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Some of the Factors Involved in Blood Coagulation, Control, and Clet Dissolution

Factor Name PATHWAY CHARACTERISTIC Concentration I
1 Fibrinogen Both 9.1
11 Prothrombin Both Contains N-terminal Gla residues 1.4
I Tissue factor Extrinsic Transmembrane protein —
v Calcium ions Both —

v Proaccelerin Both Protein colactor 0.03"
VI Proconvertin Extrinsic Endopeptidase with Gla residues 0.01°
VI Antihemophilic Intrinsic Protein cofactor 0.0003"

X Christmas factor Intrinsic Endopeptidase with Gla residues 0.089

X Stuart factor Both Endopeptidase with Gla residues 0.136

Xl Thromboplastin Intrinsic Endopeptidase 0.031
antecedent
X Hageman factor Intrinsic Endopeptidase 0.375
X111 Proglutamidase Both Transpeptidase 0.031*
ay-Antiplasmin Plasmin inhibitor 0.953
Antithrombin 111 Both Thrombin inhibitor 3.0
Heparin Co-I11 Both Thrombin inhibitor 1.364
HMWK? Intrinsic Receptor protein 0.636
a;-Macroglobulin Proteinase inhibitor 2.9
Plasminogen Zymogen/clot dissolution 2.4
Prekallikrein Intrinsic Zymogen/activator of factor XII 0.581
Protein C (Both) Endopeptidase with Gla residues 0.065
Protein C inhibitor Protein C inhibitor 0.070
Protein S (Both) Cofactor with Gla residues 0.030
Protein Z Both Gla-containing cofactor for protein Z inhibitor 0.08
Protein Z inhibitor Both Inhibitor of factor Xa 0.018
TFPI° Tissue factor pathway inhibitor 0.003

“Concentrations are approximate and shown as micromolar.

"These values approximate solution concentrations since some are complexed with other proteins in platelets.
“This lactor probably circulates as both FVII and FVila.

“HMWEK is high molecular weight kininogen.

“TFPI is tissue factor pathway inhibitor, formely known as liporotein-associated coagulation factor (LACL).
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Apolipoprotein Al
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Particle Density (kg/L) Main component Apoproteins Diameter (um)
chylomicrons <0.95 16 B48 (A C.E) 75-1200
vLDL 0.95-1.006 16 B100 (A, C,E) 30-80
DL 1.006-1.019 TG & cholesterol B100,E 25-35
LOL 1.019-1.063 Cholesterol B100 18-25
HDL 1.063-1.210 Protein ALAIL(C, E) 512




P Jud Ay Al G pd (G908 9 b andign

OO e dn 18 5 Coial ago sl s g Al 5 )3T ) s € iy LBl ) 0 HDL (i Al 455G
LS Gl 4 pi Sy piadS L g sl (on (pl pli a8/ 3 iaS Gy e dmilis jg p Jlain/ il iy
ST S el 5 s 2820 L 5 s S slen pBs i gee 0 [y padd O ialS Las o pdie

s 110 B LS il Gl e ol 5 (S a5 s ¢ i jdl ) HDL Ol jse

005 sl pae sl A g o3 3V HDL U0 sl 0t g sl 5ol 28lise (i gy sl 2ia b SG (s la (i gy sad J S o
OS5 531 %) -0 5 Nisde il 05 58 shid s HDL 5 VLDL R E s sl Bygg ¢ % VLDL 2 s Byg g 58
G5 g ) O JUEE) (U 55 503 5 i 58 4S i C1/CII/CIIT )53 Lesiis sl 502 a3basa | allw 28 52 VLDL

JS‘)‘J“) uﬁu‘_su

Apoproteins
Apoprotein Structural function Receptor Effect on enzyme activity
Al HOL scavenger receptor B1 (SRB1) LCATactivator
putative HDL receptor
All HOL HOL receptor? LCAT cofactor
(a) Ip(a) plasminogen receptor? probably interferes with
fibrinolysis

B48 chylomicrons LRP HTGL?

B100 VLDL IDL, LDL LDL receptor -

a,cn - - LPL activation

allf - = LPLinhibition

E remnant particles LDL receptor -

Lo (g p gl ol cirlls 5
(B sl ) e S8 1) 0 gy sl Qlaitls ) (o0, -)

(LCAT)) L) 5 ol J g ilS v (o) 0 A-T 5 bl i gy gad (61 0 C-IT Jie 23S L) ) ) 9381 S (83 -Y

) Apo CI s Sl (ufig 3 sad Jlen 512 ApoCIIL 5 Apo AIL Jie 215 Jas a5l s2iplajl o)) sima b
i S oxiay JE) (85 e
LDL 3K 51 2 Apo Bigp s Apo E Jie 2iSae il |5 2 63 (ald (sl 021 8 4y i g gl o )3 0aii€ Joaia (285 -

2ilpa 4Rl WS Apo D 5 Apo A-IV (i ) sis HDL o2 )8 ) Apo A-T

\YY



P Jud Ay Al G pd (G908 9 b andign

W Lo acudl gilia

(EXOGENOUS PATHWAY) (i€ a1 iy it 45 54 5l el acsl gulia

Exogenous 1 Endogenous

Dietary Bile
lipids [ acids

+
Cholesterol

P
tissues

Chylomicron
remnant

Y LDLR

M ApoB

@® ApoE  FFA "‘? .
0 ApoC's NG Tl

Adipose

5od Sals s 00 a5y (bl S g 534S Gl 53 Sl daas g a2 5 035 58 (5108 50 3 5m 50 2 pmenl (5 55 e Gl 2
JsindS, s S ) (2 a (Micelles)osis sl 43la 5 oaal o ) s sal Cilla 45 28 ) 4n e (55l jhia slaa) Jav
i€ ay i g o aghy i 311y dual (52 4dlial b od gy G g i sl 5 J ity ol pen 3 (SI3e a 5, 52 25nse
¢ i) Jy yilS ¢ ApoByg L s oad daalie 3y 5l (5 540 (oS VY Sl i) il s L) Xsdine siud iy 5 i
g 4o (Nascent) OsSae skl ol a3l 656 ) JsSda () 2 sdon 5 S bl o o JsilS 5 ) sdud ¢ il Juasi)
Caad S aliae el o o pn il Qe (gl 50 503 80e 05 Ol )15 Gk OF ) s ead 2l s Sl eas skl
A s () 3 e 1S Jysat Uiled 503 S (58 adin Ol uit (51 4 e gl 5l 4y Juse Sl (g sl il il
(S o Jiiia 58 sl 434S Apo C-TT SeaS b ) Sl 0 gl a3 ()5S shad glaialn 53 353 50 3 el
Olsizg alac 50 gl aidly y pa by Oliae Gl da gl Ca sl 3 sdine Slagl o)1 sl gead g am
o b I el 2380005080 Jslu 53 523 p el (o5 4 i haaae (s il 2 5 3 sdine ool i gas
Mgy Oal 03 OsSee st B JsSde dilue JUE) 28 (e gead Ll il 4y s 4l Jual) (sl el 40 3 3130
A s ndS 5 bagal shusd iny o (oadans (38 9l 5 0350 3 0l (5 5 S 4S ) (500 Uy 502l S8 S o

LaShugde ypudy Gul il Gy S 3 slas 4S Chylomicrons Remnantso) saite (b (s 5 sbue JWS HDL 40

Y ¢



P Jud Ay Al G pd (G908 9 b andign

(12 055 shai aal silia SRS 4S SLS) sliiuly

O S S Tobs gn Sl
Py
(sblesily) Rennanm
(#¥2)
5, 0T G Sl
o suan  (FO EAUTEE L
. I AL
\\ [
~, i
\\ 1 IR iy
'Y L
VLDL & 11DL semtdedes VLDL 4 (DL,
o P nds7
s 7 " (TG)
-~ o 1
” / '
FC PL TG
TG
TC
(305) 4910 Sophe¥
gy bl Sl TR AN M v S A AL
L]
AP NAA A A NV T AL A A A T T e
U5 skl e 5ilia

Endogenous Pathway leazd 5.8 i/
i ) VLDL  sla JsShe ol LDL 5 IDL 40 o aastl silie s VLDL e Jal 5 383 5 2 5 3 v sl ik ()

/s S a5 (i) 581 5 ApoB g sl ApoB-jgos=as 0o il gl s g attea s Saesl 4 b Jlaal

P . - Z - \ Z - z . - Zz . Z -

ady fiud i VEDL 2wl (555 (— 20malB 53 0 0500e 0 a6l )) 53 s fiedS o 500a) ) adline 3 jalS (555
[\

Ji VLDL 3 25 50 3 g0 sl L aleal (1 10 28 (2l 8 3 il (5 55 2l e oy il o g 5 0031 oa slaas) (2
) o . 23l Microsomal Transfer Protein : (MTP) i) 2 S B Cali g 5 2 sdud ¢ yind Jy iS¢ Apo B-g9
L ) 2 e (5 53 5 2380 il ;0 HDL @3 3 1) Apo C 5 Apo E ) (ilise ¢ 531 VLDL ¢ 053 Jah 4 i i

JsSde ) Dalg s 4slal b a0 KwVLDL Remnants 42 daasi 5 33,800 Sl g0 s il galiae 5l o5 snl
- \ Z - =z .
U P Ly @i S (- Gl S (658 5 J 5 5alS (5 ghuse e s gla JSde (3l )23 S IDL 42 i Wilgd 500l i8a S
\

2ae 3 ) s sl (s )4 LDL s s2158 43 Ll 52 353 50 ApoE Juail b1 IDL 5 VLDL sl (80 %7 «

\Yo



I Jua Aoy Al (upd (G908 9 Rl andign

3) =& 4 VLDL 2 20 ge (slaguiis ool sl oalai 2555 0l 53 333800 v i DL 4o Slad ol psnd o giaiy

%Y+ dgaa Gy s sy 03 )%0e Sl 50 3i o el (553 alie ) (A 5 adie JUEE) Wi s g 50l s 43 Apo B-jgg

o sl (s a8 P LDL b exi & hu g LDL %Y+ asaa 5l LDL 3 gbdl (93 )2 25250 Jy i

Gl L I sleiily L ol Laiily sled sl i a) e J i€ aalS LDL @53 5800 ageadiday | 3 pdipe 4813 5

Lk e @ e )28 3L LDL &3 52 25a 50 APOE , Bigg 42 Juai) a5k 31 s LDL sl s

(19 ol Cpig g Sl oS8 I I LDL 4wl Ao sl ¢ Lp(a) (@) osignssd
ApO B-1gp 43 sl g (53 Juual by g 00l ATdlas S )3 0dla () ol @ (g o 93 sl
dilpal paddia (5a ) Lp(a) xditan Ghgy 250 Juaia

",

N,
N,

[}
[
A
.
A

$AS Sl

-
Fe
H
P}
+TG Y
l‘—l-‘)r-u‘
FFA

TG FC  PL i Jslaad
Y \ 4

I 4

!

VLDL

S35ty g Sl
A
FFA
l
AT Ut
lf—---— drt
TG

o) b S =

VLDL s silia

(Reverse Cholesterol transport) 4 4 bl i/ g sieulS (3520 JEL) 5 HDL pesd goilia

&3 5 O3 s 0 3l salia ay a8 (50K glelglu Jadd o) 3 (g aipla ) J malS i AU Gl atus led du el

Cosan 5 |k (5 )9 aifiss gl 5 ) gy 55l shea Jasa Bk ) 02 ) s inlS @y al ol |t (3 ) J5aulS

o5 4 s (ol 2 a0 1S 4 DL s s Ll s sl sl oy sl 51 s fianlS, 2 8le 5 51 jiam sla e

2 sdua 021l & Reverse Cholesterol Transport

JsindS e 523 (s Gl (O & 53 ) i) 2 sisd sApo A sbs a3 50 53 sdae 458ls A€ 5005 ) o s HDL

ATP iy ATP g 4l 5 e (45 5 T 5 a0l 25500m it asna (sl sl 31 1y (5 s ) 5hod 5 4y il

'Y

. 3sdue alail (Binding Cassette Protein A;) ABCALI



P Jud Ay Al G pd (G908 9 b andign

G5 sl
(EC) acky il dp o™

ACAT

ST gl

(Fg)

(FFA) sttt

r*iJ-‘-’
G

aicl e ast

".;r'flu _j

Ao E  gelacil :a:; O Dl
A5 sl
l h‘;,TIJM n
g _/<' - a Loap
s “ - ?00-"
B HDLg Y
VLDL ( Chy FG N
-— S -
i Slaad HLDy
LT Jyjzads™ apoA; \_\‘ <
NS >
et - i /PP
HDL l '
J y “AMBL edly Jusl  LDL /
e B S N
VLDL assl siia
1 1
Ha R B iy
HDI,.;HT T "P\’l, el Nyoism
LCaT

I-'Hltm—n—uc— L] !;-l'l:—l;t—w—n.
n
By 2 i G P -

M
IW1€H =8 = Flmd - e - e, e
Hi

Nascent
HDL

TR

Small

Chylomicrons )
i i o , Free O CE
niestne o° cholesterol
Peripheral cells | B Apo Al O TG |
HDL 210 Jis il () sl Sy yiu

YV

n-e_n_(g}uu::.cu.-u-ﬁ.'

i) e

HDL



P Jud Ay Al G pd (G908 9 b andign

ﬁ\—‘-‘HDL b\)_ahu_‘ll.n_mj\:\ﬁﬁi.l:_m}jHDL J&@MUMJJ\}J\M%)LN\HJJM ?.u.\_..\l).\\:\.n

Sy e 0da asb 5V HDL JsSde s 03,50 43 jiud (Lecithin Cholesterol Acyl Transferase) LCAT

0lEe 38 VLDL sl gsoSee slod )l lana 503,500 (5558 oty 5 3ld Cod )1 a3 (ol IS8 i) JyjiulS

pias 3t o)y )0 abia o) ) 508 b 4 auilse g s ) shay J g il HDL e ada dl 5 05 sl sl (5 sl

(Cholesteryl Ester Transfer (siissdas sis ApoB- st (sba (i s sl 3 saaa (5 5L 0 53 29 e il o i€

s 4l (yen a3 a8 Jsle mhaus 13 35a 90 LDL sla o € Jaws 53 Uilgd 5 03 K alsle Protein) CETP

pli S Jisbas 0550 4 2l JUES) (m pemiia (sla 023 58 (B pka ) 28 ol Jslu lan 58 J5 S HDL ifiese jpase 3

YYA

2 gne 4350 30 o5& s ) (Scavenger Receptor Class BI )SR-BI

LDL {(apo B/E)
receptor

scavenger
receptor

‘ cell

membrane

00000000000 OO00000000000C000000 O

200000000000 HOO000C0COCO0000C0000) 0000000000000

S Jsbe zhuScavenger sl 52,8 5 LDL sl 21,8

g sl
TG
-
Ay

I

T
sl lasd

(¥FA)

etz i,

—paadit

[

o8 .Jb :
Y « VLDL u
O Ol
spoC,E
s
HDL

VLDL 3 Chy ; LPL 5 loti 531 S55%e



P e Ay Al upd (3508 9 el andign

L i g g by 5 Sl LDL g/ o L G sed (5 i plas £ 5 Gt siagen - (Al 4355

b s iy (A ley S L DL 8K 58 £/ Laa 20 Ao s ARl g )il (s lew s p (

Ao el (5 55 Gl 380 )2 ilue Tendon Xanthomas Presenile oss8 Jsm ada 5o JisyiadS (i) 38 Ll il

3 sdnai o ) slaw 4ed 3 <l it 0ol 4 K15 )3 35a 5 Eruptive Xanthoma s o Sk o) 53

J) S G 3 Presenile os$ Tendon
) A& Jl ¥ Xanthoma
crAls Al b 3939 JLdia)
Ca)

Xanthelasma

Eruptive Xanthoma

Olead) Ja aald gl SR (gady ol

(Can 028 03 5 o) dmydniin Joan 50) ladl o mild (sl SR (g1 () s )3 (21 vl

YYv4



alg Jad Al Al (3 (G908 9 QBB andign

FREDRICKSON CLASSIFICATION OF THE HYPERLIPIDEMIAS

Phenotype | Lipoprotein(s) elevated | Result Atherogenicity | Associated with genetic disorders | Selected conditions associated with
secondary hyperlipidemia
| Chylomicrons Very high TG 7 Familial chylomicronemia (familial | Dysglobulinemia, pancreatitis, poorly
LPL deficiency, apoC-Il deficiency) | controlled diabetes mellitus
lla LDL Elevated cholesterol | +++ FH Hypothyroidism, acute intermittent porphyria,
FCH nephrosis, idiopathic globulinemia, anorexia
Palygenic hypercholesterolemia nervosa
Familial defective apoB
b LDL and VLDL Elevated 4 FH Hypothyroidism, acute intermittent porphyria,
cholesterol and TG FCH nephrosis, idiopathic globulinemia, anorexia
nervosa
I IDL Elevated +H Familial dysbetalipoproteinemia Diabetes mellitus, hypathyroidism,
cholesterol and TG dysglobulinemia
v VLDL Elevated TG and + Familial endogenous GClycogen storage disease, hypothyroidism,
normal to slightly hypertriglyceridemia disserninated lupus erythematasus, diabetes
elevated cholesterol FCH mellitus, nephrotic syndrome, renal failure,
ethanol abuse
v VLDL and chylomicrons | Very high TG and + Familial mixed hypertriglyceridemia| Poorly controlled diabetes mellitus, glycogen
normal to slightly storage disease, hypothyroidism, nephrotic
elevated cholesterol syndrome, dysglobulinemia, pregnancy
normal type | typella Typellb Typelll TypelV TypeV

L]

The Fredrickson classification of hyperlipidaemia according to the appearances of theplasma
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Polyacrylamide electrophoresis (PAGE) of plasma lipoproteins.
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Distribution of pressures and volumes in the systemic droulation.
The greatest pressure drop ocours agoss small arteries and arterioles;
most of the blood volume is found within the veins and venules.
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systole arterial blood flows through the diastole arterial blood continues to flow
capillaries throughout systole through the capillaries throughout diastole

Capillaries Capillaries
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A.when the arteries are normally compliant B.During Ventricular diastole the i An ( D sC ) o gliia
a substantial Fraction of the stroke volume previouslystretched arteries recoil .
is stored in the arteries during venricular The volume of blood that is displaced by . .
ejection .the arterial walls are stretched . the recoil furnishes capillary flow Podi W Gy e 2
throughout diastole
Rigid Arteries
systole A volume of blood equal to the Diastole Flow through the capillaries
entire stroke volume must flow through ceases during diastole
the capillaries during systole . .
Capillaries Capillaries
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A Confinuous flow

mmHg P
pump
ml/s E:ZOD-
[ 9]00
v 2
) P = 100 mm Hg E o4
= 200
S0
Pumped flow: 100 ml/s H
E'I'imn — T T
W =P x V=100 x 100 = 10,000 mm Hg * ml each s Outflow = 100 mlfsfor 15| 1) ! 2

A, The pump flow is steady, and pressure will remain constant regardless of the distensibility of the conduit.

B Intermittent pump jI Rigid tube » mm Hg ®
N ml/s _E'ZOO‘
. \; £ 1004
) \ P = Doramatroky: B @ = 1 5 200 = 200 mm Hg g 0-
UprkeRxG= 1% D= OmmHg =
3 201
Pumped flow: Downstroke: 200 ml/s for 0.5 s % 10(;-
Upstroke: Omlfsfor 0.5 oul 200 mlfs for 0.5 s | Oime —
W =P x V=200 x 100 = 20,000 mm Hg * ml each s Y W_ _0ml/sfor0.5s ts) 0 1 2
B, The flow (Q) produced by the pump is intermittent; it is steady for half the cycle and ceases for the
remainder of the cycle. The conduit is rigid, and therefore the flow produced br the pump durlng its
downstroke must exit through the resistance during the same 0.5 second that elapses during the
downsiroke. The pump must do twice as much work as the pump in A.
C Intermittent pump NN . i =
I = fo
e . v §1o
AR e <007
100
Pumped flow: Downstroke: 200 ml/s for 0.5 ¢ é
Upstroke: Omlfsfor 0.5 38, 01 .
W =P x V=100 x 100 = 10,000 mm Hg * ml each s Oufflow = 100 ml/s for 15 o ! 2

€, The pump operates as in B, but the conduit is infinitely distensible. This results in perfect filtering of the
pressure; that is, the pressure is steady, and the outflow through the resistance is also steady. The work equals
that in A.
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BLOOD FLOW IN MAJOR ORGANS OF THE BODY

PERCENT BODY  PERCENT CARDIAC NORMAL FLOW MAXIMAL FLOW
ORGAN WEIGHT OUTPUT AT REST __ (ML/MIN PER 100 G) _ (ML/MIN PER 100 G)
Heart 0.4 5 80 400
Brain 2 14 55 150
Skeletal muscle 40 18 3 60
skin 3 4 10 150
Stomach, intestine, 6 23 30 250
liver, spleen, pancreas
Kidneys 0.4 20 400 600
Other 48 16 - -

MNormal and maximal flows are approximate values for the whole organ. Many organs (e.g., brain, muscle, kidney,
and intestine) have considerable heterogeneity of flow within the organ depending on the type of tissue or region
of organ being perfused. The liver receives blood flow from the gastrointestinal venous drainage as well as from the
hepatic artery (only hepatic artery flow is included in this table). "Other” includes reproductive organs, bone, fat,
and connective tissue.
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Structure of the microcirculation
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Nerve Terminal Blood Vessel
@ (@) Arteriole Tissue
icti Metabolites
Vasoconstriction Neural Ve
‘J \ «— Local
o) () ®) Hormones
Vasodilation .
(M) Humoral Myogenic
/ Endaothelial
Factors o
ACh :
Constriction Dilation
wJl
Parasympathetic
A
Vascular tone. The state of vessel tone is determined
by the balance between constrictor and dilator
influences.
. . T, . Paracrine-
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Arteriole

\lg Vasoactive substances derived from tissue cells around arterioles. Increased tissue metabolism leads to

formation of metabolites that dilate (-) nearby arterioles. Increased oxygen consumption decreases the tissue partial
pressure of oxygen (p0y), which dilates arterioles. Some cells release locally acting, paracrine hormones (or their pre-
cursars), which can either constrict (+) or dilate (-} arterioles. Ado, adenosine; POy, inorganic phosphate; C0; car-
bon dioxide; K*, potassium ion; H*, hydrogen ion.
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Endothelial-derived wasoactive factors.
Mitric oxide (MO} formed by nitric oxide synthase (MOS) . € - .
acting on L-arginine ij'_—argljﬁ;., encothelial—;eri\;ec hyper- ET-1¢ L, a8 52 PGL ol s
polarizing factor {EOHF), and prostacydin {PGI:) derived
fromr arachidonic acid (A4 inhibit {-) smooth muscle Q:\SS}AS\-L
contraction and cause wvasodilation. Endothelin-1 (ET-T)
formmed by endothelin-conwverting enzyme (ECE) causes
srrooth muscle contraction (+). The forrration and re-
lease of these substances are influenced by circulating

YA and paracrine hormones, shearing forces acting on the
endothelium, hypoxia, and rmany different drugs.
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PA: principal artery
SA: small artery; A: arteriol; TA:Terminal arteriol;C:capillary;V:venoule

SV: small vein; PV: principal vein
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