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Cell membrane

Nuclear membrane

FIGURE 2 -1

Structure of the cell as seen with the light microscope.
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Stages in the reproduction of the cell A B, and C. prophase; D.
prometaphase; E, metaphase; F. anaphase; G and H, telophase. (Re-
drawn from Mazia D: How cells divide. Sci Am 205:102, 1961.

© Scientific American, Inc. All rights reserved)
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Urinary excretion
Excretion = Filtration — Reabsorption + Secretion

Basic kidney processes that determine the composition of the urine
Urinary excretion rate of a substance is cqual to the rate at which the
substance s filtered minus its reabsorption raie plus the rate at which
it is secreted from the peritubular capillary blood into the tubules.

20



do (R 5 Jclwpg‘,q-jjl.z.:‘.n:(b)’|,\.’a|)‘|}|:+o}|..\3|ual.a.?.n|l.d>)ccJ’IVU.Q..Za:J.:‘.B
s3lge > oty 8 oo SIS 5 (S g Ay ay oy S U0 IS 5 (S S
4.1%;, :Iyo,"ﬁlaé&gg; ool L s b&y.;,,;dqg) clale
> &b S S Ul (S S 4 e 3 S S 4 S g
>z o0 B 5l 55 3N Sus a2 dlee S5 sl sl G S S

G331 &5 55 5) 5255 ¥ 4 PERITUBULAR CAPILLARIES

(DETERMINATION OF THE GLOMERULAR FILTRATION RATE
(G.F.R)

o 125 S ahds og ay S S5 oS 4y (GFR) o3lil ol 28 Jy e 557
35S pia LA)’)L;‘?;:.U:%20,|o:%5‘,&‘}§g|&;‘c)5ex4.4o,;.} 180 L 5l s
by g S o e SIS 3 2 s LM S A s LS S s el
'égfLﬂ’Jjé&Sv\“j%égﬂsﬁu%ﬁ
FILTRATION FRACTION = PLASMA FLOW
olesl S s 5l (gilal s [Lad s elslan o,ule 5 o3l (il 2 Js 0 58
> Las -’f,JzzSbJﬁfﬁ-’ﬁ’ﬁ'ﬁ'ﬁ:ﬁﬁﬁJﬁﬁwﬁ-’;:g)'-m > LS
GFR = K1 X NET : & & Frlas 3 2 Gashae dbs 4 (K) g5l

&S 5 Jsp IS 5 NET FILTRATION PRESSURE > FILTRATION
2 ol (65 Sl 3 gilwl W HLid s elslesl ag s sl elolew 5500
S 5358 52w s S5 Jes 5 A Ll 153 050 iy 02 2B 5 5, S 5 Jo e SIS
S Jogd o P a2 5LEd elslin 5ymle s ST S ls sy S s Js e 055 ()
Pp sy 7 (5 oS 4y o3 3 5100 sl 5)la 5 (V) S s oy 26 5
3 L3 s kS 3 e oIS 5 (%) (55 smidee 455 il U sl (g5l Jsa o
w35 el 28 3 b 13 2 Gash Jas TG s o LS Sle3l A S > Sy
TG 4y oz JLid clilosl ASolS 5 S5l n 3 JsmaS 3 osr 3 () 655 St
L S5 (93 e (21ho169 (S o iy S 5 5l (g5 )35
SrsS o e S 5 2 (555 ks
60— ,Lid elslow 5,ula Jy 0 5iS°
Ao = 5Lid Sl dSlS J S 5 050 3

21



St o St 3 g S 5 o g 58 as
18—)L‘25¢LJL2..«3)J.;[AJHL5:OJ‘,.3:

32 - HLid lobesl as S S s e slS
NETFILTRATION PRESSURE = PRESSURE = 60-18-32= +10 mm Hg

wL.«H,;?J;La.nG‘J)x:
GFR = k; X NET FELTRATION PRESSURE
.@Jﬁbés«.}:&."&x’ﬂgéﬂ.\ﬂ1_;13)‘,“5345
GFR =k, x(PG — PB —7nG - 7B
GFR =k, x(40-0-18-32)
GFR = k, x(+10)

o)’|.\3|6.ié&J;.;r.;.3.?.~md%%£w|)e)'|.\3|‘r;>a£.»g;&“.‘:|J%:J;,Ajlf:kl
-dg:-{ﬁm“lz-w}‘*g@-’wuﬁ)x-’J—g“:m&*"xé‘*ﬁﬂd"zs

Ki= GFR/Net FILTRATION PRESSURE
&ﬁ@l&ﬂé@:bxdﬁoﬁ&n125}5’)‘,.’;;4?3;'3: > GFR @&}

.sgsgb.,ua,u%}om

k=B 125
10

$3 4 855 (Samled JLLd 5 ol i s S Ay 05 g Clam 00 e 12,5, K
sokeaS 4y GFR S CaiaS 4y 31 g5 GFR 1, a3 S K iy g 418 ol
e
(St oo 308 > GFR 3 2 JI5 5 5Lad by s JpeS 5 050 2
PROXIMAL 3 8311 ;L5 3 aboss &y i b saiits 3 MICROPIPETTS s
S S e S 3350 by siloms 5% Jo 18 5 S 3 5kt 4 TUBULE
by o A8 s eS8 (2ol Sl dliw 5yl s S S 4 oo 2 52
o3lal g o 23 50 S s L35 (08 (S Ly 2 S S g sls (08 S 051!
NLBTIEN -’Q-{U-:eé
Olaa (S oslalag opdo s Jg 0 I8 5 o JLES 5 J S s g 3 JSG 6 SSB o
w«g;&g&ch«e-@smsﬁjwogﬁ‘%@x;ﬁ'-&%x@
4S5 4y Il Jébjxﬁ‘)xwxﬁgﬁm"ﬁo@ﬂébfﬁ-‘154"))'4
2



Il s ol 2li o IS s il cuidn s g3 0 S ol sz S
CSgslsadia ol A S sy >gy&3jbo;5'ew

3 3lwl s iy 2 Js e 8 s Il SLas elolesl adylS LS s Joe IS s
& 0 g JAJ.;...J)A.; AFFERENT ARTERIOLE 54’.33%;34.15 S’SJ;SWJ.\.;.Q{
o S 15 S Dyl oy e 3 45355 gl 63150 L5 0 5 4l s S Syl
BFFERENT 5 aiys g alS 5l 1 & s wipiinn Lody 5 5 o 26 0 4
a padsn b b s Jlaplat s Sl > (9 :S.;:J.;&;stAJARTERIOLE
:g:wbaajjﬂ,;yj@j%gdf%&é?;J@@x; %20%;&\151.':
a> 1_5.;.;;:./»49:,:1.;:‘Bbd%gsgégéﬁjxﬁﬁu,ﬂoﬁ&%%}jb&ﬁg
O A3 5L |°%;36363&M‘?LW°F%§L°32J§“:‘L“F‘%)W&;
Joud St o 5151ty o A oo IS5 S S g oS 5l i o S
L a3l A lS 5 bt gy B 5 Sl i 3 5 45 0 5] S
é“ﬁ%b%ﬁp—gbg’w-’ﬂJ'ﬁlﬁ)éc—iﬁﬂé&ﬁj&%g@@%ﬁ@u
Bl ot S oL bl 2 b g2y (Bl (o5 (S ol o S
>

o310 a ol 2 5 o e S s Il SLad s dlsliwy,olas LS 5 Js e S8 s
i L 55l S oS wdope 80 SO by 655 I Cina o8 S
Mo S Hbsa slid dolan 5,00 5 65 o I lo o 20 Jo 60 LS
Pl S S oA ol s (S S a SLLS 5 5l o0l 051l oy 8 s
afferent . [Lis oL 4 » ijlyjl.m a sl dolans b 5 Jo e S
% 2z 4S (s L;J.:S ssliiul a3 Cwylie efferent arteriole 3 5 o 5lis arteriole
S ) 58 g ips S o 8 e 5olS 0 3 IS5 U5 LSS L2
2kl s 2 2 JISL5 S cwslie & AFFERENT ARTERIOL s
%@Mémﬂélgééo—iﬁﬁuJﬁfjlf“eﬂ%ﬁv‘vsbwwm
Jso IS 5 5l Lad elliw 5,00 & (31, g S AFFERENT ARTRIOLE
3 sl Jads S EFFERENT ARTERIOLE &y alS (31, cuin S oo 208
ObS 2 0 el 13 gz a8 ¢ il Cslie S bl 4y 0L (2 2 S
S R3S 0k s A R 2SS S s a2 el g o e

23



S o o S a2 2Ll ) gl ass s HLid Wbl a2
St e

ol JS& Lo s 4y 0 (RENAL BLOOD FLOW ) ol sas 3 (S 3
iBs g a0l s S Sorie sl s o el SIS 70 a2 S
& (% 83 s> i 353 CARDIAC OUTPUT 5 %22 5l s,2d e 1100 S
wbiopms 0 5l 655 S anleass %4 o) Jo%Jﬂéggjﬂé@“ﬁ
205 30k 3 o8 & S iy G (2 03 03 5 B 5085 O 3 e (S 4
$3 3 5 S cam b1 5 5350 Ahl 5l (608 Jsmy 30 2 lde GG & 55 s
o Ja 8 3 2kl s 5ol Jovie 3 5l e 5 Slle s o s 0L Lﬂ)“{.gbﬁ)
S

Aoliw 5yl s 5l SLS 5 (Sopidy 3 dseshae 0L duy 5 (ot 3
ol :%;’)‘,:..;.;:Jyyuﬁw&gaaﬁé.{.;eﬂxhlﬁujgng}bw:)L:l.:’
S 03151 kol o) L3 s s LS el 5,000 s

-’g;;.’ 0> '-’g’;d) 6$é?xfu>ﬁjjf5| Cueslie 555 5 (S
5U,4 INTERLOBULAR & | Jy 5] EFFERENT |y 5, AFFERENT
56 obo SUE e Sartin 31 i LS et g5 Oy ls a8
> (Sosmin 3 My a3 3 2 25 Sse s it 4y S5 S sS
2 45 i S S IS s o 4 ot A5 s S Sl ol s
QA%LQ.CI:d}éﬁj»%ﬁl—&w}ﬂ&l70)|8oﬁjw‘_;sliff/
LS sb pP e AUTOREGULATION

: VASA RECTA

ey 35! d;ﬁd-&#éé@x S %é)}iﬁ-ﬁ% > 1581 0l (=9 3 §JW >
VASA -’@-ébﬁ%&bﬁf)ﬁ%”% 2-1 :%;wa.;'cn > oL~
.s&,,J..;.a: Jj'“s?"{@ﬁ&?f@ o5 3 0L 15 5000 o 5 4 RECTA
i by 253 5l S Ay g v 20 > b 3 Lo ol A JSS (6550 4y 0 0]
nap Sl a p5lom o (S 3 0L s Sl S e g5 4 S
SUF oNery

24



AFFERENT 5 S copas 4y 5l 4555, Jsi (S 3 ol i 8 Js 0 51
a placl ol 5o Sl s 34 EFFERENT ARTERIOLE 5| ARTERIOLE
S S s a sl band s placlclolas 5165 g5 corand dbs
Aok sy fus 2 (S 2 S amS sl (Bl 2 S 5l s ik
L:.A.“Swh,j’tl.n: :Mlu&gcléajjglbo.\g :@&gﬁb‘f,f%;&iw:.léjjf
Aad s gs8 plosaela 55 nbsl Ads 55 5 2 S S i Bl 4
L BY

o j2ds 3 55, 5 Sysiig 3 ENDTHELIN sl o jaicol o aial U aSJ 450,
3|O%M|Jbég3b@5%;bliﬁ%¢w 3;5)}3-3‘1 -U'O-fwﬁubfﬁs‘%*w
St SRS B i ysed bl ay oy 3 abd g Jlosol s el o iy
5 3 ENDOTHELIN S J5| 45 S5 Sl e LUy 4y o s
> PLsl s (St g sl gl ey JseS OL5 5 fus 5 (2 A (2
 $ 131 85 S o A Js 0 SIS S0k 2y s s Sl s Al

S5 3 S 2 (S s 593 51 5 5iy & 2+ ANGIOTENSIN 11
JsasS & S amt 4 (5 $pS < ads > EFFERENT ARTERIOLE
A s S SN ag b s Il (o8 S0k a s 3 Sosi 3 ol ol 2l
o PP p 802 Al S S a G2 bl oS SO SLA e 2
S N Il S 518

J 3 Sosiq (Bl a0 3 S Slba sy s Sl Jalay 2 S
0195 & (Sosiiy 3 2§31 & dhws 4 FEEDBACK MECHANISM ulu|
G A8 S5 70 S s iy s (525 f 5 g o35 (S S U e SIS
SPTS{RE IRSCPEI ERNP U WRCA | EOU L PUR ERRER JPFRE. SV ISR
AUTOREGULATION 3 5,8 bl cdlo ool ay Lo olss S5y

FEEDBACK MECHANISM
:THE TUBULOGOMERULAR FEEDBACK MECHANISM

£9,555 05 S . 758w 4 TUBULOGLOMERULAR FEEDBACK =
J sl 250K AFFERENT FEEDBACK ARTERIOLAR (3 BSOS
o)ls> |3 43 508w EFFERENT ARTERIOLAR FEEDBACK » o

25



> E,SJJ °g| Son ‘,.JfLs:éLu él,,njb' %;‘a}.a: Ja Y AJJAJ.G&M
J:,..g &; Ji& Sg..\ﬂ & o u“Sy,’JL:’. ‘,‘,.3 “ JUXTAGLOMERULAR COMPLEX
SoS omw 025 3 GFR 35l (5 5

& S MACULA DENSA » ﬂ-; JUXTAGLOMERULAR COMPLEX «
S JUXTAGLOMERULAR » | %_; > 48 2 N 4 DISTAL TUBULE »
‘T; sl 4 EFFERENT ARTERIOLES 3/ AFFERENT ARTERIOLES » >
SR IR F25 oy 5 Judeieml 3 MACULA DENSA ) s>
3| AFFERENT ARTERIOLE > %; #» s & DISTAL UBULE
MACULA « 6)'?5 Jad v SR % $OF b EFFERENT ARTERIOLE

slye S 55l 2 g3 33524 GLOGI APPARATUS 3 S 52> DENSA
26



> DISTAL TUBULE 3 g, 308 sSbe 5 051 31 S U310 4 5 2 3 a5
Sl 4 s (3 ;@a;&m@@gﬂu%;&w@,@;ﬁo
Q@Lﬁoéﬁfﬁ S« éyJ.AJHéJdqu.;c.abdu%S)ijj';é;)LSé
2l S e e Lk :Jbgf&iﬁfdéjjfﬁa%g&gﬁfﬁwbwb|
-’g;bu’ sorbail by Ssml s wlglS sasm 3 0L o5 4 sl (g poly sS4 0L~
-89l glﬁégﬁég@u :éjﬁoﬁ|ﬂgﬂj§u:uﬂf5

1855 dbasn053 S 1S Loay (JlseS clale 5 0ol e asm s

475 by P2 S ot 3haS 3 Cuaslie 5 S AFFERENT ARTERIOLE &)
S99 451 )L sl ;b s e 5152 S

« EFFERENT ARTERIOL 3| AFFERENT ARTERIOLE = .Y
S 933l asessd euy 3 am3 5 ey 63 3 oS 51 JUXTAGLOMERULAR
S (2 AN T s sl g T e ol Ctna 05000 ) 2 o 2
Js,0slS 3 S a2 4y 5| 6 oo 2l 5 EFFERENT ARTERIOLE 5 /3
Jﬂjbﬁﬁojl.\sla_b*ﬂéjjfjb‘;3|L;JJIJ‘_;HJJLJ“J'%;JL.2:’¢L“JL;;“3>J£L¢Q
> »598+ TUBLOGLOMERULAR FEEDBACK s 3,133 I3 55,51, & 4
s (53 3 o S s o5 3 5L25 S5 5 14y AUTOREGULATION
633 M S Jo S Sl cudlad s v 3 s Ol s 3 G e S

27



oLl b gf 5151 dlowg 43 9398 9 a3 O 5y g &
(REABSORPTION AND SECRETION BY THE RENAL
TUBULES)

PROXIMAL J5| (o2 J315 & 555 (Sopian 3 0Ll Js 0 IS 5 55 03
COLLECTING 5 S »,5/ 4 5| DISTAL TUBULE « o3) JLls s TUBULE
=W S S miin g3 g Ul S PELVIS & a5s o3 s DUCT
SIS s ol s sl S WLl S 1S g e oS g S 058
b S > 8 Gargsr Sl S5 W53y (S oA ay sl S olal a5
-wéjﬂcbb'g’.&w;
:éﬁwou&g.\ﬁ)gé%g%}jbdég%,geﬂm&;:u%gﬁ:

FILTRATION = GLOMERULAR FILTRATION RATEX PLASMA
CONCENTRATION

opl.;:%;a;wa%ﬂd.{,;,dék}i.iabla%%g 3 g0 ard o Lﬂlggswéjx:
955 w93bams 58 M s oy Jle s il Bl F 0w Sady

555 oIS sl a5l oS o 5 Ll ) i AL 8 S s e oS
83072 180 6 78 S 7500 4

180 L/ DAY X 1g/L=180g / DAY

Spm o9 3355 A ael S 180 sl g8 A s 2 55 S sl S 180 o
S T s JSE s k35 S 6 5 S oty S ot

: &5 30 758 Ly 5l (2SI TUBULAR REABSORPTION 5

Jobinl 3 ) 55 3 5050 WL ake (68 |2 REABSORTION 2 (g3be (550 3
PERTTUBULAR 5 atusys 5l (& 5 & mlbe Jhin 51 58 olms

S| :%;A.,Lo.ca..; REABSORPTION 3 53/5s (53 :%gdahj.ehi Moo Jovw

28



Ja‘ d> L.,;m s_5...«|.3 s Jsl &:Ln NN - 4 : ACTIVE TRANSPORT
385 M a8 a Il s gy Span g o2 55 S ades g2 4 k0 (2
3O gt 5 S ;(d)gauag;m%g)a@,w;xﬁ;ww
2l Jovs 3 8 S Wb e e abml s 4 des
S aead 4 a0yl (S S |l UK Gl b 5l ST 4, REABSORPTION
Gl a3 Lo 55 6230 50 g il 3 (o Ay 4 255 S iy
A:Q"-J.,Lm| :yﬂyﬁ :JLL»MJLE:J&.:ML > : PASSIVE TRANSPORT
0).\55‘,.&:::&;&&» %ﬁj‘JO‘W};ﬁRJ%ﬁLﬂ&SJQOJﬁJ{ﬁxJIJ
s> ox 53 0L 23 S a5 PROXIMAL & 55 d gopus Sy o5 500l 3 s
x,|:e)|&|@g@y@laﬁjjgwb%5:gyy::l‘,.o&@ogg
:.dg.;|ﬁ|awu|g¢ﬁualgsﬁ|y:eﬂgg&a.gjgﬁjlsd)&ojﬁ
collecting 5 5/ distal a4 g > g |l wlul g clale WL 5 53050 0 &,&
Aﬁﬁj béé)l’ Aggbd.:‘.&.s ANTIDIURETIC HORMONE .5&55}5-,3 duct
Q)MJ&MJLE:JuﬁQ:A:&”u.\iﬁJyﬂ:3“;)0).\3 J}b J‘T;JJLE.A
-Wn‘

o el S s L3

: (THE CONCEPT OF PLASMA CLEARANCE)

31y ilibn 3 63 505 438 S yiiy 3 PMass| PLASMA CLEARANCE
55 | ada LoD

‘@CJL’MJQ))WQ&;MQ{%Q"'JA ;"JSGOI%;‘”“;I?Q‘;“:)'&SJJJ
bﬁ;ﬁibﬁbé&?“x%u)y:w&%xﬁJMJLwév\g “

29



w05 (J0 026 (S SIS oS 4 L5l Lo (o (o &y S SdoJle5 a
182 s (S s3lre &g (S ads o ( Los ke aan sl 53 03200 b
S 3 IS 0y 4 &;M:e}:%ﬁ Lo 52l are Blod gy 03 ael S s
Jd g sy S aidsomar o Ll Sk gpS N 35 L ks
28l S il a Sahdron g 2 s ldie sis 2 dS S gmles
S Ly ag sy Gl oS Lo 2 ¢ (o el 1o g Lo 3 o o 2 2 L

.u.;ljad‘cu
18,2+0.26 =70

o a5l g oS S (S s S ay g3 sle ase LM > (o (70
SS ez L s a4y S5l d S

oo sl aalos aloy Ja ) 5 30, 3 g3le 5, 5 IS Lol 5

3 93050 iz s 5l S 03l shb s 3 S s a5 0 s 3 il ST LoD
s3> i dd 53l 2 ol b LMy 4 chle S s e a5 S
S 83101 5] sl

b PLASMA  CLEARANCE — CML / min = QVANTITY OFVRINE (ML /min) LONCENTRAT IW IN URINE
CONCENT RATION IN PLASMA

s Jge ke (3115 o 8 U e SIS s s 4 il lS ] 53]

s Sl 0038 51 5200) (Sap5 2 035 FsSFle s 63 RIS I 52 2 ol 5]
50525 3 3l o IS sy s 53 45 JgmlS o g 3 s sy (i 208 50 518"
S e A s Myl palS g sl B sl sl e s 4y
Sy dy 653 JsmalS o5 3 (2 5l 1o i 5l (6o ool o LoDy 5 Lie
;éﬁswu%www;@d,u oﬂ)l.\j.oo,.,ca%é?,gslaé
@:axgog}ﬂulﬁo.lZSﬂ‘JﬁO.l&;LA)’M,; PPV WPURUA YN P
ay a5 sl dS LM 5 Bl 5 (o8 e 0.1 4 0.125 5 (2 5 S 55k
PP

0250

125= 2222 = 0.1+0.125
e 0.001

30



ay D13 Jo e oS p o 125 0,0 5 Jlsl od sl s s5lie s le L b
120) S a3 052 g g S8 Sy S S i iy 2 (o Iy b (S Ak o
(83 s 3 e el dS L3 3 (e 1 (g o

Jose oS 3 s 4 od 5l J]J:S.g{;’.:db LIS Je b s (MANITOL) sl
<> A.LS(.A o:bw)y%g‘_;b|)l5w)3 .\.a.ﬁ.nu\,)y\,l.a.n :g;)|.\a|.>u..b*)3.b
Do 2l i 5| 25 (S B s g Ul 2 (05 S o 2 sS4
.w

Jyoshan 0l 3 (s 25l LMo S 555 5ily 4

—alews 4 PARA AMINO HIPPURIC ACID (PAH) »

31 A9 G 5 455 Ol et S350 NS 30 Sl 3 4 0L & d 5l 5 8 PAH
435 el A8 Jo o IS 2 ais )y PAH ke 50 2 alS sm c 50 G4 031l o5
AS 55 18 5 (S bl W s o st 2 pbl S L S L
PAH 3 bl b 55 35290 SO PAH o3l 05 S5l 453 o8 siis sas a2

5 AN 4 OAD (52 oS 555 0L S S5y L AN w3 e s L

585

> e e 650=705 S shae a3 55 by LM (Jais (S akds o 4 0

Shodaass aidsen b s Ll
w5l g9 25250 (S LNy g g S iy PAH 51,8 (o 52 (5502 5 455 4y L

¢¢585%§@4¢%§5J§%§5L§.~Q PAH axl S Lo S.SSg&g;ax
240 oo M> a5 PAH :&;aﬁ,ﬁ:ox%upg

585 5.85
585=202 -2
o 1 001

31



Jud .yt
ﬁ&%&‘é

(CONTRACTION OF SKELETAL MUSCLEE)
g3 e ¢ Ludo 5lo,5 5 %10 5 Oilac Sy 5 %40 pu s Lo i
Lol el e s el s
) (PHYSIOLOGIC ANATIOMY OF SKELETAL MUSCLE)
cid b p LB 0 pd S 453 B el 0L g s dhiae oSl s
032 gt 32 A S5l o5 0 ad3 %20 558 Snlnopm sdapsl s s
R e e L R T
S > S Ak 0303 S, i Jae 5 LdS s SARCOLEMMA
) d) <> dﬁ-’ti ‘,‘,.’a 4 PLASMA MEMBRANE s 23 91.4|
éJ»SJ.LJ oleslu J.: % g,:ul ‘:;LA.G & SERCOPLASMIC RETICULUM:

b oS e oD S 25l S o) 2 S AE e 4y

35750 Kb 503 53 F45E 3 3 S id JMae 5 p 4y MYOFIBRILS
2P Z IS (S Sy oSS I S ISE gDy 20
K3 5SS 5 e 523 e

32



Myosin

Actin Actin

gD AS]

j—————— Sareomere —————— E
N e A band ——— 3

I Zline Relaxed Zline Contracted
: M line
R | 04

| l
N \ 1

; line Thick Thin
filament filament
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FIGURE 7-5

Transverse (T) tubule-sarcoplasmic reticulum sys-
tem. Note the longitudinal rubules that terminate
in large cisternae. The cisternae in turn abut the T
tubules. Note also that the T tubules communicate
with the outside of the cell membrane. This illus-
tration was drawn from frog muscle, which has
one T tubule per sarcomere, located at the Z line.
A similar arrangement is found in mammalian
heart muscle, but mammalian skeletal muscle has
two T tubules per sarcomere, located at the A-I
junctions. (Redrawn from Bloom W, Fawcett DW
A Textbook of Histology. Philadelphia: WB Saui
ders Co, 1986. Modified after Peachey LD: J Cel
Biol 25:209, 1965. Drawn by Sylvia Colard
Keene.)
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FIGURE 9 -1

Structure of the heart and course of blood flow through the heart
chambers.
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FIGURE 10-1

Sinus node and the Purkinje system of the heart, showing also the
A-V node, atrial internodal pathways, and ventricular bundle branches.
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Recording the depolarization wave (A and B) and the repolarization
wave (C and D) from a cardiac muscle fiber.
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Flow of current in the chest around partially depolarized ventricles.

w izl i 2 P nBnaes Sn Y smioe 0k Fa e 2

ooz S Rhuss S
Iz e s g pmsd i smany) 2 Z@o M Sasdsy e Sow 24K 5
305 3 gm0 9l S pals i s a B ol s 0 Ay g SLI S s
g:.?)xa.;a;w g3 o Bl nlY smaaas s S0 :éo}lgﬂapex
iy ks sy 1oz 3 ey 3 2 15 o 5l s e g 45 Ol il 5 S USS
w0k (B sl 03 g8 Joss S8 Gl 4y s 03 e glr ce 5 S
an> g,-:-ﬂl-’w Jotﬁﬁg,ﬁf.’ > shge Sl 5 ) s B 55 5L 205 -’Jgﬁuﬁ}*@f.
(&% % (APEX) $903 85 3 S S i 9o ) :@b:%gﬁujl.mwb
> 5,8 5l s ey s ades 0 28T 205 Y s b g S s ol ok
&;aﬁ‘d‘,ga..;‘ﬁb&%;:d#&&wi,,é%;p‘,mjml)j%@)l&;&}‘4.:-:og)‘:
b ol s S a5 i s Sk Fno e ades 205 s
(&S W ke by SU 5 0 453 60 3 51 655 0l G usSae g S 45 deds
343 59,5 30,5 5 S L2 (B 5 dinys a3 (63 3 5l 55 Gl S 4
Sl s gloky o (S ol sma s A0y 0 > iS5y sl 4y gaels
30l o ay o030 b (A 1B 835 0 e B (205 50 A I

58



28} a S 3 abS s 30y >g¢ﬂ¢kz&xédbd~wlﬁ%§%w}
g JUSl s a3 Y sy a3 S Ol & ) s e saelB a5 s S
céﬁdwémdé§f|,:b$?x%5}|:Q@J‘)ﬂwg:g&;&.&,
sz s oAl we sl ende LU S0y by s B e 3 0 3 Al e gl
ér'ﬁﬁ BCIPIEN P P E P SIS B IVEC Y PV E RS
Nl L, cuts

:ELECTROCARDIOGRAPHIC LEADS

593 ;fiﬁjajsj,&l&;@uéwzum,&n BIPOLAR LIMB >
45 LIMB L Laclgus S cad s 5485« o085 el aid s il
g&&.: 1176 & « 523L o5 & 55939 <N| BIPOLARLIMB 5 aliws g3
Code 5l oY pa 3 35 il e SIS 53,8 5 51 s S <S5 ¢34 LEAD I
.é,{,}.(‘){.?bﬁw\)%:uﬂl

32 ANl Cwe ol Y s 3 i) e OIS )8 5 a0 s LEAD I
'6,95J3‘l91’)°ﬂg;“:‘%g;'3'
&;T;jlud%;aj;ﬁl%,a;.wbs‘mtsj,&ﬂ;gabngLEADm
S U st s o 20N e

Sy 453 535l 50,5 :&L&xé‘}&ié.\a’ﬂqzd&EINTHOVEN 5
Sl (B iy sz ol 0535 2 g3k o5 4 LW EINTHOVEN 5 2 (6
(S8 st plos [35la 3055 o Ll

59



Lead Il

FIGURE 11-6

Conventional arrangement of electrodes for recording the standard
electrocardiographic leads. Einthoven’s triangle is superimposed on the
chest.
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Hematocrits in a healthy (normal) person and in paticnts with anemia
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FIGURE 18 -5

The baroreceptor system for controlling arterial pressure.
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(ROLE OF KIDNEY IN TREGULATION OF
ARTERIALPRESSURE)

Increased extracellular fluid volume

Increased blood volume
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Increased mean circulatory filling pressure
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Increased cardiac output
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Autoregulation

Increased total
peripheral resistance

b/

Increased arterial pressure

FIGURE 19-56

Sequential steps by which increased extracellular fluid volume
increases the arterial pressure. Note espetially that increased cardiac
output has both a direct effect by increasing arterial pressure and an
indirect effect by increasing the total peripheral resistance.
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THE RENIN-ANGIOTENSIN SYSTEM
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Renin-angiotensin-vasoconstrictor mechanism for arterial pressure
control.
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HYPOTONIC HYPERTONIC
Cell swells Cell shrinks
[FIGURE 25 5]
Effects of isotonic (A), hypertonic (B), and hypotonic (C) solutions on
cell volume.
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Cortex

Outer
medulla

Inner
medulla

Recirculation of urea absorbed from the medullary collecting
duct into the interstitial fluid. This urea then passes into the
loop of Henle, through the distal tubules, and finally back into
the collecting duct. The recirculation of urea helps to trap
urea in the renal medulla and contributes to the
hyperosmolarity of the renal medulla. (Numerical values are
in milliosmoles per liter of urea during antidiuresis, when
large amounts of antidiuretic hormone are present.)
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Urea 4.5._

Cortex

Outer
medulla

Inner
medulla

Recirculation of urea absorbed from the medullary collecting
duct into the interstitial fluid. This urea then passes into the
loop of Henle, through the distal tubules, and finally back into
the collecting duct. The recirculation of urea helps to trap
urea in the renal medulla and contributes to the
hyperosmolarity of the renal medulla. (Numerical values are
in milliosmoles per liter of urea during antidiuresis, when
large amounts of antidiuretic hormone are present.)
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[FIGURE 30— 4]

Reabsorption of bicarbonate in different
segments of the renal tubule. The percent
ages of the filtered load of bicarbonute ub-
sorbed by the various tubular segments are
shown, as well as the number of milliequi-
valents reabsorbed per day under normal
conditions.
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Vicious circle that can occur with primary kidney disease. Loss of
nephrons because of discase may increase pressure and flow in the
surviving glomerular capillaries, which in turn may eventually injure
these “normal” capillaries as well, thus causing progressive sclerosis
and eventual loss of these glomeruli.
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Principles of dialysis with an artificial Kidney
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FIGURE 32-1

Relative rates of red blood cell production in the bone marrow of
different bones at different ages.
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Genesis of white blood cells. The different ceiis
of the myelocyte series are 1, myeloblast; 2
myelocyte; 3, megakaryocyte; 4, neutroph
locyte; 5, young neutrophil metamyelocyt
“band” neutrophil metamyelocyte; 7, poly
phonuclear neutrophil; 8, eosinophil myel
9, eosinophil metamyelocyte; 10, polymor
clear eosinophil; 11, basophil myelocyte; and ==
polymorphonuclear basophil. 13-16, stages &
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Total refractive power = 59 diopters
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FIGURE 49-9

The eye as a camera. The numbers are the refractive indices.
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(FIGURE 614]

The black arrows show the pathway of cerebrospinal fluid flow from
the choroid plexuses in the lateral ventricles to the arachnoidal villi
protruding into the dural sinuses.
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Publishing Textbooks

Honorable lecturers and dear students!

The lack of quality textbooks in the universities of Afghanistan is a serious issue,
which is repeatedly challenging students and teachers alike. To tackle this issue,
we have initiated the process of providing textbooks to the students of medicine.
For this reason, we have published 225 different textbooks of Medicine,
Engineering, Science, Economics and Agriculture (96 medical books funded by
German Academic Exchange Service, 100 medical with 20 non-medical books
funded by German Aid for Afghan Children and 4 non-medical books funded by
German-Afghan University Society) from Nangarhar, Khost, Kandahar, Herat,
Balkh, Kapisa, Kabul and Kabul Medical universities. It should be mentioned that
all these books have been distributed among the medical and non-medical
colleges of the country for free. All the published textbooks can be downloaded

from www.ecampus-afghanistan.org.

The Afghan National Higher Education Strategy (2010-2014) states:

“Funds will be made available to encourage the writing and publication of textbooks in Dari
and Pashto. Especially in priority areas, to improve the quality of teaching and learning and
give students access to state—of-the—art information. In the meantime, translation of English
language textbooks and journals into Dari and Pashto is a major challenge for curriculum
reform. Without this facility it would not be possible for university students and faculty to
access modern developments as knowledge in all disciplines accumulates at a rapid and
exponential pace, in particular this is a huge obstacle for establishing a research culture.
The Ministry of Higher Education together with the universities will examine strategies to
overcome this deficit.”

The book you are holding in your hands is a sample of a printed textbook. We
would like to continue this project and to end the method of manual notes and
papers. Based on the request of higher education institutions, there is the need to

publish about 100 different textbooks each year.



I would like to ask all the lecturers to write new textbooks, translate or revise
their lecture notes or written books and share them with us to be published. We
will ensure quality composition, printing and distribution to Afghan universities
free of charge. I would like the students to encourage and assist their lecturers in
this regard. We welcome any recommendations and suggestions for
improvement.

It is worth mentioning that the authors and publishers tried to prepare the books
according to the international standards, but if there is any problem in the book,
we kindly request the readers to send their comments to us or the authors in
order to be corrected for future revised editions.

We are very thankful to Kinderhilfe-Afghanistan (German Aid for Afghan
Children) and its director Dr. Eroes, who has provided fund for this book. We
would also like to mention that he has provided funds for 100 medical and 20
non-medical textbooks in the past.

I am especially grateful to GIZ (German Society for International Cooperation)
and CIM (Centre for International Migration & Development) for providing
working opportunities for me during the past seven years in Afghanistan.

In our ministry, I would like to cordially thank Minister of Higher Education Prof
Dr Farida Momand, Academic Deputy Minister Prof M Osman Babury, Acting
Deputy Minister for Administrative & Financial Affairs Ahmad Tarig Sediqi, and
lecturers for their continuous cooperation and support for this project.

I am also thankful to all those lecturers who encouraged us and gave us all these
books to be published and distributed all over Afghanistan. Finally I would like to
express my appreciation for the efforts of my colleagues Hekmatullah Aziz,

Ahmad Fahim Habibi and Fazel Rahim in the office for publishing books.

Dr Yahya Wardak

CIM-Expert & Advisor at the Ministry of Higher Education
Kabul, Afghanistan, November, 2016

Office: 0756014640

Email: textbooks@afghanic.org



Message from the Ministry of Higher Education

In history, books have played a very important role in

4"’?&?‘
gaining, keeping and spreading knowledge and /57q i
science, and they are the fundamental units of [/ §\\\\\\\\ILW////4 >

educational curriculum which can also play an
effective role in improving the quality of higher
education. Therefore, keeping in mind the needs of
the society and today's requirements and based on educational
standards, new learning materials and textbooks should be
provided and published for the students.

I appreciate the efforts of the lecturers and authors, and I am very
thankful to those who have worked for many years and have written
or translated textbooks in their fields. They have offered their
national duty, and they have motivated the motor of improvement.
I also warmly welcome more lecturers to prepare and publish
textbooks in their respective fields so that, after publication, they
should be distributed among the students to take full advantage of
them. This will be a good step in the improvement of the quality of
higher education and educational process.

The Ministry of Higher Education has the responsibility to make
available new and standard learning materials in different fields in
order to better educate our students.

Finally I am very grateful to German Aid for Afghan Children and
our colleague Dr. Yahya Wardak that have provided opportunities
for publishing textbooks of our lecturers and authors.

Iam hopeful that this project should be continued and increased in
order to have at least one standard textbook for each subject, in the
near future.
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Sincerely,
Prof. Dr. Farida Momand
Minister of Higher Education
Kabul, 2016
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