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ABSTRACT
Aim: The hemoglobin (Hb) variants can alter the structure and biochemical functions of Hb along with affecting physiological 
properties of the individual. In normal adult RBC, Hb variants that exist are HbA1, HbA2, HbS and HbF. Mutations in globin 
chains can change the Hb-O2 affinity which can alter the normal loading of oxygen in lungs and unloading in the tissues and also 
affect arterial oxygen saturation. Absence of abnormal Hbs rules out upto some extent presence of genetic or acquired facilitated 
oxygen affinity. 
Methodology: The study was undertaken to compare haemoglobin variants using HPLC in Indians (n=10) and Kyrgyz popula-
tion groups (n=10). We estimated oxygen affinity (P50) from PO2, SO2 and pH values using Lichtman equation and peripheral 
oxygen saturation (SpO2) using pulse oximetry at basal and upon acute HA exposure to 4111m in both the population groups. 
Results: We obtained Hb fractions A1a, A1b, A1c and A2 within normal range and no HbF or HbS fractions were found in any 
volunteer from HPLC run. All the P50 values were well within normal range (22-28mmHg). No change in P50 was observed upon 
HA exposure in these two populations but Kyrgyz have been found to have a higher P50 compared to Indians at basal. 
Discussion and Conclusion: Since our data rule-out the existence of abnormal Hb variant in either of the population, thus the 
significant decrease in SpO2 observed upon HA induction in both the groups is due to hypoxia at HA and higher P50 in Kyrgyz 
compared to Indians is population specific.
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INTRODUCTION

Haemoglobin (Hb) variants are structurally abnormal globin 
proteins and they are the mutant forms of Hb in a popula-
tion and these defects are often inherited. Around 1000 Hb-
variants exist and they are mostly missense or substitution 
mutations which may alter Hb-O2 affinity. In normal adult 
erythrocytes, Hb variants that exist are HbA1, HbA2, HbS 
(Sickle hemoglobin) and HbF (fetal haemoglobin). HbA1 (2α 
and 2β tetramer) is the major Hb which constitutes 95-98% 
of total haemoglobin. About 1.5-3.5% of all Hb molecules 
is constituted by HbA2 which contain 2α and 2δ tetramers. 

Fetal haemoglobin (HbF) constitutes ≤ 2.5% of total adult 
Hb (1). HbF has a slightly higher oxygen affinity then adult 
Hb. Greater than normal percentage of HbF in humans after 
2 years of age may be due to occurrence of anemia (2). HbA0 
is the non-glycated portion of HbA. HbA1a is glycated with 
fructose 1, 6 diphosphate and HbA1c is glycated with D-
glucose at amino terminal of β-chain and is generally 6% of 
total Hb which may increase upto 12% in Diabetes mellitus. 
It’s a good indicator of long-term glycemic control. Hemo-
globinopathies like thalassemia and sickle cell anaemia can 
be tested using High Performance Liquid Chromatography 
(HPLC), isoelectric focusing and spectroscopy and are the 
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most commonly used routine tests to identify structurally 
abnormal haemoglobin variants (1, 3). HbA2 is increased in 
people with thalassemia. Absence of abnormal Hbs rules out 
upto some extent presence of genetic or acquired facilitated 
oxygen affinity (2, 4). Black Americans are at higher risk 
of sickle cell anaemia and Mediterranean ancestry individu-
als are at greater risk of β-thalassemia hemoglobinopathy 
(5). High altitude (HA) environment poses various stresses 
to individuals (6). Tibetan highlanders have higher oxygen 
affinity as part of their genetic adaptation which works as 
a beneficial factor to protect them from polycythemia and 
CMS vulnerability (2).

Understanding the Hb variants is useful in diagnosing hemo-
globinopathies which can alter Hb function at high altitude 
and further affect HA adaptation in humans (5). The Hb 
variants can alter the structure and biochemical functions 
of Hb along with affecting physiological properties of the 
individual (7). Mutations that increase the Hb-O2 affinity ba-
sically activate erythropoeitic drive. Mutations that reduce 
Hb-O2 affinity leads to high deoxy-Hb levels (3), thus alter-
ing haemoglobin oxygen saturation. P50 is the oxygen par-
tial pressure at which Hb is 50% saturated with oxygen (8). 
An abnormal Hb can alter P50 and arterial oxygen satura-
tion. Occurrence of haemoglobin variants causes problems 
in oxygen delivery which may lead to altered P50 (2). This 
genetic effect may be population specific. We present here 
two different population groups, compared their Hb variants, 
P50 and peripheral oxygen saturation (SpO2) values to un-
derstand Hb-oxygen affinity, which may help in understand-
ing HA adaptation.

MATERIAL & METHODS

Blood collection and P50 estimation:  
The study conformed to the ethical guidelines of the insti-
tute (Defence Institute of Physiology and Allied Sciences, 
Delhi) and is in accordance to 1964 Helsinki declaration and 
its later amendments or comparable ethical standards. After 
obtaining informed written consent, whole blood collected 
from 20 healthy male volunteers (10 Indian and 10 Kyrgyz) 
matched for age and height of age group 19 to 30 years. 
Blood was collected from an anticubital vein after approxi-
mately 12 hours of fasting at basal (Bishkek, Kyrgyzstan) 
and upon acute exposure to high altitude (Day3) at 4111 m. 
Measurements of pH, oxygen partial pressure (PO2), satu-
ration of oxygen (SO2) were made from fresh blood using 
blood gas analyser (iSTAT systems, Abbott, USA).  P50 cal-
culation was done using following equation (9):

P50 =Log pO2 (7.4) = log pO2 (observed) - [0.5 (7.40-pH 
(observed)]

1/k = antilog (2.7 log pO2 (7.4) × [(100 - SO2 (observed) 
÷SO2 (observed)]

Estimated P50 value = antilog [(log 1 / k) ÷ 2.7] (at pH=7.4, 
Temperature=37°C)

Peripheral oxygen saturation (SpO2) Measure-
ment: 
Saturation of peripheral oxygen was measured using finger 
pulse oximeter (Nonin Medical Inc. USA). It specifically 
measures percentage of oxygenated haemoglobin compared 
to total haemoglobin in blood giving an estimate of arterial 
oxygen saturation. 

Hemolysate preparation:  
Blood was centrifuged for 15min, at 3000 rpm, 4°C and 
supernatant was separated. Remaining packed cell volume 
of blood was washed three times with chilled isotonic po-
tassium chloride (KCl) (1.15%), centrifuged (15 min, 3000 
rpm, 4°C) and supernatant was removed each time to collect 
washed packed cells. 0.5 ml of these washed packed cells 
were lysed with 0.5 ml of saline (0.7% sodium chloride) and 
added 0.3 ml of carbon tetrachloride (HPLC grade). Cen-
trifuged (3000 rpm, 30 min, 4ºC) and remove supernatant 
(hemolysate) and stored at -80°C until further analysis.

Quantification of Haemoglobin variant: 
Sample preparation: Stored hemolysate was thawed and di-
luted in a ratio of 1:300 in a 1.5 ml sample vial with diluent 
solution provided with the HPLC system (D-10TM Dual Pro-
gram HbA2/F/A1c diluent/calibrator set reference no. 220-
0218)

Calibrator & Control: Calibrator and control were diluted as 
per manufacturer’s instructions. A1c and A2/F high and low 
controls run was performed to check the values followed by 
calibrator run. Two Calibrators (high and low) of HbA2/ F/ 
A1C were used. Calibration and control run was performed 
once in every 24 hours on the instrument. 

HPLC Run: Prepared hemolysate samples were run on the 
HPLC system (Bio-Rad Variant II D-10) using D-10 Dual 
HbA2/F/A1C program and area % of HbA1a, HbA1b, HbA1c, 
HbA2 and P3 were assessed. Samples were also assessed for 
presence of HbF and HbS peak.  Baseline characteristics and 
peak shape of HbA1c, HbA2 were analysed from chroma-
togram and recorded. Presence of any other variant or un-
known peak was analysed from chromatogram.

Statistical Analysis: Graph pad Prism 6 was used for sta-
tistical analysis and graph construction. Student t-test was 
done for determining p-values. P-values less than 0.05 were 
considered significant. Values are mean±SEM.
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RESULTS

Initially samples were screened for P3 peak values. Samples 
with P3 value less than 10 and total area between 10,0000 
and 40,0000 were taken for further interpretation (Fig 1).  
The fractions HbA1a and HbA1b peak %area in Indian 
volunteers ranged from 1 to 1.5 and 0.7 to 1.1 respectively 
(Table 1). In case of Kyrgyz these peak %areas were in the 
range of 1.1 to 1.7 for HbA1a and 0.7 to 1 for HbA1b frac-
tion (Table 2). These peak areas are within normal limit in 
all the volunteers of both the population groups. HbA0 is the 
non-glycated portion of the haemoglobin and occupies the 
maximum area on the chromatogram.

HbA1c values more than 6% of total area represents an Hb 
variant condition and is an indicator of poor diabetic control. 
In all 16 samples, none of the volunteer had such results. 
The data ranged from 4.7 to 5.1 representing no abnormality. 
Thalassemic hemoglobinopathies causes anemia and poses 
serious health problems in society (5). Thalassemia trait 
could alter the haemoglobin oxygen affinity which would 
change the high altitude response in man. In both the sam-
ple groups HbA2 values are normal and thus none of the 
volunteers possess the thalassemia trait. HbF and HbS are 
well known for causing hemoglobinopathies which alter the 
haemoglobin structure and function and can cause changes 
in affinity of oxygen to haemoglobin. None of the samples 
showed any HbF or HbS peak in the HPLC run. These results 
represent a normal haemoglobin fraction.

We also calculated the pressure at which 50% haemoglo-
bin is saturated with oxygen (P50) from venous blood. 
A high P50 represents low oxygen affinity and vice-versa 
(10). The p50 values both at basal (24.4±1.5mmHg in Indi-
ans, 26.6±.15mmHg in Kyrgyz) and after induction to HA 
(24.5±0.64mmHg in Indians, 25.8±0.48mmHg in Kyrgyz) 
were well within permissible range. There was no change 
in P50 values upon HA exposure in any of the population 
group (Fig 2), but Kyrgyz had a higher mean P50 value at 
baseline compared to Indians. SpO2 reduced significantly in 
both the population groups upon HA exposure. In Indians, 
value decreased from 98.1±0.1% at basal to 88.1±0.94% at 
day 3. In Kyrgyz, value decreased from 98.1±0.18% at basal 
to 87.78±1.5% at day 3 (Fig 3).

DISCUSSION

To the best of our knowledge, this is the first study which 
estimate and compare haemoglobin variants in Indians and 
Kyrgyz population groups. P50 was calculated using Litch-
man equation from PO2, SO2 and pH values of venous blood 
(9) .We observed no change in P50 values upon high altitude 
exposure in these two populations. Though the P50 values 
are well within normal range (22-28mmHg), but as com-

pared to Indians, Kyrgyz had a higher mean P50 as compared 
to Indians representing a higher oxygen delivery. Addition-
ally, our data rule-out the existence of abnormal Hb in either 
of the population group and the decrease in SpO2 observed 
upon HA induction is due to increase in altitude 

Hb variants have been known to cause a reduction in oxygen 
supply to tissues (11). About 100 Hb variants are known in 
humans which can cause altered erythrocytosis (12).  Impair-
ment in β-globin protein production resulting in thalassemia 
is one of the most common hemoglobinopathy. (7). Another 
clinically important Hb variant is HbS (13). Mutations that 
alter α- or δ-globin are present at birth and mutations altering 
β-globin are expected few months after birth causing struc-
turally abnormal haemoglobin (3). Thalassemia is character-
ised by abnormal Hb formation which can cause RBC de-
struction and also hinder oxygen transport (14). Hb variants 
can cause erythrocytosis and hemolysis in otherwise healthy 
individuals. Also they help in understanding RBC function.  
Mutations in hemoglobin fraction which leads to high Hb-O2 
affinity increases hypoxic tolerance (15). Many Hb variants 
have modified oxygen binding site which may lead to altered 
Hb-O2 affinity. Mutations in globin chains can change the 
Hb-O2 affinity which can alter the normal loading of oxygen 
in lungs and unloading in the tissues (5). P3 fraction is for 
estimation of ‘degenerated hemoglobin’ and signifies the de-
graded haemoglobin in the sample (16). Normal acceptable 
cut off value of P3 fraction is <10% which we have used 
in our analysis as a stringent filter to screen out 16 samples 
out of 20 for further interpretation. We have obtained Hb 
fractions A1a, A1b, A1c and A2 within normal range using 
HPLC. Another clinically important Hb variant is HbS (13). 
The system was capable of evaluating ‘S-window’, but we 
have not found any HbS fraction in our study. Similarly no 
HbF fraction was obtained in any of the samples. These ab-
normal Hbs can alter P50 and peripheral oxygen saturation 
by changing oxygen affinity to haemoglobin. Occurrence of 
abnormal haemoglobin variants causes altered oxygen deliv-
ery which may lead to altered P50 and also oxygen saturation 
in arterial blood. In our study we have obtained P50 values 
within normal range which could be due to absence of any ab-
normal Hb variant. In a similar study on healthy volunteers, 
no Hb variants were detected (2). These P50 values do not 
change significantly upon high altitude induction in either 
of the population groups at day 3. The higher P50 in Kyrgyz 
compared to Indians results in a higher oxygen delivery to 
tissues in this population which is adaptive when ascending 
to HA and this difference in P50 is not due to occurrence of 
abnormal haemoglobin. This higher P50 may have aided in 
acclimatization of this population group at HA during initial 
days. Altered Hb-oxygen affinity could decrease SpO2 which 
can be seen in clinical conditions like HAPE (15). In our 
study too SpO2 decreased significantly upon HA induction 
in both the population groups, but absence of abnormal Hb 
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variants rule-out such effect signifying that the decrement in 
peripheral oxygen saturation is due to HA hypoxia and is not 
genetic or acquired.

Limitation of the study that requires attention includes ba-
sically three variables. First being low sample size, second 
being unable to quantitate 2,3 DPG and nitric oxide in the 
samples and thirdly few other Hb variants including HbH, 
HbE and HbD (5) (3) could have been measured. But due 
to technical reasons these variables could not be taken into 
account in the present study and could be included in future 
analysis.

CONCLUSION

It can be interpreted from this preliminary study that absence 
of abnormal haemoglobin variants could account for normal 
P50 values in both the groups. Population specific higher 
P50 in Kyrgyz compared to Indians is not due to abnormal 
haemoglobin variant. The decrease in arterial oxygen satura-
tion upon high altitude induction is due to effect of hypoxia 
on both the population groups upon HA exposure and not 
due to any abnormal haemoglobin variant. But since sample 
size was limited, continuing similar investigation with larger 
number of samples would further clarify these results. 
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Table 1: Haemoglobin fractions (%area) in variants detected by HPLC in Indian samples.

SAMPLE ID P3 HbA1a HbA1b HbA1c HbA2 HbF HbS Interpretation
1 7.8 1.2 1 5.1 3 Nil Nil Normal Hb Fraction
2 8.2 1.1 0.9 5.1 2.4 Nil Nil Normal Hb Fraction
3 6.9 1 0.7 5.0 2.9 Nil Nil Normal Hb Fraction
4 7.0 1.3 0.8 4.9 3.4 Nil Nil Normal Hb Fraction
5 9.0 1.5 1 5.1 3.1 Nil Nil Normal Hb Fraction
6 5.4 1.3 0.9 4.0 3.1 Nil Nil Normal Hb Fraction
7 8.0 1.2 1.1 5.0 3.2 Nil Nil Normal Hb Fraction
8 9.1 1.3 0.9 4.7 2.5 Nil Nil Normal Hb Fraction

Table 2: Hemoglobin fractions (%area) in variants detected by HPLC in Kyrgyz samples.

SAMPLE P3 A1a A1b A1c A2 F S Interpretation
1 7.0 1.3 0.7 5.0 3.0 Nil Nil Normal Hb Fraction
2 7.2 1.2 0.8 5.0 2.8 Nil Nil Normal Hb Fraction
3 6.6 1.1 0.8 4.8 3.0 Nil Nil Normal Hb Fraction
4 9.1 1.5 1 4.8 2.7 Nil Nil Normal Hb Fraction
5 1.3 1.7 1 4.9 2.7 Nil Nil Normal Hb Fraction
6 8.0 1.2 1 5.0 2.4 Nil Nil Normal Hb Fraction
7 9.0 1.7 1 4.7 2.7 Nil Nil Normal Hb Fraction
8 8.8 1.2 0.7 4.9 3.4 Nil Nil Normal Hb Fraction

Figure 1: Flow chart showing the process for extraction of 
hemolysate, running on HPLC and screening of results. 

Figure 2: Figure showing mean P50 (mmHg) value at basal 
and upon high altitude (HA) exposure in Kyrgyz and Indian 
samples.

Figure 3: Peripheral oxygen saturation in Indian and Kyrgyz at 
basal and upon acute high altitude exposure. *** depicts p-val-
ue ≤ 0.001 in Indians at HA compared to basal and ### depicts 
p-value ≤ 0.001 in Kyrgyz at HA compared to basal.


