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it is better defined as a function of RBC count
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SUMMARY

Glucose 6-phosphate dehydrogenase (G6PD)
deficiency, one of the most common red cell
abnormalities, is characterized by wide clinical,
biochemical and molecular heterogeneity. In
clinical laboratories erythrocyte ‘G6PD activity is
defined either as a function of hemoglobin (Hb)
concentration or red blood cell (RBC) count and
seldom hematocrit (Hct). These parameters are
variable for every individual and misinterpretation
of the results cannot be avoided with reference
interval establishment studies unless the best
approach that define erythrocyte G6PD activity is
selected. Hb concentration is frequently prone to
the effects of genetic, physiological and
environmental factors where G6PD activity should
correlate with RBC count even when it is altered.

In this study relations of the erythrocyte G6PD
activity with RBC count, Hb concentration of the
erythrocyte suspensions and RBC indices of 242
individuals were studied. Additionally, relations
with platelet and white blood cell (WBC) counts

method according to the ICSH at 30°C. RBC,
WBC, platelet counts, hemoglobin concentration of
the erythrocyte suspensions and erythrocyte
indices were determined with an automatic
complete blood counter.

Enzyme activity was correlated with RBC count
(r: 0.53, p<0.001), there was no correlation with
Hb (p>0.05). The negative correlation of the
enzyme activity with MCV and MCH (r: -0.44 and r:
-0.29, p<0.001), disappeared as a ratio of RBC
count (p>0.05) and strengthened as a ratio of Hb
concentration (r: -0.61 and r: -0.44, p<0.001). in
this study a correlation of erythrocyte suspentions’
platelet, leucocyte count and the enzyme activity
as a ratio of Hb (r: 0.33 and r: 0.25, p<0.001) was
observed. On the other hand enzyme activity as a
ratio of RBC was only poorly correlated to WBC
count (r: 0.15, p<0.01).

Results of this study indicate that erythrocyte
G6PD activity is related to RBC count and has
several advantages over Hb in assessing G6PD
status. It gives more reliable results in conditions
that could affect erythrocyte morphology and Hb
concentration.

were evaluated to determine possible
interference. Erythrocyte G6PD activity was Key Words: Erythrocyte G6PD, RBC,
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INTRODUCTION impedes methemoglobin formation and

Glucose 6-phosphate dehydrogenase (D-
glucose 6-phosphate; NADP oxidoreductase;
EC 1.1.1.49; G6PD) is a constitutive enzyme
that catalyzes the first and the rate-limiting
step of the pentose phosphate pathway. It’s
key role in red blood cell (RBC) metabolism
is to provide educing power in the form of
reduced nicotine adenine dinucleotide
phosphate (NADPH) (1) . NADPH serves as
a cofactor for RBC primary anti-oxidant
defense system enzymes like glutation
reductase, catalase and NADPH dependent
methemoglobin reductase (2-4). NADPH
itself and via reduced glutatione, detoxifies
hydrogen peroxide and organic peroxides,
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protects membrane and enzyme proteins of
RBC. Pentose phosphate pathway is the only
source of NADPH in these cells (5).

Deficiency of G6PD activity is the most
common disease  producing  enzyme
deficiency of human beings and usually
results from decreased catalytic activity,
accelerated breakdown or both. Acute
hemolytic anemia associated with oxidative
stress is the most characteristic clinical
manifestation of G6PD deficiency. G6PD is a
subject of public health, because avoiding
hemolytic crisis is possible with a preventive
approach (6,7).

Diagnosis of G6PD deficiency is based on
either qualitative or quantitative analysis of
the enzyme activity, demonstration of the

enzyme protein with immunochemical
approaches or methods depending on
reducing power of NADPH. Today

qualitative tests are used only for screening



purposes as most of them have limited
sensitivity and/or specificity. Immuno-
chemical methods are not in use, owing to
inefficiency for variants with decreased
catalytic activity. Isolation and biochemical
characterization of deficient variants and
gene sequence analyses are subject of
research laboratories (6,8,9). In clinical
laboratories similar quantitative kinetic
methods are performed that are based on the
same principle. The distinction between these
methods are the reaction temperature, the
reaction period, selection of RBC lysing
reagent, contents of the blank tube,
concentration of the reaction components etc.
and definition of the enzyme activity as a
function of different compléte blood count

(CBC) parameters (haemoglobin (Hb)
concentration, RBC count or seldom
hematocrit (hct)) (8,10,11). A possible

confusion about interpretation of the results
that may originate from such differences can
be eliminated with reference interval
establishment study of each laboratory, as the
variables are the same for every patient
except for the CBC parameter. For this
reason, best approach for defining
erythrocyte G6PD activity takes an additional
attention. The best parameter in this sense
should not only determine the G6PD activity
but should not be affected from distinct
genetic, pathologic, physiological and
environmental conditions as well.

Today automated complete blood counters
have wide acceptance that offer fast, easy and
accurate determination of RBC count and
RBC indices. Although since 1967 WHO
recommended G6PD and Hb should be
assayed on the same hemolysate, there are
methods that define G6PD activity as a
function of RBC count (10,12). In this study,
the relation of G6PD activity to RBC count
and RBC indices are evaluated to ascertain
possible advantages of this approach over Hb
that is greatly influenced by nutritional and
metabolic states.

MATERIAL AND METHODS

The Reference Sample Group

In this study, 242 reference individuals
(123 F, 119 M) referred to national health
units for routine biochemical investigation
were studied after their informed consent
according to the Helsinki declaration as
revised in 1996. Mean age of the subjects
were 39.5 (range: 1-80). None of them were
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erythrocyte GO6PD deficient according to the
reference interval of our laboratory (6.4 -
13.2 U/ g Hb or 178 - 354 mU/ 10’ RBC,
30°C) or had reticulocyte count over 0.5%.
Infants were not included due to the shorter
lifespan, characteristic morphology and
different metabolic pattern of neonatal and
infantile erythrocytes (13,14).

Specimen Collection and Preparation

Three ml of blood from antecubital vein
was collected into heparinized tubes and
stored at +4°C until the analysis which was
performed within three days. Erythrocyte
pellets were prepared after centrifugation at
5000xg, +4°C for 10 minutes and discarding
the plasma followed by two washing steps
with isotonic NaCl solution in the same
manner. Erythrocyte pellet was suspended in
isotonic NaCl solution with a standard ratio.
Hemolyzates were prepared with addition of
EDTA-[-mercaptoethanol solution to
erythrocyte suspension and the complete lysis
was confirmed with microscopic examination
(8).

RBC Count
centration

RBC, WBC, platelet count, hemoglobin
concentration of the erythrocyte suspensions
and erythrocyte indices were determined with
an automatic complete blood counter:
Medonic CA 160 (Sweden). Blood cell
classification in Medonic CA 160 depends on
direct current impedance measurement for the
identification of the blood cell classes and Hb
analysis on Drabkin’s method.

and Hemoglobin Con-

Erythrocyte G6PD Activity Determination

Erythrocyte ~ G6PD activity was
determined with kinetic spectrophotometric
method according to the ICSH at 30°C,
except for water blank that gives exactly the
same results either with the reagent or the
sample blanks (data not shown) (8). One unit
of G6PD activity is defined as the quantity of
the enzyme that involves in transforming one
micromole of oxidized coenzyme (NADP")
into reduced form (NADPH+H") per one
minute, at the conditions mentioned above
and proportioned to RBC count or
hemoglobin concentration of the erythrocyte
suspension (10). All chemicals were obtained
from Sigma (St Louis, USA) and Merck
(Darmstadt, Germany). A semiautomathic
spectrophotometer (Unifast 3 analyser,



Sclavo Dignostics) was used for G6PD
determination. For control of accuracy,
Precinorm® E and Precipath® E (Boehringer
Mannheim) were included in each analytical
run. One human whole blood pool was used
to assess the within-day precision of the
assay. The coefficient of variation (CV) was
%0.9.

Statistical Evaluation

Evaluation of the relations were
performed with correlation, partial correlation
and regression analyses. Two tailed p values
lower than 0.05 were taken into consideration
(15,16). Statistical analyses and scatter
diagrams were performed with Microsoft
Excel and Statgraphics® programs.

RESULTS

Investigation  of the
Determines GOPD Activity

Correlation of G6PD activity with Hb
concentration and RBC count of the
erythrocyte suspensions were investigated.
Enzyme activity was positively correlated
with RBC count (r:0.53, p<0.001). There was
no correlation with Hb concentration
(p>0.05) (Table 1).

Investigation of Interferences

WBC, platelet contents and RBC
morphology of the erythrocyte suspensions
were analyzed. Statistically significant
correlations were observed between the
enzyme activity with WBC and platelet
counts (r: 0.17 and r: 0.29, p<0.001). MCV
and MCH were negatively correlated with the
enzyme activity (r: -0.44 and r: -0.29,
p<0.001) (Table 1).

A significant correlation between MCV
and MCH values (r: 0.61, p<0.05) was
observed. To eliminate the affect of MHC on
correlation between MCV and the enzyme
activity and vice versa partial correlation
analysis was performed. The partial
correlation coefficient of the enzyme activity
with MCV was r: -0.35, p<0.01 where there
was no correlation with MCH (p>0.05)
(Table 2).

Another significant correlation  was
observed between RBC and platelet counts (r:
0.48, p<0.05). After elimination of indirect
effect of this relation with partial correlation
analysis, platelet count and the enzyme

Factor That
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activity were comprehended to be unrelated
(p>0.05).

How far these undesired factors affect
G6PD activity when proportioned to RBC
count and Hb concentration, were
investigated (Table 3). G6PD activity as a
function of Hb concentration was negatively
correlated with MCV and MCH (r: -0.61 and
r: -0.44, p<0.001). On the other hand G6PD
activity as a function of RBC count was no
more correlated with erythrocyte indices
(p>0.05). Distribution of G6PD activity as a
function of Hb concentration against MCV
values is shown in Figure 1.

Affect of WBC and platelet count on
G6PD activity are different according to the
parameter proportioned. G6PD activity as a
function of Hb concentration is positively
correlated with WBC and platelet counts
(r:0.25 and r: 0.33, p<0.001). Correlation of
the enzyme activity as a function of RBC
count with platelet disappears (p>0.05) and
with WBC decreases (1:0.15, p<0.01) (Table
3).

DISCUSSION

G6PD is a housekeeping enzyme that is widely
distributed in human tissues and blood cells.
About 400 million individuals are thought to be
affected from genetically polymorphic G6PD
deficiency (6,11). A G6PD mutation introduced in
mouse cells makes them exquisitely sensitive to
oxidative stress, indicating that this ubiquitous
metabolic enzyme has a major role in the

Table 1. Correlation of the G6PD activity with
RBC, WBC, Platelet counts, Hb concentration of
the erythrocyte suspensions and erythrocyte
indices.

Correlation Significance
Coefficients Level
RBC (10°/ul) 0.53 p<0.001
Hb (g/dl) -0.01 p>0.05
WBC(10*/ul) 0.17 p<0.001
Platelet(10°/pl) 0.29 p<0.001
MCV (fl) -0.44 p<0.001
MCH (pg) -0.29 p<0.001
Table 2. Partial correlation coefficients of

erythrocyte G6PD activity with MCV, MCH and
platelet counts.

Partial Correlation Significance

Coefficients Level
MCV (f) -0.35 p<0.01
MCH (pg) -0.02 p>0.05
Platelet (10%/pl) 0.0l p>0.05
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Figure 1. Scatter diagram of G6PD activity as a function of Hb concentration against MCV

values.

defense against oxidative stress, even in
eukaryotic nucleated cells, which have
several alternative routes for providing the
same protection (17). Although an old
enzyme, GO6PD still arouse a widespread
interest. New evidence has been presented to
suggest that G6PD activity plays a critical
role in cell growth (18). Recent studies
indicate that leukocyte G6PD is decreased in
majority of patients with acute non-
lympocytic leukemia (ANLL) and acute
lympocytic leukemia (ALL), dependent on
the percentage of myelocytes and increased
in chronic myeloid leukemia (CML) patients
(19,20). The hypothesis of lower mortality
from cancer and cardiovascular diseases
among men expressing G6PD deficiency is
still a controversy (21).

As G6PD has found new clinical fields, it is
required that G6PD activity will not inform
roughly about only enzyme deficiency but
accurate informing G6PD status. Either Hb or
RBC would be the denominator of the units
of measurement of the enzyme activity; it is
necessary to find which always correlate with
G6PD. As long as the gene expression of the
G6PD is not altered it is expected that G6PD

Table 3. Correlation of erythrocyte GEPD activity
proportioned to RBC count and Hb concentration
with WBC, Platelet counts, erythrocyte indices of
the erythrocyte suspensions

G6PD (mU/10°RBC)  G6PD
(U/g Hb)
MCYV (fl) -0.03 -0.61"
MCH(pg) -0.11 -0.44"
WBC (10%ul)  0.15* 0.25"
Platelet (10>/ul)  0.04 0.33"

*p<0.001, **p<0.01

61

activity should correlate with RBC count. It
is well known that G6PD deficiency is a
result of decreased catalytic activity,
accelerated breakdown or both. Diminished
rate of synthesis of G6PD due to gene
deletion is not reported since (22-25).
Stimulation of G6PD gene expression is an
essential component of the metabolic
adaptation to oxidative stress. Nutritional
regulation of the GOPD gene expression
mediated by a nuclear posttranscriptional
mechanism is also noted. But the contrast of
this situation, an alteration of RBC count
discordant with G6PD expression is not
known (26,27).

In our study, direct enzyme activity was
positively correlated with RBC count where
no relation was observed with Hb
concentration, suggesting that the
determining factor for erythrocyte G6PD
activity is RBC count (Table 1). On the other
hand Hb concentration is regulated by
different mechanisms. It is expected that
situations with discordance of RBC count and
Hb concentration can prompt misinter-
pretation of G6PD status. Genetically
decreased production of Hb with increased
RBC count is seen in thalassemia major and
thalassemia minor combined with hemo-
globinopathy syndromes. In course of iron
deficiency anemia, Hb is relatively lower
than the RBC count like some other
hypochromic anemias: pyridoxine deficiency,
lead poisoning, anemia of chronic
inflammation and cancer. This discordance is
also a characteristic of childhood. After birth,
the RBC does not fall to the degree that the



Hb does, MCV and MCH decreases abruptly
then gradually and the lowest value is
reached at about one year. Between ages of
one year and 15 years they gradually rise and
reach adult values. Hyperchromic anemias
are a second class of discordance in which
RBC number can fall below 500 000/pl
where the decrease of Hb is less prominent:
Pemnicious anemia, folate and/or cobalamine
deficiency, alcohol intoxication, anemia in
liver disease and medications  with
antimetabolite  drugs, phenytoine and
estrogens etc. (10,11,17).

The negative correlation between G6PD
activity and erythrocyte indices could be
evaluated as a result of hematological
diseases that affect erythrocyte morphology
(Table 1). But in our study almost a fixed Hct
was obtained with a standard ratio of dilution
(Mean = SD: 44-50%). With a fixed Hct,
decreased MCV analytically means increased
RBC count and supports the determining role
of RBC count. The correlation of MCH that
disappears with elimination of the indirect
effect of MCV is possibly a result of a
presence of low MCH along with low MCV
in a number of situations. The third
observation of our study supporting this
hypothesis is the increasing correlation
coefficient of erythrocyte indices with G6PD
activity when proportioned to Hb, again due
to the presence of low MCV and MCH along
with low Hb concentration in certain

pathological and physiological conditions
like iron deficiency anemia, [-thalassemia
major, minor and physiological anemia of
childhood. On the other hand, G6PD as a
function of RBC count is no longer correlated
with erythrocyte indices.

Like other tissue and cells, WBCs and
platelets also have G6PD activity. Although
erythrocyte and WBC enzyme is thought to
be under same genetic control, in G6PD
deficiency relatively shorter life span of
WBCs and inability of erythrocytes to
synthesize new protein leads to lower G6PD
activity of erythrocytes than other cells
(28,29). In our study platelet count was
positively correlated with the enzyme activity
and enzyme activity as a function of Hb

concentration  suggesting company  of
platelets with RBCs rather than the
interference of enzyme content of the

platelets. But the correlation of the enzyme
activity with WBC was independent from
RBC or Hb content of the blood.

It can be concluded that erythrocyte G6PD
activity is related to RBC count and has
several advantages over Hb in assessing
GO6PD status. It gives more reliable results in
conditions that could affect erythrocyte
morphology and Hb concentration. Presence
of WBC in analytical medium could interfere
with the results.
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