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ABSTRACT   

Hemoglobin estimation by cyanmethemoglobin method was carried out in the present 

study. The intensity of the color  was  measured by  colorimeter and  autoanalyser. The  

samples were  collected from  St  Isabel’s  Hospital, Chennai and estimation of hemo-

globin was done in autoanalyser. The remaining sample was transported to Loyola 

Health Centre, Chennai and then estimation of hemoglobin was performed with color-

imeter. The readings obtained from colorimeter and autoanalyser  processed statisti-

cally and was compared. Results indicates the insignificant variation between the au-

toanalyser and colorimeter for  estimation of Hemoglobin respectively. Autoanalyser 

detects more anemic cases than colorimetric method. However, in resource poor con-

dition where laboratory cannot afford expensive autoanalyser, colorimeter can be 

used as a suitable alternative. 
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1.0 INTRODUCTION 

Hemoglobin is a conjugated protein present in red 

blood cells. Haemoglobin consists of two components

– haem (iron-protoporphyrin) and globin (amino acid 

chains). After the normal life span of the red blood 

cells is over (120 days), the red blood cells are de-

stroyed by the reticuloendotheilal cells and the com-

ponents of haemoglobin undergo metabolic degrada-

tion. The iron component of haem is recycled and 

used up again in hemoglobin synthesis. The globin 

brakes down into its constituent’s amino acids which 

are also recycled. The only component which cannot 

be recycled is protoporphyrin and it leads to the for-

mation of billirubin. 

1.1 SYNTHESIS 

Hemoglobin is synthesized in a complex series of 

steps. The heme part is synthesized in a series of step 

in the mitochondria and the cytosol of immature red 

blood cells, while the globin protein parts are synthe-

sized by ribosomes in the cytosol. Production of Hb 

continues in the cell throughout its early develop-

ment   from the proerythroblast to the reticulocyte in 

the bone marrow. At this point, the nucleus is lost in 

mammalian red blood cells, but not in birds and 

many other species. Even after the loss of the nucleus 

in mammals, residual ribosomal RNA allows further 

synthesis of Hb until the reticulocyte loss its RNA 

soon after entering the vasculature. 

1.2 STRUCTURE 

In  humans,  the  hemoglobin molecule  is an assem-

bly of  four globular  protein subunits. Each subunit 

is composed of a protein chain tightly associated 

with a non-protein heme group. Each protein chain 

arranges in to set of alpha- helix structural seg-

ments connected together in a globin fold arrange-
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ment, so called because this arrangement is the same 

folding modified used in other. 

In adult humans, the most common hemoglobin type 

is a tetramer called hemoglobin A. consisting of two α 

and two β subunits non-covalently bound, each made 

of 141 and 146 amino acid residues, respectively. 

This is denoted as αβ. The subunits are structurally 

similar and about the same size. Each subunit has a 

molecular weight of the tetramer of about 68,000 dal-

tons. Hemoglobin A is the most intensively studied of 

the hemoglobin molecules. The four polypeptide chain 

are bound to each other by salt bridges, hydrogen 

bonds, and hydrophobic interactions. There are two 

kinds of contacts between the α and β chains: α1β1 

and α2β2. 

Variations of Hemoglobin 

The variations of hemoglobin occur due to structural 

differences in the globin protein. These differences are 

genetically controlled. The normal hemoglobin com-

ponents are hemoglobin A (HbA), hemoglobin A2 

(HbA2), and  fetal  hemoglobin  (HbF).  HbA  consti-

tutes  most  of  the  hemoglobin  of  a  normal  adult  

while  HbA2 constitutes a much smaller amount. HbF 

is present during the first 4 to 6 months of life and not 

normally present in adults. Hemoglobin S and hemo-

globin C are the most commonly occurring abnormal 

hemoglobins. Others (D, E, H, etc.) are found in rare 

occurrences associated with several types of anemia. 

The various types of hemoglobin are separated by 

electrophoresis. 

1.3 FUNCTION 

The role of hemoglobin in the blood was elucidated by 

Physiologist Claude Bernard. Hemoglobin transports 

oxygen from the lungs to the rest of the body where it 

releases the oxygen for cell use. It also has variety of 

other role of gas transport and effect-modulation. 

Compounds of Hemoglobin 

Oxyhemoglobin: Oxygen combines loosely with iron 

(ferrous state) in hemoglobin. The loosely attached 

oxygen diffuses into the tissues for oxidative process-

es. The hemoglobin then binds carbon dioxide and 

exists as reduced hemoglobin. 

Carboxyhemoglobin: Hemoglobin combines with 

carbon monoxide to form carboxyhemoglobin. Carbon 

monoxide  has  an  affinity  200  times  greater  for  

hemoglobin  than  oxygen  does.  Hemoglobin  in  this 

combination is incapable of oxygen transport. 

Methamoglobin: This compound is formed when the 

ferrous state of the heme is oxidized to the ferric 

state. 

This compound is incapable of oxygen transport. 

Sulfhemoglobin: This compound results from the 

combination of inorganic sulfides and hemoglobin. 

This compound is incapable of oxygen transport. This 

is an irreversible reaction. 

Cyanmethemoglobin: This compound results when 

methemoglobin combines with the cyanide radical. 

This compound is used in hemoglobinometry. 

1.4 CLINICAL IMPORTANCE 

1.4.1 Low Haemoglobin 

A decrease in hemoglobin concentrations in blood be-

low normal values is a sign of anemia (Table 1.3). The 

Haemoglobin concentration  is lower  in adult wom-

en  as compared  to adult males. Haemoglobin val-

ues further drop during pregnancy due to haemodi-

lution. Children also have values lower than those 

seen in adult  males.  Anaemia,  defined  as  a  reduced  

haemoglobin  concentration,  is  associated  with  in-

creased perinatal  mortality,  increased  child  morbid-

ity  and  mortality,  impaired  mental  development,  

impaired immune competence, increased susceptibil-

ity to lead poisoning, and decreased performance at 

work (Dallman, 1990; Basta et al., 1979; Pollit E et 

al., 1989; Soewondo S et al., 1989). To identify the 

most likely cause of anaemia, such as low iron intake 

or infection, distribution curves of the haemoglobin 

concentration of different groups within a population 

can be compared. 

As absence of iron decreases heme synthesis, red 

blood in iron deficiency anemia are hypochromic 

(lacking the red hemoglobin pigment) and microcytic 

(smaller than normal). Macrocytic (increase in cell 

size) can also be seen, In hemolysis (accelerated 

breakdown of red blood cells), associated jaundice is 

caused by the hemoglobin metabolite bilirubin, and 

the circulating hemoglobin can cause renal failure. 

There are many reasons for anemia some of the most 

common causes are: 1. Loss of blood (traumatic, inju-

ry, surgery bleeding, colon cancer or stomach ulcer), 

2. Nutritional deficiency (iron, vitamin B12, folate), 3. 

Bone marrow problems (replacement of bone mar-

row), 4. Suppression by chemotherapy drugs by 
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cancer., 5. Kidney failure and abnormal haemoglobin 

(sickle cell anemia). 

Anemia  can  be  classified  in  a  variety  of  ways,  

based  on  the  morphology  of  RBCs,  underlying  etio-

logic, mechanisms, and discernible clinical spectra.  

Types of Anaemia: Drug induced immune haemolytic 

anaemia, Haemolytic anaemia due to G6PD deficiency, 

Idiopathic aplastic anaemia, Idiopathic autoimmune 

haemolytic anaemia, Immune haemolytic anaemia, 

Iron deficiency anaemia, Paraoxymal cold haemoglobi-

nuria.  

1.4.2 High Haemoglobin Elevated levels of hemo-

globin are associated with increased numbers or sizes 

of red blood cells, called polycythemia. This elevation  

may  be  caused  by  congenital heart disease,  pulmo-

nary  fibrosis,  too much erythropoietin,  or  polycy-

themia vera.  Defects in hemoglobin called  haemo-

globinopathies are  congenital diseases (sickle cell 

anemia). Such defects originate from the abnormali-

ties in the chemical structures of globin and its ami-

no acid sequence. The haemoglobinopathies– thalas-

saemias and abnormal haemoglobins – constitute a 

major burden of genetic diseases in India (Sujata Sin-

ha et al., 2004).  

Higher than normal haemoglobin levels can be seen in 

people living at high attitudes and in people who 

smoker,  dehydration  produces  falsely high haemo-

globin which disappears when proper fluid balance  

is restored. Some other infrequent causes are: Ad-

vanced lung disease (for eg emphysema), Certains tu-

mours, A disorder of the bone marrow know as poly-

cythemia rubra vera and abuse of the drug erythro-

poietin by athelets for blood dropping purposes, Con-

genital heart disease, Cor pulmonale, Pulmonary fibro-

sis, excess production of RBC in the bone marrows, 

Several other conditions. 

1.5 LABORATORY DIAGNOSIS 

The hemoglobin concentration is directly proportional 

to the oxygen-combining capacity of blood. Therefore, 

the measurement of the hemoglobin concentration in 

the blood is important as a screening test for diseases 

associated with anemia and for following the response 

of these diseases to treatment. Various method are 

available for hemoglobin estimation for example: 

Sahli or Acid Haematin Method: Haemoglobin (Hb) 

is converted to acid haematin by addition of 0.1 N Hy-

drochloric acid and the resulting brown colour is com-

pared with standard brown glass reference blocks. 

Alkali Haematin Method: Haemoglobin, methaemo-

globin, carboxyhaemoglobin and sulphaemoglobin are 

converted to alkaline haematin by addition of sodium 

hydroxide - a strong alkali. It forms a true solution and 

the brown colour can be read against comparable 

standards or in a colorimeter. Foetal haemoglobin and 

Hb- Barts are alkali-resistant, but can be converted 

by heating in a boiling water bath for 4 min. or by 

collecting the blood first in to acid and then adding 

alkali (acid alkali method).  

Haldanes Carboxyhaemoglobin Method: Haemoglo-

bin is converted to carboxyhaemoglobin (which is 

bright red in colour), by exposing it to carbon monox-

ide. It is a relatively accurate method but carbon mon-

oxide is dangerous. 

Oxyhaemoglobin Method: Haemoglobin is convert-

ed into oxyhaemoglobin by mixing blood with a dilute 

solution of sodium carbonate or ammonium hydrox-

ide. The intensity of the colour obtained is measured 

colorimetrically. It is a fast and accurate method, but 

traces of copper can give errors. 

Cyanmethaemoglobin Method.: Hb, Methaemoglo-

bin, Carboxyhaemoglobin but not sulphaemoglobin 

are converted to cyanmethaemoglobin when blood is 

diluted in a solution containing potassium cyanide 

and potassium ferricyanide. The absorbance of the 

solution is then measured in a photoelectric calorime-

ter at a wavelength of 540 mm or with a yellow-

green filter. Abnormal plasma proteins or a high 

leukocyte count may give erroneously high Hb con-

tent due to turbidity. The latter can be avoided by 

centrifuging the diluted sample. 

DHT meter (HMB.010; Developing Health Technol-

ogy, Ipswich, UK): This is based on the oxyhaemoglo-

bin method and has a direct readout of the haemoglo-

bin estimation. 

HemoCue (HemoCue AB-haemoglobin photometer; 

Angelholm, Sweden): The HemoCue® haemoglobin-

ometer measures haemoglobin concentration using 

light absorption technology. The Hb measurement  

performed  by  HemoCue  is  based  on  a  method  de-

scribed  by  Vanzetti.  The  sodium desoxicholate pre-

sent in the cuvette hemolyze red cells, and the free Hb 

is converted into methemoglobin by sodium nitrite. 

ISSN 2583-3936(Online)
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Then, methemoglobin is converted into azide-

methemoglobin by sodium azide. Transmitted light 

absorbance is measured at 565 and 880 nm to com-

pensate for any turbidity in the sample (Vanzetti, 

1966). The haemoglobin concentration is displayed in 

less than 45 seconds (Nicholls, 1990). 

Some advantages of this equipment are simplicity and 

speed in measuring Hb, requiring just a single drop of 

blood collected in a special cuvette. It is claimed by 

the manufacturer that the HemoCue is suitable for Hb 

estimation using capillary, venous and arterial blood 

samples. Previous evaluations of the HemoCue have 

revealed conflicting results, with some studies pre-

senting a good precision and accuracy of this equip-

ment, and others emphasizing the need of a better 

methodological control (Chen et al., 1992; Cogswell 

et al.,1998; Conway et al.,1998). 

Haemoglobin colour scale (Copack GmbH; Ost-

steinbek, Germany): A drop of undiluted blood is 

placed on specific chromatography paper and 

matched against a range of colours representing dif-

ferent haemoglobin values in 20 g/liter increments. 

The Lovibond comparator: (ECHO International 

Health Services Limited, Coulsden, Surrey, UK): 

This is the predominant method used in Malawian 

district hospitals and assessments were carried out 

using the equipment already in routine use. It is 

based on the oxyhaemoglobin method and involves 

matching the colour of the diluted blood sample 

with colours on a disc equivalent to known haemo-

globin values in 20 g/litre increments (Woodliff et 

al.,1966). 

A  simple, rapid  and cheap method for estimating 

haemoglobin concentration with a  finger prick 

blood sample, has been developed for use in re-

source-poor settings where there is no laboratory. 

The method relies on comparing the colour of a drop 

of blood absorbed onto a filter paper with standard 

colours on a laminated card, varying from pink to 

dark red. These colours correspond to haemoglobin 

levels of 4, 6, 8, 10, 12, and 14 g/dl. Intermediate 

shades can be identified, allowing haemoglobin levels 

to be judged to 1 g/dl. This is the only method cur-

rently available that is affordable for widespread pri-

mary care use by the most impoverished countries 

(Julia & Imelda, 2005). 

Haemoglobin Colour Scale (HCS) is simple and inex-

pensive device for providing a reliable indication of 

the presence and severity of anaemia would be of con-

siderable value in situations where laboratory based 

haemoglobinometry is not readily available. The sim-

plest method is to match the colour of a drop of blood 

on absorbent paper against a colour scale; however, 

previous devices of this type have been too unreliable 

to serve their intended purpose (Ingram & Lewis, 

2000). 

1.5.1 HEMOBLOGINOMETRY 

There are four basic ways to measure the hemo-

globin concentration:  (1) Measurement of the oxy-

gen- combining capacity of blood (gasometric), (2) 

Measurement of the iron content (chemical meth-

od),  (3) Colorimetric measurement of specific gravity 

(gravimetric method), (4) The cyanmethemoglobin 

method is the method of choice and is recommended 

by the Technical Subcommittee on Hemoglobinometry 

of the International Committee for Standardization in 

Hematology (ICSH). 

1.5.2 Cyanmethemoglobin Method 

Three advantages of the cyanmethemoglobin method 

are: 1.   Measures all forms of hemoglobin except 

sulfhemoglobin;  2.  Can be easily standardized 3. Cy-

anmethemoglobin reagent (also called Drabkin's solu-

tion) is very stable. 

Principle: Blood is diluted with a dilute solution of 

potassium ferricyanide and potassium cyanide at a 

slightly alkaline pH. The ferricyanide converts the he-

moglobin to methemoglobin. The cyanide then reacts 

with the methemoglobin to form the stable cyanme-

themoglobin. The color intensity is measured in a 

spectrophotometer at a wavelength of 540 mm. The 

optical density is proportional to the concentration of 

hemoglobin. 

1.5.3 COLORIMETER 

These  methods are  based on the  conversion  of  

haemoglobin to haemiglobincyanide. A  colorimeter, 

an instrument used in colorimeter refer to one of sev-

eral related devices in scientific field, the word gener-

ally refers to the device that measure the absorbance 

of particular wavelength of light by a specific solution. 

This is mostly used to determine the concentration of 

a know solute in a given solution by the application of 

the Beer lambert law, which states that the concentra-
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tion of a solute is proportional to the absorbance. 

1.5.4 AUTOMATED HAEMATOLOGY ANALYSER 

An automated analyzer is a medical laboratory in-

strument designed to measure different chemicals 

and other characteristics in a number of biological 

samples quickly, with minimal human assistance. This 

can involve placing test tubes of sample in to racks, 

which can be moved along a track, or inserting tubes 

in to circular carousels that rotate to make the sample 

available.  

Haematology analyser are used to perform complete 

blood counts, erythrocytes sedimentation rates 

(ESRs), or coagulation tests. Automated cell counters 

sample the blood, and quantify, classify, and describe 

cell populations using both electrical and optical tech-

niques, electrical analysis involves passing a dilute 

solution of the blood through an aperture across 

which an electrical current is flowing. The passage of 

cells through the current changes the impedence be-

tween the terminals. Haemoglobin measurement is 

the most commonly performed laboratory test world-

wide and is an essential component  of  any  health  

system.  In  sub-Saharan  Africa,  haemoglobin  estima-

tions  are  used  in  district hospitals for individual pa-

tient management, to guide transfusion practice, and 

in the management of antiretroviral therapy. Surveys 

of haemoglobin concentrations are also used as tools 

to provide public health data, such as nutritional sta-

tus, and to monitor malaria interventions. Despite the 

wide range of manual methods available for measur-

ing haemoglobin in developing countries, no single 

technique has emerged as the most appropriate for 

this setting. 

2.0 REVIEW OF LITERATURE 

Neville demonstrated a much lower correlation be-

tween the HemoCue® and laboratory haemoglobin 

measurements when nurse practitioners were using 

the device in a clinical setting compared with results 

obtained by trained laboratory personnel in the labor-

atory (Neville, 1987). 

(Chen et al., 1992) found the device to be very accu-

rate in an intensive care setting when using arterial or 

venous samples, but revealed a greater variance in 

capillary samples. They concluded that photometer 

values from capillary samples were not accurate 

enough to be used to guide therapeutic decisions. 

Comparative study of haemoglobin estimated by drab-

kin s and sahli’s methods. As photometer 4010 has the 

capability to do all the chemical analysis, separate 

photometer for Hb is not required in small laborato-

ries (Balasubramaniam & Malathi, 1992). 

Despite its advantages, the high recurrent costs will 

probably be a major disincentive for governments of 

poor countries to implement HemoCue at subdistrict 

levels where the burden of anaemia (Hudson et 

al.,1994). 

(Koul et al., 1995) presents the estimation of two 

important biochemical parameters –haemoglobin and 

glucose, quantitatively by a single chemical cell. The 

chemical cell has been so designed to be made of lay-

ers of cellulose matrix containing dry reagents sepa-

rated with a semipermeables membrane. The mem-

brane acts as a barrier to red cells and allows plasma 

to filter through it. This method provides a single step 

analysis of both parameters by reflectance photome-

tery having an integrated sphere attachment. 

In an ideal situation, transfusion would be based only 

on rapidly assessed laboratory measurements of hae-

moglobin concentration. In reality, however, it can 

take 30-45 min to get the results of a stat sample of 

blood analyzed for a haemoglobin concentration re-

turned from the laboratory. In many intraoperative 

situations, decisions have to be made much sooner. In 

a controlled laboratory setting, the HemoCue® is both 

reliable and valid, demonstrating its consistency in 

repeated sample measurements (Melanie et al., 

1996). 

According to Cogswell et al., 1998, the collection of 

capillary samples for the diagnosis of anemia and 

iron deficiency anemia is not appropriate, rather than 

an inadequacy of the HemoCue. It is important to 

point out that the measurements in capillary blood 

samples have been reported to be significantly higher 

than the corresponding values in venous samples 

(Daae et al., 1998). 

Elevated  Hb  levels  can  be  observed  in  polycy-

themic  patients  and  congenital  cyanotic  heart  dis-

eases. Estimation of  blood  Hb  concentration is as 

important as  an intial step  in the  detection of  

anaemia or erythrocytosis (Dessparis et al, 1999).  

Further studies are therefore needed to assess the 

benefits and disadvantages of using the HCS in specif-
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ic patient populations in high prevalence of rural are-

as. The aim of a device such as the HCS should be to 

improve identifications of anaemic individuals, and 

not to replace clinical examination, so it is important 

to investigate the most effective way of combining 

this approaches (Van et al., 1999). 

The study of the haemoglobin colour scale is simple, 

rapid and cheap method for estimating haemoglobin 

concentration with a finger prick biood sample, has 

been developed for use in resource – poor settings 

where there is no laboratory. The method relies on 

comparing the colour of a drop of blood absorbed on 

to a filter paper with standard colours on a laminated 

card (Kumar A et al., 1999). 

The method of choice for evaluating anaemia in re-

mote areas would be the HemoCue method to assess 

venous blood; our second choice would be the   He-

moCue assessment of capillary blood; our third 

choice would be to the direct cyanmethaemoglobin 

method of assessing capillary blood. These choices 

were made using the comparisons of the sensitivity 

and specificity of the different methods (Mayang Sari 

et al., 2001). 

Anaemia is a major health problem, in poor coun-

tries most of the cases are diagnosed clinically. HCS 

has been developed as an inexpensive, simple alterna-

tive for assessing anaemia (Mohanram et al.,2002). 

According to the study results, the HemoCue has a 

lower precision than the Cell Dyn 3000 for analyses 

of both blood samples. Similarly, some studies have 

also found a high variation between paired Hb meas-

urements obtained by the HemoCue when compared 

to a counter (Adriana et al., 2004). 

The HCS may improve anaemia diagnosis where there 

is no laboratory, but there is a need for policy relevant 

diagnostic research which is pragmatic, implementa-

tion-focused and assesses clinical outcomes. This re-

quires a different approach and research skill-mix 

from efficacy studies (Julia and Imelda, 2005). 

Anemic conditions in women and children across the 

world are a serious cause for concern.  Since, human 

interpretation errors are likely to creep in during the 

subjective processes involved with this method an 

artificial neural network (ANN) approach for the esti-

mation of haemoglobin count in human blood has 

been evaluated. The ANN used color-coded values of 

the samples as input and the Hb value, as obtained 

with the cyanmethaemoglobin method, as desired out-

put (Ranganathan & Gunasekaran, 2006). 

Kafil Aktar et al., 2008 suggested some better alter-

natives of haemoglobin estimation in blood donors in 

the Hemocue  photometer  method.  Measurement  of  

plasma  haemoglobin  is  useful  in  variety  of  clinical 

conditions. In the present study we have developed 

a kinetic method to estimate plasma haemoglobin by 

using o-tolidine. This method is sensitive, rapid, eco-

nomical, simple and less influenced by interfering sub-

stances. It measures plasma haemoglobin in the range 

of 6 to 400mg/L in less minutes and can be easily au-

tomated (Madhur & Anjan, 2009). 

Automated  cell  counter  costs  Rs.  50  per  sample  

for  hemoglobin  estimation,  while  cyanmethemoglo-

bin method performed manually costs less. Cost of 

Medonic Cell Counter is about Rs. 0.65 million, while 

cost of photometer 4010 is about Rs. 0.22 million.  As 

photometer 4010 has the capability to do all the 

chemical analysis, separate photometer for Hb is not 

required in small laboratories. Automated estimation 

is feasible, but should be carried out, when the whole 

blood picture and red cell indices are required 

(Balasubramaniam & Malathi, 1992). 

In the Drabkin's Hb estimation method, Hb is oxidised 

to methemoglobin by potassium ferricyanide, which 

reacts with cyanide ions of potassium cyanide to 

form cyanmethemoglobin. The Hb is estimated with 

the help of cyanmethemoglobin curve. The ad-

vantages of this method are i) error  due to subjec-

tive visual matching is avoided as spectrophotometer 

is used and hence reading is precise and reliable, ii) 

measures all forms of Hb except sulphaemoglobin, iii) 

single step procedure using single reagent, iv) cy-

anmethemoglobin formed produces broad absorbent 

band at 530nm and v) good stable Hb standards are 

available (Waqar Azim et al., 2002). 

2.1 AIM & OBJECTIVE OF THE PRESENT STUDY In 

the light of earlier literature, it was felt essential to 

evaluate the estimation methods of hemoglobin. 

Hence the  present  attempt  was  made:  To  adopt  

cyanmethemoglobin  method  for  hemoglobin  estima-

tion.  To compare the results obtained Colorimetric 

and Autoanalyser measurement. To assess the hemo-

globin estimation with 354 samples in order to deter-
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mine the sensitivity and accuracy of Colorimetric 

method (CM) with Autoanalyser method (AM). 

3.0 MATERIALS AND METHOD  

To identify a method for measuring haemoglobin that 

was simple, accurate, fast, and cheap and required 

minimal training and supervision that could be used 

in district hospital laboratories the present study was 

planed. Our study assessed the effectiveness and man-

agerial aspects, of autoanalyser and colorimeter for 

measuring haemoglobin by cyanmethemoglobin in 

routine practice in a typical Loyola College Health 

Centre, Chennai against criteria predetermined by St 

Isabels Hospital, Chennai. The present study was con-

ducted in Loyola Health Center, Loyola College, Chen-

nai 600 034(Table 3.1). The study group included 355 

patients. Blood specimens were collected in 5ml Eth-

ylenediaminetetra-acetic acid (EDTA) tubes from 354 

outpatients and inpatients of St. Isabals Hospital, 

Chennai (Table 3.2) then transported to Loyola Health 

Centre, Chennai. 

3.1 MATERIALS REQUIRED: Test tube, Syringes, 

Tourniquet, Micropipettes, Test tube stand, Eppendrof 

tube, Colorimeter, Automated analyzer, Cotton, Surgi-

cal spirit. 

3.1.1 REAGENT REQUIRED: Drabkins Reagent 

(Cyanmethaemoglobin solution), EDTA, Cyanmethae-

moglobin Standard, All commercially available. 

3.2 COLLECTION OF SAMPLE 

All things required for blood collection was assem-

bled. The container was labeled with patient’s identi-

fication number. The tourniquet was tied just above 

the elbow and the puncture area was selected. The 

skin was disinfected with 70% alcohol and the site of 

vein puncture was rubbed thoroughly. The needle 

was firmly and steadily injected to the center of the 

vein of a depth of 1.5 cm. After collecting required 

amount of blood the tourniquet was released. The 

swab of cotton wool was placed over the hidden 

point of the needle and it was gently withdrawn. The 

needle was removed from the syringe and the blood 

was expelled in to the test tube. 

3.3 HAEMOGLOBIN ESTIMATION (CYANMET-

HAEMOGLOBIN METHOD) 

Label the test tube as blank (B), test (T), standard(S). 

Pipette 5ml and 2.5 ml of cyanmethaemoglobin rea-

gent in to the marked test tubes. Correct volume is 

not important in case of the blank (B). Hence, while 

setting the automated dispenser, use the blank for 

removing air bubbles. Mix the blood specimen by 

gentle inversion or swirling. Draw the 0.02ml of 

blood sample in micropipettes and mix with the 5ml 

solution marked as test (T).  Wipe the outside of the 

pipette with a wet gauze while holding the pipette in 

the horizontal position. If the outside of the pipette is 

not properly cleaned, the result may show a falsely 

high value. After cleaning the pipette, check that the 

blood is still up to the mark and there are no air bub-

bles. Mix the contents and incubate the test tube at 

room temperature for five minutes. Turn on the col-

orimeter and allow it to warm up for 10 minutes; set 

the wavelength selector to 540nm or use a suitable 

filter in this range. zero the instrument without cu-

vette using the first control knob. Transfer both, the 

solutions, blank (B) and test (T), to two matched cu-

vettes. The matched cuvettes should give same ab-

sorbance reading when filled with water. Insert the 

cuvette with the test solution (T) in to the socket of 

the photoelectric colorimeter and record the ab-

sorbance reading. Do not touch any adjustment 

knob while taking the absorbance reading of test so-

lution. 

3.3.1 CALCULATION: Hemoglobin (g/dl) = [(Optical 

Density of Test) / (Optical Density of Standard)] X 15 

3.4 HAEMATOLOGY ANALYSER (NON CYANIDE HB 

METHOD) 

3.4.1 PROCEDURE 

1. 2 ml of sample is collected in anticoagulated 

vacutainer. 

2. The tuber is placed in the sample holder and 

pressed RUN button. 

3. Sysmax hematology analyser provides 19 param-

eter test results including hemoglobin. 

3.5 PRECAUTIONS 

1. The reagent is poisonous, handle is carefully.  

To avoid using cyanide, lauryl sulfate has been 

proposed as a nonhazardous substitute, as lau-

ryl sulfate has similar properties to HiCN. Drab-

kin’s reagent contains 50mg of KCN per liter. Its 

toxic effects can only be seen if quantity in the 

range 600-1000ml is swallowed. 

2. Mix anticoagulated blood by swirling properly 
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before pipetting. Adjust carefully the blood col-

umn in to the graduation mark and use dry cot-

ton to wipe excess blood on the pipette. 

3. Do not discard the drabkin’s reagent in the sink. 

Poisonous cyanide gas is released if the sink has 

an acidic solution. Flush the sink with water 

and then discard the drabkin’s reagent and to 

continue to flush water for somet 

4. Turbidity may develop due to HbS or HbC or 

due to lipemic blood. In that cases, if it is 

due to abnormal haemoglobin, add 0.1g of po-

tassium carbonate, centrifuge and read absorb-

ance of the supernatant solution .in the case of 

a lipemic blood specimen, use 0.02ml of serum 

or plasma, mix with 5ml of drabkin’ s reagent 

and it as a blank. Read test reading against this 

blank. 

5. Deterioration of the reagent causes erroneous-

ly low results. Hence occasionally the reagent 

should be tested with blood specimen of 

known high Hb. Similarly, reagent from new 

batch should be tested with 2 to 3 blood speci-

men of known Hb concentration, belonging to 

low, moderate and high Hb values. 

4.0 RESULTS 

Results obtained for 354 different patients by auto-

analyzer method (AM) yielded almost similar values 

as that of colorimetric method (CM), with a marginal 

variation. Data obtained by both the methods were 

subjected to statistical analysis by calculating the 

mean (M), standard deviation (SD), standard error 

(SE), Pearson’s correlation, Paired T test, One-way 

ANOVA and Altman Bland test.   Results reveal that, 

the calculated M were 11.42 and 11.84, SD were 2.2 

and 5.6, SE were 0.11 and 0.30. The p value was less 

than 0.1560 which indicates the insignificant variation 

between the AM and CM for estimation of Hb respec-

tively. 

Out of 354 patients 215 were male and 139 were fe-

male, when estimated hemoglobin level with Colorim-

eter out of 215 males 80 were normal, 9 were high 

and 126 showed low values. Out of 139 females 28 

were normal, 5 were high and 104 showed low values. 

However, when hemoglobin level was estimated with 

Autoanalyser, out of 215 males 28 were normal, 0 

were high and 111 showed low value. Out of 139 fe-

males 73 were normal, 5 were high and 138 showed 

low values. 

5.0 DISCUSSION 

High cost and lack of facilities generally prevent the 

use of sophisticated equipment for haemoglobin 

(Hb) screening in the clinical situation in rural areas 

(Politzer et al., 1988).  A tertiary care medical unit of 

public as well as private sector needs an economically 

suitable methodology. Automated cell counter costs 

Rs. 50 per sample for hemoglobin estimation, while 

cyanmethemoglobin method performed manually 

costs less. Cost of Medonic Cell Counter is about Rs. 

0.65 million, while cost of photometer 4010 is about 

Rs. 0.22 million.  As photometer 4010 has the capa-

bility to do all the chemical analysis, separate pho-

tometer for Hb is not required in small laboratories. 

Automated estimation is feasible, but should be car-

ried out, when the whole blood picture and red cell 

indices are required (Balasubramaniam & Malathi, 

1992). 

In the Drabkin's Hb estimation method, Hb is oxidised 

to methemoglobin by potassium ferricyanide, which 

reacts with cyanide ions of potassium cyanide to 

form cyanmethemoglobin. The Hb is estimated with 

the help of cyanmethemoglobin curve. The advantages 

of this method are i) error due to subjective visual 

matching is avoided as spectrophotometer is used and 

hence reading is precise and reliable, ii) measures all 

forms of Hb except sulphaemoglobin, iii) single step 

procedure using single reagent, iv) cyanmethemoglo-

bin formed produces broad absorbent band at 

530nm and v) good stable Hb standards are availa-

ble (Waqar Azim et al., 2002). 

The gold standard for assessing haemoglobin concen-

tration is the direct cyanmethaemoglobin method. 

However, this method requires that a laboratory with 

a spectrophotometer is available within a few hours’ 

travelling time from where the blood is collected and, 

to avoid inter-laboratory variability, it is necessary 

that all measurements are conducted by the same la-

boratory (Mayang Sari et al., 2001). 

Health managers in poorer countries do not have tech-

nical training in laboratory issues and have great diffi-

culty in obtaining the evidence that will enable them 

to make rational decisions about purchasing techno-

logical services. They need to take account not only of 
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costs, but also simplicity, accuracy, speed, available  

manpower,  and  technical  skills  of  their  laboratory  

workforce  and  the  health  needs  of  the population. 

Although the World Health Organisation does provide 

guidance on the selection of laboratory tests, details of 

all the components needed to make an evidence based 

judgement, such as we have provided in our study, 

are lacking. One of the major roles that internation-

al organizations could play would be to provide de-

tailed, independent evaluations of new laboratory 

methods, which include information about start up 

and recurrent costs, training duration and costs, com-

plexity of the method, and the inputs needed to main-

tain calibrations and quality. This type of independent 

and comprehensive information would be invaluable 

to health purchasers in developing countries, who face 

conflicting pressures over equipment purchase from 

agencies such as bilateral donors, charities, and the 

commercial sector. 

Cyanmethemoglobin is the most stable of the various 

hemoglobin pigments showing no evidence of deterio-

ration after 6 years of storage in a refrigerator. The 

availability of prepared standards is a distinct ad-

vantage of this technique. All hemoglobin derivatives 

are converted to cyanmethemoglobin with the ex-

ception of sulfhemoglobin. 

This method is highly accurate and is the most direct 

analysis available for total hemin or hemoglobin iron. 

Its disadvantage is the use of cyanide compounds, 

which, if handled carefully, should present little haz-

ard.  For accuracy in hemoglobin determinations, it 

is absolutely necessary that the spectrophotometer 

and Sahli pipets be accurately calibrated. Venous sam-

ples give more constant values than capillary samples. 

If the procedure is performed properly, the degree of 

accuracy is +2 to 3 percent. 

The present study shows that more among 354 col-

lected sample majority suffer from anemia. Colorime-

ter identifies more anemic conditions than autoana-

lyser. When hemoglobin were estimated by color-

imeter males were anemic than females, However 

when analyzed by autoanalyser females were anemic 

than the males. 

Autoanalyser Method (AM) reduces the usage of rea-

gent and blood sample compared to conventional 

Colorimetric Method (CM), however increases the test 

cost. In the present study CM reveals same results as 

AM with minute variations. These minute variations 

can be rectified by proper training to reduce pipetting 

error and using standard Drabkin’s solution. Hence, it 

may be recommended that CM being cost effective can 

be used in primary level health centers for the esti-

mation of Hb, were autoanalyzer facilities are not 

available. 

The cost of CM is bearable by the poor people and will 

be helpful in diagnosing anemia and malnutrition. In 

future, evaluation of the suitability, cost effectiveness 

and feasibility of AM of Hb estimation is desirable. 

6.0 CONCLUSION 

Autoanalyser detects more anemic cases than colori-

metric method. However, in resource poor condition 

where laboratory cannot afford expensive autoana-

lyser, colorimeter can be used as a suitable alterna-

tive. The cost of CM is bearable by the poor people 

and will be helpful in diagnosing anemia and malnu-

trition. In future, evaluation of the suitability, cost 

effectiveness and feasibility of AM of Hb estimation is 

desirable. 

ISSN 2583-3936(Online)

REFERENCES 
1. Paiva Ade A, Rondo  PH, Silva SS, Latorre Mdo R. Comparison between the HemoCue and an automated counter for 

measuring hemoglobin. Rev Saude Publica. 2004 Aug; 38(4):585-7. https://doi.org/10.1590/S0034-

89102004000400017. 

2. Balasubramaniam P, Malathi A. Comparative study of hemoglobin estimated by Drabkin's and Sahli's methods. J 

Postgrad Med. 1992 Jan-Mar;38(1):8-9. PMID: 1512732.  

3. Basta SS, Soekirman, Karyadi D, Scrimshaw NS. Iron deficiency anemia and the productivity of adult males in In-

donesia, Am J Clin Nutr. 1979; 32(4): 916–925. https://doi.org/10.1093/ajcn/32.4.916 . 

4. Ingram CF, Lewis SM. Clinical use of WHO haemoglobin colour scale: validation and critique. J Clin Pathol. 2000 

Dec; 53(12): 933-7. https://doi.org/10.1136/jcp.53.12.933. PMID: 11265179; PMCID: PMC1731129.  

https://www.scielo.br/j/rsp/a/px8Znk8FpcpdNB4vM74SsTB/?lang=en
https://www.scielo.br/j/rsp/a/px8Znk8FpcpdNB4vM74SsTB/?lang=en
https://pubmed.ncbi.nlm.nih.gov/1512732/
https://doi.org/10.1093/ajcn/32.4.916
https://jcp.bmj.com/content/53/12/933


 26 

 

www.saltjsrh.in 

SALT Journal of Scientific Research in Healthcare, February 2021, Vol 1, Issue 1, Page No. 17-27

Arockia Lourdu Diana et al., 

ISSN 2583-3936(Online)

5. Chen PP, Short TG, Leung DH, Oh TE. A clinical evaluation of the Hemocue haemoglobinometer using capillary, 

venous and arterial samples. Anaesth Intensive Care. 1992 Nov; 20(4): 497-500. https://

doi.org/10.1177/0310057X9202000419. PMID: 1463181.  

6. Conway AM, Hinchliffe RF, Earland J, Anderson LM. Measurement of haemoglobin using single drops of skin 

puncture blood: is precision acceptable? J Clin Pathol. 1998 Mar; 51(3):248-50. https://doi.org/10.1136/

jcp.51.3.248. PMID: 9659272; PMCID: PMC500651.  

7. Cogswell  ME,  Parvanta  I,  Yip  R,  Brittenham  GM.  Inaccuracy  of  capillary  hemoglobin  testing  for  thedetec-

tion of anemia and iron deficiency during pregnancy. Am J Epidemiol. 1998;147(5):206. 

8. Daae LNW, Halvorsen S, Mathisen PM, Mironska K. A comparison between haematological parameters in 

“capillary” and venous blood from healthy adults. Scand J Clin Lab Invest. 1998;48:723-6. 

9. Dallman PR,   Brown M. Iron. Present knowledge in nutrition. Nutrition Foundation, Washington. 1990; 241–

250.  

10. Dessparis  EN,  Foester  J,  Paraskevas  F,  Grear  JP,  Rodgers  GM,  Erythropoiesis.  Wintrobes  Clinical He-

matology. Baltimore. 1999:169-227. 

11.  Hudson-Thomas M, Bingham KC, Simmons WK. An evaluation of the HemoCue for measuring haemoglobin in 

field studies in Jamaica. Bull World Health Organ. 1994;72(3):423-6. PMID: 8062400; PMCID: PMC2486701.  

12.  Critchley J, Bates I. Haemoglobin colour scale for anaemia diagnosis where there is no laboratory: a systematic 

review. Int J Epidemiol. 2005 Dec;34(6):1425-34. https://doi.org/10.1093/ije/dyi195. Epub 2005 Sep 30. 

PMID: 16199438.  

13.  Akhtar K, Sherwani RK, Rahman K, Hasan J, Shahid M. HemoCue photometer: a better alternative of hemoglobin 

estimation in blood donors? Indian J Hematol Blood Transfus. 2008 Dec;24(4):170-2. https://doi.org/10.1007/

s12288-008-0041-8. Epub 2009 Jan 11. PMID: 23100957; PMCID: PMC3475424.  

14. Koul V, Anand S, Guha SK. A chemical cell to estimate quantitatively haemoglobin and glucose by reflec-

tance photometry. RC-IEEE-EMBS & 14th BMESI –1995. Indian Institute of Technology and All India Inst tute of 

Medical Sciences. New Delhi, India. 

15. Kumar A, Sundaram EB, Vyas MK, Britt RP. Use of the new WHO color scale for haemoglobin estimation inurban 

and rural clinics. Indian Soc Hematol Transfer Med. 1999;17:14-15. 

16. Goyal MM, Basak A. Estimation of plasma haemoglobin by a modified kinetic method using o-tolidine. Indian J 

Clin Biochem. 2009 Jan;24(1):36-41. https://doi.org/10.1007/s12291-009-0006-1. Epub 2009 May 8. PMID: 

23105804; PMCID: PMC3453460.  

17.  Martin W. Bloem, & Ray Yip, Estimating the prevalence of anaemia: a comparison of three methods. Bulle-

tin of the World Health Organization. 2001, 9: 506–511. 

18.  Mayang  Sari,  Saskia  de  Pee,  Elviyanti  Martini,  Susilowati  Herman,  Sugiatmi,  Melanie  Jaeger,  Ted Ash-

bury, Michael Adams, Peter Duncan, Perioperative on-site haemoglobin determination: as accurate as laboratory 

values? Can J Anaesth. 1996; 43(8):795-8. 

19.  Mohanram M, Ramana Rao GV, Sastry JG. A comparative study on prevalence of anaemia in women by cy-

anmethaemoglobin and Haemo-Cue methods. Indian J Community Med. 2002;27:58–61.   

20.  Neville RG. Evaluation of portable haemoglobinometer in general practice. Br Med J (Clin Res Ed). 1987 May 

16;294(6582):1263-5. https://doi.org/10.1136/bmj.294.6582.1263. PMID: 3109609; PMCID: PMC1246433.  

21.  Nicholls PD. An evaluation of the HemoCue for correcting the haemoglobin value of lipaemic samples. Med Lab 

Sci. 1990 Jul;47(3):226-9. PMID: 2402201.  

22. Pollitt E, Hathirat P, Kotchabhakdi NJ, Missell L, Valyasevi A. Iron deficiency and educational achievement in 

Thailand. Am J Clin Nutr. 1989 Sep;50(3 Suppl):687-96; discussion 696-7. https://doi.org/10.1093/

ajcn/50.3.687. PMID: 2773846.  

23.  Ranganathan H, Gunasekaran N. Simple method for estimation of haemoglobin in human blood using color 

analysis. IEEE Transactions on Information Technology in Biomedicine. 2006 Oct; 10(4): 657-662. https://

doi.org/doi: 10.1109/TITB.2006. 

24. Sinha S, Kumar A, Gupta V, Kumar S, Singh VP, Raman R. Haemoglobinopathies– thalassaemias  and  abnormal  

haemoglobins  in  eastern  Uttar  Pradesh  and adjoining districts of neighbouring states. Current Science. 2004; 

87(6). 775-780. 

https://journals.sagepub.com/doi/10.1177/0310057X9202000419
https://jcp.bmj.com/content/51/3/248
https://jcp.bmj.com/content/51/3/248
https://academic.oup.com/ije/article/34/6/1425/707493
https://link.springer.com/article/10.1007/s12288-008-0041-8
https://link.springer.com/article/10.1007/s12288-008-0041-8
https://link.springer.com/article/10.1007/s12291-009-0006-1
https://www.bmj.com/content/294/6582/1263
https://academic.oup.com/ajcn/article-abstract/50/3/687/4651622?redirectedFrom=fulltext&login=false
https://academic.oup.com/ajcn/article-abstract/50/3/687/4651622?redirectedFrom=fulltext&login=false
https://ieeexplore.ieee.org/document/1707678
https://ieeexplore.ieee.org/document/1707678


 27 

 

www.saltjsrh.in 

SALT Journal of Scientific Research in Healthcare, February 2021, Vol 1, Issue 1, Page No. 17-27

Arockia Lourdu Diana et al., 

© Arockia Lourdu Diana, Vishakha Krishnan, Pooja S and Vyshnav Manikandan.  
Originally published in the SALT Journal of Scientific Research in Healthcare (https://saltjsrh.in/), 20.02.2021.  
This is an open-access article distributed under the terms of the Creative Commons License  (https://creativecommons.org/

licenses/by-nc-nd/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
work, first published in the SALT Journal of Scientific Research in Healthcare (https://saltjsrh.in/), is properly cited. The com-
plete bibliographic information, a link to the original publication on https://saltjsrh.in/, as well as this copyright and license 
information must be included.  

ISSN 2583-3936(Online)

ARTICLE TYPE: Research Article; ORCID ID: Open Researcher and Contributor Identifier (ORCID) ID of corresponding author: 

https://orcid.org/0000-0002-4061-2840; ETHICAL: Institutional Ethics Committee; ACKNOWLEDGEMENT: None; FINANCIAL 

DISCLOSURE: The authors declare that there was no financial aid received.; CONFLICT OF INTEREST: No conflict of interest 

associated with this review work.; AUTHORS CONTRIBUTION: Conceptualization: A.L.D., Methodology: V.K., Investigation: 

P.S., Result Analysis and Writing: V.M.,; CORRESPONDING AUTHOR AFFILIATIONS:  Vyshnav Manikandan. Masters in Human 

Clinical Embryology and assited Conception, University of Dundee, Nethergate, Dundee DD1 4HN, Scotland.; CORRESPONDING 

AUTHOR EMAIL: 2472888@dundee.ac.uk; ARTICLE CITATION: Diana CA, Krishnan V, Sree P,  Manikandan V.  Evaluation of the 

colorimetric cyanmethemoglobin method and the automatical analyser for hemoglobin estimation. SALT J Sci Res Healthc. 2021 

February 20; 1(1): 17-27. 

 

PUBLISHER’S NOTE: All claims expressed in this article are solely those of the authors and do not necessarily represent those 

of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in 

this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher. 

25.  van den Broek NR, Ntonya C, Mhango E, White SA. Diagnosing anaemia in pregnancy in rural clinics: assessing 

the potential of the Haemoglobin Colour Scale. Bull World Health Organ. 1999; 77(1): 15-21. PMID: 

10063656; PMCID: PMC2557566.  

26.  Vanzetti G. An azide-methemoglobin method for hemoglobin determination in blood. J Lab Clin Med. 1966 

Jan;67(1):116-26. PMID: 5900720.  

27. Azim W, Parveen S, Parveen S. Comparison of photometric cyanmethemoglobin and automated methods for 

hemoglobin estimation. J Ayub Med Coll Abbottabad. 2002 Jul-Sep;14(3):22-3. PMID: 12476859.  

28. Woodliff HJ, Onesti P, Goodall DW. The Lovibond haemoglobinometer. Med J Aust. 1966 Aug 27;2(9):410. 

PMID: 5917160.  

https://orcid.org/0000-0002-4061-2840
https://saltjsrh.in/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://saltjsrh.in/
https://saltjsrh.in/
https://orcid.org/0000-0002-4061-2840

