Helper-team
Bio 202
Lec1
 igestion of carbohydrate:
d
in the mouth:
• starts by the action of salivary amylase {enzyme}
• which hydrolyses the α-1-4 glycosidic linkage of
starch
• to give maltose and dextrins
in the stomach:
• salivary amylase can’t act in the stomach due to high
acidity {presence of HCL}
in the small intestine:
• pancreatic amylase {enzyme} : complete the
digestion of starch to maltose and isomaltose
from the branch points in amylopectin
• intestinal enzymes : of intestinal juice
1. lactose --lactase--> α glucose + β galactose
2. maltose --maltase--> 2α glucose
3. isomaltose --isomaltase--> 2α glucose
4. sucrose --sucrase--> α glucose + β fructose
• digestion of carbohydrate is completed when all
carbohydrate are becoming monosaccharides
Absorption of monosaccharides:
It occurs in the upper part of small intestine helped by protein
transporter :
1) GLUT 5
2) SGLT 1
3) GLUT 2 {}ﺑﺨﺮﺟﻬﻢ ﻣﺮة ﺗﺎﻧﯿﺔ ﻟﻠﺪم
 ﯾﻌﻨﻲ ﻣﺘﻌﺮﻓﺶ ﺗﻌﺪي الwater soluble اﻟﻜﺮﺑﻮﻫﯿﺪرات دي ﻣﻮاد
 ﻋﻠﺸﺎن ﺗﺘﻨﻘﻞ ﻟﺪاﺧﻞ اﻟﺨﻠﯿﺔcarrier  ف ﻣﺤﺘﺎﺟﺔcell membrane
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By:
● Facilitated transport : with concentration gradient
carrier :{ GLUT 5} transport fructose
● Active transport : against conc. gradient, need energy
Carrier : { sodium GLUT 1}
Glucose and galactose are carried by the same transport
protein SGLUT1 and compete with each other for intestinal
absorption
 ﯾﻨﻘﻞ اﻟﺠﻠﻮﻛﻮز داﺧﻞ اﻟﺨﻠﯿﺔ ﻣﺜﻼ ﺑﻨﻘﻞ ﻣﻌﺎه اﻟﺼﻮدﯾﻮم واﻟﺼﻮدﯾﻮمcarrier اﻣﺎ ال
sodium-potassium pump اﻟﺰﯾﺎدة اﻟﻠﻲ ﺑﯿﺪﺧﻞ ده ﺑﯿﺨﺮج ﺗﺎﻧﻲ ﻋﻦ ﻃﺮﯾﻖ ال
- Glycogen:
• it is a branched homopolysaccharide formed of
α-D-glucose
•

it is the major storage carbohydrate in animals,
corresponding to starch in plants

•

bond between molecules α-1-4 , except in branched
molecules α-1-6

•

it occurs mainly in liver and muscle

•

muscle glycogen, for muscle only, supply muscle
with glucose during exercise { does not supply blood
glucose }
it is depleted (  )ﯾﺨﻠﺺafter severe exercises

•

liver glycogen, function to store and supply glucose
for extra hepatic tissues and to maintain blood
glucose between meals
it is depleted after 12-18 hours of fasting

• after all glycogen is depleted body synthesis glucose
from non carbohydrate sources by {gluconeogenesis
process}
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- metabolism of glycogen includes:
1. glycogenesis
2. glycogenolysis
3. regulation
1- glycogenesis:
definition: synthesis of glycogen from α-D-glucose units
site:
organs: in the liver and muscle
• organelles: in cytoplasm
requirements:
1. source of glucose: UDP-Glucose
2. glycogen primer
3. enzymes: { glycogen synthase and branching enzymes}
pathway:
1. glucose is phosphorylated to glucose-6-phosphate
{enzyme: hexokinase in muscle and glucokinase in
liver}
 ﻟﻠﻤﺮﻛﺐphosphate  ده ﺑﯿﻀﯿﻒkinase اي اﻧﺰﯾﻢ اﺳﻤﻪ
•

2. glucose-6-phoshate is isomerized to
glucose-1-phosphate
{enzyme: phosphoglucomutase = mutase }
3. glucose-1-phosphate reacts with uridine triphosphate to
form uridine diphosphate glucose {UDPGLc} and
pyrophosphate {ppi}
{enzyme: UDPGLc pyro phosphorylase }
UDP-Glucose  is the active unit for synthesis of
glycogen
4. a glycogen primer must be present :
it may be formed of a primer known as
{glycogenin}={glycosylated protein}
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ً  ﺑﯿﺒﻘﻰ ﻣﻮﺟﻮدprimer ال
 ﺑﺲ ﻣﻤﻜﻦ ﻛﻤﺎنGlycogenolysis أﺻﻼ ﻧﺘﯿﺠﺔ ال
Glycogenin اﺟﯿﺒﻪ ﻣﻦ ال

5. glycogen synthase{ key enzyme} starts the synthesis
of glycogen by: forming 1,4 glycosidic bond between C1
of UDP-Glucose and C4 of a terminal glucose residue
of glycogen
6. so, glucose residues are attached in the 1-4 position to
form straight chain of glycogen { glycogen not fully
formed}

7. when the chain becomes elongated to at least 11
glucose units : a branching enzyme transfers a part of
the 1-4 chain {about 6 to 8 } to a neighboring chain to
form a 1-6 linkage, establishing a branch point
اﺣﻨﺎ ﻗﻮﻟﻨﺎ ان ﻓﻲ اﻧﺰﯾﻤﯿﻦ ﺑﯿﺸﺘﻐﻠﻮا ﻓﻲ اﻟﻌﻤﻠﯿﺔ دي اول واﺣﺪ اﻟﻠﻲ ﻫﻮ
 ﺑﻌﺪﯾﻦ١١  ده ﺑﻀﯿﻔﻬﻢ ﻓﻲ ﺷﻜﻞ ﺧﻄﻲ ﻟﺤﺪ اﻣﺎ ﯾﺒﻘﻮاGlycogen synthase
 زيbranch  ﯾﺤﻮﻟﻬﻢ ل6  ﯾﺸﯿﻞbranching enzyme ﯾﺠﻲ اﻻﻧﺰﯾﻢ اﻟﺜﺎﻧﻲ
اﻟﺼﻮرة ﻛﺪا
this branching results in the formation of { glycogen fully
formed molecule}

Helper-team

- regulation
glycogen synthase :
•
is the principal enzyme controlling glycogenesis
{ key enzyme}
•

this enzyme is regulated by {allosteric mechanisms
and covalent modification}

- By covalent modification :
Glycogen synthase is present in two forms:
1. dephospholarated = active {a} called glycogen
synthase i
2. phosphorylated = in active {b} called glycogen
synthase D
اﻟﻔﻜﺮة ﻫﻨﺎ ﻋﺎﯾﺰﯾﻦ ﻧﻌﺮف اﻣﺘﻰ ﻧﺼﻨﻊ اﻟﺠﻠﯿﻜﻮﺟﯿﻦ واﻣﺘﻰ ﻷ؟؟
 ﻟﻮ ﺷﻐﺎل ﯾﺒﻘﻰGlycogen synthase اﻟﻠﻲ ﯾﺘﺤﻜﻢ ﻓﻲ اﻟﻤﻮﺿﻮع ﻛﻠﻪ اﻧﺰﯾﻢ
ﻫﯿﺘﺼﻨﻊ اﻟﺠﻠﯿﻜﻮﺟﯿﻦ ﻣﺶ ﺷﻐﺎل ﻣﺶ ﻫﯿﺘﺼﻨﻊ اﻟﺠﻠﯿﻜﻮﺟﯿﻦ
ﻣﺶ ﺑﺼﻨﻌﻪ ﻃﻮل ﻣﺎ اﻟﺠﻠﻮﻛﻮز ﻗﻠﯿﻞ ﻓﻲ اﻟﺪم ﻃﺐ ده ﺑﯿﻘﻮل اﻣﺘﻰ؟؟
 ﺑﯿﺘﻔﺮز ﻫﺮﻣﻮن.. وﻗﺖ اﻟﺼﯿﺎمepinephrine and glucagon ﯾﻌﻠﻤﻮا اﯾﻪ ؟
1. they activate adenyl cyclase which convert ATP to
cAMP
2. then cAMP activate kinase A {synthase kinase }
3. then synthase kinase convert glycogen synthase i
{active } to glycogen synthase D {inactive }
N. B
Cyclic Amp act as intracellular second messenger in
response to hormones
 ﯾﻌﻨﻲ ﻣﺶ ﺑﯿﻌﺪي ﻣﻨﻪ أيcell membrane lipid bilayer اﺣﻨﺎ ﻋﺎرﻓﯿﻦ ان ال
 واﻟﻬﺮﻣﻮﻧﺎت اﻟﻠﻲ ﻣﻮﺟﻮدة دي ﻛﻠﻬﺎlipid soluble ﺣﺎﺟﺔ ﻏﯿﺮ اﻣﺎ ﺗﻜﻮن
 ف ﻣﺤﺘﺎﺟﯿﻦ ﺣﺎﺟﺔ ﺗﻜﻤﻞ ﺷﻐﻠﻬﺎ ﺟﻮا اﻟﺨﻠﯿﺔ اﻟﺤﺎﺟﺔ دي ﻫﻲ الwater-soluble
cAMP
-----------------------------------------------------------
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ﻃﺐ ده ﺑﯿﺤﺼﻞ اﻣﺘﻰ ؟. ﻫﯿﺘﺼﻨﻊ اﻣﺎ ﯾﻜﻮن ﻓﻲ ﺟﻠﻮﻛﻮز زﯾﺎدة ﻓﻲ اﻟﺪم
 ﺑﯿﺘﻔﺮز ﻫﺮﻣﻮن اﺳﻤﻪ اﻻﻧﺴﻮﻟﯿﻦ ﯾﺒﺪأ ﺷﻐﻠﻪ...وﻗﺖ اﻷﻛﻞ
1. insulin activates phospho-di-esterase which hydrolyzed
cAMP to AMP
2. Leading to inhibition of cAMP
3. Indirect stimulation of glycogenesis
 ﻣﻔﯿﺶ ﺣﺎﺟﺔ ﺗﻨﺸﻄﻪ وﺑﻜﺪاsynthase kinase  ﯾﺒﻘﻰ ﻛﺪا اﻧﺰﯾﻢAMP  اﻟﻲcAMP اﻣﺎ اﺗﺤﻮل ال
 ﻓﻲ ﻫﺘﻔﻀﻞinactive  اﻟﻲactive  ﻣﻦGlycogen synthase ﻣﻔﯿﺶ ﺣﺎﺟﺔ ﺗﺤﻮﻟﻲ ال
 ﺷﻐﺎﻟﺔglycogenesis ﻋﻤﻠﯿﻪ ال

4.activates synthetase phosphatase
glycogen  ﻟﻞactivation  ﺑﻌﻤﻞsynthetase phosphatase ﻓﻲ اﻧﺰﯾﻢ اﺳﻤﻪ
insulin  ﺑﯿﺠﻲ ﺑﻘﻰ الdephosphrlation  ﻋﻦ ﻃﺮﯾﻖ اﻧﻪ ﯾﻌﻤﻠﻪsynthase
 ﯾﺒﻘﻰ ﻛﺪا اﻧﺎ ﺧﻠﯿﺖ ﺑﺮﺿﻮ ﻋﻤﻠﯿﺔ الactivation وﯾﻌﻤﻞ ﻟﻺﻧﺰﯾﻢ ده ﻧﻔﺴﻪ
 ﺷﻐﺎﻟﺔglycogenesis
( ﻣﻦ اﻟﻤﺮﻛﺐphosphate  ده ﺑﯿﺸﯿﻞphosphates ) اي اﻧﺰﯾﻢ اﺳﻤﻪ
Hormones affecting on regulation of glycogenesis:
● Insulin: stimulated glycogenesis
● Epinephrine: inhibits glycogenesis in liver and muscle
● Glucagon: inhibits glycogenesis in liver only
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Glycogenolysis
Definition: The breakdown of glycogen into α-D-glucose subunits.
Site: Liver and muscle.
Pathway:
● Glycogen phosphorylase catalyzes the rate-limiting step in glycogenolysis.
● It helps the hydrolysis of the 1

4 glycosidic bond by phosphate to give

glucose-1-(P).
 يعني هو االنزايم الرئيسي اولKey enzymeسر باستخدام الفوسفات وهو ال
ّ  بيكphosphorylaseال
. هيقفpathway الinhibition  كله بينشط وإذا عملتلهpathwayما انشطه ال
● This proceeds until four glucose residues remain on either side of the branching
point (1 6 branch).  مايقدرش يشتغل اكتر من كدهphosphorylaseلحد هنا وال
● Glucan transferase transfers 3 glucose units from one branch to the other.
● A debranching enzyme catalyzes the hydrolysis of the 1 6 bond.
ن
Free glucose unit  ويطلعلناmolecule وباق ا
الل بي آخر جلوكوز ي
الزناام ه بيكرس الرابطة ي
● Phosphorylase action proceeds at the same time.
glucose-1-(P)  الطويلة ويديناbranch  بيكمل شغله عل اphosphorylase ا
● Glucose-1-(P)

Phosphogluco-mutase

Glucose-6-(P).

glycogenesis الل حصل فا
 وه عكس يmetabolism الزم احوله علشان اعرف اتعامل معا فا
● Glucose-6-phosphatase is present in the liver and helps to release free glucose
to blood by removing the phosphate from Glucose-6-(P). It’s absent in muscle so
no free glucose is released.
● Glucose-6-(P) is utilized by muscle for glycolysis to yield energy.

Regulation of Glycogenolysis
Glycogenesis

Glycogenolysis

Insulin
Epinephrine

stimulates
Inhibits in liver and muscle

Glucagon

Inhibits in liver only

Inhibits
Stimulates in liver and
muscle
Stimulates in liver only

● By covalent modification, the active form of phosphorylase is phosphorylated
(phosphorylase a), while the inactive form is dephosphorylated (phosphorylase b).

N.B: Glycogenesis and glycogenolysis are reciprocally regulated (activated and
inhibited )بالتباه.

ا  diagramمه بتفاصيله وخطوة ا  amplificationنضورية علشان الجلوكوز مامقلش فالدم

Muscle phosphorylase is different from that of liver
● It is stimulated by activation of phosphorylase kinase (b) by Ca⁺⁺ during muscle
contraction. The enzyme binds Ca⁺⁺ and is identical to the Ca⁺⁺ binding protein
calmodulin.
ال بيشبكه
 االزناام ي.active  ويغي شكله ويخليهphosphorylase الكالسيوم بيشبك مع جاء من ا
ن
بروتي بيشبك فالكالسيوم بعد كد بيشبك الكالسيوم
 وهوcalmodulin ببعض بيشتغل بنفس طريقة ا
ن ن
. تان فالجس
ربيوتي ي

Glycogen storage disease:
A group of inherited disorders characterized by deposition of an abnormal shape
or amount of glycogen in the tissue.

Examples:
Type 1: Von Gierkes’s disease is a deficiency of glucose-6-phosphatase (which
releases free glucose to blood).
● Liver and renal tubules cells are loaded with glycogen.
●Hypoglycemia (low levels of glucose), hyperlipidemia (high levels of any or all
lipids in the blood), ketosis (high levels of ketone bodies in the tissues) and lacticacidemia (inadequate removal of lactate from the circulation) are characteristic.
Type 2: Pompe’s disease due to deficiency of glucosidase enzyme (It’s the
enzyme responsible for glycogenolysis in lysosomes as some of the glycogen are
broken down in lysosomes).
●It is a fatal disease, due to accumulation of glycogen in lysosomes and heart
failure.

Oxidation of Glucose
Glycolysis ^Anaerobic oxidation ^
•Glycolysis is both principal route for glucose metabolism and the
main (ﺑﺲ ﻣﺶ اﻟﻮﺣﯿﺪpathway for metabolism of fructose,galactose and
other carbohydrates derived from diet
glucose ﻣﻦ الATP ازاى اﺣﺼﻞ ﻋﻠﻰ ﻃﺎﻗﻪ ﻓﻰ ﺻﻮره
•its occurs in cytosol of all cells
mitochondria  ﻣﻌﻨﺪﻫﺎشRBCs ؟ ﻋﺸﺎن الmitochondriaﻃﺐ ﻟﯿﻪ ﻣﺶ ﻓﺎل
•so in RBCs (no mitochondria ); glucose is the main metabolic fuel
and metabolized by anerobic glycolysis
•It can function under aerobic and anerobic conditions
O2  ﻋﺸﺎن ﻫﻮ اﻟﻮﺣﯿﺪ اﻟﻰ ﺑﯿﺪى ﻃﺎﻗﻪ ﻓﻰ ﻋﺪم وﺟﻮدanerobic ﻃﺐ ﻟﯿﻪ ﻣﺴﻤﯿﻨﻬﺎ
•The ability of glycolysis to provide ATP in the absence of oxygen is
especially important bec allows skeletal muscles to act at very high
levels when oxygen supply is not enough
•Glycolysis can be represented by the following equation from
glucose to lactate:
Glucose + 2ADP+2Pi —->2lactate +2ATP+2 H2O
Steps of Glycolysis:

1)Phosphorylation of glucose to glucose -6- (p) catalyzed by
glucokinase in liver ,hexokinase in muscle (ATP supplies
phosphate)
ATP 1 ﯾﻌﻨﻰ ﺧﺴﺮت
2) Glucoses-6-(P) is changed to fructose-6-(p) by phosphohexose
(isomerase)
 ان اﻻﺗﻨﯿﻦfructose و الglucoses  اﻟﺤﺎﺟﻪ اﻟﻤﺸﺘﺮﻛﻪ ﺑﯿﻦ ال: ﺣﺎﺟﻪ ﺗﺴﻬﻞ ﺣﻔﻆ اﺳﻢ اﻻﻧﺰﯾﻢ
6  واﻻﺗﻨﯿﻦ ﻋﺪد اﻟﻜﺮﺑﻮن ﻓﯿﻬﻢphosphate ﻓﯿﻬﻢ
3) Phosphorylation of fructose-6-(p) to fructose-1-6 bisphosphate by
phospho-fructo-kinases-1 in presence of ATP
 و ﺣﺼﻞ اﺳﺘﻬﻼك اﻟﺠﺰيءfructose ﻣﻦ الcarbon  ﻋﻠﻰ اولphosphate ﻫﻨﺎ اﺿﺎف
irreversible reaction  ودهATP 2  ﯾﺒﻘﻰ ﻛﺪا اﺳﺘﻬﻠﻜﻨﺎATP
4) Fructose-1-6 bisphosphate is cleaved (divided) by Aldolase in to
two phosphorylated trioses:
Glyceraldehydes-3-(p) and di-hydroxy acetone-(p)
C3  واﻟﺘﺎﻧﯿﻪ ﻋﻠﻰC1  ﻋﻠﻰphosphate ﺑﻘﺴﻤﻪ ﻻﺗﻨﯿﻦ ﻓﺒﻘﻰ واﺣﺪه ﻋﻠﯿﻬﺎ
5) dihydroxy-acetone-(p) is converted to Glyceraldehydes-3-(p) by a
phosphotriose isomerase
 واﻻﺗﻨﯿﻦ ﻋﺪد اﻟﻜﺮﺑﻮن ﺗﻼﺗﻪP ﺑﺮدو اﺳﻢ اﻻﻧﺰﯾﻢ ﺟﻰ ﻣﻦ ان اﻻﺗﻨﯿﻦ ﻓﯿﻬﻢ
this reaction is reversible . Now 2 molecule of glyceraldehyde-3-(p)
: ﻗﺒﻞ اﻟﺨﻄﻮه اﻟﺠﺎﯾﻪ ﻻزم ﻧﻔﻬﻢ ﻛﺎم ﺣﺎﺟﻪ
 وﻛﺪا ﯾﻌﻨﻰATP اﺳﺘﺜﻤﺎر ﻓﻰ الATP  ﺑﻌﺪ ﻛﺪا ﻫﻨﻄﻠﻊ2ATP ( ﻓﻰ اﻟﻠﻰ ﻓﺎت اﺳﺘﻬﻠﻜﻨﺎ١
 ﺑﯿﺤﺼﻞ ﻋﻦ ﻃﺮﯾﻘﯿﻦATP( اﻟﺤﺼﻮل ﻋﻠﻰ ال٢
(Substrate-level )
2ATP  وﺑﯿﻄﻠﻊenzymes  الcatalytic  ﻓﯿﻪ الreaction ودى ال

 ﺑﯿﺪﺧﻠﻮ ﻟﺴﻠﺴﻠﻪ ﻣﻦ الFAD او الNAD ودى الrespiratory chain) ﻻﻣﺎ ب ال
3ATP  وﺑﯿﻄﻠﻊmitochondria  ﺑﺘﻜﻮن ﻓﻰ الcompounds
glyceraldehyde ( ﻓﻰ اى ﺧﻄﻮه ﺟﺎﯾﻪ اﻟﻰ ﻫﯿﻄﻠﻊ ﻫﯿﺒﻘﻰ ﺑﺎﺗﻨﯿﻦ ﻻن ﻋﻨﺪﻧﺎ اﺗﻨﯿﻦ٣
6)Glyceraldehyde-3-(p) oxidized to 1,3 bisphosphoglycerate by
glyceraldehyde-3-(p) dehydrogenase
The enzyme is NAD dependent NADH+H+ is produced
(6ATP)
6 ﻓﺎﺗﻨﯿﻦ ب3ATP  ﻃﻠﻊglyceraldehyde  ﻓﻜﻞrespiratory chain ﻋﺸﺎن دى
In this reaction
Oxidation is accompanied with release of energy: which is captured
by inorganic phosphorus, present in the cell and forms a high
energy bond in position 1 of 1,3 bis-phosphoglycerate
7)1,3 bis-phosphoglycerate is donate phosphate to ADPby
phosphoglycerate
Kinase and forming ATP and 3-phosphoglycerate
 واﻟﺨﻄﻮه دى ﻛﺎﻧﺖ2ATP ﻫﻨﺎ ﻋﻤﻠﺖ
(Formation of 2 molecules ATP by substrate level
phosphorylation )
ATP 8 ﻛﺪا ﻋﻨﺪى
8)3-phosphoglycerate is isomerized to 2-phosphoglycerate by
phosphoglycerate mutase
9)Dehydration 2-phosphoglycerate to phospho-e pyruvate catalyzed
by enolase; which is dependent on the presence of Mg". Enolase is
inhibited by fluoride.
10)transfer of high energy phosphate group of
phosphoenolpyruvate (in position 2) to ADP is catalyzed by
pyruvate kinase to form 2 molecules of ATP per molecule of
glucose (at this step).

8molecule of  ﯾﺒﻘﻰ اﻟﻤﺤﺼﻠﻪstep1,3  ﻓﻰ2  واﺣﻨﺎ ﻓﻘﺪﻧﺎATP 10 ﻛﺪا ﺑﻘﻰ ﻣﻮﺟﻮد
ATP
Enol pyruvate is product of reaction will be isomerized to pyruvate
(non enzymatically). Pyruvate kinase reaction is irreversible.
anaerobic  اﻟﻠﻰ ﺟﺎى ﺑﻘﻰ ﻟﻮ. pyruvate  ﺑﯿﻨﺘﻬﻰ بaerobicﻛﻞ ده ﻛﺎن ﻛﻼﻣﻨﺎ ﻓﻰ ال
11)Under anerobic conditions, the reoxidation of NADH (produced
from step 6) through the respiratory chain is prevented
 ﺑﺲATP 2 اﻟﻠﻰ ﺟﻢ ﻣﻨﻬﺎ ﺑﺎﻟﺘﺎﻟﻰ اﻟﻤﺤﺼﻠﻪ ﻣﻦ الATP 6 ﯾﺒﻘﻰ ﺧﺴﺮﻧﺎ ال
. Pyruvate is reduced by the NADH to lactate, the reaction is
catalyzed by lactate dehydrogenase
This allows glycolysis to proceed in absence of oxygen by
regenerating enough NAD for another cycle of the reaction
catalyzed by glyceraldehyde-3-phosphate dehydrogenase.
 وlactate  و ﺑﯿﺤﻮﻟﻪ لpyruvate  ﺑﯿﺘﻔﺎﻋﻞ ﻣﻊnadh ﻓﺎل٦  ﻋﺸﺎن ﺧﻄﻮةnad "اﺣﻨﺎ ﺑﻨﺤﺘﺎج
" ﻋﺸﺎن اﻟﺪورة ﻣﺎ ﺗﻮﻗﻔﺶnad ﺑﯿﺮﺟﻊ ﻫﻮ
12)Under aerobic conditions pyruvate passes to mitochondria and
changed to acetyl CoA oxidation in Kreb's Cycle.
N.B
. In RBC's; glycolysis always ends with lactate, even under aerobic
conditions, as no mitochondria in RBCs. ﻓﻤﻔﯿﺶrespiratory chain
In vigorous and severe muscular exercise, anerobic glycolysis
proceeds with production of excess lactate resulting in muscle
fatigue.
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Regulation of glycolysis
*Regulation of glycolysis occurs by regulating 3 irreversible
steps:
1-hexokinas & glucokinase (step 1)
2- phospho fructo kinase-1 (step3)
3- pyruvate kinase (step 10)
.   ت  ا ه وا، ت دي
 ا
  glycolysisال

 ا
ا
-These 3 enzymes are stimulated during feeding and inhibited
during fasting.
ز ف ا م
  ى ا
ز  ن ا
 ا،  ا
  ،  ا ء ا م،
ز
.ت دي
 inhibition
و
—Phospho fructokinase-1 is inhibited by , ATP( ا  ي  ف
 )  ج ا
ز
Citrate & anti-insulin hormones( glucagon , adrenaline ,
nor-adrenaline& cortisone) ,,, and activated by AMP , insulin ,
fructose-6-P , fructose-2,-6bis phosphate.
—Pyruvate kinase is inhibited by ATP , glucagon
and is activated by insulin and fructose-1,6-bisphosphate.
.
 insulinز ال


  م اي
-Ions inhibiting glycolysis:
-Iodoacetate inhibits glyceraldehyde-3- P dehydrogenase .
- Flouride inhibits enolase .
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د

*
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ا
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 ز ا  ا  ا
  ان
  زيال
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   ا  رfructose -6-P ل
  وfructose    ف،
ا
.ز
ز
  دا  ا ا
 .glycolysis

!؟aerobic oxidation
   pyruvate ال
 ا
-After glycolysis , pyruvate passes from cytosol to mitochondria
to be converted into Acetyl CoA(active acetate)by the process
of oxidative decarboxylation.
ا ا
ا
   و دا  نpyruvate   الcarboxyl ال
 دا  ع
pyruvate dehydrogenase complex
: coenzymes ٥    جcomplex
1-TPP
2- CoA-SH

3- NAD
4-FAD
5-lipoic acid
NADH+H     رة
 دا
Regulation of pyruvate dehydrogenase complex
(PDH)

.activation
  و،inhibition
 و ا، inhibition
 coenzymesت و ال






*و ا

*ا
 ا
ان  ا ا
*
.activation

Formation of oxaloacetate
  ن ا لpyruvate  carboxyl group
 ا دا ا
pyruvate carboxylase ة
 oxaloacetate
( ﻛﺮﺑﻮن٤  ﻛﺮﺑﻮن ﺑﻘﺎ٣ ) ﻣﻦ
اATP دا  ج   ال
-Regulation of pyruvate carboxylase :

pyruvate dehydrogenase ال

ا



 regulation *ال

Kreb’s cycle , Citric acid cycle , Tricarboxylic acid cycle(TCA)
It’s the final common pathway in aerobic oxidation of
carbohydrates, lipid, and proteins .
  ل  اءaerobic oxidation اي ن  ي ف ا، رات او  و ت او د ن
common
   ن  ا.kreb’s cycle ال
 ا د ا
  وداAcetyl CoA
.pathway
-This occurs in the matrix of the mitochondria.
 اoxaloacetate ال

 Acetyl CoA  ا ورة دي  ا د ال

  اول.citric acid
   ن.pyruvate  ال
ا
-This is considered as the major route of ATP production.
- The reduced equivalents(NADH+H , FADH2 ) resulting from
kreb’s cycle , are oxidized by the respiratory chain or electron
transport chain(ETC) to form ATP , with phosphorylation of one
ADP to ATP in a process called Oxidative phosphorylation in
mitochondria.
reduced equivalent ال
  ديoxidative phosphorylationال
ADP  لP
 
  ATP (( لcoenzymes
، respiratory chain ال
.ATP ن  ن

● Oxidative phosphorylation
Coupling of
1. Oxidation➡of reduced coenzymes (NADH-FADH2)
2. Phosphorylation ➡of ADP
To form ATP in the respiratory chain
● NADH+H +O2➡NAD+H2O+3 ATP
● FADH2
+O2 ➡FAF+H2O +2 ATP
● ADP
+Pi ➡ ATP

 اﻟﻲoxaloacetate و الAcetyl coA  ﻫﻮ ﺣﺎﺟﺘﯿﻦ الcycle  اﻟﻲ ﺑﯿﺒﺪا ال.1
 ﻋﻦ ﻃﺮﯾﻖcitrate  ﺑﯿﺘﺤﺪوا و ﯾﻨﺘﺞ ﻋﻨﻬﻢpyruvate ﻣﻤﻜﻦ اﺟﯿﺒﻬﻢ اﻻﺗﻨﯿﻦ ﻣﻦ ال
citrate synthase
 ﻋﻠﻰisocitrate  ﻋﺸﺎن ﯾﻄﻠﻊmolecule ﻟﻞmutation  ﺑﻌﺪ ﻛﺪه ﺑﯿﺤﺼﻞ.2
aconitase ﺧﻄﻮﺗﯿﻦ ﻋﻦ ﻃﺮﯾﻖ

isocitrate  ﻋﻦ ﻃﺮﯾﻖketoglutarate  ﯾﺘﺤﻮل لisocitrate  ﺑﻌﺪ ﻛﺪه.3
dehydrogenase
 ﻋﻠﻲ ﺧﻄﻮﺗﯿﻦ ﺑﺮدو ﻋﻦsuccinate  ﯾﺘﺤﻮل لketoglutarate  ﺑﻌﺪ ﻛﺪه.4
ketoglutarate dehydrogenase ﻃﺮﯾﻖ ال
succinate  ﻋﻦ ﻃﺮﯾﻖfumarate  ﺑﯿﺘﺤﻮل لsuccinate  ال.5
dehydrogenase
 واﺧﺮ ﺣﺎﺟﻪ الfumarase  ﻋﻦ ﻃﺮﯾﻖmalate  ﯾﺘﺤﻮل لfumarate  ال.6
malate ﻋﻦ ﻃﺮﯾﻖoxaloacetate  ﺑﯿﺮﺟﻊ ﯾﺘﺤﻮل ﺗﺎﻧﻲmalate
dehydrogenase

 ده اﻟﺪﻛﺘﻮر ﻗﺎل ان ﻣﺶ ﻣﻌﺎﻧﺎ ﻓﯿﻪ اﻟﺮﻣﻮز ﺑﺘﺎﻋﺖ اﻟﻤﺮﻛﺒﺎت ﺑﺲ ﻓﯿﻪdiagram  ال.7
succinate  لketoglutarate اﺟﺰاء زﯾﺎده ﻋﻨﺪ اﻟﺨﻄﻮﺗﯿﻦ اﻟﻲ ﺑﺤﻮل ﻓﯿﻬﻢ ال
 اﻻول ﻋﻦ ﻃﺮﯾﻖsuccinyl coA  ﺑﺘﺘﺤﻮل لketoglutarate ال.1
ketoglutarate dehydrogenase
succinate  ﻋﻦ ﻃﺮﯾﻖsuccinate  ﺑﯿﺘﺤﻮل لsuccinyl coA  ال.2
substrate level  و ده ﺑﯿﻜﻮنATP  و ﯾﻄﻠﻊthiokinase
● Energy production of citric acid cycle
 وﻋﻨﺪيATP 3  ﯾﻌﻨﻲNADH  ﺗﻼﺗﻪ ﻣﻨﻬﻢ ﺑﯿﺪواdehydrogenase ● ﻓﻲ أرﺑﻌﺔ
6ATP  وATP 6  و6ATP  ﯾﺒﻘﻲmolecule 2
ATP 4  ﯾﺒﻘﻲmolecule 2  وﻋﻨﺪي2ATP  ﯾﺒﻘﻲFADH2 ● واﺣﺪه ﻣﻨﻬﻢ ﺑﺘﻄﻠﻊ
6  ﯾﺒﻘﻲ2NADH  ﺑﺮدوpyruvate dehydrogenase ● وﻓﻲ أﺻﻼ ﻓﻲ اﻷول
ATP
 ﯾﺒﻘﻲmolecule 2  وﻋﻨﺪيATP 1  اديsubstrate level ● وﻓﻲ ﺗﻔﺎﻋﻞ ﻋﻠﻲ
ATP 2
net = 30 ATP ﻛﺪه ال
glycolysis 8ATP ● وﻛﺎن اﺻﻼ ﻃﻠﻊ ﻣﻦ
aerobic  ﻓﻲ ﺣﺎﻟﻪ الnet = 38 ATP ﯾﺒﻘﻲ ﻛﺪه ال

Regulation of citric acid cycle ( TCA cycle )
-The rate of the cycle is dependent on:
1) Supply of NAD
2) Availability of ADP
3) Rate of utilization of ATP ( when ATP level in the cell is decreased, the rate of the cycle is
increased and vice versa).
-The cycle is regulated by 3 irreversible enzymes:
1) Citrate synthase:
● Activated by high concentration of acetyl CoA and oxaloacetate.
● Inhibited by ATP ()طاقة زيادة, NADH (  مش هتكون شغالةETCوبالتال ال
كتي
 رATP )ماتأكسدش علشان عندي,
ي
high concentrations of succinyl CoA (cycle intermediate) and by citrate
2) Isocitric dehydrogenase:
ن ن
● Activated by ADP ( )نقص فالطاقةand NAD ( تان
) اتأكسد ومحتاج
ر
هيدروجي ي
● Inhibited by ATP ( ) طاقة زيادة
3) α-ketoglutaric dehydrogenase:
● Activated by AMP ( ) نقص شديد فالطاقة
● Inhibited by NADH, ATP and succinyl CoA
ً
T/F ييج عليهم اسئلة
وارد جدا ي
-Inhibitors of the cycle: (toxic )كلهم
● Fluoroacetate inhibits Aconitase
● Arsenite inhibits α-ketoglutarate dehydrogenase
● Malonate inhibits succinate dehydrogenase ( competitive inhibition )مش سام اوي لكن بيعمل
-Functions of Kreb’s cycle:
1) Energy (ATP) production
2) It is used for complete oxidation of major foodstuffs: carbohydrates, fats and proteins

( Common final metabolic pathway for oxidation of Carbohydrates, fats and proteins )
3) Production of intermediates which can give amino acids:
(There is an interconversion between carbohydrates and proteins through Kreb’s cycle)
Kreb’s cycle جسم من خالل
 جواnon-essential amino acids أقدر اصنع
ي
● Pyruvate

alanine

● α-ketoglutaric acid
● oxaloacetic acid

glutamic acid
aspartic acid

4) It gives succinyl CoA ( one of the intermediates in Kreb’s cycle )
-Importance and fate of Succinyl CoA:
1) Activation of ketone bodies (  علشان اقدر اكرسها واستفيد بالطاقة بتاعتهاketone bodies ) تنشيط ال
2) Synthesis of heme ( which forms the non-protein part of hemoglobin )
3) Detoxification of sulpha drugs ( sulpha drugs are antibiotics that have to undergo
detoxification after killing the bacteria )
4) Succinic acid is one of the intermediates in Kreb’s cycle which produce energy
N.B. Succinyl CoA can be synthesized also from catabolism of some amino acids as methionine,
valine and isoleucine ( explained later in amino acid metabolism )
-Sources of Oxalo-acetate:
1) Pyruvic acid by carboxylase
2) Aspartic acid by transaminase ( removal of amino group )
●It’s a reversible reaction because oxalo-acetate can also form aspartic acid by adding amino
group
3) Malic acid by malic dehydrogenase ( also reversible )
4) Citric acid (cytoplasm) by citrate lyase
citrate  بالacetyl CoA  بيشبك مع الOxaloacetate  هيا ان الkreb’s cycle احنا عرفنا ان اول خطوة ف
ن
kreb’s  اوي عن احتياجات الcitrate  لكن لو زاد ال، it’s an irreversible reaction  وcitrate ويدين
synthase
ي
( يكرسcitrate lyase) هيالق انزايم
 وهناكcytoplasm  للmitochondria  الزيادة دول هيطلعو برا ال، cycle
ي

الل ظهر فالسيتوبالزم هيبق
الل هما ) ، (acetyl CoA and oxaloacetateوال  acetyl CoAي
ال  citrateلمكوناته ي
يعن الكاربوهيدرات الزيادة هتتسبب فزيادة الدهون.
الوحدة البنائية لل  . Fatty acidي
) -Sources and Fate of Active Acetate ( Acetyl-CoA
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Gluconeogenesis

(From 38:47)

*Definition:
It’s the formation of glucose (or glycogen) from non-carbohydrate source

*Importance:
1-supply blood with glucose during carbohydrate deficiency (EX. Fasting, low
carbohydrate diet, starvation or glycogen reserves
**After long fasting our body use the stored glucose (Glycogen) in liver & muscles,
when glycogen is consumed too, the body makes gluconeogenesis process
2-Supply of glucose is necessary for nervous system and RBCs (erythrocytes)

*Site:
In liver (mainly) and kidney

*Sources:
1-pyruvate and lactate (Produced by muscles and RBCs)
2-glucogenic amino acids (EX. Alanine, cysteine)
3-Glycerol (Produced by adipose tissue)
4-Propionyl CoA

*Pathways of the conversion of these sources into glucose:
1-Pyruvate and lactate
All steps of glycolysis are reversal except for these three irreversible
(unidirectional reaction) steps:
ﯾﻌﻨﻲ ﻛﻞ ﺧﻄﻮات ﺗﻜﺴﯿﺮ اﻟﺠﻠﻮﻛﻮز ﻛﺎن ﻓﯿﻬﺎ اﻟﺴﻬﻢ ﻓﻲ اﻻﺗﺠﺎﻫﯿﻦ ﻣﺎﻋﺪا اﻟﺘﻼﺗﺔ اﻟﻠﻲ ﺟﺎﯾﯿﻦ دول اﻟﺴﻬﻢ ﻓﻲ اﺗﺠﺎه واﺣﺪ ﺑﺲ

Glycolysis

Gluconeogenesis (reversal glycolysis

اﻻﻧﺰﯾﻤﺎت اﻟﻠﻲ ﺑﻨﺤﺘﺎﺟﻬﺎ ﻋﺸﺎن ﻧﻌﻜﺲ ﻋﻤﻞ اﻻﻧﺰﯾﻤﺎت اﻟﻠﻲ ﻓﻲ اﻟﺨﺎﻧﺔ اﻻوﻟﻲ ده اﻻﻧﺰﯾﻤﺎت اﻟﻠﻲ ﺑﺘﻌﻤﻞ ﺗﻔﺎﻋﻼت ال
irreversible
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Glucokinase
Phosphofructokinase-1
Pyruvate kinase

Glucose-6-phosphatase ﺑﯿﺸﯿﻞ اﻟﻔﻮﺳﻔﺎت
Fructose-1,6-bis-phosphatase ﺑﯿﺸﯿﻞ اﻟﻔﻮﺳﻔﺎت
-Pyruvate carboxylase
-phosphoenolpyruvate carboxykinase (PEPC)

**All gluconeogenesis enzymes are present in cytosol except pyruvate
carboxylase which presents in mitochondria
 او اﻻﻧﺰﯾﻢ اﻟﻠﻲ ﯾﻘﺪر, ﻣﺎﻓﯿﺶ اﻧﺰﯾﻢ واﺣﺪ ﯾﻘﺪر ﯾﺘﻐﻠﺐ ﻋﻠﯿﻪpyruvate kinase ﯾﻌﻨﻲ ﻓﻲ اﺧﺮ واﺣﺪ اﻟﻠﻲ ﻫﻮ ال ف واﺣﺪ ﻣﻦ اﻻﻧﺰﯾﻤﯿﻦ )اﻟﻠﻲ ﻓﻲ اﻟﺠﺪول( اﻟﻠﻲ ﻫﯿﺘﻐﻠﺒﻮا,mitochondrial  ﻣﺶcytosolic ﯾﺘﻐﻠﺐ ﻋﻠﯿﻪ اﻧﺰﯾﻢ
 ف ﻛﺪه ﻻزم ﯾﺪﺧﻞ ال,pyruvate carboxylase  اﻟﻠﻲ ﻫﻮ الmitochondrial enzyme ﻋﻠﯿﻪ ده
 اﻻولmitochondria
malic acid لcitric cycle  وﯾﺘﺤﻮل ﺑﻌﺪ ﻛﺪه ﻓﻲ ﻟﻔﺔ الOxalo-acetate وﯾﺘﺤﻮل ل اﻟﻠﻲ ﻫﯿﺘﺤﻮل ﺑﻤﺴﺎﻋﺪه الOxalo-acetate  وﯾﺘﺤﻮل ﺗﺎﻧﻲ لcytosol  ﻟﻞmembraneﺑﻌﺪﻫﺎ ﯾﺨﺮج ﺑﺮه ال اﻟﻠﻲ ﻫﯿﺘﺤﻮل ﻟﺠﻠﻮﻛﻮزPhosphoenol pyruvate  لPEPC

:اﻟﺨﻄﻮات ﺗﺎﻧﻲ ﺑﺎﻟﺘﺮﺗﯿﺐ ﺑﻘﻲ ﻛﺪه1-Conversion of pyruvate into oxalo-acetate (inside mitochondria by pyruvate
carboxylase)
2-Conversion of oxalo-acetate into malic acid (during citric cycle)(ده ﻣﯿﻘﺪرش ﯾﻄﻠﻊ ﺑﺮا
)ﻓﻬﯿﺘﺤﻮل اﻻول
3-Exist of malic acid into cytosol
4-Conversion of malic acid into oxalo-acetate (in cytosol)
5-Conversion of oxalo-acetate into phosphoenol pyruvate (By PEPC)
6-Conversion of phosphoenol pyruvate into glucose (By reversal of glycolysis)
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**Notes:
-Failure of gluconeogenesis is usually fatal
-Hypoglycemia (Decrease of glucose) causes brain dysfunction that leads to coma,
compulsion and death
lens, retina,  ﺑﺘﺎﻋﻬﺎ ﻏﯿﺮ ﻣﻦ اﻟﺠﻠﻮﻛﻮز زيenergy *ده ﺑﯿﺤﺼﻞ ﻻن ﻓﻲ ﺧﻼﯾﺎ ﻣﺎﺗﻘﺪرش ﺗﺎﺧﺪ ال
renal medulla, RBCs
-Our tissues (especially nervous system) can’t take their energy from lipid and
protein without oxalo-acetate
-Glucose is important for keeping the level of inter mediates of citric acid cycle
although the fatty acids are the main source of acetyl CoA in the tissues
 ﻋﻦ الcitric acid cycle ده ﻣﺶ ﻫﯿﻐﻨﻲ الfatty acids ﻣﻦ الacetyl Co-A *ﺣﺘﻲ ﻟﻮ اﻧﺎ ﺟﺒﺖ ال
 ﻻزم ﯾﺸﺘﻐﻠﻮا ﻫﻤﺎ اﻻﺗﻨﯿﻦ ﻣﻊ ﺑﻌﺾ, oxalo-acetate

-Metabolism of lactic acid (Cori-cycle)
-in skeletal muscle,
Glucose is converted into lactic acid by anerobic glycolysis, then glucose diffuses
in blood moving into liver

-in liver,
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Lactic acid is converted into glucose by gluconeogenesis, then liver provides blood
with glucose which muscle will take it again and so on…

**Notes:
-Lactic dehydrogenase enzyme (LDH) in:
1-Skeletal muscle is specific for pyruvate (pyruvate → lactate)
2-liver is specific for lactate ( Lactate → pyruvate)
-Anerobic glycolysis of glucose produces lactate while aerobic produces pyruvate

2-Glucogenic amino acids:
All amino acids can give glucose except leucine and lysine which are pure
ketogenic (mixed and glucogenic can give glucose)
Ex. Alanine → pyruvate (By transamination)()اﻟﺘﻔﺎﻋﻞ ده ﺑﯿﻤﺸﻲ ﻓﻲ اﻻﺗﺠﺎﻫﯿﻦ
Pyruvate → Oxalo-acetate

3-Glycerol
: ﻓﺒﻘﺪر اﺣﻮﻟﻪ ﻟﺠﻠﻮﻛﻮز ﻋﻦ ﻃﺮﯾﻖ اﻧﻲ اﻋﻤﻞ ﻟﻪfatty acids 3 اﻟﺠﻠﯿﺴﺮول ده ﻣﺮﺗﺒﻂ ب
1-Phosphorylation by glycerol-kinase in liver and kidney which will convert it into
glycerol-3-phasphate
**Glycerol-3-phosphate is phosphate triose
2-Convert glycerol-3-phasphate into di-hydroxy-acetone phosphate by
glycerol-3-phosphate-dehydrogenase
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 اﻟﻠﻲ ﻫﺎﯾﺘﺤﻮل ﺑﻌﺪ ﻛﺪه ﻟﺠﻠﻮﻛﻮزintermediates **و ده ﻣﻦ ﺿﻤﻦ ال

4-Propionyl CoA
-Have 3 carbon atoms
-Converted into succinyl CoA then glucose
Propionyl CoA → Succinyl CoA → Glucose

*Hormonal regulation of gluconeogenesis:
1-Insulin: inhibits gluconeogenesis by decreasing the activity of gluconeogenic
enzymes ﻻن اﻻﻧﺴﻮﻟﯿﻦ وﻇﯿﻔﺘﻪ ﯾﻘﻠﻞ اﻟﺠﻠﻮﻛﻮز ﻓﻲ اﻟﺪم

2-anti-insulin: stimulate gluconeogenesis by different mechanisms (EX.

Epinephrine, norepinephrine, glucagon, growth hormone, glucocorticoids as
cortisone)

*Hexo monophosphate (pentose phosphate)(HMP) pathway:
-It’s an alternative (minor) pathway to glucose ﯾﻌﻨﻲ ﺑﯿﺪﺧﻠﻬﺎ ﻛﻤﯿﺔ ﺟﻠﻮﻛﻮز ﻗﻠﯿﻠﺔ
-Glucose is changed to phosphorylated pentoses with production of NADPH

-Function:
1-Prduction of NADPH by glucose-6-phosphate dehydrogenase, which:
A. synthesis fatty acids, cholesterol and adrenocortical hormones
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B. protect RBCs against free radicals and oxidations (which are toxins)

2-production of pentose EX. ribose, ribulose and xylose which synthesis
nucleotides, nucleosides and nucleic acid, RNA and DNA
**HMP pathway doesn’t produce energy
**Glucose-6-phosphate dehydrogenase is the first enzyme in HMP pathway

-Pathway:
 ف ﻟﻤﺎ ﯾﺒﻘﻲ ﻋﻨﺪي,Glucose-6-phosphate dehydrogenase  ﺑﯿﻄﻠﻊ ﺑﻤﺴﺎﻋﺪه الNADPH+H الOxidized ﻟﻞreduction  اﻧﻪ ﯾﻌﻤﻞGlutathione reductase ﻛﺎﻓﻲ ﻫﯿﺴﺎﻋﺪ الNADPH+H
Reduced glutathione  و ﯾﺤﻮﻟﻪ لglutathione
hydrogen اﻧﻪ ﯾﺤﻮل الglutathione peroxidase  ﺑﯿﺴﺎﻋﺪ الreduced glutathione الtoxins ﺿﺪ الRBCs  وﻛﺪه ﺑﯿﺤﻤﻲ الwater ( لtoxic (free radical  اﻟﻠﻲ ﻫﻮperoxide

-Disease:
Genetic deficiency of glucose-6-phosphate dehydrogenase causes hemolysis of
RBCs that leads to hemolytic anemia or favism اﻧﯿﻤﯿﺎ اﻟﻔﻮل
The defect appears during exposure to oxidants (free radicals), EX. Antimalarial
drug, primaquine, aspirin, sulfonamides or fava beans

*Normal levels of blood glucose:
-During fasting (8-12hours fasting): 60 or 70 – 110 mg%
-During post prandial (2 hrs after eating):(<180mg%)(usually 140%)
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reabsorb blood  ﻣﺎﺗﻘﺪرش تkidney ﺑﺘﺒﺪي ال%mg 180  ووﺻﻞ اﻋﻠﻲ ﻣﻦ140 **ﻟﻮ ﻋﺪي
↓... وده ﻣﺶ ﺻﺤﻲ ﻋﺸﺎن ﻛﺪه الurine  ﻓﺎﺑﯿﻨﺰل ﺟﻠﻮﻛﻮز ﻓﻲ الglucose

-Renal threshold: 180mg% (=Capacity of kidney to reabsorb blood glucose)

hyperglycemia: *If post prandial blood glucose level increases over 180
.
mg%
*if fasting blood glucose lecel increases over 110 mg%
if fasting level decreases less than 60 mg%, it leads to hypoglycemia
which will cause coma, compulsion and death
-Glucokinase helps the liver to regulate blood glucose level after eating by
increasing hepatic utilization of glucose

-Insulin is secreted during hyperglycemia to decrease blood glucose level by:
1- Stimulate liver to make glycogenesis (storing glucose in liver as glycogen)
2- Stimulate glycolysis (glucose oxidation)
3- Inhibit gluconeogenesis
4- Help reuptake of glucose into extrahepatic tissues

-Glucagon is secreted during hypoglycemia to increase blood glucose level by:
1- inhibit glycogenesis and glycolysis
2- stimulate gluconeogenesis and glycogenolysis in liver ﻋﻜﺲ اﻻﻧﺴﻮﻟﯿﻦ

*Regulation of blood glucose:
-Liver, extrahepatic tissues and hormones keep the stable normal blood glucose
level
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-Liver cells are freely permeable to glucose through GLUT2 transportersزي اﻟﺒﻮاﺑﺔ
اﻟﻤﻔﺘﻮﺣﺔ
-Extrahepatic tissues (Except pancreatic β cells) are relativity impermeable but
their glucose transporters are regulated by insulin (SO, uptake of glucose is the
rate-limiting step in utilization of glucose) ﯾﻌﻨﻲ اﻟﻲ ﺑﯿﺤﺪد اﺳﺘﻬﻼﻛﻬﻢ ﻟﻠﺠﻠﻮﻛﻮز ﻫﻲ ﻛﻤﯿﺔ
اﻟﺠﻠﻮﻛﻮز اﻟﻲ ﺑﺘﻌﺪي اﻟﻐﺸﺎء و ﺗﺪﺧﻠﻬﻢ
-Liver, brain, RBCs, renal medulla, lens and retina uptake glucose without
needing for insulin (They’re insulin-independent)

● The organs responsible for regulation:
1) liver
2) Kidney
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Regulation of blood glucose is classified into:1) regulation by organs
2) hormonal regulations
1)organs is responsible for regulation are:a)liver
(as mentioned before in glycogenesis, gluconeogenesis and glycogenolysis)
b)pancreas:
it secretes 2 important hormones:
1) insulin: secreted after meals when blood glucose level is high, to decrease
it (hypoglycemia)
2) glucagon: secreted due to hypoglycemia, to increase glucose level
(hyperglycemia)
hypo  وﻻhyper وﯾﻔﻀﻠﻮ اﻻﺛﻨﯿﻦ ﯾﺸﺘﻐﻠﻮ ﻣﻊ ﺑﻌﺾ ﻋﻠﺸﺎن ﯾﺨﻠﻮه ﻓﻲ اﻟﻨﺺ ﻻ
c)kidney:
when blood glucose levels exceeds 180 mg% (renal threshold), it will pass in urine
resulting in glucosuria (will be explained later) in order to protect the body against
excessive glucose in blood
2)hormonal regulation:
1)hypoglycemic hormones:
❖ Insulin only
❖ Secreted by Beta cells of islets of langerhans in pancreas
❖ Glucose stimulates secretion and release of insulin from pancreas in 30 to
60 seconds
❖ It stimulates glycogenesis in liver and muscle as well as all oxidative
pathways of glucose, and inhibits glycogenolysis
❖ It stimulates glucokinase in the liver, so it stimulates glycolysis (oxidation of
glucose), and it’s antagonist in this process is the growth hormone (it
inhibits glucokinase)
❖ It stimulates lipogenesis  )) ﺗﺼﻨﯿﻊ اﻟﺪﻫﻮنand protein synthesis (anabolic
hormone). It inhibits lipolysis
❖ It acts on genetic level to induce synthesis of some enzymes ﺑﺘﺸﺠﻊ ﻋﻠﻲ ﺗﺼﻨﯿﻊ
ﺑﻌﺾ اﻷﻧﺰﯾﻤﺎت
(the rest are explained before)
Mode of action of insulin (water soluble hormone):
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1)binds to receptors present on the plasma membrane of target organs of insulin
) اﻟﺨﻼﯾﺎ اﻟﻠﻲ اﻟﻬﺪف ﺑﺘﺎع اﻻﻧﺴﻮﻟﯿﻦ اﻧﻪ ﯾﺮوﺣﻠﻬﺎmuscle cells, adipose tissue and liver cells(
2)then activated
2)Hyperglycemic hormones: (anti-insulin hormones)
1)Catecholamines: (adrenaline and noradrenaline = epinephrine and
norepinephrine)
(we will talk about epinephrine)
● It is secreted by adrenal (suprarenal) medulla when there is hypoglycemia,
it’s the hormone of rapid physiologic response (ex: fear (as mentioned in
sympathetic nervous system), hypoglycemia and hypotensionاﻧﺨﻔﺎض ﺿﻐﻂ
)) )اﻟﺪم
● It has two mechanisms:
1)Stimulation of glycogenolysis in liver and muscle by activation of phosphorylase
enzyme by cAMP (as mentioned before), which leads to release of free glucose
and increase blood glucose level
2)It stimulates the anterior lobe of pituitary gland to secrete ACTH
(adrenocorticotrophic hormone), which will stimulate the adrenal cortex to
secrete glucocorticoids (ex:cortisone),which will stimulate gluconeogenesis,
which will increase blood glucose level
(will be explained in point 3)
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● It inhibits insulin secretion and Glycogenesis in liver and muscles to increase
blood glucose level
2)Glucagon:
● It’s secreted by alpha cells of islets of Langerhans of pancreas due to
hypoglycemia
● It stimulates glycogenolysis in liver only by activating phosphorylase
enzyme same as epinephrine
● It stimulates gluconeogenesis and inhibits glycogenesis to increase blood
glucose level
3)Glucocorticoids:
● They are secreted by adrenal cortex ex: Cortisone
● They stimulate gluconeogenesis from amino acids by activating
transaminases (will be studied in protein metabolism)
● Prolonged treatment with Cortisone may lead to persistent ))داﺋﻤﺔ
hyperglycemia and diabetes mellitus
● It stimulates lipolysis in adipose tissues ( ))ﺗﻔﺘﯿﺖ اﻟﺪﻫﻮنhydrolysis of
triacylglycerol into glycerol and fatty acids)
● It decreases glucose utilisation in extrahepatic tissues
ﺑﺘﻘﻠﻞ اﺳﺘﻬﻼك اﻟﺠﻠﻮﻛﻮز ﻓﻲ أي ﺧﻼﯾﺎ ﻏﯿﺮ اﻟﻜﺒﺪ
*ﺑﯿﺰود اﻟﺠﻠﻮﻛﻮز ﻋﻠﻰ ﺣﺴﺎب اي ﺣﺎﺟﺔ ﺗﺎﻧﯿﺔ
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4)Anterior pituitary gland secretes:
a)ACTH as discussed before
b)Growth hormone:
It inhibits glucokinase and so inhibits glycolysis (the antagonist of
insulin)
It stimulates gluconeogenesis and lipolysis in adipose tissue
5)Thyroid hormone (thyroxine):
● Thyroxine is a mild hyperglycemic hormone ﯾﻌﻨﻲ ﺷﻐﻠﻪ ﺿﻌﯿﻒ اوي ﻓﻲ إﻧﻪ ﯾﻌﻠﻲ
اﻟﺴﻜﺮ ﻓﻲ اﻟﺪم
● It increases absorption of glucose from the small intestine to the
blood
● It accelerates insulin catabolism ﺑﺘﺴﺮع ﺗﻜﺴﯿﺮ اﻷﻧﺴﻮﻟﯿﻦ
● It stimulates glucose oxidation by the tissues
دﻟﻮﻗﺘﻲ اﻟﻬﻮرﻣﻮﻧﺎت دي دورﻫﺎ أﻧﻬﺎ ﺗﺰود اﻟﻄﺎﻗﺔ ﻓﻲ اﻟﺠﺴﻢ ﺑﺎي ﺷﻜﻞ ﻓﺒﺘﻜﺴﺮ ﻓﻲ اﻟﺠﻠﻮﻛﻮز ﻋﺸﺎن ﺗﻄﻠﻊ
 و ﺑﯿﻜﺴﺮ اﻹﻧﺴﻮﻟﯿﻦ ﻋﻠﺸﺎن ﻣﺎhypoglycemia  ﻣﻌﯿﻦ ﻋﻠﺸﺎن ﻣﺎ ﯾﺤﺼﻠﺶlevel ﻃﺎﻗﺔ ﺑﺲ دا ﻟﺤﺪ
hypoglycemia ﯾﺤﺼﻠﺶ
● increases lipolysis in adipose tissue
Glucagon > epinephrine > cortisone > growth hormone > thyroxine in
increasing blood glucose level

Abnormalities in blood glucose level:
1)Glucosuria
2)Hypoglycemia
1)Glucosuria
● Def: Appearance of glucose in urine
Types:
1)Normoglycemic glucosuria:
● It’s the presence of glucose in urine but blood glucose level is normal
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Causes:
● Physiologically: as in pregnancy, due to decreased carbohydrate
tolerance in late months
urineاﻟﺠﺴﻢ ﻣﺶ ﺑﯿﺒﻘﻲ ﻗﺎدر ﯾﺴﺘﺤﻤﻞ اﻟﺠﻠﻮﻛﻮز ﻓﺒﯿﺘﺨﻠﺺ ﻣﻨﻪ ﻓﻲ ال
● In renal disorders as renal diabetes:due to congenital low renal
threshold
 ﻣﺜﻼ120ﺗﺒﻘﻲ180 ﯾﻌﻨﻲ ﺑﺪل ﻣﺎ اﻋﻠﻰ ﺣﺎﺟﺔ
● Injection of phlorhizin which causes inhibition of the reabsorption of
glucose in renal tubules
2)Hyperglycemic glucosuria:
● It occurs when blood glucose level is above the renal threshold (180
mg%)
Causes:
● Diabetes mellitus due to insulin deficiency
● Emotional: due to over secretion of epinephrine
ﻛﺘﺮ اﻟﻀﻐﻂ اﻟﻨﻔﺴﻲ او اﻟﻌﺼﺒﯿﺔ ﺣﺘﻄﻠﻊ أدرﯾﻨﺎﻟﯿﻦ ﻛﺜﯿﺮ ﻓﺎ ﻫﺎﯾﻌﻠﻲ ﻧﺴﺒﺔ اﻟﺴﻜﺮ ﻓﻲ اﻟﺪم ﺟﺎﻣﺪ ﻓﺎ ﻫﯿﻌﻤﻞ
hyperglycemic glucosuria
● Alimentary (GIT) :by increasing carbohydrate feeding
اﻟﻨﺎس اﻟﻠﻲ ﺑﺘﺎﻛﻞ ﺳﻜﺮﯾﺎت ﻛﺘﯿﺮ
● Experimental pancreatectomy
insulin  ﻫﺎﯾﺴﺒﺐ ﻓﻲ ﻋﺪم اﻓﺮاز الpancreas اﺳﺘﺌﺼﺎل ال

Diabetes mellitus
● It is a medical disorders characterized by varying ﻣﺘﻐﯿﺮor persistent
 ﻣﺴﺘﻤﺮhyperglycemia especially after eating
● All types of diabetic patients share similar symptoms and
complications at advanced stages ﻓﻲ اﻟﻤﺮاﺣﻞ اﻟﻤﺘﺄﺧﺮة
● It may lead to dehydration and ketoacidosis which takes place due
to:-

#Helper_Team

1) excessive metabolism of lipids (to compensate the un-utilized
glucose)
2) this leads to excessive production of acetyl CoA
3) which leads to excessive formation of ketone bodies (ketosis)
4) which are acidic (ketosis+acidosis = ketoacidosis)
Types:

Name
age

causes

Type 1 diabetes mellitus
or Insulin dependent
diabetes mellitus (IDDM)
Most common in children
and adolescents (less than
30 years old), but may
occur in adults
•It is an autoimmune
disease in which the body
attacks the Beta cells in
pancreas so they are
destroyed and insulin
production is reduced.
•and this may take place
due to:
1)virus infection called
coxsackie
2)trauma
3)tumors
4)pancreatitis اﻟﺘﻬﺎب اﻟﺒﻨﻜﺮﯾﺎس

Other
names

So,It is due to insulin
defficiency
“Juvenile” or “childhood”
onset diabetes

Type 2 diabetes or Non
insulin dependent
diabetes (NIDDM)
Most common in age
above 30
•due to insulin resistance,
there is a defect in insulin
receptors, so the body
doesn’t respond when
insulin is present
•and this resistance may
be caused by some
diseases and long term
steroid use
زي ﻓﻲ ﺑﻌﺾ اﻟﻤﺴﻜﻨﺎت و ادوﯾﺔ ﺑﻨﺎء
اﻟﻌﻀﻼت
So,It’s due to impaired
insulin receptors and
insulin resistance
“mature” or “adult” onset
diabetes or “insulin
resistance diabetes”
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Obesity
))اﻟﺴﻤﻨﺔ

Mainly not present

treatmen
t

by insulin injection

Present and it leads to
increased insulin
resistance
First: by changes in diet
and weight loss
Then:by oral antidiabetic
drugs (hypoglycemic
drugs) to decrease the
insulin resistance and
increase sensitivity to
insulin
Ex of drugs:sulphonylureas
and metformin
Finally:if both failed,insulin
injection as type 1 is
necessary

Complications: اﻟﻤﻀﺎﻋﻔﺎت ﻟﻠﻲ ﻣﺎ اﺗﻌﺎﻟﺠﺶ
1) cardiovascular diseases specially microcirculation (small arterioles),
this disease is called micro angiopathy ,and this will lead to the
following 3 complications:
2) chronic renal failure (nephropathy) ﻓﺸﻞ ﻛﻠﻮي
3) retinal damage and may lead to blindness (retinopathy)
4) peripheral nerve damage (peripheral neuritis) with risk of amputation
ﺑﺘﺮof toes, feet and even legs
5) and if ketosis is extremely increased without treatment this will lead to
ketoacidonic coma (diabetic coma)
Symptoms:
1) polyurea (excessive urination)
 ﺑﯿﺴﺤﺐ ﻣﻌﺎه ﻣﯿﺎه ﻓﺎurine  و ﻫﻲ ان اﻟﺠﻠﻮﻛﻮز و ﻫﻮ ﻧﺎزل ﻓﻲ الosmotic diuresis ﻓﻲ ﺣﺎﺟﺔ اﺳﻤﻬﺎ
 ﯾﻌﻨﻲ ﯾﺸﺮب ﻣﯿﺎه ﻛﺘﯿﺮ و ﻋﻠﻄﻮل ﻋﻄﺸﺎنpolydipsia  ﻓﺎ ﯾﻌﻤﻞdehydration ﯾﺰود ال
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2) increased thirst sensation
3) weight loss due to metabolism of fats and protein
اﻟﺠﺴﻢ ﺑﯿﻜﺴﺮ ﻓﯿﻬﻢ ﻋﺸﺎن ﯾﺎﺧﺬ ﻣﻨﻬﻢ اﻟﻄﺎﻗﺔ اﻟﻠﻰ ﻣﺶ ﻋﺎرف ﯾﺎﺧﻮﻫﺎ ﻣﻦ ﺑﺎﻟﺠﻠﻮﻛﻮز
4) hunger (because body energy is very low)ﻓﺎ ﺑﯿﺘﻬﯿﺄﻟﻪ اﻧﻪ ﺟﻌﺎن و رﻏﻢ اﻧﻪ ﺑﯿﺎﻛﻞ
ﻛﺘﯿﺮ ﺑﯿﺨﺲ ﺑﺮده
5) fatigue (due to metabolism of muscle proteins), nausea, and vomiting
when untreated
6) infections (the non oxidized glucose will be the perfect source of
energy to any virus or bacteria and immune defenses will not be able
to overcome it)
7) Blurred vision,renal failure, peripheral neuritis (burning in hands and
feet)
8) Diabetic coma

Criteria for diagnosis of diabetes mellitus:
It can be diagnosed by demonstrating anyone of these:ﯾﻌﻨﻲ
ﻟﻤﺎ ﻧﺸﻮف ﺣﺎﺟﺔ ﻣﻨﻬﻢ ﻧﻌﺮف ان ﻋﻨﺪه اﻟﺴﻜﺮ
1) 2-3 fasting blood glucose levels above (126 mg%) on different days
 ﯾﺒﻘﻰ ﻣﺮﯾﺾ ﺳﻜﺮ126 ﯾﻌﻨﻲ ﯾﻌﻤﻞ ﺗﺤﻠﯿﻞ ﻣﺮﺗﯿﻦ أو ﺛﻼث ﻣﺮات ﻓﻲ أﯾﺎم ﻣﺨﺘﻠﻔﺔ وﻟﻮ اﻟﻨﺘﯿﺠﻪ ﻓﻮق
2) 2 to 3 times blood glucose above 200 mg% ,two hours after drinking
a 75 g glucose (postprandial) (will be explained in glucose tolerance
test)
3) Symptoms of diabetes, and a random glucose level test above
200mg%
4) High amount of glucose bound to haemoglobin HbA1c “glycosylated
hemoglobin” which is 6% or higher (studied in 201), this is a follow up
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test showing average blood glucose level approximately 90 days
before
2)Hypoglycemia: (second abnormality)
● It is the decrease of blood glucose level below its normal fasting
level (starts below 60 and is marked below 50 mg%)
● Maternal and Fetal hypoglycemia may take place during pregnancy
especially if there are long intervals between meals at night (because
fetal glucose consumption increases)
● Premature babies are more subjected to hypoglycemia (due to
impaired gluconeogenesis) (when born in the 7th or 8th month of
pregnancy)
● Diabetic patients on insulin or oral antidiabetic medication are liable
to drug-induced hypoglycemia (when they take overdose of insulin
or antidiabetic drug)
● Hypoglycemic coma in diabetic occurs when blood sugar level is
less than 40 mg% due to over dosage of insulin , or normal dosage
but without eating any carbohydrates

Oral glucose tolerance test (GTT)
Glucose tolerance is the ability of the body to regulate the blood
glucose level after administration of a dose of glucose for the test
Diabetes mellitus is characterized by decreased glucose tolerance
due to decreased secretion of insulin or insulin resistance, so no
regulation can occur
How to perform this test:
1) The patient comes to the lab fasting for 8-10 hours, and drugs are
avoided for 2-3 days before the test
2) The test takes 2-3 hours
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3) Blood and urine samples are collected from the patient in the fasting
state (this indicates the zero time of the test (the starting time of the 2
or 3 hours))
4) Then after taking the first sample, the patient drinks a cup of water
with a specific dose of glucose which is 70-75 gm if adult, and 1-1.5
gm per each kilogram of the body weight in children (1-1.5 X his body
weight in kg)
5) After administration of the glucose dose , blood and urine samples
are collected each half an hour
6) Write down the results (estimation of blood glucose in all samples)
7) Draw a curve for blood glucose (mg) on x-axis and time (hours) on
y-axis
8) Detection of glucose in urine is done in all samples
Observations on the curve in diabetic patients:

the blood glucose level in fasting state (first sample before
administration) is above 126
the level in postprandial state (second sample) is above 200

