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PREFACHE

Biology is a rapidly developing branch of science. The major advances being
made continuously affect our life on earth. Some of these important advances are
included here.

The results of a recent survey on the attitudes towards existing literature avai-
lable to high school students showed that many were unhappy with the material used
in teaching and learning. Those questioned identified a lack of the following: ac-
companying supplementary material to main text books, current information on new
developments, clear figures and diagrams.

This book aims to improve the level of understanding of modern biology by
inclusion of the following: main texts, figures and illustrations, extensive questions,
articles and experiments. It is the intention and hope of the authors that the contents
of this book will help to bridge the current gap in the field of biology at this level.

This book has been carefully reviewed and the language is considered suitable
for students for whom English is a second language.

To the students

Being curious students, you may have wondered why you resemble your pa-
rents or why you need to breathe. In this book, I try to summarize some major subjects
of biology. These are the most promising and perhaps the most complicated subjects
of modern biology.

Group work will greatly enhance your learning abilities as well as give you an
opportunity to share your knowledge and experience with your friends. I hope that,
being assiduous students, you will work hard throughout this academic year and do
your best to satisfy your scientific curiosity and, of course, to pass all of your exams
successfully.

The author
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At the end of the chapoter students must be able to;

. Describe the nutrition concept.
. Define the photosynthesis.
. Compare between the light and dark reactions in

photosynthesis.

Explain the role of chloroplast in photosynthesis.
Explain the importance of pigments in photosynthesis.
Explain the importance of water and carbon dioxide in
photosynthesis.

Describe the concept of chemosynthesis.

Explain the nutrition concept in animals.

. Understand the nutrition mechanism in amimals.

10. Know the types of digestion in animals.

|1
12

13:

1 4.
1 5.

. Explain the intracellular digestion.

. Compare between the complete and incomplete
digestive tracts.

Explain the movement of food materials in digestive
tract.

Explain the functions of bile and pancreas secretions.
Define the food pyramid.
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NUTRITION AND DIGESTION

Introduetion

All organisms, primarily human need energy to survive, They get this encrgy from feod they produce or from the
surmaundings,

Sun 15 the main source-of energy onearth, Lite on earth depends on sun Light energy. Planis absorb sun light enerpgy
by chiorophyll in their chloroplast and convert sun light energy into chemical energy. As a result, plams produce their
own food. Plants get water, carbondioxide and necessary minerals from their environment. Organisms which can produce
their own food are called as antotrephs, Most of sutctrophs are photesynthetic orgamisms and contain chloroply]].

Some kinds of hacteria dom’t use sun light energy bt they use chemical bond energy 10 synthesize the organic
materials.

Al mimnals are heterotrophic organizms becanse they can not produce their own food, Most of animals ger ener-
gv from plants for mntinuil}' of their generation and survival, Some animals gef it from other animals, And these ingested
food digestion to be used as source of enengy.



( Chapter 1 ) —

Nutrition in Unjcellular Organisms

Unicellular organisms can be autotroph or heterotroph. Primitive au-
totrophic organisms can produce necessary onganic materials by using sun light
energy but they can take food from environment and feed heterotrophically.

Fuglena is an autotrophic organism hut it has heterotraphic types also.
Euglena diverse in nutrition because autotrophic types get food from environ-
ment in absence of light and if live in dark continously lose its chloroplast and
live as heterctrophic organism for rest of life,

Unicellular orgenisms can get food by phagoeytosis. In this mutriti-
an type cell membrane forms pseudopodia and surround the food. Then these
peevsdopods wnite surround the food and a food vacuole §s Formed in cviop-
lasm, This vacuoke fuses with lysosome which contain digestive enzymes afier
completing the digestion, the digested food pass to the cytoplasm and wastes
are removed by exooyiosis.

Pseudopods

Food Vacuole

Flgure 1.1 Phagocytosis in Amoeha

In saprophytic type of nutrition digestive ensvme seereted out of cell.
Materials formed as result of extracellular digestion are transported to the cell
cyloplasm,

Digested food materials may pass by diffusion which is the movement of
materials from high concentrated medivm 1o low concenrated medium without
Using encray.
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Mutrition in Plants

Platosvathesis

Photosynthesis 13 an anabolic resction in which water, carbon dioxide
and light energy used, glucose and oxygen are produced.

Plratosvntedy con be shower e ehemidesd Senndo ay follows;

sui Photosynthesis carried out by chioroplast in eukaryetic cells.

Stricture af Chioroplast

The chloroplast s the organelle where photosynihesis occurs in pho-
tosvithetic cukarvotes, The organclle is surrowmsded by a double membrane,
Inside the inner membrane is a complex mix of engymes and water. This is
called stroma and iz imporant as the site of the dark resctions,

Embedded in the stroma there is a complex network of stacked sacs. Each
stack is called a granum and cach of the flatiened sacs which make up the gra-
num 15 called & thylakeid. Each thylakoid has a series of photosvstems contiim
chlorophyll, Thylakoid membranes are the site for the light reactions in which

light energy is converted to chemical energy needed for the Calvin cyele in the
dark reaction.

Chiloroplasts in Elodea cells

(i CroscopIs image )
Duter membrans Stroma

Granuim

Figure 12 Struciure of chloroplast
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( Chapter 1 |

Photosynthests consist of light and dark reactions sccording to scien-
tist Blackman,

Figure 1.3 Photosynthesis consist of light and dark renciions {Calvin cvcle)

a. Light reactions

There are chlorophyll pigments in thylakoid membrane of chlorop-
last and they absorb sum light. One electron separates from the chlorophyll
pigment when i1 is activatesd by light and this eleciron ransport dlong the efe-
cirom iransport sysiem (ETS). During this transporiation electron Iose energy
and losted energy is used in production of adenosine tri phosphate (ATP)
milecule, As poresult light energy transformed inte chemical bond eneray,

Water is split into hydrogen (H) and oxyvgen {O4) as a result of light
reaction, Hydrogen reduce the NADP (Nicotinamide Adenine Dinucleotide
Phosphate) and forms the NADPH .

Radiant Energy ~ —* Chemical Bond Energy
Sun (ATP, NADPH)

AT and NADPH are two imporiant compounds of fight reactions.
b, Dark Reactions (Calvin's Cyele)

Durk reactions take place i stroma of chloroplast. | Fizore 1.3) Light s
nicd used directly i these resctions bot the products of light reactions {ATF and

NALDPH) are used and €O, is reduced. AT and NADPH are used for reducti-
on. At the end of dark reactions carbohydrates or different organic materials are
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tormied. Dark reactions are also called as Calvin s evele and its discovered by

screntist “Calvin™

| v peene Ay e SERIeRTEedd oy feadd

Chemical Energy — Chemical Energy
(AT NADPH) Carbohydrates
& =1carbon 3x COs
g-cre 3% RuBP
'E,.-""HHE} Mmﬂ'n:-gﬁuﬁle (3-PGA)
O | Fl
6 ADP +8 P
6 ABP + & P
i NADFH
6 [MADRS + 6 H*

Fagure

1-4 Calvin cycle

Figire 1-5 Photosynibhe
- Blue-Cireen Alae

tle o

TN E

B- Seaweed

- Sequoia

By s Know?

Stored enegry in body of organis-
ms cion be used for many years.
Caonl and petrofium contein enerey
which sioped by photosynithesis:
before thousand of vears.
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Photosynthetic pigments

Pigments are molecules which can absorb light with distict wave length
and other light reflect or pass through it. Organisms are vary according to type
of chlorophyll they have. Chlorophyll A and B have active role in photosynthe-
sis. Carotinoids have role in photosynthesis.

Chlorophyll can absorb most of purple, blue and red wave length. Ch-
lorophyll reflect most of green wave length so it is in green colour. Chloroplasts
may contain chlorophyll A and B, carotinoids, xantophylls and other pigments.
Xantophylls are yellow colored and insoluble lipidios pigments and appear in
autumn season.

Table 1-1 Pigments used in photosynthesis (For study)

12
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Muterials nsed in phitosymifesis

Photosyothesis is a seres of reactions in which simple monomers are
used and complex polymers are formed.

i, Warer

Watcr is an essantial reactant of photosynthesis, Water is absorbed di-
rectly through cell wall in aguatic plants and transported to the chloroplast.
Plaris tuke large amount of water from enviromment, but only 1% of this water
used in photosynthesis and remain water lost throwgh stoma by transpiration.

Termrestrial plants absorb water from soil by roots and transport it to the
mesophyll laver of leaves where contain large amount of chlorophy 1l by xvlem
vessels.

mome phistosynthetic bacteria don’™1 mse water as source of hydrogen
{H} but they use aleohol, organic acids or hydrogen sulphur{H+8) For example
reaction in green swlphur bacteria as follows:

2H.S+CO, + Light/Chlorophyll — 28 +(CH.0)+ HO

b Carbie dioxide (007 )

Planiz absord corbopdioside from atmosphers by stoma which found
in leaves and vae it in photosynihesis. When carbondioxide concentration Jec-
rease in leaves the absorbed carbondioxide diffuse in spaces of mesaphyvll la-
ver Carbodioxide dissolve m water and pass easily through the cell wall and
resch the chloroplast in cxtoplasm o be used in photesyathesis.

Faetors affecting the photoxynthesiv
I, Warer

Water is used in light reactions of photosynthesis and NADPH formed
a5 g resull, NADPH iz wsed by dark reactions of photosynthesiz for organic mate-
rial synthesiz. Hydrogen molecules used in dork reactions decredse as a result
ol decreasing in water Fevel, Decreasing in water level causes (he decreasing of
osmetic pressare in puard cell of stoma then stoma closes and zas exchange
decrease therefore transmission oF carbondioxide 1o the cells decrease and @t
last photosynthesis level decreases too.

Adsp photesynthesis level decreases when water level decrease in leaves they
crizped because it affects the strecture of chlomplast,

13
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2. CarhondioxiderCO;

Atmosphere is main source of carbondioxide. Respiration of organisms
arid burning fossl products relesse cachomdioxide 1o the atmosphere. Concent=
eation of carbondioxide in armosphere is 0.0 %6, Increasing in carhondioxide
concentration causes increasing in photosynthesis level,

3. Lighr

Light is source of energy for photosynthesis are two kinds of
plants socording to their respond to light. They are shadow plants and sun
planis. Each kind of planis can grow ar a different level of ight, So less or
more light affects photosynthesis level adversely, Light wavelength affects the
photosynthesis level. Photosynthesis level i high in red and blue wavelength
becuuse chlorophyll absork most of light in these wavelength.

4. Temperature

Temperature affect the dark phase of photosynthesis most since its re-
actions are catabvsed by enzyvmes. Any increase in temperature up o approsi-
mately $0°C pecelerates the rafe of phofosynihesiz, Above this lempermiurne,
reactions slow as proteinacecus enzymes denature and it causes decreasing in
photosynthesis level.

5 Minerals

fron EFE:? snd Magnesim IM!EJ are minerals that dissalve in soil. In-
sufficency of these minerals chlorophvll and photosynthesis rates dec-
reases, There are other elements impotiant for plants. For example Phospha-
fe Found in structure of Ribulose diphosphate and Adenosine i phosphate
(ATP) , which are important molecules in photosyvathesis. Manganese and

Maugsnesium are imporiant elements and they are important for activation of

engyvimes used in light and dark reactions.
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&, Nl verrifaifon

501l ventlation helps root cells o pbsorh more oxyeen. Insufficency of
axygen m soil couse rool cells to lose their vitality. Roots cannol absorb enough
water and mingrals and it affects the phatosynibesis adversely,

7. Pl diseases

Viruses, bactenia or fungi infect the leaves of planis and decrease
rate of photosyathesis.

&, Atmosplreric pollutant

Dust, pesticides and smoke of faciones effect photosynthesis directhy
of indirectly, These pollutanis can close the stoma on leaves of planis, Then
enough carbondioxide cannot be absorbed and rate of photosynthesis decrease.

Y, renerical factors

Thickness of cuticle laver on surface of leaves, number of stoma,
simuciure of cells m mesophyll layer, number of chloroplasts and amount of
chloroptwl] they contmm are genetical fctors which effect the photosynthesis.
Alzo enevmes which uzed in phoiosynthesis and production of chlorophyil
synthesis-are genstical factors.

Leaves and photosynthesis

Watcr nnd carbondinxide are used in photosynihesis. Water absorbed
by roots and tansported by xylem vessels i plants. Carbondrox sde 15 absorbed
by stoma and difTuse 1 the chloroplasiz, Eemember chloroplast consist of two
main paris; grana and siroma. {fGgure 1-2).

There are chlvrophyll A and B inside the thylakoid membrane. These
pigments absord sun light Beaction in which carbondioxide used iake pla-
o n stromi and organic matenals are used at the end of these reactions,

16
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Prgure 1.6 DMainutribbon o

plants

| I.'l. |

Plant with number | grown in
T w _:|'_| Lt il I'::-!‘_-.'I'l.
Plant with number 2 grown
in medium with all necessary

mterials,

iEh

Plami with number | grown n

ITDEEELIEN. WIREROLN "'|Il"-‘-|"!'-.'l'|:!-

1 il 1
Plant with mumber
medinm with all necessary ma-

teriills

SroaTE 1IN

In absence of any wecessaTy mhik-

terutls plont prowth slow down

hemosyaihesis

soame kinds ol bactersa prodoce thaeir own [ood by chemosy nihesis
[norganic materialz are converted dnmn the O marerials withol un |ij_1|l'-
These bacteria get necessary energy for production of organic substances by

oxidizing some nerganic matenials. There are some kinds of this bactenia;
) NI s s

Ihiese bacteria found in soil and conven ammoniz (NH. )} indo nitrate
(N0 s foallows

ZNH, + 30, Mt rosomi INO, +IH 0+ 2H + Energy
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B. Nitrohacter

These bacteria found in soil and can convert nitrate iN'l'}: § iniey mitra-
de (N} as follmes;

ING, + Oy Nitrobacter , 2NO; + Energy

C. Sulphur bacteria
These bacteria found in sulphuric water sources, These bacteria

oxidize hydrogen sulfide into water and sulphur. Energy produced at the
end of reaction and vsed in reduction nI‘f_'l:!:.

IS + 0,  Sulphur bacteria, 28+ 2H,0 + Chemical energy
M5+ €O, Chemical enersy |, (CH,0) + 1O + 28

These bacteria are called as chemonuioirophic organisms because
they get necessary energy by oxidizing inorganic material to produce food.

Muteition in animals

Animals are heferotrophic mg,anisma. because they get organic food
materials from plants or other animals. But these food panticles are not so small
tor pass throweh plasma membrane so they need digestion.

Animals are divided into three groups according 1o source of food;
herbivores, carnivares and omnivires.

17
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Figure 1.7 Amphitrite

Thiss jemial Teed on d|,'|'||,_:l,-nl:i and live
m decp sand of walcr. Has miany fe-
cding tentackes extended in differem
direciions and covered with mucous
Tenemebes caplure the Tood and then
send I po the mouih,

( Chapter 1 ) ———

Ingesied large food particles are broken down mito their monomers and
trunsporied to the bady cells by circulatory system. Monomers like ple-
cose are broken down by cellular respiration in ¢ellz, energy and heat relepse al
the end of reactions, All of these reactrons are called catabolism,

Feeding mechanisms

All organisms need 1o get food 1o survive and they have different adap-
tations @ do i There are dillerent methods of getting food among animals,
some of them are;

1= Divect el

COnly linle amount of animals take the food direcily from environment
They nre parnsitic organisms zot the ingested food in form of monomers from
the host. Some kinds of worms like tapeworm 15 an example for these ammabs.
Some aquatie inveriabrate anemals pet some food directly From water.

2- Feeding on planktons

Flankions are tiny arganismscan be plant like (phytoplankton) or animal
like (zo0 plankions) which live in sea amd ooeans, They hunied by inver-
tabrate and vertabrate amimals by filier feeding method. Wormes, bivalves and
cephelochordates take the planktons with water in their body and capiure them
by mucous i their mouth and send them te their digestive tract. Some animals
have cilia around their mouths o capiure the planktons.

Some ammals feed on accumulnted orpanic materials i the deep of
water and this kind of feeding is called deposin feeding. Some kinds of heni-
chordata and some insects are examples for i, Figure (1.7)

I= Feeding on solid particles
Awnimals hoeve odiffereny Body stpecIinres aoonrsE 9 vpe G BRI

A, There are cutbing regions in mouth of invertabrates to inerease surface area
of foed to aceelarate the digestion,

B. Insccts have chitinous tecth, tongue and absorption whes. They involved m
detection, grnding and absorption of food particles.

Mergis from invertabraies bas muscular pharynx supporied by chitinous teeth,
Fharynx extend out of body caplure the food and take o the body quickly.

L, Some vertabrates cateh their prey strongly by their front extremites and
paralise them by poison secretion,
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Complete chewing is performed only by mammals which have four different kin- Do vou know?
ds of teeth. Each kind has a different function as follows:

EBephants use their canine teeth
A. Incisors;: They used in hiting and cutting for defence and antack.
B. Canimes: They used in pamition, especially meat [ibers.
C. Premolas: They vsed in chewing and gnnding.
. Malars: They used in chewing and grinding

Human also have these kinds of teeth. | figure 1.8} Teeth are differemt
in animals pecording to tvpe of nuintion. Herbivores have not canine feeth but
have more developed molar teeth,

Incisors in rodents grow contirously during their life span, Bl they
corrode gradually to limit their size.

Enamcl —_-H" R
Crown
Gum 4*
Dentin
il : "
Pulp <~ Add to your informatien
Root
Some dnvertebrates  have  rodent
mouth parts. Grasshopper & an
- exumple for pnimals which his prws
invialved in cutting and grinding,
A
Bono
Ircrzar | i Caniria Pramalar Milar
i F

Figure 1.8 {A) Human Toath unatomy

I_H-:- Kinds of tegth im mammals, Many Kinds of animals have teeily

bor cutting, chewing amnd grinding the lood paricles.
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Herbivore mammals ke horse
and cow have bended molar te-
eth to broke the cellulosic wall
of plant cell. This process facili-
tate the digestionof cellulose by
microarganisms that hmmlhm
digestive system.

Figure |9 Exocyiosis i cell

{ Eﬁl‘lﬁﬂ‘l } s

4. Feeding on figuids

It 15 kind nutrition in parasiics bud there are some non-parasitic orga-
nisms feed by this method. Some internal parasites absorb digesied Tfood of
bt organisims and some oF them absorh blood through damaged wall of intes-
ting, Some msects and leech feed on bBlood by using their driller and absorher
mouth paris.

INresiion

Digesiion s breaking down of big molecules imo their monomers. Car-
bohwdrates, proteins and lipids are main nutnents, These nutrients need dipes-
tion to be used by organisms in prodection of energy and building new organic
molecules. Digestion takes place in cell ( intracellular) or out of cell {eximcel-
lular).

1. Intracellnlar digestion
Food vocuole which formed af the end of phagocviosis unites with
Ivsosome, Digested food particles which can be used directly, like glucose and

amnpacids difluse inio cvioplasm, Wasics are removed from the cyvioplasm by
exocviosis. {figure 1.9)

food moelecules

W’ Pseudopodia

—

MACROPHAGE _-F

Food
Vamnle-"’" .L
yS0Some
containing
co i
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2. Extracellalur digestion

Extracellular digestion is a process by secreting eneymes through the
cell membrane inte the feod. The eneymes catalyse the digestion ef the (ood
inbo molecules small enough o be wken wp by diflfusion phagocyviosis, Sinee
digestion occurs outside dhe cell, it is said to be extracellular Tt takes place cii-
ber o the lumen of the dipestive system, 0 a gasine cavity or other digestive
orpan, of completcly outside the body.

Extraccllular digestion is a form of digestion found in annelids, crus-
aceans, arhropods, lichens and chordates. including verichrates.

Figure 1,140 Intracellular and extrocellular digestion

(A} Intracellular digestion. It can be observed m unicellular organisms ke paramecium and sponges.

(B Most of amimals do extracellular dipestion. For example hydra has o simple digestive system ond do perform cxira-
cellular digestion

Digestive fract
Animals have dilferent digestiive sysiem
Crenoral fiwciians of digesinve fraci are:
M Swallowing the Tood,
B. Breaking down the food mio monomers.

. Absorplion  of digesied food.
1. Excretion of wasies
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There are two Kinds of digestive systems they are; complete digestive tract and
incomplete dipestive tract.

si. A= Incomplete digestive fract:

o | This Kind of digestive system has only one opening called as mouth
oog. And it used for ingestion of food and excretion of wastes. Planaria has this kind

e Of digestive system. Digestive system starts by mouth and muscular digestive
 troct and extend as branched gastrointestmal cavity. Planara are tiny aquatic
organisms and they (eed on organic remains, Duting ingestion digestive tract
extend out of hedy 10 take fsod and extracellutar digestion is performed in di-
gestive tract.

Figure 1,11 Dagestive svstem in planars,

2- Complete digestive tract:

This system starts by mouth and end by anus. Earthworms have ths
svsiem and Teed on organic materials i soil, These animals absorb nuttients
by muscular pharyny and then it passes to the crop where food is stored. Then
food pass to the gizzard where food broken down by help of small stones in it
Extracellular digestion happens in digestive tract digested food absorbed and
wastes are pemoved throweh anus,



Movement in digestive fract

Foed transport by movement of muscles in wall of digestive tract and
fimbrea. Movement of food by fimbrea performs in animals which have pseu-
do-coclom. In other anmmals {ood ransport by contraction and relaxation of
muscles i owall of digestive tract. These waves like movement of musches is
ealied as peristaltic movement, {Hgure 1,13}

Anatemical and physiological strictare of digestive system

There are different types of digestive sysiems m animals depend on the
nuirients they ingesi.

Prares of digestive system according fo their fimction as follows:
A. Food reception zone

It isthe fromt part of digestive tract consist of mouth, mouth compo-
nents snd muscular pharvx

Drigestion siart in this zone by secretion of Pivalin eneyme which in-
volved in digestion of complex carbohvdraies like stnrch, This enzvme found
in smadl, some insects, mammals and human. Pivalin emevme lose 15 funcbon
when reach the stomach with semi digesied food. Digestion of starch compe-
lete in small intestine. Tounge 15 a distinctive feature of vertabrates that help
chewing and swallowing of food. Epiglottes closcs the trochen during swal-
lowing and feod pass mie csophagus then by penstalie movement transporls
1o the stomach,

B, Transpart and storage Jone

Pharyox mvolved in transmission of nutrients to the digesave ract of
mvertebrotes and some vertebrates. Pharvnx s followed by esophopus. I1's
fronl pan entarged o form crop in some anmmals. Crop stores the food, mois-
tens it before digestion in birds. This stored food became semi digested before
coming back for offsprings. (figurel.14)

Fiaure |, 12 Digestive sysiam
m earthworm

Figure 1. 13 Peristaltic movement




vertehrate Insact

Figure 1,04 Digestive tract in vertebrates and imvertebrates

Table 1.2 Pars ol digestive trect and thesr Function
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L. Digestion zone

Stomach used in digestion and storage of food in most of vertabrates
and some mvertabrates. Food is mixed with HCL acid in stomach and expose
tor the mechanical digestion by peristalsis, Thas dipestion wkes place n anh-
ropods and birds, Stomach consist of thick museuber wall in herbivores and
carmivores. There are gastric glands that secrete the pepsin eneyme and HCL
Pepsin eneyme mvolved in digestion of proteins.

£, Last digestion zome and absorption

[t known as intestinal zone. [ntestines arc fong and bended in herbivo-
res while shorter in camivores, There are finger like structures called villi (and
microvilli on villi surface) in inner surtsce of intestine to increase the surface
area for digestion and shsorption. {figure 1.15)

Figure 1.15 Inner strusture of
small intestine

Intestine Epdhelium

Semi digested food pass into the small intestine through pyloric sphin-
cter. First part of small intestine is called as doedonum and it receives the sec-
retions from the liver and pancreas. Liver produces hile and pancreas produces
the digestive enzymes. Food mass digestion complete in this part and called as
chyme,

Poniereay corfeieey oiiferenl Ky of ersvires ey o,

A Trypsin and chymotrypsin involved in digestion of proteins.
B. Lipase digests lipids into fatty acids and glveerol,

C. Nuclease digests the nucleic acids,

D. Amylase digests the starch molecules.



Figure 1,16 Liver and pancreas
in hiuman

Frunctions af fivee:

A, Detoxification of blood,

B. Stores the iron, vitamin A, Biz , Eand D.

. Produces albumine and fibrinogen proteins,

. Stores the excess amount of glucose as glvcoeen,
E. Convern ammonia to unga,

F. Produces bile from partition of old red blood cells.
. Hepulate the amount of chollesterol in blood.

Fumetions of sl fefesiing,

A, Comipleies the digeston of food mnd absorhs the nuinens,

B: Carbohydrates are digested into glucose, galactose or fructose and pass 1o
the blood.

C. Proteins are digested into amincascids and pass to the blood,

0, Fauy acid and glycerol are pass to the lvmphatic svstem.

FE. Water abmrpﬂ o Sene

Large intesting absorh water and defecate the undigested food in form
of a solid mass. Water absorption is important for terrestrial organisms like insects
birds and reptiles, There are many bacteria in human lange intestine which conven
same organic material e vitomin K and Bide amount of viimmin B,
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Ascending
colkon

Cecum
Appendix _ o
Figure 1,17 Large infestine in
human
Nurritional neeids

Ohrganisms oblain the energy reguired for all their metabolic functions,
growth and for the repair of their damaged tissues from food.

The energy that food provides 12 necessary for the continuity of life on earth.
Pl evind b dfovicled tnfe vix RERTITES .;J._'|'r:.l'.-.".'r.'_|_-' fov Gy eammpreat Te

= Carbohydrates = Lipids = Proteins
= Yilamins = Minerals = Whler

Adl of the above nuirients are essential for o boalanced diet, A deficiency
of any of them may give nse o serious metabolic disorders. Carbohydrates,
protems and lipids are used as source of enrgy but others are used in regulation
and setivation of metabolic activities,

A, Carbohydrates

Girains are main sources of carbohydrates. They change mto simple
sugars pradually in digestive svstern and contain amount of tibers. These fibers
limit adhesion of carcinogenic material on wall of intesting and they prevent
colon cancer by this way.

Dissolved fibers in nat prevent absorption of cholesterol and some har-
mfull scids. But large amount of fibers prevent absorption of iron, #inc and
calcium from food.
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R. Protefis

Thev are the basic siructural elemenis of the body, The development of
an arganism from o @ygote and the formation of s organ systems arc enfirely
depend on proteins,

As has already been stated, proteins contain 20 different aming acids
which are structurally and functionally differcni subuniis. Some of them are
synthesized within the body and some are imponied, There are nine vital amino
acids thal can nod be synthesized in the body and they have robe in growth stages

Foods vary in their quantity of vital amune acids, The qualified pro-
teins contain adeguate amounts of vital amino acids and are casily digested.
Generally, animal proteins are qualified but plant proteins are nonqualified.

. Fars

These giant molecoles vicld the most enerey in comparison 10 other
molecules. There are two kinds of fats; satwrated and wnsaturated. Saturated
fals are generally obiained fram animal products with exeption of some plants
like coconut oil, Plani fats are unsaturaled fais and necessary for human body
for health.

Consuming large amount of saturated Fus causes anerisclerosis. Fish
comain omega-3 famy agids which have a role in prevention of heart atack.

I Firamrins

Vitamins ingesied in food and playvs impedant role in regulation of
body metabolism. They cannot be preduced in the body, Vitamins have two
types according to thewr solubility; water soluble vitamins and lipid soluble

VLA NS,

. Minevals

Inorganic molecules, or mincrals, are as important for body functions
a5 organic melecules, They are reguired for bealth, continuity of metabolism
and in the formation of bones and teeth,

They are drvided info twa maim gronps:

Essentinl minerals (caleium, phosphorus, sodium, potassium)

MNon essential but recommended minerals (magnesium, ron, copper, zinc
and other trace elements)



VITAMIN

A (Retinol)
B4 (Thiamine)

Bg (Byredoxine)

|

SOURCES

Milk.Butter, Carrots,
Fresh vegetables

Legumes Peanuts, sheep
Liver

Red meat
Fish legumes.

C (Ascorbic acid) Citruses , green pepper

D (Calcipherol)

E (Tocopherol)

Fish ail, Milk, Egg yolk

Vegetable oils,
Seeds

K (Phylloquinone) Green vegetables,

Spenach

EFFECTS OF
DEFICIENCY

Nyctalopia
Dry skin.

Beriberi disease.
Nerve disorders

Anaemia, depression

Scurvy-Tooth, Skin and
Blood vessels disorders

Rickets Bone disorders

Nerve damage,
Reduced fertility

Slow blood clotting

Table1.3 Vitamins and their sources and effects on human body

Do you know'?

Human and most of snimals can
survisie will diel thal ol enou-
gh epergy without carbohydrates,
Eskimuos diet contain large amount
of Tuts and proteins but Title amount
of Carbobvdrinies.
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CHAPTER 2
RESPERATION AND GAS EXCHANGE
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. At thelend of the chapter studentsimust beiable. to;
L O
| ~-
. Define the cellular respiration. S
. Explain glycoly sifs‘ as a part of cellular respiration. ~
. Compare between photosynthesis and cellular respiration. -
. Explain the mechanism of gas exchange in plants.
. Define the stoma and lenticels and compare between them.
. Compare between the internal and external respiration.
. Explain the concept of aerobic respiration.
. Explain the mechanism of gas exchange in animals.
9. Describe the tracheal respiration.
10. Explain the cutaneous respiration in vertebrates.
11. Explain the gas éXChange mechanism in birds.
12. Numerate the parts-ofrespiratory system in human.
13. Explain the functiefis/of Orgensin human respiratory system.
14. Explain the geSpiratio me&aanigm in human.
+15. Fxplain th€ structure and function of alveoli in lungs. - 4
16 Ex':.la'* the gas exchange mechanism between blood and ™,
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Introduction

Primitive organisms used (o et necessary enerpy from ghvcolysis reactions, One plocose molecule split nto too
mdecules of pyruvic scid. Glyeolysis is common both for serobic and apaerobic reactions Lo produce enerey, Energy pro-
ducing evele contain phatosynthesis and ghveolysis,

Disadvantages of this cyele are:

1. Less than (0.1 %) of energy releases during glveolysis rections,

2. High concenration of respiration products is poisonous for organisms.

3. High concentration of oxygen that produced in photosynthesis is poisonous for some organisms.
4, Glveolyvsis does nod supply corbondioxide for photosynthesis,

Photosynthesis, glyeolysis and respiration are main reactions of carbon cycle in nature. Sun is the main source of
energy on carth. Glucose produced in photosynthesis and broken down in respiration reactions to produce encrgy. Water
{H O} and carbondioxide (CO.) produced at the end of respiration.

Some organisma can produce energy from stored lipids without ingestion for several months but they need 1o take
oxygen continously because they cannot store oxygen.
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Figure 2.1 Main reactions of carbon cycle

Ovganisms have dilferent sinectures, organs of svslems for respiration. Gas ex-
change performed by skin, gills or lungs among organisms,
Cellular Respiration

Glucose is broken down inlo water (H 0 and carbondioxide {CO, ) in
cellular respiration. And energy released at the end of repetion

CGlucose, fatty acids, ghveerol and aminoacids are reactanis of respira-
ttom. Eneyvmes which activated by ons and co-eneymes arc uaed dunng respi-
raticn.

Resparetion can be summerzed i Jolfowimg reaction”
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ATP (Adenosine tri phosphate) is an important compowd that provi-
de energy for muscular contraction, secretion, impuls fransmission and active
trangport, Chemical bond energy which obtamed from ATP s also wsed n sy-
nthesizing of complex molecules. For instance, during production of proteins
from amincacids ATP is converted inte ADP { Adenosine [N phosphatc),

Cilucose 12 primary source of energy for metabolc activities, Gluco-
a2 15 activated by consuming 2 ATP Activated glucose broken down until 2
molecules of pyruvic acid and this reaction s called glveolysis. Glyeolysiz is
commaon for aerobic and anaerobie respimtion,

SNSRI doons
2ATP 2ADP

Phaves of Cellular Respiration

Acrobic respiration occurs m four phases, Breaking of glu-
cose molecule int two molecules of pyruvic acid oCeurs in cyloplasny am agro=
bically. Remain four phases occur in mitochondria,
Flhesy gfagey o Hp wpnEtimeud gow foal oy

Phase 1:

Crlucose miolecule 15 broken down inio two molecules of pyruvic scid
during repctions that take place in ovioplasm. WADH { Nicobmamid Adenme [
Muscleotid) is reduced by hvdrogen, NWADE is 3 co-enzyvime that used in produoc-
tion of ATP

Phase 2:
Pyruvic acid molecules pass into mitochondria and transform into

Acetyl CoA by separation of hydrogen and carbondioxide. MAD molecules are
reduced by hydrogen molscules that separated from pyruvic acid, iNADH )

Phase 3 (Citeic Acid Cyele):

It takes place m matrix of mitochondria, FADH, (Flavin adenmne di-
nucleotide), NADH and OO, formed m these reactions, two ciife acid cyeles
happen for one molecule of ghicose which known as Kreb's eyele,

Phave 4

Mhe ETC makes up the Gnal gage of aerobic respiration. In euksryone
cells the eleciron transport chain lines the inner membrane of the mitochondri-
oy the inner membrane has many long forlds called eristas.

Figure 2.2 Struclure
of Mitochondria
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These enerzized elecirons of { H1 are released during glycolvsis and the Krebs
cvicle trunzported through the ETS o tbe larm ol § MADH+H b and

FADML, As they move from molecule 10 molecule, the electrons lose some of
their r:i'u:r!.'.';'. This energy is used in production of cnergy by chomiosnosis.
Flectrons are finally gained by owyeen and swater 15 formed. (34 ATPy s produ-
ced at the end of ETS (Electron Transpost Svstem . [igare 2.3)

@ CHyOg+ 50, —6CO, + GH,O + energy

a5y carbon  water or ATP|
T gucoss  onygen Theat.

Fizure 2.3 Phases of aerobic respira-
L T

I{npir':ﬂiun in Planiy:

Planis don't have a specialized respicatory svstem bub some struciunes
fior gas exchange. Plants get oxyvegen from atmosphere through tiny openings on
leaves called stommta and take dissolved oxveen i water by roots then to the
svlem vessels. Then this oxvgen diffuse w e plant cells, Plans don’ need
oxvpen during ihe day because they provide it from photosynthesis. Produced
carbondioxide released (rom the plant body by stomata or by diffusion from
outer cells

Crars Exclrange Mechanisims

A, Sramata:

Stoma 5 ny structure that fommed by the differentiation of epi-
dermal tissue, Stomata play a robe in exchange of O amd CO, between leal tisswes
and atmosphere. A sioma is composed of & pair of bean-like cells known s
guard cells with g space between them, known a5 the stomal spening. The
inner walls of guard cellz are thicker than the outer walls. This difference has a
role i the epenmg and clesure procedure of sfomats,

Figure 2.4 Stomata
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Lentieels:

The epidermis forms a protective laover on the surface of voung higher
planis and the outer tissue becomes woody as the plant matures and ages. The
stomala lose their ability o function and then replaced by lenficels, They ma-
intain gas exchange between & woody plant and the atmosphere and are foand
mosily on the roots, stem and branches.

Hydrophyies absorh dissolved oxygen in water by their body surfizce,

Respiration in Animals

3 o , g ~ Figure 2.5 Lenticels in woody plants
All ammials need oxypen o maintain the metabolic aviivities. Animals

vary aceording o their respiraien mechamsm depending on their living condi-
tionz Animals use gills, body surface or lungs for respiration.

Levels af Rexpiration

|"|!.;;'.Irl.;.':|rl'|l.-l.'l acciry i theee levely s oosismails:

l..l.l:l.l {Extrrnnl k--pdr-linn:

1. External respivation:
Orcygen and carbondioxide diffusion takes place between hlood and
respiration surfaces. {figure 2.6)

1, Internal respiratism
Gias exchange takes place between blood and body cells.

d. Avrobic celluline respiration:

It is the breaking down of glucose in cell to produce energy in presence
of oxvegen and carbondioxide releazed at the end of it

Brearhing meclhanisms

Respiration 1s the exchange of gases between an organism and its en-
vironment {faking in oxygen and releasing CO.).

There are different organs used as resprratory organs by different ore-
nisms, ncluding body surfaces, wills, rochen and lungs.

Oy {\_ Oy

I"Ivl'lll.l.Jl ealls (lntarnal LR R R ETRY )

Peachea are svstem of pipes, Branches of these pipes penetrae all
tizsucs to facilitate the diffusion of gases mio all regions of the body, Mollusks,
echinoderms, crusteccans, fish and amphibians respire with gifls. The most
imiporiant feature of gills is that they absorb oxveen dissolved in water, Adult
amphibians, repliles, birds and mammals respire through lungs Figure 2.6 Internal amd extermal

respiratio
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Respiration in Invertehrates

. Cutaneons Respiration

Unicellulor orgaisms provide gas exchange by simple diffusion throo-
gh cell membrane, Invertebraies use different methods to provide gas exchange
their wide body surface provides encugh arca 10 take enough oxvegen, This
method seen in hyvdra and planaria, These animals provide gas exchanoe by
difMusion through ther wide body surface and body extensions, { figure 2.6)

More developed organismes Like earthworm provede gas exchange by
their body surface and oxygen transporied to the body cells by circulaiory svs-
Lem.

Figure 2.7 Gos exchoange throuph
body surface,

(A} Hydra; all body cells are closed
fo source of oxygen

(B} Plonoria; Most of body cells
pre closed 1o the source of oxyoen
by help of wide body surface.

2 Uil pespiration

Laills are respiratory organs of aquatic organizsms. They Tormed from
provections of cpithelium and are closely associated with circulatory svsiem,
Starfish and sea worms have gill respiration.

3. Tracheal Respiration

This kind of respiration scen o terresirial arthropods like centipeds,
imsects with exoskeleion ke spader, It bronches penetrate all tsswes 1o fucih-
tale the diffusion of gases into all regions of the body, Each iracken open inio the
extenor of body by a series of spiracle, onc pair in cach body segment.

In wacheal svstem, gas exchange occurs at the wacheoles by simple
diffusion, Osivien 15 iransmitted from spirache o wrachea then through the (m-
cheoles and Ninally inta tissues, Carbondioxide follows the same pathway in
opposite direction.
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A kind of frog called Rana has 20
em’ area for cach cm’ of air but
human body ammfﬁnmr

each em’ ol air,

Figure X8 Tracheal respiralory swsiem in insect

Respirarion in Vertehrates
I. Curaneons Respiration

Some kinds of verlebrates like amphibin and some fishes use ther

skin ot gas exchange. For example el provids 60 %% of gas exchange by iis
skin which is rich in blood capillaries. Cutaneous respiration has a big role for

amiphibia duning hibernation.

Thikness of skin, being rich in bleod vessels and presence of mugous
glands are advaniages for culaneous respiration in amphibia. Some kinds of
salamender cutaneous respiration 15 umque method o provide gas exchange
because they don't have gills or lungs.

Salamender s an example for
CULBNCOUS Mespiealion

2, Gill respiration

A will 15 3 respiratory organ found in many aguanc organisms fike
amphibiz and fishes that extracis dissolved oxygen from water and excreies
carbon dioxide. The gills are composed of combe-like Olaments, the gill lamel-
lag, which help increase their surface area for oxvgen exchange.

When a fish breathes, it dravws in & mouthlul of water an regular inters
vals. Then it draws the sides of s throar together, forcing the waer through
the gill openings, so i passes over the gills to the outside. (figure 2.9}



Giills ima Tumna fish

Call Flvmo i

Figure 2.0F As water flows over the gills, oxygen is imnsferred to blood vie
thie wens.

A. Pulmaonary Respiration

I. Respiration in amphibian

The lungzs of amplibia similar o the small sacs as there are no fold on
ther surface. Sinee the lungs are unlolded, no alveoh sre present. In contrast
to other verebrates, the lungs attached directly to the pharynx and there is no
trachea.

Lung

Ik latacmi by amd exhalationia)

Figure 2,100 Respiratory system in amphibia,

ALLE

UL
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2. Respiration in reptiles

All reptiles breathe wsing lungs, In repiles, the wall of each lung 15
folded to form a wider surface arca for gas exchange than in amphibia, Snnkes
differ from other verebrates of their clazs since they have only a single lung,
The second lung dissappeared during metamarphosis
Their single lung resembles a long sac which functions as an air tank when
the snake swallows ils vieom.

3. Respivation in hirds

The structure of respiratory system in bird 15 more sophisiicated since
it includes wir capillaries surrounded by network of bived capillaries.

Additionaly there are five air sacs attached to the hing, These sacs ca-
use much of the body cavity 1o be filled with air. They penetrate into the bones
and conmnective tssue under the skin, an inspact that 1 closcly related to the f-
ving ability of birds, Troches divided inte two bronchi then brochi divided o
branchioles which are connected o the bones via air capillaries and air sacs

Aar enters the respiratory svstem through the nostnls and flows mio the
lorgs amd then 10 the air sacs. Air sacs increase the oxvEen siorage capacity of
hirds. The oxyvgen taken by the lungs passes (o the blood and 15 camed 1o the
body cells.

Figure 2.11 Respirntory system in birds



Smoking shortens lives, Many
people could have lived 10, 20 ar
even 3 mniﬂ«;rﬂnﬂiﬁfhﬂ
‘ot smoked, ﬁtlmﬂ 1000 young
hmphﬂhﬂ mﬂh:.lbwtﬁwﬂl

mmmmwm
!mﬂﬁﬁﬂdhﬂww
ime by tobacco

i‘mﬂhmﬂnﬂm thimn
MIMEM

carriage, and ﬁfmm hman
Emupmﬂhnﬁdw

( Chapter 2

Respiratory Sysiem in Humian
Respbeator) syadem i homen comsds s of fidlowsime s irneirey

AL Two outer nosinis.

B, Mazal cavity that covered by mucosal mermbrane and contain many glands
that secrete mucous.

. Two inner nosirils that open o the pharving,

I¥. Pharynx 15 a common passage way for food and air. [t contains a small picce
of eartilape called as epigloafis, It prevent entering of food into traches.

E. Larvox contains vocal cords and help to produce sound hence it called as
vioice box,

Sinuses

Pharynx anrhin!c

Figure 2,12 Structure of respiralory sysicm

I Trachen

It 15 a fube which is located in the chest in front of the esophagus. The
inner surface of the trachea is covered by mucous glands and cilia. The mucous
glands scorete mucous which moisiens the air and the cilia caich and throw ot
the foreign partcles.

Trachea is divided into two branches called as bronchi, The main
bronchi are divided into smaller branches which are called bronchinles and lo-
cated in the lungs. In the lungs, bronchioles are subdivided into air sacs which
conzist of small reoms called as alveoli. Alveoli have thin walls surrounded by
a network of blood capillaries which are branched from pulmonary artery, The
exchange of gas between blood and emvironment occurs through the walls of
the alveal:.

}.-_M.-m..
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In arimals and in human, the lungs are located 1o the thorax, which 1= separa-
ted from the body cavity by a diaphragm.

Lungs are surrounded by a thin, double-layered membrane known as
the pleurs. The space between the pleural membrancs covening the lung and
the pleural membrane liming the thomcic cavity 15 called pleneal covity. A
Auid in the pleural cavily provides lubrication between the Jungs and the ches
cavity.

Respiration Mechanism

Inhalation, or breathing in, is the intake of air into the lungs, Exhalati-
on, or breathing out, is the expulsion of air from the lungs.

During inhalation, diaphragm contracts and becomes flanened and in-
tercostal muscles found between the ribs contract. So, inner pressure of the
lungs decreases and the volume of chest cavily increases. Al the end, the air
passes through the respiratory orpans and enters the lungs.

During exhalation, diaphragm and ribs retum 1o normal position; di-
aphragm relaxes and miercostal muscles relax. So, nner pressure of the lungs
increases and the volume of chest cavilty decreases, At the end, the expulsion
of air from the lungs to outside happens.

Figure 2. 13 Respiratory movemanis

. Druring inbalation, the chest covity
expands, the ribs move upward and
outward, and the diaphragm flattens.
The pressure i the lungs decreases.
and e rushes in.

Ir. Dunng exholaton, the volome
of chest cavity 15 reduced, the nbs
move downward and inward, the di-
aphrapm moves upward. The pres-
sure in the lunps mereases and deo-
sveenated wir 1s expelled,




Add fe your knowledge

Hemoglobin 15 & pigment that con-
sist of 5 Yo of won (Fe) and 95 % of
colarless profein. It gives red cotor
to the blood and transports (1, and
co,.

Figure 2.1%

Creveen s taken up by a hemoglobin
melecule and then moves throwgh the
body wsing the pathway above, Car-
hon dioxide is transporied back o the
lungs to complete the eycle

( Chapter 2

fhcpgen and Carbon Dioxide Transpors

The average daily oxveen reguiremicnt ol & human is approximately
300 Iers. This amount may increase [ 5-20 tmes depending on physical ac-
tvity. Carbon dioxide and oxvgen are transported by the blood in all animals
excep insects. The blood of insects is colorless and contains no respiratory
pigment, and therefore performs no function in respiration. This explains why
the tracheal system i these organisms 15 mvolved in gas exchange. One of the
unicpue Features of blood is its high oxyveen-carying capacity, which is 6 times
greater than theat of water,

Wi Carbon dioxide

B Oityiren

Lo Mitrogen

I besd i 4 | ERE T
Exhaled air ] 54 TG
H'+ HEO;— H.CO,—H O+ C0,
Hb+0,—HbO, iy hemagicbin)
S Eafiange
Pulmnary artery Pulmonary veins

a8 ewcha
# Et!l'.llaﬂﬁluﬁ
1
a5 excharge
o -il|IEI';E-:E¢.HEI“:l|

Sopalemic weing

Capidlaries HHIuH-uEu
H,0+ G0, —a H,00, —H'+ HCO,

[Cxynemoglobin) HbO -— HB+0,
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Chapter Review
Craestion T, Head the sentences carclully and weite iF it s troe or Galse

1. Only 2t % of stored encrey released Irom glucose m plvealves

2, Glueose broken down into water and carbondiocide during resprration reactions
3. Glveolyvsis tnkes ploce oul of cell and enrey used meot.

4. 38 molecules of ATP gre released from one molecule of glucose.

& Oy pen and carbondioxide happen by ord of lenticels in leaves and woody stems;
G- L serobic reactions: axyocn i wied and corbondioxide 15 relecased.

7. Gills are respirarpiony orpans for aquabie’ organisms.

8. Adult amphibiz respire by Jungs, pits and sk,

4. Alveoli provide gas exchange botween blood and body cells

10, Human body docs not copture miirogen [rom anr

Ouestinn 2. Answer the follosing questions:

1. Explain the structure of lungs in human

2, What are the types ol respimation for inverichrates?

3, Explain cutaneous respiration for inverichrates

4, Explain the respirntony structures Tor plants,

&, Explain the oxygen and carbondioxide excahange in human,
0, Wiite the parts o respiratory svstem in human,

T.Whatare the levels of respiraton?

8. Whali are the impodance of ir s5cs in birds?

%, Draw the mam rexehions of carbon cvele

10 Write e phases of cellular respiration

Cuestion 3. Explain the following scicniific ficrs:

1. More encrgy i released in acrobic respiration.

2, Larvnx iz called a5 voice box

3. 2 ATP used at the begiming of glveolysis

A, Some argatmsms can survive without food ingestion for several woeks but can net survive without oxsvgen for o fow
mrEnaEleE.

&, Cutaneous 15 best respiration method for amphilia

hiestion 4. Deline the following ferms,
Operculum, Glyeolvses, Mainix, Stoma, Alveoh

&Y
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OBJECTIVES T

l ‘ Atthe end of the.chapter students imust he-able to;

-
|. Detine the concept of excretion.
2. Explain the excretion in unicellular organisms.
3. Explain the excretion in plants.
E 4. Define the flame cells.
5. Explain the excretion in earthworm. -~
6. Explain the excretion in insects.
- 7. Compare between the excretion systems in vertebrates and
% invertebrates.
8. Describe the types of kidneys in vertebrates.
9. Describe the parts of kidney in human.
10. Describe the glomerulus in human.
| 1. Explain the urine formation mechanism.
2. Compare between the excretion in plants and animals.




EXCRETION

Introduetion

In the preceeding chapters, the digr:ﬁt:in:m of tood and the uptake of oxvgen has been illustraged. Digested food
and oxyeen are transported to the cells by the circulatory system. The cells wtilize these molecules intheir metabolism.

In this chapter, the method of expulsion of metabolic wastes excreted from the body and the struciires invoelved
in these processes will be discussed. Excretion rids the body of metabolic wastes, which come from the breakdown of
nuttients.

The fmevives of e vxopeiory sieviesn car Bbe venrerarized as fodlenes

I- Filtration and excretion from the blood of toxic wastes produced by the metabolic reactions of cells.
2= the mamtenance of homeosiasis by the balance of water and the bonic comtent of the Blood and tssue MToed
3- the mainteinance of the normal functions of cells; and, the reguladion of blood content.

In single-celled organisms, waste products sre discharged directly through the surface of the cell. Plants produce
carbon dioxide and water as respiratory waste products. In green plants, the carbon dioxide relessed during respiration
gets wlilized during photosynihesis, Excess water eliminared feom plam in form of drogs theough hydathodes by a process
called as puttation, Wastes from animals are excreted from different organs of the body,
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Exeretion in Unicellular Oroanisms

Umicellular and fresh water organisms like paramecium and amocha
provide excreton by wid of contractile vacuoles. Contractibe vacusles dischuar-
£ excess amount of water from cyvtoplasm,

Water diffuses through Contractile yacuole
cell membrans oL

< rfrr'w:-'.r;

o =

LIk blhig s

Vacuole pumgs out water
Contraciile vacuole [full) Coniractile vacuole [emply)

frmm——
B 100um ©C 100 wm

Figure 3.1 Excretion m Parsmecium
Exciretion in Planis
There is mo specialized system of cxcretion in plants. However, there

are some omgans are concemed with excretory processes, They ane: stoamat,
lenncels, hydathodes, vacwoles, and roots,

Carbon dioxide and water are excreted I:].'IJ'EI-'IJ[J! lenticels and stomata.
Water release through these strsctures is known as transpiraiion,

Figwie 1.2 Guttation

Water is released from planis living in marshy environments theough
hydathodes in form of drops is known as guitation. Salt also excreted through.
this process. In addition some planis excrete orgamc and morganic salt mio the
soil By their roots,

Plants living in calcium rich soils store nitrogencus wastes in their
vacueles in form of cabcium oxalate cevstals, These crystals are expelled when
thi leaves are shed, Planis alse converl mitrogenous wasies inlo color pigments
in thiir petal,
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Exeretion in Animals
Exeretion in Invertebrates

. Excretion in planaria

Waste is excreted by means of protonephridia which consigi of iubules
and connected Aame cells. The cilia of these Aame cells is constantly in motion
and elongates into wbules. The motion of the cilia resemble Aames and For
this charactheristic the name of Mame cells is given, Wasies and excess water
are excreled by means of these ciliary movements and the water balance of
the hody is repulated by these lame like protenephridia. NH, and CO, diffuse
directly from the body,

Figure 2.3 Excretlory system in planana

2. Excretion in earthwerm

A pair of nephridia which functin ag excreiory organs are located in
each segment of earthworm. A ciliary funnel shaped tip of ach nephridium
open o coch subsequent segment, The canals of cach nephndium covered by
network of capillaries,

Water, glucose, and minerals are taken up from the body fuid by
cilin. Although water and foed are reabsorbed from the canals by capillaries,
wistes are expelled from the nephridiopore.



Do you know?

In addition to breaking down vrga-

nic materials and adding nutrients.
1 the soil, earthworms alsa help
Joosen the soil so air can cireulate.
This helps plants growth,

o vou h:l:ﬂ"!

Arthrapods are the larzest phytum
of the animal Kingdam, m:-ma’imng
more than ene milion apecics.
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Addiionally, some cells of the carthwornm are specialized in watre absorption.
A proup of these cells 12 located on the ventral outer surface of the miestines,
Wasie 12 absorbed and is transferred 10 the body wall, These cells involved in
waste removal protects the internal organs of carthwonns against uliraviolet
light.

Mephndiums thin loop
regosors soms solutes
relinguishes them to blood
Bladder like slorags Sady
wall

region of nephindium

Funnel (colarmic &
fluid with waste
anters hera)

Extamal pore {fluid containing

Figure 3.4 Excretory system o earthworm

1. Excretion in insects

In imsects {0, is excreted by means of tracheal vessels or tracheoles.
Malphigian wbules are involved in excretion of nitrgenous wastes, One end
of the malphigmn tubules & blind and branches into the body cavity whereas
the other end opens into last portion of digestive traci.(figure 3.5)

Metabolic wastes are carried from the body cavity to this last portion
of the digestive tract by malphigian bules and ingested water is reabsorbed
from the miestine, The nitrogenous wasics of insecis i5 unic acid which is ex-
pelied inthe feces.



Salt, water, and Feces and urine  To anus

Figure 3.5 The excretory system of inscets contains Malphigian tubules

Excretion in Vertehrates

The kidneys are the main exeretony organs of vertabrates. There are
three types of veriebrate kKidneys,

. Pronephros

It iz composed of laterally ordered nephridia, The initial portion of @ e
nephridivm resemble a ciliary funnel, The canals generated from the funnels of
many nephridia combine with each other to form each canal which opens ino
the ¢loaca,

Each ciliary funnel connecied directly to o ball of blood capillaries
iglomenilusl The wastes filtered from the glomerulus pass through the body
cavity and collected by ciliary funnels and are expelled Figure 3.6 Structure of pronephras
through the cloaca. kidney

This kind of kidney iz found in the embryonic stage of ol veriebrates
and in adult sharks, [(fgure 3.6)
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2 Mesoneplivos

This tvpe of Kidney difers from a pronephinos Kidmey in that ihe ciliary
funnels replaced with Bowman' s capsules. Addinonally, a glomerulus located
in each Bowman's capsule and waste Hows directiy imio it from each glimie-
rulus, Canals  dram from each Bowman's capsule and deain into the mesone-
phnc duct. This type of kidney & Tound in the embryonic stage of reptiles, binds,
mammals and in the adult fish and amphibea, (figure 3.7),

I Metanephros

This tepse of Kidney found in adull repiles, birds and mammals, Me-
tanehpros kidneys are found in pairs and located at abdomen of the bodv. Each
kidney contams mallions of nephrons.

The first excretory canals splits into two and alse known as woll
Figure 3.7 Mesonephros kidney camil, In fish and amphakia, 1s functions as apart of boih of excretory and
reproductive system.

Al verigbrates excluding mammals have a single camal through
which all wastes are excrcted. The same ¢anals also forms a part of reprodu-
ctive system. In mammals however, o seperate canals exests for the expulsion
of waste and in reproduction.(figure 3.8),

Human Excrefory System

The human excretory system s composed of kidnevs, 2 urinary tract or
ureter, urinary bladder, and urethra

A. The Kidney

The kidneys are two bean-shaped organs sinated in the lower thoracic
region of the back. Tt is composed of three main paris:

I-Henal € ortes: It is red in color and contams the Malpighian bodees, compri-
sing the Bowmann's capsule and glomenilus, which give il is rough struciure

2-Kenal Medualla: Iiis located directhy beneath the cortex. Unnary trocis which
drain from the cortex form pyramids in this region, There are approximately
: : (5-10) laterally amanged Malpighian pyramids, The apex of each pyramid 18 lo-
Figure 3.8 Meanephos kidoey — cared in the medulla and its base is located in the corex,

A-Benal Pelvis: 1t forms the imnermost poriion of the kidney, Lis function 1s the
collection of uring rom the Malpighian pyramids, ihe site of 13220 arifices
opening into the pelvis, The pelvis transmiiz the accumulated unine (o the ure-
Ler
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Kidnevs are composed of units known as nephrons. In each kidoey there are
approximately 1200 nephrons. Mephrons filter approximately 180 liters of fluid
and form 1.5 liters of unine per day.

A veeleron codidaiy of
L)

I=Bowman's Capswle; 1t s a U-shaped, semi-spherical structure, The inner
surface consists of squamous epithelial cells, The Bowman's  capsule forms
the tip of the nepheon.

TCilomerulus; 1t s a ball ol anterial capillaries locaed in the Bowman®s  cap-
sulle, Each glomermslus is formed by capillaries from a branch of the aferent
renal arteriole.

I-Malpighion body: [t comprises o Bowman's capsule and glomerulus, Bene-
ath the Malpighian body is the proximal convoluted wbule, Tt is formed from
cuboidal epithelial cells. The proximal convoluted tubule extends into the loop
of Henle and then into the distal convoluted tubule, The total length of these
Tubiales that constinite a nephron in kumans is approximately 5 cn.

Figure 3.9 Structure of Kidney

Berwerisan's caposle

Figure 300 -5 The structure of o nephron, detailing the path of blood flow and
fitered substances,

B. Ureters

They are muscular wubes which connect the kidnevs and the back wall
of the bladder. They transport urine from kidneys to bladder. Each ureter con- Figure 3.10-b Structure of urinary system

sists of smooth muscles and each one 15 (22em) long.



Add to your knowledge

Amrmonis is the primary nitrog

mmmhﬂﬂhhﬁy
toxie. It s e excretory substance
n.flh.ahwlm organisms. Humans
www &u:mlmx pro-

D yonis know??

Ioan individual drinks a burge qu-
antity of sea water, Kidneys can

only filier 2% of the salt pre-

mmmm{m& becomes more
concenirited, water flows  from
the tissues to the blood, The Pat-
icnt consequently loses (005 liters
af water for cach liter of sea water
drunk The subsequent water loss
from the lissues resylis in death,
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. Urinary Mladder

It is a sac which stores urine and it consisis of smooth moscles. In the
connecihion poirt of the bladder with urethra, there are circular striated muscles,
These musches are voluntary muscles so we can control these muscles or we
can control the urination by means of these muscles. When the bladder contra-
ets, the urination happens.

Liefne Fornsaiion

Urine formation begins with glomerular filtration of water, various
ions, amino acids, sugar and the nitrogenous wastes, These substances pass to
the Bowmann's capsule from the glomerulus,

It has been proven that all amine acids, glucose and some urine is re-
absorbed at the proximal convoluted mubule, Sodium, chlonde and bicarbonaie
ons are repbsorbed and are taken up by cells by active transporl. However,
0095 of water is reabaorbed pagsively from different regions of the ubale,

The cells of the distal convoluted twbule excrete molecoles such as
penicilling amomomis, hydrogen, polagssium, pigments and excess powls. Blood
i= fittered hetween glomerulus and Bowmann's capsule, Needed substances are
reabsorbed through the wbules of the nephron. Al the end, urine is fonmed and
excreted into the urinary bladder via the ureters.

Approximately(1=1, SHiters of uring are produced per day. Iis pH flu-
cieates between 5 and 7, and it contains the following substances in the fol-
lowing proporions:

3% organic molecules {uning, uric acid and kreating)
28 mineral salts {sodium, poiassium, caleium, chloride and phosphate ).
A small amount of leucocvies ard epithelinl cells. The remain 15 water,

Peritublar

the nephron

Fig. 3.11Urine Formation
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At the end of the chapter students must be able to;

|. Define the locomotion,
2. Explain the movement mechanism in unicellular organis-
ms.
3. Compare between the cihary movement and movement
by flagella.
. Detine the tropism and numerate the types of it.
. Define the types ol muscles in animals.
. Explain the movement in carthworm.
. Explain the nasty movement by an example.
. Numerate the types of movement in arthropods and give
an example for each.
. Numerate the types of movement in vertehrates and give
an example for each.




Movement of the body is a remarkable activity o keep organisms in homeostazis, Organisms provide this important
ability by means of locomotion systems, Movement @5 o distingwished characteristic of animals. Plants move alse but not
by contraction or relaxation of muscles as perfommed by animals,

Animal provide todal or partial body movements by means of musele fibers. And this movement depend on enerigy
which is obtained from Adenasine tri phosphate [ ATP) molecules.

Plants move their bodies parts only {partial movement). These movements are provided by increasing and
decreasing in size of cell depend on water concentration in-cytoplasm of cell.

Umicellular orgamsms provide mosvement i different methods like using cilia, pseadopodia, cytopkasmic movi-
ment or flagella.
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Viovement in Unicellular Ovreanisms

Primitive orgamisms (moners  and protista) have movement mecha-
nisms according e their size and habifag

Amebaid Movement

I s distinetive leature of amoeshs and soime kinds ol cells in mulieel-
Tular prganisms,

{ LFRILTE i

i, White blood cells
Figure 4.1 b. Embryonic mesenchymal cells
Movement m bacteria
Amoehy moves by forming psewdopodia, Pseudopodia are projections
that extended from any part of bedy in Amoeka.

Pseudopodia

Figure 4.2 Pscudopodia in

Armoeho
i I

(fali] T

Amoeba is an uncellular organism which covered by thin plasma
membrang, There 15 o jelly like laver under the plasma membrane called as ec
toplasm. And thers is a fluid laver under the ectoplasm which called az endop-

Lasam.

T ¢ |I'I-'I|'|III.'|||'||I mtove il o A it teikies pface o follimes,

I. Pezudopodia extend the outward.

2. Endoplazm moves to the pseudopodiaz region and replace with ectoplasim
3, Ectoplasm moves inward and converted o endoplasm.

4, Endoplasm staris (o form a new psewdopodia ina different direction,

5, Amoeba move reeularly in environment by repetition of these movements
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Ciltary Movement

Unmicellular and cilimed organisms like Parameciom move by cilia,
Cillian are thin and movable prajection exiend from cell mem brane,

Paramecium moves by coordinated movement of cilia. Thers are basal bo-
dies located beneath the cilip and provide its movement.

Layered
pellicle

Unexpelled
trichﬂpc?jsts

Figure 4.3 Cilia that provide movement of Paramecium

Meovement by Flagefla

A Hagellum is a single lash-like appendage that produced from the
cell body of cenain prokarvotic and eukaryotic cells. Unicellular organisms
like Euglena and human sperm cells have Regella. Altbowzh flacelfum structure
similar 1o siruciure of cifia (hoily of them consist of micrombules) bur their
movement mechanismy is different. Flagella perform a wave like movement
whereas cilia perform a strong and  fast movement all in same direction.

o propeben like
< Motk

Bl aid foril

HggmE L
aw £y .,:::.‘,l' ".. i‘.
. LT
-
T basal body —
Flagellum Cilia

Figure 4.4 M ovemend mechanism in cilis and Magellam
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Movement in Planis

The most imperant characteristie of o bving oEanisns 15 adaptation
o the enwvironment and 15 response (o1, In response 10 an environmenial #ii-
miulus, the whole body of a lower plant, such s a unicellular algae responds.
In higher plants however, distinet regions such as roots or stems respond 10 8
stimulus.

Pt movemént carn he categorized (Rt o gmveips wiene,

= Movement in response 1o the stimulus s dependent on direction is callled
as tropism.

= Movement in respopse to the stimulus s independent on direction, alse known
5 naAsiy.

i, Tropism
This movement is seen i higher plants and 15 categonzed as positive

trepism and negative tropigm, Movement occurs due o unequal distribution of
growth harmone.

1. Light Phototropnism: Bools (—), Stein ()

2. Uravity Geotropism  Roots{+), Stem {-)

3. Water Hydrotropism  Roots.(+), Stem (—)

Figure 4.5

a. Positive peofropic response is
seen in the growing oot tip dee
to3 the secretion of auxin and cal-
CHLET BOEYE,

b. The amyloplasts of the rool
secrete calcium which collects
an the downward side of the root,
inhibiting the ection of ouxin, As
a result the wpward side of the
rool erows more. and the tip ben-
ds in the direction of gravity,




b, Nty

Movement of a ot plant part, oriented relative to the plant body and
produced by a varicty of stimuli that canse disproportioinate growth or increa-
sed lurgor pressure im the tissues of one surlace,

['he opening and closing movements of many flowers and the respon-
ses of leaves fo changes of lemperature and light, are externally direcied nas-
tig movements. Specinlized plants. such as the insectiverous sundew. move in
respransg o the wouch and chemical stimuli of captured insecis

Closed Stomata
K+

-"a H_E'D

H,0

H,0

K+ Ks
o 4
lu K+

Open Stomata
1.;1 H,O
; i

.“.|.

K-

e A
H,O
Figure 4-%
Opening and closing of siomaia is
a kind of mastoe movemncnl

Figure 4.7 Thigmonasiy an Mimasa plam



( Chapter 4 Y

Movement in Animals

Generally movement in animals is provided by contraction and relaxa-
tion of muscle fibers which are specilically organized o perform their funciion.
There are three different kinds of muscles which perfiorm these movemenis:

- Srnooth moscles
- Skeletnl muscles
= Cerdiac or Heart muscles

Skeletal muscle is responsible for moving parts of the body, such as
the limbs, trunk, and face. Skeletal muscle tissue 18 made up of elongated cells
called muscle fibers. Ench muscle fiber contains many nucler and 15 crossed by
light and dark strpes, called striations. Skeletal muscle fbers are grouped into
dense bundles, These bundles are bound together by connective tissue 10 form
a muscle. Becanse their contraciions can usuatly be conscrously controlled,
sketetol muscles are desertbed as voluntiary muosches,

Smonth musele Bvrme the walls of the stomach, intestimes, blood ves-
sels, and other miernal organs. Indvidual smooth muscle cells are spindle-sha-
ped, have a single nuclews, and interlace to form sheets, as shown in Cigure.
Motice thal smoath muscle lacks the sirations found in skeletal muscle lissue.
Smooth muscle fibers are surrounded by connective fissue, but the connective
tizsue does not unite to forme tendons as of does m skeleial muscles. Becanse
most of 15 movements cannat be consoously controlled, smooth muscle 15
referred 10 as involuntary muscle.

Cardiac muscle makes up the walls of the heart. Cardiac muscle shares
some . chamcteristics with both skeletal muscle and smooth muscle. As with
skefetal muoscle, cardiac muscle tissue is striated, as with smooth mascle, i s
ivvasluntary and each cell has ome nucleus.

Sarcoplasmic
reticulum

fe) CARDIAC MUSCLE TISSUE Myaofibril
Figure 4.9 {8
These hight micrographs "F,._:-?. =

show the three types of muse-
le tissue:. Skeleinl muscle tis-
sue (o} has o sinped appearance
when viewed under a microsco- Sarcomere
pe. Smooth muscle tssue (b 15

found i the digestive tract, the ) . :
ulerus. the bladder. and the hla-  Figure 410 Skeleial muscles consist of densely packed groups of elongated

od vessels, Cardiac mosele tissue  ©olls, colled fascicles, that are held together by connective tissue. Muscle fibers
conzsisl of protein Dlaments called myvofibls Two types of Dlamenis are found

ic) is found only m the heart.
im misele fibers - petin and myosin
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Muxscle Nirncture

A skeletal muscle fiber is a single, multinueleated muscle cell, A ske-
letal muscle may be made up of hundreds or even thousands of muscle fibers,
depending on the muscle’s st

Conneclive tssue covers and supports cach muscle fiber and remflor-
ces the muscle as a whole, The bealth of 1 muscle depends on o suificien
nerve and blood supply. Eoch skeletal muscle fiber has a nerve endimg that
controls s activity, Active masscles v a lot of encrgy and therelfore regquire a
continuous supply of oxvegen and nuinents, which are supplicd by anenes. &
skeletnl muscle fiber, such as the one shown in Fiourcd® 9 jcantmns bundles of
threadlike structures called myvafilirils. Each myvofibeol is made up of two types
of profein Nlamenis—ihick ones and thin enes. Thick Maments are made of the
protein myosin, and thin filamenis are made of the protein actin,

Muscle contraction reguires enerzy, which s supplicd by ATP This
emergy is vsed 1w detach the myosin heads from the actin Maments. Because
mivosin heads must attach and detach a number of tmes during o single muscle
eomtraction, muscle cells must hive o continuous supply of ATE,

Moaovement in Invertebrites

Invertebrate animals have both smoeoth and skeleial muscles and these
muscles hove same funciional abiities as in verlebrates. Arthropods hove de-
veloped skeleial museles,

P here e i fiemen) kivdv of moveipenis in Siiorem) andmols
. Movement in Mollusks

Bivalves hove two different kinds of muscle fibers, First one 15 the
skeletal muscles which vsed in closing and opening of their shells. For example
mussels can keep thewr shells closed for many dayvs. The second one 1 smooth
mus¢les.

b, Movemenit in Earthworm

some invertebrates incleding hvdra and carthworm have hydrostatic
skeleton, The movement ol corthworm that provided by hvdrestatic movement
15 can be summanzed os follows:

|. Earthworm body s consist of sepments and eoch of these sepments has s
W IMIGLION WS,

2, There are long and circular muscles m body wall of carthworm,

3. Bodv expand and shrink by activity of circolar muscles. And body become
longer and shorter by activities of long muscles. By repetition of these move-
nets carthworm provide 1ls movement.

4, The chitinous stimgers help earhworm o atiach the ground



that has 3em length and hos an exoske-

leton
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. Movement in Arthrapods

Arihropods do different kinds of movemenis like; walking, running, jum-
ping, swimming and Qyving. We will study on insecis as examples for moves
meni i arthropods

1- Walking

Tnsects Wave an cxoskeleton which made up of chitin, This exoskele-
ton provide sircngth agamst drought, defence acainst preyvs and fexibiliy for
movement of leas. This movement provided by actions of Aexor and extensor
miscles i limls

2= Tiwinpriinge

Same insects wse their skeletal museles o jump from leaves and trees
For example Amencan grasshopper is asymmetnical insect. Extensor
muscles contraction extend the back limbs and flexor muscles get hmbs closer

1o by,
3- Flying

Some nsects achieve Aight through a direct action of a muscle on cach
wing. One set of hight muscles attaches just inside the base of the wing, and
the other set attaches slighily outside the wing base. When the frst set of flight
muscles contracts, the wing moves upward, The second sct of flight muscles
produces the downward stroke of the wing.

d- Swimming

A proup of aguatic msects swim by aid of their back hmbs. These
litnbs have Am surface o provide Torward maovent by pushing water

feg. 4 11 Krill 15 wn aguatic insect
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Mevemend in Verfehrafes

Vertebrates have endoskeleton which provide movement with muscles.
Wertebrates bave types of movement ke, swimming, jumping, walking, run-
ming ansd flving.

I. Swimiming

Fish swim by exerting Force against the surrounding water, There are
exceptions, bul this is normally achieved by the fish contracting muscles on
cither side of it= body (which provide movements of fins) in order to generate
waves of Mexton that travel along the body from mose o ail, generally
getting farger as they go along, Most Tishes generate thrust using lateral move-
ments of their body and candal fin. But there are also a huge number of species
that move mainby using their median and paired fins,

There are some verlebrates which use their Mal limbs to swim in waler

Dorsal fin

. P
Pectoral fins 2 L e e

Pelvic fins el

Figure 4.12 External struchure of hony fish

2 Creeping

Animals which bas short imbs that not enable to carry body weighi
and reptiles without legs like snakes perform this movement. Snake has diffe-
rent types of movements like;

a- Terrestrisl lateral ondobstion is the most comman mode of termesirizl
lecomation for most snake species. In this mode, the posteriorly moving waves
push geaimsl contael points in the environment, such as rocks, twigs, orepula-
rities in the soil, ete,

b- Sidewinding is most often emploved by snakes when the snake
must move in an enyivonment thit lacks irregulanties to push against, such as
a slick mud far, or a sand dune. In sidewinding all of the body segmenis
ariented in one direction remain in contact with the sround, while the oithier
serments are ifted up, resulting in a peculiar “rolling” motion, Concertina and
rectilinear are alse some kinds of movement in snakes,

A Mojave rattle snake
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3 - Flying

[t 15 movement of birds which have different methods and body
paris for Might. Fiving i birds. depend on air movements and methoeds of using
their wings, Birds nse their front limbs Owings} for flighs, Moving their wings
fromt up to downward cause changes in ar pressure and these changes help them
Lo move forward.

goine mammalian like bats have ability to fv. There are some types
of lizards that have abiliti to fly oo,

Hummming bird

Flyvimg mammalian; bat Flying lizard
4= Rurrnrineg

Most of mammalian have body pans specialized Tor runnuing, Gene-
rally animals run for hunt or escape from the hunters. Horses, deers and some
predators have long tendons 1o focilitate the movement. Another Tactor which
enable 1o mun fact i baving light limb endings

Bunning nnimals
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OBJECTIVES ¥

At the end of the chapter students must be able to;

. Explain the functions of transport systems in living organisms.
2. Explain the transportation mechanism in unicellular organisms.
3. Explain transportation in plants,
- 4. Describe the important activities of transportation in plants.
J 5. Define the transpiration and tell what influences on it.
6. Numerate the factors influence the activities of stomata. -
7. Define the factors that influence on water transport in plants.
8. Compare between the adhesion and cohesion,
~ 9. Explain how adhesion and cohesion are important for plants.
10. Give example for plants that have no transport system.
11. Numerate the types of body cavities and give an example for each.
12. Define the open circulatory system.
13. Compare between open and close circulatory systems in invertebrates.
14. Draw the circulatory system in fish.

15. Compare between the circulatory system in fish and amphibian.

16, Compare between the circulatory system in birds and reptiles.
17. Draw and explain the structure of heart in human.

18. Compare between arteries and veins.

19. Explain why blood capillaries are thin walled.
200, Describe the types of circulation in human.

21. Numerate the blood cells and their functions.

22. Numerate the organs of lymph system and their function.
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Introduction

In complex multicellular crganisms, there 15 a specialized trunsport svstem which carries oxyeen and nutnent:
into the cells and removes carbon dioxide and other wastes, A continous supply of food substances and a system of wasics
remival 15 8 prequisite for the survival of organism.

Lintike multicellular organisms, umcelhular orgemisms and simple colomes obtain their requirements from ther
surromndings by diffusion, camosis and active ransport, The uptake of material by simple method is eotnman in algac, T
1% clear that material runspor and waste removal from cells by @ simple mechanism s rmpossible in complex organsms
with a far greater mumber of cells and a surface area-to-volume ratio. They need therefore, a special svstem in order o
transport material,

For example the trunsport svstem of trees are 100 misters tall. The movement of molecules from roots o leaves
ig extremely difficult due to the gravity, Great pressure would be required 1o pump the material 1o the body paris. These
problems are commen m multicellular organisms but ranspon system overcomes all the difficulties.
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Fromspoct in Linbeellalar organises

Transportation in paramecium is provided through plasima membrane
by two methods; diffusion and osmesis.

Plasma membrane in paramecium provides encough surfece area 1o
remove wastes, Accumulation these metabolic wasies influences the cell meta-
bolism and material fransport.

Mecessary materials is taken through plasma membrane by diffusion,
D¥iffusion is the movement of materials from high concentrated medium to low
concentrated medinm without using energy. Active transport isopposite of dif-
fision,

Contractile vacuolbe and food vacuole play a role in mainiaining mate-
mal concentration,

VWater diffuses through
cell membrana (O AL "

| gt FEETTERE
-: .
=

Contractile vacucla

Vacuals pumps out watar
contractile vacuale (full} contractile vacuole (emgty)
Figure 5.1 Maierial transport in
paramecium 15 provided by plas-
ma membrane. B hasno special
system for motenal transport ey ey
’ " 100 um 100 um

Paramecium live in fresh water environment and are hyperionkc 1o
their aquatic surrnundings. As 8 result, water tends to move into the body .
In order to deal with this water influx, Paramecia must contain a specialized
arganelle, a contraciile vecuole, that is responsible for collecting this influx of
water. Once the confractile vacucle fills with water, it contracts and squeeres
the water out of the animal back into the extermnal environmeni.
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Prunsprsrtzidion in PPlants

The plant transport system consist of xylem and phloem vessels exten-
ding from roots o the leaves, The xvlem absorbs water and mimerals from the
zoil through the roots and conducts them o the leaves to be used in photosyni-
Tresis and other activities.

Carbondicoade diffuse mnto the leaves via the sioma and reacts with
water, yiclding orpame molecules and oxypen. Thiz oxvgen 15 one of the products
of photosynthesis, may be cither consumed in cellular respiranion or may by
diused oat of leaves. The organic compounds however, are distributed 1o dif-
[erent lecations within the phloem vessels,

Aquanc plams differ from the wrrestrial planisbecause their nvinn-
ment is always noist and obviously, their habiat s different. Water is the madi-
wm in which aguatic planis live and obtain their nutnents and used to suppor
the body of the plant. In terrestrial planis these functions are provided by the
rool, stem and leaves.

P teritann i pedeeris prevncinteel B Three ot eeoreviines
i i i I

- Transpiraiion
= Beplacement of kst water
- Absorption of water by roots

Franspirativn

During the transpration, excess waler 15 excreted from the stomaia
as vapour, The rranspiration rale is influenced by wind, homidity and tempe-
rature, Hunudity and temperature are inversely proportional. 11 the humidity
1= low, the temperature 15 high and high water loss resulis. Conversely, high
relotive humadity decrenses transpiration since the air 1 already saturated with
WALCT VIPOT,

The wind 15 a factor that most affects the tmnsparation. There s a cons-
tant dome of water vapour surrounding each sfoma. These water vapour
domes persist in high temperatures o drv climates, They can however, be
dispersed by wind. Strong wind gives nisc to a lugh rate of ranspivaiion

Envirommental factors always influence the activitics of stomata, They
resull im water vapour gradient differences between plant and atmosphere, The-
= [netlors are;

- Humidity

- Carbondioxide
- Wind

= Radicactivity
= Light
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Warer and Mineral Transpors

lerrestrial plants absork water and minerals from the soil by means of
their roots. The epidemmal cells of the roct protrude (o form roet haidrs, They are
invadved in mmineral and water absorpiion. Water moves to the roots from soil
by Osmiosks 15 the movement of water molecules from high water com-
centrated medium to low water concentrated medium throagh a semi -permuable
membrang, There are small amount ol minerals diszolved in ol waler

The faeiory gt affectime e anvport af werfer from pocdy fa e leaves,

i- Capillarity

This 15 the attraction between water molecules and their vessels, This
situation can be explained in the Agure 5.2, The level of water in a pipene is
higher than that of the water filled container in which it is placed. The level of
the water and the diameter of the pipette is inversely proportional. Water riscs
in plants as their xvlem vessels are extremely narrow, in fact invisible to the
eve, this peculiar aspect resalt in the upward transport of water

dem 2= Roof pressure

i

The concentration of waler modecules in roed hoirs 15 less than thst
of the soil, This means that water molecules have tendency o enter the rocts

Figure 5.2 The kevel of water in resulting in root pressure, The root pressure reinforees the movement of water
the tube is inversely proportio- from the o1l to the root bairs. Thas, root pressure is an extra force which fills
nal to the dianmeter of it, Witer the xvlem vessels with water, Experiments have shown that this pressure is
rises more in narrow twhe than between & 10 atm, Water molecules can rise a few meters by this method.

in wide tube.

Casparian strip
Y= o A YRR R
*',.'!',,-. *II"";' & - Xylem vessels

.‘L. | Vascular bundies

-+ Procambium

Along : | Pericycle
cell "g’_-ﬂ“ I}Endudermia
‘Cortex
Plasmodesmata

Through cell
Figure 5.3 Protoplasm
The water molecules diffuse from
the oulside of the root to the nside
ihrough the corlex, and eprderms

' Epidermis

J|'

Root hair
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3= Transpiration and cohesion theary

The theory was cniginally propesed by Dixon and Jelly {1854}, Os-
motic pressure inercses both during water consumplion in photesynthesis and
iranspitation al the leaves. A force which pulls water upwsard 13 generated in
ihe upper portion of the plam, This foree is 30 imes greaier then atmospheric
pressure. As a result, leaf cells are alvays aclive i drawing water to the top
of plant. Conzeguently, & water chuam iz formed between the roots and the le-
aves ol plant. The links of this chain are interconnected by an attractive Torce,
known ps cohesion, Thus, the water cham is cominous up through the plant
withouwl any break. Water elevation 15 halied il air bubbles enter the vessels
angd the chain s broken, Transpiration s a prominent Gelor in maintaining the
ehain of waker Tromm the rootz o the leaves. Forexample imalred, iransmil waler
molecules toa height iF 100 meters or maore, (Figure 5.4

Evapmmian Tranipiralion

pal

()

Caliesion

{ohesion 15 the force which attraces Like molocules such as water with
both {+) and (-} charges. The charges attroct cach other, momiaining cobesion.
iFigure 5.5)

Adfesion
Adlhesion 15 the force which atirects unlhike molecules such as water

and the walls of vessels in which it is comtained, All of these forces, cohesion,
root pressure and capillarity are effective inthe transpon of water,

Adhesion

Figure 5.4

Demonstration of cohesion theory
of water translocation

1. Evaporation

b. Tramspieniion

¢

iﬁﬂw
‘9

Figure 5.5 The water molecules arc
Both positively and negatvely char-
aod, Attraction between these mole-

cules geperates a cohesive tension
between them.
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Transport of Organic Mofecules

Chiganic molecules are transporied by the phlo-
cm vessels. The movement of molecules in the phloem
cells is bi-directional. That is, they can move in two
directions, either upward or downward, In conteast,
water mavement in xylem vessels is upward and unidi-
reetional.

= Sucrose
& Waber

The products of photosynthesis, such ps glu-
cose amd vitamiong, move downward, Conversely, mit-
roenous compirmds are ransporied wpward, Materi-
_ als are transported through the phloem vessels due toa
| concenieation gradient which resuliz as follows, Excess

——Phloem cells  glucose molecules synithesized by photosvnthesis are
[ converted fo starch. They are then hvdrolvzed back to
4 ehucose units and enter the cells of the phloem. Thus,
the density of the phloem gells increases and water mo-

™ lecules are absarbed from companion cells,

Seve tube elements —— II

Az g result, the intemal pressure of the phloem cells

increases. Orpanie molecules move fram areas of high

) pressure B areas of low pressure as explained by the
pressure-flow theory, Glucose units move downwerd to
the roots and are converted inte starch in the leucop-

Fioitlie 535 lasts of root cells. They are subsequently hydrolyzed if

The organic molecules are transported from the leaves 1o the  Tequired by the raot cells,

reats by means of phlocm vessels,

D nsportation in A mimals
Transporiation in Trverfebrates

The transport system in animals is more complex than that of plants.
In animals transport system performs oo vital roles; netrient supply and waste
rermoval.

i Frvertehrares witich fave e IPaasport Sysreni

Invertehrates like sea anemaone and Planaria from flatworms have no

' complete transpon system. Cells which located in outer layer of anemone body
provide material exchange (nutrient intake and wasie removal) directly with
extemal environment. Cells which cover the gastrovascular cavity are speciali-
zed fior digestion and absorption. And these cells absorh dissobved oxygen from
this cavity. After absorbed materials pass from one cell o another by ditfusion.

Castrovaseular caviey branched in tiny body of Planaria, nuinentz and
waste materials ransport from one cell fe another,

S¢a anemang



Figure 3.7 Transport system in seg anemaone

Invertebrates which have pseudococlomate use internal body fluids for mate-
rial exchange.

Types af Body Cavities
There e Mg IVRes of FRTT T ] T -'l.'n'll.l_.; fab fnedy By cervifies feoedom )
a. Acoelomare

Acoclomates lack a fluid-tilled body cavity between the hody wall and
digestive tract, The coelom can be used for diffusion of gases and metabolites
ete, These creatures do not have this need, as the surfzce area 10 volume ratio
is large enoueh 10 allow absorption of nuirients and gas exchange by diffusion
alone, dwe fo dorso=ventral Aattening.

b, Pseudecoelomarte

Thesse organisms have a Muid Glled main body cavity unlined or part-
ally lined with tissve derived from mesoderm, This Muid-filled space surroun-
ding the intemnal organs serves several functions ke distribution of nutrients
and removal of waste

. Cowfomare

Coelomata {also known as ewcoclomates — “true coelom”) have &
fluid filled body cavity called a coclom with a complete lining derived from
mesoderm (one of the three primary tissue lavers). The complete mesoderm li-
ning allows organs to be attached to each other so they can be suspended in
a particular arder while still being able to move freely within the cavity. Most
bilateral animals, including all the vertebrates, are coclomates.

Ganglia Venlral nerve eobds

Figure 5.8 Trunsport system in
Planaria

Acoelomate

iy Pseudocoelomate

ic) Coelomate

wut {endodenn)
Internal orgad
Fartoneum

Figure 5.8 typaes of body cavities
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b Invertebrates wivich have apen circufatory system

Heart

Mozt of invertebrates have a circulatory system including heart, He-
art pumps the body fuids e the blood vessels and there are two tvpes of
these body Muids; blood and lvmph,. Hemoly mph is 0 body fuid that consist
of intersonial Muid and Blood, [0seen in animals which have apen circulatory
sysiem. Hearl pumps the hemolymph inte ithe body cavities in arthropoeds and
Crusiaceans,

(A
‘Hemal
-

'|r'||,'||'|

Cirasshoppers have open circulatory systems, with most of the body
Figure 5. 10 Open Circulutory System Auid {hacmolymph) filling body cavities. The one closed organ, the dorsal ves-
in @ grasshopper, szl extends from the head through the thorax to the hind end. Tt is 8 contimious
tubse with two repions: the beart, which s resticted to the abdomen; and the
Cirasshopper s an arthropod and has aorta, which extends from the heart to the head through the thorax.
open cirsulatory system, Body cavities

are filled with hemolymph which sur- Haemolymph is pumped forward from the hind end and the sides of
round the mternal organs. the body through a series of valved chambers, esch of which contains a pair

of lmeral openings, The hagmolymph continues w the aorta and is discharged
through the front of the head. Accessory pumps carmy hacmolymph through
the wing veins and along the legs and antennae before it flows back to the
abdomen. This haemolymph circulates nutrients through the body and carmes
metaboelic wastes to the Malpighian tebes to be excreted, Because it does not
carry oxygen, grasshopper “blood™ is green.

Fapnare 5:11
Open and closed circulatory svsiem
in earthiworm and grasshopper.,

B dnverfebrates wilich have closed circulatory sysicm

Segmented worms, octopus and cuttle fish have closed circulatory sys-
tem. Blood consist of blood cells and plasma. the heart pumps this blood
it the blood vessels,

Earthworms are primitive organisms. However, they have a closed cir-
culatory svstem consisting a vein i the dorsal region of the body, In the artery
on the ventral side of the body in the fromtal region are five pairs of contractile
tubes which et as a heart, Capillaries connect the artery and vein and the hean
is filled with blood when the muscle tubes relax.



{ Tramepert )

Aaded by the contrection of the heart, it passes throongh the artery inthe ventral
reion and 12 pumped towards the abdomen. The bloeod then carnied imio the
capillaries under the skin and other internal organs where material exchange
apcurs. Carbon dioxide in the blood diffuses from capillaries below the skin
into the body wall while oxygen diffuses in opposite direction. Conscquently,
onyeen passes mio the Blood amd i traosported o the cells. The deoxyveensted
blood flows iowards the frontal region,

Transportation in Verfebrates

Al vertebrates have o closed cireulatory svstem composed of heart,
arteries, capillaries and veins

i, Circufatory system in fishes

Fish have two chambsered heant composed ofan atrium and & ventricle.
Fish differ from other vertehrates by their heart contains only deoxygenaied
blood rich carbondioxide. This blood direct to the gills by an artery projecting
from the ventricle, Oxveen is supphed and carbondioxide is refeased while
blood pass through the gills, The deoxvgenated Blood s collecied from the
capillaries into the sinus venosis by a pair of frontal and p:merinl' VEins.

Fish differ from other vertebrates by the blood being not retum to
the heart after its oxvgenated in the gille Therefore, there is no pulmonary
circulation and Blood pressure is low,

Fah Singles Chrowlsticm
—_—

darrorial
wlckn

Figure 5,12 Circulatory system in fish

b, Circefatory system in Amphibia:

The amphibian hemr consist of twoe artria amd a ventricle. [t pumps Blo-
od 1o hoth tizsues and Jumgs, The lefi atriwm coniains deoxygenated blood whi-
le the right atrium contaions cxygenated blood. Both atria pump their contents
into the ventricle, resulting in mixing of the bloed. In amphibis, the half oxy-
penated blood pumped by the heart iz enriched with oxvgen an the skin. Skin
respiration therefore is another way in which gases are exchanged. Amphibia Figure 5.13 Circulatory svstem in
have both systemic and pulmonary circulation. smphibia
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. Circwlatory system in Repiiles

Reptiles have a circulatory system with theee chambered heart., In repii-
les, blood poes to the lunes o get oxyeen. The ventricle of the reptile heart is
partially divided. Oxvgen-rich blood 1= almost completly separated from blo-
od low in oxygen, In the erocodile however, the ventricle is almost completely
divided into right and left veniricles except for a small orifice known as fora-
men panizea. So bloed pumped to the different pants of the body carries a high
amount of oxyvgen, The body temperature of reptile depend on environment
temperature due to the mixing of hlood. These tvpe of organisms are called as
poikilotherms,

i, Circulatory system in Birds and Mammals

Rirdz and mammals have four chamberd heart, two artria and two vent-
ricles. Oxygenated and deoxygenated blood completely separated, Deoxyvge-
nated blood sccumuluste in nmght atrium while oxygenated blood comes from

F1_5"”“: 3.14 Circ !Jl"'mr'-" system lungs and accumulates 1o kel atrium. The blood in atrin pass to ventricle by
o in most of reptiles their contraction. By contraction of right ventricle deoxygenated blood pumps
to lungs and by contraction of left ventricle oxygenated blood pumps w body
parts.
Amphibian i ammal
S 02- rich blood il o L D .
-Eﬂrpm}r blood "
. ixed blood
N ol 0,-rich blood
I ostly mixed blood |

B Dirnction o blood Aow

03 Fresh of seawsler
Lower pressure/high o,

e L -r_ Systemic circulation Systemic circulat
{a} Single circulation in fish (k) Features of both skngle and double () Double chreulation in birds and mammals

circulation in most amghibians
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Circulatory System in Huran

The human circulatory system s composed of the heart, arteries, ca-
pillaries amd veins. All these structurés are lled with blood, a fuid connective
tissue composed of plasma | blood cells and platelets. Together they form
an internal transport system within the body for substances to and from the
cells.

I. Hearr

The heart is divided into left and nght hemispheres separated by o
muscular wall, called (septum). Each half ot the heart has two chambers: an atrium
and a ventricle. The tricuspid, or three—flapped, valve connects the right atrium
to the right ventricle and a bicuspid, or two—flapped, valve connects the left
atrium to the left ventricle: Each half of the heart also has a valve known as
semilunar valve located between the ventricle and the arteries leading away
from the heart. The function of all the valves is to prevent the backfiow of blo-
od and to keep the blood moving in one direction.

e

[T EEE ]

Figure 5.15 Heart structure in hu-
Inferior Vena Cava i

Tl fregert b coimiporsed of tiree main lavers

| - Endocardium
2 - Myocardium
3= Pericardinm

The endocardivm, the inncrmost laver of the heart, is composed of a
single laver of epithelial cells, It also comains connective tissue, connecting the
endocardium to the myocardium, The endocardium containg no blood vessels.
Additionally, its gelatinous strecture. prevents the erosion of the hean during
confraction and relaxation,
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The myvocardium is the middle laver of the heart and is composed
of cardiac muscle. 1t 15 the main layer of heart, since the main function
of the beart is pumping blood, The thickness of myocardium varies. It is
thirinhe artria bat thicker in the ventricles. The lefl ventricle however, has
a thicker laver of myocardium than the right ventricle,

Ihe Perieardivm forms the outermost layver of the heart apd s
eomposed of fibrous tissue, The space between its 1w surfaces is filled with
fluid. The colloidal structure of the pericardium facilitates hean function
and protects it from external hazards.

2. Blowd Fessely

The humean circulatory system consists of erieries, veins and capil-
laries. The bleod 15 sequentially pumped from the heart to the arteries, then
into the capillaries and veins, 11 is returned oo the heart via the veins,

i. The structure of vessels

Both arteries and vems wre surrounded by a Gbrous profective layer
Thiz laver reinforces the sirength of the arferies and veins against inter-
nal pressure created due 1o relaxation and contraction. The middle laver is
composed of elastic fibers and smooth muscles, which contract and relax to
facilitate the flow of blood, In this laver there are also capillanies to supply
nufrients to the veins and nerve fibers, The innermost layer of arteries and
veins is composed of endotfelium and provides a smooth and slippery sur-
face to prevent friction.

Artery Vein

Endothelinm

Basement Valve
membrane
s Endothelium )
- Endothelium

—"ﬂ!l'! tl‘l

s - Sl s— :
musde =
=
L —— ﬂlll:'l{“*l.:'ll.\l'-l'." i -
blss e &-;}sll'lﬂht VI —
g F Vein &
-
' .
E
i L]
Arterinle T - inle
&

Figure 5.16 Structure of blood ves-
sels
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i. Types of Cirenlation

i. Coronary Crrenlation

The heart cells are supplied by the circulatory sysiem, conzisting of co-
ronary arlenies, capillames and veins. The aora directs the oxypen end nuinient
contatung blood o the coronary ancries,

The blood is then distributed o the capillaries where nutrients and oxy-
een diffuse into the heart cells. Simultaneously. nitregenous westes and carbon
dioxide diffuse into the blood. The deoxveenated blood, wogether with the was-
iz, 15 collecied by coronnry veins which enter ithe nght sirium

Any disruption of cardiac circulation, such as a blood clot, may cause
serioass disorders. Blockage of the coronary amery in any ¢ase resulls in an ins
farction, i which blood 15 prevented from Qowing.

b Pulmonary Circulation

Pulmonary circulation of the blood occurs between the hean and the
lungs, It is iniated with the contractien of the nght venmcle and the pumping
of deoxvoenated blood mio the pulmonary ariery. Branches of the pulmonary
artery transpor blood it both lunps, In the lungs, CO, diffuses out of the
bloed into ibe lungs, while pxygen diffuses . The ox:.-'gr_-'n-rifh klood 15 then
garried into the lefi atrium by the pulmonary veins.

& Nyseemiie Circnlarion

Svstemic circulaton occurs between the heart and all other parts of
the body {except the lungs) where nrajerials and gases are exchanged. 11 begins
with the conirastion of the lelt veniricle and the transpori of oxygenated bloed
10 the tissues via the aorta. The aora then branches into the main vessels which
carry blood into different paris of the body, The sorte deseends and branches
into the diaphragm and down nio the coelom (body cavity). bis branches supp-
Iy nuincnis fo the liver, intestines and other parts. of the body. Nutrients and
oxygen diffuse into the tissees while wastes and CO, diffuse into the hlood
The deoxypenated blood s then ransporied by the supenor and mfernior vena
cava inio the right atrwm

d. Hepatic Portal Cirenlution

Hepatie portal sysiem consizt of a group of veins which tramsfer the

absorbed from digestive system o the iver before reachimg the mifcrior vena
eava.
The svstem extends from about the lower portion of the esophagus to the upper
part of the anal canal, Many drugs that are absorbed threegh the digestive tract
are substantially meeabolized by the ver before reaching general circelation,
This iz known as the [irst pass effect

Figure 5.17 Hepatic portal circulati-
on



Blogd

Ihere are approximately 15 Hers of fuid iman adult human body, Blo-
od comprises only 3 liters of the total volume of Bquid. 1T can be easily se-
parated by centrifugation due (o a diference in density hetween plazma and is

t ather components.

e

il
o

Figure 5,18 Blood tissue
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The structure of blood fissue

Plasma constitutes 35% of the blood, of which 90-92 %4 is water, 7-9%,
plasma proteins, and the remaming 1% s amine acids, carbohydrates, lipads,
hormones, urea, urke acid, lactic acwd, eneymes, alcohol, anibodies, sodium,
potassium, caleium, chlonide, phosphate, magnesium, copper, iron, bicarbona-
te, wdine and other trace elements.

Blood cells are classibed as ervihrocyies ired blood cells), leusocyies
{white blood cells) and thrombocytes (plaeles),

f. Ervilirocyres

Eryihrocytes are 8 mm in length and 2 mim thick. There are approxi-
maiely 5 w0 5.5 million per mm” i average male, and 4 to 4.5 million per
mm* in the averape female,

Mammalian ervihrocyies are unique since they have no nucleus, Matu-
re erythrocyies in mammals lack nucleus, mitochondria, Golgn apparatus and
endoplasmic reticulum. They transpor oxyvgen and carbondiosade m the body.
In the Fetus, ervibrocyies are produced by the liver and the spleen, They are
also produced in the red bose marrow of the skeletal sysiem.

2. Lencocytes (White Bfood Cells)

Levcocyies are nucleated, spherical, white cells. They are also relerred
o white biood cells due to their color. Leucocyies may be found i both
blood amd inerstitial Muid, They can alzo cross the capillary walls in intersgitial
Mud: There are three main (vpes of levcocyies and all of them are produced
both i red bone marrow and in lymph nodes. There are two types of leucoc-
vies aceording o presence of granules n their cvtoplasm,

I. Geranulocytes

Granubocyies are formed in red bone marmrow. They are phagocytotic
cells. They have sepmented nucler and gramules within their eytoplasm they

have three fvpes:

a- Meutrophils
b- Eosinophils
c- Basophils

& Agranwlocyres

[he nucleus of an agranulocyvie lacks lobes and is pantly spherical in
shape. It alzo differs from a granulocyte by itz abiliy to drade. Most agranulo-
evtes, lymphecyvies and monocyies are produced in the bone marrew, the spleen
and thyimus,



( Chapter 5

Lymphatic System
Consists of lvmphatic ongans and vessels, this system has a specific role m 2
I- Absorption of extra fats from small intestine walls in shape of Amino lipids and then transferred
them back to blood stream
2-Forming the lyvmphatic cclls
F-Immunity agamst microbes and discases
The lymphatic Organs

The Spleen

The spleen iz an organ of the immune system and is located directly
beneath the diaphragm in the upper-lefi section of the abdominal cavity. It is
approximately 200z i werght.

The spleen & fmvodved in

= degradation of old and dead ervihrocvies,

- storage of blood as a reserve in the event of any shonage

- production of lymphocyies active in the defense of the body, Both the spleen
and lrver work cooperatively in production.

= production of feial Blood wetil birth, 11 is then produced by red bone marow,

The functions of the spleen can be performed by other organs if the
spleen has o be removed from the body due to mjury. Therefore 1tz role 15 not
vital,

Thymius gland;
i& located 0 the chest Belund the stemum . its function 12 1o

produce specialized levecocvtes known as T-cells . which have important role in immumniny

Fizure 5. 21 Spleen 15 a lvmphatic
crgan
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Chapter Review
Caestion 1, Read cach sentence carcfully and write it it is orue or false?

1. Transport svstem distnibates water, rons and other materials

1. In éhillusion, materials transported from high concentention to low concentration.

3, Teanaporiation of water o the twp of plant is provided by wanspiration and ool pressuie only

4. There are three kinds of amimals pccerding fo their body cavities: coclomaie. Acoclomaia and pseudococlomadn
5. Most of blaod celis are formed in bone imarnow.

i, Grasshopper and carthworm bave open cigulifony svsiem,

T Unicellwlar oreavisms do not have s complele ranspor sveicm,

K, Both spleen and liver work cooperatively in production of lymphocytes,

%, The endecardium, the woermaost Iaver of the heart, 15 composed of a smele layver of epithelial cells,

18, Acoclomates lack o Mud-filled body cavivy between the Body wall and digestive wact,

Duuestion 2. Fill in the blanks,

1. The hcart cells are snpplied by the eirculatory system, consisting af ..oy o oreeree B0 s
& Ir arn s insnspert system perlomms twavital roles, .o and T
3. Transporintion n Poramecium s provided through plosma membrane I:l_'.-' Lo mclhuds e 151 e e e
4, Repliles hive a eirculalory system witha chambered hean
&, There are three different Kinds of granulocyics; .. SO | s S
B i 0 ANGLHEE Wiv in whur:h EECS e cuchnngﬁd i nmp]uhm
TTBE e e P fOPRes the movement of water from. the soil toothe root haies,
| R . 1& the lforce which atiracts unlike modecules such s water and the walls of vessels i which o is contamed.
L5 Tmnspl:ln.itmn in plants provided by three impotant activities Ry PRE, 1T B
10, Sysicmic crrculiiion occurs between the &0 - and all other paris u['lh: hiody

Ouestion 3. Explain the Tellowing scientific Dcrs:

1. Blond color in grasshapper i precen.

2. Snake like animats are called as poskilothermic.
3, The endocardimn 15 gelafinous siruciire,

4. Some animals are called as acoelomate,

& Thyimus gland swell dunng some milamations,

Crucstinm 4. Define the Bellowing ferms:

Adbesion, Cobesion, Coclom, Pencordium, T-cells |, Bood pressure, Artre,



Chaestion 5 Compare between the Tollowings,

I, Open and closed cmrculaiory svsism

2o Transport system i frog angd crocodile,

A, Cirenlatory systerm and Ivmphatic svslem i humin
. White blood cells and red hlood cells,

Ouestion 6. Label the parts in the figure below.




Sensation in plants

Nervous Coordination in Anmimals

Sense Organs in Human and Ammala

Chapter Review




OBLIECTIVES

At the end of the chapter students must be able to;

- 1. Spesify the main functions of regulatory systems in organisms

. Describe the stages of nervous transmission.

. Explain the sensation in Fuglena.

. Explain the negative and positive response in Paramecium.

. Explain sensation in plants by examples.

. Draw and explain the structure of neurons.

. Describe types of neurons according to their function.

8. Define the treshold level,

9. Explain the mechanism of impulse transmission.

. Describe the nervous system in Hydra.

. Define the gangha.

. Numerate the parts of brain and their function.

. Determine the function of spinal cord.

. Compare between the sympathetic and parasympathetic
nervous system.

. Numerate the types of receptors and their functions,

. Define the receptor.

. Explain the sense of balance in animals.

. Define the compound eve.

. Draw and explain the structure of ear in human.

. Numerate the layers of eye in human.
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Add to Your Information

1= Rﬂ:pmr: are specitized cells
invelved in receiving of environ-
mental stimuli,

= Th:r:'.- are different kinds of
rmpdwanmrdﬂng,tnlfpt of sti-
muli Tike chemoreceptors, phiato-
receptors or mechanoreceptors:

3= Tovertebentes find their food
hy using ﬂhmmptnra-lf che-
mical change). They use this
receplors for  communication
flso,

4 Mechanorseptors detet -
harical changes like, sounsd wi-
wes and pressure,

( Chapter )

Sense in Unicellular Oreanisms

Unicelbular organisms don't have o nervous system or cells differenti-
ated Tor sensation,
ek fey frave vonpe sTimROaricry five
= Phatostimulation
- Mechanical stimulation
- Chemical stimulation

= Thermaostimulation

1- Sensation in Euglena

Euglena 1= a protist which sensitive to the light. It use fizpella for
moverment in shsence of light. Exposing to the sunlight is fatal for Euglena due
o the wliraviolet light, Irhas chloreplast and prodouce ns own focd by phiiosy-
nthesis. Fuglena has an eye spot which sensitive to the hght. Eugléna has some

phaterecepetor to avoid direct sunlight and deep shade, These photorecepriors
andl evie spot located in fromial part of Euglena,

Flagellum

Nonemergent
for ll:rl.".:l:li'rlat:u'm:in1H|L flagelium
Eyespot Eyespot
Mitochondria
(indistinguishable
ontractile in photo)

MNueleolus

Nucleus

Paramylon body R

(stored food)
Pellicle

B e

Figure 6.1 Structure of Euglena
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2 Kensaifion in Poardmecinm

Paramecium gives response tothe external stimuli in a high
speed. Pamameciom can oot survive under the direct sunlight due wo ihe ultravi-
olet hght of sum, [t does not response to the light since it has no photoreceptor
or do photosynthesis.

Para mecium gives positive oF negative response fo the solid particles
i stamuala},
[t gives () response if stimuoh 1= food and and grve (=) 1F stimuln is not food

Parameciom give (+) or {-) response 1o the chemical stimuli. It gives
{+) response 1f stimuli 15 food or gives (<) response iF stimuli is-a harmful che-
mical material:

The optimum iemperatare is 24 - 28 *C for Paramecium. [t moves away
from the condition randomiy uniil reach n switable environment.

3. Nensation in Amoecha

It can identify the harmful or ussful stimuli by responses o the envi-
ronmental changes. It gives {(+) response to the dim light but gives {-} response
1o thie bright lipht. Amocha pives (<] response @ most of materials excepl food,

sensation i Plants

Planis do not bave a servous syslem or sense oeans. CUsordination
between body paris 15 provided by physical and chemical methods. Plant cells
detect stumuli ana certain level. And this stimali is tansmitied e the other cells
ak different ratios. Cemerally plant cells wansmit stimuli at low levels,

Planis can detect dillerent changes hike; hght, gravity, mechanical chan-
ges and chemical changes, Plants give response (o these changes by iropism
which Ias difTferemt forms like phatatropism and gestropism, These respon-
ces varkes according to tyvpe of plang.

Plamz mosily dewct chemical changes and give response by dilTerem
Iropism vpes as above, For example planis secrefe a hormone called as evioki-
nin which stimulate growth and cell division, Coordination between cviokinin
and auxin hormones provide differentiation in different pans of plants.

Abscisic acid 15 another plam hormaone which provide dormancy in
buds and seeds. It has role m closing of stomaia, decreasing transpiraiion and
prevent water loss in dry condifions.



Frgure 6.2 Opening and closing
of stomata by act of Abseisic
acid

Eihwlene has harmiul eects on plani physiology. Inihe past, Garmees war-
mith the orange to culture the un ripe fruets. But after they found that the re-
azon of culiuring is ethyvlen gas which released from the petrolium they use in
beating heat. Ethylene have role in falling of leaves for plants.

Figure 6.3 Ethylene produced by the npening of apple couses the abseission of
the leaves al the holy twig on right. Onothe lefl, where no source of cthylene
was prescnl, the haly retins it leaves.
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Nervous Coordination and Sensation in Animals

Mervous system is the most complex svetem in animalz and it related to all
odher body parts. Special cells of nervous system that are specialized for impulse
transmission through body parts are called as nearens. These cells cover all
body parts as a network.

A nerve cell, knovn ax o newror, corsists of e following comporests:

a-dendrites
b-gell body
C-i%im

. Dendrites

They are short, thin, oumerous progections extending from the cell
baody. They receivie information from other meurons.

b, Cell body

It is the enlarped part of the neuron from which dendrites and axons
progect. 11 contains the nucteus of the cell.

& Axon

This structure resembles a dendrite in that it also projects from the cell
body. In contrast to a dendrite, however, an axon is generally single, long and
thick. Its length varies according to the location of the neurom, and may be in
excess of 1 meter in length. The axon extending from the skull to the pefvis in
a girafte iz about 3 meters long.

Figure 6.4 The structure of a fvpi-
cal neuron .
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b, Types of Nearons According to Their Functions

Newwons are clusyified o fhree growps sensory neurons, inter
neurons amd motor neurons,

|- Sensory neurans rransmit stimuli {Information gathered by receptors
from sense orpans or internal structures § from sensory orzans such as the eye,
ear, and skin 10 the CMS, Sensory neurons are usually unipalar or bipolar in
structure.

2« boter newrons are commonly found in the CHS. Their main function
is interpretation of information. They are multipolar m structure,

1- Motor neurans transmit the impulses from the CNS o muscles or
glands, Motor newrons are also moltipolar,

Synapse

Motor neuron

Inter newron

| I
I

! fﬁf‘ |I
Sensory neuron
. L‘!t. '_
Muliipolar neuron  Bipolar neuron Pscudounipolar Effector Receptor
Figure 6.3 Neurons can be classified according 1o the Figure &.6 The transmission of an impulse occurs along

number of projections, newurons in the order
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Fransmission of fmpuises Through Newromns

Merve impulses are electrical signals produced by the plasma membra-
ne of & neuron.

The impulse genermed at one end of the nerve 15 transmitied through
the nerve fiber by electrical and chemical allernations, The impulse 15 penerated
if the voltsge reaches o certn eritical point, known ag the threshold level
Any volioge lower than the threshold level Ffails o result in the generation of an
impulse, This iz known as the all-er-none luw,

In nerve fibers, impalses are unidirectional, Towing in the same direc-
tion from dendrites to cell body to axon, The impulse is then wansmitted to the
dendrites of the next neuron, receptors of 4 muscle or a gland.

i The hfjﬂ'ﬂ ol the apples produces
tension and stimulates receplors in

Biceps contracts the muscle

b When the threshold level s reached
the impulses are ransmitted to the CHNS

SENSOFY TEW

/‘wmﬂ:u’j Fr'l'lg"'.ll.lhit!: are

transmilted g mobor
nelrod Via an infer nedron

Muotor newromn

4

d. Impulses reaching the motor end plate
result inconteaction of muscles

Contracted museles

i, e -

e} Continuows stimalations maintain

a cowrirncted state in the miscles

Figure 6, 7 The sequence of evenis that resulis ina response 1o 4 stimualus

108
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Meclanizm of Impulve Transmission (Generation of Action Potenti-
al)

Fhasey of Imperive Tromsmiszion

I-Polarization
2-Depolanzation (gction potential) “The conduction of a nerve impulse™

3-Repolarization

Palarization: In a resting or unstimuliated nerve, the outer portion of the axon
iz positively charged, while the inmer portion is necatively charged (resting
poential). This situation 1% catled polaricafion.

Figure 6.8 Sodium-poassiun pump.

An unstimulated neuron is polarized T o : =3
with o net positive charge on the outer o
surface. Sodium ions are actively ext- 4
: Jesmstal tside
rucled, By the same mechanism, po- e PR TR T = o S

along the neuron, sodium ions fow in, ump Neurole i
depolarizing the membrane. Adter the

tessium ions are concentrated on the e
inner surface, As the mpulse travels [ MNi-K' aﬂ

mipulse has passed, sodiom ions. arc Inside
aeaim pumped out of the cell, restoring

Paotassi
the external positive charge. cana &8 & %% @ cana
Ce b e
LT 1 ﬁ"ﬁ‘i

Figure 6.9 [n & resting neuron, the po-
teniial difference across the membrane
is -70 mV. During depolarization, this
valug mereases fo =35 mV, After the
impulse has pazsed, the value retums (o
=T mvy,
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Depolarization: Besides the Na-K pump, there are¢ two more pumps on the
axomembrange, The sodium pump, which allows N o pass, and the potassi-
wm puimp, which allows K7 to pass.

A stimulus that reaches or exceeds the threshold opens the Na zates
ficst. The sudden entrance of the Na° moakes a particular location inside the
membrane positively charged. This is depalarization,

Hepolarization: At g certain bevel, sodium gates are closed and potassiom ga-
tes open. As a result, K moves from the cytoplasm of the axon to the exterior
of the axon. As K~ leave, the action ptential once more return 10 the resting
potential, and repolarization is achicved.

The velocity which-an action potential rovels alobng an axodn 18 Ereater
il the diameter of the axon is large or it the axon is myelinated. In thin, unm-
yelinated axons, action potentials move about | m's, and in thick, myelinated
axons, the rate is more than 100 m's,

Figure &. 10 Repolarization

Nervous Sysiem in Animals:

A- Nervons System in fnvertebraies

The simplest type of nervous system is found i hydras and jellyfish
(enidomens) and is referred fooas 2 “nerve net” Merve nets do net bave distinet
central or peripheral regions, amd lack anything thet resembles a brain, Instead,
the scattered nerve cells form loose networks in each cell layer of the body
wall. Some of these neurons carry information from sensory oreans that detect
touch, light, or other changes in the enviromment, These neurons in tum conlact
meurons that control movement of the organism, such as swimming. o = o> Tentacies

At the head of the planarian there is a sanglion under the evespots.
From the ganglion there are two nerve cords which extend the length of the il
There are many transverse nerves connected o the nerve cords extending from
the brain, which makes the nervous system look like a ladder,

Merve dells forming
nene nat

Transverse Brain Figure 611 Mervous system in Hydra
nerve

nerve cord

Figure 6.12 Mervous svstem in Planana
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A distinet separation of peripheral and central nervous systems. is
frand in inverebrates such as worms, insects, and mollusks, like the squid.
Mewron cell bodies are prouped inte clusters called ganglis |, which are useally
located along the animal’s midline. The peripheral component of the nervous
svstern 15 formed by the extensions of the cells in these ganglia; some cary

sensory information from the environment 1o the ganglia, while others carry

stenals from the ganzlia to produce a response (such as movement), This type

of organization permits segmentation, in which cach ganglion responds to and
controlz an individual segment of The bady, To coordinate the segments, these
ganglia are connected to each other in a chain like pattern by a nerve cord, whi-
ch is a bundle of newrons that runs the length of the animal.

insect (arthropod) Chiton (mollusk) Squid (mollusk)

Figure 6. 13 Nervous system in dilferent invertebrates

B- Nervouws System in Human and Animals

MNervous system in veriebrates consist of iwo main parts: a spinal cord
which Iocated in vertebral column and a brain,

Nervais SesEenT B vertefriies crisded i Feallon INE ORI

u, Central Nervous System: Consist of bramn and spinal cond.

k. Peripheral Nervous Svstem: Comsist of eranial nerves that extend from brain
and spinal necves that extend from the spinal cord,

. Autonomic Nervous Svstem: controls the centre of mvoluntary activities,
A componentz of nervous system work cooperatively.
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i, Cenrral Nervous Spsiem

Ceniral nervows system gonsist of brain and spinal cord in verichrgies,
Brain 15 located at the front and consist of three parts.

I. Farebrain
A efvatend fribg oo ety

i Pelencephalon s the centre of scnse of smell, Hemispheres are invol-
ved in movement coordination and sensations, They also have mole i oomiral-
ling memtal actrvities.

[+ Diengephalon consist of Thalomus and hypothalamuz, Both of these
parts arg control center ol involuntary activities

2. Midhriin

There are two vision lobes al the posterior and it i3 thevision ceater in all verieh-
rates,

1. Hindbrain

Hindbram congist of metencephalon{cerebellum and pons) and me-
dulls ohlongata, Cerebellum provide coordination between voluntary muscles
fo provide body balance. Medulln oblongatn is the control centre of respiration
and circulation.

b. Peripherul Nervious System

Penpheral nerveus system consist of cranial and spinal perves. Mum-
ber of cranial nerves varies according 1o kind of crgamism; fish and amphibia
have 10 pairs of cranmial nerves bud other verichrates hove 12 pairs of cranial
nerves. Mammahan have 31 pairs of spinal nerves,

e Autonamic Nervous Sysfem

It controls the mvoluntary body actvitics and consist of non-myelina-
ted neurons,

.Ill' clivicded fivkho ia o PIrIN

= Bympathetie Mervous Svsiem,
- Parasympaibetic Nervous System.,

host of intemal organs hike hearl and blood vessels contain perform
mvoluntary movements, Svmpathetc nervous svatem accelerate fonction of
some ofgans while parasvmpathetic de accelerate function of theseorgans, For
example sympathetic nervous system acceleraie heart beals rate while parasympat-
hetic system de sccelerate heart beats rute.



Figure 614 Autonomic nervous sys-
tean and its elfects on different body
pans amd functions.

Sense Organs in Homan and Animals

Animals have different sense organs which detect ditferent changes in
environmenl.

Types af Recepiors

Receplors are structures specialized o receive cerfam envirommental
stimuli and convert them inte nerve impulzes,
.-‘l'n;.'r'nn'.l':u_h; m'.lr.l'.l'.lr:lu.l'n’I rr.'.l.'a-.'_r:l.l‘ﬂr.\' A0 Benmiiey e .’:-q.' r.'nrr.f.\.'b:[_,*Fr.'.u:.l' P sir I|l|'r¢'.'r.'

1. Photoreceptors detect light, Eves have this kind of receptors.

1. Pain receptors are naked nerve endings that respond to chemicals released by
damaged tizsues or excess stimuli of pressure or heat.

A, Propriocepiors sense ihe degree of muscle contraction, the siretch of the ten-
dons, and the movement of liggmens, Information sent 1o the cenrsl nervous
svstem by these receptors is wsed to maintam the body’s posture.

4. Thermareceptors are stimulated by changes intemperature. Those that respond
when temperature rises are called heat receptors, and those that respond when
temperature decreases are known as cold receptors. There are internal thermo-
receptons in the hypothalamus aml surface thermoreceptors in the skin.
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5, Chemoreceplors are sensilive 10 dissolved chemical substances. The sense of
taste and smell are well-known iypes of chemoreception, Varioos internal or-
gans alse have chemoreceplors (one monitors the pH level of the Blood),

6. Mechanoreceptors are stimulated by mechanical forces, which are most often
ditferent types of pressure. Skin and cars are sense organs that have this Kind of
Teceptor,

. Sense of Taste

Chemoreceptors are imvolved in detection of taste. There are papillae
in dermis of tongue that contains faste buds, Taste buds contan receptors whi-
ch detect dissolved matenials in saliva and transmil 1o the nerves, These taste
hasds mre renewed contineously | Different parts of tongwe contaims different rste
buds,

Figure 615 Taste buds map on

fr. Sense of Smell YoTIER L

A pheromone is 8 secreted or excreted chemical factor that rnggers a
soial response in members of the same species, Pheromones are chemicals
capable of acting outside the body of the secreting individual 1o impact the
Behavior of the receiving individual, For example ant produces pheromones 1o
patalyse the prey and to mark its path,

" The reception of smeil takes place in chemoreceptors tocated in the-
nasal cavity. The tal surface area of chemoreceptors in the nasal cavity is 10
e, This region s known as the olfactory region. The human nasal mucosa
may contain 25 million receptor cells, whereas that of 8 dog contams 220 mil-
lion.

Figure 6.1 6 Sense of smell in humun
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Figure 617 Paccinian compuscle

Figure &.18 Lateral ling system in fish
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. Nense of Touch

Vertebrate and inveriebrate animals have touch receptors. Vertebraies
have toush receptors that sccumulated in different regions of body.

In human touch recoptors accumulated in lips and fingertips. Meis-
sner corpuscles are involved in reception of touch in the palm, and lips.
Paccinian corpuscles are involved in reception of mechanical stisuli. They are
pressure receptors located deep in the dermis,

il. Sense of Balance

Animals have different ergans and body parts invelved in body balan-
ce. Bome invertebrates have statoeysts. The statoeyst is a balance sensory re-
ceptor present in some aquatic invertebrates, including bivalves and cnidarian.

The lsteral line is & system of sense organs foumd in aguatic verebra-
tex, mainly fish, used fo detect movement and vibeation in the surmounding wa-
ter. The sensory ability is achieved via moditied epathelial cells. known as hair
cells, which respond (o displacement caused by motion and movement. Latenal
lings serve an impoertant role in predation, and orientation.

UL
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e Senve of Hearing

Hearing organ contains mechanoreceptors and detect sound waves in
environment. Grasshopper and most of butterflics have simple ears.

In the giant lubber grasshopper, the abdominal sepment next to the
thorax (behind the third pair of legs) comains the grasshopper sound detecti-
o organ. Like the ears of people and the “ears” of katvdids, the grasshopper
sound detector is 2 thin membrane called o tvimpanum, People often call it the
“ear dram”,

Flrenen hoeve o well developed crgen af fwariag wilel comnyisty of theee mcin
fraris.

I. OQuier Ear

It consists of car pinna and external auditory canal, External suditory
canal contain hairs that covered by a waxy substance to trap the solid partic-
les.
2. Middle Ear

It contains eardrum and ear bones and connecled to the pharynx with a
tube called Enstachinn tube. This part convert sound waves into vibrations and
transport o the inner car.

3. Inner Ear

It contains semicireular canals which involved in balance and cochlea
which involved in hearing.

Figure &.1% Structure of ear in human

"M
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¥ Kenxe of Night

The structure of an animal's eve is determined by the environment in
which it lives, and the behavioural tasks  must fulfill 1o survive. Arthropods
differ widely i the habitats in which they live, as well as their visual réguire-
menis Tor Mnding food or conspecifics, and avoiding predaiors

Some jellvfish, sea stars, and fAatworms bear the ssamplest eves, prg-
ment spot acelli, which have pigment distributed randomly and which have no
addivenal strectures such as a comea and lens,

Smders do not have compownd eves, but nstead have several pairs of
simple evies with each pair adapied for a specific task  The principal and
secondary eves in spiders are arranged in four or more pairs, The lighi-sensiive
part ol the receptor cells 15 next to this, so they pet direct and reflected hight. In
hunting or jumping spiders, for example, o forward-facing pair possesses the
best resolution 1o see the (often smally prey at a large distance. Night=hunting
spiders " eyes are very sensitive in low light levels.

The human eve 15 an orzan that reacts 10 highe and has several purposes.
Az a conscious sense organ, the mammalian eve allows vision, Fod and cone
cells am the reting allow conscious light percepdion and vision including co-
lor differcntiation and the pereeption of depth. The human ¢y can distinguish
abowt 10 mullion colors.

Figure 6,20

Simple eves i spuder-and Ocelll mn dragonfly

Figure 6,21 Eve structure in human







Chuestion 4, Compare between the followings.
1. Sympathebe and patasympathetc nervous-sysiem .,
2. Sensatvon in Amoeba and Ppramecium

&, Dendrite and Axon
4. Earin grasshopper and in veriebraics.

Chuestion 5. Label the parts in the Figuers helow,
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1. Describe the structure, funetion and regulation of hormones.
2. Numerate the plant hormones and their effects on plant hndy
. Determine the hormones ac:mrdmg to their chemical structu-
“£re in human body.
4. Explain the regulation of hormone secretion. I
. Numerate the glands m human body and their effects. '
6. Numerate the human body hormones in human body and

their effects. ‘b __i

7. Determine the diseases appear 1n abnormal functioning of
thyroid gland.
8. Determine the location of endocrine glands in human body.
5. Describe the neuro-hormones and their location of secretion.




Introduction

There are two main regulatory svstems in the body: hormonal {endocring) and neural control systems. The hormo-
nil control system 15 found m both animals and plants. A neural contrel svstem, however. i= found only in animals.

The endocrine system is compozed of endocrine glands, The secretions of the endocrine glands, known as hormio-
mes, are transported to their targets by diffusion (if the target is near) or in the blood. They regulate the function of the target
organ, Target orpan cells have special receptors peculiar o special kind of homone,

Hormenal regulation is seen in both plants and animals. Inveriebraies, such as segmented worms, insecis, mollusks
and crustacea, scorete hommones, All verebrates regulate their metabolic functions by means of hormones. Hormones are
extremely effective chemical substonces due to their great potency,

structuralby, many of the homaones are proteins. They can be isolated and their chemical composition identified. A
particular hormone can then be synthesized in vitro and the synthetic produet used i the treatment of disorders cauged by
cither a deficiency or an excess of that hormone.



P\

Bugin stimulates growth

1 inthe shoot, 2o the siem
Curves upwards

Auxin skaws growth in

ihe roal, 5o the ool

curves dowrwards

Figure 7.1 Auxin effect on root and
showt
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Plant Hormones

Hommones are chemical messengers within an organism that control
growth and development. Complex plants have hormones, much as other mul-
ticelled orpanisms. A hormone 15 a2 molecule refeased from one cell
that changes the activity of target cell. A target cell 5 one having o receptor for
a given molecule, either within the cell orat the surface of s plasma membrane.

Mozt lowering plants are known 1o produece five tvpes of Bormodnes:
auxin, cyiokinins, gibberelling, abscisic acid. and ethylene. Hormones are
produced in small concentrations, but minute quantities have a huge effect on
the cell by controlling plant growth and development throwgh division, ¢lon-
gatiom, and differentiation of celis.

The mechanism of plant hormone action closely resembles that of
animals. Plant hormones are syithesized by o specialized group of cells and
transported o the tanget organ or structure. Hormones have beeome tradley
available in recent years.

Flant hormones can be categorised into two groups: growth promoters and
growth inhibitors,

1. Growth promoters;
- Auxin -+ Gibberellins - Cytokinins
2. Growth inhibitors;
- Abscisicacid - Ethylene
d. Aiexin

Auxin 1= 4 fvpe of hormone that contrils elongation of coleoptiles
andd thues elongation of the plant cell,
In plants, the satural auxin extracted 15 indoleacetic acid (IAAL and 15 produ-
ced in the apical meristem of the shom, The bormene works by moving from
the shoot apex down to the region of cell elongation and then stimulating the
growth of cells.

Auxin also affects cell division and differentiation at various other re-
gions in the sced, and because of these various functions, the auxin is
often made synthetically nto herbicides. as well as for mducing fruit develop-
mment withoul pollination,
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h. Cytokinins

This group of hormones is produced in the embryo and the roots and
are transperted upward in the xylem vessels of adult plants. In an odult plant,
wrowth and seed production 1s regulated by cviokinins. They play an important
role in the prevention of decay m picked fuits and-are involved in dommancy,
the condition m which all metabolic activities of a plani are greaily reduced as
o response 10 environmental conditens.

Cytokining stimulate cell division, or cyiokinesis, and mfluence the
path of differentiation by stimuianng BN A and protein synthesis. The produc-
tion of protems could be the cause of cytokimins” abahity to mgger cell division.

The most common cyviokinin found in plants, Zeatn, is produced in
actively growing ussues, in parttcular, roots, embryvos, and frors. Cyiokmins
can also stow down the aging of some plant organs by stmulating ENA and
protein synthesis, and by mebilizing nutrients from sumroundmg tssues.

o (ribherellins

Cribberelling stimulate growth i the leaves and siem, They are produ-
ced inroots and voung leaves. In stems, gibberellins stimulate cell elongation
and cell division, as well a5 boliing, The plamt will begin the process of
boliing during the non=Howenng stage, when some plants develop low 1o
the wround with short intemodes, A surge of gibberelling causes reproductive
srowih and induces the stem (o clongate rapadly, They stimulaie the prowth of
cercal scedlings by stimulating the syathesis of digestive ensymes that mobili-
re stored nuirients,

Cribberellin injected into plamis requires sunlight and low femperatures
for germination and flowenna, Addinonally, pibberellins are responsible for
permination, fowenng and prowth of seedless fruit of long-day planis,

d. Alscisic Actd fABA)

Absodie aeid (ABA) is produced in the terminal bud, and helps pre-
pare the plant for winter and the onset of seed dormancy, The ratio of ABA 1o
the gibberellin concenration determines whether the seed will remain dormant
or germinate. ABA also acts as a “stress” hermone, helping the plant cope with
adverse conditions. ABA will accumulate in leaves and couse the stomata 10
close, reducing transpiration and preventing funher water loss,

Mk pomecniralion of 484 has the faflfowing daffacts;
- It reduces the rate of cell division in menstemanic Lissues

= It mitites the formation of a bud scar [rom the seed leaves.

Figure 7.2 Cytokinins have mwvo
functions, they are invelved in the
repair of damaged tissee and also
in the differentation’ of meriste-
mutic cells,

Figure 7.3 Effect on giberelling
on cabbage plant, Plani on righi
bormonized only
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I 1gure 7.4 Abgcigic
miotes the formation of bud scars

wineh protect the menstemohe

-

fasue azainst pdverse conditions
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The Tunction of ethy

The bud scar protects the menstematic Gssues aganst low emperatu-
res and drought during the long winter season. The preseoce of abscisic acid s
imporiant for the protection of the seed m the soil dunng the winter. In spring,
the concentration ol ABA decreases and the conceniration of gibberellin incre-
HL= 0 r:xll-l.'illg' U ST TR O This PO ES that ABA = an eihuberor of emba L k]

arsd bued growih
¢. Ethylene

Mawration of fruit and the life span of the plant are both determined
by cibiwlene. Ts production is divecily related 1o the concentration of auxin, 17
the amouni of suxin 15 in excess, cthylene production 15 stimulated in order
o suppress the effects of auxin by inhibifing growth, Fluctuations in auxin
conceniration stimulate the secrction of cthylene which then activates some

civeymes i order 1o

- gomvent starch amd acids to sugar molecules,

- degrade pectin or the cell wall 1o soften fnan.

Ethylene secreted during Fruit development affects the ethylene secretion of

other planis. Thus, all planes i the Ticld develop togeiler

1ppm
Ethylena

[
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Human Hormones

Cienerally, hormones have a determined effect on mefabolic functions,
development, production, the level of glucose in the blood and on the concent-
ration of minerals and water at specific levels. Thev also affect the pemmeabi-
Tty of the cell plasma membeane,

Hormanes According to Their Chemical Straucture
1 Reve greee Puier fricnin rupen af Henmmey, e .:-,r.-,'fr_u_::_r Fed NIrme i

I- Pepiide hormones are made of amine acids or their derivatives. They
can not pass through the cell membrane. They connect to specific receptors on
the membrane and frigger an increase of o secondary messenger compound
within the cell, such as cAMEP, The secondary messenger in fum activaies engs
vimes that atter the cell™s functiomn,

1o Steroid hormenes are dervatives of lipids, As g resuli, they can pass
through the cell membrane without the aid of a receptor molecule. Inside the
cell, they hind with receptor molecules. The hormone-receptor complex then
enters the nucleus of the cell, where it acts on DNA o produce proteins, These
protems. [eneymes) control certain body processes,

Hypothalamus

The Regulution of Hormone Secretion

TRH

Hormones are svathesized by endocrine glasds when required.

Mewrmpirre svathies i bo ol regulated i e fodlaving wins Fltl.litafy

= An amerease of decrease i the amounl of different substances (mingrals, wa-
ferete, ) i the Blood,

T.5.H

- The effect of one endocrine gland on another, according 10 the amount of
Bormone in the blood,

Thyroid gland

MNegative feedback

= The chiect of the nervous svstem on the endocrine system.

« Feedback mechanisms play an important role in the regulation of secretion,

RF (releasing factor), scoreted by neurosecretory cells of the hypotha-
larnus, stimulates bormonal secretion by the piteitary. It then stimulates hommo-

: ; Thyroxine
e secretion by other endocrine glands, ¥

If the amount of such o hormone increases in the hlood, secretions
from the hypothalamus and pituitary glands decrease, I the amount of hommao- Figure 7.6 When thyroxine rea-
ne decrenses, the secretion of the hypothabomius and pituilary increxses, ches 3 cortain level in the blood.
the hypothalamus 15 stmulated
and the thyroid stop producimg
iy raxine,
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Erndocrine (dlandy in (e Humaon Body

a. Hypothalams

The hypothalamus plays an imporiant role in the secretory system of
the body. It controls the prbwitary gland and secretes hormones simulianeously.
fis functions include the regulation of body hear and blood pressure, the regulation
of waler in the blood and formation of a regular sleeping pattern, as well as
controdling the endocrine svstem via the pituitary. The secretions of the
hypothalamus are known as newro-hormones,

b, Pirnivary Gland

The pituitary 15 a gland which is conmected directly. o the vpothala-
mus region of the brain via a thin siafk: It is a very efficient  gland and produ-
ces many hormones. However, it 15 amazingly tny, about the size of 2 marble
of a pea {1 emin diameter), I eonsist of three main lobes:

I. Amtertor Lobe

This Fobe constinetes fwo fifihs of the volume of the pituitary and is
composed of epithelial tissee, Many hormones are released into the blood by
thig lobe, The antericr lobe mamly produces six different types of hormones
Four of them are tropic hormones, whose secretions cause other endocrine
glands o release their own hormones,

2 The Midfe Lobe

The middle lobe 15 composed of epithelial tissue. 1t s
seen only during the letol stage of development. From this
labe, MSH (melanin stimuolating bormong ), which stomula-
Tes mekinocyies, s secreted. 1 affects the cells locaed wit-
him the skin containing melanin pigment. MSH detenmines
the color of the skin, 1 5 active in amphibia, reptiles and
hirds, Its effect is uncertain in mammals,

Figure 7.7 | A- Hypothalnmus
B-Piinitary gland
C=Thy roud glasd structome

I T Posrerinr Lobe

The posterior 1ohe is composed of nerve tissue and the following hor-
mones are secreted from this region:

= ADH {Antidiveetic hormonme)
- oxyioein
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& Thyroid Gland

The thyroid gland s lecated al the front of the neck, directly beneath
the lanvnx, The thyroid gland is found in &l venebrates, and in humans |
wenghs approximately 25 g, In mommals, the thyroid gland 15 composed of two
lobes. Tt has the kighest capillary content as compared 1o all the other endocring
alands,

I the thvroad gland removed from o voung individual, body growth
sippes and the rate of mewbolism decreases amnd this may ¢ven result in
death.

These effects are less serous in adolis, When thyroxine 15 gven o
adulis, the effects of its deficiency disappear. When the thyroid gland seere-
tes less homone than normal in adult humans, the nomal body temperature
decrenses by two degrees. In addition, the body accumulates lipids and obesity
results, as does acne and loss of haie. The patient's face also swells and there s
bagginess under the eves. These conditions are svmpioans of the disease myxn-
dema (hypothyroidism in adulthood), Figure 7.8 Hypenthyroidism

I the thyreid fails fo develp propery in childhood, a condibion called
cretinism results, Individuals with thes condition are shorl and sweky, Thy-
roxin therapy can initate growth, but unless treamment is began within the first
two months, mental retardation results.

On the other hand, if the thyroid produces o much of the thyroid
hormones, T2 and TSH sy mpioms as a rapid heartbeat, nervousness known as
hyperthyreidism ocourd

The synthesis and release of thyroxine from the thyroid gland 15 regu-
lated By TSH secreted from the anterior lobe of the priniary.

d. Parathyroid Clard

It comprises four distinet arcas of tssue embedded i the thyroid gland.
Parathyvrond hormone (FTH) produced in these glands regulates the amount of : _
calcium and phosphate in the blood. It canses the blood phosphate (HPO ) level Figure 7. % $Im_F'l'~" ki “5"{*'1“3"
10 decrease and the blood caleium {Cat++) level o increase. The exact amaount oecurs when ioding s insuflicient
of calcium is necessary for the normal functioning of muscles, heart, skeleton 10 the diel
and nerves, and s regulsted bormonally by the thyreid and parsthyredd, which
transler cabeium between the bones and e blood

& Pinal gland

This gland considered as the canal between the nervous system and
the endocrines because its transmitted the nerve impulse to excretion
This gland secrets the Melatomin which is responsible to sexual adultery.



Islet of Lamgerhans
These spacialized cells
secreta harmanas

rigestive cells
Thesa cells produce
digestive enzymes

Figure 7, 10 Structure of pancreas

Figure 711 Adrenal gland

( Chapter 7

J. Pancreas

This gland produces and secretes two well-known hormones: insulin
and glincagon,

Insulin decreases blood glucose concentrations by gither causing cells
10 use 11 45 an encrgy source or conver oo glyeegen, a nuch less sofuble form
of carbohvdrate, and storing it in the ver and muscles 1o be used loter, A
lack of mnsulin 15 known 1o cause diabetes mellitus. There are two maim types
of this disorder,

Czlucagon, a second hormone secreted by the slets of Langerhans,
enables the concentration of blood sugar o increase by incrcasing the rate of
gheopen eatnbolism in the fver. When the blood glucose level 15 low, gluca-
gon triggers the liver o convent glveogen 1o ghicoze. As the concentration ol
clucose mercases, glucagon seerction 15 reduced. The presence of insulin acts
as an inhikitor.

g Adrenal Glands

The human body bas two adrenal glands, cach positioned on top of a
kidney. Each ong is approximately 12 g in weight and is characienized by its
nich capilfary network. The adrenal glands hove & more extensive capillary
nerwork compared o other organs of the body. In aduliz, the adrenal glands
have fibnllar coninct with the kidneys and, ifa kidney 1s removed, adrenal gland
remains unaffected.

The adrenal glands: are composed of two disunct regions, The auier,
light vellow region is known as the adrenal cortex, and the mner dack-brown
region is known as the sdrenal medullia.

The adrenal corfex constitutes the most imporant part of the gland,
sinee it 15 the site of hormone secretion. These hormones ore known as cortico-
ils, and are steroidal in structure,

The adrenal medulla is different from most other endocring tissue in
that s cells are derived from cells of the penpheral nervows sysiem and are
specialized 0 secrete hormones, Hommones of the adrenal medulla are epi-
nephrine (adrenaline) and norepinephrine (neradrenaling). These hormones
respond 10 stress. They are mvelved in the immediate responss 1o siress, 1fa
person continues (o be highly stressed over a long time, the result can even be
death

|
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H. Gonads

The main function of the male and female gonads is the develop-
ment ol the reproductive system. They abse function as endocrine zlands, The
hormoenes secreted By the gonads are steroid in strecture, LH and FSH hormie-
s stimulate hormaone secrétion from the owvarics and tesics. In the presence
of these hormones, estrogen and progesterone are secreted by the ovares and
lesiosterone 15 secreted by the eaies,

I. Thymas Gland

The thymus gland 15 located in the thomx cavity.
The thymus produces a variety of hormones o promote develop-
ment of certain immune cells called T lymphocytes. This gland is quite active
during childhood, but 1= replaced by fat and connective tssue and becomes
nen-functicnsl in adulthood

ilake Female

Figure 7.12 Male and female gona-
s

Figure 7,13 Human endocrine glan-
s



Chapter 7 )

ENDOCRINE GLANDS - HORMONES & THEIR EFFECTS

GLAND HORMONE EFFECTS
Antidieretic hormone (ADH) It stimedates the contraction of smooth muscles, increases blood
mﬂ'm {Vasopressin) pressure and increases reabsorption of water from the kidneys.
j ) Chaytocin It stiradates milk secretion and contraction of uterine musches,
Girowth hormons It condrols growth and bone formation since it affects carbolbydrate,
(Samatotropic hormone = 5TH) lipid and prodein metabolizm,
P It promotes development of mammary glands dunng pregnancy
i Prodactin (LTH) and then regulates the production of milk after binth. It also initiates
t the mothering instincl
u % is imenlved In refease of the ovum from the follicle and releese of
I Gona | Luteinizing hormone (LH) | progesterone from he corpus luteum in lemabes. It mggers the
| et obeof | 404 rcmmﬂ;mmm;m i
the pituitary Follicle stimasating i an mum one of the ovaries.
r ¥ . '
5 | { FSH) h*ﬂ@hmﬂ“dﬂmﬁmﬁmdﬁﬂmﬂg
mw It stimadates the secretion of cortisol from the adrenal cordec
Thyrold-Stimulating hormone (TSH) | It stimadates the secretion of thyroadne from the thyroid gland.
mmnﬂm It stimadates melanin production from melanocytes in the skin,
Thiyroodine It accelerates metabolism and hear rate.
Thyroid gland
Caicionin It reduces the concentration al calcium in the blood.
Parattyroid gland Faratharmona It increases the concentration of calcium in the blood.
Contisol It influences carbobydrate, fat and protein metabolism. B is maindy
involved in the conversion of proteins o carbohydrates.
Corlex It miaintains homeostass of sodium in the biood by regulating the
Adirenal Aldasterons cancentrafion of sodium reabsorbed in the loop of Henlé, K is sso
glands irvobved i the excretion of excess polassism.
Epinephring (Adreraline)
Medulla Thiey increase blood pressure, glucose level and flow rate.
Morepinephrine
B It miaintains ghicose homeostasis in the blood by converting amy
m cells o excess into insoluble ghycogen.,
Langerhans)| © Glucagor It maintains ghecose homeostasis in the blood by converting
cells ghycogen inio ghscose.
It stimasstes Formation ol secondany sexial charactensbes,
Follicle | Estrogen rrsturation of reproductive structures, and thickening of the
Py T endommetrium,
Compizs P I It stimadates the development of mammary glands. B maintains the
lubeurn endometrium {lning of vtenss) during pregnancy.
Testeg Testestprnmne It stirnadates the formation of secondary sex characteristics..
Placenta Estrogen, progesterone It is Secretisd during embrponic development.
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