MEDICAL GRAND ROUNDS
Parkiand Memorial Hospital
April 4, 1963

PRIMAQUINE SENS!TIVE_ANEMIA

case History NN
The patient is a 24 year old - woman who has been followed at —

since 1954. |In November, 1955 she was admitted for delivery of a term pregnancy.
Mild pre-eclampsia was diagnosed on the basis of aibuminuria, and a blood pressure of 142/40;
however, she had an uneventful delivery, receiving no medication other than Fergon and Pif-
ocin, morphine and phenobarbita!. Her hemogl!obin on discharge was 10.8 gm/I100 ml.

She was next seen on --57 in the 7th month of pregnancy compiaining of pain on
the right side of three days duration and fever beginning on the day prior to admission.
Urinalysis revealed 5 to 10 pus cells. The hemoglobin was reported at 8.4. She was
treated with Achromycin |.V. for 24 hours and discharged. The patient was admitted on

57 for the delivery of her second child. Her hemoglobin on admission was 12.0. The
delivery was uneventful, and the patient was discharged on -57 having received medica~
tions consisting only of Fergon and codeine.

She was next seen |5 days later with a two day history of fever, chills, right flank

pain followed by nausea, vomiting and cloudy urine. Hemoglobin on admission was 8.5,
hematocrit 28%. The urine was loaded with white cells. Urine culture grew out E. Coli
and she was treated with intravenous Achromycin, | gram, and Penicillin, 0.5 m.u. followed

by achromycin 250 mg. g-6-h P.0. Five days later the urinalysis showed 10 to |5 cells,
however, the patient complained of nausea and vomiting following the oral Achromycin and
she was consequently shifted to intravenous Achromycin, and Furadantin was added in an oral
dose of 50 mg. q.i.d.

The first dose of Furadantin was given at 2:00 PM on 57 and every four hours
during the day thereafter for two days. On the morning of ~57 while being ambulated
in preparation for discharge, the patient suddeniy fainted. A hemoglobin obtained at that
time showed a drop to 4.8 mg.%. The hematocrit was 5. The plasma was reported to be
"jaundiced". By the following day, the patient's hemoglobin had further decreased to 2.6 gmZ,
the hematocrit to 10.3%. Reticulocyte count was 7.,4% with 10 nucieated red cells, WBC
31,200. Urobilinogen was noted in the urine, and the serum bilirubin had risen 5.4 mg.Z%.
Furadantin was discontinued after the 10:00 PM dose on -~5'.7 and thereafter the patient
received no drugs whatsoever. Reticulcoccyte count obtained on 57 was 6.7%. The pa-
tient was treated with 2 units of whole blood and on the following day, her hemoglobin was
reported as 8.6 and hematocrit 23. Another unit of blood was given on Ji}-57 and by
the time of discharge on ~57 her hemogiobin had risen to 12.0, and the hematocrit 35%.
A bone marrow obtained on ~57 showed hyperceilular marrow ~ith erythrocyte:granulocyte
ratio of I:1. The erythrocyte hyperplasia is of the normoblastic ftype. Nc marrow iron.
Impression: erythrocytic hyperplasia. The sickie cel! prep was negative. Serology was
negative. Coombs test was likewise negative. The patient was discharged with the diagnosis
of iron deficiency anemia and acute hemolytic anemia secondary to Furadantin.

The patient was next seen 3-1/2 months later {-57) when she was again admitted
to - with a two day history of chills, fever, pain in the left side but no dysuria.
Hemoglobin on admission was 8.8 gm.%, hematocrit 32%. The urine contained approximately
100 WBC, and E. Coli was again cultured from a catheterized specimen. The pyelonephritis |
was initially treated with Achromycin and Penicil!iin and streptomycin. However, on [1-28-57 |
in addition to this therapy she was again begun on Furadantin, 50 mg. g.i.d. Over the fol-
lowing 6 days the patient's hemoglobin dropped to 7.3 and her hematocrit decreased to 24.
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imum on 57 of 10.2%. Furadantin was discontinued on -—57 and at the time of

A reticulocyte increased from a premedication level of 2.5% to 4.5% and reached a
‘57 this patient's hemoglobin was 7.6 gr.g.

gwcharge on
The patient was next seen in this hospital on -58 at which time she was five
mOnJrhs pregnant. The hemoglobin at that time was 7.8, hematocrit 28.5.

fn the latter part of this pregnancy, she was placed on Kynex, | gm per day. On
58 she was admitted for delivery of her term pregnancy. The blood pressure at that

ime Was 148/110, 3+ albuminuria was noted and there were | to 3 white cells in her urine.
he hematocrit was 33%. Because of the pre-eclampsia and the history of chronic pyelo-
eohritis a tubal ligation was performed after delivery of a viable infant. The patient's
serology was found to be positive, and she was treated after discharge with 10,000,000
pits of Penicillin.
[ She has subsequently been seen occasionally in the Emergency Room and Qut-patient
' ¢linic for minor injuries and acute PID, but has otherwise been well.

In view of her history, the patient was recalled on -~63 and a drug history at that
time revealed that she frequently took Anacin in a dosage of 3 tablets per day but was on
no other medication. Her hemoglobin at this time was 1i.! gm.%, hematocrit 36, WBC 4,9000.

A glucose-6-phosphate dehydrogenase assay was carried out on her red cells, and
the level of this enzyme was clearly depressed (TPNH-production in density units per
minute per mg of hemoglobin was 0.23, normal control 1.90). The Methemoglobin Reduction
Test of Brewer was likewise positive.

. She was advised to take no medication without consulting a physician who is aware
of her disease.
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METHEMOGLOBIN REDUCTION TEST

wfﬁﬁ

(1) Glucose, 5 gm

Make up to 100 ml. water
Sodium Nitrite, .25 gm.

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

PROCEDURE
A. Unknown Sample:
a) To 0.1 ml each of (1) and (2) add
2 ml whole fresh heparinized blood
b) Incubate 2 hours at 37°
c) Add O.! ml of incubated blood to 10 mi water
B. Positive control - omit methylere blue
C. Negative control or Normal - omit methylene blue, glucose and sodium nitrite;

i.e., Jjust incubate 2 ml blood.

- INTERPRETATION
Red is normal
Brown is homozygous () or hemizygous (d')

Brown-Red is heterozygous (9)



BIOCHEMICAL LESIONS OF GLUCOSE-6~PHOSPHATE DEHYDROGENASE DEFCIiENCY

Redox
Drugs
ot e et
Hb Hb Methemo- Denatured Heinz
, globin W HpH+ — Bodies
Glucose
Glucose-o-phosphate Glutatnione=SH Soluble + Membrane
o TPN A Enzyme=-SH (active)
Glucose=6~ P Redox
phosphate Drugs
Dehydrogenase + om
Embden Pentose ,mmaox
Meyerhof Phosphate, Drugs
Pathway + 05
Glutathione-S Soluble + Membrane
TPNH _ Enzyme-S-S~-Enzyme
: Glutathione=S (inactive)
COp ;\
K* Leakage
Phosphopyruvic
Kinase |+|
N/ \ Nat + Hy0 Influx
Lactate /T
KRE Swelling
YCL /v
Hb Leakage—— Hemolysis



DRUGS SHOWN TO PRODUCE HEMOLYT!C ANEMIA

IN GLUCOSE-6-PHOSPHATE DEHYDROGENASE DEFICIENT INDIVIDUALS

Hemolytic Potential

Drugs (Daily Dosage)

Slight hemolysis especially at

higher doses

Acetylsalicylic acid (aspirin)

Moderate Hemolysis

Acetophenetiden (Phenacetin) 3.6 gm
Pamaquine 10 mg

Primaquine 15 mg

Nitrofurantoin (Furadantin) 500 mg
Sulfisoxazole (Gantrisin) 8 gm
Sulfamethoxypyridazine (Kynex) 2 gm
Vitamin K

Probenecid

Fava Beans

Severe or Dangerous Hemolysis

Pamaquine 20 mg
Primaquine 30 mg
Phenylhydrazine
Acetyiphenylhydrazine
Acetanilid 3.6 gm
Sulfanilamide 3.6 gm.
Sulfapyridine 4 gm
Furadantin 600 mg
Naphthalene (moth balls)
Fava Beans




MANIFESTATIONS OF GLUCOSE-6-PHOSPHATE DEHYDROGENASE DEFICIENCIES

RBC Hemolysis
Syndrome Race Life Span Without] Sensitivity to G6P=D
Drugs Drugs Activity Enzyme Structure
Slightly shortened | Moderate (heterozy-
Negro (25%) (Compensated | gous) to severe Mod . Normal
hemolysis) (hemi- or homozy- |Depressed
: gous) . Not caused
Primaquine Sensi- by chloramphenicecl,
tive Anemia PAS, or quinidine. 1
wwwmﬁnw% shortened.; Severe response to
Caucasian drugs including Very Probably Nor-
chloramphenicol, Depressed mal.
- PAS and guinidine.
Congenital Non- Severe response to
spherocytic Caucasian [Continuous hemoly~- | small doses of Almost Abnormal
Hemolytic Anemia sis. drugs. Undetecta-
(G6P-D-Deficient ble.
type) |
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? Catatonic Schizophrenia
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Diabetes
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Diabetic Acidosis. Clin. Res. 9:27, 1961.
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possible Differences in Expression of Enzyme Deficiency in Negro and Caucasian [ndividuals
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Congenital Non-spherocytic Hemolytic Anemia - Glucose=6=Phosphate Dehydrogenase Type

57.
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Presents evidence that the G-6=PD from RBCs of patients with congenital nonspherocytic
hemolytic anemia is a qualitatively different protein than G-6-PD from normal or
primaquine-sensitive patients.

First evidence that gene may have two enzymic expressions.

Kirkman, H. N. and Riley, H. D.: Congenital Nonspherocytic Hemolytic Anemia.

A.M.A. J. Dis.Child 102:313, 1961

Studied family with congenital nonspherocytic hemolytic anemia. Mode of inheritance
is probably identical to that of primaquine~sensitive anemias.

Ngﬂggherocyfic Hemolytic Anemia in Phosphopyruvic Kinase Deficient Type

60,

de Gruchy, G.C., Santamaria, J.N., Parsons, |.C., and Crawford, H.: Nonspherocytic
Congenital Hemolytic Anemia. Blood 16:1371, [960.
One type of nonspherocytic congenital hemolytic is reversible with ATP.
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gl. Tanaka, R., Valentine, W.N. and Miwa, S.: Pyruvate Kinase (PK) Deficiency
Hereditary Nonspherocytic Hemolytic Anemia. Blood 19:267, 1962,
Reports 7 patients with nonspherocytic macrocytic hemolytic anemia with marked
deficiency of phosphopyruvic kinase.

Treatment
Trea’men’.

Intfermediate Use of Drug

62. Alving, A.S., Johnson, C.F., Tarlov, A.R., Brewer, G.J., Kellermeyer, R.W.
and Carson, P.E.: Mitigation of the Haemolytic Effect of Primaquine and
Enhancement of its Action against Excerythrocytic Forms of the Chesson
Strain of Plasmodium vivax by Intermittent Regimens of Drug Administration.
Bull. Wld. HIth Org. 22:621, 1960

Nicotinic Acid

63. Tarlov - quoted in Carson Ref. 5.
Nicotinic acid given for 3-4 months gave 40% protection against primaquine-
sensitive anemia.
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