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Types of Metabolism

By: Tareq Mohmmad Al-Soudi




metabolism

Definition:
aanll 825 O3leldi de sana A metabolismd)
LA Jaks akie 43yl Jadihy Caoa il

Thousands of chemical reactions organized, co-ordinated, and
purposeful manner are taking place inside a cell

A0 ed) Al el e A8l aas e J g% metabolismd) -1

1. Chemical energy is obtained from

the degrada- tion of energy rich NS HPE co Sl ,c;-‘";“"’ Ddas gl Jsbits Wl Y -2
nutrients. zo s ,macromolecules =3 5 polysaccharidesd

zo & ,monosaccharidesd! ¥ say yral cily jal Jaii Juad
i e 5o 5 Leddada o LA lawt (lie avall (83 yha e Lgaladinl o5

The metabolism 2. Food materials are converted into i
e.g. proteins, nucleic acids, polysaccharides, Biomolecules required for specialized

Serves the fo"lOWIng the bUilding block PIECUISOIS of etc. functions of the cell are synthesized.
cellular macromolecules.
purposes:

. . . increase
Regulation through the action of allosteric
enzymes

Decrease

Hormonal regulation

) Al ‘\A..}L} e 4.&‘5“9.\»0 -3

5q ~. 3 2 . 5q the concen-tration of the enzyme is changed
5 N S g

?"J"\ dS D L’ ‘ d;b a_\l..u_).a\)“ Regulation at the DNA level by regulation at the level of synthesis of the

e Jan 4 process s 4duda g 4l enzyme.

pais A (DNAJY) 43 sl 5 230 4 enzymed) dee Ao il ) ) Y1 (e
DNAJ Leziay = 5 M enzymesd) A4S e aainy & goa salld 40di enzymed)




Types of Metabolic Pathways

A.Catabolic: (degradation) pathways,
where energy rich complex
macromolecules are degraded into
smaller molecules. Energy released
during this process is trapped as
chemical energy, usually as ATP.

Cpne oS ya Jsais liald aaatll s 4 catabolicd) A. Catabolic (degradation)
8 Ulallsi ) (sl Sl e 5 43a sl iy 5]
. ‘ ‘ - i 5 -
glycolysisd) e glucosed) jwass Jaw (5 ) Types of Metabolic — .
B.Anabolic: (biosynthesis) pathways. The B. Anabolic (biosynthesis)
cells synthesize complex molecules from Pathways

simple precursors. This needs energy.
(= proteins b L) el jlue 54 anabolicd
o= polysaccharidesd ¢ 585 sl ,amino acids
ALl eIl AN juay s monosaccharidesd!

C.Amphibolic: pathways are seen at cross-
roads of metabolism, where both anabolic
and catabolic pathways are linked. E.g.
Citric acid cycle , pentose phosphate
pathways

C. Amphibolic

catabolicd) i &2 s¢* ,making and breaking 4 Js& )34 amphibolicd!
Krebs cycledu sray A s ) pathwaysd ¢la Ja) < J3A anabolicd) s




Amphibolic

Acetvl CoA

Oxal acetate
Ghacose S
~ Fatty acids
Jsaa die (e cycled! ekl ) (Y /
== Cholesterine

L Malate 4¢3 oxaloacetated go Alelsiy gcetyl COAd)  Gitrate———

A spartat

e by M catabolic pathwayd) s cycled!
F—— T (Sae 4] 535 cycled) JAa (81 A8 X
= Fumarate BENY ‘.;m) cholesterine j\ FA Wha citrated!  Isocitrate
alpha-J! (8«« 5l ,(cholesterold) delia
T succinyl CoAd)s ,AA Lik=y ketoglutarate v

Succinate L.?‘t’ \.@JS ALA\J\ LSLQJ CJU porphyrme L?i“"' o-Ketoglutarate

cycled anabolic sided! X
;Aminos acids
Succxn}l CoA

Porph}'r1ne I 1 Fattyv acids
BN with an odd
Methionine number of

c-atoms

N aline



Stages or phases of metabolism

== ,absorptiond) 4x » 2 secondaryd)

monod polysaccharided) U_.S L a2y Sia
absorptiond) 4a » A Jay <@ glucosed) )

sl W e 5 glycolysis s Krebs cycle

T L‘U) FADH2 5 NADH “Sm C_m d;)d\ secondary (intermediary)
pealiil ai Al jall (gley 4] 440 aga USS (COZJ\ E’netabollsm |

a&am T U Ui oL

Absorbed products, catabolized to smaller
components, and ultimately oxidized to CO2

The reducing equivalents are mainly
generated in the mitochondria by the final
common oxidative pathway, citric acid cycle

In this process, NADH or FADH2
are generated

ZU) (e Lig®) Lo 22 metabolismd! 8 331 dls sl o tertiaryd)
ETCJ) & Leasini = 5 ANl g d8UaD Wb jasy U <l jal)

i —

— |- primary metabolism

Jal e 3 4anie metabolismd!
S (digestiond) 4a i) primaryd!
s alaball Joi e GITA) Jsb Ao ppaly
@)Lus:esﬂ \.M\mg_sbjl;j\)\.m
Jaly protelnsd\ Ll amylased) a3
fatsdls ,pepsind &k o= stomachd)
lipased) Gk = small intestined!

Digestion in the gastro-intestinal tract

Josad ol Lgdaa
macromoleculesd
small unitsd

Convert macromolecules to small units

e.g. proteins are digested
to amino acids

respiration)

‘ 3- Tertiary metabolism (internal or cellular

5,V Liall & el g 3 il Gl ) aell

These reduced equivalents enter into the
electron transport chain (ETC, or respiratory
chain), where energy is released




Overview of Metabolism

1- Carbohydrates enter the glycolysis pathway, converted to acetyl CoA and are
oxidized in the citric acid cycle. Carbohydrate metabolism is centered around glucose,
and is mainly used for provision of energy to the body .

2- Lipid metabolism is centered around fatty acids, which are also used for

provision of energy . Jipidsd) o~ s e (il sl 8 glucosed) (43 W 2 glucosed) (3o~ Uiy awall Lua
il Lgie iy Gliie glucosed Led sl oy Cua A8l JUl alisY) () jaal) el Cus

3- Amino acids are mainly meant for body building purpose. However, most of the

amino acids are eventually transaminated , the carbon skeletons are oxidized. This will

provide some energy.

But energy production is not the main purpose of amino acid metabolism.

pladinl 5o auall 8 48Ul 5oa ) Lalall 5 3 A ) s pall G analls fipidsd)s CHOJ) Liagiusl 43) Ala el Jaa s Wl Y
PRt dalle ddlas A deladl (e (s &S\ Clabud) (st oSy anally CBlaall Ly sl A proteinsd) 4} La s  proteinsd)
shall 2l e olall i cangdl (1 dille Jia d8ULD (ola 5 Lo Aplianl) AVKIL (3 ja e 18 aval) 45) canid)




Transmination meaning

Transamination : is the process by which amino groups are removed from amino acids and
transferred to acceptor keto-acids to generate the amino acid version of the keto-acid and
the keto-acid version of the original amino acid.

amino J) ¢ » 4s s 4 transminationd \c/ \c/ \C/ \C/
keto J ) 488 5 AAJ) (= (NH3J)) group Transaminase
,(Transaminased! a ¥ &k (=) acid HC— NH: Y (=0 ~ = = ! HC — NHs'
(= (=0d)) ketone groupd!) J ais Jilaally J (pyridoxal phosphate)
..amino acidd! keto acidJ! Y 5 R, o
Amino acid Kelo acid Keto acid Amino acid

keto acidd J3a3 4] Jx pala <o =0 Jaiiu) s NH3J) i AAJ) 43 Lay (V)
AAJ Jsxh =) < keto acidd) e (Sall jla Lo any g




“odmy Al 4Bl 3 g2 g0 Jlgud) S ol g

Question test :

< Which of the following is false about phases of

A.

C.

D.

metabolism?
using the energy in the NADH & FADH2 is in the tertiary phase
Digestion begins in primary phase
Oxidation of the products of the first phase is done at the tertiary phase
NADH & FADH2 is generated in secondary phase
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Profile of organs (1)

organ JS uaiy A metabolic pathwaysd) 4sa (il dlSss profile of organsd)

By: Tala alomari




METABOLIC PROFILE OF ORGANS

*depending on glucose concentration :

**low glucose level (fasting state, starvation)  **high glucose level (fed state)
# glucose must increase by special pathways, # glucose must decrease by special

e.g.: pathways, e.g. :
- glycogenolysis - glycolysis
- gluconeogenesis - glycogenesis

- lipogenesis

Gish oo e ABY) Gala s Lie A gl enzymesd! Jaal Lladl a5V Cllead) b (e o) gl Bl olie oY)
allosteric regulation &bk e 5, (3% insulind) J3& () hormonal regulationd!
# so, forms of energy storage (fuel reserve) in the body are:
fats (the highest percentage), then proteins & Carbohydrates
L not soluble in water LY 4layl 5 8 02 S zlint Loy 3208V Agus Lo 48Ul SV 0 53l fatsd) s 5*

led g elall pand Coandi La & s L 3_jmS CilaeS (A3 Jean

# carbohydrates form the highest percentage that consume to release energy,

then proteins & fats W i & ATP ellging zliagy Lo a3y 48l #U5Y J ¥ jaadl o4 CHOJ




mitochondria e RBCsd! ¢! gial ade & capual) **
Gigial gy Jasé 02J) Jai & RBCsd) Aduka 5 41
METABOLIC PROFILE OF ORGANS 050 5 - )8 mitachonaria L=
The metabolic pattern or metabolic profile of different organs is different

depending on its function. Moreover, the organs are able to adapt to metabolic
alterations in fed state and starvation. The storage forms of fuels are shown in

Table 8.1. (nextslide) Ll metabolic pathwaysJ) dash 23n ) LeasS jis sboaed) Cailla y (oMl iay

*Calories are stored in the body as fat and glycogen.

Fat stores are mobilized actively only on prolonged fasting, even though
adipose tissue fat is undergoing turnover on a daily basis.
carbohydratesd) &3lgiul i L 223 prolonged fastingd! 2 fats! Lalu

Caloric homeostasis is maintained regardless of whether a person is well fed,
fasting, or in a state of starvation.

Similarly metabolic profile of various organs and tissues change to adapt to
physiological and pathological states, so that caloric homeostasis is
maintained unless extreme conditions set in.




Table 8.1. Energy reserves of man

Stored fuel Weight Energy equivalent
(in gram) (in kilo calories)

Glycogen in liver 70 280

Glycogen in muscle 120 480

Glucose in body fluids 20 80

Fat in adipose tissue 15,000 135,000

Protein in muscle 6,000 24,000

100g JN glycogend) 4w 43) (e o 3l s musclesd) s liverd) ¢» JS (& 44 &5 o35 glycogend) 43) J saall 8 a3l
43) o ST musclesd! 2 glycogend! KU o)l 430 ¥) (4 2D |7 5 jualaas bisia s L (5 3) muscled! Jala Jil o <
S Jiverd) ALK (e ST avall Llianl) A1)
oY) Ll s W proteinsd) Welis [ fats JS& e adipose tissued! dala 4 i) dlilgl) 48Ul duS 4z 5 Ca gy g
G AY) aliadl JS élgiul a2y auall 8 energyd!




1- Brain

i . Although brain represents only 2% of adult body weight, it needs 10-20% cardiac output.
About 750 ml of blood circulates through the brain per minute.

Neurons can survive only a few minutes without blood supply. Occlusion of blood supply to
brain causes unconsciousness within 10 seconds.

ii. There is no stored fuel in the brain. Glucose, the preferred fuel for the brain, should be in
continuous supply. Glucose can freely enter the brain cells.

ug);_d\ L_A:; BJJﬂ\ sdic braind! 43| d)s.a u'ag.d\ - ,glycogend\ CrAd (_A:; braind! 5 )M e Ja\..a.d\ Oy e)\ﬁ\ ali Qy\
A_ma_d zUss braindté ouillall WIS 28 4 geall Je oS Slal cpjadll e a8 jie 48] J gy sl g Jas las 3 jual < yidl o]
A48 ) i A juay ) B3 gara (3 Helatiy L juad 3 il gl o g il 315k e glucosed) (e B st g dadla

L Caeld giall cind ie cli] agll




iii. About 60% of the total carbohydrates intake in the body are consumed and metabolized by
the brain. Moreover, about 25% of the oxygen consumed by the adult body is due to glucose
oxidation in brain. In children, this may be as high as 50%.

2 braind! Ly s ATPJ ) (e 4iSai 7 ) A 5ausY) Sllery oLl (e oSy (liie 0 02 braind) 4als ca
action potentiald) z )

iv. Brain under conditions of anoxia: In anoxia the rate of lactate production by glycolysis rises
to 5 or 8 times within one minute.

B alysat oy (lie |jverd) () 4e 3230 3 LSl Jas 5 s lie  geidosis Bl (Sas Jactated) 4 g lai ) Al slea s
oY e c :
2 3 lactated) (» =1l 5 glucose W) | iaily Lalla Ua) ¢l 5 glucosed s 3

v. Brain and starvation: During starvation, a significant part (60-70%) of the energy requirement
of the brain is then met by ketone bodies

***Blood glucose level below 30 mg/dI is fatal.




2. Skeletal Muscle:

i . The skeletal muscle forms about 45% of the total weight of the body. About 0.5%
muscle weight is due to glycogen content. Following a meal, the muscle glycogen
content increases by about 1% of the total weight.

ii. Muscle metabolism after a meal: The uptake and storage of glucose by
the skeletal muscle is under the influence of insulin. Following a meal, the level of
the glucose and insulin are high. So glycogen synthesis is enhanced.

***The resting muscle uses fatty acids as a major fuel (85%).

iii. Muscle metabolism during exercise: Muscle uses glycogen for short
active spurts of activity. Glycogen is rapidly broken down to form lactate. The
lactate has to be transported to liver to undergo gluconeogenesis (Cori's cycle).
however, Muscle uses fatty acid as fuel for aerobic exercise and long distance
running.




iv. Muscle metabolism during starvation: During starvation, maximum
glucose is spared for the brain. The free fatty acid (FFA) mobilized from adipose
tissue is the preferred fuel for muscle during starvation. FFA does not require
insulin, and during fasting insulin level is low.

v. During prolonged starvation, muscle protein breakdown occurs, and
alanine is released to the blood stream. It is transported to liver to provide
substrate for gluconeogenesis (glucose-alanine cycle). The metabolic fuel during
prolonged fasting is ketone bodies. Branched chain amino acids are utilized by the

skeletal muscle.




| |

Pyruvate Pyruvate

| |

Lactate e———————————— | aciale e | _aclate

Alaning e————— Alaning e——Alanine

I

Liver Blood Muscle

Fig. 9.30. Glucose alanine cycle



Table 8.3. Major fuels in different organs

Brain Skeletal Cardiac Adipose
muscle muscle tissue

After a Glucose Glucose, Glucose, Fatty acids;

meal Fatty acids pyruvate Glucose

Fasting Glucose Fatty acids Fatty Fatty acids

(short acids

term)

Fasting Glucose; Ketone Ketone Fatty acids;

(long ketone  bodies; bodies ketone

term) bodies  Branched bodies
chain aa

Exercise Glycogen Fatty acids

)y Caliall g il 5 sagl) lllul ) agll




Profile of organs (2)

organ JS uaiy A metabolic pathwaysd) 4sa (il dlSss profile of organsd)

By: Hussam Hatem




8 . Adipose TJ) (e e 53 4 43 Vgl i L
‘A |E205e tlssue te O wSalls Brown ATJ)s White ATJ
auall 8 48U storehoused i AN WATJ

e |tis the storehouse of energy in the body (about 1,35,000 kcal)

e The uptake of glucose, glycolysis and lipogenesis are all favored by insulin.
glucosed u=ala 32 55 Les) WATA! e 7 5 A s Jinsulind) 3180 éss = 5 ala 5 20l glucosed) s i a8 fed stated) 2
e About 25% of glucose taken up by adipose tissue is metabolized by the PP pathway,
and the rest by glycolysis.  Pentose Phosphate Pathway J G b e 4as Jalall oy =) WATJ) 224l U glucosed! ¢ 25%
glycolysisd e Leas Jalaill oty ~ ) 48Ul 75%J) Wl NADPH 5 ribose 5-P e iy 7 5 U
e The energy is stored in the concentrated form, triacyl glycerol.

3 FA e sis UV TAG JS8 e 3l 3l glucosed) (s sy s ATP) z ) Lead a5y Ala jal Joa 3 ) LNAT) dlgally
,adipose tissued! Jala Llla Uaf a3y JSA) (ales 48 345 &3

eThe NADPH generated from the shunt pathway is used for the synthesis of fatty acids.

eThe NADH produced during glycolysis is used to reduce the DHAP to glycerol-3-
phosphate.
Dihydroxy Acetone Phosphate (DHAP)J s2 s glycolysisdb a¢= intermediate Gk oo e J gasll 24 (s glycerold) s
s ,glycerol-3-P Lubaxs 5 (glyceride (v ,au2M 435l) glycerol-3-P-dehydrogenased) Gk o= reduction 4 jeas 7 5 A
TriAcyl Glycerold! be #iu s 3 FAJL bl 3 jals 68 = 5 A Glycerold 4l Jsab = ) phosphatased) s ) G b o



b acetyl CoAd S (8 i <ats A NADPHJ) 2 52 52) acetyl CoAd) (b e lesiaai a3 FAJ) Y
A yuay A cytoplasmdb 325 00 G 5SH FAJ) sl (e A g 5uall enzymesd) s ,mitochondriad) dals o5&
Adipose tissue | o adbs 7 A | citrate & 5 oxaloacetated) g« acetyl CoAd! Jelihy Krebs cyclew 4laiuyl

*The glycerol is derived from dihydroxy acetone phosphate (DHAP),
an intermediate of glycolysis.

e The fatty acids are re-esterified to form triacyl glycerol

eTherefore, for storage of triacyl glycerol, both fatty acid synthesis
and glycolysis should operate.

eDuring fasting, triglycerides in the adipose tissue are hydrolysed.
Cyclic AMP mediated activation of hormone sensitive lipase occurs
in response to the high glucagon-insulin ratio.

eGlucocorticoids also have a stimulant lipolytic effect during fasting.

glycerol L=y s hydrolysis 4l pas = ) TAGD) Cus | (pSall juas fasting stated) 4
Umaly Alaall sla 5 organsd! (source of fuel) 4all aga jaaa 15 582y g 3 FA
glucocorticoids, glucagon, J! & ) hormonesd) (» 4e sana (&3 s e
o) LA mdan e ) ghasi = 5 5 fasting stated) 2 152 » ) G, (epinephrine
Jars 75 A G proteind) ax ks » receptord) <ua |G proteind! Gk oo (LS
s activation 4kl s adenyl cyclased! ¢ 555z S ,alpha subunitd 4l ) Je
Gl 7 Alell A protein kinase a< b3 5 7 G ,cAMPJ ATPJ) Js~a
phosphated! 4Lzl 4 hormonesd gl dee 4l i < phosphate “aua;

fed stated! (2 s 4K (mla  Sall s FA aiass acetyl COAD g s s Adeall & juiay s mitochondriad

Glucose

Glucose 6-phosphate

siored = Glycerol —» PGAL

triglycerides

Fatty acids
v % Glycerol
Beta oxidation Pyruvate New
triglycerides

Fatty

Acetyl groups /—>
4 acids
i Acetyl-CoA

Ketone bodies
P-hydroxybutyric acid
Acetoacetic acid
Acetone

Key
w= |Lipogenesis
w Lipolysis

FIGURE 2611 Pathways of Lipolysis and Lipogenesis in
Relation to Glycolysis and the Citric Acid Cycle.

Q Name the acid-base imbalance that results from the
accumulation of the ketone bodies shown in the oval.




4-Lver

eThe liver plays a central role in metabolism by providing adequate
guantities of metabolic fuel for other organs. Almost all the metabolic
pathways operate in the liver; a notable exception being ketolysis.

|.Liver metabolism in fed state: Underwellfed conditions, the liver
takes up glucose from circulation and stores it as glycogen.

o mas il dlia 5 portal veind) Gk e liverd! leabaial o3 Al o) sall J&5 25 ~ 5 21321 gbsorption sy W 2
&= Oe glucosed ale awall b5 3 Je Jamy avall 8 ALE glycosed) dad i€ o o avall 4als i metabolism
glycogen JSi e 437540 dlle 4t culS gl | canlall (5 gl
eSimilarly, the fatty acids synthesized by the liver are incorporated
into VLDL and secreted into blood stream. Liver is the major site of

degradation of amino acids and detoxification of ammonia into urea

*VLDL = Very Low Density Lipoprotein

AlalS 2y Adije 45 9 48ld dae sdasn g Al Yl




Liver

Il . During starvation, liver provides glucose by glycogenolysis and later
by gluconeogenesis so that the obligatory requirements of the brain
are met.

eMoreover, liver also produces the ketone bodies, an alternate
source of fuel. But the liver cannot use ketone bodies as its

own fuel.  musclesd's braind o peelaiiul b duaagerdiug L (S ketone bodiesd) gia liverd)

eKetone bodies also produced in person who has

uncontrolled diabetes mellitus-1.  .prolonged starvationd! &l & &l & ketone bodiesd!
(acetone/ sweet smell & 058 Al sl 5) uncontrolled diabetes mellitus-1J) s A

eKetone bodies are used as 2nd source of fuel in brain and muscles

& U FAJ Gasb e 406 ke Iad (uaes  gluconeogenesis & glycogenolysisd) ik o= glucosed! ) (ilw fasting stated)
ALl 4 Y (irreversible adeal) sla 45 pyruvated g 3 W ) acetyl CoA Libx: 5 beta oxidation 4 s FAJ) (s Cua | liverd)
>SS 2l s (gluconeogenesisd! s I Al pathwayd 4w &% oxaloacetated) 43) s 4L 4.K) Krebs cycled! Jaxis gcetyl CoAd) ¢
<D e 8 | beta hydroxybutyrate acid, acetoacetic acid, acetoned! ¢ ,¢) 5 s ketone bodiesd) s ,ketone bodiesd 4l g3 Al 434
(PHJ) Jii F2y) anall & acidityd) 3ab) o | slary agdl itiuiy agan) (e acide | sei



Ghucose

Glucose 6-phosphate

Stored —7 Glycerol ——— PGAL

triglycerides

Fatty acids
Glycerol

Beta oxidation Pyruvate New

Fatty triglycerides

Acetyl groups l/-—)— acids

Ketone bodies
P-hydroxybutyric acid
Acetoacetic acid
Acetone

Key
— Lipogenesis
——  Lipoiysis

FIGURE 261717 Pathways of Lipolysis and Lipogenesis in
Relation to Glycolysis and the Citric Acid Cycle.

e Nome the ocid—base imbalance that results from the
accumulfation of the ketone bodies shown in the oval.




5-cardiac muscles

e Heart consumes more energy than any other organ. It utilizes about 6 kg of
ATP per day, 20-30 times of its own weight.

e Cardiac muscle derives its energy by oxidative metabolism of fatty acids (60- 90%) and
glucose 10-40%. Ketone bodies are also normally metabolized.

e|n addition, energy transfer to heart’s myofibrils occurs by creatine kinase catalyzed

energy shuttle. Phosphocreatine being a smaller molecule than ATP can easily diffuse
into the myofibrils from mitochondria.

(e 4ail o ) mitochondriad) Jala oS 7 A ATP be zi - 5 glucosed) s FAX! oxidation metabolism Jway Wl
(creatine phosphate sl) phosphocreatine 4ew! juays ATPJ) ae Jelély creatined! 43 yuas Al & (respiratory chaind
e Jeli = 5 7 sa Lo am Cpdmy Jed Ll alid ATPU) (e S0 sl 4eaa 43 mitochondriad! | s allas =5 ) s (=l
enzymesd) J& (e 4eladiul o4 glie ana ATPJ 4l sy 5 ADPJ

e The myofibrillar creatine kinase catalyses the reformation of ATP.

e The free creatine diffuses back.

*The creatine kinase system acts as an energy buffer, by keeping ATP level constant




Cardiac muscles

*\When ADP level increases due to a fall in phosphocreatine, it inhibits intracellular
enzymes causing failure of the heart’s contracting mechanism.

< In a failing heart, the uptake and utilization of fatty acids and glucose
occur.

< In advanced heart failure, insulin resistance also develops, further
decreasing the glucose utilization.

< the metabolism of a hypertrophied heart switches from fatty acid utilization
to glucose

Sicll o Ly gl Cipn agll



Question test :

< Which of the following can be used in the
diagnosis of a person with un-controlled
diabetes ?

A. Increase in acidity caused by high CO2

B. More creatine kinase 2 is found in the blood

Cc. The patient has a sweet smell

D. Increas PH of the urine

E.  Measuring blood glucose level after a meal
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EFFECTS OF EXERCISE ON
METABOLIC PROFILE




METABOLISM
BASICS




Aerobic vs Anaerobic
metabolism




Effect of Exercise on Metabolic Profile

Long distance running is the typical example of aerobic exercise, where as
sprinting or weight lifting exemplifies anaerobic exercise. During anaerobic
exercise, the major organ involved is the skeletal muscle with very little
involvement of other organs. The relative ischemia created by the
compression of blood vessels in the muscle will necessitate the use of
glycogen and phosphocreatine available in the muscle to supply the required

energy.

adll 40aSd ¢ 4 genll e V) e Jarall 33 2 Jixg ¢ @anl) contraction be uas exercised) sl @l jai Ll -
Glycogend! (s g a3 53 fagia Zuloaall LAY Allal) gles | Ja5 saclE LAY Alal o)l eSO Aldlal)

, Lelany CDlanll Lie i 48U i Jawi = 5 5 glycogenolysis Alae e oS lasi = ) glycogend! o)l -
Js~% pyruvated) s pyruvate Lk 5 S =eld glucosed) 5,028 8 W Anaerobic exercise J) s ala
weight liftingd s 3> b Lo ) da@al) Al Il ae sty LiSh o AL1E ATP 40eS 35S0 doleall (sla | actic acidd

ﬁl&ﬂ\ b u\;.u.u 0 g b ub.w




During moderate aerobic exercise, the muscular stores of glycogen are used,
but in a normal individual this is not sufficient to provide a continuous supply
of ATP for exercise like long distance running. The RQ falls during long distance
running since there is a progressive change from glycogenolysis to fatty acid
oxidation to meet the energy demands. Muscles start oxidizing fatty acids and
the high AMP level which activates AMP kinase and low malonyl CoA that
activates CAT will favor fatty acid oxidation. The training for athletes is
different depending on whether they are sprinters or long distance runners
since the energy sources are different. Rest after a vigorous muscular activity
often results in repletion of the exhausted glycogen stores. 5
(=l s Tpmat 1) 5 S pgi b Llla Lo (a5l (sla Jpuali
In muscle developed by exercise and training, the size and number of
mitochondria are more as well as the level of enzymes for fatty acid oxidation
and ketone body utilization. Hence, the trained muscle can better utilize
noncarbohydrate sources of energy. So exhaustion is delayed.

Ly 5 ,4L8 ) <5 skeletal musclesd) ool 4S5 A 5 = 5 b glycogend) ¢« 4lish <l jial o ey oy asl ll )
S gl il i) ladie ) B laalle 5 oty A anadly 45 53l (g saall 53 O sed 281 T glucosed! 43
acetyl CoAd fatty acidd) =S5 7y 5 ¢« Sllae 32c




Box 8.2. Long Distance Running do not Compete with Sprinters!!

* Long distance running is an example of aerobic exercise.
Metabolic profile of organs changes during aerobic exercise
with fatty acids and ketone bodies being the preferred fuel for
the skeletal muscle. Because glycogenolysis is not sufficient to
meet the energy demands of prolonged aerobic exercise.

* Anaerobic exercise, on the other hand, has no effect on the
metabolic profile of organs other than skeletal muscle. The
skeletal muscle depends on its own glycogen stores and
phosphocreatine to meet the demand for ATP.




- Long distance running — aerobic
- Spritting and weight lifting — anaerobic

* + contraction of muscles 2 + compression of blood vessels = - blood
contains oxygen glycogenolysis = aerobic metabolism = lactic acid

+ time =2 + hypertrophy =2 + number and size of mitochondria =2 +
enzymes and proteins = fatty acid oxidization and keto body utilization
— glucose =2 glycolysis = aerobic exercise

(increase and growth of muscle cells) hypertrophy 4eu) C3liaslly juay S48 4) (a8 jle G oS5 Ly
9 Cpea) JRE oy B lcanl) Al sl lehbalin 5 <l W) Jee pdaatly mitochondriad' s adaaly Loalls
keto body utilization s Fatty acid oxidationde=s 5 3 juat,

- During anaerobic exercise, the major organ involved is the skeletal
muscles , we break down the GLYCOGEN

- During aerobic exercise, we break down the FATS, to preferer it as
fuel to skeletal muscles




* During exercise whether its aerobic or anaerobic our body
concentrating our blood to the sites of exercise like
skeletal muscles by VD and reduce the amount of blood
in area that is not used in exercise like GIT by action of al

receptors (VC)

* so drinking high amount of water during exercise will lead
to loss of VC and increase amount of blood in GIT and this
will reduce the amount of blood going to the areas of
exercise so will lead to weakness of these area i.e
weakness of skeletal muscles




Metabolic adaptation
during starvation

By: Raneem Abu-qgtaish
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Starvation : extreme fastingand
draln energy Jshal il yidl o<1 fastingd) sdd s& starvationd)s




Early adaptation of fasting

1.glucose from glycogen :GLYCOGENOLYSIS

With fasting ,the insulin levels decrease, and glucagon levels increase

Decreased blood glucose > glucagon released = goes to liver (via portal
blood where it is first secreted from pancreas) = glycogenolysis (and

inhibit glycogen synthesis ). Gl ¢y on s AU agdaat 5 W) el3all jalias e das of il 228 e anal) V)
22l glucosed! s sime Ji Lo azy Gusy fiverdl 4lay | Slal alalay 45 33 3 sall (e 48Ua Lndasy anall (lic adaptationd) cililec
glucosedu auall M5 335 glycogend) eSS e Jamy Cusy liverd! it Waxs 5 pancreasd! o« glucagond) oseos 31 (il 7

Approx 75-150 gms of glycogen stored in the liver to maintain the blood glucose
for about 12-24 hours (18 hr book )

The primary requirements for glucose is to meet the demand of the brain
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Second stage : gluconeogenisis

(glycogend! il J4) glycogenolysisd! ¢ 5 ¥ dal )l 8 (il gluconeogenesisd)

Gluconeogenisis is accelerated even before the glycogen stores are depleted

Protein breakdown in skeletal muscle = amino acids release into circulation
(particularly important are alanine & glutamine) = liver and kidney extract these amino
acids from blood = form glucose

The branched chain amino acids liberated by muscle protein catabolism especially
leucine and isoleucine are utilized by the muscle to give energy.

Alanine is transported from muscle to liver, transaminated [harmless form]
— pyruvate = glucose
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Blood

Gluconeogenisis




Third stage: Lipolysis

Jay 75 A glycerol be it <o | lipidsd) eSS o5 ¢usy | adipose tissued! Lla s ¢ s Ua) staged) ke
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Several hours of fasting will lead to a decline in insulin levels (high glucagon —
insulin ratio ) = this increases the breakdown of TGs (under the influence of
hormone —sensitive lipase ) = release of FA and glycerol in the blood

i . *TC = Tri :
FAs will be used as fuel by extracerebral tissues V€ = T EEesE
(muscles,liver,kidney)

Glycerol goes to liver where it will be used for gluconeogenisis




Lipolysis
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After 3 days of starvation =2 liver will now start forming ketone bodies (partial
oxidation of fatty acids ) = brain now start switching over to ketone bodies as a fuel
— heart can use the ketone bodies

Llxé (S1 (2nd source of energy for braind) Liixi ) ketone bodiesd! gz Uil starvationd) (s sl 3 2z
pHJ! Jl& 5 (stage 4J) Jiw ) acidosis Wlad = 5 A s acids oo 3oke Aledll L) cadl 5 | ) pal Liliwosy
After a week or more into starvation :
Ketone bodies become the major source of fuel for the brain, proteins will be
spared now.

With continued starvation,survival will depend on TG stores of individual . If they are
exhausted then the only option left will that be of protein (breakdown) rapid
depletion of protein may lead to death *TG = Triglycerides

ol g aall ey dgely il aedl (e i 3ge ) pelll




Fourth stage : Acidosis

Lipolysis cannot continue because excessive production of ketone bodies leads
to metabolic acidosis—>bicarbonate buffering capacity is exceed —>pH falls
and hyperventilation occurs as a compensatory mechanism

shyperventilationd) @b oo oanbll 4xia d pHJ) & 2 J sl aeadl (il geidosisd) vy W
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ME TABOLIG ACIDOSIS

RESPIRATORY CENTER is
STIMULATED

BLOOD pH < 7.35
HCO,- < 22 mEq/L

DYSPNEA

% ASSOCIATED SYMPTOMS are RE.LATED I
to the UNDERLYING CAUSE

U DIABETIC KETOACIDOSIS —> NAUSEA & VOMITING
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Fifth stage : death from starvation

Metabolic acidosis and dehydration, unless corrected efficiently, will lead
to death. A normal person has fuel reserves to live up to 45-60 days.
Examples are available in history. As part of the freedom struggle,

Sri Jatin Das took a fast unto death, who died on the 61st day of his
hunger strike on 13th September 1929.
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Question test :

<+What is the first mechanism of
adaptation ?

A. Glucogenogenisis
B. Glucogenolysis
C. Lipolysis

D. Gluconeogenisis
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Key enzymes under well fed
conditions, fasting and
starvation

By: Areej AL-Hur




*** Key enzymes under well-fed o e B
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Glucokinase Increase Decrease Insulin, glucose
Phosphofructokinasel Increase Decrease F-2,6-bisP, AMP ATP, Citrate
Glycogen synthase Increase Decrease Insulin, G-6-P Glucagon
Acetyl CoA carboxylase Increase Decrease Insulin, citrate Fatty acyl CoA
Fructose 1,6 bis Decrease Increase ATP, Citrate F-2,6-bisP, AMP

phosphatase

Pyruvate carboxylase Decrease Increase Acetyl CoA
PEPCK Decrease Increase Glucagon, corticoids INnsulin
Glycogen phosphorylase Decrease Increase Glucagon, AMP Insulin
Hormone sensitive lipase Decrease Increase Glucagon Insulin

Carnitine acyltransferase Increase Glucagon Malonyl CoA




*** hormone-sensitive lipase

- The main function of hormone-sensitive lipase is
to mobilize the stored fats .

HSL functions to hydrolyze either a fatty acid from a
triacylglycerol molecule, freeing a fatty acid and
diglyceride, or a fatty acid from a diacylglycerol
molecule, freeing a fatty acid and monoglyceride

hydrolyzing triacylglycerols, diacylglycerols, monoacylglycerols, and cholesteryl esters,
as well as other lipid and water-soluble substrates

Opallall (e i€ ) lila il ) Al Y




<+ Acetyl co-A carboxylase

- Acetyl-CoA carboxylase (ACC) catalyzes the
carboxylation of acetyl-CoA to form malonyl-CoA, an
intermediate substrate that plays a pivotal role in the
regulation of fatty acid metabolism
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< Carnitine acyltransferase

- Carnitine acyltransferases are a large family of
enzymes that play a main role in cellular energy
metabolism, i.e. fatty acid oxidation.

. These enzymes catalyze the reversible exchange of
acyl groups between coenzyme A(co-A) and carnitine




Question test :

< Which of the following enzymes is inactive in
fasting state ?

A.  PEPCK
B. Glucokinase
Cc. Glycogen phosphrylase

D. Hormon sensitive lipase
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THANK YOU

WE THANKS DR. AHMAD AL-SALEM FOR
ALLOWING US TO DO THIS SPECIAL
EXPERIENCE

“Learn everything you can, anytime you can, from anyone you can;
there will always come a time when you will be grateful you did ™
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