Chapter 16 Integration and hormonal regulation of metabolism
+x Hormones : diverse structure for diverse function
= Tissue-specific Metabolism : The Diversion of labor(tHAIC] EE)
- Small intestine, liver, muscle, adipose tissue, brain, kidney
+x Hormonal regulation of fuel metabolism
« 0besity and the regulation of body mass
- Feeding-Fasting cycle (A2-&4 F7])

1. Hormones : Diverse structures for diverse function
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1) E209| WA} MNI= Bioassay(MEstd 2AM)J QAELL.
- HRAPA WY =AW (Radioimmunoassay, RIA) @ S2&o]] Eo]%¢] A& o]-&sf]

%= o R ELISA(EAWASAH enzyme-linked immunosorbent assay)

2) Hormones2 E0|X0|1 ZXI2I=H0| =2 ME =2HE S0l =23t

3] RE2=2 VUSHHOE IO

« Endocrine @ o2 Fuj¥o] MEE Folrtyw FAAME =T
« Paracrine (A o] FIro R wH|E o] o] FA A ittt
+ Autocrine : &> AlxxAe] F& A Agtste] zH&-hrh
TABLE 23-1 Classes of Hormones
Type Example Synthetic path Mode of action
Peptide Insulin, glucagon Proteolytic processing of ]
prohormone
Catecholamine  Epinephrine From tyrosine Plasma membrane receptors; second messengers
Eicosanoid PGE, From arachidonate
(20:4 fatty acid)
Steroid Testosterone From cholesterol
Vitamin D 1,25-Dihydroxycholecalciferol ~ From cholesterol ) - .
o o L Nuclear receptors; transcriptional regulation
Retinoid Retinoic acid From vitamin A
Thyroid Triiodothyronine (T,) From Tyr in thyroglobulin ]
Nitric oxide Nitric oxide From arginine + 0, Cytosolic receptor (guanylate cyclase) and

second messenger (cGMP)

(D Thyroid hormones(ZFAA EZE ) : thyroxine, trilodothyronine
- A= AdOIRIL thyrotropin HE2EEE EHIE o Hvj€h
— Thyrotropin : #7441 A= hormone
@ Steroid hormones :
- aderenocotical hormones, sex hormones, vitD derived hormone
* These hormones are lipid soluble and rapidly pass through plasma
membranes into the cytosol of target cells
* Most steroid hormone receptors are localized in the nucleus
@ Amine hormones :
- water soluble hormones (epinephrine norepinephrine, dopa, dopamine)
@ Peptides hormones : 7| %< 2 (Insulin, glucagon, somatostatin), 774!
TE& AAEY AGEHE, HarAs e
« The pancreas has two major biochemical functions :
1st : produce digestive enzymes for secretion into the intestine
2nd : produce and secrete peptides hormones
+ Somatostatin inhibits the secretion of insulin and glucagon
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2. Tissue-specific Metabolism (ZZIEO0IWAD : The Diversion of labor
Each tissue and organ of the human body has a specialized function
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1) Liver processes and distribute nutrients
O Sugar : Glucose= ZFo. & E°{7}A] hexokinaseol <]3te] <14tz = of
glucose-6- phosphateZ A g+t
D Glucose-6-phosphate — Glucose, Glycogen
@ Glucose-6-phosphate — Glycolysis — citrate cycle
@ Glucose-6-phosphate — precursor for synthesis lipid
@ Glucose-6-phosphate — substrate for the pentose phosphate pathways

© Lipids
- The fatty acid components of the lipids entering hepatocytes also have

several different pathways

D Fatty acids are converted into liver lipids

@ Fatty acids are the major oxidative fuel in the liver
FFA may be activated and oxidized to vield acetyl- CoA and NADH.

* The acetyl-CoA is further oxidized via the citric acid cycle to yield ATP by
oxidative phosphorylation

@ Excess acetyl-CoA released on oxidation of fatty acids and not required by the
Liver is converted into the ketone bodies, acetoacetate andB-hydroxybutyrate,

which are circulated in the blood to peripheral tissue, to be used as fuel for

citric acid cycle.

* The ketone bodies may be regarded as a transport form of acetyl groups.
They can supply a significant fraction of the energy in some peripheral tissues
up to one-third in the heart, and 60 to 70% in the brain during prolonged fasting

@ Some of the acetyl-CoA derived from fatty acids (and from glucose) is

used for the biosynthesis of cholesterol, which is required for membrane
biosynthesis.

* Cholesterol is also the precursors of all steroid hormones and of the bile
salts, which are essential for the digestion and absorption of lipid.

(® Fatty acids are converted to the phospholipids and triacylglycerols of the plasma
lipoproteins, which carry lipids to adipose(fat) tissue for storage as triacylglycerol

® Some free fatty acids become bound to serum albumin and are carried
in the blood to the heart and skeletal muscles, which absorb and
oxidize free fatty acids as a major fuel.

* Serum albumin is the most abundant plasma protein; one molecule of serum

albumin carry up to 10 molecules of free fatty acid releasing them at the

consuming tissue where they are take up by passive diffusion.

* Cholesterol and cholesteryl esters are transported as lipoproteins
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D act as precursors for protein synthesis in hepatocytes

@ used as precursors in the synthesis of tissue proteins

8% X Il HAHES0l 20{SHt

@ are precursors in the biosynthesis of nucleotides, hormone, and other

nitrogenous compounds
@ deaminated and degraded to yield acetyl-CoA and TCA cycle

intermediates (amino acids not needed for biosynthesis of protein)

A 4

- Citrate cycle intermediates may be converted into glucose and glycogen via

the gluconeogenic pathway

- Acetyl-CoA may be oxidized via the citric acid cycle for ATP energy

- Acetyl-CoA may be converted into lipids for storage

- Ammonia 1s converted by hepatocytes into the excretory product, urea

® There is degradation of muscle protein to amino acid (fasting)

— These amino acid donate their amino groups to pyruvate (transamination), to

©

yield alanine, which is transported to the liver and deaminated

The

liver

is also active enzymatic detoxification of foreign organic

compound, such as drugs, food additives, preservatives, and other possibly
harmful agents with no food value.
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2) Adipose tissue stores and supplies fatty acids

consists of adipocytes (fat cells), &2 #2] 15% =}A|

- distributed under the skin, around deep blood vessels, in the abdominal cavity
A HkAke]l A S hepatocytesol A F2 ot} (triacylglycerol @ 65%).

- have an active glycolytic metabolism

* Adipose tissue :

- use the citric acid cycle to oxidized pyruvate and fatty acid
* Epinephrine< Adipocytes®] fatty acid &3] =73k},
* Insulin< triacylglycerol lipase®] &4& A gt}
* Brown fat generate heat rather than ATP during the oxidation of fatty acid

3] Muscle uses ATP for mechanical work
* Skeletal muscle :
- Active muscular work : 2F42] 90% ZAH]
AHA~ 9] 50% AH]
T2 ATP A4+

can use free fatty acids, ketone bodies, or glucose as fuel

- Resting human :
* Metabolism in skeletal muscle :
* Skeletal muscle :



« ogEs S0 Ot
D In resting muscle the primary fuels are free fatty acids from adipose
tissue and ketone bodies from the liver.
@ Moderately active muscle use blood glucose in addition fatty acids and
ketone bodies
@ Maximally active muscle :
- ATP 877} UHF AAX i a714 s5vtoes 93 olyxs Aikst
71o] Fwe Aot ARE AT Fogith
- Under these conditions, &% glycogen<= 23] 23] lactate® 3l % HA
glucose BHEAT 2&9] ATP A AsHo},
- At g = A58 oo ATPE A& gt

- Epinephrine glycogens 3ll3Fo] glucose A= FZIskt}

* Skeletal muscle does not contain glucose-6-phosphatase and cannot
convert glucose-6-phosphate to free glucose for export to other tissues

* Much of the Oz is used for the production of ATP by oxidative
phosphorylation in the liver

+ SKeletal muscle contain considerable amounts of phosphocreatine, which
can rapidly regenerate ATP from ADP by the creatine kinase reaction

* Heart muscle has a completely aerobic metabolism at all times
- Fuel : glucose, fatty acid, ketone bodies

- energy are stored in the form of phosphocreatine

Bursts of ' o -
heavy activity
Muscle glycogen Muscle: ATP produced by
glycolysis for rapid contraction.
Light activity Lactate y _
or rest Lactate«7— Glycogen
; 0, ATP
Fatty acids,
ketone bodies, :
blood glucose Phosphocreatine
Bursts Of Blood lactate Blood glucose
heavy activity
Creatine :
ADP + PI ATP Lactate 7—» Glucose
ATP
| Liver: ATP used in synthesis
| of glucose (gluconeogenesis)
during recovery.
Muscle contraction
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4) The brain uses energy for transmission of impulses

(D The brain of adult humans normally uses only glucose as fuel

@ The brain has a very active respiratory metabolism(Xt2A2] 20% 2H])

@ The brain 24 fatty acid or lipidE ©]-&& 4 gIA% glucose 7} 2% 7+
o 5] 34 ketone body = B-hydroxybutyrateE o|UA| Qo & AFE-E 4= 9]

o) Blood carries oxygen, metabolites, and hormones

* The average adult human has 5 to 6 L of blood

* Almost half of this volume is occupied by three types of blood cells

D Erythrocytes (red cells) : Os, CO: Carry

@ Leukocytes (white cells) : immune system

@ platelets blood clotting 3 8-

* Blood plasma (8 7%): liquid portion of blood

* Plasma protein : immunoglobulin(circulating antibodies), serum albumin,
apolipoprotein, transferrin fibrinogen, prothrombin

* The concentration of glucose dissolved in the plasma is also subject to

tight regulation.

3. Hormonal regulation of fuel metabolism
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TABLE 23-3 Effects of Insulin on Blood Glucose: Uptake of Glucose by Cells and

Storage as Triacylglycerols and Glycogen

Metabolic effect

Target enzyme

T Glucose uptake (muscle, adipose)

T Glucose uptake (liver)

T Glycogen synthesis (liver, muscle)

1 Glycogen breakdown (liver, muscle)

) Glycolysis, acetyl-CoA production (liver, muscle)

T Fatty acid synthesis (liver)
T Triacylglycerol synthesis (adipose tissue)

T Glucose transporter (GLUT4)

T Glucokinase (increased expression)
T Glycogen synthase

1 Glycogen phosphorylase

T PFK-1 (by T PFK-2)

) Pyruvate dehydrogenase complex
T Acetyl-CoA carboxylase

T Lipoprotein lipase

_10_
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TABLE 23-4 Effects of Glucagon on Blood Glucose: Production and Release of Glucose by the Liver

Metabolic effect Effect on glucose metabolism Target enzyme
7 Glycogen breakdown (liver) Glycogen — glucose 7 Glycogen phosphorylase
e Glycogen synthesis (liver) Less glucose stored as glycogen i) Glycogen synthase
1 Glycolysis (liver) Less glucose used as fuel in liver L PFK-1
7 Gluconeogenesis (liver) Amino acids T FBPase-2
Glycerol —> glucose 3 Pyruvate kinase
Oxaloacetate T PEP carboxykinase

T Fatty acid mobilization (adipose tissue)

T Ketogenesis

Less glucose used as fuel by liver, muscle

Provides alternative to glucose as
energy source for brain

T Triacylglycerol lipase
Perilipin phosphorylation
T Acetyl-CoA carboxylase
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3) During starvation, metabolism shifts to provide fuel for the brain
(32 710k e gate He) dRE IFHES WaT)
TABLE 23-5 Available Metabolic Fuels in a Normal-Weight 70 kg Man and in an Obese 140 kg Man

at the Beginning of a Fast

Caloric equivalent Estimated survival

Type of fuel Weight (kg) (thousands of kcal (kJ)) (months)"
Normal-weight, 70 kg man

Triacylglycerols (adipose tissue) 15 141 (589)

Proteins (mainly muscle) 6 24 (100)

Glycogen (muscle, liver) 0.225 0.90 (3.8)

Circulating fuels (glucose, fatty acids, 0.023 0.10 (0.42)

triacylglycerols, etc.)

Total 166 (694) 3
Obese, 140 kg man

Triacylglycerols (adipose tissue) 80 752 (3,140)

Proteins (mainly muscle) 8 32 (134)

Glycogen (muscle, liver) 0.23 0.92 (3.8)

Circulating fuels 0.025 0.11 (0.46)

Total 785 (3,280) 14

“Survival time is calculated on the assumption of a basal energy expenditure of 1,800 kcal/day.
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- do] M5 7F AHE FElA FalF] Ao Al 1] (epinephrine, norepinephrine)
=
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TABLE 23-6 Physiological and Metabolic Effects of Epinephrine: Preparation for Action

Immediate effect Overall effect

Physiological

T Heart rate

T Blood pressure Increase delivery of O, to tissues (muscle)
T Dilation of respiratory passages

Metabolic
T Glycogen breakdown (muscle, liver)
N Glycogen synthesis (muscle, liver)

Increase production of glucose for fuel
T Gluconeogenesis (liver)

T Glycolysis (muscle) ' Increases ATP production in muscle

T Fatty acid mobilization (adipose tissue) Increases availability of fatty acids as fuel
T G.Iucggon sec.retlon ]f Reinforce metabolic effects of epinephrine
4 Insulin secretion
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- oy 71 2EH (82 3E, 83, &8, 49 JI0l 3= FA5EE5E
FEE| IRl FEEQ] FA?J oS 73k
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ol #g3soh
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6) =Y =9 e EEE 20| HBIOT WM}
* Al 18 9=(IDDM) : Sl&d oFd I
« A 28 F=(NIDDM) : ﬂ%% H o] EY T
« $wi F4 0 O& Slpolydipsial, OHe &, TH=Z(polyuria)
x i (glucosuria) @ Fol| thEke] o] wjA
+ GEHO EM  FJdoriY FFIALE FFEA 1T
= ZFel A A Akel B ARSI sHA] dojibE Aloltt
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WAL s A4S AESFolg 3 AL JaPwH oo pH7F Ao
=lo] ketoacidosisS(HIELAS)E st
« S XIG : Glucose tolerance test; 2S£ 0IAAN
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4. Obesity and the regulation of body mass
- " WS A A FAS=(BMDE A 9]
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2] LeptinE A2 Hi(anorexigenix) peptide 2 E=0| WAS FZXITH

- FA(arcuate nucleus)oll A F F7F2] AAAMEZL AE A HAE =
O A3 MFME
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