manure.

Aqueous extracts of various kinds of vegetable matter
have a preponderantly inhibitory action on the luminol action,
i.e. they prenouncedly extinguish the chemiluminescence of
luminol. This inhibitory action is ascribed to the component
parts of plants with reductive properties. Ascorbic acid in
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pgr?xcular is such a substance. However, there are also po-

sitive catalysts of the luminol reaction in vegetable matter. i
The vegetable peroxidase in horseradish is, for instance, —
such a positive catalyst. But these positive catalytic ef-

fects are always very weak due to the influence of the vege-

tab}e matter, so that the inhibitory action ordinarily pre-~
dominates.

‘ On the basis of the results of the measurements made
it may be stated in general that in the practical detection
of blood spots by the luminol rcaction one must by all means
preclude the possible inhibitory influences of substances
from animal excrcment or vegetable matter. The positive cat-
alytic effects of foreign substances will, on the contrary,
pPlay no significant role. If one procceds further in the
evaluation of the results of the luminol reaction in such a
way as to regard only strong luminescence as a positive proof
of the presence of traces of blood, this reaction will rep-
recsent a reliable working method.
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