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G6PD and G6PD deficiency 

Stract : Ratana Sindhupl hak. 1988, and G6P: ncy. Thai i J Hlth : Resch a: 
G6PD is an ubiquitous enzyme. It provides the NADPH which is nece: maintain 

athione in the reduced state (GSH). G6PD deficiency in erythrocyte is a well-kno ic defect. 
?D deficient persons are suscevtible to acute haemolysis vrecivitated bv infectlull3. J U I ~ ~  kinds 
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G6PD (Glucose-6-phosphate dehydrogenase) 
G6PD ~ilutdulrddGo$i& 7 YfluddG~irp ~udnldon~md, naod, n$iai&, h, k qnq n;id 

4 9 ~  4 uod G6PD lilunsnunbuldlt.r (catalyze) d$iui~i.rnuo.riri (pathway) ilm; pentose d d l ~ ~ I 1 3 6 U r p 0  

(precursor) unsn~ni~niBn (nucleic acid) ilnrvos nucleotide coenzyme Rsna" nirdi48nsYltCu 
9 4 d Y d 4  

h43nunn~ NADPH (reduced nicotinamide adenine dinucleotide phosphate) d d d ~  cofactor %~dldU?%d 

glutathione reductase 1uni3n5'1d GSH (reduced glutathione) d . 1 A ~ ~ ~ ~ u n i ~ J b i i i J u d o d ~ ~ 3 u i w n i u o d i ~  
lu+lWfl~ idu rn3J-d'qmn:d (biosyntheisis) lm:ni3YhnifJtrI3h (detoxification)  id^ H202 (hydro- 

4 ,  i 
genperoxide) nrnnuul~Si.~niu ($4 1) l u $ ~ G J j m ~ i ~ ~ i n  G6PD 010lf l~~d3uhd16q~ia glycolysir 

lumrd~clunglnn (glucose) l t%j i  G6PD lilu~bukd8bllilu 

Figure 1. The pentose phosphate pathway of erythrocyte glyeolysis. 
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G6P = Glucose - 6 - phosphate 
6PG = 6 - phosphogluconate 
GSSG = glutathione 
GSH = reduced glulathione 

H202 = hydrogenperoxide 
NADP = Nicotinarnide adenine dinucleotide 

phosphate 

G6PD dS~fl~El63Und3~d0er (subunit) idul~u3r-%ih.~*s:nafiu (haemoglobin) ~lda:ndaudouG 

iin~ntulnfp 50,000-55,000 dalton ~iiWlnBoud1uTnnOU 1w~i:nd~udou~-manGa"i$1"uni~~iu~61"a 

%~.lfl3noaGlu (amino acid sequence) G6PD o ~ ~ L ~ E ~ u o - J  dimer h optimal pH lln: tetrarner 

l&~lmu~3u~El  NADP nio NADPH h pH li)unmdlla~; ionic strength c.) activity UOsld~?%dZ 

lu$n$.rlla:$~iuo:~di1na"~?udn"u diJo:anndd3rmol 21% lu$qaoie (3:njis 80-90 3) 



G6PD deficiency 

rn?:wiod G6PD i~um~dndn~~lo.ndu11dluiinidoniin~ ~do'iunonmd~u;ns50~?$ du (gene) 

d n ~ u ~ u l n r ~ n h ~ i i a : n 1 ~ ~ ~ i n ~ i : ~ i d u ? ~ 1 1 ~ ~ G n ~ l u X ~ 1 4 1 d u ~ ~ n ~ a u ~ 1 u u o ~ u u  X-chromosome (il2udG 

m3:wio.r G6PD ~muiawi:~u(~iud.tG X-chromosome iv1ud&idu3 i ~ o ~ m ~ u ~ m d n ~ l ~ ~ ~ u o : ~ ~ u b ~ u u  
hemizygote ~ ~ G ~ I ~ ~ ~ M J o D ~ o ~ I J ~ ~ u W "  d3u'lu$~$d$d X-chromosome 2 ih or~msiinmtooniqu 2 iiUU 
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,-=a i niolinn.rooniriu~ui~daui~oGnaiudmdnninmuun"u X-chromosome i h x k i ; ~ 3  (heterozygote) 

d9 .U .U 

niazwios G6PD w~annuaiwinniuGo~ 2 iauu Jo Type A i~~liuuoid?n"u wuluriaGlns 

iia: Type B i9~11uuiuiii~1o(i5iihu ~uluri3no~~iJuu I I O U ~ . I I U R I R O ~ L \ ~ ~ ~ U U  oinmdnui activity 

uoaiGu?.ad iin:airnswi.m~~nud9?$i~u 5 iiuu (wind; 1) uono~n&i+ani=d~'nui electrophoretic 

mobility, thermal stability, pH optima, substrate affinity n~omnljniu 7 uodiiiuladmil ~uiida:iiuu 
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Table 1. Characterization of G6PD variants. 

Class Condition 

I Severe enzyme deficiency with chronic non-spherocytic haemolytic anaemia 
I1 Severe enzyme deficiency 
111 Moderate to mild enzyme deficiency 
IV Very mild or no enzyme deficiency 
V Increased enzyme activity (more than twice normal) 

G6PD variants ~ W U ~  7 ? f l ~ i ~ i $ ~ ? i ' i d  G6PD Mahidol, Dhon, Canton, Union. Mediterranean 

qnq ~udsrinn~~uGnudiu~d 20 G6PD variants ~ ~ U ~ ~ ~ : ~ R ? W U W U ~ S : W  17 G6PD variants iia: 

d5:~ltI.l 70% L ~ u T S ~ ~  G6PD Mahidol 

i~11a8i~ni8oaim~~ia?~iiuio:103~ mitochondria &~um~~h . rwknu l$~~ in  anaerobic glycolysis 

'lu Ernbden-Meyerhof pathway i~ouAqnun d51u1~ 90% uOdn;~flll(?flidd~~?difl~ lactate iin:ld 
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ATP (adenosine triphosphate) dmdn 5% uoqn;lnno:ih$ pentore phosphate shunt pathway iND 
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ns'ouivi%'nu'i'l$ih oxidative damage A?AYndi~~iiih'? 

2 4  r C  
i&iGu?%d G6PD activity k i n ~ o a ~ a ~ B 1 : i n i i ~ : ~ u ~ u ~ 1 ~ 1 0  815di$U+J oxidise nuo~namulu 

im:muuonii.mmu o:i~umrnql~i5nms~~idu NADPH im:: GSH ?dw~ou~um5ifim~:n8uuod~~u~na~u 

dondirnu?~oinnmw~55~ri4 (denature) iiarrn3nri.r Heinz body wadi~noinrn5d~~u~na~u;nw"iaiu 
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~~' i ld l~ld9l  irdt~ pneumococcal pneumonia, malaria, hepatitis iia: influenza virus n~~?Q1"?~~10"lw3n 

oxidant drugs J q l i ~ i n ~ i ( ~   id^ ~~?~YIUIL~I~~U $'~IIvIu~IuI uis~~ud2mu~~ain ui~aoiiruidGnoa 

ui?oT.aluoiGn hmiliuinina:aiuZ~A iia:oimsmsarin n~~~rii~~~.msrh6ilA?udrrniuui~aFduilu~ 

ns'o naphthalene Tmu$*iild5qnis& uimdi~a:diuwoaId~"~~ms~~linia:w~o~ G6PD orfiiIGi6n haemolytic 
Y u  4 

anemia ila: hyperbilirubinemia ?tWIu~m~ngdnaom ( m l s l d i  3) 

Table 2. Clinical Manijiestations of G6PD deficiency. 

Common 
Acute haemolytic anemia 

Drug-induced 
Triggered by infection 
Favism 

Neonatal jaundice (Hyperbilirubinemia) 

Rare 
Chronic non-spherocytic haemolytic anemia 
Proneness to infection associated with granulocyte dysfunction 
Interaction with sickel cell anemia 

Table 3. Some compounds which may cause haemolysis in G6PD deficient subjects. 

Aminoquinolines 
primaquine 
pamaquine (Plasmoquine) 
pentaquine 
chloroquine 

Sulphones 
thiazosulphone (Promizole) 
diaphenylsulphone 

Analgesics 
acetanilide 
acetylsalicylic acid 
acetophenetidin (Phenacetin) 

Miscellaneous 
vitamin (water-soluble analogues) 
Fava beans 
naphthalene (moth balls) 



sulphoxone (Diasone) 
dapsone (Avlosulphon) 

Sulphonamides 
sulphanilamide 
sulphacetamide (Albucid, Sulamyd) 
sulphapyridine 
sulphamethoxazole (Bactrim) 

Nitrofurans 
nitrofurantoin (Furadantin) 
nitrofurazone (Furacin) 
furazolidone (Furoxone) 

probenecid (Benemid) 
dimercaprol (BAL) 
methylene -blue 
acetylphenylhydrazine 
phenylhydrazine 
p-aminosalicylic acid 
quinine 
quinidine 
chloramphenicol 

Table 4. Interaction of G6PD deficiency with ofher genetic abnormalities. 

Effect of other 
Other condition Frequency condition on 

G6PD deficiency 

- 

Effect of G6PD 
deficiency on 
other condition 

Sickle cell 
anemia 

Thalassemia 

Relatively 
common 

Relatively 
common 

Increased G6PD 
levels 

Increased G6PD 
levels 

None or  slight 

slightly 
increased MCV ; 
otherwise additive 

m 3 ? b l f l l a ~ ~ < ~ d '  G6PD 

s lo l :J~dI i l i tnBa:~n~i~ i '  u o n a i n ~ o d n i r n l ~ ~ a Y t i ~ i a : o i ~ i ~ ~ i w a n  oxidants B l ~ u ~ i i n ~ l i '  
9 ,  i 

irjndonlinsian do~nirlin:Cnlnni3dnidooiniiun9;1i$u iin:hndnlnlsanqn m3llnnslo.rdnii!oniin9 

oei~sliluuwa"od w"il~~~nnisw"iaiuirjnldoni~n~lunuI.u"ui~~iu o1a~o16;i~la~nln7unisCn~i 

Biengle U. 1981. Glucose-6 phosphate dehydrogenase deficiency. Part 1 : Tropical Africa. Clinics in Haemato- 
logy lO(3) : 785-799. 

Boon WH. 1977. Acute haemolysis in Southeast Asia. Medical Progress. March : 12-14. 

Capps FPA, Gilles HM, Jolly H, and Worlledge SM. 1963. Glucose-6-phosphate dehydrogenase deficiency 
and neonatal jaundice in Nigeria. Their relation to the use of prophylactic vitamin K. Lancet 2 : 

379-383. 



Chan TK, and Todd D. 1975. Haemolysis complicating viral hepatitis in patients with glucose-6-phosphate 
dehydrogenase deficiency. Brit Med J 18 (Jan) : 131-134. 

Choremis C, Kattamis CHA, Kyriazakou M, and Gavriilidou E. 1%6. Viral hepatitis in G-6-PD deficiency. 
Lancet 1 : 269-270. 

FIatz G, and Sringam S 1963. Malaria and glucose-6-phosphate dehydrogenase deficiency in Thailand. 
Lancet 2 : 1248-1250. 

Lampe RM, Kirdpon S, Mansuwan F, and Benenson MW. 1975. Glucose-6-phosphate dehydrogenase 
deficiency in Thai children with typhoid fever. J of Pediatrics 4 : 576-578. 

Luzzatto L, and Battistuzzi G. 1985. Glucose-6-phosphate dehydrogenase.. Advances in Human Genetics 
14. Harris H, and Hirschhorn K. (Eds), p 217-389. 

McCurdy PR, Blackwell RD, Todd D, Tso SC,and Tuchinda S. 1970. Further studies on glucose-&phosphate 
dehydrogenase deficiency in Chines subjects. J Lab Clin Med 75 : 788. 

Panich V. 1973. The occurrence of G-6-PD Union in Thailand. Humangenetik 17 : 169. 

Panich V. 1973. G-6-PD characterization in Thailand. Abstr 13Ih Int Congr Genet Berkeley Calif. Genetics ' ' 
77 (suppl) : 208. 

Panich V. 1981. Glucose-6-phosphate dehydrogenase deficiency Part 2 : Tropical Asia. Clinics in Haematology 
lO(3) : 800-814. 

Panich V, Na-Nakorn S. 1980. G-6-PD variants in Thailand. J Med Ass Thailand 63(10) : 537-543. 

Panich V, and Sungnate T. 1973. Characterization of glucose-6-phosphate dehydrogenase deficiency in 
Thailand : The occurrence of 6 variants among 50 G-6-PD deficient Thai.' Humangenetik 18 : 39. 

Rodgers GP, Lichtman HC, and Sheff MF. 1983. Red blood cell glucose-6-phosphate dehydrogenase activity 
in aged humans. J Amer Geriatrics Society 3 l(1) : 8-1 1. . 

Shusheela K, Grimes A, and Scopes JW. 1985. Prevalence of glucose-Cphosphate dehydrogenase deficiency. 
Archives of disease in childhood 60(2) : 184. 

Tuchinda S, Rucknagel DL, Na-NaKorn S, and Wasi P. 1968. The Thai variant and the distribution of 
alleles of 6-phosphogluconate dehydrogenase and the distribution of glucose-6-phosphate dehy- 
drogenase deficiency in Thailand. Biochem Genet 2 : 253. 

Weatherall DJ. 1983. Section 19 Diseases of the blood : Haemolytic anaemia. Oxford textbook of medicine, 
Weatherall DJ et al. (Eds) Vol 2 p. 19.54-19.66. 

Yoshida A, Baur EW, and Motulsky AG. 1970. A Philippine glucose-6-phosphate dehydrogenase variant 

(G-6-PD Union) with enzyme deficiency and altered substrate specificity. Blood 35 : 506. 


