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G-6-PD Diagnosis : Modification of the standard method eliminates the need for an additional Hemoglobin determination.
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Abstract

Glucose- 6-Phosphate Dehydrogenase is one of the most common genetic diseases affecting an estimated 400.000.000 people worldwide. Neonatal screening for this disease has long been established in many countries and the method most commonly used is the semi-quantitative method described by Beutler or modifications to this method. Even when quantitative kits are used results are of little diagnostic value unless an assay to determine hemoglobin content is performed. This is time consuming and significantly increases the cost and the labor associated with the assay. On top of that, it doesn't solve the problem since any mistake during the actual G-6-PD assay, which could alter the Hb content, will not have been compensated for. Our work provides all the elements for a new approach measuring the Hb content in the same sample from which the enzyme activity is derived thus taking into account all mistakes or artifacts. The procedure is costless, fast, very simple, accurate and can be fully automated with almost any equipment.

Περίληψη

Η ανεπάρκεια του ενζύμου της αφυδρογονάσης της 6-φωσφορικής γλυκόζης (G-6-PD) είναι μία από τις πλέον κοινές γενετικές ασθένειες με περισσότερους από 400.000.000 πάσχοντες παγκοσμίως. Ο προληπτικός έλεγχος των νεογνών για αυτή την ασθένεια γίνεται σε πολλές χώρες εδώ και αρκετά χρόνια οι δε μέθοδοι που χρησιμοποιούνται είναι κυρίως παραλλαγές της ημιποσοτικής μεθόδου που περιγράφηκε από τον Beutler.  Ακόμη και η χρήση ποσοτικών μεθόδων προσδιορισμού της δραστικότητας του ενζύμου αυτού έχουν πολύ μικρή διαγνωστική αξία αν δεν αυνοδεύονται από ποσοτικό προσδιορισμό της αιμοσφαιρίνης (συνήθως επιπρόσθετη γενική εξέταση αίματος ή προσδιορισμός αιμοσφαιρίνης). Αυτή η επιπλέον εξέταση αυξάνει σημαντικά το κόστος της εξέτασης, τον χρόνο και την εργασία που απαιτούνται για αυτή καθώς και τον χρόνο που χρειάζεται για να δοθεί ένα αξιόπιστο αποτέλεσμα. Επιπλέον, ακόμη και ο προσδιορισμός της αιμοσφαιρίνης των δειγμάτων δεν λύνει ολοκληρωτικά το πρόβλημα μιά και δεν μπορεί να διορθώσει οποιοδήποτε λάθος γίνει κατά την διάρκεια του προσδιορισμού της δραστικότητας του ενζύμου. Η εργασία αυτή παρέχει όλα τα στοιχεία για τον προσδιορισμό της περιεχόμενης αιμοσφαιρίνης μέσα στο ίδιο δείγμα στο οποίο γίνεται και ο προσδιορισμός του ενζύμου και λαμβάνει υπόψη της οποιοδήποτε λάθος μπορεί να γίνει κατά την εκτέλεση του προσδιορισμού. Η προτεινόμενη μέθοδος είναι ανέξοδη, ταχεία, απλή, ακριβής και μπορεί να αυτοματοποιηθεί πλήρως με κάθε εξοπλισμό. Η εργασία αυτή φιλοδοξεί να λύσει το πρόβλημα της μέτρησης της αιμοσφαιρίνης σε όλες τις μεθόδους οι οποίες μετρούν δραστικότητα ενζύμων ή γενικότερα αναλύτες οι οποίοι πρέπει να εκφραστούν συναρτήσει της εξετασθείσας ποσότητας ολικού αίματος.
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Introduction

G-6-PD deficiency is by far the most common genetic disease possibly affecting more than 400.000.000 people worldwide and neonatal screening for it has been well established. In Greece, where this metabolic disease is prevalent, affecting an average of 3,18% of the population, neonatal screening for this deficiency has been performed for the last 19 years. Screening is centrally performed in the Institute of Child Health in Athens (1,2). The procedure followed till now is the commonly used collection of Gurthie cards with dried blood spots from the neonates which are then tested using a modification of the classic semi-quantitative Beutler method (3). This method, as used, has three major disadvantages, which could be described as time consuming, temperature limited and lack of adequate clinical information. The latter is a direct consequence of the semi-quantitative nature of the method, which does not allow for discrimination between normal, intermediate and deficient samples. Quantase Limited recently announced a new, fully quantitative screening kit for G-6-PD. After using it for some time we slightly modified the assay protocol in order to yield results expressed in Units / gram of Hemoglobin (U/g Hb). The data presented herein show that this modified method has a good sensitivity and reproducibility, is easy to use, can be adapted to almost any laboratory equipment and can be fully automated.

Material and Methods

Blood specimens from neonates were collected according to the standard procedures as previously described (1). The blood was either spotted and dried on special filter paper (Gurthie cards) or used as is after being heparinized.
For the quantitative evaluation of G-6-PD enzyme activity, the QUANTASE G-6-PD Screening kit (QUANTASE Limited, 3 Riverview Business Park, Friarton, Perth, PH2 8DF, Scotland, UK., Cat.Nr. MMR500) was used. When fewer samples or special purpose batches were involved we used the QUANTASE G-6-PD Single Test Kit (Cat.No. MMR010) which uses the same assay protocols. 

The kit utilizes the chemical reaction described by Beutler (3) and the kinetic of the NADPH produced is measured at 340 nm (Figure I). The method involves an elution stage for the lysis of red blood cells and a kinetic photometric measurement at 340nm. The Controls used were QUANTASE G-6-PD Controls (Quantase Limited, Cat.Nr. MMRC02) which were supplied in three levels of G-6-PD activity (Normal=17 U/gHb, Intermediate=3.5 U/gHb and Deficient=0.5 U/gHb). These controls are rated at 24, 30 and 37oC. Alternatively, we used the SIGMA G-6-PDH Controls (Sigma Chemical Company, St.Louis, U.S.A.) Cat.No. G6888 (Normal; nominal value 10 U/g Hb at 30oC, 14 U/g Hb at 37oC), G5029 (Intermediate; nominal value 3,7 U/g Hb at 30oC) and  G5888 (Deficient; nominal value 0,6 U/g Hb at 30oC). The main difference of these controls is the different temperature ratings (Sigma’s controls are rated at 30 and 37oC only) and their shelf life following reconstitution (five days following reconstitution at 2-8oC compared to 30 days for the Quantase Controls).

The assay was performed according to the instructions included in the kit. Briefly, a paper disk with a  3/16 inch diameter or 5 microliters of whole blood were placed in each well of a round bottomed 96 well microplate. Seventy microliters of elution buffer were added per well and the microplate was agitated on an orbital shaker for 22 minutes. During the elution stage the reagents were reconstituted and mixed according to the instructions. Upon completion of the elution stage, fifteen microliters of eluant was transferred to a new round-bottomed microplate and 75 microliters of the reagent mixture was added per well. Two minutes after addition of the reagents the plate was read in an Elisa microplate reader equipped with a 340 nm optical filter in kinetic mode. The pre-incubation stage varies with temperature; a 10 minute stage was used when the assay was performed at 24oC. Twenty-one measurements were taken at one minute intervals and the G-6-PD activity as a change of OD per minute (ΔOD / min) was calculated. All experiments were performed at 37oC except where otherwise stated. 

In order to express our results in U/g Hb we scanned the whole 350-600nm range to find the optimum wavelengths at which a reliable Hb measurement can be taken without interference form the chemicals. The optimum wavelength was found at 414 or 417 nm. Useful wavelengths were found in the 400-420 nm range which includes the readily available 405 nm optical filter that can be installed in all microplate readers. 

Therefore, after termination of the kinetic the whole microplate was measured once at 405 nm to evaluate the hemoglobin (Hb) content of each sample. The samples were normalised (against the control) for their Hb content (relative Hb values). All activities obtained previously were then divided by the relative Hb values and the absolute activities (expressed in U/g Hb) were obtained. It takes less than an hour to screen 96 samples and one more microplate can be read every 40 minutes thereafter. The normal working day is sufficient to perform 900 determinations an output that can be further increased if overlapping steps are involved.

In all experimental setups at least 7 controls were involved in order to verify our results unless otherwise stated. Thus, when Quantase controls were used we included the same Quantase controls along with the Sigma controls as samples. The same procedure was followed when Sigma controls were used for comparison. 

Results

Verifying an alternative wavelength for Hb. It has been established that the optimum wavelength to measure for Hb content is at 414 or 417 nm. However, this would limit the usefulness of the proposed assay to the labs using automated analyzers or spectrophotometers because the microplate readers have a limited range of optical filters available. One such filter being the 405 nm optical filter, we examined whether this particular wavelength, though not optimal, is Hb specific and yields a strong enough signal. The first thing was to make sure that the rest of the chemicals did not absorb in the 400-420 nm area nor did the products of the kinetic reaction. At first we obtained the spectrum of a normally lyzed whole blood sample, using the Elution Buffer contained in the kit, before adding the Reagent mixture, after adding the Reagent mixture and after an 8 minute kinetic. The elution buffer spectrum was almost identical to the spectrum of de-ionized water, while the addition of the Reagent mixture did not alter the spectrum in the 380-440 nm range (comparison data not shown here). Figure II α  shows the spectrum of a sample after addition of the Reagent  mixture while Figure II β shows the spectrum of a sample after an 8 minute kinetic. The entity which absorbs in the 320-360 nm range after the kinetic is the NADPH produced by G-6-PD. It is evident that the only entity which absorbs in the 400 - 420 nm range is hemoglobin and any wavelength in this range could be used to estimate the Hb content of the sample.

Dried Blood Spot Samples. Results shown in Figure III demonstrate the suitability of the 405nm optical filter for an accurate determination of the Hemoglobin content of the samples. The dried blood spots are far more difficult to be evaluated because the blood actually eluted greatly varies from sample to sample. The same sample may give a 10% difference when examined under the same experimental conditions. On top of that, the quantity of whole blood initially spotted on each disk is not the same. The situation is further complicated in the "punching" stage where not everyone punches at the center of the spot or, even worse, not all the disk cut is covered with blood. Thus, apart from the normal differences between samples, which are due to parameters like hematocrite or average Hb content per erythrocyte, many other parameters that have to do with the assay contribute significantly to it. This is clearly shown in Figures III and IV. Twenty five dried blood spot samples from a randomly selected microplate are shown in Figure III. It can be seen that the Hb content of the spots varies from 0,076 at 405nm (0,107 at 417 nm) to 0,528 at 405 nm (0,731 at 417 nm). The average OD at 405 nm is 0,307 + 0,126 (0,442 + 0,179 at 417 nm). However, the ratio of the ODs (405 nm / 417 nm) is amazingly stable (light gray bars) under these varying conditions (0,715 + 0,031). We have examined a total of 2.000 neonates and obtained OD values ranging from 0,040 to 0,610 at 405 nm. However the average ratio (n=2000) was almost identical to the one mentioned earlier (0,721 + 0,0315). This is a strong indication  that the reading at 405 nm can substitute the reading at the optimal wavelength (417nm) and can be used for the evaluation of the Hb content of the samples.

Whole Blood samples Results from 25 whole blood samples (a randomly selected microplate) are shown in Figure IV. The ODs ranged from 0,735 at 405nm (0,837 at 417 nm) to 1,115 at 405 nm (1,351 at 417 nm). In this process, only pipetting inconsistency may alter the Hb content of each sample. The average OD at 405 nm for these 25 samples was 0,962 + 0,103 (1,159 + 0,156), while the ratio of ODs (405 nm / 417 nm) was found 0,814 + 0,033. Even when whole blood was further diluted 1:2 and 1:4 with normal saline, the ODs observed was proportionally lower but the ratio of the ODs (405 nm / 417 nm) remained the same (0,812 + 0,032 for an 1:2 dilution, n=25; 0,808 + 0,031 for an 1:4 dilution, n=30).

Trendline for Dried Blood Spots and Whole Blood samples. Results shown in Figure V include absorption from both dried blood spots (n=25; lower part of the graph) and whole blood samples (n=25; higher part of the graph). The results show a very good compliance (r=0.9858) and clearly support our intention to use the 405 nm reading as a value representing Hb content.

Normalization of Samples for Hb content. The activity of the G-6-PD enzyme in this assay is measured indirectly by the formation of β-NADPH following the oxidation of glucose-6-phosphate to 6-phosphogluconate. The NADPH produced is measured at 340nm in kinetic mode and the change of OD per minute is proportional to the G-6-PD activity of the sample. By definition, one International Unit of G-6-PD activity is the amount of G-6-PD activity, which will convert 1 mmol of substrate per minute under the conditions (mainly temperature), specified in the assay. This activity is directly proportional to the number of erythrocytes actually lyzed during the elution process which can be expressed as grams of Hemoglobin in the sample. In order to have comparable results, the activity measured in each sample has to be calculated for the same amount of Hb irrespectively of the actual Hb contained in that sample. Since all comparisons are made against the controls, the Hb of the control should become the basis of comparisons. We therefore divided all ODs measured at 405 nm  following the kinetic (ODsample405nm) by the OD at 405 nm of the control (ODcontrol405nm). The resulting values represent the “relative” Hb content of each sample as compared to the control. The activity measured in each sample (ΔODsample340nm/min) is then divided by the “relative Hb” factor in order to get the activity of the sample, which corresponds, to the Hb content of the control. 

Expressing Results in Units / gram Hb. The G-6-PD activity of the sample is now directly comparable to that of the control (ΔODcontrol340nm/min). Since the control’s activity is already given in Units / g Hb (U/g Hb) the sample’s activity can be readily expressed in the same units. Special care should be taken to use controls, which are rated, at the temperature used for the assay. Thus, when using analyzers or microplate readers equipped with a heating device, any control can be used. When performing the assay at room temperature it is preferable to use Quantase controls which are rated at 24oC. The equation that gives results expressed in U/g Hb is given below : 

ΔODsample340nm/min / ΔODcontrol340nm/min
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    X Control Value = Sample Activity in U/g Hb

ODsample405nm / ODcontrol405nm
Results for verification. In order to verify that this equation will give accurate and reproducible results we performed the following experiment. A set of ten samples was prepared as showed in Table I. Thirty sets of these samples were tested in three consecutive days using the Single Test kit in order to simulate a multiple day screening condition (different Reagent Mixture for each set). One box (MMR010, Batch 01/98) was opened, reconstituted and used for each set. Neonate #1 was classified as "Normal" during screening whereas Neonate #2 and #3 were classified as "deficient" (using the currently employed semi-quantitative Beutler method). All samples were compared to Quantase Normal in column 2. The assay was performed at 37oC. Results are presented in Table II.

It is evident that this method has a very good accuracy and reproducibility and the results obtained from different sessions and/or days are directly comparable to each other. 

Limitations of the method. This method assumes that the optical properties of the samples are the same with the controls. Since the molecular extinction coefficient of the Beer Lambert Law (e) applies for a given compound this method can be used to directly express results in U/g Hb by comparing them to  controls tested with the same Reagent Mixture and under the same conditions. Next day’s microplates should be compared against controls tested with the Reagent Mixture used at that day. However results expressed in U/g Hb are directly comparable between them, irrespectively of when the experiment was performed.

Discussion

The main problem when screening for G-6-PD deficiency has always been the lack of results expressed in suitable, generally accepted units. This is especially true for mass screening centers, which mostly use cheap, semi-quantitative methods. Semi-quantitative results do not mean much from the clinical point of view, since "deficient" means everything between 0 and 4,5 U/g Hb. These values correspond to different clinical cases, yet they can't be discriminated. Secondly, the Frequency Distribution of neonates, especially in countries like Greece where the incidence is very high, needs to be calculated based on truly quantitative results of the whole population. When this is done we may find that the occurrence is much higher than initially thought of. Thirdly, the selection of 3,5 or 4,5 U/g Hb as the "cut-off" mark is subjective and not supported by mass screening quantitative data. Careful analysis of these data will set the correct “cut off” values based on the correlation of numeric values to certain clinical manifestations. Moreover, data obtained in one laboratory can't be compared to data originated in another therefore the term “deficient” has different meanings in different countries. Samples need to be quantitatively screened for and the resulting deficient populations checked for various mutations. Apart from that, various facts that influence screening are usually  "covered" by the method currently in use. High temperature, very common in the Mediterranean, Middle East and Arabic countries, results in a significant loss of G-6-PD activity.  

Even with a quantitative screening kit such as the one we used, one has to draw the graphs and calculate the slopes in order to estimate the activity contained in the sample. Having the actual hematocrite from the Haematology department will help to get values per gram hemoglobin. This elevates the overall cost, time and labor needed without solving the problem, since wrong volumes of whole blood (i.e. addition of 6 instead of 5 microliters) or a half-spotted disk will alter the results. Our method normalizes the Hb content of the samples which are actually measured, therefore takes all these factors into account. Results presented with our method will help screening laboratories evaluate their data more accurately and express the results in universally acceptable values. 

As shown, fluctuations in Hb content, especially with Dried Blood Spot Samples is a very considerable but unpredictable parameter. It was observed more than once that DBS samples differing as much as six times in their Hb content were present in the same microplate. It is obvious that measuring the G-6-PD activity alone is not enough and may easily drive to wrong conclusions and classification. Indeed, samples showing normal activity were finally classified as Intermediates (positive samples) when the Hb content was taken into account (normalization for Hb content). Under these conditions a case can be easily missed. The frequency of this incident is not very rare. During these experiments (2000 neonates tested) we came across two such cases (1 : 1000) which is very significant and can't be ignored. The opposite is also true (classifying a Normal as an Intermediate), but it is far less significant because the neonate will be recalled by the screening center and a quantitative analysis will classify it correctly. 

This method can be easily automated and an Excel macro can calculate the values as received from the microplate reader and represent the results directly in U/g Hb. The method is very flexible and can work with almost any equipment (spectrophotometer, microplate reader, automated analyzer etc.) though in some cases manual calculation may be required (in many spectrophotometers and microplate readers, which are not connected to a PC). Microplate readers will need a 405 nm optical filter in addition to the 340 nm filter.

The controls used in this study showed a very good response. Though the Sigma controls are not calibrated at 24oC which was the ambient temperature, they worked fine and can be used if there is no alternative (data not shown here). One needs to know that there is  35% less activity at this temperature (6,5 U/g Hb for the Normal control as compared to 10 U/g Hb at 30oC), or run calibration tests before using it (highly recommended). The Quantase control worked very well in the current protocols and should be recommended if the assay is to be performed at room temperature. Performing the test at higher temperatures (30- 37oC) is preferable in order to get a stronger signal.

This approach should not be limited to G-6-PD screening only. Preliminary results have shown that it could be used in all assays involving a blood elution stage, since the results obtained correspond to the actual quantity of blood eluted. Moreover, cuttings are not always the same and many times a partially spotted paper disk may lead to erroneous results. The proposed extra reading of the microplate (or individual sample) at 405 nm can be performed at any convenient stage of a given method. Thus, when using methods that employ chemicals absorbing in this region (400-420nm) the extra reading should be taken immediately after the elution stage, before adding the chemicals. The same is true in cases where a color reagent is added or the final product of the assay absorbs in this wavelength range. 

It could be concluded that this work offers a fully quantitative method, results being expressed in universally accepted units (U/g Hb) thus permitting direct comparison of results between various labs without increasing the cost, time or labor associated with the assay. It also demonstrates that a fully quantitative, low cost kit assay can be used for neonatal screening something which was cost-prohibitive till now. The Quantase G-6-PD kit has been proven to be very reliable and accurate by various labs (4-6) and is therefore a strong candidate to serve this purpose .
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FIGURE I.
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FIGURE II
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FIGURE IΙΙ
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FIGURE ΙV
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FIGURE V

Table Ι  Experimental layout of samples.  In every experiment, 3 neonates were tested 

   against one control and 5 internal controls.

	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	Quanta

Normal
	Quanta

Normal
	Quanta

Interm
	Quanta

Defic
	Sigma

Normal
	Sigma

Interm
	Sigma

Defic
	Neonat

#1
	Neonat

#2
	Neonat

#3


Table ΙΙ. Results of the consecutive examination of the same samples.

	Sample Description
	n=
	Nominal Value 

(U/g Hb)
	Mean + S.D.

	Quantase Normal
	30
	17
	N/A

	Quantase Normal
	30
	17
	17,12 + 0,19

	Quantase Intermed
	30
	3,5
	3,41 + 0,08

	Quantase Deficient
	30
	0,5
	0,52 + 0,013

	Sigma Normal
	30
	10
	9,21 + 0,21

	Sigma Intermediate
	30
	3,6
	3,33 + 0,11

	Sigma Defiecient
	30
	0,6
	0,55 + 0,02

	Neonate #1
	30
	Normal
	12,8 + 0,51

	Neonate #2
	30
	Deficient
	2,9 + 0,12

	Neonate #3
	30
	Deficient
	0,96 + 0,04


Figure I. Reaction used by the Quantase G-6-PD screening kit.

Figure II.      (α)Typical spectrum of sample just after addition of the Reagent Mixture (before 

the  kinetic) (β) Typical spectrum of sample after an 8 minute kinetic. The 

entity which absorbs at the 320-360 nm range  is the β-NADPH which is 

produced by G-6-PD. 

Figure ΙΙΙ. Dried Blood Spot Samples after termination of the kinetic reaction

Figure ΙV. Whole Blood Samples after termination of the kinetic reaction.

Figure V. Whole Blood and Dried blood spot samples 405/417 ratios and trendline.
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Γράφημα1

		0.937		1.131		0.8284703802

		0.972		1.216		0.7993421053

		0.963		1.2		0.8025

		0.926		1.137		0.8144239226

		0.799		0.84		0.9511904762

		1.073		1.366		0.7855051245

		1.013		1.273		0.7957580518

		0.977		1.223		0.7988552739

		1.036		1.276		0.8119122257

		1.145		1.411		0.811481219

		0.959		1.18		0.8127118644

		1.035		1.215		0.8518518519

		0.839		0.973		0.8622816033

		1.088		1.246		0.8731942215

		0.9		1.054		0.8538899431

		0.999		1.206		0.828358209

		0.928		1.077		0.8616527391

		0.934		1.088		0.8584558824

		1.038		1.309		0.7929717341

		1.115		1.351		0.8253145818

		0.906		1.109		0.8169522092

		0.735		0.837		0.8781362007

		0.806		0.929		0.8675995694
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Γράφημα2

		0.249		0.384		0.6484375

		0.437		0.625		0.6992

		0.294		0.455		0.6461538462

		0.343		0.482		0.7116182573

		0.355		0.539		0.6586270872

		0.402		0.568		0.7077464789

		0.302		0.453		0.6666666667

		0.386		0.557		0.6929982047

		0.341		0.504		0.6765873016

		0.528		0.731		0.7222982216

		0.34		0.53		0.641509434

		0.435		0.635		0.6850393701

		0.319		0.478		0.6673640167

		0.38		0.537		0.7076350093

		0.327		0.465		0.7032258065

		0.389		0.551		0.7059891107

		0.375		0.528		0.7102272727

		0.332		0.47		0.7063829787

		0.35		0.487		0.7186858316

		0.429		0.609		0.7044334975

		0.076		0.107		0.7102803738

		0.093		0.131		0.7099236641

		0.131		0.177		0.7401129944
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Φύλλο1

		R&D Diagnostics Ltd - Results of OD 405nm / 417nm

		whole/405		whole/417		w405/417		spot/405		spot/417		s405/417

		0.937		1.131		0.8284703802		0.249		0.384		0.6484375

		0.972		1.216		0.7993421053		0.437		0.625		0.6992

		0.963		1.2		0.8025		0.294		0.455		0.6461538462

		0.926		1.137		0.8144239226		0.343		0.482		0.7116182573

		0.799		0.84		0.9511904762		0.355		0.539		0.6586270872

		1.073		1.366		0.7855051245		0.402		0.568		0.7077464789

		1.013		1.273		0.7957580518		0.302		0.453		0.6666666667

		0.977		1.223		0.7988552739		0.386		0.557		0.6929982047

		1.036		1.276		0.8119122257		0.341		0.504		0.6765873016

		1.145		1.411		0.811481219		0.528		0.731		0.7222982216

		0.959		1.18		0.8127118644		0.34		0.53		0.641509434

		1.035		1.215		0.8518518519		0.435		0.635		0.6850393701

		0.839		0.973		0.8622816033		0.319		0.478		0.6673640167

		1.088		1.246		0.8731942215		0.38		0.537		0.7076350093

		0.9		1.054		0.8538899431		0.327		0.465		0.7032258065

		0.999		1.206		0.828358209		0.389		0.551		0.7059891107

		0.928		1.077		0.8616527391		0.375		0.528		0.7102272727

		0.934		1.088		0.8584558824		0.332		0.47		0.7063829787

		1.038		1.309		0.7929717341		0.35		0.487		0.7186858316

		1.115		1.351		0.8253145818		0.429		0.609		0.7044334975

		0.906		1.109		0.8169522092		0.076		0.107		0.7102803738

		0.735		0.837		0.8781362007		0.093		0.131		0.7099236641

		0.806		0.929		0.8675995694		0.131		0.177		0.7401129944

								0.405		0.514		0.7879377432

								0.077		0.111		0.6936936937

								0.122		0.179		0.6815642458

								0.083		0.119		0.6974789916

		0.9618695652		1.1585652174		0.8340351908		0.3074074074		0.4417037037		0.6963636148		average

		0.1032174687		0.1558375687		0.0383817818		0.126856448		0.1795129768		0.0307439716		st.dev.

		dil.blood/405		dil.blood/417		405/417

		0.428		0.545		0.7853211009

		0.481		0.587		0.8194207836

		0.4545		0.566		0.8023709423		average

		0.0374766594		0.0296984848		0.0241121169		st.dev.
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Γράφημα2

		0.249		0.384		0.6484375

		0.437		0.625		0.6992

		0.294		0.455		0.6461538462

		0.343		0.482		0.7116182573

		0.355		0.539		0.6586270872

		0.402		0.568		0.7077464789

		0.302		0.453		0.6666666667

		0.386		0.557		0.6929982047

		0.341		0.504		0.6765873016

		0.528		0.731		0.7222982216

		0.34		0.53		0.641509434

		0.435		0.635		0.6850393701

		0.319		0.478		0.6673640167

		0.38		0.537		0.7076350093

		0.327		0.465		0.7032258065

		0.389		0.551		0.7059891107

		0.375		0.528		0.7102272727

		0.332		0.47		0.7063829787

		0.35		0.487		0.7186858316

		0.429		0.609		0.7044334975

		0.076		0.107		0.7102803738

		0.093		0.131		0.7099236641

		0.131		0.177		0.7401129944
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Ratio OD 405nm / OD 417 nm



Φύλλο1

		R&D Diagnostics Ltd - Results of OD 405nm / 417nm

		whole/405		whole/417		w405/417		spot/405		spot/417		s405/417

		0.937		1.131		0.8284703802		0.249		0.384		0.6484375

		0.972		1.216		0.7993421053		0.437		0.625		0.6992

		0.963		1.2		0.8025		0.294		0.455		0.6461538462

		0.926		1.137		0.8144239226		0.343		0.482		0.7116182573

		0.799		0.84		0.9511904762		0.355		0.539		0.6586270872

		1.073		1.366		0.7855051245		0.402		0.568		0.7077464789

		1.013		1.273		0.7957580518		0.302		0.453		0.6666666667

		0.977		1.223		0.7988552739		0.386		0.557		0.6929982047

		1.036		1.276		0.8119122257		0.341		0.504		0.6765873016

		1.145		1.411		0.811481219		0.528		0.731		0.7222982216

		0.959		1.18		0.8127118644		0.34		0.53		0.641509434

		1.035		1.215		0.8518518519		0.435		0.635		0.6850393701

		0.839		0.973		0.8622816033		0.319		0.478		0.6673640167

		1.088		1.246		0.8731942215		0.38		0.537		0.7076350093

		0.9		1.054		0.8538899431		0.327		0.465		0.7032258065

		0.999		1.206		0.828358209		0.389		0.551		0.7059891107

		0.928		1.077		0.8616527391		0.375		0.528		0.7102272727

		0.934		1.088		0.8584558824		0.332		0.47		0.7063829787

		1.038		1.309		0.7929717341		0.35		0.487		0.7186858316

		1.115		1.351		0.8253145818		0.429		0.609		0.7044334975

		0.906		1.109		0.8169522092		0.076		0.107		0.7102803738

		0.735		0.837		0.8781362007		0.093		0.131		0.7099236641

		0.806		0.929		0.8675995694		0.131		0.177		0.7401129944

								0.405		0.514		0.7879377432

								0.077		0.111		0.6936936937

								0.122		0.179		0.6815642458

								0.083		0.119		0.6974789916

		0.9618695652		1.1585652174		0.8340351908		0.3074074074		0.4417037037		0.6963636148		average

		0.1032174687		0.1558375687		0.0383817818		0.126856448		0.1795129768		0.0307439716		st.dev.

		dil.blood/405		dil.blood/417		405/417

		0.428		0.545		0.7853211009

		0.481		0.587		0.8194207836

		0.4545		0.566		0.8023709423		average

		0.0374766594		0.0296984848		0.0241121169		st.dev.
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Γράφημα1

		0.937		1.131		0.8284703802

		0.972		1.216		0.7993421053

		0.963		1.2		0.8025

		0.926		1.137		0.8144239226

		0.799		0.84		0.9511904762

		1.073		1.366		0.7855051245

		1.013		1.273		0.7957580518

		0.977		1.223		0.7988552739

		1.036		1.276		0.8119122257

		1.145		1.411		0.811481219

		0.959		1.18		0.8127118644

		1.035		1.215		0.8518518519

		0.839		0.973		0.8622816033

		1.088		1.246		0.8731942215

		0.9		1.054		0.8538899431

		0.999		1.206		0.828358209

		0.928		1.077		0.8616527391

		0.934		1.088		0.8584558824

		1.038		1.309		0.7929717341

		1.115		1.351		0.8253145818

		0.906		1.109		0.8169522092

		0.735		0.837		0.8781362007

		0.806		0.929		0.8675995694
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Φύλλο1

		R&D Diagnostics Ltd - Results of OD 405nm / 417nm

				whole/417		whole/405		w405/417				spot/417		spot/405		s405/417				whole/417		whole/405

				1.131		0.937		0.8284703802				0.384		0.249		0.6484375				1.131		0.937

				1.216		0.972		0.7993421053				0.625		0.437		0.6992				1.216		0.972

				1.2		0.963		0.8025				0.455		0.294		0.6461538462				1.2		0.963

				1.137		0.926		0.8144239226				0.482		0.343		0.7116182573				1.137		0.926

				0.84		0.799		0.9511904762				0.539		0.355		0.6586270872				0.84		0.799

				1.366		1.073		0.7855051245				0.568		0.402		0.7077464789				1.366		1.073

				1.273		1.013		0.7957580518				0.453		0.302		0.6666666667				1.273		1.013

				1.223		0.977		0.7988552739				0.557		0.386		0.6929982047				1.223		0.977

				1.276		1.036		0.8119122257				0.504		0.341		0.6765873016				1.276		1.036

				1.411		1.145		0.811481219				0.731		0.528		0.7222982216				1.411		1.145

				1.18		0.959		0.8127118644				0.53		0.34		0.641509434				1.18		0.959

				1.215		1.035		0.8518518519				0.635		0.435		0.6850393701				1.215		1.035

				0.973		0.839		0.8622816033				0.478		0.319		0.6673640167				0.973		0.839

				1.246		1.088		0.8731942215				0.537		0.38		0.7076350093				1.246		1.088

				1.054		0.9		0.8538899431				0.465		0.327		0.7032258065				1.054		0.9

				1.206		0.999		0.828358209				0.551		0.389		0.7059891107				1.206		0.999

				1.077		0.928		0.8616527391				0.528		0.375		0.7102272727				1.077		0.928

				1.088		0.934		0.8584558824				0.47		0.332		0.7063829787				1.088		0.934

				1.309		1.038		0.7929717341				0.487		0.35		0.7186858316				1.309		1.038

				1.351		1.115		0.8253145818				0.609		0.429		0				1.351		1.115

				1.109		0.906		0.8169522092				0.107		0.076		0.7102803738				1.109		0.906

				0.837		0.735		0.8781362007				0.131		0.093		0.7099236641				0.837		0.735

				0.929		0.806		0.8675995694				0.177		0.131		0.7401129944				0.929		0.806

												0.514		0.405		0.7879377432				0.384		0.249

												0.111		0.077		0.6936936937				0.625		0.437

												0.179		0.122		0.6815642458				0.455		0.294

												0.119		0.083		0.6974789916				0.482		0.343

																				0.539		0.355

		0.9618695652		1.1585652174				0.8340351908		0.3074074074		0.4417037037				0.6702734852		average		0.568		0.402

		0.1032174687		0.1558375687				0.0383817818		0.126856448		0.1795129768				0.1374287768		st.dev.		0.453		0.302

																				0.557		0.386

		dil.blood/405		dil.blood/417				405/417												0.504		0.341

		0.428		0.545				0.7853211009												0.731		0.528

		0.481		0.587				0.8194207836												0.53		0.34

		0.4545		0.566				0.8023709423		average										0.635		0.435

		0.0374766594		0.0296984848				0.0241121169		st.dev.										0.478		0.319

																				0.537		0.38

																				0.465		0.327

																				0.551		0.389

																				0.528		0.375

																				0.47		0.332

																				0.487		0.35

																				0.609		0.429

																				0.107		0.076

																				0.131		0.093

																				0.177		0.131

																				0.514		0.405

																				0.111		0.077

																				0.179		0.122

																				0.119		0.083
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The main metabolic role of G-6-PD in red cells is
the defense against oxidizing agents, epitomized by hydrogen peroxide.
NADPH, a product of the G-6-PD reaction, is both the hydrogen
donor for regeneration of reduced glutathione and a ligand for catalase
(see text). GSSGR = glutathione reductase; GSHPX = glutathione
peroxidase; G-6-P = glucose-6-phosphate; 6PG = phosphogluconate.







