
MEDICAL GRAND ROUN DS 

Par J< Iand Memor ia l Hos p ita l 

Apr ! I 4, 1963 

PRIMAQUINE SENS~ TiVg ANEM IA 

case Hi story ) 

The pat ient is a 24 year o ld  woma n who has been fo ll owed at  
 since 1954. In November, 1955 she was admitt ed for del ivery of a term pregnancy. 

Mild pre-ec lamps ia was diag nosed on the basi s of a lbuminuri a, and a b lood pr ess ure of 142/40; 
however, she had an uneventful de l Ivery, rece iv ing no med icat ion other than Fergon and Pit
oc in, morph ine and phenobarb ital . Her hemog lob in on d is char ge was 10 .8 gm/100 mi . 

She was next s ee n on -57 in the 7th month of preg nancy comp la i ning of pa i n on 
the ri ght side of three days du r at ion and fever beg inning on tt e day pr ior t o adm iss ion. 
Urina lys is revealed 5 to 10 pus ee l Is. Th e hemog lob in was reported at 8.4 . She was 
treated with Achromyc in J. V. for 24 hou r s and d ischar ged. The pat ient was adm itted on 

57 for the de livery of her second ch il d. Her hemog lob in on admissi on was 12.0 . The 
delivery was uneventful, a nd the pat ie nt was dischar ged on 57 hav i ng received medica
t ions cons isting only of Fergon and code ine. 

She was next seen 15 days later with a two day h istory of fever , ch i I Is, r ight flank 
pain followed by nausea, vom it ing a nd c loudy uri ne. Hemog lob in on adm iss ion was 8 . 5, 
hematocrit 28%. The uri ne was loaded with wh ite ee l Is. Ur i ne cu l ture grew out E. Co li 
and s he was treated with intr avenous Achromyc in, I gram, and Penici I lin , 0. 5 m .~ . followed 
by achromycin 250 mg. q-6-h P. O. F ive days lat er the ur inalys is showed 10 t o 15 eel Is, 
however , the pat ient comp lained of nausea and vom it i ng fo l low ing the oral Achromycin and 
s he was consequent ly sh i f ted to intravenous Achromyc in, and Furadant in was added in an oral 
dose of 50 mg. q. i .d. 

The first dose of Furadant i n was given at 2 :00PM on 57 and every four hours 
during the day t hereafter for two days . On the morning of - 57 whi le be ing ambu lated 
in preparat ion for d ischarge, t he pat ient suddenly fainted. A hemoglob in obta i ned at t hat 
ti me showed a drop to 4 .8 mg .%. The hematocrit was 15. The p lasma was repor t ed t o be 
"jaundiced". By the fol lowing day, the pati ent ' s hemog lobi n had fur ther decr eased to 2.6 gm%, 
the hematocr it t o 10.3% . Reticul ocyt e count was 7,4% with 10 nuc leated red ce ll s, WBC 
3 1, 200. Urob ilinogen was noted in t he ur ine, and the serum b i ! ! rubi n had r isen 5.4 mg.%. 
Furada ntin was d iscontinued afte r t he 10: 00 PM dose on - 57, and thereafter the pati ent 
received no drugs whatsoever. Ret icul ocyte count obta ined on 57 was 6 . 7% . The pa-
tient was t rea t ed with 2 units of who le blood and on the fol low ing day, her hemog lobin was 
reported as 8.6 and hematocrit 23 . Another unl t of blood was g" ven on -57 and by 
t he t ime of d ischarge on -57 her hemog lob in had risen t o 12 .0, an d the hemat ocr i t 35%. 
A bone marr ow obtai ned on - 57 showed hyperce I I u I ar mar roY~ ... _. i th erythrocyte: gr anu I ocyte 
ratio of 1:1 . The erythrocyte hyper p las ia !s of t he normoblasti c type. No marrow iron. 
Impress ion : erythrocyt ic hyperp lasia. The sick !e ee l I prep was negat ive . Serology was 
negat ive. Coombs test was likew ise negat ive. The patient was d ischarged with t he diagnosis 
of iron def ic iency anem ia and acute hemolyt ic anemia secondary t·o Furadanti n. 

The patient was next seen 3-1 /2 months later ( 57 ) when s he was aga i n admitted 
to  with a two day h istor y of chi li s, fever, pa i n in t he left s i de but no dys uri a . 
Hemog lob in on adm iss ion was 8.8 gm. %, hematocr it 32%. The urine conta ined appr oxi mately 
IOO WBC, and E. Co l i was agai n cu lt ured from a catheter ized s peci me n. The pye lonephr it is 
Was in itiall y t reat ed with Ach r omycin and Penl c i I lin and streptomyc in. However, on I 1-28- 57 
i n addi t ion t o this ther ap y she was again beg un on Furadantln, 50 mg. q. i.d. Over the fol 
low ing 6 days the pati ent's hemdglob in dr opped to 7.3 and her hematocr it decreased to 24. 
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r reticulocyte increased from a premedication level of 2.5% to 4 .5% and reached a 
~~jmum on -57 of 10.2% . Furad antin was d isconti nued on -57 and at the time of 
~scharge on -57 this pat ient's hemoglob in was 7 .6· gr.%. 
d I 

The patient was next seen in this hospita l on 58 at which time she was five 
~nthS pregnant. The hemoglobin at that t ime was 7.8, hematocrit 28.5. 

In the latter part of this pregnancy , she was p laced on Kynex, I gm per day. On 
-58 she was adm itted for del ivery of her term pregnancy . The blood pressure at that 

~· me was 148/110, 3+ albuminuria was noted and there were I to 3 white cells in her urine . 
~~e hematocrit was 33%. Because of t he pre-ec I amps i a and the hi story of chronic pye I o
ephritis a tubal I igation was performed after delivery of a viable infant. The patient ' s 
~rology was found to be positive, and she was treated after discharge with 10,000,000 
~nits of Pen i c i I I in. 

She has subsequent ly been seen occasiona l ly in the Emergency Room and Out-patient 
clinic for minor injuries and acute PID, but has otherwise been wei I. 

In view of her history , the patient was recal Jed on -63 and a drug history at that 
time revealed that she frequently took Anac in in a dosage of 3 tablets per day but was on 
~other medication. Her hemoglobin at this time was I i. l gm.%, hematocrit 36, WBC 4,9000. 

A glucose-6-phosphate dehydrogenase assay was carr ied out on her red eel Is, and 
1, the I eve I of this enzyme was c I ear I y depressed (TPNH- product ion in de nsity units per 

minute per mg of hemoglobin was 0.23, normal contro l 1.90 ) . The Methemoglobin Reduction 
~st of Brewer was I ikew ise pos itive . 

. ' 

...., 
She was advised to take no med ication without consulting a physician who is aware 

of her disease . 
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METH EMOGLOB IN REDUCTION TEST 

~ 
(I) Glucose , 5 gm 

Make up to 100 ml. water 
Sodium Nitrite, 1.25 gm. 

(2) Methylene Blue 150 mg. in 1, 000 ml water 

~ 
A. Unknown Samp le: 

a) To 0. I ml each of (I) and (2) add 

2 ml whole fresh hepar i nized b lood 

b) Incubate 2 hours at 37° 

c) Add 0. I ml of incubated blood to 10 ml water 

B. Posit ive contro l - om it methy lere blue 

C. Negative contro l or Normal - omit methylene b lue , glucose and sodium nitrite; 

i.e., just incubate 2 ml blood . 

.lliTERPRETAT I ON 

Red ,is norma I 

Brown is homozygous (~ ) or hemizygous(~ ) 

Brown-Red is heterozygous(~ ) 



L
r\ 

BIO
C

HEM
ICAL 

LESIO
N

S 
OF G

LU
C

O
SE-6-PH

O
SPH

A
TE 

DEHYDROGENASE 
D

EFIC
IEN

CY
 

H
b++ 

G
lucose 

\ 
J; 

(
Gi

ucose-6-pho
s
~

te 
T

PN
 

G
 I ucose-6

-
1

/ 
phosphate 
D
e
h
y
d
r
o
g
e
n
a
~
e
 

Em
bden 

P
en

to
se 

M
e
y
~
r
h
o
f
 

P
hosphate 

Pathw
ay 

P
hosphopyruvic 

K
inase 
t 

L
actate 

~
 
~
 

C
02 

~
 

R
edox 

D
rugs 

+
 0

2
 

H
b+++ 

M
ethem

o
g

lo
bin 

~
 

D
enatu

red 
-
-
7~
 

H
b+++ 

He
inz 

B
odies 

G
 I u

ta
·u, i o

.Je-SH
 

R
edox 

D
rugs 

+
 0

2
 

G
lu

tath
io

n
e

-$ I 
G

lu
tath

io
n

e-$
 

S-o I ub
I e +

 M
em

brane 
Enzym

e-SH 
(a

c
tiv

e
) 

R
edox 

+
 M

em
brane 

E
nzym

e-S-S-E
nzym

e 
(in

a
c
tiv

e
) 

~ 
K+ 

L
eak'age 

+
 

N
a+ 

+
 

H2 o In
flu

x
 

~ 
Sw

e I I i ng 

~ 
H

b 
L

e
a

k
a

g
e

=
=

=
 H

e
m

o
ly

s
is

 



- f: -

DRUGS SHOWN TO PRODUCE HEMO LYTI C ANEMIA 

IN GLUCOSE-6-PHOSPHATE DEHYDROGENASE DEFICIENT IND IVIDUALS 

Hemolytic Potential 

Slight hemolysis especially at 
higher doses 

Moderate Hemolysis 

Severe or Dangerous Hemolysis 

Drugs (Daily Dosage) 

Acety lsalicylic ac id (asp iri n) 

Acetophenetiden (Phenacetin) 3.6 gm 
Pamaqu ine 10 mg 
Pr imaquine 15 mg 
Nitrofuranto1n (Furadantin) 500 mg 
Sul f isoxazole (Gantrisin) 8 gm 
Sulf amethoxypyridazine (Kynex) 2 gm 
Vitamin K 
Probenec id 
Fava Beans 

Pamaquine 20 mg 
Prima qu ine 30 mg 
Phenylhydrazine 
Acetylphe ny lhydrazine 
Acetani I id 3 . 6 gm 
Sulfani !am ide 3 . 6 gm. 
Sul fapyr id ine 4 gm 
Furadantin 600 mg 
Naphtha lene (moth bal Is) 
Fava Beans 
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Rev iews of Primaquine Sens it ive Hemo lyti c Anemia 

J. 

g. 

3. 

4. 

5. 

6. 

Tar lov , A.R., Brewer, G. J., Carson, P.E . and Alving, A.S. : Primaquine Sens i tivity. 
Arch ives. Int. Med . 109 :209, 1962. 
Best and most complete rev iew of entire subject . 

. . . . • 
'.'.'. 

Kellermeyer, R. ~v., Tarlov, A. R., Brewer , G. J., Carson, P. E. and Alv ing, A.S. : 
Hemolytic Effect of Therapeut ic Dr·ugs, Cl inical Considerations of the Pr imaquine
type Hemolysis. J. A.M. A. 180:388, 1962. 
Good general review of cl in ica l aspects of pri maquine sens it ivi ty. 

Beutler , E. : The Hemolytic Effect of Pr imaquine and Related Compounds: A Review. 
Blood 14 :1 03 , 1959. 
The most comprehens ive review of the I iteratu rc through 1957. 

Beutler, E.: Drug- Induced Hemo lyt ic Anem ia (Pri .naqui ne Sensitivity ) . In The Metabolic 
Bas i s of inherited Disease. Stanbury, Wyngaarden and Fredr ickson . McGraw-Hi I I, 1960 
p. 1031. 
Another excel lent review of t he fie ld. 

Carson , P. E. : Glucose- 6- phosphate Dehydroge nase De fici ency in Hemolyti c Anemia. 
Fed. Proc. 19:995 , 1960 
Good genera l d iscussion of b iochem istry of g lu cose-·6-phosphate dehydrogenase de ficiency. 

Alving, A. S., Tarlov, A.R. , Brewer , G. J., Carson, R. E., Kef lermeyer, R. W. and 
Long, W. K. : Glucose-6-phosphate De hydrogenase Deficie ncy: Some Biological Imp I i
cations. Trans. Assoc . Am. Phys ic ia ns 78 :80, 1960. 

Rev iew of Red Ce II Metabo I i sm 

7. Altman , K. 1. : Some Enzymolog lc Aspects of the Human Eryth r ocyte. Am. J . Med. 
27 :936 , 1959. 
A very complete discussion of the deta i Is of red ee l I intermed iary metabol ism. 

Early Observat ions thcf an Ant ima lar ia l Drug Pamaguin Woul d Produce Anemia. 

8. 

9 

Dimson, S. B. and McMart in, R. B.: Pamaquin Haemog lob inur ia. Quart. J , Med. 15:25, 1946. 
Careful rev iew and description of 18 cases of hemo lyti c anemia fol lowing Pamaguin 
treatment of 18,000 cases of ma lar ia in Indi an Army. Hemo lysis was not observed in 
British troops. 

Earle, D. P. J., Bigelow, F. S., Zubrod, C. G. and Kane, C.A .: Studies on Chemotherapy 
of the Human Malar ias. !X. Effect of Pamaquine on the Blood Cells of Man. J . Cl in. 
Invest. 27:121 , 1948. 
Six out of 76 non-white , and 0 out of 81 wh it e pat ients rece iv ing Pamagu ine developed 
acute anemia. 
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Hematologic Studies of Pr imaquine- Sens it ive Anemia 

13 . 

14. 

Hochwald , R. S., Arno ld, J., Clayman, C. B. : Tox ic ity of Pr imaquine in Negroes. 
J. A.M. A. 149 : 156J, 1952. 
Pr imaquine and Pamaqu ine caused dose dependant hemolys is in about 5% of Negro 
volunteers. 

Dern, R. J., Beutler, E. an d Alv i ng, A.S. : Hemo lyt ic Effect of Primaquine. The 
Natu r al Course of t he Hemolyt ic Anem ia and t he Mechan ism of its Self Li mited 
Character. J . Lab. & Cl i n. Med. 44 : 17 1, 1954. 
Des p ite cont inui ng drug hemolys is stops a nd hemog lob in returns to normal. Demon
strates that the ee l Is themsel ves become res istant to hemolysis. 

Dern, R. J ., Weinstein, 1. M., Le Roy , G. V., Talmage , D.\'11., a nd Alving , A. S. : 
The Hemolytic Effect of Pr imaqu ine . l. Th e Loca li zat ion of the Drug Induce d 
Hemolytic Defect in Pr imaqu ine Sens i t ive Ind ivi dua ls. J . Lab. & Cl in. Med. 
43 :303, 1954 . 
Labeled eel Is froffi pr imaquine-sensitive sub jects in jected into normal surv ive 
normally unti I pr imaquine is g iven but the n are ra p id ly hemotyzed. Normal eel Is 
injected into pr imaqu ine- sens iti ve subject are not effect~d by subsequent pr imaqu ine. 

Beutler , E. , Dern, R. J., Al ving, A. S.: The Hemo lytic Effect of Primaquine. 
IV The Relat ionsh ip of Cel I Age to Hemolys is. J. La b. & Cl in . Med. 44 :439 , 1954. 
Only the older eel Is are lysed by pr imaquine a dm i n istration. 

Brewer , c. J., Tar lov, A. R. and Ke l lermeyer , R. vv. : The Hemolytic Effect of 
Primaquine. XI 1. Shor tened Eryt hrocyte Li fe Span in Pr imaquine-Sens iti ve Male 
Negroes in the Ab sence of Drug Administrat ion. J. Lab. & Cl i n. Med . 58 :2 17, 1961 . 
In contrast to earl ier stud ies , pri maqu ine-sensiti ve patierlS were found to have 
a s horte r red b I ood ce I I I i fe span even withou t exposure to drugs. 

Stud ies Elucidat i ng the Defect in Pr imaquine Sensitive Anemi a 

15. Beutler, E., Dern, R. J ., Fl anagan , C. L. and Alv ing, A.S .: The Hemo lytic Effect 
of Primaquine. VI I . Biochem ica l Studies of Drug-Sens it ive Erythrocytes. J. La b. & 
Cl i n. Med 45 :286, 1955. 
First ev i~ence of a b iochemica l de fect i n pri maquine sensitive red b lood eel Is. 
Glutath ione decreased by 20-25%. 

16. F lanagan, C. L., Beut ler, E., Dern , R. J . and Alv i ng , A. S. : Biochem ical Changes 
in Erythrocytes dur i ng Hemolysis Indu ced by Anal ine Der ivatives . J. Lab. & Clin . 
Med. 46 :814 ,1 955. 
Permaquine administered t o norma l i nd iv iduals causes~ change in g lu tath ione. 
Permaqu i ne sensitive indiv idual causes marked drop in g lu t ath ione to 30 mg. % 
(Normal = 75 mg.%). 

l7, Beutler , E.: The Glutathi one (nstab i I ity of Dr ug Sens iti ve Red CelIs. J. Lab. 
& C I i n . Me d . 4 9 : 84 , 19 57 . 
Un li ke no rmal eel Is, pr imaqui ne sens itive red eel Is cannot ma intai n g lutath ione 
concentrat ions when incubated in v itro with pr imaqu ine or acetylpheny lhydrazine. 
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carson, P. E. and Flanaga n, C. L. , lckes, C.F. and Alv ing, A.S. : Enzymatic Defects 
in Primaquine Sensitive Erthyrocytes. Science !24 :484, 1956. 
First demonstrat ion t hat g lucose-6- phosphate dehydrogenase is depressed in red 
b lood eel Is of pr ima qu ine sens it ive pat ients. 

ffiross, R. T., Hurwitz, R. F. and Marks, P. A. An Hered l t~ry Enzymatic Defect in 
Erythrocyte Metabo lism: G lucose~6-Phosphate Dehydrogenase Def ici ency. J . Cl in. 
Invest. 37 :11 76, 1958. 
First to demonstrate glucos e-6- phos phate dehydrogenase defic iency in uneffected 
population; i .e. pr ior to drug hemolysis . Inc idence : Negroes 7.2%, Caucasians 1. 3%. 
Glutathione "instabi I i ty" was we l I corre lated with g lucose-6- phosphate dehydrogenase 
def iciency. Inheritance is sex ! inked. 

Electron Microscop ic Cha nge in Glucose-6-phosphate Dehydrogenase Def i ~L~~ -
20 . Danon, D., Sheba, C.L. and Ramot , B. Th e Morp ho logy of Glu cose-6- phosphate 

Dehydrogenase Def icie nt Erythrocytes : Electron Microscopic Stud ies. Blood 17:229,1961. 
Young red blood eel Is have "granulated" membranes in stroma. Old red blood eel Is 
have "smooth" membranes. In normal pat ients 3- 30% of red b lood eel Is are smooth. 
In glucose-6- phosphate dehydrogenase def icient pat ients 60-95% are smooth. Suggest 
disease is "proger ia" of the RBCs . 

Effect of Age on Red Blood Ce l I Glu cose- 6- phosphate Deh ydrogenase 

21. Marks, P.A., Johnson, A.B ., Hi rshberg, E.: Effect of Age on the Enzyme Activity 
in Erythrocytes. Proc. Nat. Acad. Sc. 44 :529, 1958. 
Older eel Is have as li tt le as l/20th the g l ucose~6-phosphate dehydrogenase of young 
RBCs. -, 

Other Enzymes Altered in Pr imagui ne-Sens iti ·ve Red Blood Cells 

(I) Catalase decreased 

22 . Tarlov, A.R. and Kef lermeyer, R. W. The Hemolytic Effect of Pr imaquine 
XI Decreased Cata lase Act ivi ty in Primaquine Sensitive Erythrocytes. 
J. Lab. & Cl i n. Med. 58 :204, 1961. 

"'-

(2 ) Glutathione Reductase increased 

23. Schrier , S.L., Ke l !ermeyer , R. w. , Carson. P.E., Ickes, C.E. and Alving, A.S. 
The Hemolytic Effect of Pr imaqu ine . !X Enzymatic Abnorma l it ies in Primaquine 
Sensitive Erythrocyt es. J . Lab. & Clin. Med. 52: 109 ; 1958. 

(3) Aldolase increased. 

24. Schr ier , S.L., Ke ll er meyer, R. w., Carson, P.E., Ickes, C. F. and A!v ing, A.S. 
The Hemolytic Effect of Primaqui ne. X Aldolase and G!ycera idehyde- 3-Phos
phate Dehydrogenase Act iv ity in Pr imaqu ine-Sensitive Erythrocytes. J. Lab. 
& Cl in. Med. 54:232, 1959. 

(4 ) Phosphomonoesterase decreased in Caucasiens on ly 

<s. Osk i, A., Shahid i, T. and Diamo nd, K.: Erythrocyte Ac id Phosphomonoesterase 
and Glucose-6-Phosphate Dehydrogenase Def ici ency i n Caucas ians. Sc ience 139:409,1963. 
Phosphomonoesterase def ic iency was found in each of f ive Caucas ian pat ients with 
g!ucose-6-phosphate dehydrogenase de f iciency; level in Negro pat ients was normal . 
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Glucose- 6- Phosphate Dehydrogenase Def iciency i n issues Other than Red Blood Cel Is 
::---

Ramot , B., Fis her , S., Szeinber g, A., Adam , A., Sheba, C. and Gafni, D.: A Study 
of Subjects with Erythrocyte G I ucose- 6-Phosphate Dehydrogenase Def ic iency. II . In
vestigation of Leukocyte En zymes. J . C! i n. Invest. 38 :2234, 1959. 
Leukocytes of Caucas ian patients with g lucose-6-phosp hate dehydrogenase deficiency 
a lso show depres s ion of 

See also Marks Ref. No . 5.5 

27 · Ramot , B., Sze inberg, A., Adam, A. , Sheba, c. and Ga f ni , D. A Study of Subjects 
wi th Erythrocyte Glucose-6- Phosphate Dehydrogenase De fic iency: Investigation 
of P late let Enzymes. J . Cl i n. Invest. 38:1659, 1959. 
Enzyme is def inite ly depressed (5x) i n p late lets of pa t ients with defect i n red 
b I ood ce I I s . 

28. Ramot, B., Sheba, C., Adam , A. , Ashkenas i , ! . Erythrocyte Glucose-6-Phosphate 
Dehydrogenase- defic ient Subj ects : Enzyme-l eve l i n Sal iva. Nature 185:931,1960. 
Glucose-6-phosphate dehydrogenase is present i n normal sa l iva and in decreased 
amounts i n sal iva from pat ients with G- 6P D def iciency i n r ed b lood eel Is. 

~echanism of Hemolysis 

29. Jacob, H. S . and Jandl, J . H. Effects of Sulfhydryl Inhi bit ion on Red Blood 
Cell. 1. fvlechan ism of Hemo lysis . J . Cl in. lnvest . 4 1:779, 1962. 
An i ngenous study demonstrat ing that t he SH groups of red eel I membranes are 
responsible for memb r ane i ntegr ity. 

30. Jacob, H. S. and Jandl, J . H. Effects of Sul fhydryl Inhibition on Red Blood 
Ce l ls. 11. Stud ies In Vivo. J . Cl in. Invest. 41 :1 5 14, 1962. 
Blockage of SH groups on RBC membrane causes ee l Is t o be immediately (T50 = 8 min-
2 hrs) destroyed by the sp leen. 

31. Jand l, J. H., Engle, L.K. and AI len , D. W. Ox idative Hemolysis and Precip itation of 
Hemoglobin. 1. Heinz Body Anem ias as an Acce lerat ion of Red Cel I Aging. J. Cl in. 
Invest. 39 : 1818, 1960. 
Demonstrates that Heinz Bod ies are prec ip itated , oxi d ized hemoglobin. Excel lent 
discussion of mechan ism by wh ich drugs produce alteration in hemoglobin and re
lation to norma l ee l I aging. 

32. AI len, D. W. and Jand l , J . H. Oxidat ive Hemo lys is and Precip itation of Hemoglobin. 
II. Role of Thiols in Oxidative Drug Act ion. J . Cl i n. Invest. 40 :454, 1961 
Sequence of events lead i ng to He inz body format ion demonstrated. Ox id ized g luta
thione probabl~ becomes bound to hemoglob i n 1n the ~rot~ss but reduced glutathione 
protects hemoglobin from oxidat ion. 

~s for Glucose-6- Phosphate Dehydrogenase Def ic iency 

The Methemoglobin Test 

Brewer , J., Tarlov, A. R. , and Alv ing, A. S. Methaemog lobin Reduction Test: 
A New, Simp le, i n Vitro Test for ident i fy ing Pr imaqui ne- Sensitiv ity . Bu l I. 
~vld. Hlth. Org. 22 : 633 , I9ED. 

Brewer , G.J . , Tar lov , A.R ., Alving, A.S. : The ·Methemoglobin Reduction Test 
for Pr imaquine-Type Sens i t iv ity of Erythrocytes. A Simp I i fied Procedur e for 
Detecting A Specif ic Hypers uscept ib il i ty to Dr ug Hemolysis . J. A.M . A. 180 :386,1962. 
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Modif ied Motulsky- Dye Test 

Bernste in, R.E. : A Rap id Scr een ing Dye Test fo r the Detect ion of Glucose- 6-
Phosphate Deh ydroge nase Def ic iency in Red Cel Is. Nature 194 :192 , 1962. 

Direc t Enzyme As say 

36. Marks , P.A .: Red Cel I Glu cose-6- Phosp hate a nd 6- Phosphogluconic Dehydroge nases 
and Nucleos ide Phosphorylase. Sc ience 127 : 1338, 1958 . 

See a lso d iscussion fo ll owing Ref. 53 for difficulti es . 

fQQu lation and Genet ic Studies 

37. Szeinberg, A., Sheba , c., Adam , A. Select ive Occurrence of Gluta th ione (nstabi I ity 
in Red Blood Corpuse les of Various Jew i sh Tri bes. Bl ood 13 :1 043 , 1958. 

See Beutler Ref . 3 

38. S iniscalco , M. and Bern in i, L. : Favism and Th alassaemia i n Sardinia and Their Re
Lationship to Mala ri a. Nature 190 : 1179 , 196 1. 
Up to 35% of popu lat ion in Sardinian Vi I !ages have glucose-6- phosphate dehydrogenase 
deficiency. Correlates we i I with prev. of malar ia 

Relation to Falc i parum Ma laria 

39 . AI I ison, A. C.: Glu cose~ 6-Phosphate Dehydrogenase Def ic iency in Red Blood .._, . 
CelIs of East Af r1cans. Nature 186 :531, 1960 . 
Good correlation between incidence of trait and endemic ma laria. 

40. AI l i sen , A.C., Clyde , D. F. Malar ia i n Af rica! Ch il dren with Deficient 
Glucose- 6- Phosphat e De hydrogenase in Erythrocyte. Brit.Med . J. I : 1346,1961. 
Paras ite rates in ch i ldren with g lu cose- 6- phosphate dehydroge nase deficiency 
are signif icantly lower than in ch il d wi thout defect. 

41. AI ! ~ son , A.C. Malar i a and Glu cose- 6- Phosp hate Dehydrogenase Deficiency . 

42 . 

43 , 

44 . 

Nature 197 : 609, 1963. 
· Brief review and summary of arguement that Glucose- 6- Phosphate Dehydroge nase 

Deficiency protects against Falc iparum Malar ia . 

Inheritance 

Chi Ids, B. and Zinkham, ~'/ . ,Browne, E. A., Kl mbo , E. 1., Torbert, J. v. 
A Genetic Study of a Defect in Glutat h ione Metabol is m in the Erythrocyte. 
Bull. J. Hopkins Hosp i ta l 102 :21, 1958. 
Glucose-6-Phosphate Deh ydrogenase Def ic iency is probab ly i nherited as sex 
I inked gene with i ncomp lete dom i nance . 

See a lso Marks et. al. reference. 19 

Adam , A. Linkage between defi c iency of Glu cose- 6-Phosphate Dehydroge nase 
and colour-bl ind ness . Nature 189 : 686 , 1961. 
The two condit ions (Giucose- 6-Phosphate Dehydroge nase De fi ciency color blindness) 
if separate i n a single f ami ly rema in separate . If" I in ked" remain "I inked . " 
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? Catatonic Sch izop hren ie 

45. Dern, R. J., Gl ynn , M. F. and Brewer, G. J . : Stud ies on the in f luence of 
Hered itary Gl ucose- 6- Phosphat e Dehydrogenase Def ic iency in the Expression 
of Sch izoph r en ic Patt er ns. Cl in . Res. 10 :80, 1962. 
53% of fema le catat on ic and 25% of ma le catat on ic s ch izophreni c pat ients 
were reported t o have Gl ucose- 6- Phos phate Dehydroge nase Def iciency. 

orugs Which Produce Hemo lysi s in Glucos e- 6- Phos phat e Dehydrogenase Defic ient Individuals ,_-

46. Kel lermeyer , R. W, Tarlov, A. R. , Schri er , S . L. and Alv i ng, A. S.: 
Hemolytic Effect of Common ly Used Dr ugs in Er yt hrocytes Def icient i n Glucose- 6-
Phosphate Dehydrogenase. J . Lab. Cl in . Med . 52 :827, 1958. 
Brief evaluation of t ox ic doses of var ious drugs in Pri maqu i ne- sens itive individuals . 

See also Kel lermeyer, Ref . 2 . 

47 . Kimbro, W.L. , Sachs , M. V. and Torber t, J . V. Mechani sm of Hemolyt ic Anem ia 
Induced by Nitrofurant o i n Furadant in. Bul I. J . Hop kins Hospt. 101 :245 , 1957. 
Furadant in hemolys is is s hown to be due t o G- 6- PD de fi c iency . 

48 . Zinkham, W. H. and Ch i Ids , B. Effect of Vitam in K and Naphthalene on Glutathione 
Metabol ism of Erythrocyt es f r om Normal Newbor ns and Pat ients with Naphtha lene 
Hemelytic Anemia. A.M . A. Di s . Ch i ld . 94 :420, 1957. 
Vitamin K anem ia in newborns and naph t ha lene hemolyti c anem ia is probably due 
to G-6-PD def ic iency. 

49. Szeinberg , A. , Sheba, c., Hirshern, N. an d Bodony, E. : St udies on Erythrocytes in 
Cases with Pas t History of Favism and Drug-incuded Acute Hemolytic Anem ia . 
Blood 13 :603 , 1957. 
Showed glutathione defic iency in RBC ' s a nd cr oss sens itiv ity bet ween Fava beans and 
sulfa drugs in pat ien t s with f avism. 

Factors which Enhance Hemolyt ic Anem ia 

Infection 

50. Szeinberg , A., Ke l Ierman, J, , Adam, A, Sheba, c. and Ramot , B. Haemolytic 
Jaundice Follow i ng Asp i r in Adm in istr ati on t o a Pat ient with a Deficiency in 
Glucose- 6- Phosphate Dehydr ogenase in Erythrocytes. Acta Haemat . 23:58 , 1960. 
Severe hemolysis fol low i ng I .5 gm of asp i r in in man with severe viral jn
fect ion. 

51 . Ke I I ermeyer . See Ref . 2 . 

Diabetes 

52. Gant , F.L. and Winks, G. F. Primaqu ine- Sensi t ive Hemolyt ic Anemia Compl icating 
Diabet ic Ac idos is. Cl in. Res. 9 :27 , 1961. 
Three pat ien t s deve loped acute hemo lyti c anem ia dur i ng diabet ic ac idosis. Two 
had G- 6- PD def ic iency. 
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possib le Differences in Expr ess ion of Enzyme Defic iency in Negro and Caucas ian Indiv iduals --

55. 

Kirkman, H N. 11 Primaqu ine Sensit ivity in Molecular Genet ics and Human Disease." 
L. 1. Gar dner, ( ed ) . Charles c. homas , Springfield, 111 . , 1961, P.! 06-133. 
Discusses the mechan isms by which G- 6-PD def iciency or alteration can be produced 
at a genetic level. No d i fference in characterist ics of enzyme from no r ma l and 
effected persons cou ld be found. 

Mar ks, P.A., Sze inberg, A. and Banks, J. Erythrocyte Glucose-6- Phosphate De
hydrogenase of Norma l and Mutant Human Subjects. J . Bioi Chern. 236 : 10,1961. 
No qual itative difference in t he G- 6-PD of norma! and primaquine- sensitive pat ients 
could be detected. 

Marks, P. A. and Gross, R. T.: Erythrocyte Glucose- 6- Phos phate Dehydrogenase 
Def ic iency : Ev idence of Di ff erences between Negroes and Caucas ians with Respect 
to this Genetica l ly Determined Tr a"t. J . Cl in . Invest. 38 :2253, 1958. 
Caucasian men have a more severe deficiency i n G-6-PD than do Negro men, and 
leukocytes are def initely involved i n the former. 

56. Ramot, B., Ashkenas i , ! , Adam , A. and Sheba, C. Activation of Glu cose-6-Phosphate 
Propert ies of the Act ivator and Dehydrogenase of Enzyme Def ic ient Subjects . • 1. 

the Act ivation React ion. 
Red b lood eel I stroma from norma l patients have an "activator~' which wi II 12..artial ly 
act ivate the G- 6-PD of defective ee l Is but not of normal eel Is. ( ?already maximal ly 
act ivated). Pr imaquine- sens iti ve ee l !-stroma lack this activat ing factor . 

Congenital Non- spherocyt ic Hemolyt ic Anemia- Glucose-6-Phosphate Dehydrogenase Type 

57. Zinkham, W. H. and Lenhar·d, R. E. : Observat ions on the Sign i ficance of Pr imaquine
Sens itive Erythrocytes in Patients with Congen ital Nonspherocytic Hemolyt ic An emia. 
A.M A. J . Dis. Child. 98:22, 1959. 
Four of si x pat ient s with nons pherocyt ic hemolyt ic anem ia had severe G- 6- PD def iciency. 

58. Kirkman, H. N., Riley, H. D., Crowe! I, B. B.: Diffe rent Enzymic Expr essions of Mutants 
of Huma n Glucose-6-Phosphate Dehydrogenase. Proc. Nat. Acad. Sc. 46 :938 , 1960. 
Presents ev idence that the G-6-PD from RBCs of pat ients with congen ita l nons pherocytic 
hemolyt Lc anem ia is a qual itat ively d ifferent prote i n than G- 6- PD f r om normal or 
pr imaquine-sens iti ve patients. 
First ev ide nce that ge ne may have two enzym ic expressions. 

59. Kirkman, H. N. and Ril ey, H. D. : Congen ital Nons pherocyti c Hemolyt ic Anemia. 
A . M. A. J . D i s . Ch i I d I 02 : 3 13, 19 6 I 
Studied family wi th congen ital nonspherocytic hemolytic anem ia. Mode of i nheritance 
is probably identica l to that of primaquine-sens it ive anem ias. 

~spher·ocytic Hemolyt ic Anem ia in Phosphopyruv ic Ki nase Def ic ient Type 

so. de Gruchy, G.C., Santamar ia, J . N., Parsons, I . C., and Crawford , H.: Nons pherocyt ic 
Congenital Hemo lytic Anem ia. Blood !6: 1371, 1960. 
One type of nonspherocyt ic congenital hemol ytic is reversible with ATP . 
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Tanaka , R., Va lentine, W. N. and Miwa , S. : Pyruvate 
Hered itary Nonspherocyt ic Hemo lyt ic An em ia. Blood 
Reports 7 pat ients with nons pherocytic macrocyt ic 
def iciency of phosp hopyr uvi c k inase . 

rreatmen t 
..:---

Intermediate Use of Drug 

Kinase (PK ) Deficiency 
19:267' 1962. 
hemo lyt ic anem ia with marked 

62. Alving , A.S., Johnson , C.F., Tarlov, A. R., Brewer, G. J . , Kel lermeyer , R.W . 
and Carson, P.E. : Mit igation of the Haemolyt ic Effect of Pr imaquine and 
Enhancement of its Action aga inst Exoerythrocyt ic Forms of the Chesson 
Stra in of P lasmodi um v ivax by Intermittent Regimens of Drug Adm inistrat ion. 
Bu I I . WId. HI th Org . 22: 621 , 1960 

Ni cotinic Ac id 

63. Tarlov- quoted in Carson Ref. 5. 
Nicot ini c acid g iven for 3- 4 months gave 40% protection against pr imaqui ne
sens itive anem ia. 
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