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https://www.youtube.com/watch?v=j8AohJMBCak
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* Necessary for erythropoiesis in response to hypoxia, so if s
erythropoietin production is disturbed, hypoxia will not =55
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 Cells of origin not established, but some references suggest
that they are interstitial cells or epithelial tubular cells. 7502
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Hypoxia == H/F-1 == binds hypoXia response element == § Epo transcription

HIF-1: Hypoxia-induced factor 1 (a transcription factor)



Erythropoietin (cont’d)

- Extra-renal hypoxia can stimulate Epo production.
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* “In anephric or in kidney failure - severe anemia (low RBCs) because
90% of Epo is made in the kidneys. esidual EPO = 10%) 18 e il .
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* In anephric individuals, 10% residual Epo (mainly from liver),
supports 30-50% needed RBC production (not enough).

« Hematocrit (packed cell volume) ~23-25% rather than 40- 45%
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* New circulating reticulocytes ~ 3-5 days
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* Erythropoietin (2 roles in erythropoiesis) > = ..o
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« drives production of proerythroblasts from HSCs “*
« accelerates their maturation into RBCs
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- Erythropoietin remains high until normal tissue  icoomroze
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oxygenation is restored, which inhibits further Epo
production by negative feedback through blocking renal
and extra-renal pathways that induce Epo production.
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Formation of Hemoglobin
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* Occurs from proerythroblast through
reticulocyte stage.
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* Reticulocytes retain a small amount of iy esemrmses
endoplasmic reticulum and mRNA, supporting
continued hemoglobin synthesis.
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QMature RBCs do NOT produce new hemoglobin.
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=== Shapes of RBC and Hemoglobin
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Figure 19.04 Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.

« Similar details as we took in biochemistry - hemoglobin is stored in RBCs, and
each hemoglobin molecule has 4 chains, 2 alpha and 2 beta, and each chain has a
heme group, which contains one iron atom, which can bind one O,, so each
hemoglobin can carry 8 oxygen atoms in the form of 4 molecular oxygens (O,).




il sl ell £t iy il i alondl o sl 3255 L gyl 01 g el

~ Formation of Hemoglobin

h by sigsll sl o dasl ) syl (4
*Succinyl-CoA 5 Glycine aagl! s Glaall (o6 Loadiows (LSye Lea. oz Sl o spaall gas sta I A

mslegasell oo o8 (eealea¥l 23all 589 ¢ (0 yad 0 Ela) Porphyrin ring € L] (o] $use Js¥ ) Jeliille "(‘IJ;;;I;)JS:‘““;GJL‘I-‘ «Protoporphyrin IX ] (‘Fe?) waa 8,3 Lla) ol dlajll i gie A P
Pyrole 55 il dasll (2 *Heme wpas 8,5 (sle (5533 Lo degana US opaesSs¥ Loy (sle pasli sangd! 8,03 e Jual | 32l 52
-Pyrole rings 4 onsS5 o «ods¥ ! Je L&l saye aaly pannSyl by LS | |
*Pyrole La3Sse o crmeyind 853 (ole $5ial Gila ole Gsing Ssude S0 5o, ; ) )
orslisasell o ST USugll LSt Tl | S Lalll oS5 il sine Ostsangll at sl s 535G sl s LT (B

) sl gased | Eabin (3 sS3 Losis (odos Al s Heme 1 guos o skl 038 oo
IX o sdyon gg5n o eSa @GN da L (3 @;JLNQ.QLZ‘”.&;SWJ&NI}A 1ia5) B chains 2 5 & chains 2 :Jedls 4 (po (S Opasle sasglle C C
*Pyrole sl daas o Protoporphyrin IX. .(Hemoglobin A -
eProtoporphyrin IX Jg,m Sl 4 fre 05SGy alas sS5a 5a.
il g a (1555 531 heme U JaiSa et JSon Gsal (35S ol odn gie ‘ |

|. 2 succinyl-CoA + 2 glycine > HC CH
Ny
Il. 4 pyrrole —> protoporphyrin IX H
lll.  protoporphyrin IX + Fe*+ — heme (pyrrole)

IV.  heme + polypeptide —> hemoglobin chain (o or )
V. 2 achains + 2 3 chains ——> hemoglobin A (most common adult form)

Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
Copyright © 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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other atom accepts the pair in a vacant
orbital. In this case, O, is the electron donor
and Fe?* (ferrous iron) is the acceptor.
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(hemoglobin chain—o or B)

Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
Copyright © 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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Types of Globin Chains

- Several types of globin chains resulting from = .
gene duplication - a, 8, y, 8; MW ~ 16,000 — :=
/’\ 16000 5 8 I (W)
* Predominant form in adults is Hemoglobin A,
with 2 a and 2 8 chains; MW 64,458

* Each globin chain is associated with one heme-
group containing one atom of iron mmm
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« Each of the four iron atoms can bind loosely
with one molecule (2 atoms) of oxygen

* Thus, each hemoglobin molecule can transport
8 oxygen atoms. ..cis.uuic
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Qj cinical Variation in Globin Chains

Perspective
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* Modest differences in O, binding affinities; wait for slide 13.
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 Hemoglobin of homozygous individuals (“SS”) forms
elongated crystals when exposed to low O,.  [rasy=fiaesa® .
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 Carried as molecular oxygen (not as ionic
oxygen).
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Fetal hemoglobin
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 Fetal hemoglobin is a principal oxygen .ia .
carrier in blood in fetus and neonates. s s
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+ It has higher affinity to oxygenand the *
OHD curve is shifted to the left. (efficient
extraction of oxygen from the mother’s
circulation).

=S G
—7 () Lols cpileadan 5 (@) Wl Gpileads (3o pbiall paslésangl! o oSie
/ i Cpibealing LT il sle (5 s3an 3l AL Gusle gasgl] oo Ciliay Iine

* |tis composed of 2 alpha and 2 gamma
(not beta) subunits.
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Note the left shift in the fetal curve;
this means that Hb is saturated in
fetal blood under pO, (O, partial
pressure) less than that needed for
adult Hb saturation.

e Adult
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ron is a key component of hemoglobin, myoglobin, and multiple

oxidation enzymes (cytochromes, cytochrome oxidase,
peroxidase, catalase)
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* Thus, iron stores are critically regulated
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* 65% in hemoglobin in RBCs
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* 1% in intracellular heme compounds
* 0.1% associated with circulating transferrin .. ...
* 15 - 30% stored mainly as ferritin in RES
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Transferrin is a specialized protein that transports iron in plasma
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RES: Reticuloendothelial system
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P—— Iron Transport and Metabolism
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Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
Copyright © 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserved.

ILY




Iron transport and metabolism
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Iron is present in tissues bound to the storage protein ferritin. iz sy i b st s b, Lt
When ferritin becomes saturated, the excess iron binds to hemosiderin (seen as clusters of iron
inside cells).
Iron can also be bound to heme in various cells and enzymes.
2. Ironin the Blood Srsee i |
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Free iron outside cells must be bound to transferrin. irsilis v oo e et smi s e
This iron is continuously renewed by hemoglobin that breaks down during the RBC life cycle.
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3. Breakdown of Hemoglobin &-ia i il oh sl 5000

When hemoglobin is degraded from aged RBCs in the bone marrow, spleen, or liver,
free iron released from it is carried in plasma to where it should be used or stored.
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4.Iron Loss and AbSOrpltion oo eom i o sl v

Around 0.6 mg of iron is excreted daily through the Gl system.
In females, about 0.7 mg is lost during menses.

Iron absorption from the diet occurs in the small intestine, and only the needed amount is

absorbed. The rest is excreted.




Explanation in the
next couple of slides

Luaalidl < pantl adll A c5e (1

x5 elpenll all Lolae

ol g 5 lasall e Lags 120 s

Unialss Laysass e

callaadl ¢ L3 10U T Jlaall o olalis SUI
Ly Sl AT 361 o

el e (2
(A S5 e
Orslesangll a gl sasas o
Sl ol el Jasas (3

Oriles o] U puelle
olalis SUI o (Biliverdin)

Ok o] bl Jasas (4

Il s cailadle

Sial Sye st «(Bilirubin) sl
5 a8 sl

Sl Aaalsy spandl J& (5

Jeadd (Fed) waslle

Ll o el s el 0o
[AECNNNEICI TER TR PI N
allaall

S wandl i385 (6

ALY sl saalle

s JSS ole ST (0 G383 a2 ol anial
LA (o spanl 53 0 ool 45

Al Lola oS5 o pandl alanieal Bole] (7
clyanll

o olunial olad aalle

Ol 5 Crashill e s s e pllaall £ L
elyandl aull LA oS3l oagag ¥l 5 B12
Baaall

alkiall £ L3 g epaall aall Lola g 53f (8
PR oYl

Lola LY plsall ¢ 153 Jiny (ST g el
Sapaadl clyaadl ol

pall 8 el 5L O

Som SIS 3 g aladle
chiall od 5,8

S e sl 5531 (10

o ebeall o g ebadle

(Urobilin) calusyse oll Usat e ISI1 )
dsall e 55

claa¥l (o cnnsinbiag s o] omgpaladl JsaS (11

LSl el Crnsialiasse o] Usad sl olaa¥l e sl (o crbuansdl 5180 (13

Formation and Destruction of RBC’s
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RBC Breakdown and Iron Recycling
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1. Destruction of Aged RBCs iir o s v sistosiinis bl
Aged and damaged RBCs in the spleen, liver, or bone marrow are engulfed by macrophages.
In the liver, these macrophages are known as Kupffer cells.
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2. Reuse of Hemoglobin Components &5 Sl o
After being phagocytosed, the components related to hemoglobin are reused.
. D (k) il 521l 4S8 o

3. Breakdown of the GloDin Part —eu s sl il sl ol il om 4 e
The globin portion is converted into amino acids, which are reused for protein synthesis.
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4. Handling of the Heme Part (Iron Transport) &b B LlulE i s
Theiron from the heme is transported by transferrin, a protein responsible for iron transport.
Iron remains bound to transferrin in the plasma during transport.
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5. 1ron Storage in the LIVer [oihi it i oriim ot psom s 56 o s 3 i st st
Iron transported by transferrin can be taken up by the liver and stored in ferritin, the main iron-storage protein.
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6 &7.1ron Release and Erythropoi@sis ’ ;u s n i st o il o bl el sl ol S il 3 ol
When thereis a need for new RBC or hemoglobin production,

Iron is released from ferritin and transported by transferrin to the bone marrow.
In the bone marrow, iron, amino acids, vitamin B12, folic acid, and erythropoietin (EPO) are all used for

erythropoiesis (new RBC formation).




. RBC Breakdown and Iron Recycling
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Each RBC circulates for about 120 days, then is engulfed again by macrophages, repeating the same cycle.
Fate of the Heme (Non-lron Part itf;ﬁ?ﬁjzglmn<fﬁwﬂlF(Biliverdin).;a-‘xﬂeew'.'ﬁd'b«w@-l'F&é"&ﬁé‘o&ﬁm'wﬁdﬂmblm'

9. Conversion of Heme to Biliverdin and Bilirubin

After iron is removed, the remaining part of the heme is converted to biliverdin, then to bilirubin inside the

macrophage.

10. Transport of Bilirubin =55 s s

Bilirubin is transported through the blood to the liver.
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11. Excretion of Bilirubin & im s o i e s o
In the liver, bilirubin is excreted with bile into the duodenum.
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12. Conversion in the Intestine (i bbb md bsn B it

In the small intestine, bilirubin is converted by bacteria into urobilinogen.

Urobilinogen is further converted to stercobilin, which gives feces their brown color.
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13. Urobilin Formation and Urinary EXcretion s e st sumtbo

Some urobilinogen is reabsorbed into the blood and excreted in urine as urobilin, giving urine its yellow
color.




Iron Absorption, Transport & Storage
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apotransferrin ==y transferrin (transportiron)
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* Iron can be released to any cell for intracellular use,=='s« s bl g e
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 RBC precursors have transferrin receptors and actively accumulate iron because
iron is essential for erythropoiesis, especially for hemoglobin synthesis.
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Particularly in hepatocytes and reticulo-endothelial cells, iron combines with
apoferritin ==y ferritin T
(Large protein: MW 460,000) » When apoferritin binds iron, it is called ferritin. <= Susssma
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* Ferritin is variably saturated (storage iron) > Sometimesitis fully saturated,,.......oo
other times only partially. e
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* Hemosiderin is quite insoluble excess iron over the capacity of ferritin. . owmna ==

» The clusters of iron can be apparent under LM as a pigment called hemosiderin,
while ferritin can only be seen with an EM.




Iron Exchange
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When iron in the plasma is low, iron is released from
ferritin and bound to transferrin for transport.
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It is delivered to the bone marrow, bound by =i s .
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transferrin receptors on erythroblasts, internalized, and
delivered directly to the mitochondria (the place of s
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heme production) for incorporation into heme. — rowsess

* Deficiency of transferrin or apotransferrin can result in»
severe hypochromlc anemia due to lack of iron. :=5isiise ..
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Hemoglobin released from senescent RBCs is ingested by

macrophages and stored as ferritin in the liver. -



Iron Balance

sasall sl a5 (1
asall o e 1.3 ol 3il) ity (gl 8000 onen) oLoaill (05 Lot el 3Ll pue Lol (o o 0.6 (o lsn 52 sl (o5 gragall wausll e

 Daily iron loss of ~ 0.6 mg/day in men (GI) or ~1.3 mg/day in women (Gl
and menses)
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ron is absorbed throughout the small intestine .o
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Liver secretes apotransferrin into the bile, which binds with free iron and
some iron compounds present in meals (e.g, myoglobin in meat) to become
transferrin

*"Iron binds to transferrin and the complex binds to transferrin
receptors on intestinal eplthehum The doc. said iron binds to transferrin receptors, but

? iﬁﬁ@jﬂfﬁwwwé@eﬂ'w_@mwwwwwwﬂe‘e- . it is the complex that binds.
Transcytosed into the blood as plasma transferrin .-
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- Maximal absorption of a few mg per day (5-6mg), modulated over 5 — 6-fold
range based on body stores  \oreiron needed = more absorption
Less iron needed = less absorption




RBC Senescence & Destruction

aally Ly sl Blsill ) S elyandl pll Ll (2

] n r?)mﬂleallh.ﬁs‘-jaspﬂl @IJMJJ?YII ladll LA & pe a2 5lle
* RBC life span iIs ~120 dayS lly Tl 145 0 ol Lo 120 lpm 5 s (RBOS) oyl ol Lot PN

5ia3 LT ) gy | el LyotsSsidl 5 31sil)
@lsa ¥ Sty 35Sslal oMl (ol 5,005 Slag) ol

ﬂ S aginn] (o §ppis SLaS £ LY (ST G5
(ATP) & livysill

* Though lacking a nucleus, mitochondria, and endoplasmic
reticulum, RBCs have enzymes that can metabolize glucose
anaerobically and make small amounts of ATP. These enzymes...

« Maintain membrane pliability L e
- Support ion transport T mmae
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« Keep iron in the ferrous form (rather than ferric) =i i
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* Inhibit protein oxidation S e el e
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/ As enzymes deplete with age, RBCs become fragile and rupture in
small passages of the RES, often in the spleen.
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Degradation of Hemoglobin
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* When RBCs rupture, hemoglobin s
phagocytosed by macrophages, particularly
in the liver and spleen
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Iron is released back to transferrin in the
blood to support erythropoiesis or be stored
as ferritin
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- Macrophages convert the porphyrln portion,
stepwise, into bilirubin, which is released
into the blood and secreted by the liver into

the bile
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