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Erythropoiesis and Iron

V. Herbert, New York

Genetic nutrition

Most chronic disorders, including the chronic disorders that afflict many
pregnant womnen, have a genetic predisposition component. Some women are
predisposed to iron deficiency due to a genetic predisposition to heavy menses
determined by a genetic blueprint for a particular array of release of hormones during
the month, as well as prior to and during the menses. Environmental factors determine
whether the genetic predisposition is expressed or suppressed,
The US food guide pyramid

Five basic food groups are laygf’-s_t by the US Government as the basis of sound
nutrition and a healthy diet for all the diverse ethnic groups in the US,
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Figure 1: Food guide pyramid with genetic base
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This diet is graphically represented by the food guide pyramid (Figure 1). As the base
of the pyramid we added (©1993 Victor Herbert) “Your Individual Genetic
Blueprint”. This genetic base underlies the US Government’s diet base, which is the
grain group (bread, cereals, pastas), of which we recommend five portions a day for
the average American. In the next two groups (the fruit and vegetable groups}, we
recommend three o five servings of vegetables and two to four servings of fruit a day.
From the milk group (which includes yoghurt, cheese, and even ice cream), we
recomfnend two to three servings a day. The “meat™ group (mbre propetly called the
“high protein group” because it includes fish, poultry, eggs, nuts and legumes as well
as meat) should comprise about two servings a day, which works out to about two
eggs a week, which is the cuent America‘n Heart Association recommendation, It is
not food cholesterol which is problematic, but rather serum chelesterol, 85% of which
we make in our own livers from the saturated fat we absorb, not from the cholesterol
we cat. One major caveat: the values expressed in the food guide pyramid represent
the number of portions from each food group for the theoretical average American -
who does not cxist. Everyone is born with at least three genetic defects which affect
how much we absorb from each nutrient and anti-nutrient we eat, how we. transpott it
in our circulation, how we deliver it to cells and how we do or don’t metabolize it

and/or excrete it. For example, about 12% of Caucasians and about 30% of Blacks

are born with a genetic defect in the ability to limit iron absorption called the

hemochromatosis gene, inherited from either parent, which causes them to absorb
about 50% maore iron daily than the rest of us from their food. One in about 200
Caucasians and one in about 100 Blacks is born with two such genes, one from each
parent. Those with this homozygous hemochromatosis, causing absorption daily of
about 3 times as much iron as the rest of us, will die of the complications of iron
overload unless they are vigorously phlebotomized every month of their lives. We
recommend that heterozygotes be phlebotomized (ie., donated at the blood bank)
about three to four times a year.

Heterozygotes for hemochromatosis. should be vegetarians because vegetable iron
averages only 3% absorbability, whereas animal iron is 15% absorbable, The average
Western diet is omnivorous, containing both animal a\nd\_ vegetable components,

resulting in an average absorption of about 10% of the irdn in the diet. One gene for
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iron overload means absorption of about S0% more, and 50% more than the 1%
absorbed from a vegetarian diet is only 4.5%, which is not a problem. However, 50%
of 10% absorbed from an emnivorous diet means 15% iron absorption, and that is a
modest problem. The problem is severe in homozygotic hemochromatosis, where
about 30% of the dictary iron is absorbed.
Absorbed iron requirement

The absorbed iron requirement (i.e., the amount which must be absorbed from
food) per day for normal men and non-menstruating women is 0.5 mg to 1.0 mg,
which requires eating 5 mg to 10 mg, since only 10% of the iron in the omnivorous
Western is absorbed. The average fertile female needs 0.7 mg to 2.0 mg because
about a unit (500 ml) of blood is lost monthly.
The cost in iron of pregnancy is severe. The fetus will take all the iron it needs to be
born normal. In studies we carried cut under the auspices of the World Health
Organization (WHQ) Nutritional Anemias Group in the mid-1960s in Argentina, it
was found that pregnant women with hookworm had hemoglobins as low as 2.8 mg.
They could still bring a normal fetus to term because the fetus was able to pull ali the
iron it needed through the placenta, bringing the mother’s iron stores down to nothing.
Adolescents need 1 mg to 2 mg a day of absorbed iron; children 0.4 mg te 1.0 mg, and
infants 0.5 mg to 1.5 mg.
The red cells of the adult contain about 2,500 mg of iron (Figure 2), About 3 mg of
iron is in the blood plasma, and storage iron in the male adult averages about 1,000
mg. The healthy adult Western female in the child-bearing years averages only about
300 mg of storage iron because of her moathly blood Joss.
Iron distribution (Figure 2}

Of the adult male’s 4.0 g of total body iron or the aduit female’s 2.8 g. about
2.5 g is contained in hemoglobin when there is no anemia. OFf that 2.5 g of iron, much
wilt move from the red cell pool to the storage pool if the individual is suffering from
a significant degree of non-iron deficiency anemia, such as folic acid deficiency
anemia or vitamin B12 deficiency anemia.
When the bone marrow of a pregnant woman with severe folic acid deficiency anemia
and no iron deficiency is examined under the microscope, one observes iron overload

because all the fron from the missing red cells is now in the marrow. Serum ferritin
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Figure 2: Distribution of body iron
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iron is in equilibrium only with storage iron, because there are surface receptors for
ferritin proiein only on reticuloendothelial {storage) cells. Mcasuﬁng ferritin iron
measures the amount of iron stored in the patient’s body. The iron-binding protein,
transferrin, is the delivery protein to ali cells that need it. Ceil surface receptors for
transferrin are on ¢very cell that needs iron (bone marrow cells, brain cells, ete.,).

In iron deficiency, while ferritin protein and ferritin iron fall, the number of transferrin
receptors on red cells increases dramatically. Some detach and circulﬁte.'Circulating
transferrin receptors, elevated in iron deficiency, can be measured as a parameter of
iron deficiency, bearing in mind that, in aplastic and hypoplastic anemias, red cell
surface receptors for transferrin also increase dramatically. Sequential stages of iron
status are shown in Figure 3. The test results in an iron-normal individual are shown
below under the heading “Normal”. For every nutrient, and iren is no exception, there
are four stages of negative balance :

Stage 1 of negative balance is inadequate absorption. Iron initially falls in the
peripheral blood; consequently, there is less fron on transferrin, which rises to puil
more iron in across the gut wall. Less iron is delivered to cells, and less iron means
less ferritin protein, since free iron is the trigger for ferritin protein production. Serum
iron is the iron on transferrin protein which contains the i.}'oﬁ on its surface. Serum
iron does not include the iron in ferritin, which is not only inside the ferritin protein
shell, but also in the normally well over 200,000 circulating transferrin molecules per

sirculating ferritin molecule.
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Sequential Stages of Iron Status
o T

O WL aNG Y]
NEGATIVE BALAMCE o ey

ATON EXCE Sy
e PORITIVE BALANCE ——h— HOAL — DEPLETION LY o—
BTAQEN ATAGEL ETAJE )} FIAOE BTAQE 1IN BTAGH 1Y
von Dnsages Cirical
P —
pt pre ot Dphoient

bron B ————— -

LR —

EryThaan ke ==y

AE darron Fa “ W

Toarudbgere! 82 {uf 100R1 300 k==

L X0 i

0o Ao T ) 1 115

Paama o 00l 2 iTE 1%

Trirmturm Eabcsn (h] 141 1

okl ol (%) gy L

A Predegeianrn an N x »

Eryproops Hormar Horrmal Hormar Mormas

Sanum Triifpen

Pacwcins Homal Hermal Homal Hommt-Hegy Hegn Wiyl g ey agn
Familin din

Bl og ingfind | ey High Hgh Homal MOl Lowr Lo Wary Low Wy Low
' proten 4 o .

T Lt L Y01 00 W), { s bansien i ACUle PR L

+ Favaitin- iy 1 P ey o X W ArRai Wt hern_and nar

AN LT o/ P30T A ket ULt OF L Diboemcts Sowrmott 13k mat Ay Iroeag ve

Yot rashcal prosemucn. St V. ikt oAl Sy D 1954 1 33303, Moat s Nanidd vy 1 von.ewareg
& : st dea:
HTertuer! (Aol cetneon of iga et futanca, ol Al #u e

Figure 3. Sequential stages of iron status

Stage 2 of negative iron balance is storage depletion mcasured by at least four
abnormal tests. Only after stores are depleted is there enough iron for normal iron
biochemistry, including normal hemoglobin synthesis, This is Stage 3 riegative iron
balance, the first stage of deficiency, which is biochemical deficiency, Stage 4 is
deficiency so severe that it is clinically manifest anemia. The biochemical deficiency
in hemoglobin production has so reduced hemoglobin preduction that the red cells
have become microcytic and then hypochromic (under-colored). Ferritin protein is an
acute phase reactant. High ferritin protein (ferritin > 150 pg/l} always means either
inflammation or iron overload. Hallberg and his group recently reported that, in
Swedish college women who had flu during an epidemic, serum ferritin went up from
normal (~30 to 100 in females) to 300 to 600, and stayed up above 300 for six weeks,
cven though the active flu was over in a weck (Hallberg et al, personal
comimunication), Ferritin protein elevations from the chronic inflammation of
rheumatoid arthritis, hepatitis, nephritis, cancer, or any other chronic inflammatory
process stay elevated as long as the inflammatory process continues, but ferritin
protein iron content is low. Each ferritin protein molecule is capable of hinding up to

4,500 atoms of iron.
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Serum total ferritin
With increasing body iron stores, such as in iron overload disorders, not only does
ferritin protein go up, but the number of atoms in each ferritin molecule goes up
sharply.
Ferritin composition

As body iron stores increase, the percentage of the total weight of each ferritin

protein mofecule, which is the weight of the iron in it, progressively rises. The Salt
Lake City group did a long-term study of patients with both heterozygous and
homozygous hemochromatosis, and found that, although the high serum ferritin
gradually went higher, because the study subjects daily absorbed more iron than they
needed and got increasingly higher iron sfjores, neither the serum iron initially above
normal nor the percent saturation of the iron binding capacity (i.e., of transferrin
protein) went up.

Ferritin iron is high not only in heterozygous and homozygous hemochromatosis
(where ferritin iron is often »1,000 pg/1}, but also in situations of iron overload due to
frequent blood transfusions, such as in hemolytic anemia like thalassemia and sickle
cell disease. '

Iron status
{n iron deficiency, ferritin iron is below 10 (Figure 3). In iron depletion (Figure 3),

ferritin iron can range from 3 to 15; in normal individuals, fetritin iron_réngcs from
20 to 50 pg/i, and in heterozygous hemochromatosis and early iren overload, well
abave that. With chronic long-term inflammation, serum femitin iron does go up
moderately, because chronic long-term inflammation means chronic release of
noxjous ferrous iron, some of which is sucked up by circulating ferritin.

Iron is the source of more than half of all the free radicals released in the human body
(Figure 4), Free radicals in moderate amounts are necessary for life: for intact cell
membranes and for iniracellular metabolism, Free radicals are the price we pay for
breathing. Oxygen is breathed in; water is urinated out. In the process of going from
inhaling oxygen to urinating water, there are major free radical-generating
biochemical reactions. While in small amounts, free radicals are necessary for life, in
Jarge amounts, they can mutate DNA and cause many other harms,

Vitamin C over-supplementation is a fad prevalent in the United States, with over 40%
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of Americans participating. The claims that vitamin C pills are pure anti-oxidants is
contrary to the fact that they are redox agents, anti-oxidant in some circumstances and
pro-oxidant in other circumstances. The first demonstration of the pro-oxidant action
of 1 g per day vitamin C was in our paper in the New England Journal of Medicine in
1963, We studied a patient with folic acid deficiency megaloblastic anemia, who also
had scurvy because his only food was donuts, coffee, and restaurant thin hamburgers
steamed long enough to destroy both the vitamin C and folic acid in them,

The patient was put on a folic acid-free diet to determine if vitamin C would correct
the megaloblastic aneria, He was given 1 g vitamin C daily, and his reticulocytes,
which had increased 5% to almost 10% before he was given vitamin C, plummeted to
nothing after five days of vitamin C supplementation, proving our belief that vitanin
C deficiency could preduce megaloblastic anemia was wrong. However, on vitamin
C, in 5 days, his serum iron went from 60 to 346, saturating his iron binding capacity.
Vitamin C mobilizes harmless ferric iron from stores, converting it to the free ferrous

form, which then leaks out of the 6 pores of the ferritin protein shell as catalytic



1]

ferrous iron (Figure 5}.

Figure 5: How ascorbic acid (AA} releases catalytic ferrous iron from harmiess ferric iron
stored in the ferritin protein shell

In patients with iron overload, genetic or acquired, 1 g vitamin C daily has the
potential to pull so much iron out of their high iron stores that it can supersaturate
every iron-binding protein in the body, with the excess free ferrous iron producing

arrhythmias causing instant death.
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Discussion

L. Cavill: It only goes to show that Victor Herbert is just as challenging in a sitting
position as ever he is when he is standing up, or more particularly parachuting in onto
your head! If any of you have any illusions which have not yet been shattered, any
pre-conceptions that have not been challenged, and any other mantras that should be
broken, let’s have some questions. _

C. Breymann: What is the main reason for malabsorption of iron?

V. Herbert: Good question; let me see if I can come up with a good or bad answer!
See, he is a very bright guy, Dr. Breymann; ] always take only bright.peoplc as
fellows, because then they do very well and people say ‘Gee, Victor Herbert is a
brilliant mentor.” It is not that, it isfjust that I know how to pick students, It is like
Harvard in the United States; it is considered by far the greatest medical school
because its graduates are so good. 1 was on Harvard's medical school's admissions
commitiee during the five years [ was there and the reason our graduates were so good
is because we only took the best students, All the best students apply to Harvard, so
we take them; we could be lousy teachers but they would still come out great
students! [Laughter]

So - I don’t know, Dr. Breymann, what the major cause of matabsorption of iron is,
but [ know that malabsorption of iron occurs dietarily, for many reasons - for example,
phytates bind iron and prevent it from being absorbed, so if you are eating a diet high
in phytates (that is 2 high grain diet) you will have less iron absorption. That is one of
the reasons vegetarians have less iron absorption. If you drink lots of tea, you will
have less iron absorption because tannin in tea converts the iron you eat to iron
tannate, which js totally unabsorbable. Tom Bothiwell in South Africa and several
others did a beautiful study showing that in the various ethnic groups in South Africa
the worst iron deficiency was among the Indian women who drank lots of tea, so all
their iron became iron tannate and was totally unabsorbable,
C. Breymann: What about heterozygous disease of malabsorption syndrome?
Celiac disease?
Y. Herbert: That also will reduce iron absorption. Any generalized malabsorption
syndrome will reduce iron sbsorption. Talking about celiac disease, it is very

important to bring that up because only one case in about 30 is diagnosed. With most
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physicians, when & patient comes to them and they take a history, all the physician
asks is *Do you have diarrhea?’ and the patient says: ‘No’. This is not the case with the
people I train at Mount Sinal. All of our medical students when taking a medical
history are trained to say ‘How many bowel movements do you have a day?’, and not
‘Do you have diarthea? or ‘Do you have constipation?’ This is because early on, |
saw a patient in the clinic and the intern had done the preliminary examination; the
patient was emaciated and the notes said ‘No diarrhea’. I said ‘How can this guy have
no diarrhea? He is emaciated; he looks as though he just came out of a concentration
camp’. The intern said "Well, I asked him’, so I said to the patient ‘Do you have
diarrhea? and he said “No’, [said ‘How many bowel movements do you have a day?’
and he said ‘12°, 1said ‘That is normal for you?’ and he said *Yes’. We locked at him
and he had celfac disease, so never ask a patient: ‘Do you have constipation, or
diarrhea?’. Ask him how many bowel movements he has a day, and whether they
flow.
J. Faes: Are there other clinical symptoms of iron deficiency? If the answer is yes,
where would you put the cut-off? :
V. Herbert: I assume you have asked that as a general question rather than just for
pregnant women? Thé‘-cl%nica] symptoms are those of inadequate detivery of iron to
iron-containing enzymes, which precedes Fthe development of anemia, When you get
inadequate delivery of iron for synthesizing hemoglobin early on, you do not yet have
aneriia; that does not start for another three or four months, Early on when you have
inadequate delivery of iren to hemoglobin, you simultaneously have inadequate
delivery of iron to all the new cytochromes being made. Those are the iron respiratory
enzymes, so you get tired tissues before you get anemia,
‘This was first described by Ernie B%yuﬂ‘er in 1963 to great laughter, but he turned out
to be right. You get tired tissues first from inadequate iron in the respiratory enzymes,
and that inadequate iron makes you feel tired and run down. People with early iron
deficiency fesl tired and run down, and if the physician carries out a hemoglobin test,
it is normal; but it is still iron deficiency. However, there is a caveat, which is that
weakness, tiredness and feeling run down arc early symptoms nol only of iron
deficiency but alse of iron overload. Remember, 10% of all Caucasians, male and

female, have iron overload. That excess iron crushes bone marrow cells and produces
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weakness, tiredness and a feeling of being run down. Never make a diagnosis of iron
deficiency from the symptoms; always get a blood measure of iron status,

J. Faes: Thank you; does hair also need iron? Young women who lose hair?

V. Herbert: That is never due to iron deficiency. If a young woman loses hair it is
due to something else. The most frequent cause of loss of hair in young women is the
same as for young men - a genetic baldness. That is unless you are taking selenium
pills; of course selenium pills in large doses produce baldness, and also your
fingernails falt out,

L. Cavill: Could I just tell two little stories to bolster the point that Victor was making
aboul the inhibitory effects of dietary substances on iron absorption? There is a case
report coming out in the journakwhich I edit, where even oral ferosulphate absorption
was inhibited and shown to be irreversibly inhibited by excess tea drinking. Do not
treat these dietary stories as just anecdotes. They are real, and the diet has a powerful
inhibitery effect in limiting the amount of iron that is available for absorption on the
duedenal surface. Tt does not matler how much iron is in the diet, if it is not water
soluble by the lime it hits the duodenal mucosa it will never be available for
absorption. Popeye - remember Popeye? - and the spinach and the iron?

V. Herbert: Sure, but of course Popeye lied!

L Cavill: T'll tell the story! Iron in spinach is almost totally unabsorbable. If Popeye
got any iron from that spinach he got it from contamination from the tin, not from the
spinach itsell!

V. Herbert: Exactly correct, and that is because spinach contains oxalate and iron

oxalate is unabsorbable.



