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The paper presents an empirical study of the concentration capacity of
the focal three haemoglobin derivatives in human blood. All investigators
powerfully recommended the huge warranty of any given banked blood
carboxyhaemoglobin and/or methmoglobin concentration, particulafly in
the critical cases, for the reason that it causes greater tissue hypoxia than
an equivalent reduction in haemoglobin content caused by anemia.

The significance of this paper can be viewed from the straight compu-
terized attitude of the most imperative haemoglobin derivatives, implicitly;
oxyhaemoglobin, and it is necessarily frisky in the human blood to put up
with or decline the donated newly picked and/or banked blood.

The attentiveness was determined by determining the optical density of
each sample for burning up (oxyhaemoglobin, methemoglobin, and car-
boxyhaemoglobin) using a computerized technique, which gives a direct
extent of the optical density as a purpose of the encoded wavelength. The
linear affiliation flanked by the optical density and the extinction coefficient
at each wavelength to each derivative was utilized for manipulate the
attentiveness of the different haemoglobin derivatives in each geared up
sample. The Fortran urbanised JJB4 computer program was applied to
resolve the linear equations holding three unknown attentivenesses and to
find out by a least squares technique the best fit account of the reliance of
the optical density of each class on its molar extinction coefficient and the
attentivenesses of the various classes.

INTRODUCTION

Many human beings have been reported in the wide-reaching hospitals due to
the oxyhemoglobin lack in the fresh or banked donated blood for urgent human
cases in areas devastated by war or natural disasters. The unestimated high
attentiveness of the methemoglobin and/or the attentiveness of the car-
boxyhaemoglobin, as well as the low attentiveness of the oxyhaemoglobin played
their negative consequence in the responding course of action in emergency cases.

A direct and to the point authorization decision to agree to or discard the
donated blood for the blood bank or to nontoxicize the mentioned urgent human
case, should go right through analytical course of action in the laboratory by an
expert technician to account the exact haemoglobin work of art in the blood check
out, over and above the other essential assessments. The proportion of the
oxyhaemoglobin should not be less than eighty to eighty-five or more for
satisfactorily authorizing the injection in the required person’s vein.

The appendence of the required fraction of oxyhaemoglobin in the fresh or
banked blood is an essential quantity, which should be projected truthfully before
supplementation progression for any required enduring.
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Essentially, the physicians commonly depend on the oxyhemoglobin dissoci-
ation curve depicting the relation flanked by the oxygen saturation or content of
haemoglobin and the oxygen tension at equilibrium” 2

The general practitioner might use the present straight investigation more
willingly than going with the regular long and complicated route, all through the
Py, studying process. The Ps, is inversely connected to the binding affinity of
haemoglobin for oxygen, can be estimated by measuring the oxygen saturation
of blood equilibrated to various levels of oxygen tension, correcting the standard
conditions (37°C, 7.4 pH, and carbon dioxide tension of 40 mm (Hg), and fitting
the results to a straight line in logarithmic form to resolve for Ps,. The follow-on
standard Psg, normally 26.3 mm Hg in adults at sea level is useful in detecting
abnormalities in the affinity of haemoglobin for oxygen resulting from
haemoglobin variants or from disease. Though, the important physiological
belongings are determined by the in vivo Psy, which changes briskly in response
to body temperature, carbon dioxide tension and pH. Ir vivo P, can be predictable

from typical Py, by applying appropriate corrections to the Hill equation® * or by

using computer subroutine’. According to the present direct measurement the
general practitioner can make a quick evaluation in this incident about his
enduring.

What’s more, the transfusion of fresh or banked blood taken from other people
may possibly result in hemolytic reaction, allergic reaction, circulating overloads
and embolism, citrate toxicity and coagulation disturbances. It may also resultin the
transfer of virus infection and bacterial infection, Hepatitis B, human im-
munodeficiency virus, and cytomegalo viruses. All of these sensitive and signifi-
cant investigations should be fulfilled prior to the fresh or banked blood transfusion
process. In spite of all of these safety measures, a rapid computerized investigation
should be completed for haemoglobin imitative tentativeness before the authoriza- -
tion of blood transfusion process. This is to be certain about the oxyhaemoglobin
content, particularly for the banked blood, due to the general three-week shelf life.

Moreover, the contemporary work establishes a very well built enhancemet to
the recognition criteria for natural blood alternate, which has been recognized by
the National Research Council (US) in 1963.° )

In conclusion, revolutionary steps for the betterment of the extracted oxy-
haemoglobin from the natural banked blood have been attempted in this work by
adding together antioxidants for fortification against thermal and optical belong-
ings. This precious way out could be used to get ready the artificial blood
alternate. Explicitly, liposome encapsulated haemoglobin (LEH), by capsulation
in synthetic membranes, and at your convenience, is a very visible blood alternate.

The last straw of this paper is to cultivate reliable and fast-computerized optical
recommendation coherent with the serialization related to the supporting blood
tribulations, comprehensively, attentiveness of the oxyhaemoglobin. What is
more, additives were added to the extracted oxyhaemoglobin from endowment
blood in order to incarcerate the easily damageable period of this derivative, and
to use in LEH research. The other extreme is to establish the underlying three
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wavelengths to end with a direct computerized optical method for hemoglobin
imitative attentiveness. Finally, set up a base line to compensate for a fibre optics
performance taking into consideration the advantageously strong-minded set of
wavelengths in this manuscript.

EXPERIMENTAL

The complete haemoglobin attentiveness (C,) was intended after diluting the
concentrated substance with the reagent solution. The reagent was freshly
prepared by dissolving 200 mg of K;Fe(CN)¢, 50 mg of KCN, and 140 mg of
KH,PO, in distilled deionized water and made up to one litre, the pH was adjusted
to 7.4 and the solution kept in brown borosilicate container. The molar attentive-
ness was determined using the equation:

C.=[(OD -F)/(e - L)] , (0]

where F is the dilution factor (220 : 1), OD is the optical density at 540 nm; € is
the value of the quarter millimolar extinction coefficient of haemoglobincyanide
at the wavelength 540 nm which equals 11.5 L/mmol cm and L is the light path,
equal to 1.00 cm. The dilution factor was adjusted with the optical density, which
is about 0.435 acceptable to keep the inaccuracy in C, at a minimum.

The resolute RBC was diluted to different concentrations in turn to identify
thé optimal concentration range for spectrophotometric assay. Fig. 1 shows the
typical absorption spectrum of red blood cell. Fig. 2 shows the typical absorption
spectrum of oxyhaemoglobin (OxyHb); this spectrum was reproducible in the
comparable concentration range. Fig. 3 shows the typical absorption spectrum of
red blood cell methemoglobin (HiHb), while Fig. 4 shows the typical spectrum
of red blood /cell caboxyhaemoglobin (CoHb). Figs. 2—4 show that the three
derivatives of haemoglobin in the red blood cell have distinctly dissimilar
absorption spectra; these spectra make possible precise identification of these
derivatives using the illustrate technique, guaranteed in the judgment with
determination computer ‘outcome.

Analytical Techniques

Analysis and description of the fresh or banked blood spectra were conducted
using computerized integrating sphere spectrophotometer. The optical densities
were deliberate for the following wavelengths: (542.0-576.0 nm) two peaks,
(500.0-630.0 nm) two peaks and (539.0-569.0 nm) also two peaks; these are |
matching to the primary haemoglobin derivatives, to be precise, oxyhaemoglobin,
methemoglobin and carboxyhaemoglin. On the other side the extinction coeffi-
cient at every wavelength considered conditional on Van Assendleft calculations
for human blood, (14.37-15.90 L/mmol-cm), (9.04-3.07 I/mmol-cm) and (14.60-
14.31 L/mmol-cm) correspondingly. Each wavelength was utilized for calculating
the attentiveness of the separate haemoglobin derivatives in the blood samples.
The Fotran urbanized JJB4 computer program was used- to solve the linear
equations containing three unknowns (the concentrations of oxyhaemoglobin,
methemoglobin and carboxyhaemoglobin) and to decide by a least squares
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technique the most excellent fit telling the dependence of the optical density on
the molar extinction coefficent and on the concentration of the various species.
This approach is known as the singular value decomposition (SVD). The equation
for each wavelength is presented as follows: :

OD(MAy) = €11C; +€1,C; +€13C3 )]
OD(Ay) = €3,C; +€Cs + €23Cs (3)
OD(A;3) = €31C; + €3,Cs + €55C4 “

OD is the optical density at the exact wavelength A, € is the matching molar
extinction coefficient of oxyhaemoglobin, methemoglobin and carboxyhaemo-
globin respectively and C;, C, and C; are their attentivenesses. First and foremost
of the computer program include the visible light wavelength (400-700 nm) with
the matching values of the molar extinction coefficients working to end with the
exact attentiveness of every haemoglobin derivative content at the two peaks of
exact wavelengths.

RESULTS AND DISCUSSION

Fig. 1 shows the spectrum of whole red blood, which is differentiating by two
separate peaks at 542 nm and at 576 nm. The spectra of the entire RBC blood
consist of haemoglobin and its derivatives.
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Fig. 1. Absorption spectrum of (RBC)

In the present work the center of attention is on merely the three focal
derivatives that are oxyhaemoglobin, methemoglobin and carboxyhaemoglobin.
Fig. 2 display the spectrum of the fundamental haemoglobin derivatives (OxyHb).

Contrast of the two figures verifies that the human whole RBC blood was
bright and not oxidized, over the above that the spectra modified at their peaks
wave length with there maximum optical density values. These two figures denote
for the accepted fresh or banked blood.

Fig. 3. illustrates the spectrum of methemoglobin, this derivative has two
separate peaks at 500 nm and 630 nm; these are differing from the peaks of
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Fig.2. Absorption spectrum of oxyhemoglobin (OxyHb).
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Fig. 3. Absorption spectrum of methemoglobin (HiHb).

oxyhaemoglobin, over and above their separate maximal optical density values.
Fig. 3 stands for the first discarded case, in which the key amount of oxy-
haemoglobin is converted to methemoglobin. Degradation of oxyhaemoglobin to
" methemoglobin is obvious throughout the changing in both the maximum optical
density and the two peak wavelength values.

Fig. 4. illustrates the spectrum of carboxyhaemoglobin with two separate peaks
at 539 nm and at 569 nm, which is only slightly shifted from the spectrum of
oxyhaemoglobin, in addition to their different maximum optical density values.
This is the second discarded case, which is confirming the conversion and
degradation process of oxyhaemoglobin to carboxyhaemoglobin. These figures
form the base line for relationship and categorization of the fresh or banked blood.

Most of the investigated bloods are one week old passed the computerized
test. The Fortran urbanized JJB4 computer program utilized to resolve results
throughout solving the set of equations, depending on the integrating sphere
specrophotometric measurement of optical densities, which corroborate and
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Fig. 4. Typical absorption spectrum of carboxyherhoglobin (CoHb).

improve the accepted and commonly used procedure for the analysis of biochem-
ical sample®. In the present work extinction coefficient data depending on Van
Assendleft tables has been considered’.

The other recommendation in this paper is, extracting route of the oxyhemo-
globin from the banked blood after the first ten days of storing and treating with
additives, such as ascorbic acid and alfa-tocoferol, in order to improve the storing
period and protection against thermal and optical effects. In this case freezing the
two technique is highly recommended, to save the extracted haemoglobin for long
period the consequences in this work endow -with, the expired period moves
toward three months, which will be advantageous in capsulation of the purely
extracted oxyhaemoglobin in what we called synthetic blood, using the liposome
encapsulated haemoglobin technique, which is strongly recommended, on top of
the natural blood alternatives®. Finally, the consequences of investigations in the
present work powerfully point toward the convenience of using freshly donated
blood, particularly in the serious cases, as an alternative of using of stored blood.

Conclusion

Computer analysis domino effects show an excellent reworked copy with the
spectrophotometer spectrum; clearly the appendance of oxyhaemoglobin is
reasonable, while the concentration of the other two species is very low in Figure
2, and in Figure 3 the concentration of methemglobin is very high, while the
concentration of the other two species is very low. Fig. 4 indicates strongly that
the concentration of carboxyhaemoglobin is very high, while the concentration
of the other two species is very low.

The investigations of the two-week stored blood samples show an increase in
both the concentration of methemoglobin and oxyhaemoglobin, while the con-
centration of oxyhaemoglobin is still acceptable but not for the heart patients and
in other serious diseases. The three-week stored blood shows from 30% to 40%
decreasing of the oxyhaemoglobin, while the increase in methemoglobin concen-
tration was very obvious. '
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The work of art in this investigation is to gauge the optical density of the .
geared up samples merely at three wavelengths corresponding to the well-known
spiky peaks of the key haemoglobin derivatives, as exemplified in Table-1.

TABLE-1
Hb derivative Peak wavelength Extinction Optical density
concentration (C,) >\ coefficient (€) oD
OxyHb C; 576 nm 15.91 L/mmol-cm To be measured
HiHb C; 630 nm 3.70 L/mmol-cm To be measured
CoHb C3 ' 569 nm '14.31 L/mmol-cm To be measured

More motivating reworked copy could be doing with taking into account a set
of six wavelengths as a replacement of three, as exemplified in Table-2.

TABLE-2
HB derivative Peak wave length Extinction Optical density
concentration (Cy) \) coefficient (€) oD
OxyHb C,; 542-576 nm 14.37-15.90 L/mmol-cm To be measured
HiHb C; 500-630 nm 9.04-3.70 L/mmol-cm To be measured
CoHb C3 539-569 nm 14.60-14.31 L/mmol-cm To be measured

Moreover, the regular strong indicator is changing of the pH of the mess-up
of tested bank blood samples, that could be done as a supplementary test®.

In conclusion, a three wavelength built-up piece of equipment possibly will
deliberate by means of three fibre optics performance, for the direct assessment
of haemoglobin in the blood.
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