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» LESSON 1
STRUCTURE OF THE NERVOUS SYSTEM

FOCUS QUESTION
What are the and functions of a n?

Neurons
¥ Tors s sty . o s ighl amy bt hapersend. Hhi s umas st
e o s quiachdy? Fleciricity aned hemssary e buth imsobvnd in geiting menages
0 v beain. Neweums sev specialined colls that hellp vou gather indormation abosi your
ervironami, inberpret {he ndormation, and mact o £ Newrons male up an mormous
L [l T —
Figgare 1 shows that ol theee acell bk
] b rom eahet ared e
e ingusbnes b she cell bonty. Fach purabon contains several desudrives, The rusiess o
v e s mmarey o the cell onganelles. ane found in the ool bady, Lasily. s amn
Carries the erve amgesbse oo the oell busby 42 ctber reurons and masche
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ifferentiate between the central nervous system (CNS) and the peripheral nervous system (PNS) in
terms of associated structures

The Central Nervous System

The nervous system consists of two major divisions. The interneurons of the brain and
the spinal cond make up the central nervous system (CN5). The peripheral nervous
system (PNS) consists of the sensory neurons and motor neurons that carry informa-
tion to and from the CN5.

The function of the CNS is the coordination of all the body’s activities. It relavs mes-
sages, processes information, and analyzes responses. When sensory neurons carry
information about the environment to the spinal cord, inberneurons might respond via
a reflex are, or they might relay this information to the brain. Some brain interneurons.
send a message by way of the spinal cord to motor neusens, and the body responds.
Other neurons in the brain might store the information.

Eﬁnm

Deseribe the function of the central NEfvous System.

The brain

Over 100 billion neurons are found in the brain. Because the brain maintains homeostasis
and is involved with almast all of the body’s activities, it is sometimes called the conitrol
center of the body, Refer to Figure 9 on the next page 1o learn about important events
that have led to understanding of the functions of the brain. For example, four thousand
vears ago surgeons drilled holes in people’s skulls in an effort to reduce pressane on thi
brain after a head injury or to release "bad humars” from the heads of people who had a
mental illness. Fast forward to 1981, and the first mediciation used to treat depression is
available with a presciption. The noninvasive brain surgery first pesformed in 2009 has
been used to treat patients with pain or uncontrollable tremors. Approximately 1,000
beams of ultrasound pass through the skull and ane focused on a specilic area of tissoe.
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Identify the different sensory structures and their corresponding sensory receptors and
stimuli

rtichen b= the 2 o vibrate. Figure 18 Susirates
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The Kidneys

At o i Figare 15, the Kidmeys soe busi-ugedd argans (hat [ier oc wantes,

weater, ancl walts fromm the biood. The kidneys ase dvided inso e distinet pegon, sl
Sustratod s Figuse 18 The coter portion the reral.
o called the renul mundully Fach of thess reghons sontaimm m

wessels. I the conter of wach kidney s 3 region calied the s et
colloction scrr. Follow Pigure 18 an o resd abot Bos the kadneys funcion

Nephron filtration
Ech hidrery combairn spprencerutely oo mlin fltering usits salied rephrons. oo
crers cich pephron hrvaggh a korg b that i wsrrseded by  ball o o Saries

Gl the ghomeriabis Gghab MER h bon) {diral, ghommmreli) The ghosmeiabis s s
ronsmded by 4 structure cabied the Bommrun's caprle

The serl artery & asmprorts tetrients aend wisdes B the bideery sl brahes s
sl s wmaler Bood wessds, swnsaly pching the by espdares 18 he gl
. The walls o the capiaries are very thin, and the bood s snder gonst presare. As
4 reusl water and velsdarers daschond n the ke, uxh n lhe Afsaron sl
rinbant caod e are pusshesd theough the capdlary walks s the Bomman's caprade
Larger emdecules. usch s pv bhoued cefls ard proteins, reemain in the bloodstrea

Identify the nephron as the functional unit of the kidney, to include its anatomy and
function in waste excretion
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Identify the anatomy of the ear and function
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Hearing

Vibratiomn calied wound waves came purtices in the sir ko vibeste. Figare 13 Sustrates
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Identify the anatomy of the eye and function

Sight

Figure 1 shoes the path of light & @ travels theough the eve. Light first enters the e
through & rassparent, vet durabie, Liver of cells called the cormea. The cornea helps io
foscuns the light throwgh an openisg called the pupil. The sice of the pupd s regelated by
wwrsches i the iris=the cobored part of the eve. Bebimd the i s the bens, which invens
the imagge and projects B onto the retina. The image travels theough the vitreoos humor,
which is a coleeless, gelatinlibe liquid Between the kens and the reting. The reiisa
ool Pumerous recepter colls called rodds and cones. Rds are light-sensive ol
that are eucited by kv levels of light. Coees function in bright light and provide infor-
enation about color o (e Brain. Thewe meoeptors send sction potential o the Brais via
the reurons in the optic serve. The brain then imterprets the specific combination of
sigrals peceived from The reting and forms 2 visual image.

Figure W Light Sivoti Brcusifh the cirab
01t D 30 TR b, A BSCubE U
image o2 e setima. ot and cones in the
ol v oA s Tt Bk B g
e opiic nerve

Hearing and Balance

Huaring and balasce ane (b ted Suor functions of e a8, From & sofl sound, sich &
whispering, ba s keud sousd, ssch & & crowd Cheering &1 4 sposting cwent, specialinad
mecephors B0 the ear can detiect both the volase and the highnea and lowses of
sasiarali. Hiow can vou slised o ofe foo? withet lling overT Casuls s the infes ear are
repoenible for wour seene of balande, of equilrium. Recepton in the inser ear snd
mexaages 10 your brain about (e position of your body and help vou balance on one

il
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pain)

Touch

Many types of sensory receplors Lhat respond to "",-';.fﬂ muw: mx:::a

temperature, pressure, and pain are found in the
epidermis and dermis layers of the skin. Figure 16
illustrates the different types of receplors—some

that respond to light touches and others that

respond o heavy pressure. Notice that receplors that
respond to light touches are just below the surface of
the skin. Receptors that respond to deep pressure or
vibrations ane further below the skin's surface. Other
receptors in the skin send signals when hair i moved.

Distribution of receptors is not uniform in all areas of
the body. The tips of the fingers have many receptors
that detect light touch, The soles of the foet have

mary receptors that respond to heavy pressure. Pain skin. & person can el Ifan otect s hotof cokl,

receptors are simple, consisting of free nerve endings $haep 00 ST00M.
that are found in all tissues of the body except the

brain. Pain receptors respond 1o external stimili, such as extreme hot or cold lempera-
tures, as well as bo internal stimuli, such as chemicals released by injured cells, making
thie area more itive: to painful stimulation. The brain Iy ves si

from these receptors and responds appropriatel

Differentiate between the types of sensory receptors in the skin (temperature, pressure,

o3l desosd
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Explain the main structure and function of the excretory system

LESSON 3

THE EXCRETORY SYSTEM

L

FOCUS QUESTION

Can exercise affect the excretory system?

Parts of the Excretory System
As youa broathe, sat. walk, stady. and sheep, your
oy colets washes. These wastes include iowins,
weaste products, and carbon diowkde. that sesult
Trom: metabolic functions that oour im yeus body
oonstantly and without you thinking sbost it

Wit happens 1o all of these wastes? The ewre
oy ek feshoves thes Brom the body, In
ackdition, the excretory syses segulates the
amount of fuid and salts i the body, and &
snaintaing the pH of the Bood. All of these
functions help to mainksin hameosain.

The components that make up the excretory
systemn Inchiude the lungs. skin, and kidneys, 2
iBustrated in Figare 17, The lungs primasily
excrete carbon dioide. The skin primarily
encretes warker and salts condained i sweat. The
Asdineys, however, e the MIOr ExCFEY GERans
i the bodv. The lidneys flter wastes and ether
wntanes from the blood. The wroters carry
uriewe produced i the kidneys Bo the bladder.
Liriene ety the body Burough the urethes.

Eau?

Identily the compersents of the escretory
Fyem,

Page 9 of 22



Identify the anatomy of the kidney.

The Kidneys

Ax shown in Figare 18, the Kidseys are bean-shaped crgans (ot filter out waises,
waker, and salts from the blood. The kidneys are dividied o ta distingt negions, also
llusirated in Figure B6. The outer portion is called the renal cories and the inner region
s called the reral swedulls, Fach of these regions contains microscopic fabes and blood
vessels. In thie center of cach kidney is a region calied the renal pelvis, where urine
collextion oooers. Follow Figere 18 as you read about how the kidneys fanction.

Hephron filtration

Each kidney app : it units called nephross. Blood
emiers cach nepheon threwgh a long iube that b surrounded by a ball of capillarics
callend the ghoemerulus {ghsh MER uh Jus) (phursl], glomerl) The ghomerulus i sue.
rounded by 3 structare called the Bowman's capsule.

The senal astery transports nutrients and wantes 2o the kidney and branches into
smaller and senaller blood vessch, eversually reaching the tiny caplliries i the glomer-
whus, The wills of the capillaries are very tiin, and the bocd is under great peessure, As
2 reunlt, water and sobstances dissoloed in the water, such a5 the Ritrogenous wste
product called @res, are pushed through the capilary walls into the Bowman's capsale.
Langes molecubes, such a1 red Hood cells and proteing, remain in the bloodtream.

Mephwom

ot 4 G

Pigare W Woptwer are Be kmetonid
el Of D Moty

S [ GO O e 05 4
ewcreied dpe the body
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Compare and contrast, using visuals, the two different types of hormone actions: Steroid

ol dosnaxd

hormones and amino acid hormones

The endocrine system is composed of glinds and functions as a communication system,
Endocrine glands produce hormones, which are released into the bloodstream and
distributed to body cells. A hormone is a substance that 3015 on certain targed cells and

Eissues o p[udm'\' as
nonstersid or amino acid hormones, based on their structure and mechanism of action

i TESpONse Hormones are classified 2= steroid hormones and

Steroid hormones

Estrogen and lestosterone are two examples of steroid hormones. All steroid hormones
work by causing the target cells to initiate protein synthesis, as illustrated in Figure 13.

Page 11 of 22



Identify the major glands of the endocrine system and their related hormones

Figure 20 Visualizing the Endocrine System

T ITyPORnRMTIIS MSINLENS NOME 0SS by SETNG a5 & BNk Detaden the

NEnEDUS Sysiem and the endocring system. The pitutany gland releases growth

hormons, ADH, and ceylocin as Nescd by the Body. The pituitary gland also
that the testes, the evaries, and the

thyeoid ard adrenal glands.

PP .
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Describe the three types of neurons (sensory, motor, and interneurons) and their

involvement in the reflex arc

Thete e Ui kil ol Suriofin. scoesfy Forafinie, Wb Toiaiinis, il Fidid fwrinte.
Sefesory erona o] npubers S0 FCRpon i (e din s e crgar & (he
e, et spirad cond Sty reurons dignal intarmsrons, which 31 boend i i

sperial il arad b, Wrbesrsins Garry U beapadio o sl sstioss, o fuch Caity
i gy o thes B et spansd s -3 glared o2 magscts, which pesshts 8.5
swspone. Raber oo Figure 25 fllow the futh of an el for 3 simple imlentary
el The rrvs immpualse compieses what in called 3 sefles arc. A Peflex 80€ in 3 mere
Pty Ut Coneists o 3 seemory Tssron, 4 inberaessson, Snd & meokor rearon. Notioe
it b brain e ot dvecbved, A sefles 3¢ b 3 Basic strusture of (he ReTuss syvsem

= ] A perre smpuder i am elevtrical shargs Eaveleg the krgth of
A Pt A vl resits e & stimaes, sech as & Wusch o 3 bosad D, which

[ R p—Y

A newson at rest

T ruaron in Figune 3 s st wwst, which maans i b ot condecting an impoles, Notics
hat there sow mose sodium kons (') cetride the crll than inwide the orll The severe in
tru or o amssmm bor (8 h—there are more protasase o ivade the el Ehan cutidde
e cell.
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Explain how a nerve impulse is transmitted through the neuron and through the synapse
between the three types of neurons

Hecall that ions tmd i diffess scross the plama mumibrans from an ares of high
o o an e of owsr of ioes. Peotoins found in the

Mw*wnwwdmd&uﬂ.—mmm

Thaser prstirins, calied the oo potassam pump, sctively ranspont sl ks
n-uinraludpm-_mmmnl
For ot e thave s e
Thin mainksien ars el dntruation. of posivly changed ors, reweiing in & postiue
dharge cutuds the nearon and & regatrvely churged oytoplesss. ads the neuson.

An sction patential
Amcthrs fame o &ty impuler i an soties pebrtlal The mareres stimsbes 1
Glvaar afy T, Pridetiaal W b proadenced i s il | Rt & st o il
s Bk TN 3 SIS &CTioR Potmtial Artion potential ane descried sk heing
“all ox reothirg,” eneaming that & rerve mpter s rither searyg crasegh b e sk
Wher Porsabion of M i il sl eanigch
m._.mm_mn-m“mp.—mm
Ahrragh s chissduck.
M;mmamdt\m Thee inveicde o thee orllishen bus
pomitive charge, which cmmes othor channe 1o opm. Pt ons ke e coll
[ —— e m.m(mmw..lng-ﬂmm
thin chuasge in churge moves Wi 3 wave skorg thee kongrh o thee anon

Pignr 8 10 1 81 o ot ey o 7 e e L1 T Ot Bt Pt 1 e
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Differentiate between the two types of sensory receptors in the eye (rods and cones)

Sight

Figure W shis the path of lght s it travels theough the ove. Light first enlers the eye
throusgh a irarsparent, vet durable, Liver of oells called the oormea. The cornea helps o
Soxuss U light Ehrough an openirg called the pupil. The sire of the pupd is regulated by
musches i the irke=the colored part of the eve. Behine the irks s ihe bens, which inveris
the image v profects i onbe the reting. The image trrvels thaough the vibrooss hiumaor,
which is a colorkess, geiminlie liquid between the kens and (Be reting. The reiisa
copaing RumeTous feceptor sells called rods and cones. Rads are light-suitive ool
that ane excited by low beveds of light. Cones funciion in bright light and provide infor-
Erution aboul cokor ot he Beain These reoeplors s 20t polentisls (0 the brain via
the feurona i the optic erve. The beas then interprets the spevific combination of
signaky recoived from the reti and forms 2 visuall image.

Figure ¥ Lght rarvets Budusgh D corred
50 ther il 3 ot b, A Iorwuar e
Image o8 e renna. fioeh s rones i e
1T aned IEORADEN W Y Db DY Cugh
e cptc erve

Hearing and Balance

Husring ared Balane are the T spor fundtons of the oar. From a soft sounsd, such as
whispering, to a loud sournd, such as & crowd cheering 31 a sposting event, specialized
FeEPOrs i e Suf can detect beth the voleste and e highfie and kevses of
sounds. How can you stand on one food without falling over? Casals in the innes car are
responailile for your senoe of balance, of oquildwium. Recepion in the inser car send
Enewkages o yous brain about the position of your body and kelp vou balance om one
Bet, et st VOUF ey dre cloned.

PO

o3l desosd
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hormones and amino acid hormones

The endocrine system is composed of glands and functions as a communication system.
Endocrine slind.n produce hormones, which are released into the bloodstream and
distributed 1o body cells. A harmone is a substance that acts on certain target cells and
tissues b phhhl..'n- a \.[‘H'\'L“f TSPOnSE. Hormones are Jlassified as sterodd hormones and
monsterokd or amino acid hormones, based on thedr structure and meschanism of action,

Steroid hormones

Estrogen and testosterone are two L'\J."'l}":i."v of sterodd hormones. All steroid hormaonies

work by causing the target cells to initiate protein synthesis, as illustrated in Figure 13.

Figure 13 A steroid hor p parsses through a o8 " ne. binds B0 & receptor within the and

Compare and contrast, using visuals, the two different types of hormone actions: Steroid

Page 16 of 22



Identify the anatomy of the ear and function

T T

Chcler oo Mk e et ear
Figure 5. Soured mives Clste The Iympasem 13 vilrale, dnel Por viErMions L Lhecugh I beses of e
michdie eas b0 e Cochies. Hair colls in The achiben generaie nevve impuiies. which e et 10 e beain
irnagh Bt iy e

Hearing
Vibrasicen called soumd waves cause pastiches in the sir 1o vibrate. Figuee 15 dlustrates
the path of semd waves a3 they travel through the car.

[DRELSR Connertion] Sound waves enber the sadiory, or ear, canal and cauve 3

by calbed th dram o iy a4 the end of the var canal o vibrabe,
These vibrathons travel through three bones in ihe miskdie ear: the malleus falso called
the hammer], ihe incus fanvill. and ihe stapes (stierup). As the stapes vibrates, ii causes
the oval windew. & membrane that separates the middie ear from the inmer ear, to move
back and forth. bn the inner sar, & snadl-shaped structare calied the oodkles (KO3 kdee
wih) s filled withy faid and lined with tiny hade cells. Vibrathons cause the Nuld inside the
cochies to move like & wave against the hair cells. The haies cells respond by generating.
nerve impalues in the aadiory nerve and transmitting them io the bram.

The theve casuli ane poniioned st Fight anghes 1o oo another, snd they ane fuid-filled
and lined with hair oells. When ihe pesition of your bead changes, fluid within the
semicircular canals moves, This causes the hair cells o benad, which i turm sends nerve
impulies 80 the brain, The brain then s able to determine your position and whether
yuomar oy b still on in moticn

Eocur
s —— j
Balance -I
The inmer ear sl contains ofgans for bulinee, Ecdading o semicinculsr canake 3
b Lo i bt bady poiition and balasee 10 the brain. g
3
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Page 17 of 22




*»

ferentiate between the central nervous system (CNS) and the peripheral nervous system

(PNS) in terms of associated structures and functions.

Recder o Figane 13 i yoss v about the peripberal mervos wabem. This séem
inchdes ol frurons that are ot part of the cemtal nereous sy, il sney
rasusons and motor seusens. Neeroes in the periphersl nervoms syt can be dassified
Farither an buing oihor puart of fhe somulic morvous sysiem o part of the seosomc
Farrvmn sl

The sematic nerwous system

Sarruars i the seematie mervess. sysom reley indrmisam fivs el seneey rrorpEs
0 bt eTotTal T SYSETI, ST el ReeTves Fely Indarmiation (1o the central
rasrue ke o shorletal mosches. Ussaly. this b voksriary However, o all resctions
of ther comtral rervssen syt are vollustary. Some eesponers are the vt of & refle.
L i 3 s e 45 A I th arwircaman, Rafles do Bt R o8-
sciom hooghl and are isolriary. Mosd dgaabs in efieus go only o e spinad cosd
and ot b the beain. Remembar the rumple of someons putting thar hund ner s bot
stumve Buarraee T Rerder b Figare 3 in Lessom L sl mote dhat thee illustrated refles b part of
hae sommalic: mervous wysbem.

The autonceic pervous system
Fermmemnber th Lust v you hud 3 scary dresm? Nou might Tuse seaiened sad realoed
that your heart was pounding This type of seaction i the rewslt of the action of the
el Puc i v Thee Sl Wi Vi FYUMT (i Tus lfaskars (i the
comiral mervous vy i the beart and ofber intermal crgana. The boly reponds
imwlartardy, rist usder conscioms control. The sulonomic raTvoms SYHeTs i mportant
kinds . » 2 mightemune oe find yoursin s
wary wtusson, vour body responds with what b known. . & lighi~or{light resposss
Wham everything i calm, o body rests snd digsts.

B e

i

Mervus System

e sl i

P 1 L chvason. o the v,
v bl = P L o P by
B¢ 18 om0y
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Identify the anatomy of the kidney.

The Kidneys

As shown in Figuse 15, the kidneys ase boan-shaped organs tha filter out wastes,
wister, and salts froes the Blood. The kidneys ane divided ints tws distinet regions., ala
Wastrated in Figure 18, The coter portion is called the renal cortes and the inner nogion
s called the renal medulls Each of these regions containe microsopic tubes and Blood
wesssits, In the conter of each kidsey is 3 regicn called the resal pebvis, where sing
wollection aocurs. Follow Figure 18 2 vou read about how the kidorys function.

Neghren filtration

Each kidrey contains approximately ane million filering st called nepbaons. Blood
embers sach nephron through a kong tube that is surrosnded by 2 ball of capillaries
called the glomerubes (ghuh MER uh i) (plural. glomerull). The glomerubus is sur-
rounded by 3 strusture cafied the Bowman's capssle,

The el artery transports mstrients and wastes (o the kidaey and branches into
senallee aead eventsly o capallaries in (e glomer.
bt Thee walls oo the capallaraes sre very this, 554 the Blood is snder geeal pressare. As
& result, water and substasces dissolved in the water, ssch as the nitrogenous waste
proctisct called pe, are pushed theough the capillary walls o the Bownmun's ¢apusho.
Lasger sobeoules, sach as rod Blood colls and proteins, resain in the bloodieream.

Negheon e

o € st ohare

18 Meshrces ane B hsnczenal
s of thee Mgy
Summarloe the poih 5f rine 53 215
xrvind b the body
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Explain how negative feedback is important in maintaining homeostasis

- Pituitary gland
The pitustary gland is siiusiod sk the baw of the

srmall sise. it it the most important endorrine
B T T T L —
Wl reguiate many bady Sanitions, I dss rega-
Eates other encdocrine glands, sech s the thyrold
= i, idrerial ghands, beshes, e ovaries.
Several v hormones act on Heses in the
Ity rathes than on spocific ongans. Humas,
g7 — . o e body's
0t e o v P i by stmwalainy ool ivisiom i
vl and bone tsse. This hormone .

Thegwolkd and parathyroid glands

ontify the thyroad amd purstiymoid gl in Figare 18 One hormone produced by the
ok ghard - thymosine, Likor BCH, RPN o4 1t 01 o apiciils g radh,
catisen coll ol the By B 3 g Pt of mptabestiam, Thes thymcad gland sl pavdincss.
cabemonen, Caleltomin (Ll sch TUR ner) s 3 hormone St s pardy resporedbi lor the
regpulation of calcam, an

Rartion, and by

[aye— - calum.

Wharrs ikl Gk bl e b0 b Uher aradeyewid i indevane proshection of

L I e bloosd Cakiim bevels by sl
g the bones 0 selsang cabemrm, The sction of this Rarmone s caowm Be Lidnays 1o
Pty e Calihunn . Rl The
Whryped ol n O d Hlasssrver,
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Identify the major glands of the endocrine system and their related hormones

Pancreas e Dhptigen forma
As discussed in Lesson 1, the pancreas has a e
crucial role in the production of erzymes that — “1
gt carbolydrates, prodeins, and Gits, The t -
pancreas also secretes the hormones insulin and . it
hscagon, which work together to maintain T g Seeton et
herostasis, 4 illastrated in Figure 19. When

blood glucose levels are high, the

reloases. insulin, Insalin signals body cells, espe- W I“’:’:-
cially liver and muscle cells, 1o sccelerate the o s \
comversion of glucose to glyeogen, whichis stored [T 20000 |
in the Ever, When blood glocose levels are low, Aacngen shsned
ghacagon is released from the pancreas. Glocagen t\

[GLEW kuh gahn) binds to liver cells, signaling I
them to convert ghyeogen to glucose and release B Py a0

the ghucose into the blood. Saap——
Diabetes is a disease that results from the body Figure 19 {Sheciagon ind imulin work
ot producing enogh insulin ar not propery togethes 1 malecain the bevel of sugle In

wing farsabine Type 1 ciabetes, which emsilly S

appears in peophe by the age of 20, occurs when

the body cannat produce insulin, Type 2 disbetes occurs in 70-50 percent of people
disgnosed with disbetes, and usually occurs after the age of 40. [t results from the cells
mmmmmm-ommwnmdmmmm

Tevels must be i o prevent lications from the disease,
Adrenal glands

Refer again to Figare 16, The adrenal glands are located just sbove the kidneys. The
outer part of the adrenals is called the cortex, which 1 the steroid h
aldasterone and a group of b called ghe ok 2l DAWS pub

mmpﬁmwmmmebdmwmmpumumms«mmw
anather glococorticoid, raises blood ghocose levels and also reduces inflammation.
The body has different mechanisms for responding o stress, such as the robe of the
mervous system and the "fight or flight respanse.” The endacrine system also bs invobved
with these types of responses. During a stressful situation the inner portions: of the
adrenal glands secrete epinephrine (eh puh NEH frun) and norepinephrine. Together,
mem\rm‘bwwmmmunwwm
Jeveds, all of which are i in i the activity of body cells,
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