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Cardiovascular System -- Blood

1. CV System: Blood, Heart and Blood
Vessels

2. Blood: the red body fluid that flows
through all the vessels EXCEPT the
lymph vessels



Blood: Physical Characteristics
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Bl ood 1 s Vi sicaboutd X g thant | C
water, i.e., blood flows at about 1/5 the rate of
water flow

Requires physiological temperature for proper
activity T about 37 C (98.6 F), more or less

Arterial pH of 7.35-7.45 for optimal activity
Between 0.85% and 0.9% NaCl
Constitutes about 8% of BW-

Males: 5-6 L; Females: 4-5L



>

o1

0 N O

10.
11.

Blood Function

Transports oxygen from lungs to all cells in the body
Transports carbon dioxide from cells to lungs
Transports nutrients from digestive organs to cells

Transports waste products from cells to kidneys, lungs
and sweat glands

Transports hormones from endocrine glands to target
cells

Regulates pH via buffers and amino acids
Transports enzymes to specific cells

Regulates body temperature due to the volume of
water (heat absorber/coolant)

Regulates water content of cells (1 via dissolved Na*)
Prevents body fluid loss through clotting

Protects against toxins and foreign microbes via
special combat unit cells



Blood Composition -- Plasma

A Plasma = the liquid containing
dissolved substances i about 55% of
blood

A Composition:

A Inorganic (1%): Na*, K*, CI, HCOy,
Ca 2" -- Na* and CI- are the most
plentiful

A Plasma Proteins (7-9%) 7 contribute to
the viscosity of plasma, maintains
dispersion of material, amino acid
reserve (very unusual, but available),
provides buffers

A Water (90%) i major constituent of
plasma




Kinds of Plasma Proteins
Albumins Globulins Fibrinogens
Most plentiful a b g Least plentiful

55-64% ~2%; 2-3 g/100mL of blood; largest proteins ~0.3%
~4-5 g/ 100 mL General protein functions; bind | Immunoglobulins 0.15-0.3 g/100
blood molecules for transport (anti bodi e smLblbodg 6 s

Abds)

SOLUBLE in water

Fe and
cholesterol

Lipids, T,,
Cu, Cortisol

Protect body from
chemical
challenges

Converted to
Insoluble fibrin
as blood
coagulates

Smallest of the
proteins

Serves to bind
substances for
transport through
plasma: drugs
(barbiturates),
hormones
(thyroxine, T,)

Produced in liver

Produced in
liver

Produced in
liver

IgA: Secretions
IgM: 1stto appear
IgG: Natural/
acquired Ab

(anti-HIV)
IgD: Unknown
IgE: Allergies

Produced in
liver




Plasma Protein Concentrations

A Vary little in A The primary sign of decreased
good health protein concentration iIs EDEMA

AAl bumin helps to
plasma water back to the blood

A A/G ratio is stream instead of remaining in the
approximately Interstitial compartment (between
the cells)

A Albumin serves to INCREASE the
osmotic pressure of the blood

A Protein A In starvation, protein intake is
concentrations decreased with secondary
decrease due decreases in circulating amino
to starvation, acl dsoO concentr at
liver damage, to decreased plasma proteins

renal disease A Decreased plasma albumin
results in plasma water staying
out of the blood causing edema ~



Constituents Delivered to Blood
Stream by Body Cells

Water and Electrolytes Come from absorption across the gut

Amino acids Due to protein digestion T also absorbed
across the gut

ASIDE N OPEN G@Gabalcblolics and newborns to
about 2 weekso of
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lood Composition T Formed
Elements

A Formed elements are cells and cell-like bodies
suspended in the plasma 1 makes up about

45%
A The

is ca
A Red

of blood

orocess by which blood cells are produced
led hemopoiesis or hematopoiesis

nlood cell synthesis is called erythropoiesis

A White blood cell synthesis is called
leuk(c)opolesis



Blood Composition i Formed Elements -- 2

Clinically Relevant Formed Elements

Formed Element Concentration or Amount Notes

RBC Differences due to -
(Erythrocytes) " 5.4 X 10%/mm?3 metabolic rate in males
and monthly blood loss
via menses in females

| 4.8 X 108/mm3

WBC Gr anul ar | NgBt@phsls: 60-70%
(Leukocytes) Eosinophils: 2-4%
Basophils: 0.5-1%

Agr anul anLymMihacytes: 20-25%
Monocytes: 3-8%

Thrombocytes | 250-400 X 103/mm3
(platelets) 10




Hematopoiesis

/RED BONE MARROW\
RBC l PLTLTS
WBC

AGRANULAR* \

Lymphoid Tissue
(Spleen, Tonsils,
Lymph Nodes)

GRANULAR
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Hemopoiesis

GRANULAR

Eosinophil a Basophil
@ % .. L \

Platelets

Lymphocyte

Monocyte

AGRANULAR
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rythropoiesis
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Rubriblast Rubricyte
il | .i
Metarubricyte Diffusely Basophilic Erythrocyte

Erythrocyte

A In general, undifferentiated cells in red bone marrow are
transformed into hemocytoblasts (stem cells) which
develop into mature blood cells eventually

A Rubriblasts (proerythroblasts) differentiate into RBC at an
~ rate of 2 X 10° produced every second
13



Reticulocyte Count

aka Astipledo RBC;

gives information about the rate of erythropoiesis

< 0.5% total
RBC
(decreased
erythropoiesis)

Anemia (pernicious or aplastic); kidney
disease which effects production of
erythropoietin. (B, deficiency because are
unable to absorb across gut due to no
secretion of intrinsic factor from stomach.)

> 1.5% total
RBC (increased
erythropoiesis)

Indicative of anemia, oxygen deficiency
(COPD), bone marrow CA with secondary
Increase in erythropoiesis, hemorrhage,
hemolysis; MAY be used to check on
pernicious anemia after receiving B,
parenterally, i.e., the marrow is making up for
lost time (peaks in 4-5 days i max production
within 7 days)
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RBC: Some Abnormalities

Dacrocyte: A deformed RBC which is tugged to &
nipple at one end, having squeezed through a
reticuloendothelial system with increased
connective tissue; also seen in normal peripheral
blood smears as an artifact of slide preparation;
such dacrocytes are usually easily recognized as
their 'tails' all point in the same direction

Keratocyte: An erythrocyte formed when
haemoglobin denaturesd as occurs in alpha-
thalassemia or G6PD deficiencyd and
precipitatesd due to oxidationd into clumps that
stick to the red cell membrane

Knizocyte: a red blood cell with two or more
concavities (triconcave erythrocyte); associated
with hemolytic anemia

Stomatocyte: an abnormal red blood cell in whict
a slit or mouthlike area replaces the normal centr:
circle of pallor, often caused by edema

o N

Normal Erythrocyte

Q \ : K;'iizocyte

Stomatocyte 15



Blood Groups T A, B, AB, O

Blood Types
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Ag-Ab Response
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HDN: Erythroblastosis Faetalis

First Blood mixes  Mother produces Subsequent
pregnancy at delivery  antibodies to Rh+ pregnancy

~ Rh Negative

+ Rh Positive

® Destructive
antibody
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Key: @ Rh Postive ©)Rh Negative HMRh Antibody
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Red Blood Cells: Erythrocytes

A Y

B w

Biconcave discs (donut-like without the hole);
Increases the surface area for diffusion of gases.

Mature cells are very simple: LACK a nucleus,
are not able to reproduce.

No complex metabolic activities.
Cell death occurs at about 120 days.

Mature RBC contain protein (stroma i network),
some cytoplasm, lipids (including cholesterol) and
a red pigment (hemoglobin; Hb or Hgb)

Hgb makes up about 33% of the cell volume and
gives the red color to blood.

There are 280 X 10° molecules of Hgb/RBC
RBC combines with oxygen and carbon dioxide.
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Hemoglobin

A Tetramer i salt-linked

A Each protein contains
a heme group

A Each heme group
binds Fe 2*

A NOT Fe 3+
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How Does Hemoglobin (Hb or Hgb) Bind Oxygen?

Heme of Hgd binds
Oyatlung; 4

Globin of Hgb &
releases CO; at lung.

Heme of Hgp 3
releases O, at celi;

Globin of Hgb Binds
CO, atcell.

T= taut
K= relaxel

Oxygena Binding Curve: Biochemical Combination
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How Does Hemoglobin (Hb or Hgb) Bind Oxygen and

Act as a Buffer?
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Oxygen Binding Curve Shift Factors 1 1:
ABohr Effecto

Left Shift Right Shift
A Alkalosis A Acidosis
A ®2,3-BPG A - 2,3-BPG
A Hypothermia A Fever
A Fetal Hb (> affinity for oxygen A Anemia
than adult Hb) A Hypoxia

A ACD-preserved blood (acid
citrate dextrose: - O,
carrying capacity of RBC >2-3
days old (in bag) with -Hb 1
PROBL E M: doesnot rel ease
O, to tissues for 18-24 hours

after infusion)
24



Haldane Effect

/ 70% HbO.,
o
3 ? 100% HbO,

pCO2

A With -Hb(O,),, at some pCO, - ®CO, content
of blood

A With ® Hb(0,), at some pCO, - -CO, content
of blood

AiBack si de oifgredBe dffect treaf f e
the Bohr effect on gas transport.



Regulation of Erythropoiesis
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Erythrocyte Life Cycle

27



Hemoglobin Alc

Derivatives of hemoglobin

» Oxyhemoglobin (oxyHb) =
Hb with O,

» Deoxyhemoglobin (deoxyHb) =
Hb without O,

» Methemoglobin (metHb)=
Fe** instead of Fe?* in heme groups

» Carbonylhemoglobin (HbCO) =
CO binds to Fe?* in heme in case of CO poisoning or smoking.
CO has 200x higher affinity to Fe2* than O,.

» Carbaminohemoglobin (HbCO02) =
CO. is non-covalently bound to globin chain of Hb.
HbCO, transports CO, in blood (about 23%).

»Glycohemoglobin (HbA1c) is formed spontaneously by
nonenzymatic reaction with Glucose. People with DM have more
HbA1c than normal (> 7%). Measurement of blood HbA1c is
useful to get info about long-term control of glycemia.

Source: https:/slideplayer.com/slide/4463168/ accessed 11 Jan 2019



https://slideplayer.com/slide/4463168/
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Hemoglobin Alc

The origin of the naming derives from Hemoglobin type A being separated
on cation exchange chromatography.

i The first fraction to separate, probably considered to be pure Hemoglobin A, was
designated HbA,,, the following fractions were designated HbA,,, HbA,,, and HbA,,
respective of their order of elution.

Hemoglobin Alc is the most abundant minor hemoglobin component in
human erythrocytes, and is formed by the condensation of glucose with the
N-terminal amino groups of the beta-chains of Hb A.

i Alc is a specific glycated hemoglobin (Hb) that is modified at the N-terminal valine
residue of each 3-chain of Hb A.

I HbA,, is a measure of the beta-N-1-deoxy fructosyl component of hemoglobin.
Hb Alc is slowly formed during the 120-day life-span of the erythrocyte

Patients with shortened erythrocyte life-span due to hemolysis had markedly
decreased levels of Hb Alc.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC436825/
https://www.aacc.org/publications/cln/articles/2015/april/considerations-in-choosing-hemoglobin-a1c-methods
https://en.wikipedia.org/wiki/Glycated_hemoglobin
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Schiff Base: A Schiff baseis a compound with the
general structure R,C=NR" ( R I H) .

Amadori Product: The Amadori rearrangement is an
organic reaction describing the acid or base catalyzed
isomerization or rearrangement reaction of the N-
glycoside of an aldose or the glycosylamine to the
corresponding 1-amino-1-deoxy-ketose.

Fisher vs Hayworth projections

Resource: http://www.drcarman.info/kem220Ix/2akem?220.pdf, Slides 12-13

Source: https://en.wikipedia.org/wiki/Schiff_base, Accessed 16 Jan 2019, 0935 hours PDT

Source: https://en.wikipedia.org/wiki/Amadori_rearrangement, Accessed 16 Jan 2019, 0936 hours PDT
gggrrce: https://www.slideshare.net/shrekym/fructosamine-and-hg-alc, Accessed 16 Jan 2019, 0939 hours

Hemoglobin Hemoglobin Alc
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http://www.drcarman.info/kem220lx/2akem220.pdf
https://en.wikipedia.org/wiki/Schiff_base
https://en.wikipedia.org/wiki/Amadori_rearrangement
https://www.slideshare.net/shrekym/fructosamine-and-hg-a1c

A NOTE:
NToo
much
GLUCO
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A Source:
https:/slideplayer.com/slide/4463074/
Accesse d 16 Jan 2019, 1406 hours PST

High Blood Sugar

If there is too much sugar, it sticks to the
hemoglobin in the blood, creating jagged
red blood cells which damage the blood
vessels as they flow through the body.

High levels of glucose
(hyperglycemia)

FADAM.


https://slideplayer.com/slide/4463074/

AGE: Advanced Glycation
Products

: Glucose Low bone
Ageing Oxidative turnover
l stress
\ / Quiescent ‘
; ostedblasts
AGE
1 -
Quiescent
osteoclasts

Inflammation

-2
- - Osteoblast Osteoclast
Osteoporosis deterioration activation

- o

https://www.semanticscholar.org/paper/Advanced-Glycation-End-Products-Play-Adverse-in-Sanguineti-Puddu/d326a259477072ed41b8f6509da3b12dbe28009b , Accessed 16 Jan 2019, 1508 hours, PST



https://www.semanticscholar.org/paper/Advanced-Glycation-End-Products-Play-Adverse-in-Sanguineti-Puddu/d326a259477072ed41b8f6509da3b12dbe28009b

GLUCOSE!

Source: https://www.deathtodiabetes.com/insulin-resistance-inflammation-oxidation-glycated.php, Accessed 16 Jan 2019, 1413 hours PST



https://www.deathtodiabetes.com/insulin-resistance-inflammation-oxidation-glycated.php

