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ABSTRACT. The erythrocyte glutathione reductase (E-GR) saturation with its coenzyme flavin adenine
dinucleotide (FAD) affords the nutritional status regarding the vitamin B2, as FAD proceeds from riboflavin
intake. E-GR normally exhibits physiological partial saturation with its coenzyme.OBJECTIVE: To study
the maximumin vivo saturation which could be reached by increasingly oral vitamin supplementation.
METHODS: Three groups of normal volunteers were given 3 mg (group A), 20 mg ( group B) and 50 mg
(group C ) riboflavin daily during twenty days. The enzyme activities were assayed before and after
supplementation, with and without coenzyme addition to the reagent system. RESULTS: 77%, 83% and
87% saturation were observed in the groups A, B and C respectively. CONCLUSION: Inciresisiag
saturation was observed with increasing oral doses of riboflavin supplementation, but total saturation
was not observed even with the highest oral 50 mg riboflavin supplementaion.
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INTRODUCTION coefficient (AC) is calculated as the ratio of the enzyme activity

There are red cell enzymes which are vitamin dependeafter coenzyme addition / activity before coenzyme addition.
and so their activities are correlated with the specific vitamin Glutathione reductase saturation with its coenzyme was
nutritional conditioA. As an example, glutathione reductasascertained by the ratio enzyme activity before in vitro coenzyme
needs the coenzyme flavin adenine dinucleotide for accomplistidition / enzyme activity after in vitro coenzyme addition in
with its catalytic function, which in turn requires riboflavinthe reagent system x 100.

(vitamin B2) for its biosynthesisThe red cell glutathione Mann-Whitney statistical method for non-parametric
activity assay with or without FAD in the reagent system malata was employed with 5% of significance.

be useful in affording the riboflavin physiological saturation.

When adding FAD to the reagent system it saturates completely RESULTS

the enzyme loci for FAD, reaching maximum activity. Thus, a Tables 1, 2 and 3 depict mean glutathione reductase
high increase of GR basal activity obtained when FAD is addedtivity values before and after treatment. It can be observed
to the reagent system indicates that he GR is deprivedthét there is a significant GR activity increase without FAD in
sufficient vitamin B2 intake. Conversely, an slight activitythe reagent systems, after 20 days treatment in all groups .
increase obtained with FAD means a fairly good vitamin B2 On the other hand, when FAD was added to the reagent
nutritional status. This correlation is linear and may be usedgsgstems in samples from riboflavin supplemented individuals,
evaluate the vitamin intake no significant activity increase ( p > 0.05 ) was observed.

An index has been proposed for measuring the nutritional In all groups a significant saturation increase after
vitamin status for all vitamin dependent enzymes, the activityeatment (p < 0.05 ) was observed. The highest observed
coefficient (AC), which is the ratio of the activity after coenzymsaturation was 87% (AC: 1.15), obtained with 50mg riboflavin
addition/activity before coenzyme addition. Several studies hawtake (Table 3).
reported minimum AC normal threshold values for glutathione
reductase of 1.2131.3%121.411 1.5! and values above these DISCUSSION
figures indicate vitamin deficiency. The GR activity increase without addition FAD in the

As the enzyme coenzyme saturation is always partial iragent systems after treatment with riboflavin in all groups of
individuals with current normal digtthe daily vitamin this work has been also reported by other auttigrs
supplementation for a long period could lead to total coenzyme  However, when FAD was added in the reagent system
saturation. from riboflavin supplemented individuals samples, it was not

In order to investigate which would be the vitamin Bdbserved significant GR activity increase , what suggests the
daily dosis for reaching an hypothetical total saturatiomphysiological saturation was enhanced by the vitamin intake.

increasing oral supplementation riboflavin doses were given to Increasingin vivo saturation was observed with
normal volunteers. increasing oral doses of riboflavin supplementation (Figure 1),
but total saturation was not observed even with the highest

METHODS oral 50 mg riboflavin supplementaion. What would limit this

Normal volunteers, from 24 to 54 years old, of both sexesaturation might be the slow riboflavin input into the red cells,
non smokers, not taking any medicine or vitamimrthe existence of an absorption and or a metabolism regulatory
supplementation were separated in the following groups: mechanism.

It is interesting that glucose-6-phosphate

Group A: dehydrogenase deficients, it does not matter their nutrition
15 individuals were given 3 mg riboflavin daily / 20 days condition, present 95%'saturation. In these individuals there

Group B: is high red cell FAD concentration but low serum level, and this
15 individuals were given 20 mg riboflavin daily / 20 days deficiency could increase the red cell FAD concentration and

Group C: facilitate the FAD linkage with glutathione reductadé*

18 individuals were given 50 mg riflavin daily / 20 days  Cyrrhosis and severe uremia patients presentQa#tiration,
and although presenting higher red cell FAD concentration,

10 ml of blood were drawn and collected in EDTA, kepéxhibit high serum FAD levél
at 4 C for up to 2 days. The samples were washed in saline at The data hereipresented and together with some
4° C for 4 times, and lyzed in deionized water and freeze-aneported findings suggest there are factors which avoid that all
thawing in acetone/dry ice bath. The suspension wapoenzymes linking sites may be saturated with FAD.
centrifuged at 10,000 g and the supernatant was used for It is known that red cells remain in circulation for 120
enzymatic assays. days, and after many metabolic and membrane changes, mostly

The red cell glutathione reductase activity assays, withy oxidative damage, they are deeply affected and are trapped
and without FAD, were done accordig to Beutland were by spleen. It is possible that even red cell ageing may affect
performed just before and just after treatment. The activitiie receptors for riboflavin or FAD
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As the individuals in this study were given vitamino the percentage of old cells, which comprise those cells older
supplementation for 20 daysith high vitamin doses, it is than 105 days, which are not capable to absorb riboflavin and
feasable to suggest that riboflavin was preferably used by yoong¢p convert riboflavin to FAD.

and mature red cells, which present functioning metabofoother approach would to supplement volunteers for 120 days,
pathways. On the other hand, the senescent erythrocythat would afford constant riboflavin availability for all red
which exhibit the referred changes, hardly accomplish with tbells produced during this period, so that all young cells could
metabolic needs and would jeopardize the riboflavin utilizatidme saturated by riboflavin and keep its coenzyme throughout
The lack of maximum saturation, of about 13%, could be ascrilbeeir life span, reaching FAD total saturation in all cells.

Table 1.Group A. Mean glutathione reductase activity (1U.g Hb-1. min —1 a 37°C), without and with FAD addition to the reagent
system, and Activity Coefficients (AC). 15 individuals with 3 mg riboflavin daily supplementation for 20 days

Without FAD With FAD AC % saturation
Before treatment 7.36 +0.6 11.0_+0.9 1.5 +0.1 66.4_+6.2
After treatment 8.5 0.6 11.1_+0.9 1.3 +0.1 77.3_+5.7
P <0.0001 0.1909 <0.0001 <0.0001

Table 2. Group B. Mean glutathione reductase activity ( IU.g Hb-1. min —1 at 37°C ), without and with FAD addition to the reagent
system, and Activity Coefficients (AC). 15 individuals with 20 mg riboflavin daily supplementation for 20 days

Without FAD With FAD AC % saturation
Before treatment 7.2 9.7 10.7_+0.9 15 +0.1 68.1_+6.2
After treatment 8.8 0.5 10.7_+0.9 1.2 +0.1 82.8_+6.4
P 0.0001 1.0000 0.0001 0.0001

Table 3. Group C. Mean glutathione reductase activity (IU.g Hb-1. min —1 at 37°C), without and with FAD addition to the reagent
system, and Activity Coefficients (AC). 18 individuals with 50 mg riboflavin daily supplementation for 20 days

Without FAD With FAD AC % saturation
Before treatment 7.6 +0.8 10.2_+1.0 1.4 +0.1 74.4 +6.8
After treatment 9.0 +.1 10.3_+1.1 1.1 +0.1 86.8_+3.4
P <0.0001 0.3529 <0.0001 <0.0001
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Figure 1 - Percentage of glutathione reductase saturation achieved by
increasing riboflavin supplementation
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RESUMO. A atividade da glutationa redutase eritrocitaria (GR-E) é dependente da coenzima flavina adenina
dinucleotideo (FAD), derivada da vitamina B2. Em condi¢8es nutricionais normais a saturacdo desta
enzima por esta coenzima é paréBJETIVO: Estudar sén vivoa maxima saturacdo da GR-E pode ser
observada através da administrac&o oral crescente de ribofldaRERIAL E METODOS: \oluntarios

normais com idade entre 24 e 54 anos ingeriram por 20 dias consecutivos 3 mg (grupo A), 20 mg (grupo
B) e 50 mg (grupo C) de riboflavina. A determinacgéo da atividade enzimatica foi realizada antes e apés a
ingestéo da riboflavina, com e sem adi¢cdo da coenzima no sistema reB§gSitd TADOS: Foram
observadas saturacdes de 77%, 83% e de 87% nos grupos A, B e C respectiZdN@LaJSAO: O

aumento crescente da saturacao in vivo foi observado & medida que a dose de suplementacgéo foi sendo
aumentada. A saturacao total “in vivo” ndo foi observada mesmo com a maior dose de 50 mg de riboflavina.

PALAVRAS-CHAVE. glutationa redutase eritrocitaria, riboflavina, vitamina B2, glébulo vermelho.

REFERENCES

1. Bayoumi RA, Rosalki SB. Evalution of methods of coenzyme  stimulation of enzyme activitigSlin Chim Acta, 61:151-62, 1975.
activation of erythrocyte enzyme for detection of deficiencg. Kuizon MD, Natera MG, Alberto SP et al. Riboflavin
of vitamins B1,B2 and B&lin. Chem.,22(3):327-35, 1976. requirement of Filipino womekuro J Clin Nutr, 46:257-64,

2. Beutler E. Effect of flavin compounds on glutathione 1992,
reductase activity: in vivo and in vitro studiek.Clin.  10. Mandula B, Beutler E. Synthesis of riboflavin nucleotides
Invest.,48:1957-66, 1969. by mature human erythrocytdlood, 36(4):491-9, 1970.

3. Beutler E. Glutathione reductase: stimulation in normah. Mccornick, DB. Riboflavin. In: Shilds ME, Olson JA, Shike
subjects by riboflavin supplementati®eience] 65:613:5, 1969. M. Modern nutrition in health and disease 8.ed.,

4. Beutler ERed cell metabolism —a manual of biochemical Philadelphia: Lea & Febiger; 1994.p.366-75.
methods Grune & Stratton, Inc., 3° ed., 1984. p.72-7312. Nichoalds GEAssessment of status of riboflavin nutriture

5. Fernandez-bafiares F, et al. Factors associated with lowby assay of erythrocyte glutathione reductase acti@ity.
values of biochemical vitamin parameters in healthy Chem, 20(5):624-8,1974.
subjects.Internat. J Vit Nutr Res, 63:68-74, 1993. 13. Toh SY, Thompson GW, Basu TK. Riboflavin status of the

6. Flatz G. Enhanced bilding of FAD to glutathione reductase elderly: ditary intake and FAD-stimulating effect on
in G-6-PD deficiencyNature, 226(23).755, 1970. erythrocyte glutathione reductase coefficiektsro J Clin

7. Garrett RH, Grisham CM. Coenzymes and Vitamins. In: Nutr, 48:654-9, 1994.
Biochemistry, Florida: Sauders College Publishing;14. Yawata Y, Tanaka K. Regulatory mechanism of glutathione

1995.cap.14.p.474-80. reductase activity in human red celBtood, 43:99-109, 1974.
8. Hoorn RKJ, Flikweert JP, Westerink D. Vitamin B1, B2 and

B6 deficiencies in geriatric patients, measured by coenzyrRecebido em 04/11/2002 ; Aprovado em 15/05/2003

94



