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ENERGETICS METABOLIC RATE, DIETARY
BALANCE and REGULATION OF FOOD INTAKE:

After the chemical transformation of food into smaller food stuff:
and thew absorption, food stuff will undergo many processes by the cell

i human body 1o produce energy for thewr acuvities

The energy produced by these reactions is stored in highly
encrgetic phosphate bonds in a compound known as ATP. The formed
ATP then s used for body works which could be as ¢
works These nclude:

xternal or internal

Chemicsl works: building of cellular components, secretion
Mechanical works: muscle contractions, heart pumping, €1c
Electrical works: after nerve conduction by maintaining a
concentration gradient for K+ and Na+ across membrane by the
activity of Na+/K+ pumps and other pumps)

Another highly energetic compound that can transier energy (when
mbxﬂ’s phosphocreatine. This occurs by the following

¢+ ADP S ATP + Creatine

X ] : pﬁﬁmnmgc of energy in this
. ﬂlﬁ ADP when there s
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| he aerobic energy 1s produced by enzymatic reactions (chemical
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JOWNR 01 To0d stuft will result i the formation of H,O and CO

in e case of chemical buming ol glucose. we have the following

reactioy e Hi O = 60,2 6H,0 «6C0
! - . — . | " s i \ ) | B !
react 1o we can calculate i'\L\"\,i‘”n[\ l.liiqﬂlbﬂl it '
I_- : :I- ;‘_. __‘_'__xk‘_:'- _: CONSUM :_1 .‘-t on ‘._'.i:.ii_"“(h IS 'u.__.:tl as a source "]
SNCTED
In this reaction (RQ) = COy0O; = 1.0 in the case ol glucose break
down

When fat 15 used as source of energv, RQ = 0.7
When protein is used, RQ = 0.8

The RQ when mixed food stuff 1s used = 0.82
From the respiratory exchange ratio by the lung over & period of

time we can estimate the respiratory quotient for all body to indicate the
~ main type of food stuffs used for metabolism in the body.

onversion
is known as the
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Basal conditions:

h
in slee : Sfrsnn o whom we intend 1o measure the metabolic rate is not
P and the following basal conditions must be met:

| No eaten food for at least 12 hours
measurement after a night of restful sleep.

No exercise and physical activities in at least one hour
prior to and during the test

elimination of all factors that may cause excitement

comiortable temperature during measurement

it g

Measurements of metabolic rate:

The Calone s the used unit for meas suring heat produced by the
body. Calone s peiled wath C capial 1o mean Lkilocarie (1000 calories)

Direct calorimetry:

Measunng the heat produced with direct methods by
calorimeter (an msulated chamber constructed with a constant rate
of water flow (in and out) to measure the heat taken by the flow of
WEICT ).

Indirect calorimetry:
Closed circuit method:

$ 156, More than 95% of the energy is produced by oxygen
mdﬂﬁﬂl reactions. The rate of heat production can be
a * o ated from the amount of oxygen consumed. The heal
e« h’ﬂw h about 4 825 Calories per one liter of
: ; ma'm! of oxygen). By using the

by equipping it (filling it with pure

(pired air o subslnnce to adsorb

[
B
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1OO0mMI X 12 = 12 Liters hour

For that amount of oxy gen consumed
the energy produced is

12 htershour X 4 825 Cal 'liter §7 Cal 'hour

We can have the surface arca of the body from tables designed (o

have the surface area by knowing the weight and height of a person
itwe haveitas 1. 7Tm

(hen the amount of heat produced 18

$7 Cal hour /1.7 m’ = 34 Cal hour /m

The basal metabolic rate can be related to the ideal basal metabolic
rate and expressed as a % increase or decrease from the ideal basal
metabolic rate for that person

Opened Circuit method
Other indirect methods are used for measuring metabolic

rate during certain activities is by using opened circuit methods:

In these methods a bag is used for collection of expired air duning

By knowing the concentration of oxygen in the atmosphere and in
collecied air. We can know how much oxygen was consumed and then

~ we can calculate oxygen consumption and the metabolic rate in the same

B

on th thiu.

bt .
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Climate
t
lc‘IC metabolic rate for |1¢np|e iving in tropical regions 18
s

Fever
during infection there is an increase in metabolic rate

A -
Malautrition Decreases metabolic rate

EfMect of hormones:

Thyroid hormones: increase the metabolic rate
\1-‘“ SeX hormones ing fCASCS the ba al mi tabolic rate
by 10.] 89,

rowth hormones. Increases metabolic rate byl 5-20%

Effect of sympathetic stimulation: increases metabolic rate

DIETARY BALANCE:

As mentioned above food has energetic values. These values must
be sufficient to supply the metabolic needs of our body. The mixed food
contains different proportions of proteins, carbohydrate, fat. minerals.
vitamins, eic. An appropriate balance must be maintained between these
materials to satisfy the needs of our body for its activities.

The energetic value of food depends on its constituents of
carbohydrates, proteins, and fat. The available energy in food swff
by oxidation is about 4Cal/g carbohydrate, 9Cal/g fat and

generated
MW (in the living systems is less).

X 'Jﬂmmm store of protein we need an intake of about
lfﬁu long time some constituents of food sl are
nerate some diseases. The absence of proteins from the
resu '_'hlwumo known as Kwashiorkor.

rac -s ze -by(!lilurc (0 grow,
n lhlt may result
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To create a newtral balance, we must have food (ynput) with

energetic values that balance the ¢ xpenditure (output)

If there 18 an ncrease in encrgy inpul over the outpul this will
['his can be induced when there 15 an

result in a positive energy balance
itures. In this

intake of food with encrgetic values
case the unneeded amounts are stored in our body

greater than expend

juirements this will

. and this

25 than the body encrgetic e

If the input 18 le
body begins using i5 store

result in a megative balance and the
will result in a decrease in body weight.

Normal adults usually mamntain a constant body w e1ght [his
erm balance hetween the input and the

lace by control systems that regulate the

ditures (output).

appears by maintaining 8 long t
output. This balance 1S taking p
magnitude of the mnpul according to the expen

REGULATION of FOOD INTAKE:

Hypothalamic control of food intake:
(hunger, appetite, and satiety)

In the hypothalamus there are cenlers that control food intake.
These centers are known as feeding center and satiety center. Stimulation

of the lateral hypothalamus will result in an excess of feeding
ia). While stimulation of the ventromedial nuclei of the

ey will cause satiety feeling. The destruction of these centers
- will induce an oppesiw effect of their stimulation. Thus the feeding center
% ,;.':q!l_-___ﬁmﬂm the satiety center tell us (o stop eating.

~ Other arcas. mmmamhu amygdala and
ror . brain are known to contribute in the regulation of
¢ he de

»

estruction of
dness’ in
ontrol to the
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Theories of food intake regulation

ferm regulation

Glucostatic theory of hunger and feeding regulation:

Itis known that the decrease in blood glucose causes hunger
While after meal when there i1¢ o plenty glucose in the metabolic
pool this will cause satiety. Others have related this theory to an
increase in glucose utilization by the effect of insulin rather than
thc cancentration ol !._'hu'mc i blood Insulin 1s released when
there 15 an increase in the E‘-lll\;rmg level of blood And the increase
i this hormone will cause an increase in glucose utilization and
production of ATP by cells which in turn initiate neural signals thal
act i the hypothalamus to stop feeding

Lipostatic theory:

According to this theory, the presence of some fat products
i the blood such as keto acids and some fatty acids act to inhibit
feeding. Other studies have related the lipostatic theory to the fat
storage in adipose (fa1) cells. The presence of high storage of fat in
these cells results in the secretion of leptin hormone (hormone
produced by adipose cells) that acts on specific receptors in the
hypothalamic centers to reduce feeding behaviors. This hormone 1s

important in long term regulition of the body weight.
Aminostatic theory.

‘ The concentration of amino acids in the blood has an effect

'+ ".- ;’Eg'-,-')li;' o

ature and its re

Iﬁ.ﬁon— to food intake:

* 5 e
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Pesychosocial factors:

Eating is mfluenced also by psychological and social factors
E‘m! 3 meals per das no matier of our hunger and sanecty status E
determined by psychological factors. The missing of one meal let
you feel hungry. Also food plays an important role in our leisure
and entertainment because of our social customs The pleasure by
cating food with an enjoyvable smell and taste will increase appetite
and conseguently food intake

2hort term regulation of food intake:

These are rapid signals that affect feeding

Gastrointestinal filling:

Eating will cause distension of the stomach and duodenum
and activation of signals that are transmitted by the vagus to

suppress the activities of feeding centers and thereby stopping food
mitake

Hormeonal factors:

The presence of food in the in the gastro-intestinal tract will
result in the release of hormones. Many hormones have been known
to affect feeding behaviors such as cholecystokinin and insulin,
Cholecystokinin is released in response (o fat in the duodenum.
Insulin is increased by the presence of food in duodenum and the

~ high level of glucose in the blood. The presence of fat and

. carbohydrates in chyme will stimulate release of GIP (gastric

.~ imhibitory peptide). This hormone acts also to increase insulin
 release Mmﬁc islets, Other name for this hormone is
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]hﬂ h“"lﬁl"'-"“"‘ --Uil.! l!:c -h-‘ﬂlh m lactlors .-ll |.;1».|||k1_||..n‘ arc pln“l.‘lhl\
'icndmg SIEN als to the hxpnih lamus. Some neurotransmitiers that arc¢
released in that area has been known to affect the feeding behaviors Such

as neuropeptide Y, dopamin and serotonin

OBESITY:

d imbalance
w balance) for

2Tl A . - atal . - = -
taeen '\‘ INTaL ."i'_Elll'i. \.\i"l".lt'llul ‘p']'““'k ENnergy

1 ry .
Obesity results from mamtamed and contimue

a long time. which results in the deposition of fat in the adipose

1 1

Yoesity is defined as an increase in the amount of adipo
tissue bv more than 20% of the ideal body w cight. This term 2
deferent from overweight which represents an Increase in the bod}
weight which can be related to the increase in the muscle mass

rather than an increase in the adipose tissue in the body

Causes of obesity:

As mentioned above, we have long and short-term regulatory
mechanisms that regulate food intake. The abnormalities in these
mechanisms that result in decreased responses of the hypothalamic
centers to the signals that induce the stop in feeding will result in
continuation of feeding and this will result in the generation of

obesity.
s, Neurogenic abnormalities:

~ Itisknown that lesions in the satiety center (ventromedial
lei) of the hypothalamus will cause excessive cating and as a

o
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comple “[_;' f:;‘;;}":f:lll:"lj:l;:(;:]l: ru.ns in famihies. Due 1o Ihe
theoretically responsive in obes sy g abnormalities could be
genetic abnormal obesity. Recent studies have Ilr\Led the
e r;u: :ll(‘w l;]r OR gene (leptin producing gene in
in the l;nd'x I'i. ‘p‘m inhibits feeding and increases the metabolhic rate

' : ¢ congenital absence of this gene or the presence of a
defective gene (due to mutation) will result in the generation ol
obesity. Other studies have related the genetic abnormalities (o

I" s B = ghain

CPUn re CepMoT l1r‘-.‘i_“1 INg gene
™
. \'.\ '_t""-‘i:‘_‘:‘!lf [‘}.-1(.‘.

Obesity can be determined by our eating habits Mhese habits
indicate thai healthy person must cat 3 meals a day and these meal
must be filling meals

Some people are eating 10 release their (ension This happens
during or afier stress. Others develop obesity after emotional
disturbances or in the case of mental depression

Childhood overnutrition:

The overnutrition of a child will result in new formation of
fat cells. This will increase the capacity of adipose cells to store
more fat. While the ovemutrition of the adult will result in the

of the existing fat cells rather than the formation of new
fat cells. It is suggested that the overnutrition of the child will result
 ina lifetime obesity by increasing the number of fat cells i the
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Depletion of body stores during starvation

ally the bady Preicers o arbohvdrates as a source Ol ENETEY ULl
roes. The availability of carbohvdrates in the body | limited
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n mainly in the hiver and muscle Inthy

-

o provide the metaboli pool with glucose I'his can supply the needs of
the body for few hours only. Therelore, i there is starvation, after few

hours the body will begin using other stores (fat and proteins) o proy ide
energy supply for the body needs

there s a breakdown of glveogen by a process known as glvcogenoly

The energy stored in the body as fat is about 100 times greater than
carbohydrate energy. The body will begin using the fat as a source 0 {
energy &t a constant rate over the starvation period. The utilization of fat
and the conversion of fat products to ketone bodies will induce acidosis in
the body. Brain can use these ketone bodies as a source of energy because
these can pass the blood brain barner.

~ Proteins undergo three phases of depletion. In the first phase there
~ is a rapid depletion followe by a slower rate of depletion then n the
depletion that appear before death. In the first
s that are easily mobilized from the
1 metabolism and for the
N ..‘_.;:‘."l esis. Inthe .
1 as well as the rate




