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Blology along “ith & VINg in, is the era of science and technology wherein
AvAMARE of werl 5 connected disciplines play a pivotal role for the
'Y in general and technology in particular, in order to

cast ol the fundamental knowledge of Biology

edition of The Textbook of Biology
serve for the cause.

This Text Book is the result of countless endeavors put in by the
authors that fundamentally emphasizes on improving the learning skills of
students. The book is designed according to the national curriculum and
precisely focuses on the concepts of Biology in a student-friendly language

At thﬁ: beginning of each chapter, students and teachers both will
found the objectives of learning about all concepts discussed in the chapter.

The text is presented with numerous illustrations and information tables.
Also, at the end of each chapter there are several multiple choice and
reasoning questions provided to test the learned concepts.

The study material presented in this book covers the subject in
accordance with the revised curriculum prepared by the Ministry of
Education, Govt of Pakistan, Islamabad and is reviewed by independent
team of Bureau of Curriculum, Jamshoro Sindh. Every topic is covered in the

same level of detail that is considered prerequisites for the professional
studies at undergraduate level.

Last but not the least, I am grateful to the learned authors, reviewers
and editors of this text book especially Prof. Dr. Nasiruddin shaikh (First V.C
of GCU Hyd.) who played major role as author, rﬂviqwaﬂr E}nd editor to give
this shape of book by his untiring efforts. I also admire Director (ART) and
Subject Specialist (Biology) of Sindh Textbook Board for their day and night

effort for the nation cause to develop future nation.

Cheatrmon
=indh Textbook Board
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Major Concept

Il this Unit you will learn:

= Homeoaias]s

F Osmoregulabion

= [Lxcretion

b Lirinary system of Man

E [taorders of L nAry [ rac
* Thermoregulation




HOMEOSTASIS

The term homeostasls was introduced by Walter B, Cannon
| 187 1=1945], He descrnibed 1t a5 6 self-regulating process by which
bslogical systems mamtaon stability while adjusting o the changing
conditions. Homeostasis 15 essential for the continuity of life as it is
responsible for the stabiity of body functions according to the

emnrarmenil.

Crganisms live [n terrestrial and aguatic environments. These

environments have varable conditions, i.e., moderate to extreme
conditions which influence upon the organisms and they tend to

develop physical and physiological changes in thelr body accordingly.

In view of the environmental changes, organisms nesd to maintain
therr internal body environment up B suatable hmats, The body

environment comprizes of different components including body fluids,

tissues, organs, systems «ic. These components are physiclogically
well mtegrated and efficrently comtrodled and coordmated by endocnne

as well as nervous systems, These systems ensure the proper
';‘ performance of the homeostatic regulatory functions ke

F'..: osmoregulation excretion and thermoregulation, in the body and
adjust to malntain the balance between the external and internal body
envircnment

3
&

T8l ELEMENTS OF HOMEOSTASIS

Homeostatic surveilllance 15 based upon necessary physiological
check and balance mechanism of the body funcltions that maintain its

normal state called feedback system. Feedback mechaniam develops

through some integrated components i.e., receptors, control center
and effectors. Receptors are the sensory organs thal  are

neurclogically connected with the nervows system, detect any external

or internal environmental changes and send messages to the central
nervous systerm [CNS). CNS act as contogl centér and réespond by

concerned effector organs to bring back the normal state of the body.

15:.1.1 Feedback systems
Feedback, in biologry, a response within a aystem (molecule, cell,

organism, or population] that influences the continued acthaty or
productivity of that system. There are two types of feedback
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mechamsms that counter act upon #ach other called positive and
negative feedback,

The positive leedback (s concerned with the increase or nitiae
the change of output lor any nodogpical process, &g il body 15 imjured
and bleeds positive feedback begins by the action of platelets. Platelets
reached at the gite of Injury through clrculating blesd, recognize the
daimaped ared and begin Lo stck together o stop the loss ol blood and
patch up the tear in the wall. Eventually blood clot 15 formed, the loss
of blood is kept 1o a minimum, amnd the positive feedback ends. Positive

feedback does ol maintan a stable, homeostatic corcdition catber 1l
intensihes the change that 15 happening to the bhody.
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Fig.15.1 Poaltive feedback mechaninns
The Negative leedback suppresses the normal physiclogical
actvibies to bring body back to normal state e g, when 18 15 cold out,
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and body temperature decreases below the sef poant range. A set
podnt i3 the phyvesiological value around which the normal range

Auctuates, A normal range 15 the restricted set of walues that is
optirmally healthful and stable, The negative feedback loop will cause

the body to shiver producing heat and ultimate body temperatune will
| return within the set poant.
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Organiems must need appropriate amount of water and
mineTals in thear bedy to perform many wital functons,
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Homistrmaals :

15.2.1 Csmoconformers and Osmoregulators

Osmoconformers Osmoregulators
Orgamsms that have mternal COrganisms mamitain a constant
bady solute composition eguals nternal osmotic environment o
or isotonic to the external spite of changes in their external
ERVITOTT el ENVIromnietil

These are manne organisms, They live in marine, fresh water
and terrestrial envircnments,

Can surnave in wide rangs of Can survive in a narmrow range of
galinities sallnities

12.4.2, Problems Tacod by Uamorefulators
Fresh water animals have an external hiypotone envaronment
while they retaan salts in their body, they have hypertonse intermal

body environment, In this case water enters the body by endosmosis
through their organs like skin and gills and disturbs the internal
psmotic balance. This problem 15 resolved by different adaptations to

remove excessive water from the body,

Marine animals have hyvpertonic external environment and they
face the problem ol seveére dehydration. Therefore, they need to intake
or drink water but in thes case another problem develops which 1s

about the retaining salts that enters with water which also imbalance
the asmaregulatory components of the body.
Terrestrial organisms retain water in thewr body, whole beanng

external hot environment they perspire and not only dehvdrates bt
alao lose essential salts which disturbs the oamotic balance of the
iy,

15.4.d Methods (or camaoregulation in fresh water, marins and
terrestrial habitat

Osmaoregulation in fresh water Habitat

Fresh water animals have internal Y Pertonn: A external
hypotonic environment. Fresh water ishes [ace the problem of osmotic
mncursion of water from gills and skin and mainimaze the loss of salt by
uring and by diffusion acrogs the gills. The water influx and salt
removal arée balanced [fom the Kidney by producing difuite unne, The
filtration rate m ksdney 15 high and they are speciabized to actively
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reabsorh salts and send back into the blood. Fresh water organismes
also have specialized cells located in their gills and in skin called
lonocytes which actively extract Na®*, ClI' and Ca*™ from external
medium and excrete (H) or basic (HCOz-) lor acid base balance in the

body flaids,

Crmoregulation in matine water Habitat
AMarnne animals alse need to retain water 1in their body for thear

metabolic requirements. They have higher concentration of water in
their Mood than their surrounding environment. They don gain water
hke fresh water organisms due to their extermal hypertomc

environment, therefore they intend o drink lot of water and also digest
it salts which are harder than fresh water salts. In marne
bany LHshes, the @lls, Kidney and dgestive tract are mvalved
im maintenance of body Ausd bhalance, as the mamnm osmorepulatory

organs. These filzshes are capable of digesting marine salts which are
added in their blood along with water, excessive salls are extracted and
._‘ remove by specialized rectal glands in intestine and salt glands located
- im gills, Thess fishes reabsork water some 2alts and excrete very amall
amount of urine with excesgive salts |ZIi|:i|.I'I|i_'|l divalent 1058, .I'IL-EI.i:I':Il._l.' ME_" g

S0s-, Na®, CI, Ca** from the kidney.
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Fig. 15.3 Oamorepulation im marine and frechwater liskes

Camoregulation in terrestrial Habitat
TeEerrestnal animals live 1 modecate o exEireme emnviranmentsl

condrtions on land, Some are immensely exposed to scorching sun and
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temperature and face the severe problem of deliydration like 0 desert
while others live in moderate environment but all of them need to
conscrve water and cssential solutes In their body. These organlams
can lose water [Fom integument, excretion and exhaling during
breathing, therefore they have evolved many adaptabions in response

to environmental stresses. These adaptations are related with
preventng removal of water from skin or body covering, not loging
much water by excretion and manntaiming osmotic balance of the baddy
fhuid by metabobhic actvaties wathin the body. To prevent water boss from
the skin they develop water proof external covering as exoskeleton
made up of keratin, chitin and CaCO0s fsund in various arthropods and
other organisms. Arimals produce excretory waste which require less

amount of water like unc acid and conserve water through efficient
reabsorption in Kidney and intestine. Some animals like camel,
Kangaradg-rat, ebc., i the absence of Eenvironmental water Bel il
through metabolic water by breakdown of fats and other compouends

during cellular exidation reactions as & byproduct.

15.3.1. EXCRETION

Excretion ig a process of removal of metabolic waste produced
during hiochemical reactions o the body., It 15 an important

homeostatic activity as in broader sense it inwvelves controlling the
oamotic pressure, the balance between inorganic lons and water and
maintainmge acid base balance of the bady. Though the waste includes
varety of compounds like Clk, nitrogenous waste including ammona,

ures and wuric acid, in a restricted sense, we are going to discuss the
removal of pidtrogenous wastes only.

13.3.2. Exeéretory products in relation to habitat:
Amimals produce different tvpes of nitrogenous excretory waste,
The major types of nitrogenous wastes are ammonia, urea, uric acld,

and creatinine. Both wastes and their removal depend upon frstly,
the nature of fesd ke herhivores do not excrete a5 much urea as
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carnivores because carmivores eal more protem, and therefor excrete
mare nitrogen, secondly, avmlabality of water and third the animal’s
habitat. Nitrogenous waste produced as a bvproduct due to the
breakdown of protein and nucleic acuds.

Ammonia:

Ammonia 15 an immedate and highly toxic gaseous waste
imtially produced by the breakdown of nitrogenous compounds in the
oy, [t 12 exceedingly soluble in fresh water and body flulds and raises
the pH therefore should be present in low concentration in the body.
Ammaonia reduces its tosacity in water and requires lot of fresh water

o dissolved and generate non-toxic ammaoniam (MNH4*| ions, therefore
produced in aquatic anlmals in gaseous form and mostly diffused out
from the body while some amount also exceréetsd tThrough urme as ureas,
Ammdania 15 also produced 1n terrestrial animals and converted 10 to

another nitrogenous product e, urea and excreted through urine
frorn the body. Chemibcally it iz alkaline, corrosive amnd 100 000 times
mare toxee than drea. Ammals that excrete ammonis arme sad to
e ammonotelic.

Urea:
Lrea CCEMHa)z 15 the nitrogen contaunmg higuid waste product

produced by the breakdoen of protein 1o mammals, amphibians, o
gome fishes and excreted in urine. It 8 algo called carbamide, neither

acidic nor alkahine and highly soluble i water., Liver ocombines
ammonia with Clk molecule o form some infermediate compounds

and then produces ures in the urea cycle or ornithine cycle, Animals
produce urea are called arestelic, Urea iz not only a waste product in
the bady bul also plays important rale i the absorption of mmporant

ions and water in kKidneys,




Uric acid:

Uri¢c acid 15 andlber nittoegenols compoutd and osdatnne
metaboly: product of punnes present in nuclews asoids. It 15 also
structurally resembled with punnes, weak acidic and less soluble 1n
witer than ammonia and urea. 1t s about 10 005 times less toxe than
ammaonia, Animals that produce and excrete uric ackd are called
aricotelic which include reptiles, birds and numerous arthropods like
inEecls #lc. Unc ackd can e stored in the body Dssues walhout any
taxie =dect or harm. Excretory wastes contain unc ackd appears theck
paste litke and needs less amount of vater and animals get the -
advantage to conserve water in their bodies, In humans 73% unc acid = B ..‘
i85 excreted by kidneys and 253% is excreted by intestine. L

Froteine Nuoledc acids
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Fig. 154 Types of excretory waste In different animals




15.4.1 Urinary System of Man
The urinary system or renal system 18 & system for removing

wirste from the body. This system not only removes the toxins but also

maintain the body's homeostasiz regulating the body acid base
balance by controlling the electrolvtes and metabolites, blood pressure

and blood pH, The organs associated In urinary system are & pair of
kadmeve, ureters, a bladder and urethra.

Bl he  Blaod i ’ Fenal Veln
neys are S
e purifier. These are paired, bean T E"f:: -I.-Elt-'rr
,—_‘{a-" shaped structures located N Adrenal Gland

pbdominal cawity, Blood enters in Kidney -

| to the kidney by renal arteries,
"_- bath kKidneys AOlter amd femove

& waste substances from the hlood
arid form filtrate. That fGltrate

ultimately becomes unne which
Nows down through the ureter. Ureter.
Ureters are 25 to 30 om long tubes
connected anteriorly with kidneys
by wide opening called renal
pelvis posteriorly they become

rsirrow and extended dowmmwand to

pn urinary bladder, Ureters drain
urirne 1n to the orinary bladder

where it 15 temporanly stored. The
wall of the bladder = thick

muscular and strong enough (o
haodd hall liter of urine in adults for some tme then it s excreted oul
from the body by a connected muscular thin tube called wurethra,

Fig.15.5 Urinary syatam of man
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Urethra has valves called sphuncters that control the flow of urine, The
internal urethral sphincter regulates invaluntary contral of urine flow
from the bladder 1o the urethra, and the external urethral sphincrer
provides voluntary controd of urnne flow bom the bladder o the

urethra,

15.4.1. Structure and Function of Hidney

Hideneys are symmetrical, bean shaped reddish  brown
structures located just below the rib cage, one on each side of the
vertebral column between the 12 thormce and 3™ lumber verteboae.

Kidneys positioned retroperitoneal in the abdominal ceavity. Thess are

4 to 5 Inches long almost size of the fist. The right kKidney 18 located
slhightly below the left kidney proveding space to adjust Inver, Lelt kadney

15 slightly larger and closer 1o the heart.

Henal simw ‘
Adipose tissue | |
in ramal sinua »

Rumal pelvis
s
F

Renal capaals

Fip.15.6 L.5 of Human kidney

Externally kKidneys are surrounded by a layer tough connective
tissue called renal faséia behind thal anolther {atty laver 15 present
and the mner most layer covers the kKidneys calied renal capsule.
Kidneys are laterally convex laterally and the medial slde 12 deeply
concave this medial depression hollow fom inside called réenal sinus.

In the medial depression a small convex regon 5 called hilum s

present which has hollow sinus inside and serve as an important
ipcahon for the entrance of blood vessels, nerves, lymphatic véessels
and the ureter into the kKdney,
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Kidneys have two distinct regions internally: an outer cortex and

inner medulla, Henal cortex i3 surrounded by renal capsule which
provides shape o the Kidney, Repal cortex oontaimns artenole and
vemtle and the cells calied nephron. This 15 outer thin region then the
medulla and produces an important hormone  erythropoletin
necessary for the synthesis of RBCs,

Renal medulla is compozed of compact seven to eighteen conical
shaped masses of tssues called renal pyramids. The spaces in bebween

pyramids are called renal columns. Medulla regions mostly contain the
loap of Henle part of nephron and the collecting ducts. Urine enters
the collecting duct and then ow towards the hilum and then collected

by pelvis and ureter to remove from the body.

156.3.2. STRUCTURE OF NEPFHRON

Both kidneys are consisted of millions of lunctional unlts called
nephrons, These nephrons are about one mithon 1in each kdney and
mainly perform filtration of bleod, There are two types of nephrons

e  present in the kidneys. The Praximal Czzvoluted
@  juxta medullary nephrons have ——
longer loop of Henle penetrates g
deep inside the medulla and "“““"'I
E cortical nephrons with shorter comesulus
& Ll &l Henle restrncts only m

cortex reglon. Juxta medullary
nephron consists of a renal

corpuscle and a renal tubule.
Renal corpuscle consists JEoE

nof a denses cluster of bhlood T

capillarice  network  called  wain
glodmerulus surrmounded by V.
thin=walledd c©overning called
Bowman's capsule €
glomerular capsule and both are

collectively  called malpighlian

body. Glomerulus is the ball like structure which anses rom afferend

arterioles, High vwolume and pressurs of blood facilitates the ultra-
[iltration in this regon. Glomerualar capdllaries have pores of about 70
nm in cdhiam#ter which prevents the barge molecules and hlood cells to

jE—— T [E—— —-. [ EET—
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pass through it. Glomerualus have specialized Podocyte cells that are
wrapped amound blood capillanes, These oells have small shits ke

opening that play an active role in preventing plagma proteins [nom
entering the urinary ultealiltrate. All the glomerulus cagllaries fise 16
form efferent arteriole, which exit the malpghian baody,

Efflerunt
AT podocytes

Parietal layer al
Bowmsm's oupaube

--Il'll-_i....-

T50Y0)

T
O o

Macula der
ol dizkal tuhals

Juntaglomemlar cells 3
Afferent

urtercle
Fig.15.8 Nephraoa Glomeralus snd Podocyties

Bowman's capsule further extended and form renal tobule F

which becomes highly colled. This colled region 15 called proximal
convoeluted tubule [PCT)., most of the essential compounds like
glucose, aming adcwds, electrolyles and watler 8 reabsorbed i this
regpon, The PCT rans down towards the renal pyrameds of medulla to

become descending limb of loop of Henle, The tubule then turnas back
vvards the howmman & corpuscle making an ascending lhmb atd then
coabed apain and 1s called distal convoluted tubule |DCT). Several DOCT

ins the common duct called collecting duct, Which carry urine to
the renal pelvis to exit from the Kidney.

Blood supply to the nephron

Fenal artery enters in Kidney at hilus, which further divides into
aumerous smaller arerioles. One of the arterioles such as allerent
arteriole forms the dense network as glomeralus and leaves 1t as
efierent arteninole. The diameter of afferent artenole 15 larper than

v 4 @
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Effereril arteroles, due o difference 1 diameter between these

arterieles, high pressure in glomernalus than other capillanes
elgewhiere.

The efferent artenoles extended down and forming a network of
capillaries called pearitubular capillaries that surround the both PCT

and DCT, [t provides nutrents and oxygen to the renal cortex. [t moves

downward along with loop of henle give branches which are laterally
connected with the capillaries of renal vein or venule in the region of

medulla. This complex network capillanes over the loop of henle called
vasa recta. After passing through the vasa recta blood flow through
perntubular capillanies system and entfers £ the renal vemn o poan

venous circulation and leaves the Kidney,

15.3.3, Functions of the kidney

Ridieys ane yery mportant Table 15.1
homeostatic organs. It flters our Composition of plasma and urine

blood and excretes waste and exira Sul fain % in

fluid from our body by urnne. plasma urine
Kidneys also work as an endocrine  ywiosar Te -
organ amd secrete some  vital :

. Protein & b
hormones |1k TETiT anil i roRe 0.1 0
erythropoletin. Eenin maintain:s '

; Liremn 003 ..

the hlaad Pressure while

LIrie acsd TR .05
Armmonia 0.0001  0.04
Creatimine 0001 Q075

erythropoietin 13 involved in red
blood cells production.  Kidney

produces an active form of witarmin

[33 which helps 1o absorb calciam Na' (.32 33
and phosphorus 1n our bones, B 'E'-!]'E .15
These important minerals keep U Uar Dol
bones strong. Kidneve balance the PO .00 0,27
pH of our body by making changes 24~ 0002 018

and adjusting amount  of
bicarbonate HOOY from the urnine back to the blood and by secretion

of H* ions into the unne. Kidney regulates the water balance by
priodiacing dilute and concentrated urine acoording to the exteérnal
envirpnmental changes. The process of producing urnne ooours 10
three stapes glomerular filtration, selective reabsorption, and tubiilar
secretion.

@ mx.
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al Glomerular filtration

Lirine 15 the ultimate kKidney product and based upon waste
removed om the blood with addition of some other Nluids and wons.
This process is mibiated n the glomeralus when blood s hltered ot

under hydrostatic pressure leaving the amall molecules of waste and
other compounds as glomerular fltrate this process 15 called altra-

fltration, Filtrate pinmanly includes water, electrolytes, some amino

acids, bicarbonates and nitropenous wastes ke urea, ure acid and
creatinine. Glomerular Gltration rate (GFE) is directly proportional Lo
the hyvdrostatic pressure exerted in its wall, This pressure 15 increased
due to the difference in diameter of both afferent and efferent arterioles
asx mention earlier. kKidney recerves 180 iters of blood by circulation 1n

24 hours and after Altration it produces 2.5 liters unne In normal
climatic conditions. GFE uzually remains constant by auteregulation
however it may change depending upon the [lud intake or its varnable

amaunt in the body,

b| Selective reabsorption

The composition of glomernalar filtrate and the urine 15 different
it mmeans that the Duid contents becorme change while passing through
the renal fubules inchading PCT, loop of henle and DET 1in nephron.
For example, ghucose If present in the filtrate bat absent in the urine
of a healthy person. The amount of urea and uric ackd present more in
unne than the hltrate, These changes are the cutcome of selectie
reabzorption and the tubular secretion. Selective reabsorption = the

process whereby certain molecules alter bemng Oltered out of the

capillanes along with nitrogenoys waste products [1.e,, urea] and water
in the glomerulus, are reabsorbed from the fltrate as they pass
through the nephron and return back to the hlood cmmculaton. Most o

the selective reabsorption of moleculss takes place In proximeal
convoluted tubule (PCT). Water |about &7%), Na* and K* variable
guantities of Cl- [about S0%). Ca?*, Mg, and HPOy 2 1ons, important

nutrients like glucose (1009%), amino acids, vitamins and other organic

substances are reabsorbed in PCT and given back 1o the blood
circulation. Water 15 absorbed passively while glucose and sodium are

absorbed sctively. Ma* drags the other negatively charged long due to

opposite charge mmteraction. Hormone aldostecone Lachiates the
sodium and ADH facilitates the water reabsorption.
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c]) Tubular secretion

In this process certaln substances moves in to the filtrate of PCT
and DCT from blood plasma. This includes waste that escape during
ultra=hltration and remained n the blood, Thess substances are

absorbed actively and nclude urea, creatinine, hydrogen 1ons,
polassium 10ns, Some hormones and drogs of preséent. Tubukar

gecretion mostly performed by proximal convoluted tubule |PCT) but

some of the K* are also secreted from DCT and collecting duct due to
reciprmocal exchange of Na® wath K'Y, it adjust the pH of unine,

d} Counter current mechanism

The counter current mechanism 15 hwlogieal processes intend
i allow maximum exchange o molecules between two MNuids of
different concentration which are moving in opposite directions. Thie

mechamsm invelves loop of henle and the environment of medulla. In
medulla region of the kidney, the ascending limb of loop of henle is

permeable to Na®, K* and Cl' jons while impermeable to water. The
descending limb of loop of henle 12 permeable to water,

Ascending lmb cells have specalhized 1one co-transporter
protein, each allow one Na® with ene K* and two Cl hence allow lot of
ions 1o move out from the entire lmb. when theae lons are actively
reabsorbed from the ascending limb and sccumulated m medulla, it
makes medulla environment hypertonic. This movement of lons is also
facilitated by a steroid-based hormone called asldosterone sccreted

from the cortex region of adrenal gland., Movement of water molecules
is facilitated by anti-divretic hormone |ADH) secreted [rom postecion

lobe of pituitary gland. Another compound that increases the oamotic

gradient in inner medulls is the Urea, it enters in the medulls from the
colleching duct and along with other 1ions, helps the reabsorption of

waler. This process is called counter current multiplier. Now there
iz another counter current mechaniam performed in between nephron
loop of Henke and the pentubular capallanes or vasa recta

The loop of Henle is surrounded by peritubular capdllares
containing blood. These capillaries are permeable to both water and

ions =0 due to high ionic concentration in the interstitiam, water 1s
diffusing out and solutes diffuse mside the capillanes that travel
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alongside the descending himb, if thas blkood 15 carmed away it destroy

the medullary concentration gredents, Therefore, to counter act this
effect the peritubular capillaries alongside of ascending imb releases

the extra solutes which diffuse bheck In to the medulla henoe
mamtaimng the concentrabion gradient msede medulla and making

blood more dilute. This process of exchanges of gradient in vasa rects
of peritubilar capillaries (s called eounter current exchange. So, the

water 15 secreted then reabsorbed in to the system. Solutes are
reabsorbed then secreted In to the mvedulla. Normally the blood flow is
slower in pentubular capallanes or vasa recta to allow tBime for passive
diffusion.




| 188 DISORDERS OF URINARY TRACT

Lrinary tract infections are the infections in organs associated with
urinary system. These infections are usually caused by bacteria and
vinises that invade or enter through anus or urethral |_'||:|-|:n1r|.g; or bw
aother means. The site of infections could be any part of the urinary
system like kKidneys, bladder ureters and urethra

The most common urinary tract infectionz among others are
Pyelonephritis, Cystitis and Urethritis.

Name of the

discase — l!'ﬂ'lﬂl
if bacternum reaches in the kidneys it
PFrelonephritis E. cofi Brings favses, voamrling Back pain,

high b=ver with cold
Feelng the Ireguent or urgent need o

['.'hEl...':ull':n.U'l.!:Elrl. 'l.-II'!I'IFlTl!". !.;'||"|.|I=I'I.-I|'I:|-' BEATTING uUrinatian,
Urethritis HE:iEEI-:!'iH.I Pain during sex, EILF.-:h:'.I.I'E:l!' from the
e aonarrhes urElhral openimg or vagina
F{ A stmong urge o urinate, Pain or a
buming Eelng when unnating,
Passing frequent, small amounis of
e & : unne, Blood m the urine, Passing
Cystitls E. coli clowdy or strong-smelling frequent

urine, Pelvic discomiart, A feeling af

preasiire i thed arsa below wouar ellv
button [abdomen), Low-grade ever.

|5.3.2 Kidney Stones

Urine containg many dissolved mineral and salts that form
different compounds, The components of these compounds include

calciam, sodium, potassium, oxalates, une acid and phosphate
Increased level ol calcum m urine is called hypercaloinria and high

fevel of oxmlates Im unne 15 called hyperoxaluria, When these
components in the unne get too high or urine becomes too acidic oF
basic, they combaine to form crystals. The crvstals progressively prow

and become detectable stones In months or a year. This presence of
stones m the kidney s called H'-E]lh.rnli.l'.hi.l.:il- or Uralithdasis and the
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inflammation in kdneys due to mmtation of kKidney stones 15 called
Lithonephritis. Kidney stones hinder the fiow of unne and cRuses
geviere pain in the back. Caleium oxalate i the most common type of
crystals to form B0 56 of kidney stones. Other S to 10% of less common

type of kKidney formed by caleium phosphate or uric acid, Some
stones are formed by magnesium ammeonium phosphate (struvite] in
alkaline urine due o bacterial activity. These stones are about 10

percent and called struvite or infectious stones. Less than 1 percent of
urines stones are lormed by an aming acd cystine. Cystine siones are
usually formed 1n childbaosd.

#— Lithelripter

Fildmey - k

Flg.1%.11 Lithotripsy

Kidney stones can be treated from cutside the body by shock
waves, This treatment 18 called extfacorporeal [outside the body)
shock wave lithotripsy [ESWL). Another treatment for kKidney stone

iz percutancons nephrolithotomy (PCNL). Thiz procedure iz used to
remose Kidney slones when they can 't pass on therr own. This 15 rmade
under the general anesthesia 1in whnch patient w1ll b a sleep. Durng
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fthis procedure one catheter 15 placed 0 the bladder to drmmn unne ot
of the body then another catheter 18 mserted into the ureter o track
down the stone by attached wvisual device, ODnce the stone 18 detected
it 15 crushed and nephroscope grasper 15 usad (o pull out the pieces of
stone [rom the kidney. If the stones are oo many or large then
laparoscoplc pyelolithotomy procedure is used in which Kidneys are
cut open to remove stones physically.

15.4.2 Kidney Fallure

Kidney faitlure 15 the condition n which kidneys fail to extract
mitrogrenous waste products and periorm osmoregulatory activity 1n
the body. In this medical condition more than 25% of the both Bidneys
arc affected. Kidney fallure 18 classified as acute and chronic.

Acuote kidney failuare 5 concerned wanth the suddenly loss of
filtering abilities of the kidney. This conditton develops in a lew days
particularly 1in those who are already having renal abnormalities and
hospitabized, The diseases that could cause the kidney fmlure are blood

boss dide o 1njury, hearl attack, hver failure severe allergic caridition,
and sudden dehwdration due to sweating or exceseive urination,

urinary tract obstruction dus to stones or any infection,
Chroni¢ kKidaey disease invaolves a gradual loss o Kidney

function. [nitially this dizease shows ne symptoms in the body but

penodie blood or urnme test indicate the problem. [ts symptom includes
fabipuee, short breath, swollen hands or feet, blood in unne. The causes

are hyvpertension, hyperglycemia, high cholesterol, cyst develop inaide
the kidney, Kidney stones and inflammation.

15.4..3. Dhalysis

[halhysis i a medical procedure to separate unwanted and toedc
substances from the blood by artihcoal means. It 15 performed when
kidheys are failed 1o remnove waste [rom the blood body leels unrest
particularly im breathing and later on non-adjusted biochemical

components cause senous damages to the body hke dementia or heart
failure. There are different types of dialysis applied on patient

depending upon the need and intensity of disorder, these are

hemodialysis, continuous renal replacement therapy (CRRT) and
peritoneal dialysis.
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The hemodialygis 15 perlormed by a machine regarded as
artificial kidney., This artificial kidney contains a number of tubules
with a semipermeable lining suspended in & tank filled wath a diabyzing

fluid. This Nuid has the same osmotic pressure as blood eecept it lacks
nitrogenous waste,

To begin the procedure a surgeon, make a small incision to
connect artery with a vein by a graft L.e., a small plastic tube that
connect the both artery and wein also called a Netala. When the circuil
1% completed two needles are mnserted tn to the AV fistula. The one

nesdle 18 connected to the antery and at the other end it is connected
to thve dialysis device where blood ig collected from patient for filtration.
Durnng this process the waste product from the Blood passing into the
dialyzing flued by diffusion, The punfied Blood 15 pumped back mto the
vein of the patient which is connected to other end of the dialysis
device.

This 15 samalar to the lunction of the kidoey but 1t 15 different
since thers is no reabsorption involved., Hemodialysis i3 normally
performed as 4-hour treatment, 3 times & week. The complications 1n -
this process may include the risks of blood mfection, thromboses and : -
internal bleeding due to the added anticoagulant. .
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Continonous renal replacement therapy |[CRRET) s the same

class as hemodiabysis. If 15 used for the patients who are m cntical

condition and it is design for the patients who are unable to tolerate
the repeated procedures of hemo. o peritoneal dialysis. This

procedure 15 running continuously 249 hours a day once started.
In peritoneal dialysis, abdominal cavity 15 used to hilter hiood.

Thiz procedurs starts when doctor makes an incision at the |ower
abdomuinal cavity o implant or pass catheter. Which iz soft tube that
albloawws dialysate o pour o o and out of the abdodsrinal cavily.
Abdominal cavity 15 internally hned wath the pentoneum which serves

as the natural fltering membrane. When the dialysate 15 poured inside
the abdominal cavity 1t pulls toxins from the blood that pass-through
perilonsum membrane [rom itg gl concentration o the low
concentration. The flusd remains m the body of several hours allowing
exchange and squilibrium of 1onic components with the blood nanning
in the underlving vessels before being discarded. The dialysate i=
removed when it appears saturated and this process is repeated again
if needed. Pentoneal dilysis can be repeated 4 to S trmes a day. [t 1s
Iess effective than hemodialysis but because it can be performed for
longer periods of time., Peritoneal dialysis offers maore fAexibility, is
Better [olerated Dy patient, and less expensive bul it 18 more ofben

complicated with abdominal inkections.
Peritomeal
Peritonexl EpacH
Epare s bpatars ]:Ilnl.l.E:.:utl

Ferltonedum | Draimage Peritoneum | Dminags
bag bag
Cathatar

CatheErer
Fig.15.13 Peritoneal dialysis
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L5.4.4. Ridney Transplant

Eidney transplant is the mapor surpgical treatment of kidney
failure disorder. In this procedure, a healthy kidney ffom a lving or

deceased donor 18 acguired and is placed in the lower belly on the front
sicke al the body. The digeased kadneyvs are usually el in place. Kidney

transpiant 13 done when the Kidneys have lost about 90% of their
ability to functsen normally due o some serous disorders like high

blood sugar level and uncontrolled hagh hlood pressure, Bdney stones
and polvoystic Kidney disease etc,

Donar Recipivml

Fig.15, 1% Kidney Tranaplant

Principles of kidney transplant

Kidney transplant reguires the same matching blesd group and
ochemical components wath the kdney dongr and recipeent. The

compatibility 13 necessary without it, transplant cannat be done,. The
resistance againslt the mplantesd kKidney by the immune system

particularly from human leucocytes antigen system [(HLA) should be
mmuruiniEe Al the level thatl body accepl oew Kidneys.

Problems associated with Kidney transplant

After transplants the [mmunosuppressant drugs Like
Cyclesparing are administered. This would be the rizk factor along with
treatment because at hirst it must e given to stop the body from

rejecting the new Kidney and minimize the side effects but at the other
end 1f may invite same other opportunistic mnfections to enter the body
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due to suppressed immune system. Kidney transplant surgery mvolves

substantial compbcations hke blood clots and hlesding, leaking from
or blockage of the tube that lnks the kidney to the bladder [ureter),

different bacterial Infection, those infections or candcer that can be

passed on from the donated kKidney, Death, heart attack and stroke,
Besides all complications studies reveal that peogle who have done
ther Kidney transpdant hive better and longer than those who keep on

dialysis,

|15 THERMOREGULATION

Thermoregulation 15 8 homenstatic mechanism that keeps the
body temperature of an organism up to suitable limits independent of
external environmental temperature. It s all aboul keeping the
stability of thermal energy expense 1m the body, This stability of
temperature is neceszary because if a person suffers with loss the body
hest (1., hypothéermia) in a very low éexternal téemperalure then this
condition may kead to low metabalic activities, cardisc armest, brain
damage and even death, Likewizse, if the body temperatune raises rom
JFUC Wy 490 |Le., hyperthermia) a person alzso salflers with many
complcations hke fever, osmoregulatory imbalance, stroke or even

death in rare cases. Temperature 8 the limiting factor for enzyme
activities. Body metabolism depends upan the enzyvmes and charnge in
temperature affect the working of enzmymes which disturbs the

meetabolic actihvities,

15.6.1. Animals Classification on the Basis of Thermoregulation

Animals are classified on the bazis of their capability to maintain
body by utibizing different heat sources. Those animals who derives
temperature to warm their bodes from extermal sources are called
ectotherms or polkilotherms. Since ectothermz rely  on
eninronimental heal sountes, they can operalte al econamical metabalic
rates, Ectotherms live 1in envirconment where in which temperatures
are constant such as tropics or ocean therefore, they would rather
prefer to get heat by behavioral means rather than the physiologscal
activities., These amimals inchude invertebrates, hishes, amphibians
and reptiles,

Animals who mamtban a constant intéernal bady lemperature,
usually within a narmow range of temperature are called endotherms
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Homistrmaals :

orf homeotherms. These anmmaals regulate their own body temperature

through intermal metabolic processes, When external environment
becomes cold or hot, they autonombcally monitor these changes and
maintain the body temperature up o normal mange through

physiclogical and behavieral strategies, Thess animals include birds
and mamimals.
aoqme animals are called heterothermic animals. Thess

animals can switch betwesn homeotherms and endotherms. Theses
changes in strategies tvpically occur on a dally basis or on an annual
basis. These animals rejulate body femperature usually as constant,

but allows body temperature to fluctuate with the environment when
mactive. Bats and hummingbirds go into what 18 Enows as torpar and
bears hibernate. Both are examples of heterothermy; where the

internal temperature of the animal drops dunng specific periods of
tme, usually when food |5 scarce

156.56.2, Thermoregulation in Homans

Humans maintain their body temperature at suitable limit that is
S7UC, We are adapted some behavioml and physiological strategees to

adjust thermogenesis in oold and hot environment, Thermoregulation
15 controlled by an important part of our brain called hypothalamus
which 15 considered as the thermostat or set point for temperature.

Hyvpothalamus detects changes of the body temperature by receptors
located in different parts af the body and responds accordingly.

Fig. 1515 Vasoconsiriction and Vasodilatiomn
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For example, il the surrounding environment becomes hot or a

person do strenuous physical activity, the heat produced inside the
body and raises Dody emperature above suitable limat thes comndition
1% cillled hyperthermia, That heat 15 transported to the blood which

carries It near o the skin. When thiz elevated body temperature 1=
detected by hypothalamus it neurabgncally activates the sweal glands

to start secretion, As the skin perspires, the evaporating sweat take
away the body heat from the blood into the surrounding environmeit.
This cooted blood 1s then transported hack throwegh the body to prevent

the body temperature from becoming too high. The blood veasels near
o skin dilate in het condition and [actlitate the maximum transfer of

heat away from inside the body, This dilation of blood vessels 15 called
vasodilation. Thinning of hypodermis lowers the perspivation and this

condition may lead to heat stroke and exhaustion, Humans can also

transfer heat by conduction and conwvection sz well. Conduction
means heatl transfer through some physical interaction lor exarmple
prickly heat powder or ice pack makes a cooling effect on skan,
a  Convection means transfer of bady heat by movement of atr or water
_— malecules acToss the skan.
. |

When the body experiences cold environment and body temperatune

tends to decrease this condition is called hypothermia. To conserve
E body heat in hypothermia, persparation reduces and hlood vessels

41 become narrow and carrving blood down to skin, This condition of
hlood vessels 15 callesd vasoconstricbion. The subcublaneous DGelks

become thick and become an insulating layer to conserve heat in the
body. In Oypolhermia
sometimes body  shovers

and this iInvoluntary
action of muscles penerate

heat to warm the body,

The vasoconstiriction E'F""“'""'{ -
caused by hypothermia

induces renal dvsfunction — Desm 'FH
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L SUMMARY

# Homeostasis is process by which biological systems maintain
stability while :!l;l_jl.]ﬂlinE ta the |:_:|'|.'E|.r|yr|;|; cotiditions,

@ Feedback, in biology, a response within a system. There are two
types of feedback mechanisms that counter &ct upon each other
called positive and negative feedback.

® Fresh water and marine water animals adjust their osmotic internal

environment accordling to the changing external environment
primarily by excretion.

¥ Animals produce different types of excretory waste to regulate their
internal homeostatic environment.

@ Urinary systerm is not only used for removing waste from the body,
but also maintains the ackd base balance of the body.

# Urinary system formed by mainly a pair of kidneys and associated
Organs.

@ Kidney performs different functions including ultra filtration, i ;I-ﬁ
selective reabsorption and counter current me:hanism

® Discases of urinary tract are caused by bacteria and viruses that
invade or enters through anus or urethral opening and by other g
EEATS,

@ Urine contains many dissolved mineral and salts that form different
Compounads.

® Kidney failure is treated by are hemodialysis, contimuous renal
replacement therapy (CERT], peritoneal dialvsis and in severe case
kidmney transplant.

@ Thermoregulation is & homeostatic mechanism that keeps the body
temperature of an organism up to swtable Imits independent of
external environmental temperature. It is all about keeping the
stability of thermal energy expense in the body,

@ Humans are endotherms means they maintain their  body
temperature at suitable hmit that 15 37, Humans have adapted
gome behavioral and physiolooical strategies to adjust
thermogenesis in cold and hot environment.
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¥ EXERCISE

1. Encircle the correct cholce

I} A self-regulating process by which clogical syatems maintain
stabality while sdjusting to the changing conditions called
(a] Homeostasis [b) Osmoregulation
[¢) Excretion [d) Bislogical rhyvthms

i) ‘Which does not maintain & stable, homeostatic condition rather it

iIntensifies the change that 152 happening to the body
(] Negative feedback [b) Positive feedback

) Feed back system [d} Excretion

iy Fresh water organizms also have specialized cells located in their

glls and 1 skin which actively extract Na®, Cl" and Ca® from
external medhium and excrete [H) or bhasic (HCDs-) bor acid hase

balance in the body fluide are called

"‘ [&] Granubecyie [b) Lymphocyte
e ) lonacytes <t} podocyte
] Renal cortex produces an important hormone néecessary lor the
S gynthesls of REC's
& %] Eryvthropodstin |b) Leukopoietin
e Thrombopoetin [} Keniin
vl  Ghomerulus have specialized cells thatl are wrapped around Bloosd

capillaries that play an active role in preventing plasma proteins
from entering the urninary ultrafiltrate called

[a) Epithelinl cells [b} Podocyte cells

([¢) Endathelial cells [d} None of them

vl] Tubules secretes ons such as hydropgen, potassium, and NH: into

the filtrate while reabsorbing the HCOH from the filtrate are called

[a] Dhstal conwoduted tuble (b} Proooimal coneoluted tubule
(&) Collecting duct (e} Lasxp ol Henle

vil) Glomerular filtration rate |(GFR) 8 in which proportional to the
hydrostatic pressure exerted in glomeruhas wall
(&) Indirectly proportional [b) Dharectly proportional
) =sarme propoctaonal |5} High proportional
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Another compound that increases the osmotic gradient 1n inner
medulla 15 the

[a] Vrea b} Water

() Sulphates [} Phasphates

The milammahon i Kidneys due o irntaton of kdney stones 15
il lec

[a] Lithonephiritis (b} Ederma

[£) Sarcoma [d] Encephalitis

I the surrounding environment bBbecomes hot of a person do
strenuous phyeical activity the heat produced inside the body and
ralses body temperature above sultable limit this condition =
called

([a] Exothermia b} Hyperthermia

) Hypothermia [} Endothermia

2. Write short answers of the following questions:

1|

Why the physiclogical integration of internal body environment is
important for living organizams?

Why it iz important that positive and negative feedback
mechanisms counter act upon each other?

How the aguatic Osmoregulators overcome the osmoregulatory
problems

Why animals excrete different tvpes of excretory waste?

What 15 the use of counter curment mechanism in kidney?

What 15 the role of kikdney as an endocrine organ

How krdney stones are formed?

What 15 the impact over the human body if kdneys suddenhy or
pravdually loss the filtering abilities?

What are the problems associated with kidney transplant?

What is hvpothermia? How body overcome this conditsen?

3. Write detailed answers of the lollowing gquestions:

q
1]
uii)

Explain the detmled structure of nephron with labelled chiagram
Explain the lunctions of kidney
Explain the causes of Kidney [ailure and 115 treatment
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