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Thi s 34 - year o ld  female was referred t o the hematology clinic, havin g previously 
been seen, with a 6-month history of recurrent and progr ess ive low back pain and progres
sive weakness. She had noted ease of fatigue for some years but had been able to carry on 
her usuai I ife as housewife. She was r eferred to us because o f evi dence of osteoporosis on 
bone fi lms as we i I as ev i dence of an apparent anemia . The referring diagnosis was mu l
tiple myeloma. Th e r emai nder of the history at t his t ime was qu ite unremarkable. Past 
history was of interest in t hat t he patient had had t wo children without difficulty and had 
had an anem i a at the time of each delivery (some 16 and 14 years before ). She had been 
treat ed with iron at th at time but was un fami I iar with the r esults of such therapy. Past 
history was also of interest in that she had had a hysterectomy s ix years ago. 

Family history r evealed that her mother and one sist er also had an anemia. The type 
Was unknown by the patient. 

Physical exami nat ion r evealed a wei I developed, slightly obese white female, with 
normal v it al si gns. The on ly significant finding was that of a spleen easily palpable 
2 em beneath the left costal mar g in. There was no bony tenderness, no lymphadenopathy 
and no abnormal fi ndings. 

Laboratory examination revealed a hemoglobin of 9.6 grams with a hematocri t of 33 
Vols.%. The white count was 10, 900 with a normal differential. An occasio~al nucleated 
red eel I was seen in the peripher al blood. The platelets were 425,000. Th e blood smear 
demonstr ated hypochromia, microcytosis, marked ani so- and poiki iocytosis, occasional base
Phi I ic s t ipp ling of the red eel Is, a considerab le tar geti ng and a r eticulocytosis of 5.2%. 
The serum iron was 224 micrograms% and the total was 268 micrograms%. Bone ma rrow 
~Spiration demonstrated erythroplast ic hyperplasia o f the neuroblastic type with evident 
Increased iron stores. Fetal hemoglobin was 3.5% and A2 hemoglobin was 5.6%. 
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comment : The presence of osteoporosis and anemia here cl inically suggested multiple mye
~a and the past history of a hysterectomy raised the question of osteoporosis secondary 
10 it. A final historical review revealed that the patient's grandmother was from Albania 
and that the historical heritage was quite in keeping with the Mediterranean localization 
of this rather character istic thalassemia minor. 

  

This 38-year old  male  of Irish-German descent was admitted to the 
 for the first time on , 1961 9 with weakness and fatigue and a 

history of recurrent thrombophlebitis. His history apparently dated back to  1960 
at which time his constitutional symptoms led him to cons ult his family physician who made 
a diagnosis of an anemia~ He was treated with a broad variety of hematinics as wei I as 
transfusion. He was referred to another hematologic center where splenomegaly was identi
fied, and in  of 196 1 a splenectomy was performed for a hemolytic anemia. Within 
three weeks of splenectomy the patient developed thrombophlebitis a f fecting the deep veins 
of his extremities and sust ained at least two episodes of pul monary embolism with evidence 
of infarct ion, and was then referred to the   for lack of funds. 

Positive physical findings on admission were obesity; pal lor of the conjunctivae; 
thrombophlebitis affecting the superficial veins of both upper extremities; deep phlebitis 
affecting both lower extremities, with edema and a posit ive Homan's sign ; rales at the lett 
lung base ; and a wei 1- healed sp lenectomy scar. No defin ite hepatomegaly or lymphadeno
pathy was present. 

Hematologic studies were as follows: RBC 3,850,000; hematocrit 25%; hemoglobin 6.7 
gms.; reticulocyte count I .8%; WBC 24 , 000 with normal differential; platelet count 
485, 000. Peripheral smear revealed hypochromia, microcytos is , target eel Is, anisocytosis, 
poikilocytosis. RBC ' s of the peripheral smear contained numerous round deposi t s, staining 
positive for iron. A bone marrow revealed normoblastic hyperplasia and iron stores were 
incr eased. Serum iron was 340 micrograms with total iron binding capacity of 361 micro
grams%. Hemoglobin electrophores is was AA type, star ch block electrophoresis showed no 
fetal hemoglobin and I .5% A- 2 hemoglobin. RBC tragi I ity was normal. Coombs test , Ham's 
test, Donath Landsteiner Tests were negative. Strept ococcus MG and cold agglutinins were 
absent. St ool guaiacs were negative for occ u lt blood. LE eel I agglutinations were nega
tive, uri ne was negative for hemosiderin eel Is . Comp lete G! X-ray surveys were negative 
for any findi~s. Long bones , sku! I, spine, and pelvis X-rays showed no defects. Radio
isotope studies were as follows: Fe-59 incorporation in red eel Is was 55% with organ 
counti ng showing an increased depositi on of iron in the I iver; Cr-51 RBC survival T i 
(normal 27- 32 days), a tryptophane loading test was normal. 

A presumptive diagnosis of potential pyridoxine responsive anemia was made. The 
Patient was begun on oral pyridoxine and a reticulocytosis to 12.6% was achieved by the 
8th day of therapy. Subsequently a rise in hemoglobin and hematocrit occurred, carrying 
his hemoglobin from 7 grams to a peak of 12 grams. The iron deposits in t he marrow re
mained increased in spite of pyridoxine therapy. The serum irons also remained consist
~ntly high with almost complete saturation of the total iron binding capacity . Radio
Isotopic studies done following pyridoxine therapy, however, revealed a normal incorpora
tion of F?- 59 in the red eel Is and a normal Cr-51 survival time. The peripheral blood 
smear after pyridoxine therapy showed no significant change . On four separate occasions 
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the patient has been withdrawn from pyridoxine with a resultant tal I in hemoglobin to 
leve l s of 6 to 7 grams. Reins titution of pyridoxine resulted i n a reticulocyte response 
and a rise in red eel I values. At no time did his hemoglobin ris e above 12 grams on 
pyridox ine alone. In an attempt to redup licat e the Gardner study, added · t estosterone and 
crude I iver extracts were also emp loyed wh ich transientl y did increase his hemoglobin wei I 
beyond the 12 gram level . Redup licati on with these agents has not been carried out as 

~· 
His clinical course has somewhat I imi t ed t herapeutic manipulation since it has been 

punctuated by a series of episodes of thrombophlebitis secondary to his h igh platelet 
count, a result of his splenectomy. He is, however, at the present time asymp tomatic 
and is sti I I being studied on an out-patient basis . 

Of interest is that this patient has a brother who has a very similar anemia of lesser 
degree and who has been wei I maintained in a normal hemoglobin range on pyridoxine. 
comment : This is a rather classic clinical presentation on a pyr idoxine responsive 
anemia , often diagnosed as ami ld hemolytic anemia and often associated with sign i ficant 
postspl enectomy thrombocytosis and t he resultant problems secondary to such . platelet in 
creases. 

  

This 79-year old  male was in good health unti I approxi mat ely 6 years ago when 
he had a cerebrovascular accident . Since that time his ambulatory activity was quite 
limited and he was unable to leave h is house. He, however, apparently had eaten a good 
diet in spite of this and was apparently stable unti I approximately 2 months prior to his 
admission , ~at which time fatigue and a mark ed decrease in exercise tolerance were noted 
by the family. He was seen by his family ph ysician who noted a hemoglobin of 7.5 grams 
and a white count of 3,500. Retrospecti vely the patient's wife was aware that he had been 
anem ic ever since his cerebrovascular accident. Ther e was no toxic exposure. 

Physical examination revea led a th in white male with essent ially normal vital signs. 
The pertinent positive physical fin d in gs included some rales at both bases and a I iver 
edge that was palpable 3 em beneath the right costal marg in and a spleen tip easily pal 
pable at the left costal margin . 

Laborator y study revealed an in itial hemoglobin of 6.1 grams, a hematocr it of 18.5. 
His white count was 2,650 with 42 segs , 14 bands, 42 smaf I l ymphocytes, 2 monocytes. His 
platelets were 137,500 and retics I .7%. Peripheral smear demonstrated marked aniso- and 
poikilocytosis, some very min imal polychromatophi I ia and signif icant evidence of occasional 
stipp led red eel I and an occasiona l nucleated red eel I . Hypochromia and some microcytosis 
Was apparent. Bone marrow aspiration demonstrated a moderate erythrocytic hyperplasia with 
mar ked evidence of increased iron stai ns with a great number of sideroblasts present. The 
Patient was given 2 units of whole blood and antibiot ics in order to manage xr ay evidence 
Of an inti ltrate in the right lower lobe . His r esponse was not complete, but his family 
Was anxious to take him home and for dischar ge. We elected to begin him on a trial of 
PYridoxine at home in order to evaluate his hematologic response. Six days following his 
discharge the patient was again brought to the emergency room, having had a shaking chi I I 
and apparently rapidly sf ipping into coma at home. Physical examination revealed a coma
tose patient who was breathing very deeply. His lungs were clear to percussi on and 
auscultation in the emergency room but by t he time the patient reached the ward he was 
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I 

noted to have pulmonary edema. The remainder of the physical examination was essentially 
as before except that the patient was in deep coma and there were absent deep tendon re
flexes. The patient was treated supportively with IPPB, antibiotics, vasopressors and 
a tracheostomy, but expired some 12 hours aft.er admission. The major autopsy finding was 
a bronchopneumonio. 
JmPression: This patient demonstrated the morphologic evidence of an iron-loading anemia 
or of a sideroachrest:ic anemia of Hei lmeyer. At autopsy massive iron inti ltration in the 
liver was apparent, (No fibrosis was present.) 

 

First  admission for this 39-yearold  male laundry worker who entered on 
/64 with a 2 week history of a constant periumbi I ica l dul I non-col icky pain and diffi 

culty swallowing. He had experienced mild constipation for 4 weeks PTA. The patient had 
been employed during the months of  and  in a lead factory in which he handled lead 
dust . He was required to wear a mask but stated that after work he would have to clean 
the lead dust from his nose. He was checked twice wh i le there with an ear lobe retic 
count and was told it was "normal". Toward the end of  he developed severe bitemporal 
headache and had to quit work; the headache went away and he returned to laundry work, but 
was forced to seek medical aid when the abdominal pain occurred. The "difficulty in 
swallowing" appeared to be anorexia - he had to force the food down but had no regurgita
tion and the food "stuck" in his mouth. No past history of anemia, melena, hematemesis, 
ulcer symptoms. Physical exam revealed BP 120/80, P 80, R 16, T 98°. The only positive 
physical f nding was a lead I ine at the gingival margins and extremely poor teeth and 
oral hygiene. No evidence of neuropathy or encephalopathy. 

The dx~of lead poisoning was made on the basis of history, hypochromic microcytic 
anemia with basophi I ic stipp l ing, and urine lead of .363 mgm/1 i. His abdominal symptoms 
cleared spontaneously before treatment with ca versonate. He was given a 5- day course 
of 2 gms ca versonate per day and discharged to the Best 0 Life Lead company physic ian 
for fo I I owup • 

Lab : Hgb 9.0; Hcrt 29; WBC 9000; platelets 457,500 ; retics 7.8 -> 6 .• 9 - > 2.8 
Urine : Strongly plus copropoenphyrin - qualitative 

Urob i I i nogen 2+ 
1race albuminuria- I of 5 urinalyses 
Stool guaiac neg. 
BUN 24 - > 18 
Creatinine I .4 
Bilirubin 0.4/1.4 ->0.8 

Urine lead: f/1 - Before Rx - .363 mgm/1 i 
#2 - After I day Rx - .42 mgm/1 i 
#3 - After 2 days Rx - .75 mgm/1 i 
#4 - After 4 days Rx - 3 .45 mgm/1 i 

Coproporphyrin 103 micrograms/! . 
Porphobi I inogen 10.0 micrograms/ I. 

~mment: This is a classic case of lead intoxication. 
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TABLE I 

FACTORS AFFECTING RELI AB ILITY OF 
SERUM IRON OR BINDI NG CAPACITY 

DETERMINATIONS 

I. Hemolysis - frank hemolysis where serum Hb 
exceeds 25 mgm%. 

2. Lipemia - generally can be avoided by obtaining 
fasting specimen. If I ipemia present~ t he 
determination can be performed by col d 
centrifugation of the serum in p last ic tubes 
followed by needle po int puncture of tube to 
yield outflow of c lear serum below the fat 
layer. 

3. Ferritinemia - secondary to massive I iver 
necrosis . 

4. Parenteral iron therapy -wh ich may circu late 
for days or weeks ; especia lly the iron comp lexes 
such as saccharates. 

TABLE II 

RESPONSE TO IRON THERAPY Increase 
Hemoclobin (qm$) Days Per Day 

Druq II Init ial Final Increase Rx am~ 

Proferrin 
IV 14 4.9 10.9 6.0 18 0.33 

lmferon 
IM 14 5.0 I 0.4 5.4 20 0.27 

Ferrous 
Gluconate 
220 mgm/day 14 4.9 10.2 5.3 23 0.23 

from J. Pr itchard 
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TABLE Ill 

IRON ABSORPTION TEST 

A rise in serum iron occurs 2-4 hours after 
the ingestion of an oral dose of iron : 

Procedure: 
I • ) Fasting serum iron 
2.) Four tablets of oral iron (ferrous 

gluconate) are given fasting. 
3.) Repeat serum iron at 3 hours. 

Positive Test: 
Rise in serum iron over 60 ~gm% 

presumptive positive (normal) and over 100 ~gm% 
is considered normal. 

Decreased Values: 
I . ) Malabsorption of Fe 
2.) Abnormal intestinal moti I ity 
3.) Anemia associated with Chronic 

Infection_ and/or Uremia 
Factors Affecting Results : 

Multiple including rate of absorption, 
rate of plasma iron clearance, etc. 
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TABLE IV 

PATHWAY OF HEME SYNTHESIS 

* 

** 

** 

** 

Reaction 

Tr i carboxy I i c 
Acid 

Cycle: 

Succinyl 

CoA \ 

sJ~ate;\ I 
+ Glycine 

+ 

a-Amino-~-Ketoadipic Acid 

1 -C02 

5 -Ami noLevu I in i c Acid 

t 
Porphobi I inogen 

t 
Uroporphyrinogen II I 

~ 
Coproporphyrinogen I I I 

1 
Protoporphyrinogen IX 

J 
Protoporphyrin IX 

J 
Heme 

* 86 Responsive Site 

Enzyme 

(Pyridoxai-S-Phosphate 
(5 -ALA Synthetase 

(ALA dehydrase 

CPBG deaminase 
CUPG isomerase 

(UPG decarboxylase 

(CPG decarboxylase 
(CPG oxidase 

(P-ferrochelatase 
( or 
("Heme Synthetase" 

** Sites of Lead Interference 
v Site of Copper Effect 

from Remington, etc. 



• 

Precursor 

5- Ami nolevu I in i c 
Ac id 

Porphobi I inogen 

Uropor phyrin I 

- 9 -

EF FECT OF LEAD PO I SONJ NG ON 
PRES ENCE OF HEME PRECURSORS 

Bone 
Urine Marrow 

v 
--

~ 
-

v ~· 

RBC 

f--·------.. 

Coproporphyrin Ill v y/ 
.. 

Protoporphyr in Ill v -·--... --.--
Ch eck indi cates abnorma l ly increased amount. 

from Harris. 

CLINICAL MANIFESTATIONS OF~ DEFICIENCY ANEMIA 

I. Constitutional Sx: Pal lor, fatigue, weakness, 
palpitations, dyspnea on exertion, ankle 
edema, etc. 

2. G. I.: Constipation, gastri t is, stomatitis, 
glossitis, dysphagia, protein losing enter
opathy, papi I lar y atrophy 

3. Cutaneous: Brittle nai Is, spoon nai Is, 
cheilosis 

4. Osseous: "Hair -on-end" skul I changes 
5. ~.: Splenomegaly 
6. Gyn.: Disturbed menses 
7. CNS: Papi I ledema, "pseudo- brain tumor", 

peripheral neuropathy 
8. Diboba: edematous, depigmentation syndrome 
9. Plummer-Vinson Syndrome: dysphagia and post 

cricoid esophageal stricture, etc. 
10. Absent cytochrome oxidase 



-10-

REFERENCES 

structure and Kinetics of the Red Cel I 
1 • Hewson, W.: In ''Exper i menta I I ngu i r i es Into the Formation of the Red Part i c I es of the 

B I ood 11
• Ed. G. Magnus Fa I conar. T. Langman, London, 1777. 

z. Hartridge, H.: The Shape of the Red Blood Corpuscles. l· Physiol. 53:81, 1919. 
Considers the physiologic advantages of discoidal structure of the RBC. 

3. Cooke, W. E.: The Structure of the Human Erythrocyte. ft. M· l· 1., 433, 1930. 
4. Lehmann, H. and Huntsman, R. G.: Why Are Red CelIs the Shape They Are? From Functions 

of the Blood. Edit. R. G. MacFarlane and A.H.T. Robb-Smith. Academic Press, N.Y.C. 
p.73,1961. 

5. Ponder, E.: Present Concepts of the Structure ot the Mammal ian Red Cel I. Blood 2: 
227, 1954. Demonstrated that the ''wa I I' ' of red ce I I varied depending upon the degree 
of hydration of the eel I • 

6. Ponder, E.: Hemolyses and Related Phenomena. Grune & Stratton, N.Y.C., 1948. 
A monograph reviewing in depth the problems of RBC architecture and the kinetics of 
alterations in 11membrane'' integrity. 

7. Denstedt, 0. F.: In 11 Biood CelIs and Plasma Proteins, Their State .l..n. Nature 11
• Academic 

Press, Inc ., N. Y.C., 1953. A comparative study of nucleated versus non-nucleated 
RBC's. 

8. 

9. 

10. 

II • 
12 . 

13. 

14. 

IS. 

l.t9n 
16, 

17. 

Korson, R.: A Microspectro-p hotometric Study of RBC Nuclei During Pyknosis. l· Exp. 
~. 93:121, 1951. Demonstrated that almost t of the net DNA is lost during pykno
sis of the RBC. 

Hoffman, J. F.: Physiological Characteristics of Human Red Blood Cel I Ghosts. l· Gen. 
Physiol. 42:9- 28 , 1958. Using hypotonic hemolysis ghosts were prepared at varying 
ratios of eel Is to hemolysing solution . At alI ratios, hemoglobin was found to be 
distr ibuted equally between thost and supernatant compartment. Using Fe59 it was 
shown that alI of Fe59 labeled Hb is exchangeable . 

Behrendt, H.: Chemistry of the Erythrocytes. Clinical Aspects. Charles C. Thomas, 
Springfield, Ill., 1957 . 

Crosby, W. H.: The Red Cel I and Some of Its Problems. Ann. Rev. Med. ~:151, 1957. 
Nakao, M. , Nako, M., Yamazoe, S. and Yashikawa, H.: Relation between Energy Metabolism 

and the Shape Transformation of Eryth r ocytes . Proc. 11!1 lnternat. Cong. Heme. 
Tokyo. g:l266, 1962. Presents evidence that the discoidal shape of the erythrocyte 
is directly dependent upon the concentration of ATP. Discoidal shape is maintained 
as long as the ATP level is over 50% of normal (approx. 100 micromoles/100 ml RBC's). 
With a decrease below this level sphering begins and is complete at 10% ATP levels. 

Bal Ientine, R. and Paysart, A. K.: The Action of Lipase on the Red Cel I Surfaces. l· 
Cell. Comp. Phys i ol. 1§.:49, 1940. 

Valentine, W. N. and Neel, J. V.: The Artificial Production of Target CelIs. Amer. 
l· Med. Sci. 209:741, 1945 . Produced targeting via varying the tonicity of sus
pending media. 

Stohlman, F.: Observations on the Kinetics of Red Cel I Prol iteration. From "Kinetics 
91. Cellular Prol iteration'~ Edi·t. F. Stohlman . Grune & Stratton, N.Y., p. 318, 19.59. 

Metabolism 
Bothwel 1, T. H. and Finch, C. A. : Iron Metabolism . Little, Brown & Co., Boston, 1962. 

The best current monograph on iron metabolism, methods and clinical correlation. 
Bessis, M. C. and Breton-Gorius, J.: Iron Metabolism In the Bone Marrow as Seen by 

Electron Microscopy: A Critical Review. Blood 12: 635, 1962. 



-I!,.. 

IB· Cartwri ght, G. E .~ Huguley~ C. M. ~ Ashenbrucher , H., Fay, J. and Wentrobe, M. M.: 
Studies on Free Erythrocyte Protoporphyrin, P lasma Iron and Plasma Copper in Normal 
and Anemic Subjects . From George R. Mi not Symposium on Hematology. Edit. W. 
Dameshek and F. Taylor. Grune and Stratten , N.Y., p. 918, 1949. 

l9• Hallberg 9 L. and S81vell ~ L : Iron Absorpt ion Studies. Acta. Med. Scand., Suppl. 358, 
1960. An excel lent monograph outlining the double isotope technique (Fe55 and Fe59) 
for the eval uat ion of iron absorption as we i I as their clinical findings. 

zO· Cook, J. D.~ Brown, G. M. and Val berg, L.: The Ef fect of Achylia Gastrica on Iron 
Absorpt ion. 1·~ ·i· 43:1 185, 1964. 

zl. Hauge , B. N.: The Iron Absorpti on Test. Acta Med. Scand. 168:109, 1960. 
z2. Kabler·, V.O.: Rar e Malabsorption Syndromes . Ann. Int. Med. 52:221, 1960. Iron defi

ciency secondary to malabsorption. 
Z3· Brown, E. B.: Th e Uti I ization of Iron In Erythropoi esis. Amer • .J.. Cl in. Nutrition~: 

77' 1963. 
~· Sc hade, A. L. Serum Iron and !ron Binding Capacity. Methods for Measuring Serum Iron 

and Iron Binding Capacity . From: Hemoglobin, Its Precursors and Metabolites. Edit. 
F. W. Sunderman and F. W. Sunderman, Jr. J. B. Lippincott Co., Phi I . , p. 140, 1964. 
A good review o f t echn ical methods and pi tfa l Is for use in a routine laboratory. 

25· Laure l I~ C. B.: Plasma Iron and the Transport of Iron in the Organism . Pharmacal. 
Rev. !:371~ 1952 . 
Also: Acta Physiol. Scand • .!.1.: Supp l. 46, 1947 . 
And: Blood.§.: 183, 1951 . 
An eval uat ion of the transport mechanism . 

26. Masuya, T.~ Tominaga, K. and Kozu ru , M.: Studies on Serum Iron Binding Capacity. Proc. 
~ Inter nat ional Congress of Hematology, Tokyo g:932, 1962. 

27. Po l lack, S., Bolcerzak , S. P. and Cros by, W. H.: Transferren and the Absorption of 
I ron -.. B I ood £1:33, 1963. 

28. Conrad, M. , VanHook~ R. and Crosby, W. H. Observat ion s on the Natural History of Iron 
Deficiency and the Gastroi ntest inal Absorpt ion of Iron. Proc. 1l!! lnternat. Conq. 
Heme., Tokyo , 2 :11 51 , 1962 . 

29. Pritchard, J.: Th e Response to Ir on in Iron Defi c iency. JAMA 175:478, 1961. 
Cl early demonstrates oral iron compounds wi I I replete hemoglobin losses as wei I as 
parenter al compounds. 

lDeffective Erythropoiesis 
30. Bothwel I, T. H., Hurtado, A. V., Donohue, D. M. and Finch, C. A. : Erythrokinetics. The 

PI asma 'kon Turnover As A Meas ure of Erythropoiesis. ill ood _lg:409, I 9 57. 
31 • Haur an i, F. i • and Tocanter is, L. M.: Ineffective Eryth ropo iesis. Amer • .J.. Med. 2J_: 

519 , 1961 0 

32. Baldini, M. and Pannacciull i, 1.: 
614 ~ I 960 • 

.l!:l.91 as semi a 

The Maturation Rate of the Reticulocyte. Blood 12.: 

33. Bannerman~ R. M.: Thalassemia. A Survey of Some Aspects. Grun e & Stratton, N. Y., 
1961. A monograph which delineat es the clinical~ laborator y genetics in a clear, 
concise and fairly complete fashion. 

Stur geon, P. and Finch, C. A.: Erythrok inetics In Cooleys Anemia. Blood ~:64, 
1957 0 

Hunt, J. A. and Ingram, V. M.: The Genetical Control of Protein Structure: The Abnor
mal Hemoglobins. In Ciba Found.~.: Biochemistry of Human Genetics, London, p. 
I 14 , 1959. 



- ·12-

)6· Ingr am, V. M. and Stretton, A.V .W. : Genetic Basis of the Thalassaemia Diseases. Na
ture 184 : 1903, 1959. 

)1 · Coo ley, T. B. and Lee , P.: Series o f Cases of Sp lenomegal y in Child r en with Anemia 
and Pecu liar Bone Changes. Tr. Am. Pediat. Soc . 37 :29 , 1925 . 
Th e or iginal description of the homozygous syndrome now known as Thai . 

~i dox i n e Responsive Anemia 
)8 · Harri s , J. W., Whittington , R. M., Weisman , R. and Harrigan, D. L. : Pyr idox ine 

Respon sive Anemia in the Human Adult. Pr oc . Soc. Exp. Med . ~ B io i . 91 :427 , 1956 . 
The fir s t evidence of B6 responsiveness in th e human . 

)9 · Ru ndl es, R. W. and Fal Is, H. F. : Hereditary (? sex- 1 inked) Anemia . Amer . l· Med . 
Sci. gL1: 64 1, 1946 . The first compilation of clini cal f in d in gs in pat ients now 
demonstrat ed to be two gr oups - some B6 respon s ive and other of the her editar y 
t ype o f s i der oachrestic anemia of Hei lmeyer . 

I 
40. Waehst e in , M. and Gudaitis, A.: Detection of Vit amin B6 de fici enc y . Uti I izat ion of 

an improved method tor r apid determination of xanthur en ic acid in ur ine. Amer. l · 
Cl in . Pat h . 22 : 652, 1952. L- tryptophane loadi ng t est (0 . 5 gm ora ll y). 

41. Verl oop, M. C. and Rademaker , W.: Anaemia due to Pyri doxine De f iciency In Man . Brit. 
1· Haemat. £ : 66, 1960. The best compilation and descript ion of th e fo rms of B6 
r espon s ive anemia to date . 

42 . Bishop, R. C. and Bethel I, F. H. : Hereditary Hypochrom ic Anemia wi t h Transfusi on 
Hemosi derosis Treat ed with Pyridoxine : Report of a Case. li·~·l·M· 261 :486 , 1959 . 
A wei I studied case with an interesting though incorr ect hypothesis th at t he ex
cessive iron overload reduced heme synthes is by comp lex ing B6 and increas in g the 
B6 r equ irements . 

43. Raab, S . 0. , Haut, A. , Cartwright, G. E. and Wintrobe ~ M. M. : Pyridox ine Responsive 
Ane~ia. Blood ~:285, 1961. The best study of th e uri nar y excret ion o f tr ypto
phane met abolites before and after therapy in t wo cases. 

44 . Bot t omly, S .: Pyridoxine Responsive Anemia. JAMA 180 : 653, 1962 . 
45 . Mai er, C.: Megaloblast~re Vitamin- B6 Mangelan~mie be i H~mochromatose. Schwe iz . med. 

Wchnschr . 87 : 1234, 1957. The f i rst case of B6 r esponsive anemia in th e f emale 
and un us ual in that the mar row demonstrated megalobl astoi d changes . 

46. Foy, H. and Kendi , A.: Hypochromic Anemias of the Tropi cs Associated With Pyr idox ine 
and Nicoti nic Acid Deficiency . Blood 12:1 054 , 1958 . Demonstrat ion o f a case of 
Fe def iciency which failed to respond unti I nicotini c acid was added . 

Hypochromi c !r on- loading Anemia, or: Sideroachrestic Anem i a (of Hei lmeyer) 
47. He i !meyer, V. L. , Keiderl ing , W. , Belger, R., and Bernauer. Uber Chronische Refracht~re 

An~mi en mi t Sideroblastischem Knochenmark (Anemia r e tract ori a Sideroblastica). 
Fo l ia Haem. E_:49, 1958. 

48 . He i lmeyer, v. L. , Emmrich, J ., Hennemann, H. H. , Keiderl ing, W., Lee , M. , Bi lger, R. 
and Schubothe, H.: Uber eine chronische hypochr ome An~mie bei zwe i Gesc hwist ern 
auf der Grundlage e iner Ersenverwerhengsst~rung. (Anaemi a Hypoc hrom ia Sideroachrest
ica Her edi t oria ) Folia Haem. E_ : 61, 1958 . 

49 . Gar by, L., Sj~l in, S. and Vahlquist, B.: Chronic Ref r actor y Hypochromic Anemia With 
Di stu r bed Haem- Metabolism . Brit. 1· Heme . l:55, 1957. 

50 . Bowman, W. D. : Abnormal ( "Ringed") Sideroblast s In Var ious Hematol og ic and Non
Hemato logic Disorders . Blood ~:662, 1961 . 

51 . Bess is , M. C. and Breton-Gorius, J .: Ferritin and Fer ru g inous Mkel les :i;n!.Normci!l 
Er yth roblasts and Hypochromic Hypersideremic Anemias. Blood ~:423 , 1959. 



- 13-

?2 · Horri gan, D. L., Whitt ;ngton, R. M. , We i sman, R. and Harr is , J . W.: Hypochromic 
Anemia with Hyperferricemia Responding to Oral Crude Liver Extract . Am • .J. . Med. 
22 :99 , 1957 . 

?3 · Byr d, R. B. and Cooper, T.: Hereqitary Iron - loading Anemia with Secondary Hemo
chromatosis. Ann. Int. Med. 55 : 103, 1961. 

?4 · Chesner , C. : Hemochromatosis: Review of the Literature and Presentation of a Case 
Without Pigmentat ion or Diabet es • .J.. Lab . ~ Cl in . Med. 21:1029, 1946. 
14- year WM with 6 yr . history of severe anemia , splenomegaly with iron loading 
especially of I iver . Similar to 6 of Sheldon 's or iginal cases. 
(Sheldon: J . H. Hemochromatosis, Oxford Un iv. Press , p. 1935, 1935; and 
Sheldon , J. H. Hemochromatosis, Lancet £ : 1031, 1934 . ) 

55 . Crosby , W. H. and Sheehy , T. W. : Hypochr omic Iron - loading Anemia: Studies of Iron 
and Haemoglobin Metabolism by means of Vigorous Ph lebotomy. Brit • .J.. Haemat . £: 
56 , 1960 . 

56 . Gar dner , F. H. and Nathan , D. G. : Hypochromic Anemic and Hemochromatosis. Response 
t o Combined Testosterone, Pyr idoxine and Liver Extract Th erapy . Amer • .J.. Med . 
Sci. 243 :447 , 1962. Descr ibes a patient with Hypochromic Anemia and Hyperferremia 
wi t h an un usual response to therapy . 

Con genita l Atransferrinemia 
57. Riegel , C. , Thomas , B. : Absence of Beta-Globulin Fract ion in the Serum Protein of a 

Pat ient Wi t h Unexplained Anemia: Report o f A Case . li·f ·l·M.· 255 :434, 1956 . 
~ . Hi tz ig , W. H., Schmidt, M. , Betke, K. and Rot hschi ld, M.: Erythroleuk~mie mit 

H~moglobenopathie und Eisenstaffwechselst~run g . Helv . paediat . Acta 12:203, 1960. 
59. Hei lmeyer , V. L. , Keller, W., Vivell , 0. , Keiderl ing, W. , Betke, K. , W~hler and 

Schultze , H. E.: Kongenitale Atransferren~mie bei ei nem sieben Jahre alten Kind . 
Deutsc he Mediz . Wochensch . 86:1745, 196 1. 

60 . Remi ngt on, C. : Biosynthesis of Haemog I obi n . Brit . Med • .!i!d..L.L· 12: 19, 19 59 . 
Lead In tox icat ion 
61 • Haeger-Aronsen, B.: Studies on th e Ur nary Excretion of Delta Amino Levul inic Acid 

and Other Haem precursors in Lead Workers and Lead- Intoxicated Rabbits . Scand • 
.J. . C I in. ~ Lab. Invest. _Lg: Supp I • 114 7, 1960 . 

62 . Boyett, J . D. and Butterworth , C. E.: Lead Poison i ng and Hemoglobin Synthesis • 
.8.!nill:.. .J. . Med • 32: 884, I 9 62 . 

63 . Hut chi son, H. E. and Stark , J. M.: The Anemia of Lead Poisoning . .J.. Cl in . Path.~: 
548 , 1961. 

64 . Lichtmon,' H. C. and Feldman , F.: 
poison ing -and iron defic iency • 

HYpocupremic Syndrome 

In Vi t r o pyr role and por phyrin synthesis in lead 
.J. • .Q .l. 42 :830 , 1963 . 

65 . Fow ler , W. M. and Barer, A. P.: The Effect of Copper and Iron on Hemoglobin Regenera
ti on • .J. . Lab.~ Cl in. Med . 26:832, 1941. Copper deficiency not related to the 
gar den var iet y nut r i t ional anemia in the premature , the child or the adult. 

66 . Wi nt robe, M. M., Cartwright, G. E. and Gubler , C. J . : St udies on the Function and 
Met abolism of Copper • .J.. Nut ri tion 50 : 395, 1953 . Demonstrated a role of copper 
in the absorpt ion of iron . 

67 , Bush , J. A. , Jensen, W. -N., Athen , J . W., Ashenbr ucker , H. E. , Cartwright , G. E. and 
Wintrobe, M. M.: Studies on Copper Metabolism • .J.. Exp . Med. 103:701, 1956. 
Copp er does not affect iron t ransport or uti I ization . 

68, Schubert, W. K. and Lakey , M. E.: Copper and Protein Depletion Complicating Hypo
ferric Anemia of Infancy. Pediatrics 24:710, 1959. 

69. Reiff, B. and Schnieder , H.: Plasma Copper and Iron Levels and Plasma Paraphenylene 
Diamine Oxidase Activity (P lasma Copper Oxidase) in Kwashiorkor. Blood ~:967, 
1959 0 



- 14-

~ i 5ce I I aneO 'J~ 
1'Q: Kaye, M.: The Anemia Associat ed \'lith Renal Disease • ..J.. Lab.~ Cl in. Med. 52:83, 1958. 
Jl · Schwartz, S. 0. and Motto, S. A.: Diagnostic Significance of 11 burr 11 red blood cells. 

Amer • ..J_. Med . Sci. 218:563, 1949 . 
J'2· Aherne, W. A.: The 11 burr cell'' and azotemia • ..J.. Cl in. Path. J.Q:252, 1957. 
73· Loge, J. P., Lange, R. D. and Moore, C. V.: Characterization of anemia associated with 

Chronic Renal Insufficiency • ..J.. Lab.~ Cl in. Med. 21:91, 1958. 
~· Ragen, P. A., Hagedorn, A. B. and Owen, C. A.: Radioisotopic Study of Anemia In Chronic 

Renal Disease. Arch. Int. Med . 105:518, 1960 . 
75 · Hyman, G. A. and Harvey , J. E.: Pathogenesis of Anemia in Patients with Carcinoma. 

Amer • ..J.. Med. 12:350, 1955. Also: Blood _1_1 : 6 18, 1956. 
76. Mi I ler, A., Chodos, R. B., Emerson, C. P. and Ross, J. F. : Studies on the Anemia and 

Iron Metabolism in Cancer • ..J_.g_.1. 35:1248, 1956. 
71. Haurani, F. I., Young, K. and Tocantius, L. M. : Reuti I ization of iron in Anemia Com

pi icating Malignant Neoplasms. Blood 22:73, 1963. 
JB . Cartwright, G. E. and Wintrobe, M. M.: The Anemia of Infection. XVI I. A Review. 

Adv. Int. Med • ..2,:165, 1952. 
79. Bush, J. A., Ashenbrucher, H., Cartwright, G. E., and Wintrobe, M. M.: The Anemia of 

Infection. XX . The kinetics of Iron Metabolism in the Anemia Associated With Chronic 
Infection • ..J_.g_.1. 35 :89, 1956. Demonstrated shortened RBC survival. 

80 . Freireich, E. J., Miller, A., Emerson, C. P. and Ross, J. F.: Effect of Inflammation 
on the Uti I ization of Erythrocyte and Transferrin Bound Radioiron for Red Cel I 
Production. Blood ~:972, 1957. Demonstrated defective re-uti I ization of senescent 
red ce I I iron. 

81 . Freireich, E. J., Ross, J. F., Boyler, T. B. , Emerson, C. P. and Finch, S.C.: Radio
active Iron Metabolism and Erythrocyte Survival Studies of the Mechanism of the 
Anemia Associated with Rheumatoid Arthritis • ..J_.g_.1. 36: 1043, 1957. 
Demonstrated defective re- ut i I i zat ion of senescent red ce I I iron. 




