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Lipid metabolism (pages 82:104)
*Ketolysis:
-it’s the oxidation of ketone bodies to produce energy ﯾﻌﻨﻲ ﺑﻜﺴﺮﻫﺎ ﻋﺸﺎن اﺧﺪ ﻃﺎﻗﺔ
-Occurs in extra-hepatic tissues only (in mitochondria)
-Needs 2 enzymes to be occurred ()اﻻﻧﺰﯾﻤﺎن دول ﻣﺶ ﻣﻮﺟﻮدﯾﻦ ﻓﻲ اﻟﻜﺒﺪ:
1-CoA transferase
2-Thiokinase
 ده ﺑﺘﺘﻌﻤﻞ ازاي؟ketolysisﻋﻤﻠﯿﺔ ال
 ف ﻛﺪه ﻻزم, ﻋﺸﺎن ﻧﺎﺧﺪ ﻣﻨﻬﺎ ﻃﺎﻗﺔkreb’s cycle  وﻧﺪﺧﻠﻬﺎ ﻓﻲ الketone bodiesاﺣﻨﺎ ﻋﺎﯾﺰﯾﻦ ﻧﻜﺴﺮ الcycle ﻋﺸﺎن ﻧﺪﺧﻠﻬﺎ الacetyl-CoA ﻧﺤﻮﻟﻬﺎ ل
 ﻋﻦ ﻃﺮﯾﻖ اﻧﻲCoA  ﯾﺒﻘﻲ ﻻزم ﻧﻀﯿﻒ ﻟﯿﻬﺎ...!CoA enzyme  ده ﻣﺎﻓﯿﻬﺎشaceto-acetateﻃﺐ ال والCoA transferase  ﺑﻤﺴﺎﻋﺪة الAceto-acetateِ ﻟﻞCoA  ﻓﯿﻨﺘﻘﻞ الsuccinyl-CoA اﻓﺎﻋﻠﻬﺎ ﻣﻊ
 ﺑﻤﺴﺎﻋﺪة الAcetyl-CoA 2  اﻟﻠﻲ ﻫﺎﯾﺘﺤﻮل ﺑﻌﺪ ﻛﺪه لAceto-acetyl-CoA  وﺗﺘﺤﻮل لthiokinase
Kreb’s cycle  ﻟﻮﺣﺪه( وﺑﻌﺪ ﻛﺪه ﺗﺪﺧﻞ الsuccinate )وﻫﺎﯾﺘﺒﻘﻲ الCoA-SH
، اﻟﻲ ﻃﺎﻟﻊacetyl coA  و ﻋﺸﺎن ﻫﯿﺪﺧﻞ ﻓﯿﻬﺎ الsuccinyl coA  ﺗﺒﻘﻰ ﺷﻐﺎﻟﺔ ﻋﺸﺎن اﺧﺪ ﻣﻨﻬﺎTCA ﯾﻌﻨﻲ ﻻزم
ketosis ﻟﻮ ﻣﺶ ﺷﻐﺎﻟﺔ ﻫﯿﺤﺼﻞ
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*Metabolism of cholesterol:
● It’s important animal steroid (not found in plant)
● More than half of cholesterol (about 700 mg/day) is synthesized inside
body and the remainder is taken from animal food (Ex. Egg, liver, brain…)
● Dietary cholesterol ( in diet) equilibrates with plasma cholesterol in days
and with tissue cholesterol in weeks ﻟﻤﺎ ﻧﺎﺧﺪ ﻛﻮﻟﯿﺴﺘﯿﺮول ﻓﻲ اﻻﻛﻞ ﺑﯿﻘﻌﺪ ﻓﺘﺮة ﻋﻠﻲ
ﻣﺎﯾﻤﺘﺺ ﻓﻲ اﻟﺠﺴﻢ
● Normal level in blood=150-230mg%, and normal level in western countries
is 5.2 mmol/L rising with age and variate between individuals
● liver and intestine synthesis about 10% of total humans’ cholesterol and the
rest is synthetized in all tissues
● Cholesterol synthesized in intestine is incorporated ﺗﻨﺸﻖinto chylomicrons
● It’s synthesized by all nucleated cells in endoplasmic reticulum and cytosol
● found in all tissues and plasma as free or storage form (combined with long
fatty acids chain as cholesteryl ester “Greater part”)
 ﻻن اﻟﻜﻮﻟﺴﺘﯿﺮولfatty acid ﯾﻌﻨﻲ اﻟﻜﻮﻟﺴﺘﯿﺮول ﺑﯿﺒﻘﻲ ﻓﻲ ﺻﻮرﺗﯿﻦ اﻣﺎ ﯾﺒﻘﻲ ﺣﺮ او ﻣﺮﺗﺒﻂ ب
fatty acid  ﻓﻲ اﻟﻜﺮﺑﻮﻧﺔ اﻟﺘﺎﻟﺘﺔ اﻟﻠﻲ ﻣﻦ ﻋﻨﺪﻫﺎ ﺗﻘﺪر ﺗﺮﺗﺒﻂ ب الOH ﻓﯿﻪ
● Cholesteryl ester in diet is hydrolyzed to cholesterol then absorbed by
intestine with dietary unesterified cholesterol and lipids
● 80-90% of absorbed cholesterol is esterified with long-chain fatty acids in
intestinal mucosa
● Transported in plasma by lipo-proteins (illustrated before)
● Its unit structure is acetyl-CoA
● Cholesterol and cholesteryl ester move from liver to tissues by LDL “highest
portion of cholesterol found in LDL”
● Free cholesterol moves from tissues to liver by HDL (either unchanged or
changed to bile acids )"ﯾﻌﻨﻲ ﺳﻮاء ﻗﺒﻞ ﻣﺎﯾﺘﺤﻮل ﻟﺤﻤﺾ او ﺑﻌﺪه "ﻫﺘﺘﺸﺮح ﻗﺪام
● Increase of LDL may cause atherosclerosis (Ex. In Coronary artery)
● Increase of HDL isn’t harmful (protective effect) ﻋﺸﺎن ﻫﻮ اﺻﻼ ﺑﯿﻨﻘﻠﻪ ﻟﻠﻜﺒﺪ ﻋﺸﺎن
ﯾﺘﻜﺴﺮ ﻓﻜﻞ ﻣﺎ ﯾﺰﯾﺪ ﺑﯿﺤﻤﯿﻨﺎ ﻣﻦ زﯾﺎدة اﻟﻜﻮﻟﺴﺘﺮول
● Most of cholesterol secreted by liver in VLDL then IDL then LDL which is
taken up by LDL receptors, during this process cholesterol is contributed to
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extrahepatic tissues then 95% of chylomicron cholesterol return back to
liver as chylomicron remnants

*Synthesis of cholesterol: (5 steps)
1-Synthesis of mevalonate from Acetyl-CoA
-Two molecules of acetyl-CoA are condensed by cytosolic thiolase to form
acetoacetyl-coA
-then acetoacetyl-CoA is condensed with another acetyl-CoA by HMG-CoA
synthase to form HMG-CoA which is reduced to mevalonate by HMG-CoA
reductase (using NADPH)
Acetyl-CoA  ﻣﻊ ﺑﻌﺾ وﺑﻌﺪﻫﺎ ﻧﺤﻄﻠﻬﻢ واﺣﺪةacetyl-CoA 2 ﺑﻨﺼﻨﻊ اﻟﻜﻮﻟﯿﺴﺘﯿﺮول ﻋﻦ ﻃﺮﯾﻖ اﻧﻨﺎ ﻧﺸﺒﻚ
(C6=2×3  ف ﻛﺪه2C  ﻓﯿﻬﺎAcetyl-CoA ﻛﺮﺑﻮﻧﺎت ﻻن ﻛﻞ6  )ﻛﺪه ﺑﻘﻲ ﻋﻨﺪيHMG-CoA ﻛﻤﺎن وﯾﺘﻜﻮن
Mevalonate  لHMG-CoA  اﻟﻠﻲ ﺑﯿﺤﻮل الHMG-CoA reductase ﺑﯿﺪﺧﻞ اﻧﺰﯾﻢ اﺳﻤﻪ ال**HMG-CoA (3-hydroxy-3-methylglutaryl-CoA) reductase used in cholesterol
synthesis while HMG-CoA lyase used in ketone bodies synthesis
**Cholesterol Is synthesized extra-mitochondrial while ketone bodies are
synthesized in mitochondria
2-Synthesis of isoprenoid from mevalonate
-mevalonate is phosphorylated by ATP (by 3 kinases), then active isoprenoid
(isopentenyl diphosphate) is formed after decarboxylation (loss CO2)
( ﻋﺸﺎن ﺷﯿﻠﻨﺎ واﺣﺪة دﻟﻮﻗﺘﻲ5C  )ﻛﺪه ﺑﻘﻲIsoprenoid  ﻓﻬﯿﺘﺤﻮل لCO2 الMevalonateﺑﻨﺸﯿﻞ ﻣﻦ ال
3-Six isoprenoid units condensed (isomerized) to form squalene
**Squalene is linear component
4-Squalene is cyclizes into lanosterol (resembles to cholesterol)
5-Formation of cholesterol
-Lanosterol is changed into desmosterol then cholesterol
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 ف ﻋﺸﺎن ﻧﻮﺻﻞ ﻟﻠﺮﻗﻢ ده ودﻟﻮﻗﺘﻲ اﻟﻤﺮﻛﺐC27 دﻟﻮﻗﺘﻲ اﺣﻨﺎ ﻋﺎﯾﺰﯾﻦ ﻧﺼﻨﻊ اﻟﻜﻮﻟﯿﺴﺘﯿﺮول اﻟﻠﻲ ﺑﯿﺘﻜﻮن ﻣﻦ
 وﻛﺪه ﺑﻘﻲ ﻋﻨﺪﻧﺎC 30=6×5  ﻣﻨﻪ ف ﻛﺪه ﯾﺒﻘﻲ ﻋﻨﺪﻧﺎ6  ف ﻫﻨﺠﯿﺐ5Cﻓﯿﻪisoprenoid اﻟﻠﻲ ﻣﻌﺎﻧﺎ اﻟﻠﻲ ﻫﻮ ال
 ﻣﻨﻪ3C وﺑﻌﺪﻫﺎ ﻫﺎﻧﺸﯿﻞLanosterol  وﯾﺘﺤﻮل لCyclization اﻟﻠﻲ ﻫﺎﻧﻌﻤﻠﻪSqualene ﻣﺮﻛﺐ اﺳﻤﻪ
cholesterol وﯾﺘﻜﻮن ال

*Control of cholesterol synthesis (By regulation of HMG-CoA reductase):
-Inhibition of HMG-CoA reductase will decrease cholesterol level واﻟﻌﻜﺲ ﺻﺤﯿﺢ
( ﺑﯿﺎﺧﺪ ادوﯾﺔ ﺗﻘﻠﻞhypercholesteremia (increase of cholesterol ﻋﺸﺎن ﻛﺪه ﻟﻮ ﺣﺪ ﻋﻨﺪه
statins ( وﺑﯿﺒﻘﻲ اﺳﻤﻬﺎHMG-CoA reductase (cholesterol lowering drugs
-Hepatic synthesis cholesterol is inhibited by dietary cholesterol
 ﻟﻠﻜﻮﻟﯿﺴﺘﯿﺮول اﻟﻠﻲ ﺑﯿﺘﺼﻨﻊ ﻓﻲ ﺟﺴﻤﻨﺎ ﻓﺒﯿﺘﺼﻨﻊ ﺣﺒﺔinhibition اﻟﻜﻮﻟﯿﺴﺘﯿﺮول اﻟﻠﻲ ﺑﻨﺎﺧﺪه ﻓﻲ اﻻﻛﻞ ﺑﯿﻌﻤﻞ
ﻗﻠﯿﻠﯿﻦ ﻋﺸﺎن ﻧﺤﺎﻓﻆ ﻋﻠﻲ ﻧﺴﺒﺘﻪ ﻓﻲ اﻟﺠﺴﻢ ﻣﺎﯾﺰﯾﺪش اوي وﯾﺴﺒﺐ اﻣﺮاض ﻋﺸﺎن ﻛﺪه ﻣﺤﺎوﻻت ﺗﻘﻠﯿﻞ
اﻟﻜﻮﻟﯿﺴﺘﯿﺮول ﻓﻲ اﻻﻛﻞ ﻣﺶ ﻻزم ﯾﻨﺘﺞ ﻋﻨﻪ ان ﻧﺴﺒﺔ اﻟﻜﻮﻟﯿﺴﺘﯿﺮول ﻓﻲ اﻟﺠﺴﻢ ﺗﻘﻞ
-Decrease of 100 mg in dietary cholesterol will decrease 0.13 mmol/L inside body
-HMG-CoA reductase is inhibited by:
1-mevalonate (the immediate product) and cholesterol
2-glucagon, glucocorticoid, phosphorylation (from adrenaline)
3-statins, gene regression and starvation
-while it’s stimulated by increasing of insulin and thyroid hormone

-cholesterol (or metabolite or oxygenated sterol) inhibits HMG-CoA reductase by
repress  ﯾﻘﻠﻞits gene transcription and influence translation
-Diurnal variation occurs in both cholesterol synthesis and reductase activity
ﻓﻲ ﺗﻐﯿﯿﺮات ﻓﻲ ﺗﺼﻨﯿﻊ اﻟﻜﻮﻟﯿﺴﺘﺮول ﺑﯿﻦ ﻓﺘﺮة اﻟﻨﻬﺎر و اﻟﻠﯿﻞ
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 ﯾﻌﻨﻲ اﯾﻪ... ﺑﯿﻌﺒﺮ ﻋﻦ ﻧﻔﺴﻪ ﻓﻲ ﺻﻮرة ﺑﺮوﺗﯿﻦgene ﯾﻌﻨﻲ ال...؟gene transcription ﯾﻌﻨﻲ اﯾﻪ
 ﺗﺮﺟﻤﺔ وﺗﺘﺤﻮل ﻟﺒﺮوﺗﯿﻦmRNA  وﯾﺤﺼﻞ ﻟﻞmRNA  ﯾﺘﻨﺴﺦ لgeneﺑﺮﺿﻮﯾﻌﻨﻲ ان ال
 ﻋﻦ ﻃﺮﯾﻖ اﻧﻪ ﯾﻮﻗﻒ اﻟﻌﻤﻠﯿﺔ ده ﻓﯿﻮﻗﻒ ﺷﻐﻠﻬﺎHMG-CoA reductase ف اﻟﻜﻮﻟﯿﺴﺘﯿﺮول ﺑﻘﻲ ﺑﯿﺜﺒﻂ ال

-Activity is reversely modified by phosphorylation-dephosphorylation
mechanisms, some of which may be cAMP-dependent and therefore immediately
responsive to glucagon

 اوphosphorylation  ﻋﻦ ﻃﺮﯾﻖ اﻧﻬﺎ ﺗﻌﻤﻞregulation اﻹﻧﺰﯾﻤﺎت ﺑﺘﻌﻤﻞ
.dephosphorylation
Insulin —> dephosphorylation —> activation of HMG-coA
reductase
Glucagon —> phosphorylation —> deactivation of HMG-coA
reductase
*Factors affecting cholesterol balance in tissues:
-Cell cholesterol increases due to…
1-Uptake of Lipo-protein that contain high cholesterol by receptors (Ex. LDL or
scavenger  اﻟﺘﻬﺎمreceptors)
2-uptake of free cholesterol to cell membrane from cholesterol-rich lipoproteins
3-Cholesterol synthesis inside cells
4-Cholesteryl esters hydrolysis by Cholesteryl esters hydrolase enzyme

-Cell cholesterol decreases due to…
1-Execretion of lipo-protein
2-Removal of cholesterol from tissues by HDL with helping of LCAT enzyme
3-Esterification by ACAT
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... bile acids, steroid hormonesوﻣﻤﻜﻦ ﯾﺘﺼﻨﻊ ﻣﻦ اﻟﻜﻮﻟﯿﺴﺘﯿﺮول ﺣﺎﺟﺎت ﺗﺎﻧﯿﺔ ف ﯾﻘﻞ زي ال

*Highly regulation of LDL receptors:
-LDL ( ﺑﯿﺘﻌﺮف ﻋﻠﻲ الapo B-100, E) receptors found on cell surface in pits coated on
cytosolic side of cell membrane  ﻓﻲ ﻏﺸﺎء اﻟﺨﻠﯿﺔ ﻣﻦ ﺟﻮاby clathrin protein
-Number of LDL receptors depend on cholesterol requirement for membrane,
steroid hormones and bile acids
-Types of apo B-100, E receptors:
1-high affinity LDL receptor (usually saturated)
suprarenal cortex  زي الsteroids  ﻛﺘﯿﺮ و ﻣﻮﺟﻮد ﻓﻲ اﻻﻣﺎﻛﻦ اﻟﻲ ﺑﺘﺼﻨﻊLDL ده ﺑﯿﺴﺤﺐ
2-low affinity LDL receptor is also present,in addition to scavenger pathway ( not
regulated)
 ﻗﻠﯿﻞLDL  ﻋﺸﺎن ﻫﻮ ﺑﯿﺴﺤﺐregulation ده اﻟﻲ ﻣﻮﺟﻮد ﻓﻲ ﻣﻌﻈﻢ اﻟﺠﺴﻢ و ﻣﺶ ﺑﯿﺤﺼﻠﻠﻪ
-Defect in these receptors may cause dyslipidemia
-Steps of regulation of LDL receptor(high affinity):
1-Membrane is spanned ﯾﺘﻤﺪدby glycoprotein receptor and the B-100 binding
region is exposed to amino terminal end of LDL receptor اﻟﻐﺸﺎء ﺑﯿﺴﺘﻌﺪ اﻧﻪ ﯾﺮﺗﺒﻂ
ﺑﺎﻟﻤﺴﺘﻘﺒﻞ
2-Then LDL receptor bind with membrane and endocytosed ﯾﻌﻨﻲ ﺑﯿﺘﺒﻠﻊ ﻟﺠﻮا
3-Then lysosomes hydrolyze apoprotein and cholesteryl ester
4-cholesterol enter the cell and receptors recycle to cell surface
, ﯾﻌﻨﻲ ﯾﺪﺧﻞ ﺟﻮا اﻟﺨﻠﯿﺔendocytosis  وﯾﺤﺼﻞregulation ﻟﻤﺎ ﯾﺰﯾﺪ اﻟﻜﻮﻟﯿﺴﺘﯿﺮول ﯾﺤﺼﻞ ﻟﻠﻤﺴﺘﻘﺒﻞ ده
 وﻫﯿﻄﻠﻊ ﻓﻲ اﻻﺧﺮlipid اﻟﻠﻲ ﺑﻌﺪه ﻫﺎﯾﻜﺴﺮ الlipo-protein اﻟﻠﻲ ﻫﯿﻜﺴﺮ الlysosome ﺑﻌﺪﻫﺎ ﯾﺮﺗﺒﻂ ب
 و ﯾﻘﻞ اﻟﻜﻮﻟﺴﺘﯿﺮول ﻓﻲ اﻟﺨﻠﯿﺔ,Pre-cholesterol
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**Cholesterol that entered cell inhibits:
1-HMG-CoA synthase
2-HMG-CoA reductase
3-Cholesterol synthesis
**Cholesterol that entered cell stimulates:
1-ACAT activity
2-Down-regulates synthesis of LDL receptor ﺑﯿﻘﻠﻞ ﺗﺼﻨﯿﻊ اﻟﻤﺴﺘﻘﺒﻼت ﻓﺒﯿﻘﻞ ﻋﺪدﻫﺎ ﻋﻠﻰ اﻟﺴﻄﺢ

*Function of cholesterol:
1-Synthesis (precursor) of…
● bile acids and therefore bile salts
● Vitamin D3
● Adrenal cortical hormones, Ex. Glucocorticoid, mineralocorticoid (both
from suprarenal cortex) and sex hormones (from gonads)
2-Important in forming of cell membrane
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*Elimination of cholesterol اﻟﺘﺨﻠﺺ ﻣﻨﻪ:
-Our bodies eliminate about 1g of cholesterol per day, half of them excreted in
stool (feces) in bile acids form (after digestion and absorption) and the remainder
in form of cholesterol
-Bacteria in lower intestine form coprostanol (principle sterol in stool)

-Types of bile acids:
1-Primary (Ex. Cholic acid “largest amount”, deoxycholic, chenodeoxycholic acid)
2-secondary

-Enterohepatic circulation:
-fat digestion products as cholesterol are absorbed in first 100 cm of small
intestine
-Usually over 98-99% of the bile acids are absorbed in the terminal ileum and
returned back to the liver via portal circulation واﻟﺒﺎﻗﻲ اﻟﻠﻲ ﻣﺎداﺑﺶ اﻟﺠﺴﻢ ﺑﯿﺘﺨﻠﺺ ﻣﻨﻪ زي
 ﻣﺎﻗﻮﻟﻨﺎ ﻓﻮقthis is called enterohepatic circulation (entero= intestine (
**Patients with hypercholesterinemia take drugs lowering enterohepatic
circulation ﻋﺸﺎن ﯾﻘﻠﻠﻮا اﻣﺘﺼﺎﺻﺎﻫﺎ ﻓﻲ ﺗﺨﺮج ﻛﻤﯿﺔ اﻛﺒﺮ ﺑﺮه اﻟﺠﺴﻢ ﻓﯿﻘﻞ ﻧﺴﺒﺘﻬﺎ ﺑﺎﻟﺠﺴﻢ
-This represent a major pathway for cholesterol elimination ﻣﻊ ان ﻧﺴﺒﺔ ﻗﻠﯿﻠﺔ اﻟﻲ ﺑﺘﻄﻠﻊ
-About 3-5 g of bile acid is cycled every day through intestine 6-10 times, this
amount is equal to the lost bile acids in stool every day and equal to that is
synthesized by cholesterol. So, Pool of bile acids is constant, this is called feed
back controls system

*Clinical aspects of cholesterol:
1-Atherosclerosis:
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-It’s the deposition of cholesterol and cholesteryl ester from plasma lipoproteins
into the artery wall
-Serum cholesterol is the main cause, but other serum lipid as triacylglycerols may
play a role on it too
-Occurs due to prolonged high level of VLDL, IDL, LDL and chylomicron remnants
in blood (Ex. Diabetes mellitus, lipid nephrosis, hypothyroidism and
hyperlipidemia)
-Susceptibility  ﻗﺎﺑﻠﯿﺔ اﻻﺻﺎﺑﺔvaries widely among species and human are one of the
few the disease can be induced by high diet of cholesterol
 و ﻓﻲ اﻻﻧﺴﺎن،اﻟﻘﺎﺑﻠﯿﺔ ﺑﺘﺨﺘﻠﻒ ﻣﻦ ﺷﺨﺺ ﻟﺸﺨﺺ ﯾﻌﻨﻲ ﻣﻤﻜﻦ ﺣﺪ ﻋﻨﺪه ﻧﻔﺲ اﻟﻨﺴﺒﺔ ﺑﺲ ﻣﺎ ﯾﺼﺎﺑﺶ ﺑﺎﻟﻤﺮض
ﻧﺴﺒﺔ اﻟﻜﻮﻟﯿﺴﺘﺮول ﻓﻲ اﻻﻛﻞ ﺑﯿﺰود اﺣﺘﻤﺎل اﻻﺻﺎﺑﺔ
- Maximum ratio between LDL:HDL = 4 ﻟﻮ زادت ﻋﻦ ﻛﺪه ﺑﺘﻌﻠﻲ ﻧﺴﺒﺔ اﻻﺻﺎﺑﺔ ﺑﺎﻟﺘﺼﻠﺐ
(most predictive relationship)
2-Coronary Heart disease:
-Inversely proportional with HDL concentration
 ﺑﯿﻘﻞ اﺣﺘﻤﺎل اﻻﺻﺎﺑﺔ ﺑﺎﻻﻣﺮاضHDL ﻛﻞ ﻣﺎ ﺑﯿﺰﯾﺪ ال

*Diet role in cholesterol level:
-Hereditary, dietary and environmental factors play important role in individual
serum cholesterol level
-Replacing PUFA (polyunsaturated fatty acid) and MUFA (monounsaturated) by
saturated fatty acids is the most beneficial
-Plant oil as corn and sunflower seed oil contain high PUFA while olive oil contains
high MUFA while butter fat, beef fat and palm oil contain high saturated fatty acid
-Sucrose and fructose have a great effect on rising blood lipids specially
triacylglycerol than carbohydrate
acetyl-CoA ﻻﻧﻬﻢ ﺑﯿﺘﻜﺴﺮوا ﺑﺴﺮﻋﺔ ﻟﻠﻮﺣﺪة اﻟﺒﻨﺎﺋﯿﺔ

#helper-team
-PUFA decrease cholesterol level due to the up-regulation of LDL receptors
as compared with saturated fatty acids causing increase catabolic ﻫﺪمrate
of LDL (The main atherogenic lipoprotein)ﻫﻮ اﻟﺴﺒﺐ اﻟﺮﺋﯿﺴﻲ ﻟﻠﻤﺮض
 ﻓﯿﻘﻠﻞliver  أﻛﺜﺮ ﻓﻲLDL  ﻓﯿﺴﺘﻬﺎكReceptors  ﻣﻦ الLDL  ﺑﺘﺰود اﺳﺘﻬﻼك الPUFA ﯾﻌﻨﻲ ال
 ﻓﻲ اﻟﺪمLDL ﻧﺴﺒﺔ ال
-Saturated fatty acids form a small VLDL particles containing high
cholesterol and utilized by extrahepatic tissues at a slower rate than the
large particles that may be regarded as atherogenic
 اﻧﻬﺎ ﺗﻜﻮن ﺣﺠﻤﻬﺎliver  اﻟﻠﻲ ﻃﺎﻟﻌﺔ ﻣﻦ الVLDL ﺗﺴﺎﻫﻢ ﻓﻲ ان الunsaturated fatty acids ال
 ﻫﺘﺎﻛﻠﻬﺎ وﻫﺎﺗﻌﻤﻞmacrophages ﻛﺒﯿﺮ و ده ﺑﯿﻘﻠﻞ ﻣﻦ اﻻﺻﺎﺑﺔ ﺑﺎﻻﻣﺮاض ﻻن ﻟﻮ ﻛﺎﻧﺖ ﺻﻐﯿﺮة ال
atherosclerosis

*Effect of lifestyle on cholesterol level:
-Wrong lifestyle may cause coronary artery atherosclerosis

-Risk factors:
1-High blood pressure
2-Obesity (especially abdominal obesity)
3-Smoking
4-Male gender (females are protected due to their estrogen hormones)
5-Lack of exercise
6-Soft drinks, hard water (water containing high minerals) and alcohol
7-Factors with devotion اﻟﻤﺤﺒﺔof plasma FFA (cause increase triacylglycerol and
cholesterol in the VLDL circulation), these factors include coffee drinking and
emotional stress

*Primary disorders of plasma lipoprotein (Dyslipoproteinemias):
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Type
1

Name
Familial lipoprotein
lipase deficiency
(Hyperlipoproteinemia)

Defect
Hypertriacylglycerolemia
Due to low or abnormal
LPL or low apo C-II
causing inactive LPL

Type
2

Familial
hypercholesterolemia

Defect (increase) in LDL
(Apo B-100) receptors
which will increase
cholesterol in blood

Signs
-slow chylomicrons
and VLDL
elimination
-Low level of LDL
and HDL
-no coronary
disease risk
Atherosclerosis and
coronary disease

*LPL is lipoprotein lipase

*Fatty liver:
-Definition: Accumulation of triacylglycerols (TAG) in liver
**Excessive accumulation of triacylglycerol is a pathological case, when it
becomes chronic and fibrotic it will cause cirrhosis and impaired liver function and
finally cause hepatic failure

-Types:
1-Type 1/ Increase of plasma free fatty acids
-Due to…
● Increase mobilization of fat from adipose tissues to blood then to liver ﯾﻌﻨﻲ
ﺑﯿﺒﻘﻲ ﻓﯿﻪ دﻫﻮن ﻛﺘﯿﺮ
● Hydrolysis of lipoprotein triacylglycerol by LPL in extrahepatic tissues
● VLDL production doesn’t keep space with increasing influx and
esterification of free fatty acids
TAG ﻓﻬﺘﺘﺮاﻛﻢ الliver  اﻟﻲ داﺧﻠﺔ الfatty acids  ﻣﺶ ﻗﺎدر اﻧﻪ ﯾﻌﺎدل ﻛﻤﯿﺔ الvldl ﯾﻌﻨﻲ اﻧﺘﺎج ال
-This occur during…
● Starvation
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● High fat diet ﺑﯿﺰﯾﺪ اﻟﻜﻮﻟﯿﺴﺘﯿﺮول ﻋﻦ ﻗﺪرة اﻟﻜﺒﺪ اﻧﻪ ﯾﻤﺘﺼﻪ
● Not enough carbohydrate
● Uncontrolled diabetes mellitus (severe fatty liver)
ﺑﯿﺒﻘﻲ ﺟﺴﻤﻬﻢ ﻓﯿﻪ ﺟﻠﻮﻛﻮز ﺑﺲ ﻣﺶ ﻋﺎرف ﯾﺴﺘﺨﺪﻣﻪ
● Take high ethanol

2-Type 2/ Block in plasma lipoprotein production
-Allow accumulation of triacylglycerol
-Due to…
●
●
●
●

Block of apolipoprotein synthesis ﻣﺶ ﻗﺎدر ﯾﻌﻤﻞ ﺑﺮوﺗﯿﻦ اﺻﻼ
Block of lipoprotein synthesis from lipid and apolipoprotein
Failure in saving of phospholipid that are found in lipoprotein
Failure in secretory mechanisms

-Causes of fatty liver:
1-Excessive intake of fat and carbohydrates in diet (Type 1)
2-Increase mobilization of fat from tissue to liver (Type 1) this is due to:
A. Uncontrolled diabetes
B. Starvation
C. Decrease carbohydrate in diet
 و ﻧﻘﺼﻬﺎ ﻫﯿﺨﻠﻲ اﻟﺠﺴﻢ،ﯾﻌﻨﻲ زﯾﺎدة اﻟﻜﺮﺑﻮﻫﯿﺪرات ﻫﯿﺨﻠﯿﻬﺎ ﺗﺘﺤﻮل ﻟﺪﻫﻮن ﻓﺘﺰود اﻟﺪﻫﻮن اﻟﻲ راﯾﺤﺔ ﻟﻠﻜﺒﺪ
ﯾﻜﺴﺮ اﻟﺪﻫﻮن اﻟﻲ ﻣﺘﺨﺰﻧﺔ ﻓﻲ اﻻﻧﺴﺠﺔ ﻋﺸﺎن ﯾﻨﺘﺞ ﻃﺎﻗﺔ ﻓﻬﯿﺰود اﻟﺪﻫﻮن اﻟﻲ راﯾﺤﺔ ﻟﻠﻜﺒﺪ ﺑﺮدو

3-Deficiency of lipotropic factors that cause decrease mobilization of fat from
liver to adipose tissue ﯾﻌﻨﻲ ﺑﯿﻘﻠﻞ ﺧﺮوج اﻟﺪﻫﻮن ﺑﺮه اﻟﻜﺒﺪ, so it’ll decrease VLDL too
4-Liver toxic injury, Ex. CCL4, arsenite and heavy metals as lead
5-Alcoholism ( ادﻣﺎن اﻟﻜﺤﻮلlead to hyperlipidemia and cirrhosis too)
acetyl-CoAﻻن اﻟﻜﺤﻮل ﺑﯿﺘﺎﻛﺴﺪ ﺟﻮا اﻟﺠﺴﻢ ﻟﻠﻮﺣﺪة اﻟﺒﻨﺎﺋﯿﺔ ال
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6-Deficiency of high biological value protein (lead to decrease synthesis of
β-lipoprotein) “due to not enough essential amino acids”
7-Deficiency of vitamin…
● B6: convert essential fatty acids and synthesize sphingomyelin (Found in
animal cell membranes and myelin sheath)
● Pantothenic acid: P
 roduce CoA-SH (for β-oxidation)
● B12 and
folic acid: Important in transmethylation reactions (transfer

methyl group to another component, Ex. For cholic acid synthesis)
8-Antibiotics (inhibit protein synthesis)
9-Release of stress hormones

**Lipotropic factors:
-Help in:
● mobilization of fat from liver to adipose tissues ﺑﺘﺴﺎﻋﺪ ﺧﺮوج اﻟﺪﻫﻮن ﻣﻦ اﻟﻜﺒﺪ
● Change triacyl-glycerol to phospholipid
-Examples:
1-Constituent of phospholipid: ﻣﻜﻮن ﻣﻦ ﻣﻜﻮﻧﺎت اﻟﻔﻮﺳﻔﻮﻟﯿﺒﯿﺪ
●
●
●
●

Choline: ex. Lecithin, plasmalogen and sphingomyelin
Ethanolamine: important for choline synthesis
Serine: ex. Phosphatidyl serine
Essential fatty acids

2-Casein: protein in milk, rich in serine
3-Active methionine and betaine (methyl donners): important for choline
synthesis
4-Vitamins (B6, B12, folic acid, pantothenic acid): important for phospholipid
synthesis
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-Protection against fatty liver: ﻧﻌﻜﺲ اﻻﺳﺒﺎب
1-Balanced diet (balance carbohydrates, fats, high biological value protein,
vitamins and minerals)
2-Physical exercise
3-Avoid stress and toxins
4-Treatment of diseases (Ex. Diabetes, anemia…)
5-Take enough lipotropic factors
6- avoid alcohol

*Hormones regulated lipid metabolism (lipogenesis):
-insulin:
It’s anabolic hormone ﻣﻦ اﻟﻬﺮﻣﻮﻧﺎت اﻟﻠﻲ ﺑﺘﺒﻨﻲ
Provide glycerol, glycerol-phosphate and acetyl-CoA
Increase lipogenesis and acyl-glycerol synthesis
Stimulate oxidation of glucose to CO2 so it stimulates pentose phosphate
pathway which produce NADPH+H+ (it’s co-enzyme that is needed in
reduction for fatty acid synthesis)
● Decrease blood glucose by stimulate uptake of glucose into adipose cells
through GLUT 4 transporter
● Inhibit fatty acids release from adipose tissues (decrease free fatty acids
and glycerol in plasma) ﯾﻌﻨﻲ اﻻﻧﺴﻮﻟﯿﻦ ﺑﯿﻘﻠﻞ ﺗﻜﺴﯿﺮ اﻟﺪﻫﻮن وﺧﺮوﺟﻪ ﺧﺎرج اﻟﻜﺒﺪ
**affected by rate of esterification and rate of lipolysis
● Inhibit hormone-sensitive lipase activity
●
●
●
●

**Adipose tissue is much sensitive to insulin so it’s the major site of insulin action
in vivo ﯾﻌﻨﻲ اﻟﻨﺴﯿﺞ اﻟﺪﻫﻨﻲ ﻫﻮ اﻛﺘﺮ ﻣﻜﺎن ﺑﯿﺘﻢ ﻓﯿﻪ ﺗﻔﺎﻋﻼت اﻻﻧﺴﻮﻟﯿﻦ داﺧﻞ اﻟﺠﺴﻢ
-Several hormones increase lipolysis (release free fatty acids from adipose tissue),
Ex. Epinephrine, norepinephrine, glucagon, adrenocorticotropic (ACTH), α and
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β-melanocyte stimulating (MSH), thyroid stimulating (TSH), growth hormones
(GH) and vasopressin
● Many of these hormones activate hormone-sensitive lipase
● Glucocorticoid and thyroid hormones are important in lipolysis because
they act in a facilitatory or permissive capacity with respect to other
endocrine factors
ﻋﺸﺎن ﺗﺸﺘﻐﻞ اﻟﻬﺮﻣﻮﻧﺎت ده ﻛﻮﯾﺲ ﻣﺤﺘﺎﺟﺔ ﺗﺮﺗﺒﻂ ﺑﻤﺴﺘﻘﺒﻞ ف ﯾﺰودوا ﻋﺪد اﻟﻤﺴﺘﻘﺒﻼت وﯾﺤﺴﻨﻮا ارﺗﺒﺎﻃﻬﺎ ف
action of ﺗﺘﺤﺴﻦ اﻟﻌﻤﻠﯿﺔ ﻛﻠﻬﺎ )ﯾﻌﻨﻲ اﻟﻬﺮﻣﻮﻧﺎت ده ﻣﺶ ﺑﺘﺎﺛﺮ ﻣﺒﺎﺷﺮا ﻋﻠﻲ اﻟﻌﻤﻠﯿﺔ ﻟﻜﻨﻬﺎ ﺑﺘﺤﺴﻦ ال
(other hormones
● Catecholamines promote lipolysis rapidly by stimulating of adenylyl cyclase
(which convert ATP to cAMP by stimulating cAMP-dependent protein
kinase, activates hormone-sensitive lipase), this process is similar to
stimulating of glycogenolysis

*Leptin:
-Function:
1-Body weight regulatory hormones
2-Stimulate lipolysis
3-Inhibit lipogenesis
4-Act on receptors in hypothalamus
**this occur by affecting the enzyme activity in pathway for break-down and
synthesis of fatty acids

-Decrease of leptin will cause: Obesity
-derived from: adipocyte hormone

