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PREFACE

In view of the nature of the project undertaken and the results
obtained, it seemed dqsirable to divide the present work into two
distinct sections and to consider each separately,

.Part I of this thesis therefore deals with thevdetefmination of
- the specific extinction.coefficients of the haemoglobins of the adult
and foetus, while Part II represents a study eof the reports of a new‘
method for the determination of total haem pigmentzwhich:it is claimed
avoids many of the defects of methods hitherto used,

Inasmuch as several systems of nomenclature of the blood pigments
are in existence, a single pigment may be denoted by a variety of names,
For example, the pigment formed when pyridine is added to a reduced
solution of bleod in sodium hydroxide is known'as pyridine haemochros
mogen, pyridine ferrous haemochromogen, dipyridine ferroporphyrin or
pyridine haemochréme;

The term "haemochrome" is the one recently proposed by Lemberg
‘and,Légge (19A9) aﬁd replaées~£he_namss "haemochromogen" and“"ferrous
haemochromogen",  These pigments,,they'péint out, are nét "ch;omogens"
in the chemicai seﬁse, i.2,, colourless compounds, .Lemberé and,Leggaﬁ
also suggest the term "haemichrome" (oxidized,haemochréme) as a
replacement for the eaﬁlier‘names 5pérahaematin“.andmﬂferfic haemoe
chromogen', |

The terms "haemochrome" and “haemichrome" have been adopted and

will be used throughout this works




PART I

DETERMINATION OF THE SPECIFIC EXTINCTION COEFFICIENTS

OF THE HAEMOGLOBINS OF THE ADULT AND FOETUS
SECTION A « PRELIMINARY CONSIDERATIONS
INTRODUCTION

As long ago“as_1888, Von Kruger found that when adult blood was
treated with dilute sodium.hydroxide the red céelour rapidly changed
to brown, while, with foetal blood the.effec£ of sodium hydroxide was
much slower, many hours elapsing before the red colour was changed to
brown, | |

It is now known that these differences are due to the fact that
haemoglobin is rapidly converted to another pigment (denatured globin -
haemichrome) while with feetal haemoglebin this change takes place
miich more siewly. By a quantitative study of this reaction Brinkman
and Jonxis (1935) found two fractions in adult haemoglobin differing
in their rate of reaction with sodium hydroxide, while two different
fractions occurred 1n foetal bloed. Similar-experiments have been
reported by Baar and Lloyd (19&3) and Ponder and Leviﬁe‘(l9h9) More
recently White, Delory and ‘Israels (1950) confirmed the existence of
two fractions in adult bleod, but observed that three fractions could
occasionally be identified in foetal bloed. As.a result of their»find—
ings these workers suggested that the names adult haemeglobin and
-foetal haemoglobin (pfeﬁieuely used) be abandoned-sinee‘they had

. become meaningless and they.suggested that the three fractionsin the




foetal blood be termed f1, f3, and f3, while those of adult blood be

called aj and ap.

All the quantitative experiments referred to above, depended on
the colorimetric measurement of;the~ratev6f change of colour of blood
treated with sodium hydroxide.,  Although the correctness of their
results was dependent on the fact that the specifie extinction coeffim
cients of the two forms of haemoglobin were the same, definite proof
was lacking, and consequentlyuan;attgmpt;has,nOW'been,made to provide
ﬁhat proof by a controlied study and comparison of the specific extince
‘ tion coefficients (optical density per unit concentration per unit
lengxh) of the haemoglobins of the adult and foetus,

.Iéeally'the-various"haemoglobin_fraetions-should be “isolated and
the~s§ecificwextinction coefficients determined for each fraction,
However, it is not yet possible to do this due to the speed with which
haemoglobin is converted to methaemoglobin, The work was confined
therefofe:to a study of adult and'foetél blood'since if these gave the
same results there could hardly be any significant difference in the
-zspecific’extinctiontcoefficienté of the fractions themselves.,

| Since the specific extinction coefficient is the optical density
per unit concentration per unit path length, at the chosen wave length,
the experimental work fell into two parts e« (i) the determinatiqn of
the optical density of the haemoglobin;salntiORSZand (ii) the
determination of thefhaemoglobin‘concentration;-the-léttér'being

established by iron analysis which as King et al (1948) have shown is

the most satisfactory method for making this determination,




THE DETERMINATION OF BLOOD IRON

In an attempt to find a method of analysis for the iron in blood
‘suitable-for.the needs of this project, two standard methods were tested
and compared,. These methods, which have been reviewed by Delory (1943),
are the titanous chloride titration method and the alpha alpha' dipyridyl

method,

1. The Titanous Chloride Titration Method

deterﬁination;of iron in biological'materials;by:Jahn'(1911).‘ It has
- now become'a.étandardﬂmacrovmethodzfor‘such‘estimétions; ;The.méthod
is based on the reduction of ferric thiocyanate to the ferfous compound
by titanous chloride,
The necessity of excluding oxygen during‘theutitration has genw
eralli ﬁeen;recognized.””JahnJ(lQll)vprotectedpthe‘titanium reagent
from oxidation by an atmoépheré;ofihydrggen.ﬁ,Subseqnent,wnrkers
(Thornton and Chapman, 1921) have used carbon dioxide.. The apparatus
éﬁployed“in:thé present“proéedure forttitratingtinvanuatiosphere of
carbon dioxide was described by Klumpp (1934).
. .Apparatus | | |
| The set9up*of the apparatus is shown in Figure 1, ‘It consisted
Aessentially.of"a"storageybottie-A~for'the:titénous chloride, which
ﬁas:keptiunder;an.atmosphere'bfwéarbon“diexidé;supplied’byﬁthe Kipp
‘generator B, The.layérxof'petrolatum~on'top.of;the.titaninm.reégent

further prbtected it, C is a 5 ml, micro burette, the top of which
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Apparatus for Titrating Tltanous Chleride in an

Atmosphere of Carbon Dioxide
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is éonnected by tubing with the storage bo?tle A in order to maintain

:the selutiéﬁ in the burette under an atmosphere of carbon dioxide.

- By mean§4of the stop. cock at D a stream of carbon diexideﬂéeuld be
bubbled into the solution in*A, or when the clamp at E is open, the
stream could be directed: to the glass nozzle F through whichbit passes
into the solution being titrated, "

Reagents
R i;' Titanous chleride -« the 15'per cent commercial selutien
was used io'make up the stock solutien in the following ways
To 2 litres of freshly boiled distilled water was added 20 ml,
of coﬁcentrated highegrade hydrochloric acid, . A suitable volume of
15 per cent:comméréial.Solutionwof titanous chloride was added such
that about 3 or 4 ml. was required to titrate 2 ml, of the standard
solution, . The stéck solution wasﬁquick1y trans£erred,to;the storage
bottle A and carbon"dioxide bubbled into it for fifteen minutes to
remove the oxygen dissolved in it and to displace the oxygen above
it. The stop cock of the burette was left open during this operation,
2. Standard iron s;'olutign, containing 1,0 mg, of iron per ml,
of sélution.. Ferric ammonium sulphate:(a.Bl&.grams).was:disse;ved

invabou£“250 mi° of water in a 500-ml. volumetric fiask. Eifty ml,

of high-grade concentrated hydrochloric acid were added and the
séiution mﬁde'up to the mark with distilled water, -

3, Potassium thiocyanate -+ a 20 per cent solution.

Analytical proced

o VFi#e ﬁi. of ox#lated whole blood were pipetted into each of




two 100~ml, beakers, Three ml. of 2N nitric acid were added slowly

and with constant stirring,vand the beakers then placed in a con-
stant temperature oven, When charring was complete they were removed
and placed in a muffle furnace at' 500° C until a red aéh'remained,
Ten ml, of highegrade concentrated hydrochloric acid were added and the
Beakers heated over a low heat until the ash had disselved. An equal
volume of water was then addeds Two ml, of the standard iron solutien
were placed into eacﬁ,ef,twezether 100=ml, beakers. Te each of the
four solutions was added 1 ml, of the petassium thiocyanate solution,
They were then titrated until colourless with.titanous chloride,
One standard solution was titrated before, and one after the test
solutions, and the mean value used in the calculation,

In order to drive oxygen from the solution being titrated,
cérboh dioxide was bubbled through nozzle F during the titration.
| This not only~served"to*prevent“the’abserpﬁion'of oxygen at the
surface of the liquid, but also helped to stir the solution as ﬁhe
titrant was-being;adde&;

The-step‘cock'at E was left open permanently, even when no
titraﬁions were being performed,

Calculation

The calculation of blood iron, when 5 ml, of whole blood are
emplo&ed, is as follows:

V., x 2 x100 = no, of mg, of iron per 100 ml, of bleed

v, 5.




where Vg and Vg are respectively the average volumes of titanous

chloride required to titrate the test and standard solutions,

A The‘élphévéiéﬁ#iidipyfidjiAﬁéthod of Thorp (1941) is based on the
pink éolour given by'dipyridyl with ferroué ions (Hill, 1930),
Reagents - -
o i;’ Dilute standard iron solution, containing 0,010 mg, of
iron per ml. of solution., This was prepared from the standard iron
solution containing 1,0 mg.'of-iron'per ml,, (the preparation of
vwhich is described earlier) by pipetting 10 mi. into a l-litre
flask together with 200 ml. of N hydrochloric acid, and diluting
to the mark with water,

2, Alpha alpha' dipyridyl solution =~ 1 gram in 100 ml. of
N/10 hydrochloric acid,
) 3. Sodium sulphiﬂe‘solution -= & 21 per cent solution of
anhydrous5sodium.sulphite. This is unstable and should be freshly
prepared when required, |
Procedure

- .iﬁ£6~each of two l5-ml, velumetric flasks was pipetted 0.1 ml,

of blood followed by about 5 ml, of water. To a third similar
flask was pipetted ‘5 ml, of the dilute stand&rd iron solution, and
to a fourth (to be used as a blank) 5 ml, of water,

To each flask was added 0,2 mi..of concentrated sulphuric acid,

and the contents heated on an electric hot plate at low heat (to keep




frothing at a minimum) until most of the water had evaporated, and

a brownish residue reﬁained. This was followed by the additien of
0,12 ml, of perchloric acid.and-continued heating on the electric
plate, at high heat, until the solutions were clear and colourless,
On cooling, 1 ml, of the alpha alpha! dipyridyl solution was added,
followed by 3 ml, of the‘sodium.sulphite solution, Water was added

‘,to-the mark, and the solutions allewed to stand for 15 minutes,

. after which time, the pink colour which had developed was read in
a Beckman spectrophotoneter (Model DU) at a wave length of 540 my
and an effective slit width of 0.05;mﬁ. using 1 cm, Corex cells,
The blank. solutien, whiéh'haduundergone the same treatment, was
used in place of water to set'the.instrhment.

Gale »t‘0~' :

o ‘Fréﬁ.ﬁhe observed epticalbdensity readings of the test and
standard selutions, D ané;Ds;respectively, the améunt.of iron
in the test selutien (Ct) expressed in mg. per 100 ml., of bloed

is found by the,felloﬁing equation:

D 100
G, = % x 0,05 x

Dy 0,1

- Eﬁ X 50

Dg

Comparison of the_ Two_Methods

probably yields_more;accﬁrate results, the alpha alpha' dipyridyl
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method is easier to carry out, The lack of a good muffle furnace for
ashing the bleocd samples in the titration mebthod considerably lengthened

the time of procedure, which proved a real disadvantage where, as in

this instance, there were several determinations to make,
It was thus decided to employ the alpha alpha' dipyridyl method
for the estimationbofvbloéd iron in this and in later experiments,

Requiring relatively leéé:time than the titanous chloride procedure

this method had the added advantage that,several.déterﬁihations could

be carried out simultaneously.




SECTION B =~ EXPERIMENTAL
PROCEDURE

As mentioned eérlier, the specific extinction coefficients were
estimated by determining separately (i) the optical density and (ii)

the iron concentration of the héemoglobin soluticns,

Determination of the Optical Density
k Fresh samples'of'oxalated'adult blood and oxalated foetal blood

(taken from the umbilical cord immediately following birth) were used.
The cord blood was collected in small test tubes containing approximaﬁely
10 nmg, of potassium oxalate, The blood was centrifuged and the plasma
separated from the red cells iﬁ'order to remove a possible source of
error due to the chromogenic properties of the plgsma. After removal
of the plasma, the cells were washed twice with 0,85 per cent sodium
chloride solutien, A quantity of water, equal approximately te the
volume of plasma removed, was then added to the cells to effect haemoly=
sis, Two ml, of this laked blood were diluted to 100 ml, with water, and
kept'aé the stock selution, _

Two 5 ml, samples of this stock solution were further diluted to 25
ml, with the addition of 0,1 per cent sodium carbonate solutioen (to maké
~a final dilution of 1 in 250) and rotated in a stoppered flask to ensure
complete oxygenation of the Blocd. - The-optical density of these sole
- utions was réad in the Beckman épectiophotemeter:at'a wave length of 578

mr (the alpha Band of ex&haemoglobin) with an aperture of 0,05 mm,




Estimagtion of Iron

Duplicate 5-ml, samples of the stock solution (2 ml., diluted to
100) were pipetted into 15-ml, volumetric flasks and analyzed for iron,

using the alpha alpha' dipyridyl method, as outlined in Section A,

Measurement of the Specific Extinction Coefficient

The specific extingtion coefficienﬁ; a8 already stated, is the

op%icéi density, at the chosen wave length, of a unit concentration
(in this case 1 mg. of iren per 100 ml,) in a unit length (1 cm.).

The calculation is illustrated by the following example,

Blood (diluted 1 in 250) gave an optical density of 0.492, and the
iron concentration waS’O.léé mg. per 100 ml, of a solution of blood
diluted 1 in 250, The specific extinction coefficiegt, at a wave
. length of 573 gr,is therefore ‘

0:492 = 2,928

RESULTS

The results of the dete;mination of the specific extinction
coefficients of a series of 12 samples of adult blood and 12 samples of
foetal blood are shown in Table I,

It will be seen that there is a wide range of individual values
- in both typeé of ‘bleood (from 2,637 to 2,953 in the adult form, and from
2,663 to 2,962 in the foetal form) but that the average value in both

cases is almoest identical.
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CONCLUSION

The above results suggested that there is no systematic difference

between the specific extinction coefficient of adult and foetal blood,

and hence it was concluded that they were the same,




TABLE I

A COMPARISON OF THE SPECIFIC EXTINCTION COEFFICIENTS

OF ADULT AND FOETAL BLOOD | |

SPECIFIC EXTINCTION COEFFICIENTS

© Adult Bloed | Foetal Bloed
S 2 2,719 D
2,685 | 2,798
2,736 2,701
274 2,695
2,637 2,663
2,879 2,786
2,892 A 2,928
2,785 2,962
2,732 ' 2,781
2.955 2.733
2,764 : - 2,892
2,852 : 2,793
Mean 2,786 _ | , | 2,788
Coefficient of ”

Variation 3.30% 3.32%
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SUMMARY

1. The specifie extinction coefficients of adult and foetal blood
have been-measured and compared,
2. The results obtained indicated that there is probably no

significaht difference in these specific extinction coefficients,




PART II

A NEW METHOD FOR THE ESTIMATION OF TOTAL HAEM PIGMENT
SECTION A » HISTORICAL
INTRODUCTION

Besides the two main forms of haemoglebin found in circulating
blood =& (reduced) haemoglobin and'oxyhaemoglébin == there are certain
other inaétive haém pigments which often form part of the total haemos
globin content; Chiefly these are methaemoglobin,.carboxyhéemoglobin,
and sulph-haemoglobin, Ammundsen (1941) has shown that under modern
conditions a normal adult may have from 2 to 12 per cent of his total
~haemoglebin circulating in this inactive.form. In the blood of men
suffering from certain'poisens:and,intoxications; even larger amounts
of this inactive form of haemoglobin may be found, In order therefore
to determine the total haem pigment it is necessary to treat. the blood
so that all the pigments are converted into the same substance,

Before proceeding to.discuss“the-methodS'available.fer the deters

vmination of total haem pigment, the chemistry of some of the haem

pigments will be reviewed,

THE HAEMOGHROMES

A haemochrome is formed when haem (an iron porphyrin) combines
with one of a number of basiec nitrogenoﬁs compounds; The difference -
betweeﬁ haemochromes formed from the same haem-are.duebto the different

basic compounds with which the haem is combined, Many, but.by no means
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all nitfogenous bases are able to forﬁ a haemochrome from haem, They
appear to have only nitrogen in common,

Haem also combines with denatured proteins =~ the most common being
the globin of haemoglobin, When a solution of haemeglobin is treated
with a base such as sodium hydroxide and a reducing‘ggent.(e.g. sodium
dithionite), denatured globin haemnchromé:isvformed.

~ The héemochromes have not always been regarded as compounds of haenm
and a nitrogenqcéntaining substance, They were discovered by Stokes
(1864) and were considered;by-him~énd éubseqnent,observers to be simply
~ "reduced" haem, He identified this substance.by its absorption spectrum,
When Stokes reduced an‘alkaline solution of what is now known as haem he
discovered a substance having two intense, sharp absorption bands. = Since
Stokes used an ammoniacal reducing agent, he had in fact prdduced a
haemochrome-a-‘the”ammoniazhaemochrome. Hoppe~Seyler (1878) shortly
found that some ré&ucing"agents;wculd_notvform haemechfemes unless
accompanied by a substance like ammonia or albumin, which'he;concludgd
enhanced the reducing action of the system,- Since haem had not yet been
discovered, it was thought that no reduction had taken place when a
haemochrome was not formed, Haem (or "reduced haem" as it was known
then) was discovered”by'Bertin-SanS‘and'Mbitessiér (1893) who noted that
it turned into one of the haemochromes by the action of ammonia, amines,
and proteins, This fact was confirmed by some (Menzies, 1894) but denied
by others (Laidlaw, 1904). | |

The viewzthat haemoéhrome is essentially the same as haem continued

to exist as evidenced by the fact that Fischer and Schneller (1923).tried
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to make haemochrome by the addition of iron to a porphyrin in the
absence of oxygen. Anson and Mirsky (1925) finally showed that haems
chreme is a compound composed of haem plus a nitrogenous substance, and

that the haemochrome prepared from haemoglobin is a compound of denatured

globin and haem,

| .Ansoﬁ aﬁd.Miﬁskyv(1925,'1928)'hold the view that in a haemochrome
an equilibrium of the;fellowing,tfpe exists,
Haem + Nitrogen compound--—f——-f—ﬁ Haemochrome
There is always some uncombined nitrogen compound present, Working
with the Hartridge reversion spectroscope they found (1925) that if either
‘haem or nitrogen compound were added, the equilibrium was éhifted to the
right, and more haemochrome was formed, while if either haem or the
nitrogen compound were removéd»from,thefaystem,~£he equilibrium was
~shifted to the left and the haemochrome would disappear,
| Analyses of "isolated" haemochromes were made as early as 1898
(VonvZeynek, 1898), but acéording to the above equilibrium it would seem
hardly possible to be able to isolate the haemochrome uncontaminated by
free nitrogen compound or by free reduced haem,

Hill (1926) found that the addition of two molecules of pyridine
was réquired to convert one molecule of haem into héemochrome. He
believed that in his experiments the free pyridine was negligiblé.»
Ansén and Mi;sky (1929), however, do not agree with this and state that

the haemochrome probably only contains one nitrogen group per haem.radicle,
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Pauling and Coryell (1936) showed from magnetochemical investiws
.gations that in haemochromes the iron is bound to the four porphyrin

nitrogens and to two additional atoms of the combining nitrogenous

. substances,

Ident tio the Haemochromes

A great number of nitrogen-containing compounds such as ammonia,

pyridine, nicotine and hydrazine have been employed in the formation -

of haemochromes,

Some of these compounds (particularly the pyridine haemochrome)
have been isolated in crystalline form (Von Zeynek, 1898, 1919) (Hill,
1926, 1929) and found to be definite compounds and not merely coﬁplexes.

However, the investigation of the haemochromes has been largely
dependent.on their spectroseopic and,spectrophotdmetric,properties, sincéu
these pigments have unusually sharp absorption bands and because exact
measurements are easily made., lLargely used in this work has been the
reversion spectroscope (Hartridge, 1912) and the spectrephotometer,

Each haemochrome can be identified by ifs own absorption pattern. The

spectrum is characterized by the sharpness of the alpha or darker band
lying in the region of 560 %P.' The exact position ef this alpha band
depends on the nitrogeous base used in the formation of the haemochrome,

According to Anson and Mirsky (1925) the absorption bands of the

haemochrome shift toward the red end of fhe spectrum qnder‘certain
conditions, Keilin (1926) says this is due to the aggregation of the
molecules of the pigment, He claims that substances like pyridine and

ammonia haemochromes show two types of absorption spectra corresponding
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respectively to the pigment as a precipitate (where the bands are near
the red end of the spectrum) and as a true solution (where the bands

. are near the blue end),
THE HAEMICHROMES

- The haemochromes react with atmospheric oxygen, which converts
theirjbivalent iron to the trivalent state with the productidn of
haemichroﬁes°

Keilin. (1926) maiﬁtained that haemichromes were stable only at a
pH near the neutral poinﬁ, and in more acid or alkaline selutions
dissociatgd into haematin and the nitrogen compound,

Insofar as the globin haemichrome was concerned, Haurowitz (1927)
shared this view, but Anson and Mirsky <l930) and King>and,Delor§ (1945)
' did not. - ‘

Anson and Mirsky state thatkhaemoglobin_in sodium hydroxide yields
a conjugated protein, They found that the substance so formed was
precipitated by prcteinypfeeipitatés;

King and Delory, from a comparison of the colour intensities of
haemoglobin and haemin in N/10 sodiﬁmphydroxide per mgQ of iron,
concluded that a conjugated protein was formed when haemoglobin is
dissolved in sodium hydroxide, |

Drabkin and Austin (1935, 1936) also share this view. They state
that the conjugated protein formed can exist in both the oxidized and
reduced (the haemochrome) forms, - |

For haemichromes cbﬁtaining other nitrogenous bases, Keilin's




21

theory has certainly been found not to hold, A study of the absorption
spectrum of pyridine haemichrome by Barron (1937) and Lemberg (1943) has
definitely shown that haematin combines with pyridine in alkaline
solﬁtions. Barron points out that the spectral properties of the
haemichroﬁes, unlike those of the haemochromes,.change with the hydrogen
ion concentration of the solution, There is, he notes, also a change

in colour; they are red in neutral sélutions,and green in alkaline |
solutions, Holden and Freeman (1929) have even shoﬁn that casein and
denatured egg albumln form haemichromes only in a strong alkaline

solution and dlssociate at the neutral point.

Structure of the I hromes

.b.Thé~différenée oflﬁhe-ébsorption spectra of the haemichrome with pH
is- explained by the presence of a hydroxyl gr&up, whlch bound te the
iron in alkaline solutions, dissociates with incre351ng acidity. Because
of this reaction with hydroxyl 1ons end the fact that ferriec haematin
compounds tend to pelymerize, along with the. experlmental difficulties
encountered, it has not yet been possible to establish whether haematln‘
combines with one or two molecules of a base to form a haemichrome, .

| In their spectrephétémetric study ofjpyridine haemichrome, Clark
and Pérkins (1940) assumed that twé molecules of pyridine were'added
concurrently, but Davies-(l940) on the other hand, obtained results
that indieated thaﬁ in fhe éasé of nicétine haemichromes only one moles
cule of the base is concerned,

Analjses of thg compoesitions of solid haemochromés yield results which

are no less confusing, Whereas Fischer, Hummel and Treibs (1929) reported
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that the collidine haemichrome was found to contain onl& one molecule
of base, Hamsik (1936) isolated some compounds which contained three
molecules of Base*per»atom of iren,

Lemberg and Legge (1949) suggest that in an acid or neutral
salution'two“mclecules of the base are present but:that in alkaline
sqlution'one'molecule of the base gives way to a hydroxyl group, Clark-
and Perkins (1940) however, in erder to give a-consistent accouht of
their results, postulated the existence of a species.in which'twm
molecules of pyrid;ﬁ; and one. of hydroxyl ion were coordinated ﬁith

the ferriporphyrin,

Absorption Spectra of the Haemichromes

| The-abéérpfién‘speétra.of the:ﬁéémichromes have not been as
extenéively investigated as those of the haemochromesa' Barron (1937)
has studied the absofptioﬁ spectrum“of'pyridine'haemiehrome‘in'neutrél
and in alkaline solutions, In neutral solution the spectrum had two
bands similar in position to those of pyridine haemochrome, On the
whole; though, the two absorption spectra were very different.: Bafron
found that pyridine haemichrome had a weak band at 558,mr-and a étr@nger
band at 530 mu, - |
In alkaline solution, he found that the absérption*is quite
different from that of alkaline haematin, It resembled in shape that
of the haemichrome in neutral solution, but the bands were less intense,

and shifted toward the red. Drabkin (1942) &se found this to be true,

while Lemberg (1943) made similar observations,
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REVIEW OF EXISTING METHODS

Since 1878, when Gowers measured the haemoglobin in blood by
comparing a solution of oxyhaemoglobin with a picrocarmine standard,
many different methods have been developed for the estimation of
haemoglobin, These will be reviewed under the genéral headings:
l..Fundamental:methods and

2, Methods requiring independent standardization or the use of haemin,

Fundamental Methods:

on'ceftain:fundamental:properties;of,the’haemoglobinvmnlecule, and
hence do not have to be. standardized independently.. .Although the
,methodS'yieldvaccurate,r38ults in experienced hands, ﬁhey'aré by no
means simple, and require considerable time to carry out, They are
therefore, primarily;:methodsyfor;theﬂstandardization“ofwinétruments

or for research purposes rather than for clinical investigation,

1. Method of Iron Estimations
:’"‘.ih.this ﬁéﬁﬁédjthe total iron concentration of blood is
taken’as a measure of total haem pigment., Bernhart and Skeggs
(1943) reported the iron content of human crystalline haemos
globiﬁ’to be 0.340 per cent, By taking this factor, and carry-
ing out an iron estimation, thé haemoglobin content of ény blood
sample can be determined.

While it is undoubtedly true that plasma contains a small
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amount of non-~haemoglobin iren, (0.1 mg. per cent) it is
generally considered to be negligible with respect to the
relatively large amount of iron in the red blood cells,

- The analysis of whole blood for iron may be accomplished
by'seferal methods, Delory (1943) outlines two standard
procedures, |

2e Ggsometrlc MEthodg

. In these methods the ability of whole blood to combine with
definite amounts of different gases is used to estimate the
haemoglobin content.of the blood.

The determination-of the oxygen capacity of the blood
described by Haldene (1899) and the menometric measurement later
described“by"van Slyké'andﬁNeill‘(l92h) depend.én the measuree
ment of ‘the volume of'oxygen libefatedjwhen blood is treated with
potassium hydroxide and potassium ferricyanide. - This method,
however, does not measure the inactive“fraction'of'the blood,
and so may provide a false picture of the total haem pigment,

A method based on the carbon monoxide capacity of the blood
was introduced by Haldane (1901) and improved by Van Slyke and

Hiller (1928).

Méth s Reguirin dependent St dardization or the Use of Haemi

In all of these methods, haemoglobln is converted 1nto a haem
pigment*which.can be compared colorimetrically with an artificial
standard or with a standard solution prepared from crystalline haemin,
. This is necessitated by the fact that crystalline haemoglobin,

ihe ideal standard, is difficult to prepare absolutely.pure. The
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use of haemin as a standard is based on the assumption that when haemin

and blood are treated identically with eertain reagents, they are converted

into the same substance, While this assumption is valid for the cyanhaee

matin method, (in which case haemin may be satisfactorily used as the stand-

‘ard) it does not hold in all cases (esge the alkaline haematin method),

Al though these methods are less exact than the fundamental methods;

they are generally easily and rapidly carried out, and hence are more

suitable for cliniecal use,

1,

26

emoglobin Method
| Although“thiS"ﬁaS?one of the‘fifst methods of haemoglobin
estimation, it is still used widely since it is so easily carried
out, Essentially the method consists of preparing a dilute

solution of blood, shaking to ensure complete oxygenation and

‘reading its optical density. This is-thenchmpared'tO"the;colour

of a solution of blood of known haemoglobin contents This method,
however, unlike the other colorimetric methods does not measure

total haem pigment,

‘Acid Haematin Method

Developed by Sahli (1931) this method is based on the con-
version of haemoglobin to acid haematin (Newcomer 1919) on treate
ment with hydrochloric acid, The resultént brown eoloﬁr is
compared with that of a glass 6r gelatin standard, or to a sample

of blood of krown haemoglobin concentration, Although widely

'used in the past this method suffers from the disadvantage that
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the colour increases in intensity with ﬁime up to three hoursg
Again, commercial standards are often unreliable and may fade,
and hence the degree of accuracy desirable may not be attained,
Alkaline Haemabin Method

Instead of treating haemoglobin with acid, Wu (1922) employed
alkali and found that many of the discrepancies in the aéid

haematin methed could be thus overcome. More. recently, Clegg

‘and King (1942) showed this method to have considerable promise

when they introduced the use of erystalline haemin, of known iron

"cehtent, in the preparation of a standard, However, the

absorption curves for alkaline globin haematin prepared from
haeméglobin, and alkaline haematin.prépared from haemin differ
in the visual speetral range, Clegg and Ling found that the
deﬁermination of haemoglobin in blood, baéed on the assumption
that 1 mg, of haemin iron in the standard was'equivaient tol

mg, of haemoglobin iren in.the test, yielded results uniformlyr

. about 30 per cent higher than the determination"basedfbn the

oxXygen=carrying power of the same sample, They accordingly |
added a correction factor of 1.34 to the”observed colour intensity
of the alkaline haemstin from haemin.

Collier (1944) however found that this factor was not appe
licable in all cases since the ratio.of the absorption curves

depended on the spectral characteristics of the light source, the

.filter, and the photocell or other detecting device,
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4o Cyanmethaemoglobin Methed

56

Introduced by Stadie (1920), this method has since been

. recommended by Sundermann (19&3) and. Collier (1944) as a reliable

means of estimating total haem pigment. It is based on the fact

that when a solution of blood is treated with potassium ferri

vcyanide and potassium cyanide, haemoglobin, oxyhaemoglobin,

carboxyhaemoglébin,,and methaemoglobin are all transfermed to
cyanmethaemoglobin, - This is then compared to an artificial
;tandard‘calibrated against haemoglobin measurements by the
oxygen capacity metheds, . Although this is a methed of considere

able accuracy, there is the hazard of using cyanide routinely,

Cyan=Haematin Methed

King and Gilchrist (1947) found that'by,transforming the

'_haem pigments te cyan@haematih by the additien of hydrechlorie

acid and sodium cyanide, an even more ac§urate estimation of the
totﬁl haem pigment was possible, Using erystalline haemin as
their standard they found the absorption curves of the cyane
haematins from haemin and haemoglobin to be almost the same,

Pyridine Haemechrome Mbthod
This method of Roets (1940) and Rimington (1942) is based

on thé comparison of the pyridine haemochromes obtained from

haémoglobin‘and'from haemin, Haemoglobin and crystalline haemin
are treated with sodium'hydrexide, pyridine, and sodium dithionite
and aﬁe thus converted to the pyridine haemochromes, The two

solutions are compared colorimetrically and the concentration of
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haemoglobin in the test is calculated, on the assumption that
each mg, of iron in the haemin standard is exactly the equivalent

of one mg., of haemoglobin iron in the test,

FURTHER COMMENT ON METHODS

In a eritical appraisal of the different colorimetric methods for
the determination of haemoglobin, King et al (1948) found that the

oxyhaemoglobin and cyan~haematin méth@ds yielded the most. accurate

results,

The use of the highly texic substance, sodium cyanide, howeﬁer,
definitely limits the widespread usage of the cyan~haematin methpd'ief
routine estimations, Similarly the objectionable odor of pyridine,
required in the pyridine. haemechrome method, (;.methodsof considerable
reliability) proves to be & barrier te the poﬁularity.of ﬁhis method,

It is apparent therefore, that there is a need for a new method
for the estimation of total haem pigment, Such a method should possess
the following criteria to be of general use in a routine laboratory:

1, It should employ inexpensive, non-toxic and odourless reagents,

2, It should be rapid and easy to carry out, _
3. It should yield results that are as accﬁrate as those given by the
best colorimetric procedures, |

L. It should employ a standard which is easily prepared.

In an attempt to develop such a method, nicotinamide (the amide of
pyridinee3ecarboxylic acid) was ﬁsed. Nicotinamide is non-toxic,

odourless, inexpensive, and can be obtained pure; hence as a reagent it
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is ideal,

Based on the pyridine haemochrome method, nicotinamide was used in
this study in the form of its haemochrome. Having produced encouraging
results with this nicétinamide compound”in'pfeiiminary experiments, it
was decided to. investigate its possibilities more fully,

A presentation of this study is given in subsequent sections,



SECTION B m= PRELIMINARY CONSIDERATIONS

INTRODUCTION

The gddition of nicotinamide to a soclution of blood or crystale
line haemin in N/10 sodium hydroxide yielded the bright green
nicotinamide haemichrome, and this on reduction, with sodium dithionite,
gave the deep rose~coloured nicotinamide'haembchrome°

The absorption spectra of these pigments were studied using the
Hartridge reversion spectroscope, and their absorption curves détermined
with the Beckman spectrophotometer by plotting the optical density vere
sus the wave length., While the nicotinamide haemichromes gave no

observable absorption bands in the visible part of the sbectrum.when
studied in the reversion spectroscope, their absorption curves (Figure
2) were very similar, There were ne peaks in the curves, a fact which
confirmed the observatibns made earlier with the reversion spectroscope,
Like most haemochromes, the nicotinamide haemochrémesvdisplayed two dark
absorption lines in the visible part of the spectfum, and it was noticed
that the bands of the haémochrome prepared from hgemin were in almbst
identical poéitions with those of the haemochrome from haemoglobin,

- These findings were confirmed by a study of the absorption'curves
(Figures 3 and 4) which clearly revealed the two abserptioh bands e

| the alpha band at 564, ?P and the weaker or beta band at 530 QP. As in
the case of the nicotinamide haemichromes the two curves showed a great
similarity,

This suggested that haemin presumably formed the same compound as
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Figure 3

The Absorption Curve of the Nicotinamide Haemochrome

_Prepared from Haemoglobin
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did haemoglobin under these conditions, and that using the easily pre-

pared subsfancerhaemin,asva standard, the total haem piémept could

"gbe estiﬁated by a comparison of the nicotinamide pigment froﬁ:haemin

and haemoglobin,

In order to determine definitely whether the same derivatives were
formed from haemin as from haemoglobin it was necessary to show that the
absorption;curvBS‘of the pigments compared on the basis of unit concens
tration (one mg, of iron being chosen as a unit in this case) were the same,
Preliminary experiménts.had_indicated:that;theﬂabsorption;cuﬁves of the
nicotinamide haemichromes compared in this ‘way were not the same, the
nicotinamide haemichrome from haemin giving more colour, iron. for iron,
than the: corresponding pigment from haemoglobin, .VFufther experiments, '
therefore, were devoted solely to the nicotinamide haemochrome,

Before a comparison of the absorption curves of the haemochromes
(on the basis of iron concentration) could be made, however, certain
fact.ors concerning the preparation ;:f' the pigment were considered aﬁd ‘

will now be mentioned,

THE RATE OF COLOUR DEVELOPMENT OF THE NICOTINAMIDE HAEMOCHROME

"Preliminary experiments had shown that the maximum colour of the

& The blood used in the preparation of this and other plgments was taken
(i) from the ear, when small quantities were required and (ii) from a
vein in the forearm with a syringe when larger quantities were needed,
The crystalline haemin used in these experiments was prepared according
to the method outllned by Delory (1943).
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nicotinamide haemochrome did net develop irmediately after its pre~
paration, a finding which agreed with the observaticns made by Collier
(1944) with the pyridine haemochrome, In order to establish the effect
of time on the rate of colour developmcﬁt of nicotinamide haemochrome

when prepared in two different ways, the following experiment was performed,

Procedure ’

o Inﬁo ecach of two flasks labelled "A" and MBM containing 20 ml, of
N/10 sodium hydroxide was pipetted spproximstely 0,1 ml. of bloods A
knifespoint of sodium dithionite was added to "A", the flask rotated
gently and the resultant pink colour read at timed intervals in the
Beckman spectrophotometer, When the feadings had become constant, three
drops of a 4O per cent solution of nicotinamide were added to the cuvette
and the colour of the resultant solution effnicotinamide haemochrome read
at intervals from the time of its preparation,

To "B" was added a knife~point of sodium dithionite, immediately
followed by 1 ml, of the nicotinamide solution, Here, as before, the
time required for the selution to reach maximum céloratioﬁ'was established,

- A11 of the above optical density readings were made at 540 gf using

an effective slit width of 0,05 mm,

Results

The results are shown in Table II, It is seen that'solutien nAM
reguired thirty-five minuteéifér full‘coléur develepment before thé'“
addition of the nicotinamide and another twenty-five minutes after its

addition, a total of ene hour, Solutien "B" required only thi:tyafive




TABIE II

EFFECT OF TIME ON THE RATE OF COLOUR DEVELOPMENT OF

'THE NICOTINAMIDE HAEMOCHROME

' Time‘in
ﬁinutes
following

. preparation

3
5
8
10
15
| 20
25
30
35
0
L5

e B
Bleod in NaOH - * 'Blood in NaOH Blood in NaCH
+N&%% iNQ&% : fNQ%%.
without nicos nicotinamide nicotinamide
tinamide added 45 mins, added
_ : : later : immediately
T e R =
R . , 0,56& A AR L.o1o _ _ _ v 0’779 v
10,576 1,020 0,791
0,586 1,025 0,800
04590 1,030 0,806
0459 1.034 0,810
0,596 1,038 0,815
0,598 1,040 0,818
0.599 1.040 0.819
0,600 1,040 0,820
0,600 o 0,820
0,600 sare 0,820

OPTICAL DENSITY
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minutes in all to attain maximum coloration,

Conclusion

The‘results showed that there was a definite development of the
colouf of the nicotinamide haemochrome, which was-proportiohal to the
time following the preparation of the pigment;.and:that the production
of maximum coloration bybprocedure "B" was more rapid ( and hence better

for the present purposes) than by pfééedure nAn,
ORDER OF ADDITION OF REAGENTS
The previous experiment showed that the nicotinamide haemochrome
could be most rapidly prepared by adding the nicotinamide and the
reducing agent at the same time, This suggested the following

experiment to determine whether the nicotinamide should be added before

or after the addition of the reducing,ggent,

Procedure-

‘-The>nicotinamidethaemochrome“from,haemaglobin-was prepared from a
1 in 200'dilﬁtion'of:bloodiian/lO,sodiumhhydroxide;”‘The,cprfe§ponding
haemochroms‘from”haemin“was:préparedffrom;an alkaline;haematin.&blution
containing 30 mg. of haemin made up to 1 litre with N/10 sodium hydroe
-xidé, To 20 ml, of each of these solutions, 1 ml, of a 40 per cent
solutioh of nicotinamide was added followed by‘a.knifegpoint of sodium
dithionite,
| The haemochromes were then prepared a second time, the order of

addition of the two reagents being reversed in this case,
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The optical densities of these four solutions were read in the
Beckman spectrophotometer (slit width of 0,05 mm) at wﬁfe lengths from
500 to 600 ?P' -The ratic: of the optical densities of the haemochromes
(from haemoglobin and haemin) was calculated at each wave 1engﬁhwinves~
tigated. The ratios were established for both cases «~ (i) when the
sodium dithionite‘was_added before the nicotinamide gnd (ii) when it

was added after the nicotinamide,-

Results
The results of this experiment are shown in Table III, The ratios

of the two haemochromes where the reducing agent ﬁas addéd before the
nicotinamide show a greater constancy, It is interesting to note that
the wave lengths where the greatest deViétions occur (560 to 580 %P) aré

in the region of the alpha band,

Conelusion
It was concluded that better results would be obtained by adding
the réducing agent prior to the nicotinamide; in other words by forming

the haemochrome directly rather than by reducing the haemichrome,

COMPARISON OF THE ABSORPTION CURVES OF THE
NICOTINAMIDE HAEMOCHROME FROM HAEMIN AND HAEMOGLOBIN
As mentioned earlier, the abserptibn curves of the nicotinamide
haemochrome from haemin and haemoglobin could be more directly compared

by plotting the optical density per unit concentration (the specific

extinction coefficient) versus the wave length, As before, 1 mg, of




TABLE III

THE EFFECT OF THE ORDER OF ADDITION OF REAGENTS IN THE

PREPARATION OF THE NICOTINAMIDE HAEMOCHROME ON THE RATIOS

OF THE OPTICAL DENSITY OF THE PIGMENTS FROM HAEMIN AND
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HAEMOGLOBIN
Wave ‘Length . Nézggéh addé;;irst' ?:Nié;;inar;i‘-de 'ade:le'di‘:fi;st’

in mp | Optical Density lRatic| Optical Demsity BRatiq'
A/B \ 1/B1

‘ [From Haemin | From Haew [From Haemin | From Hae

A moglobin A? moglobin

B - rana
500 00381 | 0,266 ) 1.43| 0,407 0,272 | 1.50
510 0,488 00339 | lebh| 0,503 00341 | 1.47
520 0,678 0470 | 1.4k ] 04694 | 0470 | 1.7
530 0,764 0.515 | 1.481 0.799 06522 | 1.53
540 0,650 0.448 1,457 0,708 O.458 1.55
550 0,803 | 0,559 lehly) 04853 0.551 1.55
560 1,120 0,695 | 1.,61] 1,175 0,697 | 1,68
570 0,720 0,548 | 1.32{ 0,861 0,582 | 1,48
580 0.345 0,257 | 1.34] o.421 10,277 | 1,52
590 0.245 0,168 | 1.46| 0.307 0,183 | 1,68
600 0.198 0.121 | 1.64] 0.250 0,131 | L.91
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iron was adopted as the unit of concentration,

| The nicetinamide haemochrome was prepared from haemin and haemos
globin, and the optical density of the two solutions was determined
" with the Beckman spectrephotmeter at wave lengths from 500 te 600
A’?r uging a slit width of 0,05 mm,
- The iron concentration. of the solutions was obtained using the
alpha.alpha' dipyridyl method (fully described in Part I),

The spécific extinction coefficient was determinedvét each wave
length by dividing the eptical density of the haemochrome solution at
that wave length by the iron concentration. The average values of the
specific extinetion coefficient of the.nicetihamide>haemochrome from
sevén different blood samples were plotted against the wave length te
give the absorption curve of the pigment from haemoglobin, while the
average value of three separate determinations of thevépecific extinee
tion coefficients of the nicdtinamide:haemochrome from haemin were
utilized in obtaining the.absorptién curve of the pigment from haemin,.

The two curves, drawn side by side, were then compafed.

Results
| The two absorption curves are shown in Figure 5, It will be
noticed that they are not identical, but are very similar at most wave
lengths, Thé greatest diserepancies are in the region of the alpha

band (from‘ 560 to 565 m};) and to a less extent the beta band (530 n}n).

The peaks in the haemin curve are higher than these in the
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Figure 5

A Comparison of the Absorptlon Curves of the Nicotlnamide

‘ Haemochromes from Haemin {A) and Haemoglebln (B) obtained by




haemoglobin curve &= while to the right and left of the peaks the

haemoglobin curve is slightly higher, The minimal points at 545 %P
are coincident,
/VConclggiog
| Since the readings of the alpha band were so high, the differeﬁce
between the two curves appears greater than a similar difference would
be at a lower reading, This is due in part to the use of the Beckman
spectrophotometer, an inétrument which allows a precise selection of a
narrow spectral band, Hence it was concluded that the use of an
instrument with a filter, which transmitted a broad band would yield
overall_abserptions of the two nicotinamide haemochromes which would
agree very closely, In such a éase the two nicotinamide haemochromes
(from haemin and haemoglobin) could be directly compared at all wave
lengths and haemin could be émployed as the standard in the estimation
6f the total haem pigment content of blood.

The following section is devoted to the ﬁroposed new method for

this estimation,
SUMMARY -

_i, The possibility of using the nicotinamide haemochrome as a

‘means of‘estimating total haem pigment (employing haemin as the_standard)v 

.has been considered since the two substénces, haemin and haemoglobin,
appeared to form the same derivative with nicotinamide,
2. Certain factors affecting the preparation of the nicotinamide

haemochromes have been considered,
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3+ The absorption curves of the nicotinamide haemochromes from
haemin aﬁd haemoglobin have been compared directly using their respects
ive iron concentrations as the basis of comparison, The results showed
that the two curveé are approximately the same,

Le The use of an instrument which transmits a broad spectral band,
for reading the colour of the nicotinamide haemochrome solutions, has

been recommended, to minimize the error in reading the peaks of the

curve,




SECTION C » PROPOSED METHOD FOR THE ESTIMATION OF TOTAL HAEM PIGMENT

PRELIMINARY CONSIDERATIONS

This method, which arose from a study of the absorption curves of
the nicotinamide haemochromes, essentially compares the colours of the

pigments prepared from haemin and blood (whose total haem pigment is

to be measured). in a photoelectric colerimeter which has a bread specte

ral band, Before an outline of the method is given, certain factors

governing the preparation of the haemin standard are considered,

Preparation of the Haemin Stapdard

‘The nicotinamide haemoéhféﬁe from haemin, utilized as the standard
in this précedure, was prepared from a solution of crystalline haemin

in sodium.hydroxide (alkaline haematin), Although Clegg and King (1942)
found that a solution.of alkaline haematin was stable for nine monﬁhs,
Horecker (1946) observed that a solution of alkaline haematin prepared
from N/10 borate buffer pH 9.4 was even more stable, and had the further
advantage that it would not react appreciably with glass, King (1947)

investigated Horecker's claims and found them te be fully sﬁbstantiated.

It was decided therefére to test this borate buffer in the preparation

~of alkaline haematin solution,

Use of ngmin, Stabilized by Borate, in the Pregaration'og the

Nicotinamide Haemochrome

Following Horecker, a standard haemin solution was prepared using

a borate buffer., Thirty mg. of haemin were made up to 1 litre with




TABLE IV
THE POSITION OF THE ABSORPTION BANDS IN
THE HARTRIDGE REVERSION SPECTROSCOPE OF
THE NICOTINAMIDE HAEMOGCHROMES FROM HAEM.
GLOBIN, HAEMIN IN NaOH, AND HAEMIN IN

' BORATE BUFFER

. N DLl Sl M o
Nicotinamide Wavelength in A
Haemochrome _ . .

Source ‘Alpha Barnd |  Beta Band
Haemogiobin - 5637 o 5298
Haemin in NaOH | 5635 5301
Haemin in

Borate Buffer 5508 5234

L5




Sorenson's borate buffer pH 9.4 (900 ml, of 0,05 M borax plus 100 ml,

of N/10 sodium hydroxide), Howeﬁer, from observations made with the

Hartridge reversion specfroscope, it was apparent that when the nicos

£inamide haemochrome was prepared from the haemin in borate buffer
solution, the absorption bands were shifted toward the blue end of the
spectrum, The absorption bands.of the nicotinamide“haeﬁochromes pre-
pared'from-haeminain N/10 sodium hydroxide, on: the-other hand, were in

almost identical positions with the bands of the nicotinamide haemos

chromes from haemoglobin (Table IV),
As a result of these-bbservations, it was clear that borate could
not be used and therefore it was decided to .employ freshly.prepared

solutions of the haemin whenever a standard was required,
THE. PROPOSED METHOD
As a result of the work previously carried out, thé following method

was déveloped to estimate the total haem pigment of a sample of blood,

Pgepgratigg3of‘the1Test;Soint;on

Samples of oxalated-whole blood were diluted 1 in 200 with N/10
sodium hydroxide to. form denatured globin haemichrome., This was well
shaken to ensure adequate mixing. . To 20 ml, of this solution a knife=

point of sodium“dithionite”was:added, and the flask gently rotated until

it had all dissolved, One ml, of a LO per cent solution of nicotina=
mide was then added and thirty=five minutes allowed to elapse before the

deep rose colour of the resultant nicotinamide haemochrome was read,
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sodium,hydroxide te form alkaline héemating This was shaken well and

allowed to stand until all of the haemin had:dissolved.. The solution
was made up to 1 litre with more N/10 sodium hydroxide.' To.20 ml, of
this solution, a knifee~point of sodium dithionite was added, followed
by the addition of 1 ml,. of a 40 per“ceﬁt_nicetinamide.solution. After
waiting thirty-five minutes-the colour of this solution was: determined,
The haemin waS'énalyzed.for iron as follows, Thirty mg., of haemin
were dissolved in N/10 sodium hydroxide and the solﬁtion'made up to
250 ml, with more alkali, Five ml, of this alkaline haematin solution
were pipetted into a 1l5=ml, volumetric flask, and its iron content

determined by the alpha alpha' dipyridyl method (See Part I),

Reading of the Solutior

The optical densities of the test and standard solutions were read

in the Hilger absorptiometer using a green filter,

Calculation
| ‘vSinée»the iron content of the haemin was 8,15 pér cent, the haemow
globin equivalent of the standard solution was 0,245 mg, per cent (the
alkaline haematin solution contained 30 mg., per litre),

Since the blood in the test solution was diluted 1 in 200, and
since the iron content of total haem pigment is 0,340 mg. per cent
(Bernhart and Skeggs, 1943) the total haem pigment content of the blood

(in grams per 100 ml,) is expressed as:
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Dt 4 0.245x200 L 100

Dg - 1000 0,355
or Dy ok

Ds
vwhere Dy and Dg are respectively the optical densities of the test and
standard solutions,
An-example follows:
Optical density of the test solution (prepared in duplicate)
(1) Dy = 75.5 |
(11) Dy = 759
Mean Dy = 75¢7
Optical density of the standard
Dg & 69,0

Total haem pigment & %‘3‘% x lhel 2 15,8 mg, per 100 ml, blood

SUMMARY

1; The use of alkaline haematin, prepared with a borate buffer,
has been'fqund to be-unsatisfactory'fcr.the preparation of the standard
nicotinamide haemochrome solution since the absorption bands of the
pigment are shifted toward the blue end of the spectrum,

2. A newmethod for the estimation of total haem pigment, which
compares5the colours of the nicotinamide haemochromes from haemin and

blood, has been outlined,




SECTION D - AN EVALUATION OF THE PROPOSED METHOD

INTRODUCTION

In order to assess the value of the nicotinamide haemochrome method
for the estimation of total haem pigment, the method was used to estimate
the haem pigment content in a sample of blood of known total haem pige

ment concentration. The known haem pigment content of blood was deterw

mined'by‘employing:twb?diffenent'methods“@-,one, a fuﬁdamental,method

and the other, a colorimetric procedure; They were respectively ==~
1, The method of iron analysis,

2, The cyan haematin method,

1. USE OF IRON ANALYSIS TO ESTIMATE THE KNOWN

TOTAL HAEM PIGMENT OF BLOOD

By analysis, the iron concentration, and hence the total haem pigw
ment'hontent, of blood samples was determined, Employing the newly~
proposed nicotinamide. haemochrome method, the total haem pigment was

again estimated on the same'blood.samples. . The results were compared

and . correlated,

Procedure

.Freéh Samples of whole blood were used, The iron analyses were made

using'the alpha alpha' dipyridyl method, (with 0.1 ml, of blood), Know-
_ing that haemoglobin 6ontainsv0.3h0 per cent iron (Bernhart and Skeggs,
19&3), the.total haem pigment.of the blood was calculateds

The nicétinamidevhaemochromes were prepared from the same specimens
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of blood and from haemin as described above and employed in the deter=

mination of the total haem pigment,

Results

The results of a series of nine samples of blood are recorded in
Table V, There is good agreement between the results of the total haem
’pigment”obtained from the two independent'méthods on the same samples,
The mean,value,ofvthe ratie;of the two methods is 1,02, The coefficient

6f variation is 1,96 per cent,

Conclusions

o Siﬁéé’the method of iron analysis is an»absolute one, it makes a
good standard by which to evaluate the nicotinamide method. The wide
range of the individual values, and the close agreement.obserﬁed in -each

case indicates that the method is applicable to all types of blood,

2, USE OF CYAN.HAEMATIN METHOD TO ESTIMATE THE
" KNOWN TOTAL HAEM PIGMENT OF BLOOD
The cyan~haematin method of King and Gilchrist (19h7) is widely
used at the present time in laborétories for the routine determination
of total haem pigment, and although it has its drawbacks, it is reported
to be one of the most accurate of the rapid and relatively simple

colorimetric methods. Heﬁce it was used to éstimate_the-known total haem

pigment of blood samples, which were then analyzed by the nicotinamide

method,




TABLE V

A COMPARISON OF THE NICOTINAMIDE HAEMOCHROME METHOD

AND IRON ANALYSIS FOR THE ESTIMATION OF TOTAL HAEM

PIGMENT

51

Blood My Content (gn./100 ml. blood) Ratio
»s‘-i‘mple " By IronAAnglysis. - -.iBy..Nicotigamiae Method ffé‘/xkv
1 111 11.3 1,02
2 16,5 16,3 99
3 13,1 13,7 1,05
L 16,0 15,8 +99
5 12.4 12,5 1,01

| 6 12,6 12,6 1,00
7 9.7 9.9 1,02
8 12.8 13,0 1,02
9 L8 5.0 1,04
Méan . ° o 1,02

Standard Deviation o o o 02
Coefficient of Variation . « o 1e96%
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Procedure

The cyan~haematins were prepared following the procedure given by
King and Gilchrist (1947). Specimens of oxalated whole blood were
diluted 1 in 15 with N/10 hydrqchloric acid with whiech if was well mixed,
After about ten minutes, the time allowed for the transformation of hae~
moglobin into acid haematin, 4 volumes of 5 per cent sodium cyanide were
added and the solution made up to 20 volumes with water. After mixing
-thoroughly, the bright.red éyan—haematinlsolution was read in the Hilger
absorptiometer, using a green filter, and compared with thé standafd
solution, |

The standard solution was preﬁared~by‘adding an éccurately5weighed
30 mg, sample of crystaliine”haemin (the same haemin sample used in the
preparation of the nicotinémide'haeméchrome standard) to 200 ml, of 5
per cent’sodium cyanide in a litré'flask.n Water was added until ﬁhe
flask was nearly full and thé mixture left at room temperature, with
occasional shaking until the haemin was all dissolved, Water was then
added to the mark,

The.total.haem-pigmént'of the blood sample‘waS'deterﬁined‘by using
the célculation_outlined'fbr nicotinamide:method. From the optiéal
densities, Dy and Dg, of the test and standard solutions respectively,

the total haem pigment content is

Dt 14,
Tx'hh

The newly proposed nicotinamide haemochrome method was now used
to estimate the total haem pigment of the same specimens.of blood, and

the results obtained were compared with those obtained from the




TABLE VI
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A COMPARISON OF THE NICOTINAMIDE HAEMOCHROME AND CYAN.

HAEMATIN METHODS FOR THE ESTIMATION OF TOTAL

HAEM PIGMENT

Bloed Hy, Content (gﬁ;/lOOfml.,Elood)v. _ ’;Rati°
Sample By Gyan—iaematin'ﬁbthed' ‘By Nicotingmide Method { B/A

1 156 | 151 9T
2 14,7 14,8 1,01
3 147 14e6 «99
L 15.4 1546 1,01
5 15,7 15,3 97
6 16,2 , 16,0 99
7 907 949 1,02
8 15.7 : 15.4 «98
9 1643 16,0 098
10 14,1 14,1 1,00
11 14,7 14,6 «99
12 14,2 14,0 099
13 13,3 - 13,2 «99
14 13,2 13.4 1.02
15 8,2 8,9 1.09
16 12,7 . 13,0 1,02
Mean 1,00

Standard Deviation 0283

Coefficient Variation 2,83%
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cyan-haematin method,

Results
The results of the estimation of the total haem pigment of sixteen

samples of blood as determined by the cyanshaematin method and the
nicotinamide haemochrome method are shown in Table VI, The individual

results of the two methods are in goed agreemént. .Tﬁe méan~0f-the ratio

of the results of the two methods is 1,00, and the éoefficient of variae

tion is 2,83 per cent,

Conclusions

- Although the~cyanahgematin méthod is not a fundamental one, yet,
its relative accuracy makes it a reasonably good yardastick'with"which
to judgé the nicotinamide haemochrome method, Besides yielding reliable
results, the nicotinaﬁide:mathod,tlike:the cyan=haematin procedure, is
rapid and simple and hence a large.number.of determinations can be carried

out in a relatively short time,

SUMMARY

1. The total haem pigment of blood samples has bsen determined by
the nicoﬁinamide method and compared to the total haem pigment estimated

by - (i) iron analysis

(ii) the cyan-haematin method,
2, The results obtained with the proposed nicotinamide haemochrome

method afevin good agreement with those obtained with the two above

methods,




SECTION E ~ SUMMARY AND CONCLUSIONS

It was apparent from a survey of the existing methods for the
estimétion.of total haem pigment that there was a need for a new method
which would be suitable for a routine'serieS'of observations, The use
of nicotinamide as a reagent in develeping such a method arose from a
consideration of the nicotinamide haemochromes and haemichromes,
Foilowing the usual procedure for a study of this kind, these pigments
ﬁere investigated in the reversion spectroscope and the spectrophotos
meter,

The reversion spegtroscope showed that the absorption bands of the
nicotinamide haemochrome prepared from haemoglobin and~from haemin were
in the same position. Since the corresponding nicotinamide haemichromes
showed no absorption bands in the reversion spectroscope, this instrue
ment was not used for study of these pigments,

Using the spectrophotometer,:it'waStfouﬁd that the absorption
' spectraxof:the*nicotinamide”haemechromes:ffom~haemoglobin and haemin
were very similar. This observation was also made in the case of the
nicotinamide"haemichfomes:from'haemoglobin.andahaemin..”Not,only did
the maxima and minima occur at the same wave lengths, but the curves in
general resembled each other in shape, |

By plotting the specific_exxinction:coeffibient_against the wave
length; the absorption curves could be compared directly, It could thus
be seen whether one mg. of iron in the haemin solution was éxactly the
equivalent of one‘mg. of iren in the haemoglobin sclution, at all wave

lengthsgy
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Preliminary experiments had shown that the nicotinamide haemichrome
from haemin gave more colour, iron for iron than the corresponding
haemichrome from haemoglobin, Hence this compariéon:of'the specific
éxtinction coefficients was carfied out only with the nicotinamide
haemochromes, -

Using the Beckman spectrophotometer, an instrument which transmits
a narrOW'spectral‘band,-it;wasrobservéd'that,the gﬁéeific extinction
coefficients, and hence the absorption curves, of the nicotinamide-
haemochromes wefé not'identical.at-éll.wave~lengths. Around the positions
of the peaks the nicotinamide haemochrome from haemin gave more colour
than the corresponding compound from haemoglobin, At other wave lengths,
however, the agreement was. good,

These difficulties were largely overcome, by the use of an instrus
ment‘ﬁhich transmitﬁed a bread‘spectralzband; It proved to give better
~overall agreement between the nicotinamide haembchromes from haemin and
haemoglobin, iron for iron,

Following.the:procedu;e'outlinedffor«the pyridine. haemochrome method,
a method for the estimatioﬂ~of total heem pigment employing the nicow
~ tinamide haemochrome was devised. Using crystalline haemin, of known
iron content, as the standard, the nicotinamide'haemocﬁ§ome.solutions
prepared from it and from haemoglobin were @ompared~colorimetrically
in an instrument with a-broad”spectralsband,’usingnanhappropriate,filter.
The ﬁse of such an instrument for reading the colour of the nicotinamide
haemochromes was thought to be justified since instruments of this type

are commonly employed in routine laboratories where this methed would be
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of greatest value,

Using this method, the total haem pigment éf different samples of
blood was estimated. The results obtained therefrom were compared to
those obtained with reliable and widely-used methods on the same.blood
samples,

The,tota1 haem pigment concentration as estimated by the nicotinae
mide;ﬁethod,onua series of different blood samples agreed very closely
with the known value .as determined by iron analysis,

Comparing the new method with the cyan<haematin method (one of the
less accurate but-more:rapid colorimetric:procedures)“the~re§u1ts of the
twb'independent'deterndnatioﬁs:again;showed.goodtagréement;;xThe:ratios
of the'tﬁo_results-for-each sample of-blood.were calculated aﬁd,the average
valﬁe was found to be unity,.

From these results it was concluded that the nicotinamide method
is a reliable means of estimating:total;haemcpigment,fprcvi&ed4that'én
instrument;withba'broad“spectral”band"(theptype“widelyvused‘iniroutine
laboratories) is employed, :The‘methodiis:relativelyfqﬁick and simple to
perform. It requires"thenusé'of nicotinamide, an'inexpensivé,rodourless,
and non~tb$ic reagent, It yields results which agree closely with the

‘known values-as'estimate&-by;a fundamental method,. and which also compare -
favourably with one éf'the:widely@used‘routine‘procedures. Moreover, it
ié equally applicable to anaemic as well as to normal bloods.

This method should be of special value for the routine.estimation
of toﬁal haem pigment in a clinical laboratory, where avlarge.number of

determinations are carried out daily,.




SUMMARY

1, The absorption curves of the nicotinamide haemochrome when
prepared'(i) from haemoglobin énd (ii) from haemin'show¢d a striking
similarity when compared on the baéis of unit concentration, showing
that a mg, of iron in the haemoglobin solution was almost the equivae
lent of a mg., of iron in the haemin solution.

2, Using crystalline haemin as a standard it has been shown that
the total haem pigment of a blood sample may be determined by the
nicotinamide-haemochrome-msthod with sufficient accuracy for routine
purposes (as evaluated by reliable methods),

3. Other advantages of nicotinamide.(its nonstoxicity, inexpensive=
rness, and-lack of odour) all seemed to indicate that as a.metho& the

- nicotinamide haemochrome procedure is better for routine purposes'than

presenteday colorimetric procedures,
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