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qï7ZC§i;ñ¿QkŸÅ�ZÇV~Z�xŠï�Xz»¯»Ôë

8¬]Ì½™D�Ôvg}Ÿ~Zq-ë{‚|#Å9™ÃD
ßg]Š¶ÆnÔZzg'×h+t�Š¶?ÃZq-5ó̀{QyzZu]6,�vg}
Ÿ~z̧q5+k,ƒD�Zzgj,(,JäKQyÃic*Š{�ZðÆ‚BX

SkÑÃqÝ™äÆnÔ6�?7,_ƒtÂ[Ôìw™D
Zq-^6,T — ƒpŠÃƒDƒñZq-d~^6,‚g}vg}ZLŸ~

~**‡.Þ¢ZÛ"vgZZOg™D�X?Ø`D��z;Vƒ@*ìZq-
Lz{ËzzÐ¥uY@*ìÂZq-z;V¬Ð ¾ñvg}›w~ÔZzgZ#

ZzgSkÅ‡ì£ò™@*ìX?x@{™Dƒ W@*ì WÐ ñ�ŠZq-Ãå¾ñ
-$~ƒD�‡.ÞT+Zzg¤/Ä~heW],y W ùŸ]vg~gK

~Blood Stream ~ÐÔX»z{ Substances Æ�ZCÙÃôzVFZ
™D�X?ŠN0*Dƒ�ùÔZq-îs^ÆÔ̂Zq-;gñy»‚?Ô o‚

**ò¼zŠ~�ñ�Šƒ@*ìvg}u~Ô(ì Endocrine aZƒ@*ìZq-
— vg}¤/Š}6,ÔVwÆîg6, — QkÆ»°Ã,6,zZµ@s¶K:£x

Zzgùz{@Ze$Šêìz;V6,ñ�ŠŸ]ÃÔ�Q7H™**ìX
Sk^ÆŠzgZy?ŠÙƒ7ZCzZu]�z̧q5+k,ƒDgì�

ÆTŠyÐ?aZƒñÔ̧ "My Body" ÚT»�?jZ!Šïƒ�g
�¦ñÑzqƒ@*ìvg~7Óå ELÅRÐ¯g~nÐXQkÃ̀Ðx@{
™D�ÔÂvgZŸƒ@*ìZq-7gZàÔZq-7g~Šzu~™*Ô|~ÔQk
~ÜzÜÆfgZùƒD�Ô¤&½øEY

Ô»g{äÔ{xaZzZgÆÂéÔ‚iz
‚âyic*Š{ZdzZg«ZzgF,¹c*C£¨~85Âî

G
)©à¡¬C)ßYÆÔ

Ûzã™*~ÔâCÙZ:ÁÜ)6�Ÿ]Ô;gñ÷Ô¼zŠ(�)áµîg6,
ƒ'Z:§i¿»bCÙ{™DŠ¬ðŠï�Ô7g}îg6,

!hÑ
÷
NO

æZ¢š-ö
EGR,z:

ÐÔZzgŠzu}F�á0+ZgZÛ"gnp�'×h+',ZyÔtgLe:6,F,KM”{
âjwÜsvg}ZLŸÅuJ-„özŠ7ìXCÙZq-?ŠÙƒZ§Zs

vg}zZ−+Ô¸ðÔäÔŠz„ÔZx[ÔZzgßvŠx(,JD — ~vg}
6,ÔZzgÓxZg1Vßv�°ZÒwi0+Ï T.V. ƒñ-V~ÔZŠZ»g?zZa™Dƒ

gnp�Z+„7ZC™*¢ÆnXSÏ§b — *Zggì�Sk(g{6,
|~ÓxSK̈y — ÐÔßv�g;™D]̧45¾æ G

EzVc*85Âî
G

DÙZgzV‚w¬
gnpÔ̧¸Z0+gzã¾wZLñV~XÇ — �LØ™D¸âè~

éQyÆßvW`Ìg;™D�;ßvâè~Ìgnp¸z,„"Í
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ÂéZLñV~:71Vƒlz:æELŠÆŠ3ðŠ¶zZáŸ]ÔZ�ÛZi~
¼zŠêÁ&6VÆ‚BÔZzgZ¡IY¹„¡¬Cç)ßYÆ‚B
WgZ3ÃWD�X

ìw™DƒñZzgZ0+Zi{ÎDƒñzZu]»�z̧q5+k,ƒD�
(,−ƒ@*ì(,~ZÌ»qïÔ WÐ SkgLeä6,F,KM”{âjw~Ô

YèÃðÌ�™@*ìZ(¼Ô©8ìªŠx0*äÖgZZq-(,}ÂëÐXz{
Šw~ÔVw — ��Y…�ÔQyÆZLñVÆZ0+gÆÂñVÆ¾wÃ

ZzgMVäŒìÔŠwÆÂxÅðÃÔSg»ð¹EVÆ'×h+ — Æîg6,
Dg7ƒMh�Šúò™D��ŠwäqÝHQkÅtÓxS:]¡
Z·tÐX?Y…ƒ�Ÿ]"Åg‚Ó]!*ëZq-Šzu}ÆŒÛd$Wä
Ð¶ƒD�ÔpŠÐLÌtƒ¼7™MhÔZzg¥x™äÅÃÒ
™D��¾Åf;-$Ðz{zZ¢š5é GGSZ(¼tŸ]bCÙ{™D�XCÙÃð�

Zzg!*:V (Muscles) Yy©8ì�n{ÔZq-¡Zq©Gƒñƒ@*ìgv‰
ÐÔg‚rìZq-{mÂx�gzÂìSkÃpŠÃÇ™äÐZ# (Tissues)

�z{Z�ÛZi™@*ìF,˜SÚic*Š{̧~�i™áÍ“ÃÌ''z{�Y…�
ZZ4,Z'.ø

J
Zq-¹„{mF,KM 20 �Z#z{»^fe�ZKQiÔ

~w•~WD�@*�pyÆ·îÃ¥z»YnÔ%LË (Sequence)

c*Ã@*„ÆZ§i;ñ¿~Z#�tƒ¼`c* (Confusion) ZF~
Y@*ì''0*D�Ô�ZðÆ‚BÎWÆ!*g}~ç5]Å¬]

7ƒYå%³zZg~Ô6�Zg»Y Develop ÃÔ�SyÂñV~ÐÃðÌ
IëÓxÃ¢ŠÑñƒDz{�B�Sy¬]ÃÔY…��Û™*~
QyÆZ�xÅXgBbìZq-{ÛÔZzg¥â]ÆmÐÔz{7,_�ŒV6,
�gZq-gÚ~ÆƒYäzZ6ZL{ÛÐXCÙÃð�Š8ìF,KMÂñV

~ZK̈ãŸ~ÔQmZdðÃCÙ̀6,ÔSkÆ´z{Ì™sîg6,ŠÙ��
Zq-��Zq-Zd¸]ZzgZq-Zg«f‚Æ¯c*ƒÇQkŸÃX

ŒÛWy~Sk!*]»f™HŠHì�:
Wc*]7�:D
LLQÏ»ì�¼ìW�âVZzgi}~ìZzgZvz„ì"°¶V

zZÑÔÂä7Š¬ì�Zvä'~™Šc*ìvg}�¼ìi}~ZzgÏ
Ã�¹ìŠgc*~QkÆ¬ÐÔZzgåóg‚rìW�yÃSk§bÐ�°æ YL:
7,}i}6,1QkÆ¬ÐÔ"—ZvßÍV6,3,ò™äzZÑ$!*yìÔZzgZÏ
ä?Ã°c*ìQâg@*ìQi0+{™}ÇÔ"—ZK̈y**]ZìXóó

(64-66 )Îg>ZÝÔ
6�?™sîgÐŠÙƒQyVßVÐ�Š�‰�‚g}

7[c*iZZ+Ÿ]Ô¼zŠÔF 100 SkÂ[~ÔtZv„ìTäaZH
Z¡IYZzg!*©øg}SK̈ãŸ~XZvaZ™@*ìSK̈âVÃ�gZq-Z»ðÆÔ
‚B~QyÆ8ZbZYÆÔZzgªCÙ™@*ìÞŠ]ZkÅñµŠ¶Q7@*�
Yy0*NZvÃX6�øgZW‡7HŒÛWy~:

LLZzgZ¤/Ñg™zZvÅzVÃ:7gZ™jÐZyÃÔ"—ZvÛzZÑ
(18 )Îg>Z-Ô $!*yìXóó

�Z,ƒD�Ôz{��zZ6�SyÓxÐQyÃY'ƒÇFZq-
zVÃ�Zv«™@*ìX‰ßvZKi0+7VÃZk§bÐ*ZgD�T
~ÜsZvÅpÛŠ~å7ÃgSƒÔZzgY…��QyÆZ�xÔZzgCÙ*
ŠyQ7«HY@*ìZ#�z{ð~Q0�ÔƒD�ZÅâ]ZvÅ§s
ÐÔZzgZŠZ™D�]tCÙz‰ÜX

Wc*]7�:D
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LLZzgíÃHƒZ�~ÈÏ:™zVQkÅTäíÃ¯c*ìZzgQÏÅ§s
ƒQYîÐÔ>~ñzVZkÆÎZñZzgzVÃ7�VÔZ¤/í6,eìgÝ1

(22,23 Â¼»x:WñíÃQyÅ\glZzg:z{íÃrZNÔ$ðGNóó)Îg{[Ô

Šzu}ZÖp~Ôð — /f;„{�
ð™äÆnÔZvÃeiZíÅ¢zg]Ñh7ƒCìtZëƒ@*

ìoƒîg6,'ÂLLeiZíóóÃX�ZväaZHìZq-"ÍeiZíSk»
Èt7ì�z{¬¯c*ìZq-µ/ÔZzgA$Sk6,¿cZƒ@*ìXZvÃË

eiZíÅ¢zg]7ƒCìÔËÌðÆnX
ZvÔâ´ìi}ZzgW�âV»ÔZ,Óx{ñVÐ—ìQkÅ

ö)Zzgðz̧q5+k,ƒD�Zq-„œ6,XZ#LZveLìZq-qÃ
z�Š~Ñ**Ôt»°ƒ@*ìQkÆnÜsIÔLLƒY!óóÔ6�ëÐ¹Y@*ì
SyŒÛWãWc*]~:

LLQk»¬¸ì�Z#™**eìËqÃÂ¾SkÃLƒYóÂz{QÏ
(82 )Îg{[Ô z‰ÜƒYñXóó

LLZvì*aZ™äzZÑW�yZzgi}»ZzgZ#¬™@*ìË»xÃÂ
(117 )Îg{•{ �̧Ûâ@*ìQkÃ�LƒYó:z{ƒY@*ìXóó

/Ÿ»ÜzÜ»Yw:ŠzgZypy»Âx
Zq-§i;ñ¿»Zq-(,Zz�zZµƒ@*ìvg}Ÿ~z{aZ

gLìŠzgZypyÆÂxÐÔ]ìZq-)©àîg6,ë{‚½V»�Âx
Ðmgnp�X

7[c*iZZ+Ÿ] 100 Zq-Ywc*.$zguÑc*âVZzgzgh+zV»�
ÃŸ~½ZCÙZq-ÃZÐZŠ~îg6,àD�X

~Ôë�ZðÆ‚B̈g™,Ð!*g}~Sk (Chapter) Sk!*[
ë{ÂxÆ�ŠwÔzgh+ÔÑc*VÔpyZzgFZq-ZzgZbZYÆ0¬]X
/py:i0+Ï»Šgc*�cìvg}‚g}Ÿ~

‰�áY**´tZzg’»é — FZq-¢zg'ÔY0+ZgzV~
Z�xŠ�YD� — Wx»Ÿ]ÃZzg**»g{âŠzV»ZyZ`ŸÐ

Ð�áYñYD�ŠzgZypyÆÂxÐXSK̈âV~Ô Substances

âù�Z�xŠêìtÓxZdwƒ@*ìpyXCÙzZu3vg}Ÿ~ÔZq-Zi
Ÿ]J-Ô» Retinal Æaç L}6,zZµ7Óå ELÆ3Ðvg}W\VÆSà

Z®gƒ@*ì�¼�pyQ7à@*ìX
pycìÑc*âVZzgzgh+zVÐ��ZðÆŸÆéZq-ÜzÜ
Æ.$zgu)Yw(Æc*Šgc*ðe²ÆÔXƒñCÙzZuÃäÆŸÆ
¢zgÂVÃÅàä»»xZ�xŠêìXZkÆ̂ÆŠzgZyÔÑc*âVÆfg=

��Ÿ]ÃŠg»gƒD�SyÆ Substances ÐÔz{Šgc*nQ@*ìM
Æ�áYc*Y@*pyÆ Cargo Packages !*g}~ëÎõMh��g

Ô¹„ Substances Šgc*ÐÔg‚rìZL~½ZÔ0*ãZzgŠzu}Z¡
�à**ƒ@*ìÔz{WxìÔYèZ¤/Ÿ]Wx Package ¯g~¢zg]»

ÐøzxƒYD�ÔÂz{¢„%YD�Xvg}Ÿ~Sà¯z^Æ
àñYD�CÙZq-3Ãz‰Ü6,Zzg9 Packages Âx»]ìÔ¾qwÔ

Æ·îÆ!*g}~vg~ Blood Stream £x6,?¹ÁCk™DƒSk
gzi%{Åi0+ÏÆŠzgZyX¾qwÔSK̈ãŸaZHŠHìZ,Zq-¾wÅ
»gv~Æ‚B�z,CÙ(ŠšƒCìpyÅ**CVÐÔz{!*CÙÐŠ3ð

6,]¢Å�vg}ŸÃ (0.07 inch) B¢a 2 7ŠîìXSkÅzztì�
ÃZq-âCÙZ:�~ C a p i l l a r i e s eJÆgTìÖñgBbì
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:Lk ì (Ratch) 6,]zZ¢š5é GGSSkŠg¡ƒCì�ÑÏ²¡ç Na Epidermal

pyÆg•ÅX
Z¤/pyÅ**1Veq:ƒCS•ðŠH7Óå ELÐÔz;VSk~Ãð—

:ƒ@*�85Âî
G

S•ðŠHßvÌSk™*~ªCÙƒD7æ{îg6,Ð]Z0X
SK̈ãŸ~gzZVpyÔZq-(,~®ZŠ~ZëZdwÔZ�xŠêìÔ‰áY**

Å¾e$» (Immune System) **»g{ZzgiCÙYâŠzV»®J-
+B©Šö
GEE

Âx
!*)̄ƒ**ÔŸÅŠÅ!*‡°ÏÃËuJ-éZq-Zk,,$k5ë GIE

Y
Z»ðÆ‡ìǵÔ

ZzǵtÃ́£â]J-Ô;gñ÷Æfg=àä»»xÌ½ã7g}îg6,
pyÐZ�x0*@*ìX
/pyÆZëZzg**‡.ÞÜS:]
1XÜzÜÅf)ŠZg~

ÔŸÆnŠg»gƒD�Ôpy (Substances) ÓxZlxÆâŠ}
Amino Æfg=´£â]J-áYñYD�X½ZNÔ‰‰ÃiÔ

Zzg¹ic*Š{ZëÔWxXt¡P„ — (Minerals) Zzgn*] Acids

ƒD�ZÌÆqïXSyÆ´z{pyéZq-**»g{âŠzVÃ1äÎä
ÆÂxÆª"»gÆâŠzVÃCÙ3Ð¦™ÆZzgZ7{g`™ä»»x

7[ÐiZZ+úVÆCÙ3ÆgziZ:ÆZdw 100 ÌZ�xŠêìXZC
³~�**»g{âŠ}Ô/Ëw!*ÁZ>Æîg6,iCÙY%·]‰»g0eZð Æ

Æfg=Ÿ]ÐUŠ� Blood Stream c*aZƒD� g W‚àZzg-
YD�Xpy)}**»g{âŠzVÃ¤/ŠzV~à@*ìÔ˜y6,z{ZGYD

~áYðYC (Lungs) �X»g0eZðW‚à’pyÆfg=µzV
ìÔZzgz;VÐz{ŸÆ!*CÙwÆfg={g`ƒYCìX

t"ÅgpyÆŸ]ƒD��tƒ™¦/gD�X¾qwÔt
Ÿ]ÔZq-¹„Åg~Z0+Zi~™Mh�ÔOç**»g{Zzg»gWæâŠzV~×

~áY**ÔtY&4/õ EGGƒñ�¾Ã¹Và**ìÔƒ@*ì Blood Stream ™**Ô
py»ZqÐi~»xXVwÆîg6,pyÆ8-+õ EGªŸ]L7áYDiCÙY

ÃµzVJ-á Metabolic By-Products Ã¤/ŠzVJ-Zzg: Gases

J-Î½ZÅ¢zg] (Organ) YD�X:Âz{àD**»g{aZzZgÃË�
Sk§bÅÃðtaZ™Cìñ]‚g}ŸÆnpyÆ — ƒCì

ÆÔtÆÔß.Æc*Ãð{òÆZL (Confusion) Ÿ]%ËZF~
ZdwÃZ�xŠï�Ôƒ¼Zq-¹„ƒ'~Æ‚BÔ�ªCÙ™@*ì
ñ�ŠÏÃZq-ŠârZzgÅgÅ�Nzw™@*ìÔ!*‡°ÏÑ@*ìZzgF,KMŠêìQy
ÆZdwÃX�ik,cÔSK̈y7ƒMhÔYèSK̈yßvZK‚g~i0+ŠHV
!**Sy§i;ñ¿Å**zZ/~„*ZgŠï�XSK̈ã**zZ/Æ
!*z�ŠÔQÌŠzgZypy»ÂxYg~g‚rìZLZdwÔZzgz{Ì"Íîg6,X

tŠúò™**�pyÆŸ]qÝ™D�ÔQyÅ&¢A×™äÅÔ
ZN[™äÅZzgê™äÅÔ¡Z·‡]ÐÔZzgtÌìw™**Ô�z{pyÆ

Ÿ]™D�tƒ¼¡QyÆZL%èÐÔ¡ƒ@*ì7g}îg6,
)xZzg)¡~XtZvì‡ŠgÇÔ�«™@*ìpyÃtS:]ZzgðH
ìt‚gZpy»"ÍÂxX
X¯YÜzÜ 2

I m m u n e pyÆ�ÛZø~ÐŠzuZ�Ûnƒ@*ìnQ**
ÆŸ]Ã�Z%Zn»£¨™D�XÃðÛzãZ�x‰ S y s t e m

�Ÿ~Ë:ËzzÐŠZ4ƒD�Ôpy~ñ�Š Bacteria Zzg Viruses

™ŠñYD�X (Neutralize) Ð"ZW, Leucocytes Zzg Antibodies
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~‚6,ƒD Blood Stream Ÿ]� Immune System SkÆ´z{Ô
Ô �ZzgSk§bÐ‚g}ŸÅôZã™DgT�X)¬]ÆnŠ¶

(Immune System) ;gzy¼»7ZC
XfgZùÜzÜ 3

py
#-�ö
EEŸÆZë]45Ðö EGgZ2V~ÐZq-ÜzÜ»gZ3ìXz;V

�á0+ZgÜzÜÆ]45Ðö EGgZ2V»Zq-Âxƒ@*ìŸ]ÆŠgxyÔZK̈ãŸ
~XtŸ]Zq-Šzu}Æ‚B¥â]»nŠ!™D�ÔÇ‰Z¤/CÙÃð
ƒ@*å9sV~!*ÅgXŸ]Zq-Šzu}Ã;gñ÷Å̂~¡\â]

ÐáYñYD�X)¬]ÆnÔŠ¶ Stream ¬��pyÆ
;gñ9ÂxÔ';gzy¼(

(Wound Healing) XinÅ¡c*! 4

pyÆ¹ic*Š{7ZCS:]~ÐZq-ƒCìQkÅ
XSk¯ÓÆn]*Zg�Ôc*Z+A)é

E
EŠÔÐZq-py Clotting Mechanism

Å**àÅyZ!Ðpy»vyÂuJ-ÁƒY@*ìX¯ãÆ§i¿Æ
ŠzgZyÔŠg†V~6,z9ÔZ4,Z

'.ø
J

ZzgzN*NJÄz‚ÆF,KM~}.#Ö
~ÑgT�XSkS:]ÅzzÐÔ‚bŠZâVäec*ì�̄ã
}2x�gZq-VwÆÔ"Íö)Æƒ@*ìX

Å!*‡°Ï ð XŸ~ÂZ** 5

Zë!*g',ŠZg~Æ³Ö~ÐZq-�pynQ@*ìz{ƒ@*ì
wZg]XÑ!*2�pyÐ½~ƒC�1CìwZg]‚g}Ÿ~ÔÇ

�áY@*ì¤/x0*ãÃ‚g~Zq-¤8-~Xp',Üs Piping ‰�
7ƒ@*ìÔÉ Boiler ÆZq-¤8-~ÔŸÅwZg]»ÈZq-zZu Pipes

¹‚g}Ÿ]ƒD�ÔŸ~Xpy»]tÔwZg]�CÙ3ÐaZƒCÔ
ìŠzuzV~)zc*:îg6,„ƒCìX

Z¤/z;V6,ÃðÌwZg]Æ„»Âxvg}Ÿ~7ƒ@*åÔÂ?
?— J)]~²¡ç

Y
LYD¸XË†°w•ÅZ�xŠ„Æ³~

vg}0*îVc*!*iz¤/x — ŠzhDƒVwÆîg6,Ôc*Zq-ziã1úQVñºƒ
Zq-)ÂZiy — ƒYDZzgvg}ŸÆŠzu}8zõ OŒÛd$#{ÅŠgnp�

6,eZmìXZkzzÐ)zc*:„ Metabolism �Jn„ÆZW,Z]vg}
wZg]ÅÔ(,~ZÌÅqïƒYCìX

QÏ§&~ÔpyŠz!*g{¿cZƒ@*ì‚B~ÕÆ¼zŠÆ@*�
iZZ+wZg]ÃÁ™ÃÔpyÅ**1V¢ÆnË�Ô¯CìSk!*]ÃW‚y
F,wZg]Æn�áYðYCìpy~ÖgZ0*nƒZ~XZ#ëJ
‚Ûpu¤/ò~ƒD�XZknÔvgZn{íQÞìÔpyÅ**CVÆ

;îÆ³~XpyÌZq-Zë™ŠZgZŠZ™@*ìgppvg}ŸÅŠÃuŠ
ƒäÐgzuŠêìX

Z#?uŠ~Ck™DƒÔvg~7Óå EL»g8-QhY@*ìª¯7,Y@*
ìÔYèpyÅ**1V¢Æn]¾æ NHC�ÔƒZ~ñ�ŠuŠ~Æ_.XpyÅ
lZgÔQy£â]~�ƒZìÓk~ƒC�ÔÁƒYCìÔZzgwZgCvy
ŸÆZ0+gÐÁƒÔÁÐÁƒY@*ìX

6,ŒƒCì Floating Cells /Zq-!*Ä�
Ð¹„Zƒ@*ìX Fluids ‚!îg6,ÔpyŸ~ÔŠzu}

Zq-ÒpÐpyÔzZ¢š5é GGSƒ@*ìZq-!*ÄXÇ‰A~c*gv‰Æ§bX
Zq- (Tissues) ¾qwÔ²Ÿ]Ô�¯D�tŠzu~!*©

Šzu}Æ‚B!*ë+ïÆ‚BÈñgT�ÔZÐZŠ~îg6,pyÆŸ]
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ÆYäYD Thrombocytes Zzg LeucocytesÆÔ Erythrocytes �g
~pyÔ Plasma �XWiZŠZ:îg6,w•™D�Zzg“ƒD�pyÆ
0*ãƒ@* 92%@*90 pyÆŸ]6,Œƒ@*ìXöi)» 45% öi)Zzg 55%

;gñ÷Ô-gc*Ô Fats, Carbohydrates, Amino Acids ìÔâ!*¹öi)6,
ÔZzgÁÜ‰Îe*7N*®Ô Antibodies ÔZ4,Z

'.ø
J

ÔZÈIÔ Lactic Acid -gu
6,Œƒ@*ìXpyÆŸ]Skë{j[+ Bicarbonate WÇe+ÔW],yÔZzg

~ÔgT�X
/pyÆZbZY

:gLucŸ] Erythrocytes

7[c*Z(¼gLucŸ]SK̈ãŸ~L»ƒä~ 25

Æ**x Erythrocytes 7WD�áYDƒñZL1úXtŸ]Ô�
ÐYäYD�Ôzgh+zVZzgÑc*âV~Ô‚g}Ÿ~Ô̂™DgT�Ô
áYDƒñWxÔc*»g0eZðW‚àX¾qwÔtŸ]Ã¢zg]ƒC

ÃáYäÆ‡.ÞƒÃXVw Substance ìZq-{m‚|#Å@*�Zq-
Æîg6,ÔZq-3ÃWxáYäÆnÔQkÅ¹„£g~̂–ƒ**
ƒCìXt̂3ÅÒgKÃ(,JCìZzgZÐWxÆ‚>VÆ‚BÓk

Å̂ÔÍŵÅ Erythrocyte ~WäÅœª�ÛZë™CìX|~Ô
Zq-¼~ÜƒCìÔZq-¡¢~Å§bÔTÅ̂¹„(,~ÂRÅ

X g{n œª�ÛZë™Cì�WxÆ�CÙÆ‚BW‚ãÐÓk~
°²Ÿ~aZƒD Erythrocytes ÑÄ 25 **gïqÑ]~ÔÃð
Å®ZŠ!*‡°{gìXËÌzz Erythrocytes �t¹„ZëqƒCì�

— ŸÅŠ~Zq-¶Ñ@*ìÔ��gVwÆ — ÐQyÅ®ZŠ~Zq-ZŸ†

ç**u)b9}™YìXZ#z;V6,ŸÅŠ~Zq-uÐiZZ+¤/Zz^
Å®ZŠz„ƒCìÔCÙP�pyÆj[+~¶zZµ Erythrocytes WYCìÂ

Å®ZŠ Erthrocytes ~¶ƒYCìÔ‰ Viscocity ƒYCìXpyÆ
~pyÆ (Veins) ~ZŸ†ƒ@*ìZ»×V°wÅZ˜b~Xtqzh+zV

»!*)̄0Y$ËìÔZzgŠwÃJœ™ä6,âb (Congestion) Z745é EGEtŠx
Å®ZŠÆn Erythrocytes ™CìXSknt¹„Zë!*]ì�

ÚNzw~gx¢zg~ƒ@*ìX
ŸÆÜzÜÆÂxÆnÜsaç NcŸ]»¡gx»°7

�WxÃáYä~ZgÆÃ�áyƒD�Z¤/z{ Erythrocytes ƒ@*X
Ÿ]ÃZq-»gWæ§&~77™Mh�XŸÆŸ]Ã¢zg]ƒCì

‚ãXÃWxÆ‚B — {m‚Ó]ÅÔ�Q7!*0+ñgÇWxÐ
Nƒ@*ìZq-£g~§&~Ô&Z…Š~Ãgx~ÔZzgáÆY**ƒ@*ìWx
Ãôpîg6,X¾TÔQyÃWxÃic*Š{+ïÐÌ!*0+ñǵ7ƒ@*ìÔ
ZzgZ#z{3J-í�˜y6,Q7WxÃgh**ƒ@*ìÔz;V6,QyÃZL
W\ÃWxÐZµ™**ƒ@*ì%ËÂÆXZ"g~Ô@*�WxÅ9
eàÐF,−ƒnZzgz{ZEw~Wñ˜yQkÅ¢zg]ƒCìÔSk

ÑhƒC ] ÆnZq-¹{m‚?ÅZq-¹„ºmðÆ‚BÔ¢zg
ZzgSk§bpŠpy — Šêì Erythrocyte ìXz{‚?å‰0ƒ@*ìÔ�

ZCucg8-QÐÎ¡CìX —

}îg6,ZµZdwZ�xŠêìÔz{�gZq- g aèå‰0Šz7
)©à‚?ÆÒyHY@*ìX

~»g0eZðW‚àgh@*ìÔz{©8ì Lung 6�å‰0
ÅY+$w•™@*ìÔ�½ZîVÅ&½5å GG™@*ìZzg Muscles WxZzgz;VÐ
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J-B (Muscles) »g0eZðW‚àaZƒCìXZ#å‰0gv‰
ìÔZq-',@§i¿áÆ¹ìÔghDƒñWxZzgfeƒñ

ÓxªCÙ~îg6,Š3ðŠ¶zZàƒ'~Zzg!*‡°ÏÆ — »g0eZðW‚à
~Ô‚bŠZâVäŠgc*ÄHå�WxÃá™½Æ 1996 §&~X

‚|#~Zq-ZzgZÌÆqï‚?ÃÌ Erythrocytes ´z{Ôå‰0‚ã
ƒ@*ìz;V6,Zq-¹„Zëzz (No) áÆº�:t‚?ÚzXââW‚à

ÅæŠÆ‚BÔå‰0 No ƒCì�YVå‰0Sk’ÃÌnQCìX
ÃXSknÔ (Tissuess) â�™Cì�¾ŠgWx½™**ƒ@*ì!*:V

ÃnQ**SK̈ã¡Å',ŒÛZg~c)©àZÌ»qïƒ@* No å‰0»
ìXå‰0Å"Í‚ÓC‚|#ZzgZdw‚bŠZâVÅŠpÃZK§s

The Great Evolution Qg3ìXSg»YIÇgeZygZR,}ZZKÂ[Ô
~¼Zk§bgBZiì:pyÔVwÆîg6,ÔpŠ~Zq-�á‚gì Mystery

ZbZYÔQy~ÐZÒ~i9eàÐ™ 80 'ÿz{ZL~g‚rìþÁZiÁ
~7Wñ�X%œ/~ZÌ»qïZq-:æENEÔ"—Ôå‰0ƒ@*ì�
µzV~WxÃ745é FNEGìÔ²»g0eZðW‚àgh@*ìz;VÔZzgA$

ÔT (Co2) J-î6,Ôgh@*ìWxZzg©8ì»g0eZðW‚à Muscles

Æ³~ÔaZ™@*ìÔÇ‰Zq-ñR,aZ Burning Fuel, Muscles Ã�
Xå‰0Ô|~Ôƒ@*ìZq-úc*V‚?� (Co) ™Cì»g0ââW‚à

Zzg Zq-œg‚rìZq-ģWxÆnZzgP„Ï]Q̂kģc*gÉÃÅŠêìÔ
ÆmÐÔ¯ŠîìQkÃZzgÌúc*V Co2 z{‚B„$+w©8ìZKF,¶]
ÅÃðZzgª]Z0Vw7ƒ$ËX Adoptation z;V6,Zq-»xÆÒpÐ

6�ZäÜDHìÔå‰0‚?‡.Þƒ@*ìŸheZzg¹V
¢zg]ÑhƒCìÔÇ‰Zq-ƒ'Â™CìXå‰0:ÜsWxÃ

ÆŒÛd$Ð*gCƒCìTÃ̄g~Wx Muscle áYCìÔZ#z{Zq-
Å¢zg]Šg»gƒCìÔz{Ì¯g~îg6,Yy©8ì�QkÃWxÃàŠb

�gh~Yg„ì 1
Co2 ecÔZzgZK¥â]ÆÒpÐ¿cZƒ@*ì�

ÐÔÂ¦™äÅ¢zg]ƒCÔìÔZzggzZ:ƒ@*ì!*Z°Z„ Muscle0
ÆnqÝ™äQk»QÐ*1úXå‰0L<ÍZ@* L u n g s

7ƒ@*WxZzg»g0eZðW‚àÆç5]ð™ä~ÔZzg Confuse

å92wÅ§sw•™@*ìX
t¹„ÎõF,‰ƒ@*ìÔz{Sk§b�Zq-‚?Sk§iÐ¿

cZƒ@*ìT~»°ÎõXgŠg»gƒ@*ìÔz‰Ü6,êhe»ZÖgƒ@*ìXZzg
4ZN[ZzgñizVF,¶CZŠZâ]GYD�ZkÐX

]ì)©àÅg»�Sk‚?ÐWDgƒ@*ìÔSK̈yW‚ãÆ
™zh 90 ‚Bi0+{g$Æ‡.ÞƒYD�XZq-Z0+Zi}Æ_.Zz¹

»3ZL Erythrocyte ÔSK̈ãŸCÙ‚aZƒD�ÔZzgCÙ Erythrocytes

™zhå‰0Æ‚ãg‚rìXt‚ãSyÓx§i;ñ¿Ã%Ë 30~
ÆZ�xŠ¶Å&¢AZL~gnp�X (Confusion) ZF~

f‚~gnpƒñ�M®ZŠå‰0‚Ó]ÅSK̈ãŸ~Zzg
§&�z{ÓxÆÓxÔ%ËS]4k5é GIEYÆÔgnp�z„&&Ô?ŠNMhƒZzg
ic*Š{™sîgÐSk*yÅZÌÃ¾wŠZÔ~ÐX

t!*]²£ÿ N™‚tWCìCÙfZg¿Æ�Z,ZN[LÌW7
MhZ·tÐÔZzgt�ZZ4[zZu]L½7™MhZ,S:]Óx
Zg1Vå‰0‚>VÃSK̈ãŸ~XtZvì�ðHìå‰0‚>VÃ
‚B~QyÆÓxS:]ÆÔSK̈ãŸ~XWe$7ì:

LLtZvìÔvgZg[X7ìÃðqŠÎZZkÆÔaZ™äzZÑCÙq
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 »XÎ?QÏÅ„Š]™zXz{CÙq6,»g‚iìXóó
(102 )Îg{ZÅxÔ

Å̂~7æ{f;-$ Erythrocytes /
3Å̂éZq-¡ÔÍw Erythrocyte HY[ìÔ y ‰�¬Ò

Ã×Å§bƒCìXz{£g~̂3ÆRÆgK~ZŸ†™CìZzgQk
~WxÐÓk~WäÅœªƒCìXQkÅSk̂~—hWäÅ

S i ck l e  C e l l ]~Ô"uç**uZ%ZnaZƒD�X%n ßg
Zq-R¯gï^å‰0Ågnp�� Erythrocytes ~Ô Anemia

Æ**xÐYäYCìXZ#tWxÐøzxƒYãìÔt S. å‰0
~Ôta3Ã Erythrocyte å‰0I^™EJVÅ̂Z(g™gì

Zq-Erythrocytes M™Šï�ÔZzgSkÃZq-ŠgZ„6¯Šï�Xaè
~*g** (Tissuess) 3Õä XLwÜ^Z(g™fe�ÂWx»pyÐ!*:V

S i c k l e - ÂƒY@*ìXtqWxÅ¶»:L0YCìZzg
aç NcŸ]ÅaZzZg~ZŸ†ƒä4ìX Shaped

%!ÅqªP„[RV~Ú´ÒpÐ$ƒYCìXSy
Æ̂CÙZq-~Zq-ÜƒCìQk^» Erythrocite Z%ZnÐ?Ø™Ô

W‚ãÐWxÃ˜V}¢zg]ƒCìÔz;Vá Erythrocites ]tÔ
ƒD�ÍwZzg¡CÙZq-~�L Erythrocytes YMh�X|t�

i0+{g;ƒÔc*i0+{gìÇw~ÔZk!*]ÅzŸs#L7ƒ$ËìZ·‡]
ÆZ˜jV~XZvÓxZ¾mÆ!*g}~6,¡½ï EH¥â]g‚rìÔZzg‡ì
™@*ìZzgF,KMŠêìCÙq7g}îg6,¹„4+,Æ‚BXZvÅ
�áyxìÔZzg�‚g}˜âV»â´ìX

ÅZK̂Ã$+%Å&¢A Erythrocytes /
SãgLƒD��Zq-zZu¢{py~SyÅ Erythrocytes

™zhƒ$ËìXtqQyÃzgh+zV~W‚ãÆ‚Bw•™äÆ 25 ®ZŠ
‡.Þƒä»Zq-ñµ�ÛZë™CìX¾qwÔSK̈ãŸZ+pyÅ**1Vg‚r

Æ¢Æ£¨~¹gLƒD�X«Ã Erythrocyte ìXÆ¢
ÃZL Erythrocytes ~ÔtƒYìZq-6,ZËÅúÒÏÃªCÙ™@*ƒÔYè

W\Ã]¿.ç NGH™pyÅ**CVÆ8{ð OV~Y**7,@*ìXÆ¢×SyÆÁƒD
ÅEZg Erythrocytes �XùtÂ§i¿ð0*@*ì?Z+ßg]~Ô

‚|#»x~WCìXQyÅ–^»]tÔ(,~uJ-QyÅEZg5ì‚|#
Æ‚B85Âî

G
ƒÐic*Š{ß**CV~Ðz{™̂äÆ‡.ÞƒD�Xt

EZgz5ì‚|#SyŸ]ÆðÅZq-Šzu~ZëVwìXZ¤/
ZKE»¡Zq-gN*‚zÅŠï�Ôç**u}ò»‚o Erythrocytes

™**7,@*ìX
ÅWçÆ Erythrocytes ‰fc*ûÆ%!ÔVwÆîg6,Ô
ƒY@*ì�ZK (Congestion) »Wx Erythrocytes ˆk!*:V~Z,

EÅŠï�Ô�S•ðrð Ng]~Z0+ñ6Åzz0Y@*ìX6�Üs
Zq-VweCìÔCÙzSK̈ãŸ»ÔðHŠHì‚B~Zq-"uˆkÔ

"ÍÂZiyÆX
ÂxY7™@*ìX Recyling /SK̈ãŸ»
ÂxZq-"Í‚|#g‚rìXvg} Recycling SK̈ãŸ~

Ÿ~ÔZq-¹‚g}§i;ñ¿CÙœ`ñYD�Ô¢gg‚y**»g{
âŠ}Ô%Š{Ÿ]ÔZzgÛzãZ�x�Ÿ~ŠZ4ƒD�Zzg�n{™ŠØYD
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ÂxÐXZq-¹‚g}Šzu})¢zg~âŠ}� Immune �ŸÆ
xîg6,w•™DgT�Ô@*ëQy~ÐÃðÌËn»vy7

Substances àD�ÔYèz;VŸ~ƒD�Âéïw!*CÙ™äSy
Ãc*QyÃŠz!*g{ZEw~ÑäÆnZ§i;ñ¿»g™ŠƒD�Ÿ~X

Ÿ]Ô�gVwfe�XSy Erythrocytes ëxîg6,@*i{Šx
Šy6,Œƒ@*ìX%æFNZäŸ] 130@*120 Ÿ]»Šzg§]ŒÛd$ŒÛd$

(Bone Marrow) ZzgA~ÆÍŠ} (Spleen) Ô&Ðö
GL

(Liver) %YD�®
ÔSy'ç NŠ{Ÿ]Å(heÆnÚaZƒD Erythrocytes ~ÔZzg6

CÙ²%D�ÔZzgŠzÎZg[6 Erythrocytes gT�XZq-ÑÄ
ÔSy%Š{Ÿ]Å(heÆnCÙŠyaZƒD�ÔSk§b Erythrocytes

CÙeģV~$+áYD�XZzgW],y Erythrocytes ÐSK̈ãŸ~Óx
~ƒ@*ìÔfí{™1Y@*ì E r y t h r o c y t e s »‚?�%äzZá

Å5aZzZg Erythrocytes ÂxÆ‚B@*�ZEw~Wn Recycling

~XtZq-Vwì�á0+ZgQµ/È~ÅX™sîgÐtzZãgìÔ�Z+
Ã!*ë Erythrocytes µ/È~pŠÐW7$Ë¶XtZvì�ðHì

‚B~SyS:]ÆX
Leucocytes: Microtroopers /

C8-+õ EGÔ¶\ŠzVÆ
ÑÄ¶3„��g 4 Zq-zZupyÆ¢{~Ôz;VƒD�Ãð

)C8-.ð EGV(ÆYäYD�X**gïqÑ]~ÔpyÆZq- Leucocytes

ÑÄZzgZq-™zhÆŠgxyƒCìXCÙ 70 Å®ZŠ Leucocytes kSõ~Ô
P�Z¤/Zq-¤!gæZfŠg»gƒCìÔt°Š̄g~îg6,\‰SÚZz™�

DÙZg±5é YNEƒY@*ìXSy¶Š7VÐŸÅæZf™**Sy¶3‘VÅ 30

Sk§b6,z¤/ZxZ�xŠï��CÙZq-Ãn{ Leucocytes ŠZg~ƒCìÔt f)
™Šï�ÔHY0+ZgzVZzg"YâVÃÌ�Ÿ»z7ƒD¸X

Sknz{ˆl™D�ÔØ`D�Ôù™DZzgÔ9îg6,Ôn{
™Šï�Ùc*ÃÔzZ],‹Zzgvyg‚yâŠzVÃ�Ÿ~Ë§bŠZ4
ƒYD�X‚!Z˜jV~ÔC8-+õ EGpy~ñ�ŠŠvŸ]ÐZ

7gnpÔ1 Nucleus Ãð%œ/{ Erythrocytes ƒD�XVwÆîg6,Ô
Zq-%œ/{gnp�Zzg‚B~‚g}gLZ�ñ (Leucocytes) C8-+õ EG

PŠâVÆni0+{gT�Ôc*z{ Leucocytes ÌX@*ë (Organelles)

¼~Fg~Årð Ng]~ÜsP]„i0+{g{0*D�X',ÜsSkÆ?
ìw™MhƒÔŸÆDÆ̀ó{ÐÔSkŠg¾Šzg§]¹„ZëÔƒY@*
ìXSknC8-+õ EG�æZf~ẑsgT�ÔQy~ÐZÒ1hñ
ƒYD�c*%YD�ÔA$QÏœÔ6KC8-+õ EGZzgic*Š{æZ¢š-ö

EG&¢A
Zq-„§bÆŸ]7 Leucocytes Æ‚BaZƒYD�X|~

Zq-¬x Leucocytes ƒD�ÉtZzgÌ§bÆ3„ƒD�XZzg
Z˜bƒCìŸ]Æn�ŸÅæZf~±D�X

SyÅŠzZë¤/z:Æ-ŠgzÈ~ÅYCìXª¤/z\Ô
6,Œƒ@*ì�Z’Z~kB»‚o™@*ìZzgŠÔÐ£¨ Granulocytes

Ð¯ƒ@*ì�SàÏgaZ™@*ì Lymphocytes ™@*ìXŠzuZ¤/z\
Å̂~ Antibodies tÏg — @*�ŠÔÆÜs4îg6,ZEw~Wn

ƒD�óóX
Šzu}pyÆŸ]ÐpZm~ZƒD�X Lymphocytes

ÅZq-(,~®ZŠ!*:V~gSìOñpy~ Lymphocytes
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ƒäÆtŸ]!*:V~ÔŸÅ�ZÇV~)z~îg6,¯YYî*VÏ
¯ñgnp�ÔZzg¢zg]6,!*:VÅ̀Z�ÐæZf™D�X�Z(ƒ@*

Åpy~ñ�ŠÏÅ?|~ Lymphocytes ìÔSknHzzƒCì
Ã�gÜzÜÂxÆZEw™D Blood Streams, Lymphocytes

�XÇ‰7:ðzwÆÔz{pyÆfg=‚g}Ÿ»™̂D�X
¢zg]7,ä6,¢„2!*:VÃàD�˜V6,%æFNZäZi»ggCZzg$zg

Å(hƒCìX Leucocytes

tƒ¼**eƒ@*ìZ,ëwZzgQöÂxÆn�z{Wc*ƒ
Z·tÐÔ6�Sg»YIëÐZ(¼¢™äÅÂ¯gnp�X

t™sîg6,zZãì�Ÿ]�"ÅgƒD�ÔqÝ7™Mh
�QyÅZN!&¢AZzgZW,5+k,~ÃÔc*Z+S:]Ã�Q7ŸÅ™«
™ä»ñµŠï�ÔÓxpŠÐƒ70*@*ìXT§&ÐtÛ�Ô
Šzu}Ÿ]Å™«Æn±7,CìÔƒ@*ìZÝ~Zq-¹ZëZ�ág{Ô
§&�Zq-3ZÚgN*vg}nŠ3ð:Š}{àW\VÐÔvg~{§pŠ
ÃŒÛ!*y™ŠêìÔZzgt|�vg}Ÿ~z;VƒD�Zg1VŸ]�

ÇZ+„pŠŒÛ!*ãÆS:]gnp�Ôz{ƒD�¡P„�3
7Z]~ÐZq-ƒD��vg}W\VÆ‚tz̧q5+k,ƒgì�
vg}Z�x~X

Æ‚|#~Z¾wÔQyÅpŠÅŒÛ!**VÔQyÅ§c*: Lencocytes

¥â]Zzg&&ÔQyÅpŠÅZKF,¶]»³7ƒC�ÔÉZvÅð
ÆQyÆ}òƒD�XZÚ¼Ôz{�ÃÒ™D�U*"$™äÅÃðZzg

Z·tÐÔ‡.Þ7ƒ0*ñ�Z(¼™äÅÔZzg:z{'×h+Ãð — §&Ð
»x!gnp�w~ÌXÎg>Zyâg~ÔZvQyßÍVÃaç NZ[ÐUŠê

ì�ZvÅ¤‰ÜÐZïg™D�XWe$7ì:
LLZzg�ßv»�Û�QyÆZqwZ,�‰Zq-KmyZy~L
ge$ÃZq-\‚WŠòŠzgÐ0*ãìw™©8ìÔŒVJ-�Z#QkÆ ðƒ
0*kW@*ìÂQkÃ�z{™g3å¼Ì:0*c*Zzg,YZÅ:ö XWÃ0*c*ZL0*kQQkÃ

(39 7gZàŠc*Qk»–ÔZzgZv¢hezZÑìˆ[Xóó)Îg>ZyâgÔ
/Sg»îVIzVÅSkñçq6,™~ƒðy

Immune CÙŠyÔZq-M®ZŠ̀Z�ÅSK̈ãŸ~ŠZ4ƒCìX
¬%³~ÔSyÃ"ZW,™äÅÃÒ™@*ìX¾âqÔ‰̀Z�Zzg System

ÛzãZ�xË§buÃ{~Ä~ŠZ4ƒYD�Zzgi0+ÏÆnç**u
Ãn{™ä Antigens BD�XŸSy Antigens ƒYD�XZ,Z�x

ÅÃÒ~ÎgLìÔc*Q7®ZŠ~(,"Ðgz1ÆnZ,
Æ**xÐ	gƒD�Xt Antibodies aZ™@*ì� Substances

ÔQyÆ&Z…Š~‚|#Ã¾™!*0+|Šï�ZzgZk§b Antibodies

ƒC�XSk Fit Ã"ZW,™Šï�ÔÇ‰ºVZq-̧~ Antigens

Zzg Antibodies ÂxÃK~æŠÇgƒ@*ìÔ̧ZzgJÅ˜t‰
ÆŠgxyÅ¢zg]ƒCì{mÂzÅ�X Antigens

~ÐCÙZq-ÆnÔ Antigens Ô�3Z Immune Cells

aZ™äÆ‡.ÞƒD�Xz{ŸÆŸ]Ã‡.Þ¯D� Antibodies

Æ¢¨Òð GEVÆ Antigens aZ™äÆÔ�ñizVƒnSy Keys ¯g~îg6,
nXp�¼�9sV~ŠpÅ!*]ƒCìÔz{SK̈ãŸ»

)!™)ÿ{:(~¡¦ Laboratory »aZ™**ƒ@*ìÔ�85Àö
GW

Antibodies

ÆÜsÌZEw~WYìXŸ]�ñizV Antigens îg6,»g™Š{
ÔQy Keys ÆnaZ™Mh�ÔQÏÒpÐz{ Locks ÔŠg]~ Keys
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¢¨Òð
GEVÆnÌaZ™Mh��Šg]~ñ�Š7ƒD�X

ŸÆZ0+gù}2xÔª]Z0¥â]Ûzã™*Æ!*g}~gÄ
Yì?"—ÔSk!*]ÅzŸs#ZZ4[Z·‡]ÅZ˜jV~7
ƒ$ËìXùZq-3ŸÆZ0+g�3ÛzãZ�xÆ!*g}~¥â]qÝ

Æ!*g}~¥â]� Antigen ™YìÔ8-ö
GW�Zq-¹„ZnÆ

~aZ™Š{ƒ@*ì?85Âî
G

Z¤/?JwÌ™DƒÂæZ¢š-ö
EG

(Laboratory) {: !™)ÿ
ÃŸ~Tyfe�ÔQÌ!**ª]Z0 Antigens Ÿ]Ë§bÐ

ÃÌX»z{¬L‚o Antigens !*]ÂtƒCì�z{TyMh�Z,
7G¸X

´z{SkÆæZ¢š-ö
EG

Ÿ]¯g~îg6,:ÜsÙ|#™fe�Ûzã
Z�xÃ�ŸÆZ0+gŠZ4ƒD�ÔZzgQÏÒpÐ&¢AÌgnp�aZ

�ÛzãZ�xÆÜsZW,Z0+ZiƒnX Antibodies ™ä¿Cgc*
I�tŸ]&6VÐWgZ3ƒD�ÔTyÆÔZzgZôï

D+ZÛZ(g™äÆZ,ÆÔXÃf;-$ZzgÅgÅ¢zg]Šg»gƒÔÂQQï
Z·‡]Æfg=z�Š~Wä»Zg»YIzV»ìw)xZzg"!š-ö

D
ƒY@*ì

SkÒpÐZg»IXzŸs#7™MhQyÆZLÃtÆZ˜b~ÔT
§&ÐtKãŸ]ÔÛzãZ�xÆZZDwÅzŸ‚=ô"u

ÔZq-R,¿Sg»YIZzg Ali Demirsoy )xZzg)‚³ƒCìX
ÆTyÆ!*g} Antigens ŠZVÔHìfs~æZ¢š-ö

EG
Ÿ]ÅQ ‚b

~:¾qwÔZq-3¬„ÐZL~»g™1åZq-}2xÔaZ™äÆ
ÆÔ�Qîg6,»gHŠH Substance ÔÜs~Zq-6ð Antibodiesn

z,œ~~Ôƒ@*ìZq-(ŠZyZq-ÒpÐXQÏÂ[~6,zW 20å
t™@*ì�z;V6,~iSk!*]ÅzŸs#7ƒ0*ðì:ùZzg Demirsoy

gnp�tDÔZzgùz{aZ™D�{mîgÐ Plasma Cells ¾̂~
_VÒpÐ?:Ãð¬zŸs#ŒÛd$~WäzZàìSyZÖp Antibodies

t™@*ì�3FZq-®ZŠ)©àS:]Åg‚rìX Demirsoy~Ô
»ZEwƒZìZkÆnÒy™ä (Clairvoyant) ZÏzzÐÂ(ŠZy

�Ãðì�g‚rì¥â]¿ŠgWæÐ¬„XZq-3»ǵ¥â]
ƒC — {mîg6,Z+−VÆ!*g}~�QkÆZLâjwÐŠzgƒ —

ìZq-)©à!*]XÃðÌÔ"—ÔÂµ7™Yì�Zq-3�z�Š~
¡ Wc*ƒ@*ì"Yy�ZCÙÆ5\ÐÔg‚rì¤!g85Ò54è EEGGc*IZÅš©ðGw¥â]

Z(Zq-ŠúòëqZzgZ+ÑàuÈ-VÃÌ0*g™Y@*ìX — Z·‡]Ð
¾qwaèSg»YIZq-â-Ï±è NEqª~¤/ëg�ÔQyÃJw™**

ec7ZCpZmÃÔY0+ZgZ�xgnp�Z#Ð�z{ðƒñ�XQÌz{
ÃÒ™D�Sk!*]ÅzŸs#™ä�Sk¾wÆJ}ÃŠzu~
Z˜jV~7™äÅÔ@*�Zïg™Ã�tS:]{mîg6,ðG‰

Šzu}ZÖp~ÔZvÆz�ŠÐZïg™**ÐÑƒ@*ìSïX —¸
SkuÐ*gäÆÌ̂ÔSg»YI7™D�zŸ¬»�7

ƒD�¡ s gnp�ZL~¼ÌZ(�‚bÆ_“g‚rƒÔ1̂z
6,z8&+zV~Ô�ÑqÝÃÒƒCì=ô™äÅQyÅâ-‚:qª~X
z{[ÑqÝ™D�‚¥ÃŠg™äÆnÔëƒñLLtZq-7{ìZg»Y
»LLc*óót3„CÙ(ŠZyìóó6�z{ƒDZ̧q-Zg»ðplWÒc*¤Åg)éyX

|~Ô¾qwÔ�Ÿ]SãgLƒD��{àWçÐ
Š3ð7Šï�Zzgxîg6,].h+ƒDgT�Ôgnp�)©à
&¢AZzgœªÙ|#™äZzgn{™äÓxŠ7VÃ�Š–ƒD�SK̈ã
ŸÆnIZkÆLŠN0*NQ7X
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³ŒÛZgŠbZ+Zq-ª»Z·tÐ�Ô¶K0+„™@*ìf;„$zg~
ÅÔQyßÍVÅX»ÑÜsZvÆz�ŠÐZïg™**ƒ@*ìX

Sg»YIìw™D��Ÿ]ÃZ+6,¡½ï EH»x™äÅ&¢AZzg
S:]pZ]ÅŠ+ƒCìX

»Iì�LLZ(¼ìw Demirsoy ZKÂ[ÔLLÌgZV$ZzgZg»Yóó~
ÅÙ|#(Wc*å Antigens Æfg= Antibody HY@*ì�t}2x)

pZ]Å̂~�aZƒñZ̧·‡]ÐXóó
èÃg{!*Ņ̃w»-Y,̂{ÔæŠÇgƒ@*ìK7æ{gZizVÃX»Zg»Y
I‚bŠZyßv–gZfe�X'»Iì�‰ôìw™D��t
}2xz�Š~Wc*åpZ]Æ³~XZq-‡g~Ô�§»]»-DÐ
**zZ6ƒ@*ìÔÎõYì�z{]Zq-‚³zŸs#ÅZzgZq-U*"$™Š{Cð
ÅúÒÏ™@*ìX

ÅÙ|#» AntigensÆAntibody |tìÔ¾qwÔ�ŠúòÔ
}2xz�Š~Wc*åZ·¹pZ]ÐÔƒ@*ì7g}îg6,ÅîÔ�Ãð‚³

Zzg ŠgZL~7g‚rìÔZzgg3ŠHìÜsZq-„ÑÆ‚B�UäÂzÃ
tßÍVÃŠð�Š„»§ixËƒ@*ìX ~word Cornes OW,™ä‡g~ÃX

�Ûd$Š¶QyßÍVÃ�Ûzã™*Ð**zZ6ƒD�c*�7g}
îg6,ZCqCÅŠ�ƒD�X

Z¤/Z,ßÍVÃ†1kqg'Š3NYC��¹„F,¹c*C
)ßYÐWgZ3ƒC�ÔZzgQyÐ¹Y@*ì�#y#y¤&½ø

EY
ÔLLú

0*ñ¸Zq-i²!Æ³~XóóÔ85Âî
G

Z¤/z{¢Ìgnp¸�Z(¼xÒp
Ð**eƒ@*ìÔz{SkìwÃßU*"$™äÆnz{ÃðÌzr5Ïî G7gnpX
@*ëÔÃðZq-�ZKÎõZzg;»ZEw™@*ìÔSk!*]Å~iŠgŠZã™@*ì

�Z(ÃðzZ§L7ƒYìXtI�Zq-ë{3pZ]Æfg=z�Š~
Wc*åÂÐZƒ@*ìXƒÐ¬ÔÃðÌ_3g‚rìZq-)ßY

ìËÌi',Š„†1kqg]ÆX C )©àîg6,',F,ƒ
zZ¢š5é GGSÔM‚bŠZâV»Iì�3ƒ@*ì¹„ZdZzgë{

‚|#»qïX»�z{Z[J-‚o™DWñ�X
�ŠúòHY@*ì�Šc*ì3ÃQkÆ — Šzu~!*]Ô36,p»ZW,

À˜ƒ@*ì85Âî
GWic*Š{n{Á£¨~Zq-i²!ÆZW,Z]Æ�Zq- — S:]
qg]6,ƒD�Xtîîg6,**eƒ@*ìÔZ, (Sky Scraper) †1k

~Zq-n{ÁKÆnaZ™**Zq-3ÃÔ�‡.Þƒ@*ƒaZ™äZÐZŠe$Æ
Ã"ZW,™äÆÔtƒƒñƒV Antigens Ã�3 Antibodies qï

Z·tÐXZzgt3bCÙ{™@*ìZq-qzZzgf;-$»�¹¼ic*Š{ƒ@*ì
£¨~SK̈âVÆX

ÃtSg»YÆ_.Ô3qÝ™@*ìt‚g}S:]ÔMZzgáZF,
pZ]Æ³~Ô��xËƒ@*ìZq-àÆ�9Zƒ@*ì¹‚g}Ú
i²ßVÆ³~X

ëÃZq-œÆnây¢8ƒÇÔZ¤/85Âî FG{§~:ÑDƒñ‚³
�CÙp — ›ëÃZzg:Sk!*]Å6,zZ{G�H**eƒ@*ìZ(Ëq»ƒ0***

Immune Šêì3Ã‰»gWæS:]X@*ëz{7ƒ@*ìQÌ»°ÔYè
ZOg7™YåÑÅV‚wqÝ™äQkÆÓxS:]XZ¤/3ZL Cell

Æn (Organism) ZdwÃ7gZ™ä~**»xƒY@*ìÔ�ik,c�t
ñ]»:LƒY@*²æZ¢š-ö

EG
Ÿ]ÃZL!*ëÓxS:]Æ‚B!**îg6,

gxƒÇY0+ZgZ�x~Çi0+ÏÆZ’ZðœÐ„X
Zq-¹ZdÂ6~&¢AÇÐ Immune Cells SkÆ´z{Ô
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~Ôz;V6,Ÿ]Å¹‚g~)È Immune System 7gnp�X
ƒC�ÔCÙZq-¹„ZpZmZzgZdwÆqïƒC�X

SyŸ]ÆpZàÔZzgQyÅ$+rƒð&6VÃŠâr~gnp
ƒñÔt!*]Zq-ŠiZzgŠ@Y$Ëì�ùÃtSg»Y»ˆ[Ô›ëÆ
‚tÔ»ƒY@*ìX

Å&¢AZ0+Zi{ÎäŠzu}Y0+ZgŸ]Æ8 Immune Cells

‚½VZzg&6V»aZ™äQyÅÕ<VÃ��SkÅ&¢AÐ
¦ñ!*gq-¬]Æ‚BÔ‚g}Æ‚g}ðG — _“gnp�

‰Z̧vÐÔ‡ŠgÇÐX
We$7ì:
LLvgZqŠÂz„ZvìTÆÎZËÅÈÏ7Ôƒq�ˆì

(98 )ÎgÒÈÔ SkÆD~Xóó
py»Zq-Zëz :Plasma /

Zzg Erythrocytes T~pyÆŸ] (Fluid) )¬âù
B@*ìXtÃð‚Š{âù7ìÔ Plasma ¾DgT�Ô Lymphocytes

ÉZq-{m%“ì�ZL~¹‚g}{m{mâŠ}
6,z”Ô 8%Ð6% 0*ãÔ 92% ZL~ Plasma g‚rìX (Substances)

»g0eZðW‚àÔ ÔAmino Acids Zzg»°lZg,i”{ëVÔ‰ÃiÔl!Zzg
Zzg;gñ÷g‚rìX Nitrogenous Wastes

´c*]ÃÔ�?qÝ™Dƒ½ZÐ?3DƒÔ‚g}Ÿ Plasma

ŠzgZy ÆŸ]ÃÅà@*ìXz{**»g{6,Ze„Ã�Ÿ]ZLZdwÅZ�xŠ„Æ
J-à@*ì@*�Q7ŸÐ!*CÙ{g`HYn Organs aZ™D�Ố

Skf)ŠZgÜÜZzgjZÐÃZ�x:Š}0*@*ÔA$½Z?3Dƒ Plasma 'Z¤/

Ãî70*DÔZzgvgZ (Tissues) Qk»ÃðÑ:ƒ@*Ốc*]vg~!*:V
Ÿ¢„iCÙWßŠƒY@*Yè—�3aZ™@*ì{g`:ƒeƒ@*ìX

ÆZzg»ñV~�áïƒD�:Dßg]aZ™**pyÆ Plasma

6,‡ìgppÅÔæŠÇgƒ**)zc*:„~wZg]Å‚g}Ÿ u Š!*îVÃZq-§
ÃZq-§Åð Lw6,‡ì (Acidity) ~ÔpyÅZzgŠzu~!*:VÅF,d-öIJS¤

~ÐCÙZq-6,z”¹„ZZdwgBb Plasma Proteine ǵƒ@*ìX
( 3 ) Ã$eX ( 2 ) Zbð ( 1 ) ìXz{&ZëZDw~ªCÙƒD�:

‰çÉ4ø LEX

 Albumin(1) /
¹„{]öi)6,z”ƒ@*ìXtZq-{mnÅF,'}.#ÖŸ

ÐZ§ZsÅ Capillaries ~Z�xŠêìXZbð»¹„Zë÷âùÃÔ
‚½VJ-"ulZgzV~*gäÐÔgz)ƒ**ƒ@*ìXSkÅZÌÃK
ÆnÔŠ9ƒ@*ìQkgZ3Ã�¯ƒ@*ì́c*]ÐÔŸ~X́c*]Æ

ÐỐc*]Ã!*ÄÅ (Arteries) n0™î¢zg]q!*:VÃÑc*âV
Š-ZgÃ0*g™**ƒ**ƒ@*ìÔ�¹„gLÎgZcŠ-ZgZL~gBbìX@*ëÔ

0*g7™YìQkŠ-ZgÃpŠÐX�ŒV‡.ÞÒpìÔ Substance ÃðÌ
z{py»Š!*îƒ@*ìXÇ‰Zq-í~ÐÔpy»:æENEâùöi)ZzgƒÐ

ÃðZ+¥»z^: ic*Š{gL‚ãŠ-ZgÃŠ!*îÆ-0*g™YD�XZ¤/z;V
‡.ÞƒDî~!*:V~MlZgzV~âù Substances ƒCÂtƒ
ÅZq-rð Ng]qwaZƒYC¶!*:V~XZbð (Edema) ~0*ãÅÒ]

ÆÔZzgQkÅ Sponge 6,z”Ô0*ãÅSkMlZgÃ_.[™©8ìÇ‰
ÆaZ™Š{ç}Å Edema py~—ÑÄZŸ°ÅzzÐÔZk§bQk

7È~ƒYCìX

3940 ZK̈ãŸÔZq-7{ZK̈ãŸÔZq-7{



Å Capillary W‚ãÆ‚B Substances 0*ãZzgic*Š{F,i”{
Š-ZgÃ0*g™YäÆ‡.ÞƒD�X1Z(¼ƒY**6,z9Æn**eƒ@*

ìXSkzzÐZ,6,z9‰ZbðpŠÃ**à~̂gÆz‰Üg{YD�Zzgz{
âùÃg•ÐgzuŠêìXZbðÔl!ÃZLW\Ð!*0+|©8ìÔ‰

Ô1$**àÅiCÙ~aZzZgX'×h+',WyÔ Bilirubins ³g7ZwÔ;gñ÷ZzgigŠ
ÃÌÔQyÆ*gä Drugs Zbð&4hÒè FEEÃ!*0+|©8ìZzg‚B~Šzu}

~ghŠêìÔZzgáY@*ì́c*] Liver Š¶Zïg~6,Xz{iCÙYâŠzVÃ
Zzg;gñ÷ÃQy£â]6,˜VQyÅ¢zg]ƒCì

Fibrinogen(2) /
~Blood Clotting Ã$eXÔöi)~ñ�ŠŠzuZ6,z”ìÔ�

Ôpy~õC Gamma Globulin Zë™ŠZgZŠZ™@*ìX@*ëZq-Zzg6,z”Ô
�Ô�Z[~ŸÆºm¼~%nÐÃuƒä Antibodies âŠzVÃ‰

6,ÃgxƒD�XQy6,z9~ÐpyÆÔt¡P„ƒD�X´z{
‰WxÔ**>zXZzg»g0eZðW‚àÔÌöi)~i”{ Gasses Zi,Ô

qª~ƒD�X
~ÐZq-ìÔt¹Zë  Substances ‰ÃiÔpy~ñ�Š̂k

Æ(Ÿ-@î EGEZzggv]V~XSkzzÐÔSk» Fuel ƒ@*ìÔZEw~W@*ì�g
py~Åð Lw;gñ÷Æfg=Ú!*‡°{g3Y@*ìZ¤/‰ÃiZq-ºmÅð Lw
ÐÁƒY@*ìÔÂ1$?ØZzg"ƒÙ³ƒCìÔZzgSkǢg~ðh~Šk,ˆ

~ÐCÙ Substances ZzgZÒßgÂV~ñ]zZµƒYCìXSy Coma

Zq-ZkŠgZÌÆqïƒD�ÔSK̈ãi0+Ï~Ô�CÙZq-¹„{mð
ÅaZzZgƒCìt!*]!**îg6,zZãƒYCìZ#�Zq-¿�g{m
ìw™@*ìSyÆZdwZzgS:]Æ!*g}~X

ÆŠgxyŒÛR Substances 6�?äŠ¬ìÔz;V6,py~
!*bgºƒD�XÓxSK̈âV~Z¤/Sy)©àZÌÆqï

~Ð¡Zq-Ì)q¢ƒ@*ìÔc*QkÅñ�ŠÏßlZg~ Substances

c*ZpZmÆ‚BÔSK̈ãŸ~ç**u)baZ™@*ìXtÓx!*'zZã
6,Sk!*]ÃZDg™C��ÓxpyÆpZm7Vîg6,aZG‰�ZvÐX îg

Blood Clotting /
Zq-ÂxÆ‚B:ƒ@*ì�ZL~FZq- (Part) Ÿ»CÙz

(Scratches) **1Vg‚rìÔX~ÐpyÚcggLìXgL7zd
ƒY@*ìÔâù�Sy**CVÐÕ s ��ŸLrg¶K:@ (Cuts) c*i9)4è

E
G5
zZÑƒ@*ìSyi¿VÅ¥VÐg•c*½u4ìX**gïqÑ]~ÔÃðÌ

c*7z`ÆÎgZcÐÔ Cut ìw™Yì�ÓxpySK̈ãŸ»ËYñÇSk
Ô�ÛŠÅñ]»:L0Y@*ìX@*ëZ(¼| Cut Zk§bÐ85Âî

G
ZCF,+

Ñzq™@*ìÔZzg (Clot) ~zZµ7ƒ@*ìXpypŠZ§Zs~inÆè
ÃÈ™ŠêìÔÇ‰J”{ GapÆCut W×W×)”{pyA$

Æ©}~ƒñZq-ÎgZcÆxËƒC Bucket 7É4øHLÆÔtªZq-
ìX�%#Öƒ0*@*ìÈGYä6,ÎgZcÃ@*�0*ã»g‹¥unXtz;V
Sk!*]6,Ãð—7ƒYì�tZq-(,Z7{ìXpyÅtS¤ÔSk

Å&¢A Coagulating ui}6,ñ�ŠCÙSK̈yÅi0+ÏÃXCìZ¤/Z+
z‰Ü6,ƒä70*CÔÂA$ZCF,+7zpin»»ƒ@*ñ]6,X¾TßvL

7ìw™D�Zk7{Æ!*g}~�7W@*ì¦ñQyÅZKW\V
Æ‚tZzgSk§bôp™ŠêìQyÅZKi0+7VÃpyÆËYäÆ
çZ]ÐX

SknÔëÃŠ9ìÔùt7{z̧q5+k,ƒ@*ì?ùpyW0*@*
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ì?6�SkÎZwÆ�Z[ÅˆlƒCìÔZq-¹„ (Coagulate)

¯g~?ZæZŠÅ (Coagulation) ™sð»7{Q½™‚tW@*ìXpy»è
Ð�ñµzZgŠZ]6,&ÕäENñYD Ambulances c*ŠŠÑ@*ì�ÅàðYCì

ÔqŠXƒäÆˆX Auto �Zq-
��g Blood Platelets Z#ŸÆÃðzÐpyËg;ƒ@*ìÔ

ÆYäYD�£Ä›8-6,Šzh7,D�X T h r o m b o c y t e s

~’YD�Ôª˜y} Blood Stream Óx Thrombocytes 

Thrombocytes ƒg„ƒCìz;VŒÛd$~„**¦/k,îg6, Bleading

�X ƒD
Æ**xÐY** Von Wille Brand Protein�Substances Zq-

Y@*ìÔÇ‰R,Z’7:ÆÔ»x™@*ìÔ£xzZgŠZ]Å¶K0+„™D
Ã Thrombocytes ƒñZzg«?ZæZŠÅpZég~Æ‚BXz{gzÇ�

Z#z{Qy»Ù|#™D�Zzgfg=‘W�QyÃgz1»ñµ›8-6,Xª
)ñµ(6,V0*@*ì{g`™@*ìZq-{m Scene �Thrombocyte

ÔÇ‰�Z¤/Ãðåg@*ì1C„ÆnÔZzg&ÕäENc*ìŠzu~ Substances

6,XZq-pgŠ|gN*‚3ÌYy0*@*ì�z;V6,Zq-!hÏîìZzg Site -VÃ
Skñ6~ì�ŠzuzVÆ‚Bg*aZ™}Ô�B�Sk\xÃÔ�5
Yg;ƒ@*ìZzg™ä�¼�QyÐÂµÅYCìXÛiV�{àWçÐ

7Š3ðŠî�Sk§bÐZq-Šzu}Æ‚BnŠ!ìw™C�ZzgZL
W\ÃÝ]ÆÒpÐ!*‡°{¯g�X

Z4,Z'.ø
J

Ÿ~X�Zzg!*ëÔÑzq™D� 20 Sk%µ6,ÔÃð
Ã£xin6,XSyZ4,Z'.ø

J
~ÐË Thrombin ZzgaZ™D�Zq-6,z”

Zq-Å)q¢~»È�Âx»x:™nÇÔZzg³~ñ]zZµƒÏX

¾qwÔCÙqµ/Èg„ƒCìÔZzgÂx¯c*Y@*ìZq-"Í§&ÐX
aZƒ@*ìÜsZq-AinÆ£x6,XtxËƒ@*ì¯g~? Thrombin

6,X Scene ZæZŠ~šÆÅàDƒñ¢zg~ZŠzc*]Ã́%!Æn
'×h+',WyÔSk6,z”Åz{aZzZgÃƒ**ƒ@*ìÇ9lZg~ÔZzǵz{SkÆÔ
SkÃÑzqZzg»ƒ**ƒÇÇÐ9z‰Ü6,XZ4,Z'.ø

J
Ô6,z”Yg~™Š{Å»g~

Ænf)ŠZgƒD�ÔpŠ~Ñzq™äZzggz1ÆZ©â]Ìgnp�X
Zq-ŠiZ#Zq-zZ�ÛlZgSk6,z”ÅaZƒYCìÔÂ¶g8

ÆYäYD�Ô»gƒD�ÔZq- Fibrinogen ��g (Tiny Fibers)

‚¯D�ÔT~ (Web) ¹ZëÑÃZ�xŠï�:z{in6,Zq-Yw
í�ÔF�Zzg¦ƒYD�X‰‰ic*Š{Zzgic*Š{ Thrombocytes

¦ƒDYD�Ôpy»·îŠðƒDY@*ìXẐfZyÔ Tnrombocytes

SÏ§bÆ§i (Scab) Z#Zq-Šiin7g}îg6,qïƒY@*ìÔZzg9£ÓÂî F

;ñ¿Ð¸T$ƒY@*ìX
ìw™D��tZ4,Z'.ø

J
Zzg6,z9"YyÔZ0+ñÔ"Åg�ZCÙ

Æezgzy6,ŒƒD�X@*ëSy~ÐCÙZq-g‚rìZq-÷¦ñ
ÑzqÐ„²Zq-inÎåXz{!~Ði7,}¸Yñz̧q6,Ô!*‡°Ï
~ÑD�ZLW\ÃÔgz1pyÆ·îÃÔaZ™D�Šg»g6,z9Ã6

gegÃ7gZ™gìƒD�Ôg*gnp�ŠzuzVÆ‚BæŠÆn W �Z¤/Zq-
&ÕäEN−ÔK\â]Ã�z{Zq-Šzu}ÐqÝ™D�ÔZzgSk§b7gZ™D

�ZLZdwÃX"Íîg6,Âx»x™@*ìÔ¦ñ!*gq-,Æ‚BX
Z[Ôëìw™D��Hƒ@*ìZ¤/z;Vƒ0*@*ìÃðÍSkZë

ƒ**Ñzq™@*ìZq-inÅ)ñ�ŠÏ~Ôc*Z¤/ Coagulate Âx~:Z¤/py
Coagulation �in6,FFƒCìÔïß~ˆƒCìÔZ¤/6,z”� (Scab)G
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Z¤/Zy~ÐÃðZq- — ~Zë™ŠZgZŠZ™DƒVÔgnp�ÂF,−~
~Ô�ÔaZ™@*ƒ Vessels » Clotting zZµƒZƒÔA$ë‚o™D�

‰›wÔµ}c*
(Ÿ-@î EGE~ÔpyÆvyÅzz (Organs) 1ÔZëZ¡IY

Ð³ªCÙƒ@*ìñ]Å̂~X
ÅÜsÃWäzZái¿VÆZ§Zs Coagulation vg}ŸÃ

~I^Y^ Capillaries z̧q5+k,ƒäÅ„¢zg]Ñh7ƒCìÔÉ
Å¢zg]ƒCìÔ�FF Clotting System ÅŠg\oÆnÌëÃZq-Zzg

!*gzZµƒCgSìÔpQkÆ!*g}~Ô"—?À˜**zZ6ƒDƒX
Z#?ZL�ÖÃZq-öc*™ÏÐŠ̃Âîc*a^ÎfeƒÔZq-M®ZŠSy

**CVÅOYC�ÔT»³Z0+gzã›8-~ªCÙƒ@*ìXp Capillary

»Ôt›8-¯g~îg6,¥uYCìÔ�³ƒ@*ì Clotting System ]ì
» Clotting »�̄g~îg6,pŠ/pŠÑzqƒ@*ìXz;VZ¤/ Healing Process

Æ**x Hemophilia ¿zZµ7ƒ@*ìÔÂt³ƒ@*ìZ0+gzã"‡°Ï»�
ÐYãYCìX

oVÃ¢zg]ƒCìZôoÅ85Âî
G

ZCF,+ Hemophiliacs

Š̃Âîc*a^ÐÌZLW\Ãôpgnpg�ÔYè{mîg6,SkFg~Åic*Š{
yZ[qª~85Âî

GWZCF,+›8-Ì7gzÅY$ËìÔZzgT»³pyÆ
vyÐ%!Åñ]Åßg]~ªCÙƒ@*ìX

Å{¤øg}py~ñ�Šgì@*ë Clotting tÑiòƒ@*ì�
tZzgÌ¢zg~ƒ@*ì�JZôoåÅpgOX6�Z[?™sîgÐŠN

Clotting System Mhƒ�!*Ñ½™Š{¥â]ÐtªCÙƒ@*ì�Z(Ãð
¬îg6,Y0+ZgZ�x~Z·‡]Æfg=z�Š~W7YìXSkÂx~Ô
CÙ,µ/ÈZzĝ!*]»³ƒCìÔ�Sk!*]Å§s²£Ñõ Nîg6,Z�ág{ì

�ZvÆÑözŠDÔf;-$Zzg¤‰Ü»SkÂx~ÑzqÐWyJ-Š4ƒ@*
ìXtìw™**�tÂxWc*å¡Z·tÐÔZq-5&!*]ÆÎZ¼Zzg7
ìX|~t!*]xîg6,eZgz2xÆ{ØÃªCÙ™CìX

We$7ì:
LL>�aZ™}',Z',ìZkÆ�¼:aZ™}ÔH?Îh7óó

(17 )Îg{-Ô
/›w:Ÿ»Z”

6�W\J-Š~ˆSyÓx¬]ÐÔ?äŠ¬ìÔpyZq-
7ZC²wì�W7Yìz�Š~Z·‡]ÐÔZzgtðÆZDgZoÂV
~ÐZq-ìXŒVtc*Šǵ»gWæƒÇ�z,pyZq-7{ìÔQk»z�Š
fZ]pŠÁZÌ»qïìÔYèZq-Y0+ZgŸÃÃðÌ¯ZZ+àäÆnÔ /
SkÃÌZq-ÜzÜÆÂxÅ¢zg]ƒCìX�SK̈ãŸ~ÔŠzgZypy
ÆYwÐ½HY@*ìX

pyÃÌzgh+zVZzgÑc*âVÆfg=WÐeŠYäÅ¢zg]Ñh
ƒCì@*�pyŸÆCÙ3J-VnXZ”�t}.#ÖZ�xŠêìÔ"—Ô
›wƒ@*ìX
/¹„6,¡½ï EHB

™*»ƒÐZdBSk¯g~œ6,Ì¦ñvg}YC~ƒ@*
ìXQkÅ&>.ç NGZÅš©ðGwðZzgÎ@*gŠPÁÆ‚BÔŠw&ìvg}ÓxpyÃ
vg}‚g}Ÿ~ÃðDÙZg!*gZq-zZuŠyÆ²DÆŠzgZyX

SK̈y»›w½ãZq-̄Å�#Ög‚rìÔZzgƒ@*ìZq-B�¯
ÐX&¢AÅZ˜jV~ìw™D��Ô¾qwÔt¹ Muscle ƒ@*ì
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„¤!gƒ@*ìÔîsF,+§]»qïZzg¹„i',Š„aZ™äzZàá
Æ™*~X

ZzArð Ng]~ÔSkÅ¤‰Ü!**îg6,�á0+ZgƒCì:
‚ 1 Å(J-ÆZq-Ã,6,(Ÿ5ë FGYìÔZzg 10 ¢a) 3 ›wpyÃ

Æz9~Ô»°¤‰Üya™YìSÚ�Zq-Zz‰�#ÖÅñR,Ãi}Ð
ÅZz™QVnX 3

¾T!›wÅƒÐZëS¤Ôƒä‡.Þ™ä»x%¥ÆÆ
ÑÄ!*g°‚wXz{ŠPÂì 70 ™zh 3 !*g°4~ÔZzg 70 SÁn™**ª]¾æ NH**

™zh 8 ™zh{)c* 30 ™zh!*gZq-Zz‰Šzg§]ÆŠzgZyZzg 50 Zg[ 2 Ãð
_(½ãpyB™@*ìX�)z~ƒ@*ìQkâùÅlZgÆ�Šg»gƒ@*

{ 340 ì½äŠkDÙZgZL‹ðkÃX85Âî
G

²?ÎDƒÔvgZ›wÃð
_(pyB™@*ìX 90)
SkÃŠzu}§&ÐSk§bZÖg™Mh��ÔvgZ›wZq-Zz‰

!*g½YìX 9 °‚ ÅRöÃpyÐ Gas Tank �#ÖÅZq-»gÆ
VwÆîg6,Ô²ëŠzhÎD�ÔŠw — Kã»g™ŠÏÆŠzgZy

_(iZZ+ 0.6 {k) 2, 273 Å»x™äÅÑb~ZŸ†ƒ@*ìÔZzgz{Ãð
pyB™@*ìXCÙŠiz{ŠPÂìÔ›wpyÃŸÅ�ZÇV~Zq-(,~̧]
Æ‚B&ìX

Å¤‰Ü»ic*Š{4îg6,Z0+Zi{™äÆnÔë Muscles SkÆ
ŠÙ��ùZÒ?7g}îg6,!*g!*gÈ™Mhƒvg~

!-�ö
NH

ÃZq-ŠiCÙ²
~Ô?¢„ëYDƒZzgŸYg~gppÆ‡.Þ7gTƒX¼4Ô̂

�vg~ZèVZzg;BÃw•~ÑD�ÔŠgŠŠbÑzq™D Muscles

�X@*ëvgZ›wÔ;îZzg]¾æ NHZî»¿vg~‚g~Šzg§]ÆŠzgZyYg~g‚r

ìÔZzgLÌ85Âî
G

Zq-4ÆnÌWgZx™70*@*ìX
›wZq-4 — ²ëqªjy~ƒD� — ¬xqÑ]Æ-
ÃWxÅ(,Sƒð Muscles !*gŠPÂìXŠzgZyzgilÔ¾qwÔ 70~

lZgzVÅ¢zg]ÑhƒCìX›wA$BGYäzZápyÅlZg~
!*g°4Æˆ[ÐXz{pyÆw~ 180 ZŸ†™@*ìÔŠPÈƒñ

±5é
YNEpyB™ÆXz,Zq-á�»x™Cì%¥ÆÆÔ 5 ZŸ†™@*ìÔ

QkÑbÐ¢„I^YCìÔp›wYg~g‚rìZC»xÚSÏ§bÐ
Ã7Å@*ìX Rhythm FŠƒVJ-ÔZzgLÌZL!*‡°{Q@*gmJîª

/"Íð
™D� .Þ ic*Š{4Z0+Zi~K»xÃ�›wÐZ�x0*@*ìÔë»

QkÆ»x»Zq-¡¦BÆ»xÐX
�& p›w»»xZ(¼7ì6�Zq-‚ŠZBZ�xŠêì

ìZq-âùÃZq-£xÐZq-Šzu}£xJ-X›wÅZq-¹„{mð
ƒCì�›wÃÔŠzZâO]ÃŠzZ4V~ÔB™ä»ñµ�ÛZë™C
ìXZÒ**gï')4ø FFÆ',ÜsÔ›wg‚rìZq-Ðic*Š{gëg,ZzgpŠÐÔ
!*‡°ÏÑ@*ìgëg~TÏÔ“ƒñqÑ]Æ-»x™äÅ¢zg]
ÑhƒCìSyS:]ÃŠ·y~gnpƒñÔë›w»».ÞZq-{mîg6,
»g™Š{BÐ™Mh��Zq-ZdŠgzÆF,¹c*CÛR,Æ-»x™@*ìX

Zq-BÔZq-Z”6,�¤‰ÜÅà@*ìZzg}o”V6,�Z”Ã
»x™äÆ‡.Þ¯D�ÔŒƒ@*ìXSkÆ',ÜsÔŠwƒ@*ìZq-ñR,
ÌZzgZq-BÌX

‚wJ-»xŠï 15@*10 SK̈yÆ;ðVÔ»g{âV~¶')4ø FF

�XSk²DÆŠzgZyÔBÚ»x~W@*ìÔpÜsºmz²VÆ
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‚BX
')4ø FF�!z‰Ü»x~WD�Ô¹„¿²ßV~yZ[ƒYD
�XCÙßg]~Ô')4ø FF~Ô‰Zz‡]yZÒVWYC�ÔZzgQ7ŠNgNÅ

]CÙŠy 24 ¢zg]ƒCìc*‰”VÃ$+Üƒ@*ìX',ÜsSyÆ›w
‚wc*85Âî

G
Zzgic*Š{²DJ-»x™@*ìXZq-KŠwÃLËŠN 80c*70Ú

gNÅQkÆ‚g}Šzg§]ÆŠzgZyÔ¢zg]7ƒCìX',ÜsSK̈ã
Parts ;BÐ¶

')4ø FFÆÔ›wÃL%#ÖÅ¢zg]ƒCìZzg:QkÆ
$+áYäÅX›wŠP)Ñzq™@*ì²Zq-SK̈y~iZq-ƒ̂@*ìâVÆ

~ÔZzgYg~g‚rìZKŠPÁÃ‚g~i0+ÏÆŠzgZyX›wvg~ (Womb) g3
%øg}Ú**zZ6ƒäÆSk!*]Ð  i0+ÏÆCÙœpyB™@*ìÔ

Zzgtpy»Bƒ**!**øg}NzwÐ!*CÙƒ@*ìXtB™g;åZ#�?
ZÌZq-èpZg^Ô̧Zzg²?Sjw~½qÝ™gìÔ̧Zzgt»x™g;å

²?ÎD¸ZzgÎgìƒDƒXZzgz{Z[Ì»x™g;ìÔB™g;ìpy
85Âî
GW‰?7,_ƒSyZÖpÃX

Z#›wÅ¬x‚|#»Zq-(,~,Æ_·HY@*ìÔ?¯g~
îg6,ŠNMhƒQkÅ)©àðÃX
/›wÆZÝ')4ø FF

›wzZ¢š5é GGSŠze{')4ø FFÆù·6,Œƒ@*ìXZq-�!*NY+$
ƒ@*ìz{WxÐ−}pyÃŸ~zZµ!*:VZzgZ¡IYÃB™@*ìX²

Ð−}pyÃµzVÃ&ìX Co2 ŠzuZZq-B�ŠZNY+$ƒ@*ìÔ
')4ø FF6,Œ Lower Zzg Upper CÙB)!*c*VZzgŠZc*V(ÌŠze{

Ventricle ÆZzgŠg}(,ZB�g Atrium ƒ@*ìXŠg}gN*B�g
ÆYäYD�X

Z#WxÐ−Zpy›wÆ!*NY+$zZµ8~î O~(ìXVw

~(ìÂz;VÐz{{g`ƒ@*ìn Upper Small Atrium Æîg6,
~c*(,}B~W@*ìÔA$z;VÐpyÔ Ventricle ñ�ŠŠg}(,}

Z¡IYÃ5Y@*ìX
¸§i¿zZµƒ@*ì²

')4ø FF�ŠwÆŠZNY+$zZµƒD
Ã¬�X  Lungs Ð−}pyÃ Co2 �ÔÃ‡pyÃª

/Zq-§†™õ²£Ð.5åEy
ƒD��pyÆ·îÅ (Values) Sy

')4ø FFÆŠgxy²£Ð.5åEy
]¾æ NHD�Ôt²£Ð.5åEy²£Í/õ NG�Zzgpy(,} Artria ‚~²£Í/õ NG�XZ#

]¾æ NHD�Ô²£Ð.5åEyÈ Ventricles Ã½Šï�XZ#t(,} Ventricles

ÃzZ:ÕÐgzuŠc*Y@*ìÔ˜VÐz{Wc*åX Artria ƒYD�Zzgpy
z;V6,ZÏnÆ²£Ð.5åEyÔ(,}BÆpy{g`™äzZáz
~ƒD�XZ#(,ZB]¾æ NH@*ìÔSkÆ²£Ð.5åEyT�ÔZzgpyghZY@*
ìÕ‚g}Ÿ~XZ#ŠPÁ»ƒCìÔ¾qwÔ²£Ð.5åEyÈƒYD�

p‡.Þ½z/ { gz1B”{pyÃzZ:ÕÐŠw~Xtƒ@*ìZq-‚Š
ZôoÔZzgâegy¡¦')4ø FFSÏnÆÂéÃZEw™D�XSy²£Ð.5åEy
~Ð¡Zq-Åñ�ŠÏƒ@*ìZq-²£Õä No]�›w{mîg6,ÔÅg~ÒpÐ
¯c*ŠHìZvÐX

›wÆ%zV7ZCS:]ÃZq-§sghDƒñÔZzgìw
™Dƒñ¡ùQkÆ²£Ð.5åEyWñ�z�Š~ÔÂë6,ZvÅ"Íð

Chambers Å—~ZDgƒCìXÃðeZZ4[zZu]ÆLŠwÆ
~Zq-²£Ð.5åEyÌaZ7™Mh�ÔpYÀzZu"Í‚|#pŠ›wÅaZ
™äÆXCÙ,Sk6,¡½ï EHZ”ÅSK̈ãŸ~ƒ@*ìZq-o]ZvÆz�Š
Æ̧]Ô¤‰ÜZzgÑ»X
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We$7ìXóó
LLZvÅŠg7ŒÜ�QkÅŠgƒCìÔGZvizgWzgì

(74 )Îg>ZÝÔ i',Š„Xóó
Oiling /BÅ

¨g™D�Qy0V6,XÐ?l!zZ6ƒD�XÃðáÔ
85Âî
GWZq-¹‚ŠZ}2xÔaZ™@*ìg¥/�QkÆZbZYÆW3g¥/ñ3Yä
ÐaZƒCìX

Z#J-�g¥/ÅaZöÅzzÃ{g`7HY@*ìÔZbZY¢„yZ[
ƒYD�ZzgáZâyZ[ƒYCì�»g™Šƒä70*CìXSk»È

™Dg$Å¢zg] Lubricate t�QkÆ»x™äÆ”VÃ!*‡°ÏÐ
ÑhƒYCìX

ŠwÔ�@lZzg]¾æ NH@*ìÚvg~i0+ÏÓxÔÇÐz,„ç}
Å¢zg]ƒCì@*� Lubricating System »‚o™@*ìXSkÃÌZq-

QkÆ**»ƒäzZá»xÃ',ŒÛZgg3Yn›wÅÛzã6,]gBbìZq-6,]
ÆYãYCìXSy  Pericardium ��g — �Šz6,CG6,ŒƒCì

— Ð½~ƒCì Lubricating Fluid ŠzâV6,ÂVÅŠgxã(Zq-{m
¡Zq-›wÅåîg6,ð™Š{,ƒCìX
/›w»ig{l

‰ŸÆ"uZëZ¡IYÃ¹„Z§hVÐôpg3Y@*ì›w
QyZ¡IY~ÐZq-ƒ@*ìXÅ{§pZ{DÅ¢zg]ƒCìYèÃðÌ

œ)�SkÃ(ìÔáYYìSÐ$}òJ-SkzzÐvg}›wÃ
vg}B~Ô�¼{ÆZ0+gX´V — Zq-ôpF,+(~g3Y@*ì

›wÃÛzãœâ]ÐôpgBb�ÔÇ‰�´V˜i~˜iÆeJçÃ
ôpgBb�Xù½Z›wÃàðYCì?

Å!*©»°ŠÜZzgJƒC��́tZzgWx» Muscle ›wÆ
SyÆÂ‰Ðƒ0***Zq-ÂZ%ƒ@*ìXZzgSknz{**‡.ÞƒD�ÃZ+{

Organs 0*äÔpyÐ�SyÆfg=Bƒ@*ìX¾qwÔéÓxŠzu}
ÆÔ›wÆŸ]ÃpyÅ¢zg]ƒCìX|~Ôaè›wZq-xîg6,

ìÔSkÃ85Âî
GWZzgic*Š{WxÅ¢zg]ƒCì£¨~ Muscle »x™äzZÑ

ÆX Organ ËZzg
t¢zg]¢îg6,ÅYCìZq-¹„"nðÐÔTÆ�ë

]*Zg�Xpy�µzVÐÔŠwÆ!*Nz~(ìÔƒÐic*Š{
™sƒ@*ìÔZzg¹ic*Š{WxÐ−Zƒ@*ìÔŠwǼtZzgWxÅ
¢zg]»‚ây™äÆ‚BŸÆZ”VÆnWÐBƒ@*ìX

Æ**xÐYä Coronary Arteries� (Arteries) OçŠzºmÑc*EV
ÐQ½C�ÔpyŸÃBƒ@*ìXtÑc*3 Aortic Arteries YD�Zzg

pyÃ‚g}ŸÃ7áYCìÔ6�Šzu}ÓxÑc*3™C�Ôppy
ÃzZ:›w~ßN*C�X

Sk§bÐÔ¹ÏWxÐ−ZpyZk§bÐ(,kìšzZô
›wÃÔ%YäÆ}Ì¬UXŠzu~{¤ªY$ËìT§bÐ

Ñc*VgÇYD�X6�tÑc*V(,_�ŠwÅ§sz{ Coronary

¯D�ŠgxãgZÆZq-Šzu}Æ‚BÔ�gº»xWD��gJ-$Æ
ËÌzzÐXZ¤/Qy Blocked Æ�ƒYCì Arteria Üs~ËZq-

Ñc*V~ÐZq-¥»z^ÐŠzegƒCìÔÂpyÆgZ5Šzu~ZzgÑc*V
ÃXt Muscle Æfg=Ôg»z^ÆgKÐÄZ™ä3�Zzgí�›wÆ
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z„{¤ì�ZEw~WCìà~ö3,kÐZ#0*ãÅ„»Ywð™**
ÃðyZ!Årð Ng]~tñ�Š{ — @*�ÃðàgN*:gì0*ãÆ% — ƒ@*å
ÂxÜ~ƒ@*ìZq-(,}zW Network 0*U$Ñb~t%æFNZ:ZK̈ãŠw»

e:6,X85Âî
GWtgZÆÔQyÑc*âVÆŠgxy¶ƒD��›wÃg‡àD

�Ô7™D�Z,z�;]Zzgö)‰�gh**Z·‡]6,�g%Ë
Âù]Æ"pƒ@*X

ISkÆYNŠwÅŠzu~‚!{
V6,Ôt»gWæƒÇYg~™**
Zq-c*ŠŠ;ãÃXZ[J-7™Š{{
VÃÇîg6,f‚~gnpƒñÔ?ŠN

Mhƒ�›wÅ{‘L7ú0*C�Zq-ÆˆZq-Ô6�Zg»Ië
ZzgSkÆ´z{Ô�tÓx%µL7WMh — ÐZ(¼Z‹yÅÂµgnp�

¸z�Š~Z·tÐX˜VJ-SyÓx»mìÔ›w7™@*ìZq-"Í
Ænt**eƒ@*ìÔc*85Âî

G
QkÆËZq-:æENEÆn Organ ZzgåðXSk

ÌÔWc*ƒz�Š~pŠÐc*Z·tÐX'×h+',WyÔ85Âî
G

ÔZ¤/ëìw™DƒD�
Zk!*]Å6,zZ{7H**eƒYåz{ — Q½ZìpŠÐ Organ Z(Zq-6,¡½ï EH

z{QÌËÑÆ»x:WñÇXeìÃðÌ£g~pZmZq-›wgÄY —

ìÔZq-ŠzgZypyÆÂxÅ°xñ�ŠÏ~ZzgpyÆBƒä~Ôz{7
%Organ gÇÇÃðÌKã÷XŠz!*g{Zg»YIÆyÆ_.ÔZq-

Ë÷ÆÔlgƒ@*ì–z**1ŠƒY**ZzģT$ƒY**X
p6�?äŠ¬ìÔÇZq-zZuVwzZã™Cì(,}

§ŠZ]ÃZg»IÆŠ“ðWîV~X
/vg}›w»Z9pÂx

Z¤/?ïwfeƒZq-i0+{›wÃŸÐÔz{WiZŠZ:îg6,Yg~gÇÇZL
»xÃZ#J-�z{»7™©8ƒQkÅWy~ÂZ**ðÃXZ¤/Åàc*Y@*ƒZÐ

‚B¢zg~ÔWxÐ−ZpyÔÂŠw~iŠPÂgìÇ[RVJ-Ô85Âî
GWZ¤/Óx

QkÆZ¡!gºJÚî~WYD�XZkŠNßg]qw»ç¤™ä
»x™D�: Muscles 6,ÔëÜDÆîg6,Y,̂{fe��ù

ÃZÁn)iZî(™**ƒÂQkÃ¬¢zg]ƒCì Muscle Zq-
c*
(Ÿ-@î EGEÐZq-¬ÅXz{¬|~ƒ@*ìZq-Z9pW�(,Jc* £ðezg

ÆMuscle Y@*ìZ¡!ÂxÐXaèŠwÅ‚|#µƒCì7g~îg6,
!*g°4Æˆ[ÐÔÃ¢zg] 70 !*:VÐÔA$Zq-ŠwÔ�ŠPÂìÃð

ƒCìZ9$¹Ðö Gw•~ÑäÅQã„!*gX
A$ùZq-›w~iYg~g‚rìŠP)¼z‰ÜJ-Æn85Âî

G
Z¤/

ÓxZkÆZ¡!gº{™Š�‰�Zzgz{ŸÐZµ™Šc*ŠHì?
tëÃñµŠêì7{»Ô�¹VÐtZ©xZÁn™äÆWD

�?Z#‚bŠZâVäSkÎZwÆ�Z[ÆnïGÔ̧z{‰¹
›w~Zq-¾ñƒ@*ì�pŠZK — „ª]Z0Ý]»‚oG¸
Ð¯ƒ@*ìÔ&+Z]pŠÔz„›wÆ Flesh Zq-¾ñ� — Z9$h4-ö GGHaZ™@*ì

ZbZY~ÐZq-:æENEƒ@*ì�ŠwÃ',t½™@*ìX
Zq-¡¦¾ñ»x™@*Y@*ì²Ûzã',tÅaðÈ™Š~YCìÔ

ZzgYg~g‚rìaZ™**',¹gzÔÃgzÆgpp�~ÃÈƒäÐc*yZ[ƒä
~ÐZq-ƒ@*ìŸ~Ôƒ@*ìSÏ§bÐ Organs ÐX›wÔ¹„Zë

ôp@*�ŒŠ¶�ZkÃLvy7(ìÃðæZìÅßg]~SkÅ
@*ëŠwÆn¥)Zq-œÆnÌaZ™Y — ÂZ**ðÅað~@*íÐ

ìç**uvy(Ÿ-@î EGEÃZzg!*¹ŸÃÔZzggÄYì$}òX
Z9pÄ�›wÃ`@*ìÃ»x™**ƒÇ%¥zÆÆX‚bŠZy�

SkZ9pÄ6,ï™gìƒD�Ô¯D�85Âî
G

Zzgª]Z0Šgc*©X
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Æ‚BZdwZ�xŠêìÔÉSk!*]» Micro-Generator ›w:ÜsZq-
Ì]ì�Zq-ù·!*bgZ‚»Ô6,z¤/Zx»Zzg!*‡°{Z9uu„»»x™@*
ìXtZ9pZOðÄ»x™@*ì!*ë‚BZq-ÁÜÅ®ZŠÆÔ¤/ŠzVÐ

Ð;gñ9¼zŠJ-X Arteries
(Ÿ-@î EGEJ-ÔZzg

"—Ôt"ÍðŠw~ÔŠgc*ÄƒðìÜs¹„qw
qw~‚bŠZâVÐÔ�3‚ßVÐt%¥Æ»x™Cg„ìX%Ë
Z]4k5é GIEYÆÔtÂxg;ìñ�ŠSyÓxFZg[ßÍV~�Li0+{gìÔ̧ZzgQy
Óx~�Li0+{g�Ðw~XtZvÅ"ÍðìX
/›w»Z9Z7-Âx

ÅZz6,~ Artium Z#�ZðÆ‚Bç¤HY@*ìÔÂŠwÆŠZN
Š-ZgŠ@Y$Ëìgnpƒñt¾ñ�ŠwÃ',t½™@*ìXZq-!*Ú~²

(SA) z{WgZx~ƒ@*ìÔt¾ñÔZq-°æ
YL{!*Ä»�Y**Y@*ì�g

ÇÖÆÔÁÑbÅ',¹Ø,°4{g`™@*ìXSyØzV~ Sinoatrial

ÐCÙZq-aZ™Cì¹„6,¡½ï EHBÃ™*~ZÁnƒäc*iäZq-
ŠiXSk}2x~4ÞŠ]ƒCìðÅÔëZ[Zq-ŠwÅŠPÁ»ç¤

™D�Ô�Zq-²ÐÁz9~ð0*@*ìX
)ÇÖ(ÐÇì’YCìÓx NodeÆSA ÂZ**ðÅñ`Ô

Artia !*:V6,�¯Cì›wÆgL')4ø FF)²£Ð.5åEy(Ã»g™ŠXpygL
~�›w»"zƒ@*ìÔW@*ìX Ventrieles Ð(,}

**gïqÑ]~Ô¾qwÔÃðÌÂµ™@*ìƒDƒñ¹„Z
)ÇÖ(Ð{g`ƒCìÔc*¾ñ¬ Node, SA ßg]qwÅXÂZ**ð�

(,}
')4ø FFÃÃu™@*ìX@*ëaè',¹ñ`w•™Cì¹„!gëg~
ÐÔŠzâV

')4ø FF]¾æ NHD�½ãZq-„œ6,ZzgŠw»»x™ä»}2x$zgƒ**

Atria ecX@*ëZ(Zq-',¹aç L–¯ƒ**ecåZ9pÂZ**ð¬gL
ÃÃu™}ÔTÆˆQkÃZOg™**ecZq-œÆnISkÆÃu

ÃX',¹W{g`ƒä6,ÔQkÃI**ƒÇZ#J-� Ventricles ™}(,}
Z�xŠ}:1ƒZC»xX¢zg~u–Ã¢zg]ƒÏgppZq- Atria gL

)©àZ
+B542.ç
E
EGEGJ8-ÅX

ÃÃu™äÆÔ̂Z9pñ`Ô¾ñÐ Artria |~Ô
(AV Node) {g`ƒCìw•™CìŠzu~!*DÂŠ}J-�Y**Y@*ì

ÆXt!*DÂŠ{ñ}gLìZ9pWÃZq- Atrioventricular Node

CÆXSk²DÆ» 1 –
14

¹4îg6,!*‡°{zzz9ÆnSÚgN*A�
Óx ZC»x»™©8ìX',¹WA$Yg~g‚rìZC»xZzg Atrium 6,ÔgN*
Æ² 1

–
16

ÆŸ]ÃÃu™@*ìSkŠggL²D~‰ Ventricle

²D~X
(,ZBÔTÅ!*g~Z[WCìÔSk§b]¾æ NH@*ìZzgpyBƒ@*ì

²ÐÌÁÆ²D~X  1 Ÿ~XtÓx§i;ñ¿z̧q5+k,ƒD�
¾ñ (spare) /Zq-Zë™õ¡â¼x:›w»Zq-Ãp

ÇÖÔ�¼Šk,ÆnÔZÝ¾ñÐ (AV) Atrioventricular

Q½}ƒñZ9pØzVÃgzÆg‚rìÔz{g‚rìZq-Zzg¹„Zë»xX
ŠZ4ƒ@* (Node) ÇÖ AV ZÝ¾ñ~Zq-XaZƒäÅßg]~Ôt

¾ñÆ™}»xÃemìX Spare ìSkÂÅ{~~ÔÔZzg�gZq-
Z¤/85Âî FGz{aZ7™YìQã¤!g]½5Òø

YE
æ�ZÝ¾ñÐaZƒMh

]½5Òø
YE

°²aZ™**¯ñg‚rì(ÔZzgz{»°ƒD� 50@*40 �)z{QÌ
Sk§b�›wZC»x™@*gìXÍc*�Z¤/ZÝ¾ñËzzÐyZ[ƒY@*ìÔÂ

¾ñ!**îg6,ZÝ¾ñÅf)ŠZg~Ãl! Spareª(Node) ÇÖ AVt
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mLìX
85Âî
G

Z¤/z,ßÍV»ZÝ¾ñZz�;]Å¯Y6,»x™ä70*@*
‚wJ- 20 ¾ñZÝ¾ñÅ¶Ã7gZ™@*ìXOçZ,ßv Spare ìÔÂt

i0+{gTƒñx@{G‰�X
Z[J-�¼,ÒyÅˆìÔKÆnÔ‡g~Ã¼ÅgZzg™Å

TÃ?Ô�7,|gì�SkÂ[ÃÔDîg6,gnp�X — ¢zg]ƒCì
�ZðÆ‚BY,̂{he6,Ô¾qwÔŠw¯äzZáZbZYÃÌZÖg™**ƒ@*ì
Åg»@*�l!Z�xŠ¶»xÃX

¾ñÃ¢zg]ƒCìƒäzZ6CÙq Reserve VwÆîg6,Ô
Ð�ƒCgSìSK̈ãŸ~@*�Yä“Z(g™**ìQyÆË÷ÃÔZzg

¢zg]ƒCìF,KMŠ¶¢zg~ÂxÃÔw•~ÑäËÌ**%ã “
ßg]~X

@*ëùtZbZYÔŠwÆZ8{ð OV~Sy§i;ñ¿ÃZ�xŠï
�ÔXÅSyÃ¢zg]ƒCìgppzZ/@*�™ÃqÑ]Ãz‰Ü6,?H

ŠwÆŒYMh��gnp�Åg?HZ( (Nerve Nodes) Z¡!Çµ
²Æˆ!*]™Mh�?ZzgZ�x (Nodes) ¼ŠúòHYYì�tÇÖ

Šï�t̂!*]%¥ÆÆZzgå7g}¡Æ‚B?QyÆZLÒp
ÐÔ"—Ôt‚854è

EG
G¢zg~ƒD�›wÃ»x™äÆnX

¡Ÿ]»ù·ƒD��́g7ƒMh (Nodes) tÇÖ
��ggppÆêÁ}2éÆÔZ(gÆÔc*ˆ!&¢AÆXÃð3
‡.Þƒä6,aZ™äZ9$h4-ö GGHpŠÐƒ@*ìZq-(,Z7{ÔYèZ+aZzZg
z̧q5+k,ƒCì�gZq-³DÙZg;¹„ë{¡§i;ñ¿»XSk
ñ§6,Ôz;V6,ƒD�85Âî

G
Zzgic*Š{ÎZÑ]ik,̈gƒäÆn:

YVZq-3ÃÃÒ™**ecZ(g™ä',taZ™äÆ»xÃÃy
Ï̧]6g™Cì3ÃZ(™äÆn?ù3Yy0*@*ì�›wÃ¢zg]
ìZ9p]½5Òø

YE
Å@*�z{ZÁn)i**(™nÔZzgz{Ÿ]�ÑD�Qy

ZÁŸ]Ã»x7™Mh�%',tÆXQkÃŠzu}Ÿ]ÅÌ¢zg]ƒC
ìaZ™ä',tÃÔZzgSyŸ]Ã¢zg]ÑhƒCìÔW:~ï0*äÅ9
F,KM~XQyÆn»°7ƒ@*ìq¢gx¡Z‰ƒ™XQ7aZ™**ƒ@*
ì',t!*ëo™Ô6�Z¤/QrVäHƒZq-ç@{Z(™äÆnXSk
Æ´z{Ô�',tÅaZöÃ¢zg]ƒCz̧q5+k,ƒäÅZq-{m@*w

~:CÙ3Ãǵƒ@*ìZq-z‰ÜeZzgSyŸ]Ã¢zg]ƒCì9 (Rhythm)

Zq-²ÆX'×h+',ZyÔŸ] 0.83 eàÐZC»xZ�xŠ¶ÅZq-ŠiCÙ
Ã‡.Þƒ**ƒÇYg~gppSkaZöÆ‚B%ËÝz^ÆÔZq-‚g~Šzg
§]ÆnXQ7SkÆ´z{Y'ƒÇ',¹¥zÆÅð LwÃ�›wÆ»x™ä»

:¹ic*Š{:¹ÁX — :LáCƒÔZzgaZ™**ƒÇÇ9lZg',¹gzÅ
ÆŸ]Ô›w~ÔÃÌǵƒÇZq-{¤ Muscle :÷4zZá

ZYi]ŠïƒñQ7»x™äÅZ#',¹gzQyJ-BìXZyÃgŠ¿»
ZÖg™**ƒÇCÙW6,�QyJ-(ìZzggŠ¿CÙZq-]½5Òø

YE
6,�aZ™D�Ô

!*gZÁnCÙ46,XaèZq-ºm™Šg»gƒCì@*�¤/Ä~áÃ 72

Sk7ZCÂxÅ»g™ŠÏÃÔt)¡~Zzg)‚³ƒÇŠúò™**�tÂxWc*å
z�Š~Z0+ñZ·tÆfg)XZ(Zq-"ÍÂxÅzŸs#Z·‡]Æ
Z˜jV~7ƒ$ËìXt|�Z(Zq-Z9pu–g3ŠHìZK̈ã
›w~ìZzgÌZq-ŠzuZo]�ëƒðG‰�ZvÐX

Wc*]7�:
LLëä?Ã¯c*ìÔQYVs7â…ƒ?>ŠNÂ�0*ã?]D
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ƒÔZ[?ZkÃ¯Dƒc*ëì¯äzZá?ëIZ?̀~%**Zzgë¬b7
(57-60 )Îg>ZßZ§Ô Sk!*]ÐXóó

»Âx Brake Zzg Accelerator /›w»
t«ç¤~Ñ@*ìZq-¹„{mÂxÃ�›wÆ»x

»Zq-•Z� (Flesh) ~!*‡°ÏaZ™@*ìXëŠÙ��ùÍ“
-VÆ¼{Æ¯g~n0*c*Y@*ìÔqÝ™@*ì¥â]Ô=ô™@*ìQy
ÅÔZzgpŠlŠQyD+ZÛÃ¿~Ñ@*ìXÃ¿~ÑäÅ¢zg]ÑhƒCìX

�gZq-c*ŠŠ;ãÆÔSK̈ãŸc*Šzu}Y0+ZgzV~Z#‚½V»
ç¤™D�ÔÂƒÐic*Š{Zë!*]ƒCì7Y™**ZLW\Ð�Wc*z{
‚854è
EG

G�ZL~-!*‡°ÏgBb�ÔHW$Ë�z�Š~¡Z·tÐXt
ƒ@*ìÔ"—Ô**eÔ7ÞZ(ÎZwCÙ,Æ‚B�ŒVZkÂ[~½
Åˆì@*ëSkÂ[c*ÃðZzgÂ[!*g}~Zq-ŸÆÔ?ÃÚCÙ,
Æç¤6,!*g!*gpŠÐ7ÞectZëÎZwÔYè�Z[$¨45é GGGESñµŠu?6,
u;ä»ÑözŠ¤‰ÜÃvg}‡ŠgÇ{ÛÅX

»ªSkÆ!*‡°{Q@*g Rhythm Z[Ôëç¤™D�ŠwÆ
mJî»XNz#Âx»Ô²ëgnpƒD�èÃ{!*ÑÎZwÃ7ÃX›wŠPÂ

ÐCar »».ÞZq- Rhythm Æ‚BX?Sk Rhythm ìÚZq-!*‡°{
Ð�áCÙZ{6,ŠzhCìÔ‰ÑZ_Æ-Ô (Tempo) ™D��Zq-Hg{gëg
Ã¢zg]ƒCìgëgÃ!*‡°{îg6,(,Jäc* (Tempo) ¾qwÔ›wÅgëg

ÆZ”Æ’ Car ]äÅXtxËŠ!*î)Q@*gmJî(»Z:tƒ@*ìZq-
Brake 6,ƒ@*ìX  Brake Pedal 6,c* Throttle ÅWæÃÁc*ic*Š{™ä6,ª
Ã Rhythm ÷ƒCìÔZzg� Vagus ~¶Ñ@*ìz{ Rhythm �›wÆ
 ;gñy Acetylcholine Z¡[ƒD�X Sympathetic (,JCìz{

Ã¿cZqª~Ñ@*ìX Brake

Z¡!ÂxÆZbZY Autonomous, Sympathetic Nerves

ƒD��vg}ZLAYÐ?Ø™»x™D�Zzgvg}Z0+gzãZ¡IY
Æ»x~!*‡°ÏÑD�X

z{pyÆŠ!*î~ZŸ†™D�Ñc*ã**CVÃß™ÆZzgæŠ™D
ÃÃu™Æ Norepinephrine Zzg Epinephrine �¯Dƒñ;gñ÷

ÃX Medulla ¤/ŠzV6,zZµ
�Throxin t;gñ÷›wÆ»xÅÑb~ZŸ†™D�X;gñy

ÐZ�ÛZi”{ƒ@*ìÔÌZW,Z0+Ziƒ@*ì›wÆ»x6,Ô(,J™ Thyroid

ÃX Metabolism

»x™D�?ùgëgÃ(,Jäc* Accelerators Sk§bùt
]ä»ê1Y@*ì?Z(Zq-!*‡°ÏZzg¥âCnŠ!»Âx¯c*Y@*ìSK̈ã
Ÿ~ÃðÌ¡¦¥âCX¿ŠgWæ~YwŒÛRîg6,Z(6,¡½ï EH7ƒYìX

Sk§b�tÂx»x™@*ìvg}ŸÆZ0+g%vg}ƒäÆ
zZ6SkX85Âî

G
SkÜôœ6,Ôƒ@*ìo]�?ðG‰¸X
ëZ[ç¤™D�ù!*‡°ŠHVik,cƒC�ŠÁÔZzg

²~i7iYD�¢zg~ÎZÑ]Ô — ŸZŸ†c*¶ÆGYD� ù
"pZ·‡]Ð0X

Z#?ÔŠg»g¸]Æ-ÔZq-w•Z�xŠïƒÔgv‰
ÆZŸ†™D�·î~%Wx (Veins) Z§Zs~zgh+zV (Muscles)

Atrium (Right) ÆpyÆXSk»Èt�ic*Š{pyY@*ìŠwÃZzgŠZN
Ægv‰A$]¾æ NHD�ZzgvƒD�%œ/~Z¡!ÂxÆ Atrium ÃX

ÃÔ�=ô™@*ìSy!540î NEGE›ë MedullaÆ(Spinal Cord) fg=£ðezg
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(,kìXtñµŠêì Rhythm ÅZzḡg~îg6,&ìZq-¬ŠwÃX›w»
ic*Š{@*i{pyÃî´gv]VÃXZq-ZëÎZw:Ht¡~Zzgx!*]ƒC

ì�tÂxWc*ƒYìz�Š~Z·tÐ?ßv�™D�Z(Zq-Šúòùz{
zZ6ƒD��†py(,JìZzgZÁnÅaZöƒðìZq- Receptors

~˜V6,ßpyWc* Atrium £x6,�ŠwÆZq-9´‘~zZµìÔŠZc*y
Ð£¦ezg Receptors Ô�áÆ¸ì\â]Sy Network ƒ@*ì?ù

ÃÔWñ�z�Š~? Medulla ÃZzgQ (Spinal Cord)

i— (Data) !540î NEGE›ë — Medulla Zzg Spinal Cordù
ƒÆ — ŠgWæWn�Sy!540î NEGE›ëÅ=ô™@*ìZzg‡.Þƒ@*ìhe9Ÿ

ƒWñ�z�Š~?
Yy0*@*ì�\x�(ìQkJ-zŸs#™@*ì� Medullaù

WxÐ−ZpyÁƒZì?
ê™@*ì�›wÃ! (Spinal Cord) ¾ZÇ„Æ‚B£¦ezg
Æfg=5Yn? Lungs gëgÆ‚BŠP)ƒÇ@*�ic*Š{pyŸÃ

ùÁÜÔZq-„z‰Ü~Ô!*ëZq-Šzu}ÆŒÛd$W™¯D�t
ÂxÔÇîg6,X

Z(ÇVuF,IÔ"—ÔW7Yìz�Š~Z·tÐX:85Âî
GW

�&+Z]pŠÌZñZq-Âxƒ@*ìÔWYìz�Š~ — Zq-zZu:æENEXSkÂx»
Z·tÐX'×h+',WyÃtSg»YIÆ**»g{6ÃU*"$™äÆnÔèÃg{!*Ñ
ÎZÑ]ÌzZãîg6,bCÙ{™D�ZvÅð»X

Z[ëç¤™D�Zq-Šzu}+B¨é GEõÂx»�ðHŠHìZv
ÐÔZzg��á@ƒ@*ìZq-Šzu}o]»ZvÅ!»gv~»X

SkÆ´z{Ô›wÃ¢zg]ƒCìZq-{m+B¨é GEõ}2x!*igpp

ÆAortic Artery QÐic*Š{!gëg~ÐŠP1ÆZzgpŠÃvyàäÐ
�pyÆŠ!*îÅ Receptors Z0+gÔ�Z½Cì›wÆ!*NzÐÔƒD�

Å  Aortic eö™D�X‰›wÅŠPÁ(,fìÔZk§bpy»Š!*î
Š-ZgJ-V0*@*ìXZ#tŠ!*îZq-§Åð LwÐ(,|Y@*ìÔ+B¨é GEõ}2x
»g™ŠƒY@*ìX

�Ù|#™D�(,ñƒñŠ!*îÃÔ¬�zZg"5½ø
EEY

Receptors

ÃXt‹t™@*ìª»Zzg&ìZq-*7Àê N Medulla £¦ezgÆÂ‰Ð
ŠwÃXtŠð™@*ì›wÆŠP1ÅÑbÃÔZzgpy»Š!*îÁƒY@*ìXZ[ë
Šz!*g{̈g™D�

}2x»XHt Braking ÆZ0+gŠ!*îÆe:Y]»ZzgŠwÆ Aorta

ƒ@*ìZq-"ÅgZ·t�›wzZ6ƒ@*ì�ic*Š{!Zq-ŠwŠPÂìÂŸÃ
vyà@*ìZzgt�QkÃec�ZôïD+ZÛZ(g™}Sk»‚o™ä
Æn?

�pyÆŠ!*îÅeö™D�WñZ̧·tÐ? ReceptorsH
Z(¼ƒZ — Š-ZgÅG~ Aorticª— ZzgHtA$zZµƒñ9̧(~

åZ·tÐ?
Zzg£¦ezgÆŠgxyWc*åz�Š~¡ Receptors HZ¡!m

Z·tÐ?
ÆŸ]Yy0*D��py»Š!*î(,JƒZìÔZzg Receptorù

¾ZÇ„Æ‚Bz{v™D�\â]ZkQVyÆ‚B£¦ezgÃ?
»�B (Data) =ô™@*ì!540î NEGE›ë Medulla ¾QßwÐ

ìQkJ-?¾ZÇ„Æ‚Bz{Yy0*@*ìßg]qwÅZÌÃ?
ù‰£¦ezgÆŸ]W0*D�Z(g™äZq-™ŠZgŠwÅ
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ŠPÁ~!*‡°ÏÑäÅ?YVz{fe�Qkf)ŠZg~Ã?
ùZq-£¦ezg»3ê™@*ì−Zq-¬ŠwÃ?ùz{Yy0*@*

ì�H^¾&+ÅQkÃ−ÅÔƒãec@*�›wÆŸ]SkÃ™Ã?
YV›wÆŸ]Ô£¦ezgÐWäzZá]½5Òø

YE
Åz™D�X

tÎZÑ]¹ZëƒD�QVäÆn6,Š}ÃzZ/Æ�Ãgx
ƒ@*ìz‰ÜÆZq-îs²D6,Zzgg‚rìßÍVÃŠÙƒñ7}QyÆ„
W\VÆ‚tX

ZÒßvY…��‰Ý]QyÆ›ßVÅŠPÁÃ(,JD�X
Z#?!~ÐZq-S̈6,m_ƒÔŠzhDƒÔc*�l~WYDƒÔ?Ck
™Mhƒ�vg}›wÅŠPÁ~ZŸ†ƒZìÔZzg�ˆ„ÔZK**gïqª
~WY@*ìX

ÃðÌÔ¾qwÔ7Y}ìÔHZq-(,Z7{t|~ƒ@*ìXz{
L7B�QyÆŠwÆŠPÁƒCì!*‡°{Zq-ÛR,‰ÂxÐ�›w
~0*c*Y@*ìX85Âî

G
Z¤/z{zZ6ÌƒD�Zq-ÂxÅñ�ŠÏÐQÌz{

*ZgD�ðhZ„z‰ÜÎW~!*g}~ùQyÆZ�xÆ7ZCÂé
Wñ�z�Š~ÔZzg85Âî

G
‰”]Æ‚BZ(™**gŠ™Šï�X‰85Âî

G
¢

™D��ic*Š{ÎOSyqzVÆ!*g}~;Cîg6,¡ÆÜsY@*ìX
|ÂtƒCì�Ô¾qwÔ�ZveLìëÐ�ZðÆ‚B

ÎWÅXz{ßÍVÃ¬ŠêìÎW»�¼z{aZHìZzgSk§bÔ4îg6,
KQkÅ¸]Zzg¤‰ÜÃ@*�QkÐic*Š{egZ™,XŒÛWyÅZq-Ze$~
S•ªCÙHìÔùZZyzZßVÃ¾§bgxecÔùQyÃ̈gz„™**ec

ZzgùQy»}.ZÐps — !*g}~Qy−VÆXÃ�ZväðHì
(,J**ecÔ�gZq-³Æ:

LLz{�c*Š™D�ZvÃ9}ZzgÆZzg™z^6,geZzg„™D�
W�yzi}ÅaZö~Ôë�Z}g[øg}Âät…7¯c*ìÔÂ

(191 0*uìƒlVÐÎëÃXŠzicÆ±Z[ÐXóó)Îg{Ww/ZyÔ
/kBÆn»g~c*gZ{�ÛZg~

‰Zz‡]ÔSK̈ãŸÃic*Š{¤!gZzg'×Z›¸]ƒ**¢zg~ƒ@*ìÔ
Zzg**gïqÑ]Æ',ÜsZd»g™ŠÏ»bCÙ{™**7,@*ìXZ#ç}»‚o
ƒ@*ìÔVwÆîg6,ÔZq-�ÛŠÃ̄g~îg6,£™̈**ƒ@*ìc*yZygh**ƒ@*ìX

Z,Z]4k5é GIEðqÑ]~ÔtÔ"—ÔÑiòƒ@*ì�›w!!ŠPÂ
ìZzgic*Š{pyBƒ@*ì@*�¢zg]_“ƒä0*NŸ~XSyqÑ]

Adrenal ~Šg»gD+ZÛZ(gGYD�XOçSy)©àßg]qà~Ô
**ò;gñy»Z�ÛZi™D�Xt;gñy»CÙ‚?Zq- Adrenalin Zq-glands

¹„M^ð™@*ì£¨~pŠÆZL‚?ÆîwÆÔŠwÆŸ]
J-îÔ¬Š¶Q7iä!gëg~ÐX);gñ9ÂxÃa¸!*[Ô

Ô~,ÐŠ¶(Xt;gñ9¼zŠÔ¤/ŠzVÆZz6,ƒD�Ô�aZ Chapter

™D�t;gñyÔ›wÆŸ]ÐzZ6ƒD�ZzgY…��H6ð
i!*yÔ›wÆŸ]B�XQÏz‰ÜÔz{gnp�¥â]t�ŸÃƒ**ƒÇ
ic*Š{'×Z›ZzgSkn›wÃic*Š{gëg~ÐŠP1Å¢zg]ƒCìX›wÆ
Ÿ]Sk¬Åz~ic*Š{!gëgÐŠP)Ñzq™D�ÔZzg½™D
ƒñWxÅzZ�ÛlZg�uòqÑ]~ŸÃŠg»gƒCìX
/ŠwÆZdw~**¦/k,ÁÜ»™ŠZg

Šw~zZµZ9Z7-ÂxÃZ¤/!*‡°{îg6,»x™**ƒ@*ìÔÂ',¹]½5Òø
YE

Å¢zg]ÑhƒCìX',¹]½5Òø
YE

aZƒäÆnÎe*Ô7N*ôZzgy
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ÅSàlZgzV~py~ñ�ŠÏ¢zg~ƒCìXaèSy i o n s

ÆpyÆÅð LÖÅ!*‡°ÏÔ¤/Š}ÔW-$Ôn{ZzgµzVÐ Substances

ÅYCìÔÂt!*]85Âî
G

¹ic*Š{zZãîg6,²£ÿ N™‚tWCì�SkZ9Z7-
Âx»z�Š~W**Zq-)Ç{}ƒñ}2xÐ6�ÃtSg»YìÔ
**
]~Ðƒ@*ìX

Z[J-øg}_·~Wñƒñ›wÆS:]Ãf‚~gnp
ƒñìw™fe��ÃðZq-»x[ƒZìaZ™äZq-áÃ�̃u

‚wJ- 70 Zq-"ÍBÆ�‡.Þì»x™äÆ — gBbì›wÐ
%Ë¥»z^ÆÔ85Âî

G
Zq-²ÆnÌ7ÔZ+á�aZ™CìpŠÅZK

Z9$o-ö GHÔQÐŠNgNc*ZbZY$+%Å¢zg]7ƒCìXZzgt�pŠlŠZL
»x™äÆÒpÐgëgZzg¤‰ÜÃøD¢zg]bw™gìÔ]ìSk

SkZ9Z7-Âx~X — ¯z^»
Z+»x!qÝƒ$ËìÔ"—Ô�¡�g³ƒCì)ßY»Ô

&½1¹ÿ
HE

Š/»Zzg»°_·»XÃðÌìw7™Yì�Z+Zq-áW$Ëì
z�Š~Z·tÐX�ƒÇ!**îg6,)¡~ìwX

SkÆ!*z�ŠÔìw™**�›wWc*ìZ·tÐƒ@*ìÔ85Âî
G

Zzgic*Š{
ÔT.V. ‰Zq- — )xZzg)¡~£¨~ÎO�ÃðZzg6,Ze–)ßY»

WYìz�Š~Z·tÐX H VwÆîg6,
ƒÐ¬ÔŠw~z;VìZq-)ßY¹„ZdzZg«£¨~

ËÌSK̈ã;BÐ“WáÆXƒÐiZZ+ZëÔ¾qwÔƒ**Z·tÔ›wÅ
aZö»pŠÐËZÌ»qï7ƒ@*ìX›wÆ´z{ÔDÙZg;ú¢akÆ

‚B~pyQy~Ô¤/Š}�pyÅZ™D�Ôµ}� — pyÅ**1V
pyÃWx½™D�ZzgŠzg™D�»g0eZðW‚àÃpyÐÔN

Âx�́t½™@*ìpyÆnÔ®�$™@*ìSýc*]ÅÔZ¡!Âx
�›wÆZdw~!*‡°ÏÑ@*ìÔ

(Ÿ-@î EGE�ŠNgN™@*ìŸÃ¨ù¦Ô
eJç»Âx�ŸÃ!*ë�h}g‚rìX

;gñy»Âx�›wÆZdw~æŠÇgƒ@*ìÔZzgDÙZg;Zk§bÆ
WñƒD�z�Š~Zq-zZuœ~ÔZzgQZq-zZuZZ4[zZ§ — ÁÜ
ÐX@*ëSy~ÐCÙZq-g‚rìZq-{mð�¬îg6,Ãðñ§7gh@*
ìZ·tÆnXSkntSÚ**eƒ@*ì›wÆnW**z�Š~Z·tÐ
A�Ãð)ßYÆ6,eZ–ÆSk§bz�Š~WäÆX

ëŠNgì�ŒV6,Zq-¹„²£Ðö NCðÆXŠwaZHŠHåZv
ÐÔ!*ë‚B~ÓxÂéÆZzgÁÜÆ�»x™D�‚B~QkÆX
/pyÅ**1V

ŸZL~�3**1VuZe$Gƒñg‚rìÔŠzâV(,~Zzg
gKXZ¤/tzgh+~YwÔZq-zZuSK̈yÔ;c*Y@*ƒXZq-¦SÑí~Ôz{

DÙZgÐic*Š{é~XzgŠ~ÂxSkŠg6,¡½ï EHƒ@*ì�Šg»g 60 ’‰ƒD
gº¯ñYD�CÙ(ÔŸ~**1VLÌ°æ

YL{~7úYD�ÔL
7gnp�Xz{ Ends 7Á0*DËÌ)¢zg~»V6,ÔÃðÌ%Š{

‚g}Ÿ~“ƒD�ZzgQyÆÑzqÆ̀6,Ì�X
ÂxÆË¤8-~‡ìƒäÆnÔZq-öyÅI Piping Zq-

ZiI¢zg]ƒCìXŠzgZypy»ÂxZK̈ãŸ~Zq-¹„Zd¾w»
qïƒ@*ì£¨~ËÌSK̈yÐ¯ñöyÆX

ZkÆ´z{ÔpyÅ**CVÅMðSK̈ãŸ~ŒÛd$Zq-ÑÄú¢ak
ÅMð Piping )c*‚JDÙZgé(ƒCìÔqÑèZq-Zz‰‚,̂Æ¤8-~

¡P³¢akƒÏX
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%·]ÅµƒC Vinyl )&Òhé Ei~(Ô{mŠJ]Åc* Plumbingt
ìÔP„ŠƒV~)baZ™C�X

D+g#îg6,ßYD�c* Pipes �hzV6,g‹Ñzq™D�Ô‰
ƒä”�Xt Leaks yZ[ƒYD�ÔZzgŠzu}ÔŠ-ZgzVÆZ0+g

‚g})baZƒD�²¤8-Zq-)Ãu‚|#ƒCìÔZzg&Òhé Ei~
»YwZL Capillary Lw•7™CìXŠzu~§sÔZq-KŸ~

ZdwÔZq-‚g~i0+ÏÓxÔl!ÓxZ�xŠêìÔLQÐŠNgNÅc*Ãå
%æFNizVÅ¢zg]Ñh7ƒCìXpâÎZSnÔZK̈ãŸ)Ãu7ƒ@*

ìÔÉw•™@*ìÔeQ]g‚rìÔŠzh@*ìÔÖc*9Zg{YìXzgh+
xîg6,ÄZzgiCìSyw»]ÆŠzgZyÔ@*ëSkŠg4îg6,ð™Š{

�LZ(ÃðXaZ(:<4è
EXXGƒ@*ìZ#J-�Z�ÛZŠZ+Ãð Veins ƒC�t

wQ7™D��QyÅ¡Ãn{™Šï�X
/ÑVwðSK̈ãŸ~

:ƒVZzg Veins Z[ëìw™fe�Zq-SK̈ãŸ»ÔT~Ãð
Zq-ZbÐë��µ/Y]»g™äÔgppÆnzgh+zVÃQkSK̈ã

Ÿ~XQkµ/~&;5é XGOHŠHƒÇÓxŠg»ggºCÙZq-3ÆnÔ®Å
� �Z-VÐÍŠ}ÅA~J-ÔWçÆ&43ð FFHVÐ¤/ŠzVJ-X'×h+',WyÔCÙ

ÆÔÌµ/~�áï™**ƒÇX Vein ÆZdwÅãCŠ6,ÔŠ!*i]ZzgS:]CÙ
L»g7™YìX85Âî

G
Z¤/CÙÃð Blue Print ™sîg6,ÔZq-ZbZ(Zq-

ÃŠ*~»x™**ƒ@*Sk6,ï™Ô³QÌƒ@*åz(„**e:QyÆi0+ÏÆ
Šzg§]Zzg:QyÆf‚ƒD�»°aZ™äŠzgZypy»YwXt**eƒ@*

7Manage ÂTÃZg1Vßv!*ëï™ Blue Print ìÔ‡ìgppz{Zq-
™Mh�úŠ¶QÐÔ�Q½ZåZ0+ñZ·tÆ³~Xt**CV»Âx

SK̈ãŸÃÃðñµ7ŠêìZ·tÆn85Âî
G

Zq-zZu%³~„9Ô™s
îgÐSk!*]»ZÖgì�SK̈yðG‰Z̧vÐX

Ñ̂zqƒ@*ìXXXX
Ãv™**ƒ@* (Substances) ›wXzgh+Âx»ZëÑ¢zg~âŠzV

ì@*�z{ŸÆŸ]Ã»x™ä»ñµŠ}ÃÔQyÐ**»g{âŠ}áYÃX
DÙZgé(îspyÅ 60 Zq-!*Ú»›wgziZ:ÔZq-ÑÄú¢ak)

µ5ÒèGE(pyB™@*ìX 2, 380 DÙZg{k)c* 9 **CVÆYwÐÔ
Z[Ôìw™z�?Zq-3Å�#ÖgnpƒÔZzgZq-^6,ŠzgZypy

— Æfg=gzZ:ƒDƒXvgZgzZ#»$©bî EG0W¸iƒ@*ì›w»Zz6,»!*c*VB
XgKY]X~?ƒDƒÔ½Zƒ@*ì™s Atrium Šzu}ZÖp~Ô!*c*V

WxÐ−}pyÐX
(Erythrocytes) vg}Z§Zs�3WxÐ−}ƒñuc8-+õ EG

�›wÆŠZN (value) ƒD�X¯g~vg}nƒ@*ìZq-²£Ð.5åEy
nÅ§sX — Å§sY@*ìXz{ÜsZq-„‚~•ì Atrium

Æ¯g~ZÁnÆ‚B²£Ð.5åEy»ẽ½èE²£ÿ
YN

Y@*ìXpy Atrium

Ventricle ‚B~?�Sk~ƒDƒÑzq™D�½**›wÆ−!*N
~ƒDƒ�Zq-¹„¤‰ÜzgBƒ@*ìX Ventricle ÃX?Z[!*N

~˜V Atrium
²£Ð.5åEyZ[ÈƒY@*ìvg}úgz1vg~zZ3Ã
Ð?Wñ�X

Zq-¤!gBƒ@*ìÔpyÆŸÆ¹ŠzgzZµ Ventricle !*c*V
`&ëGNÌ−Æ‡.Þƒ@*ìX!*CÙYäÆgZ36,SkBÆÔƒ@*ìZq-

ÅgÚ~™@*ìÔZzgQk»÷Ìz(„ Aortic Artery ZzgZq-§s²£Ð.5åEy�
Z[ Ventricle !*c*y ƒ@*ìgz)pyÃT~?ÌƒDƒÔzZ:ßU›w~
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t²£Ð.5åEy!*CÙÅY+$²£Ò5é NGìXpy�?Ãn — ¤‰ÜÆ‚BZÁn™@*ì
Å§sÔƒÐ(,~Ñc*y~X Aorta ƒñƒ@*ìÔ5Y@*ì!~Ð
ÅŠ-ZgJ-V0*DƒÔ?‚o™DƒZq- Aortic Artery �V„?

¹„ŠN‚|#»X6�Z¤/Ñc*VÅZ0+gzãŠ-Zgg„ƒ0*×ÔZzgQm
ûZgZzg$Rg¥/ÃÁ™CìZzgpyÃic*Š{W‚ãÆ‚BÕ»ñµŠîìX

ZzgÑc*âV»»°,~ Aortic vg}^~Zq-gN*‚z9fe�@*�
Y,̂{áÃX
/¤!gF,+zgh+

6�?äŠ¬ìÔ**1V�›wÐpyÃáYC�Ñc*3
(Veins) BC�ÔZzgz{�pyÃ!*:VÐ›wÃàC�zgh+ (Arteries)

Æ**xÐYãYC�XÑc*3!*:V~�Zð~À˜ŠšŠzhC�X
VwÆîg6,Ôvg~¯ÇV~èV~Ô¤/Šy — £â]~Ô¾qwÔ ‰

z{RÆŒÛd$~ŠzhC�XSy´̧V~Ô?Ck™Mhƒ — Zzg'V~
Ñc*ãpyÆ*gäÃvg}›wÅCÙŠPÁÆ‚BeZsƒñŠ!*îÑc*ã
Š-ZgzV6,X

Ñc*yÅZ0+gzãRxËƒCìM®ZŠÆZ^ÆûZg�ÛÙ
ßzVÆ�gÇ‰ƒD�¯äZq-!*‡°{RÆX¾TÔß,ŒV
ƒD�Ÿ]XëR[Ng_·™D�XŸ]Y0+ZgZâYƒC�Y0+Zg
Ÿ]»Zq-¤/z\ÔgÇYD�Zq-Æ!*izZq-ÇÐ‰ûZg�ÛÙ

)−(ƒD�ÔaZ™äZq-RÔ!*‡°{RXtRÔ'ç NH~ƒCìZq- Slabs

Xzgh+~Âx¯ƒ@*ì Pipe ŠgZÆizZt6,Ô¯DƒñZq- 360 7g}
Ð�:æENH}gT�!*ëF,KM~X Pipes �3SÏ§bÆ

/ùt00*D�?
ƒV Fit ƒÐ¬Ÿ]Ôƒ**ƒ@*ì¡ZzgZ,ZDàÆ‰�

¢ïÆ‚BZq-Šzu}ÆÝs~X
ÃyÏ¤‰ÜÔA$ÔaZ™CìZk§b�FZg[Ÿ]ÆSkZq-

Šzu}~öƒñZDw~?
²ŸZÌZKâyÆg3~åÔtŸ]gÇ‰ƒVÐÇ‰

ûZgßzVÆÔZq-Æ!*izZq-X
ÃyF,KMŠï�tZg1VŸ]ÆÔSkŠgûZgZzg!*‡°{îg6,?
Z¤/¡Zq-3Ñc*ãŠ-ZgÐ¸T$ƒ0*@*ìÔA$pyQk£xÐ

g•4ìXz{ÃyìÔA$Ô�y™@*ìSkŠ-ZgÃSkŠg¡Æ‚B?
Z·tÔSyÎZßV»�Z[7ƒYìX'×h+',WyÔtZq-ŠJCâ7

ì�WðƒZq-1~âewÐ��ëìw™gì�ŒV6,ÔpOñZq-
Y0+Zg**àÆÔµƒCìÔY0+ZgŸ]ÔÆ!*ëWäÐZq-Šzu}ÆŒÛd$

‚? Tube YVt¶Y0+ZgZ»×VÜs™D�ZKi0+ŠHV¯DƒñZq-
ÃyF,KMŠêìQ7Sk§bÐZzg«ÅìQ7Z+Zq-

Ã? Substances ŠZg~?v™ä f)
Šz!*g{ÔSyÎZÑ]»�Z[LLZ·tóó7ƒY!QÌSg»YIL7
Î!�!*g}~SknÅ,ÆOñSkÆz{ÃZ0+Zi™D�Sy
›ëÃÔZzg85Âî GQy6,̈g™äÆnÌgZè7ƒD�X

Sg»YI»gk,™D�Zzg˜�ÂÁ!*g}~uY{~!*:V
Æ��áïgBb�ic*Š{lZg,Ñ#èHLEZ˜q]ÅX@*ëz{L�Z[7Šï

YV�zZu — �SkÎZw»�ùtŸ]WD�!*ëZ,ZdF,KM~
�Z[z{½™Mh�z{ƒ@*ìz„LLZ·tóóÐX
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Yèz{Y…��HZ(Zq-**»g{�Z[ƒ@*ìÔz{Sk!hÏîÅ
=ô)xÒ**]Ð™D�‰ÔLLtŸ]!*ëZq-Šzu}ÆŒÛd$WD

ÔSg»ð§i¿ÆŠzgZyXóó Veins �Zzg¯D�
Z¤/Zq-‚bŠZV7™@*ìZ+Zq-zŸs#ÔA$ßv�Ãð{m

‚³ZŠ!¥â]7gnp�Ôìw™Mh��z{g3ƒÇ‰‚³›ë
z,aè‚bŠZVËuJ-ik,c*yÅ¼Zk§bÐ — SkÆú

=ô™D�Ô�ßvSÐKÆ‡.Þ7ƒDX
700*@*ì�ùÑc*3Zzg [ @*ëÔSg»YIÆnÃð�Z

zgh+,Wñ¸z�Š~Xz;V6,ƒD�¼Z,„DÙZg;ZzgŠzu}ÎZÑ]
X»ÌSg»YI�Z[Š¶70*D�z{Z,çV6,=ô)‚³ZÖp
~™äÃF,ßŠï�X

Z"g~ÔÃðSg»YIÔSK̈ãŸ~ŠzgZypyÆ**CVÆYwÅ
ñ�ŠÏÆnÃðzŸs#77™YìÔ6�?‚³ÅgÆqïƒä
Æ¹W‚ãÐZLW\ÃpyÆ**CVÆYwÅzŸs#o]Æ‚B
7™MhƒX

ëƒZ¤/ËZg»YIÐÑc*VZzgzgh+~ÂxÆ6,6Æ!*g}
~ÔZzgùŸ]Óx»x6,ÑƒD�4F,KM~XA$7{6,�ùt

| ‚854è
EG

G¬z�Š~Wð‰XÂzZu�Z[?0*DƒÔz{ƒ@*ìÔLLZ·tÐóóX
~Ô¾qwÔz;Vƒ@*ìSkÎZw»Zq-„9�Z[ÔtZvìÔ‚g}˜âV»

ÃÔzgh+zV~ñ�ŠpyÃÔŠw�B™@*ì Veins â´ÔTäðHì
SkpyÃÔZzgƒŠzu}"ÑgÂéÃ�SK̈ãŸ~0*ñYD�X

(Flexiblity In The Veins) /zgh+zV~E
ZcðÑc*âVÅ‚|#~7Š3ðŠîìÔZ%Üs"Í

Ÿ]ÆZq-Ÿ~ƒCìX
Muscu l a r Ñc*Vc*zgh+ÆÛzã6,]Æ¯g~ˆÅ6,]Ô

ÅZq-Šzu~Ûzã6,]ƒCÔì�"uEZgƒCìXtðÅŠzu~ Cells

VwìXtg8ŠZgƒCìX
Å'×ZØ Veins ²›wŠPÂìÔpy»Š!*î(,kìÂEZgg8

~ZŸ†™Šï�X
ÐVeins ÃàðYCìÔZŸ†py» Veins SkÆ´z{Ô',t�

*gä»ñ§�ÛZë™CìX
ÆÂxÐÔ� Vein Z¤/›wZz‘Š!*îÆ-pyÃB™@*ìÔZq-

)EZgg;åÔA$Zq-ZŸ†(,}1ú»g3ƒ@*›w6,ÔZzgpy»Š!*îÑc*âV~
¹„Zz™ƒY@*XtÓx¬]ƒD�Zq-ŠzuZS�ág{ZvÆðÅÑVw
¡]»X
/»̂Ÿ�Yg~gLì

Šz�áQ Aortic Artery 6�ëYg~gnp�ZL^Æ‚BÔ
ƒYCìZzgŠzZ4V~(,fìXpy�Zz6,ÅY+$cìÔ

(Ÿ-@î EGEZzg
!*izVÅ¢zgÂVÃ7gZ™@*ìÔZzgpy�nÅ§scì!*¹ŸÅ¢zgÂVÃ
7gZ™@*ìXìw™D��vgZŸ̂Æ−zÅ§s(,kìX

SkgZ56,Ôz;VƒD�Zq-M®ZŠ¢zVÅ�áYD�®Ô
n{ÔZz6,ZzgnÆWPÔ¤/Š}ZzgÔ�Zgb~X‰?(,_YDƒÔ?

�?ÃZLZq©~gì#$YCìFZ�ápV~Ô� Artery ŠÙƒ�
ßƒC�(,fYC�Xt"Ñg„�ápV~áYD�pyÃŠzgŠzg
J-Ÿ~X6�?ŠZ4ƒDƒQy~ÐZq-~Ô?ŠÙƒ**àÃT~?

~7ƒÔ Artery ƒDƒz{ÚßÐßF,ƒCYCìX?Z['×h+Zq-
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ZõÆ',Z',ƒ@*ìX 0.0002 **à~ƒÔT»¢ Capillary Z%Zq-
¢„**àZkŠgßƒYCì�z;VRöƒCìzZWÜsZq-

z{ÌÂÆ‚BXSkvg}^Æ — Æ*gäÆ Erythrocyte zZu
z~Ô?Yy0*Dƒ�z;VìZq-!gëgW3nŠ!Ÿ]~Z§Zs

Ÿ]Ñzq™D�áY**ËâwÔWxÆ Erythrocyte vg}X
‚ãÆZLE^6,ÔghDƒQ7QyŸ]6,ÎWxÅ¢zg]
ƒCìZzgáfeƒñ»g0eZðW‚à�Ÿ]aZ™D�XZÏ§b
ÐỐc*ð‚ã�áYñYD�py~ÔánYD�QyŸ]
ÐXÃSyÅ¢zg]ƒCìX
/z‰ÜW[ƒ@*ìzZ:ƒä»

Š}×�QyÆWxÃZŸ]ÃÔQy» ErythrocytesZ#
ÖZgucg8-$+wY@*ìZq-�}aç Ncg8-~X

QÐah~ƒCYC�XZzg Veins 6�vgZŶg~gLìÔ
�»g0eZðW‚àÐ−}ƒD�Šzu}pyÅ Erythrocytes Šzu}

Capillary **CVÐïYD�ÔZzgZ[pyÆw~ZŸ†ƒY@*ìXZ[
gh™Zzg(,_�WÐZKgZ{6,zgh+zV~X

(Veins) /ŠzuZª]Z0�á‚gð»SK̈ãŸ~:zgh+
pycìÑc*âV~ÔŠwÆ

')45½è FFEYEŠ!*îÆë]¦/Zg�ZW,Sk
J-íÔŠzgzZµ›wÅì Veins Š!*î»Áƒ@*ìpyÅ**CV~Ô¾qwÔ

¤‰Ü‡.ÞÒpuJ-ÁƒYCìX
Zk§bùpyZKzZ3»^7gZ™@*ì?

~ÐZq-~ƒDƒÔZq-E^Æ‚B Veins ìw™z�?Zy

zZ:ƒDƒ›wÃ�7,Zƒ@*ìvg}‚tX?Ã*g**ƒ@*ì´̧VÐÔ
�ZgbÆn{ZzgBÆZzgm−ƒ@*ìZq-îsÃAÆnÔ‡10*D
ƒñæ…6,7VÓx²'z;VƒCìZq-¢zg]Zq-ÂxÅSk

Ð Toes Ãƒ**ƒ@*ì‡.Þ̂™äzZ: Fluid §b�CÙŠyÔDÙZg;{k
J-X Heart

Zcö)Æ‚BgÇYD�ÔZzgy}ƒD� Veins

ÐXCÙŠi?QVDƒZq-ŠxÔVwÆîg6,Ô0*îVÆ Muscles eJçÆ
�iD�(,JD�pyÃQz6,ÅY+$QÏz‰ÜX] (Muscles) gv‰

¢a1.5 gnp�ÔQy»ÜôZCìÂxX{Ø6, Veins ìSkö)Æ
XÅ()ÄÆŠgxycZzg›wÆÔŠzu}X»‚oƒ@*ìXZ# 4.92)

ZÝzgh+~**1VB�ŸÆ%œ/~´‘ÃÔz{Z['×h+eJçÆgv‰Ð
SupportÃ (Muscles) Veins y}7ƒD�XŒV6,Ô[gv‰

ÆnƒC��ZÁn™@*ìÔ Lung !**îg6,Qk  Vein ™D�XZÝ
CÙŠi²?‚÷feƒXtŠ!*î�Ãgxƒ@*ì²B@lìÔSknÔz{æŠ
™@*ìpyÃzZ:ƒä›w~X

~Zq-{¤úÒÏ™CìSK̈ãŸ~ñ�ŠF4+ Veins

{
VÅVßV~ÐZq-ÅX
ÆZ0+gƒD�Zq-®ZŠ²£Ð.5åEyÅ�7g}îg6,T� Veins

ŠwÅ§sXSkgZ3~ÔpyLÌ7czZ:æ…ÆZW,ÐÔÉ
Yg~g‚rìZC(,−ŠwÅ§sX

~ÔQy~ Veins gÇgT� (Volves) Zq-(,~®ZŠ²£Ð.5åEy
ÔZzg¯ (Hinges) ÐCÙZq-g‚rìZq-¹ZcðXCÙZq-g‚rìZÃh}

ƒ@*ì!*ÄÐÔZk§bÐðƒCì‰ñµŠbƒ²£Ð.5åEyÃ²£Í/õ NEÜs
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Zq-„‚~XëŠÙ�Zq-Zb8-ÃŒV6,Z#ëìw™D��
ùt6,¡½ï EHÂxWc*ƒÇz�Š~'×Šzgßv)»gÁ(�ÑƒD�»x6,™*Å

}.#ÖZ�xŠb — 6,ÔZ(g™D�&Zë�ÛZø Pipeline ƒÐD
¨ZbkÆÔ¨»gÁÆÔZzg�gzZ¢š5é GGSy~‚âyÆÌÑäá

YäÆX
)¡/Y](Sk Projects )uY]Ôö÷(Zzg Blue Prints

(Nuclei ~Ô3Æ%œ/zV Data Banks yÆnÔ0*ñYD�
ÆnÇ‰ Project ~CÙ3LL7,kóóìZzgF,)ãz=ô™@*ì Plans)

pŠÐ%Ë—ÆZq-7{Z�xŠêìXßvCk™D — Zq-ZbÆ
�(,~*öZzgW»_./Zq-6,zWÆn�z6™@*ìFZq-‚ŵ
D~Ôp**zZ6ƒ@*ì�QkÆZLŸ]‡.ÞƒD�7,"ÆÔK

c*Qz{¡Ã — ÆÔZzgi^Šï�6,Z7»4ø EHÃ�¹ic*Š{ë{ƒD�
Z0+Zi™ŠêìSy›ëÃX

Æ@*,ƒ™z{F,)ã™D�Ôª7Í/õ EGY…��¹VQæ»x Plan

Åy~Xz{tÌY…���3Ÿ]~ÐÁÃ Pipeline ™**ƒ@*ì
Sk6,Z7½ïEHÅy~»x™**ìZzgQyÃÁÆ‚Bï™»x™**ìXZ#z{0*fe
�(˜V?QyÃ»x™**ìÔz{Ñzq™D�»x™**é'×ŠzgzVÆ¯ä

@*ëy~‚i‚âyÆnÔz{ — ÆZq-zÃ Pipeline QyÆZÐZŠ~Ô
ZEw™D�ZLW\ÃXCÙ3�»x™@*ìZk6,Z7½ïEH6,z6™ŠêìZL

ÆQkÅâ!*¹‚g~i0+ÏÆ Pipeline W\ÃƒDƒñZq-gN*‚:æENEÆ
ÅŠ-ZgzV~ÃðÌ)¢zg~Q¸gc*²A§õ XE7 Veins nXZk§bÐµ

0*ñYDƒVÐXQyÅZ0+gzãŠ-ZgzVÆ̂ŠCé]ÇZ,„ûZgƒD
Zq- ‚B~ —Ð �‰�Z¤/z{0*×GƒñƒDZq-5%%ÆŠºg

Y0+ZgŸ]6,ŒƒD�X (Surfaces) ¯Ð�ÛtÆÔ¾qwÔt̂ŠCé]
‰yZC»x(,kY@*ìÔ‰Ÿ]™D�Zq-ZêQk

z{7,_�Zzg¢{©0î GE
G™D�¯äZq-²£Ð.5åEyÔ � öyÆ_“~TÃ

ÆZ0+gX Vein

DÙZg;Ÿ]ï™iYD�Z0+gzãŠ-ZgÐXŠzu}Ÿ]Sy
QÔÙ|#™ÆÇ¹VQ7¢zg]ƒC — ¯D� HingesÆValves

• Hinge ì6,Z7½ïEHÆ¢zgc*]Æ_.ƒäÆnXTgZ36,�
ìz{ƒ@*ìÜsZq-„‚~ÔZzgQÔ³»Z®gŸ]Æ‡.Þƒä6,Ô
F,)ã™äù¦wÐöyÅZzgQyÅy~&¢A6,Ìƒ@*ìX

tŸ]SkDÆ-»x™D��Zq-âùcì**àÐT~�
z{ƒD�ÔZzgQk‚~T~�QkÃ¢zg]ƒCìÕÅÔZzgHD+ZÛÅ
Q7¢zg]ƒCìZ(g™äÅÔ�J-$Š¶�·îxîg6,‡ìgìX

Sk²£Ð.5åEyÐPZq-B¢ak6,Z(„7{z̧q5+k,ƒ@*ìXŒVÔ
Šzu}Ÿ]SÏ§}ÆZq-ÅgÆ‚B¯D�ŠzuZ²£Ð.5åEyX6�
Z¤/z{ƒD�Zq-ç@{~Ÿ]Æ‚B�¯**ì¬²£Ð.5åEyÅ§bÔQy»
ÌAgxQÏ‚Ôƒ@*ìX

Z¤/Ÿ]�¯D�tPZq-²£Ð.5åEy¯ñƒDQ7Sk§b
Ð�AƒD#³‚~ÔA$pyzgh+zVÆfg=Ë7YåÔZzgi0+Ï
¯g~îg6,»ƒ̂ƒCDÙZg;²£Ð.5åEy�ñ�ŠƒD¦ñ‚g}zgh+~Âx
~Óx¯ñYD�»x™äZq-Šzu}Æ‚BëW°Æ‚BXtÂx
ìÔîîg6,»xìZq-S•ðZd{Û»QkÆ7Àê NÐZzgŸ]bCÙ{™Mh
�Z,Zq-Åg»Ôz�;]»ZzgpŠŒÛ!*ã»Zzg]ZŠZ™D�ÜsQkZdZg«
¸]»�SyŸ]ÅðÅìXtZvìÔ‚g}˜âV»W‡ìÔ�¶K0+„
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ÆnZzgDÙZg;Šzu} Pipeline ™@*ì6,Z7»4ø EHÅ',Zñ™*ÅƒÐD
~ƒD�ÔZzg�« (Nuclei) ÂñVÆn�SK̈ãŸ~3Æ%œ/zV

™@*ìŸ]Ã&¢A7,"ÅÔF,)ã™äÅÔZzg¿™äSy@Zc*]6,X
Wc*]7�:
Z}WŠò¾qÐ�ìÂZLg[™*6,ÔTä�Ã¯c*ìQ�
ÃÇHìÔQ�Ã',Z',HìÔTßg]~e;�Ã�hŠc*X

(6-8 )Îg>ZÑ¹gÔ
/ßR›wÃ

Z[ëÃßRìøg}̂ÃSK̈ãzgh+zVÆfg=X
~XÃëäZÌ Arteries ]ìgLZq-§†²£Ð.5åEâV»

Ì— ç¤Hì¼¬]Æ‚BÔëW[(,|Mh�¦ñ›wÅY+$
²kˆøg}gzZ:ƒäÆ̂6,X 40 z;VÃð
øg}»̂ª:æENEÑzqƒZå›wÆZz6,Æ!*NÓ~ÔZzg»ƒ@*

ìŠwÆZz6,ÆŠZNÓ~X
6�̂ÑzqƒZåÔëgzZ:ƒñ¸ÖZgucpy~ÔZzgª:æENE

¬gèªx»»ƒ@*ìpy~��Zaç Ncƒ@*ìXZ[z‰ÜìgzZ:ƒä»
Šzu}^6,ÔpyÆn¢zg]ƒCì™sƒäÅQkÆ»g0eZð
W‚àÐÔZzgŠz!*gÔ½ä»g0eZðW‚àÐX

~ÔpÜsZq-¹¿z‰ÜÆ Ventricle ?ƒVÐŠZN
$@*ì)!*ZÁn™@*ìŠzuZ²£Ð.5åEy²£Ò5é NGì Ventricle nX‰„ŠZc*V
Å§s²£Ð.5åEy�vg}úƒ@*ìZy~™õ Lungs Zzgpy{g`ƒ@*ì

â¼xÆgzÈƒñ
?Z[ Æ ÆzZ:ÍÐ›wÃ (Deoxygenated Blood) †py

ÅY+$X Lungs †pyÆ‚B!gëg~Ð(,_�
ÃZq-Zzg¿Ô̂TÆnt̂B@*ì�g Lungs ^›wÐ
~î6,Ôuc8-+õ EGZ§Zs~vg}gh Lungs LLgLuÃøóóÆX
Qy»ÜzÜ¦/g@*ìZq-(,}¹ë{Ô — Šï�»g0eZðW‚àÃ
ZzgÑzq™D�¢8WxZL~Xt’ — ¡§i;ñ¿Ð

»nŠ!zZµƒ@*ìZq-‚÷heÅgëg6,X (Gases)

Wx�ZCÙí�Ÿ]~ (56 Septillion) 56X10
21 CÙ4

»x™D�ï™‡.Þ¯D Micro Systems ~XZq-¹‚g} Lungs

J-X Erythrocytes �¡Zq-Wx�CÙÃ*gä
CÙZ»ð»x™@*ì7g}ëW°Æ‚B~Zq-Æ�¬QkÆƒ@*

X»g0eZðW‚ànŠ!Ãz̧q5+k,ƒä% Oxygen ìÔñµŠïƒñ
¥Æ85Âî

G
Zq-œÆnÌX

»ƒä6, G a s e s Sk!gëg‚÷heÆ{Ø6,nŠ!
vg}Z§ZsƒYD�−}ƒñWxÐXZ[ï™ Erythrocytes

ÆZ0+gÔ?gzZ:ƒDƒŠwÅ§sXzZ¢š5é GGS VeinsÆLung SyŸ]Æ‚BÔ
vgZẑ�»ƒ@*ì˜VÐ�z{ÑzqƒZåXWxÐâÑâw™spy
»gƒY@*ìŠzu}u±ï LHÆnŸÆZ§ZsX
/ÛR,�pyÆ·î6,Nzw™@*ì

z;VìZq-Zzg¹„ŠNZzgZë{¤ŠzgZypyÆÂxÅXz{
ÂxÆÉ́z{SkÆ!*‡°Ï Pipeline :Üs(,J@*ìpyÃéZq-©à
Ã²QÐ¢zg]ƒCìX Organ Ñ@*ì�¾ŠgpyÃY**ƒ@*ì¾

ÂxÆnð™** Pipeline t¹„ª]Z0!*]ƒCìÔZq-
ÃÔZzgpŠÐ¯@*ì Organ �¾Šgâù�z{nY@*ìÔY**ƒ@*ì¾
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Šg»gœ—XÑc*3‡.ÞƒC�pyÆ·î~p~Ñäjh™Zzg’
™Xëfe�(Ÿ-@î EGEÅ¢zgc*]Ã�gZq-VwÆX

ìTÃŠg»gƒ@*ìZq-!*‡°{Ô‡.ÞZOŠÔzZ�Û Organ
(Ÿ-@î EGEZq-Z(

pyÅÅg‚ãÔYèz{ŸÆZ0+g‚g}ZdwÃNzw™@*ìXpy»·î(Ÿ-@î EGE
Ð̀c*y Organs ÃËqwYg~gxƒ@*ìX85Âî

G
Z¤/py»·îÓxŠzu}

pyÅzzÐ–Y@*ìÔZq-(,}®ZŠZ¡[Åï™»x™D�@*�py»
ƒD Adjust

(Ÿ-@î EGEÃÇYä»Ÿ‡ìg{nÔÑc*âVÆ¢QÏÒpÐ
ÃYC�Ô¬gèîg6,  Organs �Šzu} (Veins) gT�X‰zgh+,

',¹¥z»gZ3¿ƒY@*ìX
Å§sƒY@*ì�

(Ÿ-@î EGEÅ§s§sYC� Veins Zzgpy»·î
~ÔZg»YIÔ^ð NÍ (The Incredible Machine) ZKÂ[Ô)©àá

]4¨4è
IGEGEÔzgh+~Âx»».ÞZq-ÛR,Ð™Cì:

ŠwZzgpyÅ**1VÔŸÅ¢zgÂVÆÒpÐøg}pyÆ·îÅ
gëg~¶c*
Ð(,|™Ì»~Z�xŠï�Xz{áYD�ÖZguc

àä@*�z{Z (Fuel) pyZ!*:VÃ$+sƒñŠ!*îÆ-Zgï
ZdwZ�xŠ}ÃXZ#ë½Zfe�Âpyn{Å§sŠzh@*ìÔZzgZ#ë

¾D�ÂpyµzVZzggv]VÅ§s¸IHìÔZ#ë7,_�Â
py

(Ÿ-@î EGEÅ§sgzZVƒ@*ìXSy$+rƒðS1́¢zgÂVÃt™äÔ
Ô¥â]ÃŠ™@*ìc*±™@*ìZzg‰Ãð Cardiovascular System

ÛR,™@*ìÔA$ªCÙƒ@*ì�ÃðÛR,SkÅ',Z',~7™YìX
tÂxÔÛR,u±ð LR,~Æ».Þ~Ô%Ë—Æz�Š~ì�gZv
Æ³~ÔOñZ·tÐÔ6�Zg»YIëÐÂµgnp��ë Åð

Zk!*]6,¢™,ÐX

(Inter-Related Miracles) /!*bg*Æ7Z]
ZväaZHìSK̈âVÃZ+(,~»gv~Æ‚B�CÙÂx�

Zq-ÂxÅ»g™ŠÏ ò vg}Ÿ~ƒ@*ìz{ŠzuzVÐg*g‚rìXÃð{
~aZ™CìZq-ÍŠzu}Æ»x~XSk!*]Ãic*Š{™sîg6,KÆ
nÔŠzgZypyÆÂxZzgŠzu}ÂñVÆŠgxyzZ§ģ6,̈g™D�X

´c*]Ô;LÆfg=:æENEz}$+y¯àYC�ÔŸÆŸ]ÃŠzgZy
pyÆÂxÆfg=áYðYC�XSknNZzgŠzgZypyÆÂé
Zq-‚BðG‰ƒVÐZq-„z‰Ü6,X

Ã Organs ¡]½5Òø
YE

Ô�;gñ9¼zŠÐaZGYD�Ố
ŠzgZypyÆÂxÆfg=áYñYD�XSknÔŠzgZypyZzg;gñ9
ÂéaZG‰ƒVÐZq-„z‰Ü~X

Å»g0eZðW‚àÃ[ (Deoxegenated Blood) †py
ÂxÆfg={g`HY@*ìXSknÔŠzgZypyZzg[ÂéðG‰
ƒ‰�Zq-„z‰Ü6,X

pyÃÚîg6,¤/ŠzV~$ƒ**ƒ@*ìÔSkÒpÐŠzgZypy
ZzgZyZYÂéZq-„z‰Ü~aZG‰ƒVÐXpyzgh+yÆfg=

ZÁn7™DÔ (Muscles) w•7™YìZ#J-�eJçÆgv‰
ZzgSknŠzgZypyZzgeJçÆÂéZq-‚BðG‰ƒD�X

pyÆŸ]aZGYD�A~Æ±ð YNŠ}~ÔSknŠzgZy
pyZzgeJçÆÂéZq-„z‰Ü~aZG‰ƒD�X

tVBŠzu}ÂñVÆÜsQyZW,Z]»jZ!Šï��
ŠzgZypyÆÂxÐZW,Z0+ZiƒD�XZq-M®ZŠSÏ§bÆVßV

� — Å7ÅY$Ë�XZzgZq-`TÃÈÜ7ƒ@*ìÔz{ƒ@*ì

7980 ZK̈ãŸÔZq-7{ZK̈ãŸÔZq-7{



Ã½ZÅ�ÛZb™@*ìX Organs ŠzgZypy»ÂxÔŠzu}ÓxÂñVÆ
Ô� Organs Ôn{ÔWPÔ®ZzgŠzu} (Salvia Glands) i!*yÔÅ›é N!¼zŠz

ÓxÃ½ZàðYCìpyÅ**CVÐX — Óx8zõ OƒD�NÂxÆ
Š¶¼ZzgVB:

Âx~;gñy¼zŠ Endocrine /
X[Âx (Kidneys) ÔVwÆîg6,¤/Š} Organs ZyZYÂxÆ

X(Lungs) ÆZbZYÔ‰�µ}
�ûZgZzggŸ»gZ:&6VÆqïgv (Muscles) §v‰

]VÆÂñV6,Œƒ@*ìZzgA-V�eJçÆÂx6,ŒƒD�X
ÔŠzgZypyÅ)ñ�Ï~i0+{7$ Organs SK̈ãŸ~ÃðÌ

Mh�XÓxtgZÆZzg!*bgƒÂéÔZq-‚BnYD�ÔÂƒD�
QyPZq-¢ooÂV~ÐZq-�ÃtSg»YÃ»³xŒÛZgŠï�X

z;VSK̈ãŸ~Ô"ÍëW°Zzg¬zyÂñV~0*c*Y@*ìX
@*�QyÆnËÑÅŠËqwƒnÔz{ƒgìƒD�ÇZq-„

�ÓxSK̈ãŸ — z‰Ü~Xt!*]ëÃáYCìzZ:QÏCðÅ§s
ÆS:]ðG‰Z̧vÐÔZq-„œ~X
/NÂx

øg}ñV~Zë �(Substances) ëpŠ½™D�ZâY
ÆZdwÃZ�x Organs /ZÖpŠvÔøg} — ZdwÃYg~gppŠg»gƒC�

�¼�ë3D�ZzgÃW�Ô — Š„ÆnZzgøg}Ÿ]Å‰h+Æn
ÐƒC�X

¾qwÔÍ“ÔgzKÔV\g~ÔF,»g~�ëgzi%{Åi0+Ï~

ZEw™D�ÔÓxÃ8ãCŠ~p=VÐ*g**ƒ@*ìÔŠzu}ZÖp~Ç
ƒ**ƒ@*ìÔ@*�ƒä!*gq-!*gq-fgZ]~ÔZq-Z+̂~TÃ�øg}
ŸQ7ZEw™nX

ÃÔ�ziy Baby t½Z»Çƒ**„ƒ@*ì�ñµŠêìZq-âñßŠ
5.9 ¢a) 1.8 7&+(À˜ƒ@*ìÔ(,"Š~À˜ 6.5Ð4.5 ³¤/Zx) 3@*2~

7&+(À˜!*Ú 100—Ð165 ³¤/Zx) 80 ³¤/ZxÐ 75 Å(ÆÔziy~
‚wˆX 25@*20 ƒY@*ì
~SkOW,Á�Ût»fg=ƒ@*ìZq-§i¿T~� Volume

½ZîV~3YD�^ÐD+g#îg6,ƒY@*ì:æENEÌ (Substances) ZâY
$+y0Y@*ìŸ~X

Sýc*]~Ð‰½™C�¢zg~ÂZ**ði0+{g$ÆnÔ
~Xz{ZbZY�Ë»xÆ Bone Zzg Flesh ZzgŠzu}ZŸ†™D�Ÿ~

7ƒDÔ{g`™Š�YD�ŸÐz»¯»X
™*~ZLW\~«X Refinery NÂxg‚rì4+

ZâY)´c*](Sk™s‚i~ÆÂxÐàYC�Ô¬Âh~YC
�QyÅ{xZâY~ÔA$Q75Y@*ìQ7ZEwÆnŸÆ¢zg~

¹ 8{ð OVÐXaèZâYÔZq-ŠiÂhŠ~YC�!*gq-fgZ]~ÔƒYD�
„ZZq-Šzu}ÐÔt5ZâY�Q½C�ÔÌƒC�!**îg6,ZX

ÆZL»xÐ Oil Refinery ÃðÌNÂxÆ»ñV»».Þ
~ŠZ4HY@*ì�gZq-{x—ÆÔ Refinery ™YìX{x%�Zq-

*ZgZY@*ìZq-M§i;ñ¿ÐZzgD+g+Cé GES!*†Y@*ìÔ�gZq-³Æ
TÆ!*ÇZ6,Ze„qÝƒD�X6�³Syë{§i;ñ¿

�vg~ñR,»Zgïƒ@*ìÔ Gasoline ~aZƒ@*ìÔ Refinery ÐZk
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ÅT6,�?ºƒZzgö8?k�?ZEw (Asphalt) ãCŠ~—Ãtg
™DƒXSÏ§bÐÔZzg¹ZZâYQ½C�X¾âqÔç¡zZu]
�z̧q5+k,ƒD�vg}n{~ZzgWÕV~ƒC�¹„ic*Š{ë{

ÐqÝƒC�ÔZzgWðƒC�ÔTÆ Oil Refinery £¨~�¼�
ÆXSkÆ´z{ÔtzZu]z̧q5+k, në]*Zg�Zk¹„Zg«LÂx

~7�7g~îg6,WgZ3ƒCì‚B~) Refinery ƒD�Zq-Q
pŠvg}Ÿ~ƒCìÔ½Z�?feƒ**¸~Ô É q¢ÅÓx)ßYÐÔ

*gCìDÙZg;¡§i;ñ¿ÐÔ%LzZ6ƒäÆSyÐ²?
¦/ZggìƒDƒgzi%{Åi0+ÏZKÔq¢ƒDƒ¯k~ZjwÆc*^
gìƒDƒ‹~X

Sy¡§i;ñ¿Æz̧q5+k,ƒäÆnÔZq-E
ÂéÅ Refinery Å¢zg]ÑhƒCìX{m "Conveyor Belt"

6,Sk*gÇ{~@*�ZâYSk Point ¢zg]ƒCìgÇYäÅCÙZq-Zë
ik,cÃ¢zg]ƒCìƒäÁ (Channel) ~*gÃp~ÐX*gÇ{

Å(Mð~X 23@*26 ¢a) 10@*8 ÐÁ
6—5.5 ¢ac* 1.8Ð1.7 ¾qwÔSK̈ãŸƒ@*ìÜsZq-Zz‰

ÅDŠg»gƒCì 32.8 ¢ac* 10 ÅJ-Š~XSk»Ètì�Zq-**à
ZkÃŠg»gì — ±5é

YNEgN*QkÆ£¨~ 5 $g$Zq-Ÿ~��ƒ@*ì
Zq-¹„ñ].Z:QeiZíÅX|~ÔSK̈ãŸðHŠHìÇZ,
„Zq-S¤Æ‚BX

½Zð**àik,c)ìÔ%~Å**àÔn{ÔgKZzg(,~WP(g¿ˆ
¢a10 ~Zq-¹{mF,KMÆ‚BTÆ- Line ìŸ~Zq-

Å(**àg¿ˆìZôoÆ‚Bhqª~Ÿ~T»ŠÜs 32.8)

ÅÀ˜Mƒ@*ìX 5.5 ¢ac* 1.7

10 Ÿ~ŠZ4ƒäÆÔ̂ZEw™Š{ZâñpgZu»W¸iÔZq-
¢a^6,NÂxÆÂ‰ÐÔƒ@*ìÔTÆŠzgZytpgZuZq-Ÿ}o
Zzg¡§i;ñ¿Ð*gCìX6�z{pgZu*gCì¬0*õ”V

ÅD**àÆÔz{I3�}o§i;ñ¿Ð‰ 32.8 ¢ac* 10ÐÔ
Ð (Rising) Y**á Zzg” (Kneading) ÔÍ0+ñY** (Grinding) bY**

*gD�ÔZzg˜VJ-¡ZW,Z]»mƒ@*ìÔZ�x0*@*ìâO]Ð�
**à~Z�ÛZiGYD�Z¼zŠÐX

N¿Ñzqƒ@*ìì~ZzgYg~gLìn{ZzggKW-$~X
gKW-$~Ô»gWæZâYpgZu~ÔiƒYC�ÜzÜcpyÅ**CV~X

»!*[Z−Z¼ Refinery /
�y„?pgZuÃvg}ì~gnpƒÔNÂxw•~W@*ìX

pgZuÂh~Zzg3YCìŠZÕVÐÔ�Sk§i¿Æn{mîg6,ð
Enamel G‰�XtŠZ-$ÃgGƒñƒD�¹„JZzgŠgC—Ô

ZzgSy6,¥¡»ÃðZW,7ƒ@*ìX —Ð
CÙŠZ-$ZK÷Åo9LÐZq-^g‚rìX‚tÆŠZ-$!

ŠZPâ—Zg Canine ƒD�ZzgpgZuÃgL•zV~!*.$Š}Mh�X
ŠZP Molar ƒD�ÔpgZuÃ•zV~!*.$Š¶Å&¢Agnp�X

pgZuÃÕÆnðG‰�XZ¤/øg}ì~ŠZ-$ƒZq-„n
ë0*D —32 Incisors ŠZ-$c* 32 Canine Z¤/ëgnpƒD — ÆƒD

Z+ßg]~½ã**eƒ@*½Z»¢8X
Zq-ZzgVwðÅŠZÕV~Š@Y$ËìSyÅF,KM~XCÙ

ƒD�‚tÔ˜VQyÃƒ**ƒ@* Incisors ŠZ-$ÇîgÐ9(6,ƒ@*ìX
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£x6,XZ¤/z{ QÇÐSyÆ9 — ƒD�Ôz~ Molars ìÔ
ZK»VÃÔz{ƒD»°uJ-"»gX D $+sƒ
z;VÌƒCìåëW°Šgxy~WiZŠZz6,ÆZzgnÆŠZÕV
~XSyŠzâV´̧V~ŠZ-$Zk§bÐðG‰�Z,�$WgZx
ÐZq-Šzu}ÆÜsZ#vgZ„ZÈgLìXVwÆîg6,ÔZ¤/™sZq-

~Ðƒ@*ic*Š{Ñm£¨~ŠzuzVÆc*g‚rƒ@*Zq-ZŸ† Molars vg}
!*CÙå3ÆÔ?‡.Þ:ƒDƒÈ™ävg}ìÃX?ƒDA$**‡.Þ7gZ™ä
Z,ãCŠ~w»]‰3äc*!*]™äÆX

~X@*ëQyÃÔQyÅ Mouths âñßŠaÃðŠZ-$7gnpZL
¢zg]Ì7ƒCìQyÆZLZzAŠâV~ÔYèQyÅ«pgZuŒ
ƒCìQyÆâVÆŠzŠ|6,XW×W×Ô¾qwÔ‰�z‰ÜW@*ìQyÆ

Palates n3äk̂½Z»ÔZp´Vz̧q5+k,ƒC�”VÆ3,x
)@*ß(~X‰Ÿ]ŒVŠ¢š5é EGSÑzq™D�fí{™**y»Ô6�z{gÇ

Xˆ~Ôt�3Ÿ]!*ëïYD�Zq-7g~ (Signal) ƒDZ̧q-Z�ág{
F,KM~Zzg7™D�ZLW\ÃZq-F,KM~ÔZq-Zz6,ÔZzgZq-Æ!*iz
Zq-Ô‰�z{Y…��QyÃH™**ecXŸ]�¦G�iZZ+yˆ
ZfZy%YD�ÔZzgt%Š{Ÿ]ŠZÕVÆŸÃ¯D�X�3Ÿ]QyÆ

yÆfí{™äÆÔ̂z{!*ëï™Zq-Æ!*izZq-Ô¯D�Zq-(,Z‚
ç™D�QkÅ̂»XSk (Block) ÂŠZ‚XQÔŸ]�¯D�tÂŠZ

ñh6,ÔZq-Zzg(,Z7{ð»Š¬YYìX
VwÆîg6,ÔŸ]ÔãCŠ~„}ÅA~~Y…��¾nÅ

^QyÐŠzgzZµŸ]Zz6,Æ@*ß~¯D�X
Sk§b Blocks ŠzâV¤/z:ÆŸ]¯D�QyÆù¦îg6,

ƒD�¹„£g~§&ÐZk§bZ#„ZÈƒ@*ìÔ Fit Ð�z{!*ë
»Íì7g}îg6,ÜsQyÆ�nƒD�X Top, Molars

~ÃðÌ)ëW°vg}n(,~"ìZzgÂaZ Form Sk
~zZµ Palate ™CìX¾qwÔ]ì**‡.Þ¢Åg»�ZÖgHY@*ìÔ

yš¾Zq-Šzu}Æn)©à£g~ 32 Ÿ]ÐÔXÐÆ
ZDw~¯ñYD�X

¬]Z,‰æZ¢š-ö
EG‚|#ŠZÕVÅÔT§i6,z{´ñYD

�ÔZzgùQyÆZDwZzgZdwZq-Šzu}Æ:æENEÌÑixÆƒD�ÔeC
ì
²£Ðö NðÃ�Qy~0*ðYCìXz;V6,ÜstZq-„zzƒCìÔSy
Ÿ]ÆÅg~ZdwÆnXéÓxŸ]ÆŸ~Ôt‡ŠgÇZvƒ@*ì
�«™@*ìŸ]ÃŠg]�»g™D�ŠZÕVÃQyÆS:]Æ‚BX
/ºmNj[+

6�pgZu3YCìŠZÕVÐÔz{*gCìºm¡ZW,ÐÔ
)°[Š‚(áÆ¸ìXßvÁƒD��ic*Š{Skj[+ÐQy Saliva�
Ågzi%{Åi0+Ï~zZ6gT�ÔZzgßvÀòîg6,̈g7™DWc*c*7Qe

ŒY@*ìƒDƒñZq-¹ Saliva Z�ÛZiƒ@*ìÔZzg:ÁlZgzV~X
„‚Š{j[+ÆÔ²|~z{Zq-¹„ºm%“ƒ@*ìÔ�Z ²-.1¹Òø
GGÆSàÅð LÖ6,Œƒ@*ìX

ñµŠêì?ÃfZB™vg~pgZu»X Saliva ƒÐ¬Ô
Taste ~iƒYD�Zzg Saliva fZBŠ¶zZá‚ãpgZu~ÆÔ

Ô÷Ð�vg}i!*yÆWy~aç LzV6,ƒD�ÔÐïYD Receptor

�XÜsSk§bÐ?zZªîg6,fZBCk™Mhƒ�¼�?3gìƒD
ƒXz{ÌZq-zzƒCì�YV?àƒðpgZu»fZBCk7™Dƒ²
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»Z�ÛZi&Z¼zŠzVÐƒ@*ìÔZzgt¯@*ì Saliva vgZìÈƒ@*ìX
W‚yF,è3pgZuÃ–™SÐÔ‚B‚Bgnpƒñ¡ZâY�i™D
��¼ë3D�gLgLfgZ]~œjƒD�ŸÆnX

~ŠzZj[+k„ZpZmÆqïƒD (Saliva) pŠ°[
�XZq-7g}îg6,»g1Šg�ÃÂhŠêìZzg:æENEz~îg6,Ø¤/~Q7$+w

— Zq-»g1Šgf$»•Z — ŠêìXVwÆîg6,ÔZ¤/?gnpƒZq-•ZgzK»
vg}ì~ZzgZOg™D�Zq-4ÆnÔ?Ø¤/»fZBCk™Dƒ

j[+ƒ@*ì¹ûX]ì Saliva »g1Šgö»XŠzuZ — IL•}
SkâùÅå?Ø»ÔpgZuÆfgZ]�ìÆZ§Zs~“ƒD�Ô‰
ëçDYD�Ôz{WD�!*ëZq-nÆd}Å̂~X

ÔZ�ÛZi7ƒ@*ÔÂøg~pgZuZâic*Š{ÈƒCøg}n Saliva Z¤/
�ëøhe70*MhSkpgZuÃZzg:!*]Ìoƒîg6,™0*DXëÃðÌ
k̂pgZuÃZEw™äÆ‡.ÞÌ:ƒ0*DÔZzgëZLW\Ã7g}îg6,

�¯Šîi0+ÏÃËuJ-ÂX — 6,*ZgZ™**7,@* Liquids �gpgZuÆ
»x™D�Ç‰¡!™)ÿ{âVÆÔÂhä Mouth øg}

~{mîg6,aZH SalivaÆPtyalin ¶K3Ã��ë3D�XZ4,Zì�g
Y@*ìSkÑÆnÔ¶K3ÃÂhäÆnZzg$+%SÐØ¤/~X;L�
zZµƒ@*ìì~Ô:Üs¡ƒ@*ìÔÉ}o;LÌŠZÕVÐZ�x
0*@*ìXtŠzâVÃgé;LÆZq-Šzu}Æ:æENEÌÑixƒD�X
/N¿~i!*y»™ŠZg

}oN¿~Ôi!*yZq-Zë™ŠZgZŠZ™CìXtZq-¹„
8hé LkfZBÅ8ø LgBbìÔZzg@Ze$ÌŠîìpgZuÃì~Ô‡.Þ¯ä
ZLÃçñYäÆZzg‹YäÆW‚ãÆ‚BX

i!*yÆRZzgYtV6,ÃðŠkDÙZgfZBÅàVƒC�Ô�egZ
fZSVÆn8hé LkƒC�:¤/xÔÛÔØZzgš/z}fZSVÆntàV
8hé LkƒC�XtfZBàV»ñµŠî�ÔŠg†VZ½ZîVÆ

Ã×™ä�CÙŠyZEw~WD�Xz{SkŠg4îg6,»x™D Flavors

��i!*yZzgÌ½ZîVÆfZSVÃ×™gìÔX»¬L‚o:ƒ@*åX
¸zzì�Zq-F,1iLfZB~ëÃš/zZ7Ckƒ@*T§bÐZùgV

»•ZLfZB~Ø7ƒ@*ìXSkÆ Cake Ckƒ@*ìÔZzgYVZq-
´z{ÔfZBÅàVZg1VZßÍV~ÇÐZq-„§iÐ½ZîVÆ

Ck™D�X¦gZ]Ô{Ô3g}Zzgš/z}z){ƒD�Zq- Flavors

‰CÙZq-ÆnX‚bŠZVi!*yÅ&¢AÃÒy™D��gZq-
LL)©à¡)ßYÆóóX

ÔPuddings pHƒ@*Z¤/vg}i!*y6,P„fZBàVƒC??
(Ÿ/õ ENEƒñÍ“c*gzKÆfZSVÐ¸…ƒDX�¼Ì?3DƒDÔÓx
»fZB7Vƒ@*X

gZ]»3**ÔÈƒY@*�åƒDƒñZq-Š
ÄBø
ENIÁÚÆîg6,Zzg

Zq-"Ñ»xÆÔ?ÃZ�xŠb7,@*CÙŠyF!*gX@*ëz{Z( OñSkÆƒY@*
ÅCÙ Flavors Zzg]ìvg}fZBÅèV»?×™Mhƒ — ¼7ƒ0*@*

q�?3DƒÔ�ñµŠêì?Ã#p™ä»vg~½ZÃ�?feƒX
(Oesaphagus) ~Å**à %  /

N¿ÆŠzu}%³~Ô½Z¦/gCì²Ðn{~˜V6,(,Z
;L»¿Ñzqƒ@*ìXŒVÃðN¿ð70*@*ì²½Z

ÐƒDƒñ*gCìXvg}½ZÆè3ÆÔ̂¡gv Oesaphagus

~X½ZYCìn Oesaphagus ‰¤/ŠyÆúÆÔe©�½ZÃ

8788 ZK̈ãŸÔZq-7{ZK̈ãŸÔZq-7{



Oesaphagus ZÁnÐÔ Rhythmic æ…Æ³~ÌÔ‚B‚B
»t†°ZÁn»!*g Oesaphagus ÆX Peristalsis ÆÔ�Y**Y@*ì�g

!*gƒ**SkŠg¤!gƒ@*ì�z{‡.Þ¯Šï�½ZÃ(,JŠ¶YÑgZƒVÐ
ª 25 ²~*gä 12 85Âî

G
Z¤/?geƒñƒD�X½ZgìZq-¡

Ã Mouths »Ã,ð™ä~ßvZL Oesaphagus Zõ(E 10)
3äZzgwŠzâVÆnZEw™Mh�ÔYè¯g~îg6,ˆ~

TTube ÆnTÐÆÔ½Z*gCìÔƒ@*ìZq-Zzg Oesaphagus

ƒZfe�XZq-ZëÃ̀ǵƒ@*ìŠâr~ŒV6,Ôz{Z¤/ç„ LungsÐ
ÆÔŠx²-ô YNH™?%Mh Oesaphagus ƒð½ZŠZ4ƒCìƒZÅ**à~Oñ

ƒXZ¤/Zq-½Z»•ZtÐŠZ4ƒ@*ìƒZð**à~Ô!~Ðñ]c*J
Fg~³ƒCìXZzg:Z¤/ƒ@*ìÃðiƒZð**àÃÈgpp»xîg6,X

¹„¡~Zzgiiƒ@*ìZq-ƒZð**àÅgppZq-{¤
�ÁZzgÈƒnXZzgZk§bXZzgZk§bÔ85Âî

G
Z#73D�Ô ²£Ð.5åEyÃ

ÔVw Saliva Z#z{ç3� — ßvzZ¢š5é GGSç3gT�FÎ!*gCÙŠy ¾qw
Æîg6,X

6�¬ÒyHY[ìÔZK̈ãŸÅð6,¡½ï EHƒCìÔZzgƒZð
**àgBbìZq-¹„‡.Þ½z/

+B©‹-ö
GEEGÂxXZq-²£Ð.5åEyÔ�Œƒ@*ìZq-

gK!*ÄÆ•}6,Ôƒ@*ìƒZð**àÆaç L}6,ÔpŠlŠÈƒ@*ì‰„?
)æz[(ÃŠZ4ƒäÐƒZð**à~X Drink ç3ƒÔgzÈƒñÃð½ZÃc*

ZzgƒZZq-ŠiZzgàYCìZ0+gƒZð**àÐSk§b!*g!*gX
6�ßvZKgzi%{Åi0+Ï~Ô3c*™D�Ô@*ëÃðÌzZ6

7ƒ@*Sk!*ÁZ>ç}ÐXÃðÌLÎø7ìÔSk!*g}~ÔLLHƒ@*
ìÔZ¤/~�¼�Á_ƒVÔY@*ƒ@*ìßîg6,ªƒZð**à~@*�÷~½Z

L:Sk~™ƒZzg:ßvZÒª]™DƒDÔz{²£Ð.5åEy»x™@*ƒ@*Zzg
ÓxZk**]~Ô  Ð?óó Choking ‡.Þ¯@*=gz1

?vg}²~²£Ð.5åEyÅZÌÐzZ6ƒ0*DƒZ#J-�?
7,|:feƒSy{mTgÃ!¾qwÔQk²£Ð.5åEy»z�Šg‚rƒ@*?Ãi0+{øZz‡]
~Ô85Âî

G
‰�?ç3ƒÑÅg~îg6,ÔÇPZq-²k¬X
Sk²£Ð.5åEyÅzZã{¤ZL~Zq-¹‚g~¬]gBbìX
VwÆîg6,ÔHZq-**gï!*Ú»²£Ð.5åEyz(„ƒ@*ì6�Zq-»̂ƒ@*ìÔ
Â^Ænz{¹„ç**uƒ@*XSkn¸zzì�Ô”VÆ²£Ð.5åEyZq-
¹„Z§&ÐZC÷Z�xŠï�XQyÆ¶²£Ð.5åEy²~Zz™ð
6,zZµƒD�£˜!*½V~ÔñµŠïƒñ”VÃ‚÷he»²z{8
gìƒD�âV»ŠzŠ|Xz{ÌƒCìzz�YVa7gzD�Zzg

ƒä70*D�ZLŠzŠ|ÅWÆŠzgZy~X”V~²£Ð.5åEy» Choke

ƒMh�Z#J-�z{ Choke Âxz(„ƒ@*ì��!*Ú~ƒ@*ìÔA$a
ZL‚÷Ãgzu7fe�X

¾qwÔtz„¢zg]ƒCì�g;™CìCÙ^~�Lg;ƒÔZzg
ZzgŠzegƒD�¹„£g~ — ñ�ŠƒCìCÙ̂~�i0+{ì°iâ:Ì

§&~X?Ø™QyÐ�Zq-Sà"‡°Ï~2ƒD�ÔCÙÃð«
™Š{ƒ@*ìÇ²£Ð.5åEyÅz„nÆ‚B�z{gnp¸èpZg~Æiâ:~X

Sk§bÐÔZ#tßv)a(Á/â�ZyƒYD�SyÆ
²£Ð.5åEyÅ‚|#Šz!*g{$+rìQyÆZ´c*C¢zgÂVÆ³~X
/n{~-ð

n{»CÙŠzgZL~¹„-ðZq-{mZ!xÅ§sgÚ~
ÆCardia ™CìX½Zn{~Zq-ß!*[Z−Z¼ÐŠZ4ƒCì��g
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Y**Y@*ìX
Ãn{Ð5D�ÔÍc* Oesaphagus ~gv‰ (Gap) Skz9

�t»x™D��gZq-²£Ð.5åEyÆnÆÔgzÈƒñZŠðg}Ç”{½ZÃ
~X½ZA$(,fìn{ÆZz6,~™Š~̂~Zzg Esoaphagus ÍzZ:

ïYCìz;V6,nz~F,˜ÐÔISkÆ�áZq-¯g~ñhŠZ4ƒän{
ƒ@*ìX Body Part Æah}z~Ô�n{»

SkgK~Ô�Šg}gN*ƒ@*ì£¨~!*Ç¦ñZz6,~zÐÔ
ZøÅW-$~Zq-*gÇ{Ð� 12 n{Zq-ŠiQßƒ@*ìZzg²£Ò5é NGì

B@*ìÔc*n{»aNZgB@*ìXt*gÇ{Ôn{Æ©}6,Ô�g Pylorus

Zq-²£Ð.5åEyÆ»xZ�xŠêìÔŒŠïƒñ�ìZŠSXÇ™Š{½Zn{Ã
ñYw•¤!g Rhythmic ghCìZzgw•™CìWÕVÅY+$X

nz~gv]VÐÔ7ÅYCì&6,ÂV~ÔSk!*]Å8-$Šïƒñ
J-X Pylorus �½Z9îg6,(,fìn{£ìÐ

QÏz‰ÜÔtñYw•æŠÇgƒCì½ZÃ”áYäÆnÔ0
YäÆngLgLfgZ]~ZzgzZ¢š5é GGSƒY@*ì$+wYäÆŒÛd$

ÆY**Y@*ìXSy-§i;ñ¿Å  Chyme ö{~��g Z Ûâù
X ¢zg]zZãƒÏ;LÆ§i¿ÆˆÆ%ÖV~

— ÃÌÇ™Mh�  Razor Blades ¤!gnz~F,ÚÔ85Âî
G

ùQyÅ®sc*QyÃ"ZW,HY@*ì?
n{~NÂx¹Zƒ@*ìì~z̧q5+k,ƒäzZáN

Ðn{~QF,CìÔn{ÆZ0+gzãR Oesaphagus ¿ÐX�V„½Z
ª (Substance) 6,zZµŸ]Ñzq™D�Z�ÛZi™**Zq-¤!g—

ZzgŠgz Pepsin Æ‚Bï™j[+kª Substance Sk Gastric Acid

Razor ÌZ�ÛZiƒD�ÔtSã»°¤!gƒD��Zq- (Hcl) ³guF,˜
ìZ¤/  Ãi™äÆ‡.ÞƒYD�XpQyÅñ�ŠÏ¢zg~ÔƒC Blade

‰6,z”ÃÇƒ™bÌ Substances Z,¼ÂÐÇGYäzZá
$+yƒ**ƒ@*ìX@*ën{pŠ6,z96,Œƒ@*ìXùƒ@*ìt�t¤!g
F,p̃Šn{Ãvy7à@*ì?tSK̈ãŸ~ðÆÑ®ZŠVßV~Ð
Zq-Ÿ]n{Æ7Šg~Š-Zg~�Zð~ñ�ŠƒD��¹„Z
pZmgnp�X‡ìgnp�Zq-¹„**iuÂZiyÃÔ‰Ÿ]n{~
»Z�ÛZi™D�Ô²Šzu}Ÿ]�QyǢg~0*k~ƒD�{g` Hcl

B@*ìÔ�nz~Š-Zg»D™@*ìZzg Muscus ™D�Zq-åj[+�
Ãnz~Ÿ]Ãvyàä Enzymes Zzg Hcl �geJwÆ»x™@*ìÔ

}gzÂìX
Ãvy Cells Zzg¶Z�-VÃ Viruses ´z{SkÆ Muscus

àäÐgzÈ�ÔZzg*gÇ{~èaZ™D�@*�½Z½Zð**àÐ
W‚ãÐ*gnX

pùtÓx§&;ñ¿zZµƒD�?
ùtõ¢‹-ö

EEGâjwaZƒ@*ìn{~?Hnz~Ÿ]pŠZLîg6,
Ôc*Ø`D�c*¼ƒD Substances ê™D�aZ™ät‚g}

? �Ãgñ!Skõ¢‹-ö
EEGñ¾Ãã»
Ÿ]Æn‡.ÞƒäZ,Zq-q™¦/gäZzgaZ™äÆn

¢zg~ZâYÃ;LÆnÔZq-M®ZŠÆŸ]Ã¬zZ6ƒ**ƒ@*ìQk½Z
ÃTÃ�Ç™äÅ¢zg]ƒCìz{z„Ÿ]ÃtÌY'ƒ@*ì�Zq-

‰F,Š̃g»gƒ@*ì;L»¿ƒäÆnXA$z{Ÿ]Ã¥x Substance

™**ƒ@*ìÔZzgÑzq™D�aZ™**SkÃXZÏz‰ÜÔ™õÃãÌaZ™ä
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�— ÆnÔZŠzu}Ÿ]Ã¢zg]ƒCìSkŠg»gF,Ã̃‡ì™äÅ
Carpet SkŠg¤!gƒ@*ì�Zk»Zq-¢{°™aZ™YìZq-ÎgZcZq-

Å=ô™D�ZzgaZ™D Acid �Ÿ]ÃvyàYìZzgA$ —~
�Zq-Ãgñ!SkÅ®s™äc*SÐ"ZW,™äÆÆnXÃðtQk
Ãgñ!~n{Ænn{ÁƒCìÔiƒäpŠÆZLF,˜~Ô"—Ô
Q½**!*bîg6,ÑiòZâ»n{~ÔËqw7ƒDZkŠg‚Š{6�t
ÜD7™YìXÃgñßVÅ¯z^Zñ„ìZq-(,ZZÛ/ÔZzgË3Æn
t!****eƒ@*ìV0***Zq-¡Ãgñ!6,ZzgA$ZEw™**SÐaZ™ä
Zq-ÑbÃXZq-3�ÑÅg�ZCÙ6,Œƒ@*ì7g‚rì¢zg~f6&¢A
Z(¼™äÅX

85Âî
G

Z¤/ëyÆuzŠÃ0*g™fe�Zzgìw™D��SK̈ãn{»
F,W̃c*åzZ¢š5é GGSz�Š~Sk§bÐ6�eZgz$h4ø

EHë�ÔQÌëÂµ7
™Mh:æENEzÑix™õ—Ô»Q½**oƒz‰Ü6,Xt{g`ZiÎZwƒ@*ìF,ØV

ŠyÆ 3@*2 ÃÌZL~i™BÔ Razor ÆnÔ�Sã%6ƒD��
²DÆnÔg$70*D�ÔZzgz{™Šï�n{pŠn{ÃÔùeƒÇZOg
™**F,Å̃®~ZâY»�3‚wX

SyÓx!*ÂVÃf‚~gnpƒñÔ!*ë‚o™D�Zq-zZãCð
Æ�D™@*n{ÅF,˜ Muscus »X:æENEÌÑixŠgz³guF,˜ÆÔ!*ë‚B

ÐÔƒCì"ÑgVßV~ÐZq-VwZvÆð~F,KMÅXZväaZ
HìZK̈ãŸÃ�gZq-‚ÝÆÔZEw™DƒñZq-"ÍðÆX
/j[+�¼ìF,˜~N¿ÆŠzgZy

tƒCìÔËqwÔzZuVwµ/È~ÅT§&~�n{»x™@*
ìX6�?äŠ¬ìÔZK̈ãŸ~ÂxSkŠg6,¡½ï EHƒD��ÔCÙÂ

uòßg]qw»‚o™äÆnÑzqÐ„ZôïD+ZÛZ(gÅYCg„
ìXVwÆîg6,ÔNF,ØVÅñ�ŠÏZq-{àn{~ÔSk!*]Å6,zZ{7

)•(Sk»D™@*ìÔ¢„gÇÏZq-n{±è NEZW,n{ Muscus �¾Šg
6,X¸zzì�ÃðNF,Z̃�ÛZiƒä70*@*Z#n{{àƒ@*ìÔSk§b

ƒ@*ìÔ�Ãð Pepsinogen pŠlŠç{TÞY@*ìX{àn{~Zq-Z4,ZìÔ
ÌNpZm7g‚rìXZ#½Zn{~BìÔ¾qwÔn{ÆŸ]ZC
»S�ÛZi™**Ñzq™Šï�ÔZzg�¯g~îg6,{àn{~ñ�Š H c l

Pepsin Å‚|#~p~Ñ@*ìÔZzgSÐ¹„¤!g Pepsinogen

Æ•zV~$+wŠêìXt¢~Ðn{~ñ�ŠpgZuÅÂhYh Enzyme

Ñzq™Šï�XZ¤/fg{‚Sk!*]6,̈g™,ÂØ¸ì�ÃðâùZ#J-�
{àn{~gLìÔ"¢gƒ@*ìÔpZq-¤!g•ZÅ̂Z(g™©8ì²
n{pgZuÐ½Zƒ@*ìZzg�"ÅgZ·‡]Ð7Q½YìXt¬îg6,

~(Substance) Æn$+ÜZq-Šzu~— Substance **eƒ@*ìZq-
CÙ½ZheÐ — ¡Z·tÐÔ{mîg6,gnpƒñZq-9Ãgñ!CÙñµ6,

¬ÔSK̈ãŸ~ÔSk§i¿»zZµƒ**ËqwƒDgLìXtghŠêì
Z·tÆËÌZkyÃ8¯ËuÆX

™sîgÐÔt!*]zZãìÔ�Ãð¸]Z+ì�Y„ì�“
n{ÆŸ]Ã¾ÃZ�ÛZi™@*ƒ@*ìÔZzgŸ]Ãoƒ§&Ð»x™ä»
ñµ«™CìÔZzgŠgz³guF,˜ÆZ�ÛZiÆZz‡]~!*‡°Ï¯ñgBb
ìXţ]�SK̈ãŸ~Ó#Ö™CìZvìÔ�‚g~»Ñ]ÔZzg‚g}
»Ñ]~“Y0+ZgzV»ÔZzgSK̈âV»Ì{ÛìX
/vg}n{»$šŒÐö

G
Âx

3äÆÔ̂?_§~»Zq-ZˆkCk™DƒÔ85Âî
G

¤/Zãn{»
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ÌXpSk!*]Ð?Ø™Ô?4îg6,**zZ6gTƒ‡.ÞÒpu¤/òÐ�
ƒg„ƒCìvg}n{~XvgZn{Ú¦ñÐ!*NY+$ZzgZz6,
ÐnÅ§s'ç NH@*gLìÔSkÃÒ~ÎgLì�àƒðÔpgZuÃ4Z0+Zi
~Ç™áÔ]ìvg}n{Æ{m$šŒÐö

G
ÂéÆÔ¾qwÔSkŠzgZy?

Syw»]Ð"̧gTƒX
Ô&e{4V~F,KMŠñ‰ (Muscles) n{Ægv‰

ƒD�Xt!*]n{ÃW‚ãÐŠZNÐ!*NZzgZz6,ÐnZzg¢~Òp
Ðw•™ä»ñµ«™CìX

TÆ³~pgZuÃñµƒ@*ì�4îg6,n{Æj[+kÐ
Ók~gìX¾âqÔSknÆw»]åZL‚BZq-vN*c*yZ!ÑD
�:g¥/ÅX

n{WÕVÆ!*izzZµƒ@*ìXSkÅÚw•»Èƒ@*ì
Sk»WÕVÐg¥/Z3**Ô�J¡Æ)baZ™YìX

Zq-ZôïD+ÛSkç}Ð‚o™äÆnà̂ìÔ"—X
BC Peritoneum n{ÅƒÐÛzãReqƒCìZq-GÆ‚B�

c*Oily ìÔZzg�Zq-~̂âù»Z�ÛZi™CìÔ�n{ZzgWÕVÃÛzãîg6,
ÃZq-Šzu}Ðg¥/Z3äÐ Organs g‚rìÔSk§bSy Lubricates

gzÂìZzgyZ!Ðôpg‚rìX
/pyÅ¯z^Zzgn{

ÅƒCìt�z{pyÅ Muscus Zq-)áµ{¤n{Æ
&+Z]pŠpy7aZ™@* (Muscus) ¯z^~zŠZgƒCìÔ@*ënz~•

ìÔÉz{Ô¾âqÔA~ÆÍŠ}ÅZëæŠÆnzŠZgƒ@*ìÔ��uc8-+õ EG
ÃÔ�ŸÆn¹„Zëƒ@*ìÔA~ÆÍŠ} B12 aZ™@*ìXtzN*ð

J-à@*ìX (Bone Marrow)

Z(g™@*ìYDƒñ B12 Z#?ç¤™DƒQk»̂�zN*ð
»Sk^~Zë™ŠZgÔƒ@*ìZq-(,Z Muscus A~ÆÍŠ}~ÔZzgn{Æ

7{�Š3ðŠêìpgŠ|Åð Lw6,X
™̂@*ìNÂxÆ B12 SK̈ãŸ~ŠZ4ƒäÆÔ̂zN*ð
~ÔZyl(ì  Blood Stream -$Ð W ‚BZzgˆZfZy*g@*ƒZgK
-$~X¾qwÔ W »ga'Y**Ñzqƒ@*ìgK B12 A~ÆÍŠ}~X
ÐX¾TÔ B12 ÃðN3gKW-$~Ô‡.Þ7ƒ@*ìÃg$zN*ð

Zq-gLÐ´‘~gKW-$Æƒ@*ìZq-¤/z\Ÿ]»T»Zë»x
ƒ@*ìZ(¼™**XtŸ]z6G�ZK‚g~i0+ŠHVÔZq-7ZC§&

ÃX B12 ~ÔMVzN*ð
Ã71V B12 tŸ]‡.ÞƒD�×™äZzgñäzN*ð

Šzu}‚>V~ÐX
Z[ë̈g™D�Sk7{6,�z̧q5+k,ƒ@*ì:Ÿ]Ô�MU�

ÅZÌÃSK̈ãŸÆnXz{Ÿ] B12 ÃÔY'ƒ@*ìzN*ð B12 zN*ð
Zq-{m£x6,ƒD�ÔgKW-$ÆZq-ºmz~Ô@*�Qy»!©ðE£»x

ÃñäÆnZK‚g~i0+ŠHVz6 B12 l!Z�xŠ}ÃXZ¤/85Âî FGzN*ð
ÃñäÆˆQ7ghŠï�ÔzZ: B12 GƒD�Ô@*ëtzN*ð

~ZzgSk§bz{Q7ŸŠï�}ZzgT»pŠQyÃØ Blood Stream

7ƒ@*ìX
Æñä»_./ø�»SyŸ]ÐbCÙ{ƒ@*ìÔ B12 SyzN*ð

—ÔSk!*]»ZÖgì�z}W7Mh�z�Š~Z·tÐXÉz{Sk "
!*]»™sØŠêì�tÂx{mîg6,ðHŠHìX
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Z#?SkÂx»ç¤Zq-Šg}Zzg,~™DƒÔÂZzgÌic*Š{
ª]Z07Z]ŠÚ~WD�X

Ã B12 Ÿ]gKW-$~Ô‡.Þ7ƒD�Ù|#™äzN*ð
B12 SyÅ{xqª~XSyŸ]ÆnÙ|#™äZzgñ0*äzN*ð

‚>VÆzZWQ7Ô¢zg]ìªCÙƒäÅŠzu}{m‚?ÐXt
Ã B12 ¢zg]6,Ô"—Ô̈gHY@*ìÔZzgZq-ÂxaZHY@*ì�zN*ð

ª¶KyiŠÆISkÆãgKW-$ÃX "Marked" ñµ«™@*ìƒä»
ZÌn{~ƒ@*ìÔŸ]aZ™D�Zq-{m B12 ²zN*ð

‚?Ã¢zg]ƒCÔ B12 »geÃgx~ÔTÅzN*ð ID ‚?QkÆnZq-
ÆB12 ìÔQkÆ̂ÆfsÆ%ÖV6,XtÙ!»ge¢ïÆ‚BzN*ð

‚?ÐôgLì6�z{Yg~g‚rìZCẐKgZ{6,Ô|~Vg;ƒ@*
ìgKW-$6,X

6�?äŠ¬ìÔZq-Ÿ]»gN*¤/z\ÔgKW-$~Ô7g}
Blood »Ø`äÆnÔSkÃñµŠêìÔ B12 îg6,f)ŠZgƒ@*ìÔzN*ð

Æfg=̂™ä»X@*ëtŸ]‡.Þ7ƒD�T+zN*ð Stream

ÃSkÅŠgCqª~Ô�eƒ0*@*ì²Ù!»gezN*ðÅæŠÆn B12

Wc*ƒ@*ìXSkÙ!»ge»]ì�Z¡!Ÿ]Ô71V‚>V~Ð
~  Blood StreamÃ B12 ÅÙ|#™fe�XˆZfZyz{ B12 zN*ð

pyÆfg=A~Æ B12 ŠZ4ƒä»ñµŠï�XSk§bÐzN*ð
~V0*D�X (Bone Marrow) ÍŠ}

Å B12 6�?ŠÙƒÔn{ÆŸ]ÔSK̈ãŸÆnzN*ð
ZÌÐl!zZ6ƒD�X'×h+',WyÔtŸ]Y…��W-$ÆŸ]

ÃÔZzg B12 ÅÙ|#™äzN*ð (Marker) Ã¢zg]ƒCZq-{m¶Ky

�¬g~ƒD — oƒîg6,aZ™D�z{Ù!‚?ÃXA$W-$ÆŸ]
ÃZzg (Marker) Ù|#™fe�Sk¶Ky — �WçÐÔ;BÐc*(Ÿ-@î EGEÐ

ÃX B12 M÷fe�zN*ð
ÔSyÓxzZu]Æ�gZq-³ÆÇz_.[ B12 #ÖÈß�ÔzN*ð

ƒYD�ÔËZEÌ7gT�Ÿ]ÆWc*n{~c* (Assimilate)

W-$~XSkzN*ð»ZEwƒ@*ìZq-Ã-´‘~ÔªA~ÆÍŠ}~
aZƒMh�Ÿ (R. B. C.) ~Ô]Sk»�Ôucpy8-+õ EG Bone Marrow

~ÔZzgZK̈ãi0+ÏYg~g$Å‡.ÞƒYCìX
¡^Æ¬]�SkzN*ðÐð0*D�ÔƒD�»°

bCÙ{™ä6,¡½ï EHÂñV»�SK̈ãŸ~0*ñYD�X"—ÔÅgZzg
"ÍZdw�ªCÙƒD�Sy§i;ñ¿ÆŠzgZyÔZ�x70*Mh�
ik,cŸ]ÐXZ#�ƒ¼¹ZzgŠ¬ŠHìÔŸ]ÜsZ+‚854è

EG
G

ƒC��"Åg‚Ó]Æ!*bF,KMÐµƒC�Xt!**îg6,"p
ƒ@*ìˆl™**3~ÅgÔWiZŠ%èc*¤‰ÜÃX²£Ðö NCðtì�n{Æ

— Ÿ]Ô!*ë}2éÆ‚BQ¸gD�
Zzg��z{Z�x — ZvÐ — pyÅaZöÃÔaZG‰¸z„{Û

z{ƒD�2ZvÅ!’q-ÐX — Šï�QyÆZdwÃ
We$7ì:
LLZvÆÎZÃðqŠ7Ôi0+{ìƒ»åtzZÑÔ7ñ$ËìQkÃ

QzóZzg:’ÔQÏ»ì�¼W�âVZzgi}~ìÔZzgZ(Ãyì�\gl
™}SkÆ0*k1SkÅZYi]ÐÔY}ì�¼�ËÆgz',zìZzg
�¼QyÆúìÔZzgz{ƒZq©7™MhƒVËÔq»SkÆ¥â]~
Ð1A�z„e’ÔRöìSkÅ™Ï~ÓxW�âVZzgi}ÅÔZzg¤/ZV
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(255 7ìSkÃåoSy»ÔZzgz„ìƒÐ',F,ÑzZÑXóó)Îg{•{Ô
/N¿Yg~gLì

~$+wYCìÔ(,Jð Gelatinous Paste pgZun{~ÔZ[
ÐZq-§†²£Ð.5åEyÅgZ{gKW-$~ÔZ, (Duo Denum) YCìÑú"

Å(îw 23 ¢ak) 7 Zõ(¢~piZZ+Zi 1.8 ª) 3 ~�Üs Organ

ÅÑÑ"'ç NH~ƒðÔŠ!ƒðZzghqª~CÙZq- 23 ¢ac* 7 ~ƒCìXt
ƒ@* ~0*ðYCì7{SkÕÆuJ-özŠ7 (Abdomen) SK̈yÆù
~X (Enclosure) ìÔ¾TXZëF,+bCÙz̧q5+k,ƒDgTSkß“s

Z¤/p�Zq-ic*Š{z½Z»ÂhZY@*ìn{~ÔSk~»¼!*¹gL
ìn{~Ô�~iÂhZ7ŠHƒ@*ìQkÆ!*gq-ZbZY~Xt~i)Ç½Z
�n{ÃghCì‚BZzgƒÆÔV0*D�gKW-$~ðh~„Šk,ˆX
VwÆîg6,Ôl86,ŒpgZuÂÐÇƒCìÔƒDƒñ¹„
(,}‚>VÆZzg0*ã~**i5+k,g$ÆX

ZkzzÐÔl!»ÇƒY**n{~zZµ7ƒ@*ìÔÉgKW-$
~ƒ0*@*ìX

¿cZƒD�XtŠz (Liver) Zzg® (Pancreas) Skñh6,ÔÅ5Ò5Ïî EE
¬�Zq-qmj[+gKW-$~Zq-**à)1$**à(c*Zq-j9Å Organs

æŠÐX
®„CÙzZ6ƒ@*ì�n{Ôl!ÃÂh7YìXQkz‰ÜÔz{ZL
~g‚rìZq-¡Ãgñ!Zq-{m%“ÆnX�V„�l!6,Œ
½ZNgKW-$~V0*C�Ô®gh@*ìZq-âù�Qk»»g™Š{Zzgfí{
”{qª~ƒ@*ìÔÇ9z‰ÜZzg(6,X

Æ**xÐY**Y@*ì� (Bile) »»x�1$ (Secretion) SkZ�ÛZi

Üsl!ÃÂhäÅuJ-„özŠ7ƒ@*ìXSkÆ´z{gKW-$~
ILƒñl!ÆfgZ]ÆZ+Cå EEEZ[~ÌæŠÇgƒ@*ìX'×h+',WyÔz{{m

¡áz&+kg‚rì�WÕVÃñµ�ÛZë™D�Z¦Z[~zN*NÆZzg
Æ�âg@*ì¢gg‚y̀Z�Ã�W-$~!*¹ Antiseptic ´z{Zi,ƒ@*ìZq-

g{YD�X
1$ZW,Z0+Ziƒ@*ìpgZu~ñ�Šl!6,�Vg„ƒCìgKW-$
~Ô*ZgDƒñSÐZq-Z’Zð§i¿Ð�õgkÆZW,~ZŸ†™@*ìX

ZZ4,Z'.ø
J

�õj[+~�áïƒD�:Üsl!ÆÇƒä
z;V6,ÌƒD� — ~æŠÇgƒD�ÔÉ¶K3Zzg6,z9Æ;L~Ì

™D� i Ãg8-~ÔgKW-$ÅŠ-Zg~Ô�Z�ÛZ Mucosa (,~®ZŠ~¼zŠ
ZZ4,Z'.ø

J
Ã�ZŠZ™D�Zë™ŠZg;L~pgZuÆ�‡.ÞÒpîg6,

gLgLfgZ]~#$[ƒ@*ìXpgZu»9zÑKW-$~
[RV~3äÆˆXSk 5@*3 gLgLfgZ]~#$ŠHƒ@*ìÃð

~Zzg Amino Acids §bÐÔ»g1Šg�•™‚Š{Ø¤/~Ô6,z9Ô
Æn»ggT Assimilation ~ÔZk§b Fatty Acids l!ewZzg

�XgKÔW-$~Ÿ]_.[™D�Sy‚Ó]ÃZzgA$ghD�Sy
Zk§b Food Stuff ~XZ# Blood StreamÃ (Nutrients) ´c*]

Zzg‰zN*N0*ã (Nutrient) ägKW-$ÃÔÂÃðÌ´t h »gƒ@*ìg
ÐŠzg7g{0*DX
/N¿»Wy~%³

$F,Z̃Og™g;ƒ@*ìWÕV~
6�?äŠ¬ìÔN¿zZµƒ@*ìF,ØVÆfg=n{~Ô
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~Paste ³~ÔËuJ-¤!gF,Úg{YD�Í0+ñƒñpgZuÆ
�n{ÐgKW-$~(ìÔZzgz{Zq-i',Š„ç}ÅúÒÏ™Mh�

Å Mucus Ãð{m Duodenum ÆnX',Üsn{Æ Duodenum

6,]7gsì�QkÅ™«™nX
SkF,˜Ðn{7ƒ@*ì?SkÎZw» Duodenum ZknÔYV

�Z[0*äÆnÔë‚o™D�ª]Z0N§i;ñ¿»�z̧q
(ƒ@*ì Duodenum 5+k,ƒDgT�SK̈ãŸ~XZ#F,ñ{Ð

ÆŠ-Zg~ƒD�Ô Duodenum Â(ìZq-ç**uÅð LwJ-ÔŸ]�
B@*ìÔ»Z�ÛZi™**Ñzq™D�X Secretin Zq-;gñy�

z;V6,Sk§i¿Æ¹‚g}UƒD�XªUÔ
Ãgx~ƒ@* Pro–Secretin W-$ÅŠ-ZgzV~ñ�Šƒ@*ìZzgc* Secretin

~ÔZq-Zµ Secretin ìXÇ”{½ZÆik,ZW,t;gñypsƒ@*ì
�"ZW,™@*ìF,\öI0Z�ÛZiZ]Æ!¸ç NEZW,Z]ÃÃu™ÆÅ5Ò0î EE Substance

ÃX (Pancreas)

ÆBlood Stream, Secretin é¹‚Š}Šzu};gñ÷ÆÔ
J-(ìZzgÅ5Ò0î EEÐZ�ÛZi~Z4,Z

'.ø
J

ÆnÔæŠ» (Pancreas) fg=Å5Ò0î EE
ç}~ìÔÅ5Ò0î EE´´‘Ã Duodenum ¤̈ƒ@*ìXtYy™�

‚ã&ìÔ@*�n{ÐWñƒñF,Å̃®sƒnZzg Bicarbonate

ôpg{nX Duodenum

ùt§i;ñ¿�SkŠgZëìSK̈ãi0+ÏÆnWñ�
�QyÃŠg»gƒ@*ì0*c*Y@* Substance z�Š~?W-$ÆŸ]Y…��

~Xz{Y…�ù�n{ÆF,˜ÆZW,Z]ÃQkÆ (Pancreas) ìÅ5Ò0î EE
¡Ãgñ!Ãps™ÆŠzgHYYìXSkÆ´z{ÌtW-$ÆŸ]

ÆÃgñ!ÃÔÃu™ÆÅ5Ò0î EEÃÔ¥xHYYìÔ Substance Y…�Šg»g
Å§sÐÇ‰\xÃ&ì Duodenum ZzgSk§bÅ5Ò0î EEÃuƒä6,

ZzgZ4,ZìÆZ�ÛZi»¿Ñzq™@*ìXtÓxç5]‡.Þ̈gƒD�X
WÕVÐ0úVÆjZ!Y]~ÔZ,Z˜q]‰Y…�

ZzgzZ6ƒD�ÔZEwG‰��izgŠï�§i;ñ¿Æ7ZC
UîV6,�z̧q5+k,ƒDgT„SK̈ãŸ~Xzg:Ô6�CÙf~=¿™
YìÔZq-3�Âîg6,Îa7YìÔg‚rìWiZŠZ:%èZzg©8ìŸÔ

ÆS:]ÃÔZzgØ`@*ìŸ�V»X Organ zZ6ƒYìŠzu}
T§bÐ�Ÿ]Ô%(Ÿ-@î EGEc*ÅgÆ»x™0*D�ŸÆZ0+gzã

Z0+ƒzV~Ôz{ƒƒ@*ìÔZvÆZdð»³XtZvìÔQkÆ"VwD
Æ‚BÔ�ð™@*ìŸ]ÃZzgS:]Ã�z{ZL~gnp�Xt‚g}

G‰�ZvÐÔZK̈ãŸ~ÔªCÙ™D�QkÆ¤‰Ü S:]�ð
ÅÑözŠ¡]ÃX
/N§i¿»Wy~%³

pgZu»N¿7gZƒ@*ìgKW-$~X@*ëÇ™Š{âŠzV»
Z+Cå EEEZ[Wy~%³ƒ@*ìXSk§bZ+Cå EEEZ[Æ³~tÇ™Š{pgZuÈ
Y$Ëì˜V6,QyÅ¢zg]ƒCìÔSK̈ãŸ~XZ+Cå EEEZ[»¿ìZzgn{
~¹Áƒ@*ìÇ]åIN{½Z»_.[ƒ**7g}îg6,WÕV~zZµƒ@*ìÔ
Z+Cå EEEZ[ÆngKW-$Å‚|#7g}îg6,ñizVƒCìgKW-$Å
Z0+gzãR¹„gsZzgŒŠZgƒCìX‚B~pgŠ|

')4ø FFÆ�SydV
ZzgQ¸gzV6,ÑƒD�X

t
')4ø FFzZ¢š5é GGS_.[™äzZáŸ]ƒD��ñD�´c*C

fgZ]ÃXÅŸÃ¢zg]ƒCìÔZzgB™D�Q7pyÆ
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ÃXÐÆz{:æENH}ƒD�Xt¶
')4ø FFY…�ÔÇ Capillaries

îg6,�Høg}Z�xÃ¢zg]ƒCì:fgZ]~MƒðØ¤/�ZEwƒC
�ZEwƒD�øg}gv Amino Acid ìøg}(Ÿ-@î EGEÆúV~ÔZzg

~Xt¶
')4ø FFbCÙ{™D�z�;]»0*äZzgñä (Muscles) ]V

~́c*CfgZ]ÃXÅøg}ŸÃ¢zg]ƒCìX
85Âî
G

6�?7,_ƒSyZÖpÃÔ�3t
')4ø FFŸgìƒD�¢zg~

´c*CfgZ]Ã́£â]Ã�?Ã‡.Þ¯D�7,"S7ªSyZÖpÃX
]ìSydVZzgQy6,zZµ')4ø FF»ÔWÕV~ÔgKW-$Zq-!*Ú

%, 358 Ãð&Î%,¢ak) — ~zZ¢š5é GGSgBbìZq-ËuJ-(,ZÒgK
ÆX Tennis courts ¦/(Ôc*ŒÛd$)zc*îg6,Šz

»Z+Cå EEEZ[¿~W@*ìX (Nutrients) SkzWgK~Ốc*ðfgZ]
~$+Ñ Paste OçƒÐ¬pgZuÃ!*gq-fgZ]~!*†Y@*ìZzgZq-

Y@*ìÔTÃA$;c*Y@*ìW-$ÅZ0+gzãR6,Zq-¡6,]Å̂~Ô@*�
Ã_.[™ÃX (Nutrients) Ÿ]W‚ãÐÓx́c*CpgZu

gKW-$Å{m{
V~ÐZq-ƒCìQkÅ_.[™äÅ
&¢AÇ»°lZgzVÅ‰¢zg~ZâYÃ_.[™CìXVwÆîg6,Ôu

Ô�Zq-{mÅð LwÐZz6, Iron »Z+Cå EEEZ[ŸÃvyà@*ìX Iron Ðic*Š{
WÕVJ-BìÔ%ÇGÆ{g`™Š~YCìXZ¤/Z(7ƒ0*@*Â³
JFg~Å̂~',Wæƒ@*ìX

SkÆ´z{Ô6�¬„E+™{ƒ[ìÔgKW-$ÆZq-¹
{m8~î O~0*ñYäzZá´‘Y]Z,Ÿ]Ð¶ƒD��zN*ð

Ã_.[™äÆn»ggT�XßvÃÔ�ZLWÕVÆSkgKÃ B12

u81¹Ðö EGŠzgGƒñƒD�Ôǵƒ@*ìZŸ†zN*ð]Æîg6,Ôc*z{

%YD�X
ZvÅ(,ZðÃ4îg6,KÆnÔWÕV~Ÿ]ÅZN!&¢A6,
¨g™äÅ¢zg]ƒCìXW-$SK̈ãŸÆ@*gq-gK~ƒD�Ô:Â

(Substances) ‚B~f;-$ÆZzg:¥â]Æ×™äŠgxy~Zâ
ÆX85Âî

G
Z(ƒÌÔÂz{ÃZ+{qZâYÃvyg‚yZâYÐ×™Mh�ÔZzg

)¢zg~âŠzVÃŸÐ{g`™Šï�tÇ‰Šg}**eƒ@*ìßÍV
Æn¡ZâYÆnãëVÆc*ŠJC`s�gÇƒD�QyÆ
‚tÔÆŠgxy×™**ƒ@*ìX

ÃðÌ%́F,šMÆ™7YZß¬Ã–DÐZµÔ¡QyÆ
ªCÙZêªÐXt**eƒ@*ìQk¿Ænç™**ÃµZâYÃZ+{jc*
¢gg‚yƒD�Ôc*ÁlZgzV~z{°Zß‰Üñ�ŠƒD�ZkÆŸ
~XZ¤/Z#�Zq-ZK̈y¼È7YìSyZâYÆŠgxy0*ñYäzZá
�ÛtÃÔ@*ëŸ]�QkÆWÕV~ƒD�7gnp�ÃðÌÂZ(
¼ìÅX

6�?äŠ¬ìÔt»°7ƒ@*ìǵzzZzgÅg‡.Þƒä
ÃX (Substances) Ù|#™äZq-{m—

Zq-¿ÃÌ¢zg]ƒCì-¥â]ÅX
SknùWÕVÆŸ]WD�Sk¥â]Æ‚B?ùt

Ÿ]Yy0*D��HŸ~Ô71VŸ]gnp�¹ic*Š{Zzg¹Á?
SyèoÆÒpÐùz{ËÌ)bÅo™D�Ÿ]��ZCÙ
ÆW35\6,ŒƒD�ÔÂîg6,ìw7GYMh��gnpƒVÃð
pŠÅZK%èÌX²£Ñõ Nîg6,ªCÙìÔt¥â]g¿ˆ�Ÿ]ÅZ0+g„ÔZzg
™sîgÐÔZ(Zq-�á0+Zg§i¿zZµ7ÔƒYìÔZ·tÆZW,Æ-c*
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ËZzgSk‰KÐXt!*]eCìZq-¤!g�Æz�ŠÃÔ�«™@*ì
Ÿ]Ã�¼�zZ/z{gnp�Xz{¤‰ÜZvÅ!ìÔƒ»{ÛìÔ�
«™@*ìÓxZâYÃQyÅÕÿX

Wc*]7�:LL5§b6,¯äzZÑW�yZzgi}»ÔYðƒYì
QkÆgCqÑèSkÆÃðúg]7ÔZzgQkä¯ðìCÙqZzgz{CÙqÐ
zZ6ìÔ¸ZvvgZg[ìÔ7ìÃðqŠÎZQkÆaZ™äzZÑCÙq»

(101-102 Î?QkÅ„Š]™zÔZzgz{CÙq6,»g‚iìXóó)Îg>ZwZÅxÔ
/̀Z��vg}n»x™D�

_.[ƒYD�gKWÕV~ISk (Nutrients) ic*Š{F,´t
_.[ (Nutrients) Æ�z{V0*D�(,~W-$~X¾qwÔ‰{ḿt
ƒ@*ìÔ� K GYD�(,~W-$~ÔQyÓxŠNZâY~ÐZq-zN*ð

ƒä~ÔZzgTÅ¶J}ò (Clothing) ZŠZ™@*ìZq-Zë™ŠZgpyÆß
¡~ÒpÐQk K aZ™$ËìÔZzg85Âî

G
ñ]ÌzZµƒ$ËìX¾qwÔzN*ð

~70*c*Y@*ì��ZK̈ãŸÃŠg»gƒCìXZ¤/SÐÜsZq-{m Form

HY@*ìÂtzN*ðZ(g™YìZq-̂Ô�SK̈ãŸZEw Refined §i6,
™YìX

Z+ðZ�x7 (Metabolism) pSK̈ãy~zCR»gzZ×V
Æ:ƒäÐ%ä70*D K Š}Mh�tZ(÷ƒ@*ì�ëZq-zN*ð

~� Form ÃZq-Z, K ™@*ìzN*ð (Refine) �?H}2xì�$
øgZŸZEw™Yì?

K �Z[Sk»!**ª]Z0ìX{mnÆ̀Z�WÕV~zN*ð
Ã§i;ñ¿ÆZq-ŸÐ*ZgD�Zzg$+wŠï�SÐZq-^

ÔZq-ŠiZ# K ~Ô�‡.Þƒ@*ìZEwƒäSK̈âVÐXzN*ð (Form)

»gHY@*ìSy̀Z�ÐÔƒ@*ì_.[(,~W-$ÐZzgA$ZEwƒ@*ì¤
K ¯ãÆ§i¿~XÙc*Åñ�ŠÏW-$~�$™D�zN*ð

ÅƒCìZq-Zë,X
Z�xŠ¶ Genetic Code ¶̀Z�ƒD�9(6,Zzggnp� +CÒ3|ö

GE
G¿ÃÔ@*ëßv**xÐ**zZ6ƒD�ÔZzg85Âî

G
z�ŠÆÔ̀Z�Å�Qy

Æi0+{$g$ÆnSkŠgÑiòƒD�XÃðZ·‡]�áZ+„LaZ
™YìZq-̀N)‡ì™YìSÐSK̈ãWÕV~Ôc*‡.Þ¯@*ìSk

Æ‚BZ�xŠ¶ŸÆnÃZ+{q§i;ñ Genetic Code ̀N)ÃZq-
¿Ôù¦îg6,X

Zzg¹„ZëÌXSk~Ãð – t¥â]¹„ª]Z0ƒC�
—7ìÔt¥â]øg~gÚ~™C�{ÛJ-îÆnÔ�öy™@*
ìZzgCÙq~!*‡°ÏÑ@*ìXz{{ÛZvìÔ�öyHìCÙqÅ¦ñ
!*gq-,Æ‚BXéi}6,ñ�ŠÓxY0+ZgzVÆÔZK̈âVÃÌZvÅ
¢zg]ìXz{z�Š~Ññ‰¸Zzgñ�ŠƒD�QkÅ%èÐXZv
&+Z]pŠËÌqÅq~#7g‚rìXZq-We$~Sk!*]ÃSk§bªCÙH
ŠHì:LL7bÔÃðìvg}ÑrV~�gZ{eñ9ÔÂÈZv9gZ{e@*ìÔ
ÂZ[�ÃðgZ{Cñ9ZkÅ!*]â$ecc*QkÅ�W\:0*ñgZ{1Z#
ÃðZzgSkÃgZ{eñÔÎHƒŠHì?ÃÔ÷Z»s™DƒXóó

(35 )Îg{-÷Ô
/øg}ñV~Zq-WiZŠ»g{::®

™D qD‚ßV~ÔÛR,ZbkÑzqG�ZKZb8-ÃZEw
Æ‚B ƒñ®Ã�gZq-âewÆX{mîgÐYèT§bÐ®»x!

Zq-„z‰Ü~¹‚g}ë{ZdwZ�xŠêìÔz{W\ZKnƒ@*ìX
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ZdwÔ�SK̈ãŸÆÀòîg6,`äÐmgnp�Ô 500 ®Ãð
Z�xŠêìX

Zq-̂ ®Sk!*]»ŒŠêì�Óx½Z�?3DƒÔÑðYCì
~��vgZŸZEw™YìXZ(™ä~Ô®ÂhŠêìë{‚>VÃ�
WD�py~NÂxÐ‚>V~��ZEwGYMh�c*fí{™

Blood nYD�z{ˆZfZy&ì»gWæ‚>VÃŠzu}Ÿ]ÃÔ
Æfg=Xp¢gg‚y‚>VÃ*Zg@*ìFZq-§i;ñ¿Ð Stream

ZzgA$&ìQ7¤/ŠzVÃÔ˜V6,z{ZGYD�Zzg{g`GYD�
4.5Ð3.3 ³¤/Zx) 2Ð1.5 Å̂~XT§&ÐZq- Urine ŸÐ

pyÆÂ‰ (Nutrients) ©8ìZLÏÓx́c*CfgZ] Organ 7&+(»t
ÐÔ§i¿ÐZzgZ¡¬5]Ð*Zg@*ìÔZzg$+mìQ7»gWæ
¤8-š¾~ÔZzg�ƒYD�ÃZ+{qŠzu}Ÿ]ÆnÔtƒƒ@*ì
pŠÐZq-7{Xaè®»ãCŠ~�Ûnƒ@*ìÔpyÆfg=qÝƒäzZá

Ã§i;ñ¿Ð*Zg}ZzgQSkÆ»gWæ8{ð OVÃŠzu} Nutrients

Ÿ]Æ¤8-š¾Æîg6,ŸŠ}ÔSk»xÆn®Å‚|#ÃñizV
(Spongy) ƒ**ƒ@*ìfí{™äpyÃZL~X|~Ô®Zq-Z

^©-Aö
EEE

7&+(pyÃ 2@*1.7 ¤/Zx) 900@*800 ‚|#g‚rìXSK̈ãŸ~Zq-]
Zq-Z+Cå EEEZ[ÅZq-qª~ǵƒ@*ì®Ð!Zz‡]~XZ,Zq-ziã

Ã Organs »{m£xÔZ,Zq-§&ÐðHŠHì�z{Šzu} Organ

vy:àä0*ñZzgQkÆnQÌZLÓxZdwÅZ�xŠ„W‚ygÇX
/®~Nzw»Âx

®Å»g™Š7V»».ÞÈgÇ{Æ»ñVÐƒYìX
~�‚âyZ´̧VÐZq-£x6,¦HY@*ìZzgA$ i QÏZ0+Z

Šzu}´̧VÃ5Y@*ìÔZâYÌ�¢zg~ƒCÔ�ŸÆn¦ÅYC�
®~ÔZzgQz;VÐŸÅ¢zgc*]Æ_.ÈYC�X

pyÆn�−Zƒ@*ì{xZâYÐÔ®J-SkÆî»Z®gpy
Å Veins Å**CV6,ƒ@*ì�NgZ3Zzg›wÐƒDƒñ¦/gC�X

Ã!*ë�hD�XŠzu}ZÖp~Ôt Organs **1Vºm£œÆn
~0***Zq-**à»T»Ñ)Dƒ@*ìc*�Ãð÷ Organ **eƒ@*ìË
�®J-B�Ôf)ŠZgƒC�áYäpyÃ9 Veins 7gBbìX

Left  Ventricle lZgzV~ZzgÂîg6,ÁÐÁz‰Ü~X™spy›wÆ
®Å c »ÔŸ~Ô¥ (Artery) ¤/ŠzVÅÑc*âVÐ®Ã(ìXCÙÑc*y Ð

§sƒ@*ìÔ6�z{Y…¸�pyÃ®ÃY**åX
pyÔøD©w¦/gDƒñøg}ñVÐÔ�7gZ™@*ì

øg}Ÿ]Å¢zgÂVÃÔZLW\»ç¤™**ƒ@*ìQÐƒâg~ÐISk
ÆãZL2w6,ÔZzgZ¤/Ãð¶
Ù|#ƒCÔìÂQkÃ9™**ƒ@*ìX®
ÆŸ]Z[)zc*:qª~ŠZ4ƒD�Xpyn{ÐÔWÕVÐZzgI

QkÅ$ƒCìXtZ(¼ V Ð!*Z°Z„®Ã5Y@*ìÔ˜ (Spleen)

ÔY…ƒ®ÅZÌÃÔfe¸Zq-œ�êZ�x Organs ƒ@*ì6�t
Š¶»x»QyÆZL8~î O»Zzg7gZ™D�QyÅf)ŠZg-VÃ�SkÐ0
ƒC�XZ¤/pyn{ÐÔWÕVÐÔc*IÐ!*Z°Z„îg6,›wÃ`Y@*ƒä

ÌŸÆŸ]ÃÔQk»Èƒ@*�ZâY�ZÌ»g7ƒñZ̧EwÆ
„ƒYDX�aZ™CZq-i0+ÏÆn — c*85Âî

G
¢gg‚yZzgiCÙY —n

ç}ÅŠ–X
®ÆŸ]py7aZ™D�ÔÉpy®ÆŸ]ÃZzg”V

Æ®ÆŸ] Substances Ð(ìX!*z�Š�pyÆƒDƒñÛzã
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ÆnÔ®Ziîg6,QkÅ‚|#Ðl!zZ6ƒ@*ìXCÙ®»3Y}ì
ÇÐ�ÃyÐpyÃǵecZL~XZ¤/ÃðZâYpyÐ¸T$ƒC

ÅiZZ+ Substances �Ôz{Q7½™Z**ìXZ¤/z;V6,py~Ë
Zi¢zg]lZg,ƒC�Ôz{fí{™ŠêìQyÃZL~X

ZCÔ®ÆŸ]gnp�ZL~Zq-âCÙ�ñµŠêìQ77gZ
™äZLZdwÃWy~wsJ-X

Ð (Sources) Æ',ÜsÔ®ŠzZfgZ$šð JV Organs Šzu}
Ð (Arteries) pyqÝ™@*ìXªfg=ƒ@*ìza�›wÆÑc*âV
Ã Nutrients ™spyÑ@*ìXŠzuZfg=ƒ@*ìzaÑc*âV»�ÑD�

Ãe{îg6,í (Tissues) ®Å!*:V Sources n{ÐZzgWÕVÐtŠz
~„ƒYD�X (Sinuses) �Zzg!*:V~zgh+~j&Òø E

®ÆŸ]Æ§i¿Ð¦/gäÆÔ̂pyQÐ!*ëïY@*
~X Vein ZY@*ìZq-zZu h �Zzgg

Óx§i;ñ¿7g}ƒäÆ‚B„pyÔ®Ãgh™¼ìŠw
Å§sBƒ@*ìÔÅàä@*i{py Lungs ÆŠZNÓk~ZzgQ

ÆŠgxy~ÔF,KM Organs ‚g}ŸÃX6�?äŠ¬ìÔzgh+~Yw
Šc*ŠHƒ@*ìºmöyÆ_.ÔZzgŠzgZypy»ÂxÌ¯c*ŠHƒ@*ìSk

ºmöyÅgzÝ~X
/®ÅZq-{m‚|#

ÛpyÅ**1V%ËÝz^ÆáYCìpyÃÔSkŠg(,~
ZÌÅqïƒCìøg}i0+{g$ÆnÔ�YCì¹„ŠzgÆ)gzV

ÅŠ-Zg,Ô�ƒYC�ZzgÌ¡ Capillary Vessels Ãøg}Z�xÆX
‰‰z{ŠZ4ƒC�!*:VÅ�ZÇV~XƒYC�ZzgÌ¡£¨~

Ñc*âVZzgzgh+zVÅŠ-ZgzVÆÔ]ìSyÆ)æZg‚½V»Ôz;Vƒ@*ì
ÆÔ0*ãÆÔZ Gases Zq-xîg6,nŠ!Šgxy~!*:VZzgpy~[

ÆXŠzu} Antibodies {âŠzVÆÔ;gñ÷Zzg g ÔëVỐc*]Ô**» yn
Å®~Zq-

+B©Šö
GEE

ãCŠ~6,] Capillaries pyÅ**CVÆ£¨~ÔŠ-Zg,
ŒV6,9Â7ƒYìÔYè (Lack) ÐøzxƒD�XzZ¢š5é GGSÔøzè

~0*ðYC Organs )q¢~ŠZ·ƒCìX²z;VZq-ãCŠ~6,]Šzu}
Capillary ìÔ]ìSkÅ)ñ�ŠÏ»®ÆpyÅ**CV~Ôpy�W@*ì

ÐÔƒ@*ì̄g~îg6,®ÆŸ]ÐF,FƒY@*ìÔ®Æ§i;ñ Veins

¿Ð¦/g@*ìZzgQŸÃ5Y@*ì¯g~îg6,ZzgOW,ÁZ0+Zi~X]ì
Sk‚|#»�SkŠg4îg6,SkÆZdwÆo9LÐƒ@*ìÔ®W‚ã

!*:V~ÔSk6,¿cZÌƒ@*ìÔaZ Sponge pyÃZL he Ð‡.Þƒ@*ì
ìZL~ ©8 ~Ô‚B‚B Blood Plasma ™@*ì¹‚g}6,z9Ô

Ð� Blood Stream Ã̂™Dƒñ Erythrocytes Zzg{g`™@*ìŠ*
�7gZ™D�ZLŠzg§]ÌX

�gZq-Šzu~VwÆizgŠïƒñZÌ6,SkãCŠ~6,]Æ
ÐSoft Soil ‚|#ÅpyÅ**CV~:tW‚yƒ@*ì0*ãÆnZ™**

ÐX‚yßvZÒZKi	VÅèÃe¡™DgT� Hard Clay Oñ
@*�”VÃ4îg6,QÇäÆnèÆ)â]~ZŸ†ƒnX7Š}Z+
è~�eL:Å̂ÔìÜsZq-özŠœ!*glÐQVMh�XnzVZzg0*ãÃ
7ŠzVÆazVJ-îÆnÔèÃ¢zg]ƒCìgppÅZq-)æZŠ‚|#X

Sy„Z˜jV~®Æ!*g}~̈g™D�ÔpyÅ**1V®
7gnpZzgZk§bic*Š{!gëg~ÐpyÃŸ] Clay ~ÃðãCŠ~6,]c*

~v™D�X
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Sinuses : Pools /®~
(Sinuses) Fine tìwHY@*ì�ÃðÑÄÐiZZ+zgh+~**1V

Å̂~®Æë{zZj°‚|#~0*ñYD�XQy»�Ûn Cracks

Zq-§bÐ!*CÙÐWäzZápyÅö!*ã™**ƒ@*ìZzgSkÆ6,z5~
Zq-™ŠZgZŠZ™**ƒ@*ìX

Üs Erythrocytes »¢SkŠg!*gq-ƒ@*ì� Sinus Zq-
Zq-Zq-z‰ÜzZu~pŠÃ$™¦/gMh�XZ+Zq-**iuZzg
{‚|#»x

™CìZq-¿Å‚g~i0+Ï~Ô%L¥c*n{ƒäÆXzzÔYV
gnp�Z+Zq-**iu‚|#ÔƒCìS•ðª]Z0X Sinuses

Ã� Substances ®Æn»x!Æ‚BaZ™**c*{g`™**Ô
VSubstances ÐÔtÑixƒ@*ì�t Blood Stream SkJ-í�

tf)ŠZg~fe�ÔZzgâCÙZ: Sinuses ®úVJ-X Hepatocytes 0*ñ
ÆX îg6,»x™D�®Æ!*:V~ÔTÆfg=z{“ƒD�éuùV

ÆÔŠ-ZgÅ‚854è
EG

GZzggºŠzu} Sinuses ZôoÆ‚Bç”{¢kÆ
�X **CVÆ‚BƒD�£g~îg6,ñizVQk»xÆÒpÐ�z{Z�xŠï

)ÑHÂìTÆp9YVÆ Fenestrae ?‚854è
EG

G�BC��g
ÅŠ-ZgzV~ƒD�ñµŠï�fgZ]Ãpy~ Sinsus nYD�(
B¢aÐÌÁƒ@*ì(ì®ÆŸ]~Ô²Sk 1

——
10,000

��#Ö~
¼ah}ƒDÔA$(,~ Sinuses zunYD�XZ¤/ g �#ÖÐ(,}

�#ÖzZá‚ãÌW‚ãÐ®ÆŸ]J-íƒDZzgQ7n{™ŠïX
/®~ZŸC‚854è

EG
G

Zzg Epi thel ial  Cel ls (1) ®~ŠznÆŸ]ƒD�:

SîÅ!*DŸ]Xz{QyÅf)ŠZgc*V(,~!*‡°ÏÆ‚BZ�xŠî�Ô (2)

%LËZF~c*»xag~ÆQyÆ�ÛZø~ÔYèÃðÌ!hÏî�gzun
»Èñ]ƒ@*ìX — Sk!*‡°ÏÆ»xÆÂxÃ

VwÆîg6,ÔZ¤/®ÆŸ]‰Ãi»fí{™**gzuŠï�ÂŸ]Ô
ÂZ**ðÆvyÅzzÐ»x™äÆ‡.Þ7ƒD�Z¤/85Âî FGpgZuŠZ4
ƒ̂ƒCìÔZzg

(Ÿ-@î EGEÆŸ]»x7™Mh�ÔT»³ñ]ƒ@*ìc*x
@*ëZ(¼Lƒä70*@*ìXŸ]áÆº�ÔÓx — îg6,mzg~

Šg»gaZzZgÃÔÇeàÐ6�¢zg]ƒCìXCÙ®»3Zq-{mÑ
Æ‚B9èo6,aZHŠHìX

» Glisson ®e.ƒ@*ìZq-ËsZîÅ!*Äc*G~�
BCìÔ�Zq-¹„ZëÑÃZ�xŠîìXZ¤/ë®Å‚|# Capsuleþ

ÐÔ�âùÐ½Zƒ@*ìÔÐ™D�ÔtGxË Sponge »£¨Zq-
ÆZ§ZsƒCìÔ¢ŠÑDƒñ� Sponge Ð� Bag ƒCìZq-

%·]âùÐ½}®Ð7g5�X]SkSîÅ!*Ä»�®‡ìg‚r
ÐQÐ Organs ìQkÅ‚|#ÃZzgQkÆZbZYÃ',ŒÛZgg‚rìÔZzgŠzu}

Zµg‚rìX
SîÅ!*ÄÆŸ]®ÃeJb�Zzg™«™D�Ôp®

nƒD�gnp�¹„Z�ÛZøXt (0.04) ÆŸ]�Zq-B¢a
!*]ª]Z0ƒCì�Ÿ]SkŠgZq-Šzu}ÆŒÛd$ƒD�Z�x

(,ðF,~ (Embryonic) ~854-ö E
E
GE (Womb) ŠïƒVZ,ZµÐZdwXg3

ÆŠzgZyÔ‰7Í/õ EGQyŸ]~$+wYD��®¯D�ÔZzgŠzu}7Í/õ EG
�̄g~îg6,ŒÛd$~ƒD�X

ËsŸ]~$+wYD��ẐfZy!*ëïYD�ZzgZq-G
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¯D��7g}îg6,®ÃZL~ÈñgBbìÔSk§bËÌj[+Ãg•
ÐgzÇìXŠzZ¤/z:Ÿ]ÆQ½D�Ô�Zq-Šzu}Æ‚B!3}ÿ NG

ƒD�Ô@*ëQyÆ»ñVZzgg8-gz\ÆÒpÐt¤/z:Zq-Šzu}Ð
ZƒD�Xz;V6,SyŠzâVŸ]Æ¤/z:ÆŠgxyZq-¬âÃÝ
ƒ@*ìXCÙ3ÔZC�ÛnZzgf)ŠZg~Zzg¹VQkÃY**ƒ@*ìÅYïg~Æ‚B
aZƒ@*ìXŸ²ZÌ(,|g;ƒ@*ìg3~Ôz{ÇÐF,v ̂~Ô¯ƒ@*ìX

®ÆŸ]e{e{îg6,8‚½VZzgQyÆ£â]ÆÒpÐ
H»xQyÃZLf)¢8ƒ@*ìÔÆ_.ðG‰ƒD�XVwÆ

™C (Couch) îg6,ÔŸ]ÅŠ-Zg,�®ÆZ§Zs0*ðYäzZàGÃé
�ÔÓxÅÓx–ƒC�ÔYèz;V6,®ÆŸ]ZzgGÆŠgxyÃðÌ

»7ƒ@*ìX (Substances) nŠ!ZâY
Qy´‘Y]~˜V6,Zq-)©àîg6,nŠ!Ÿ]ÆŠgxyƒ@*

ìÔßg]qwZƒCìX
BD Microvilli QyŸ]ÅŠ-ZgzV6,¯&ÓÁõ FQ¸gƒD��

�X7,zÏŸ]ÅY+$“ƒD�ÔŸ]ZzgpyÆj[+ÆŠgxyic*Š{
»nŠ!ic*Š{W‚ãÆ‚B (Substances) ZâY Mgì@*� F,Ók»ñµ

ƒnXZ4,Z'.ø
J

�gëg(,JD�Zzg6ð)¬5]ÃgzÈ�ÔÌz;VQy
´‘Y]~g{gìƒD��tQ¸ggnp�ZzgÓxfgZù�¢zg~ƒD
�ZâYÆnŠ!ÆnÔz{Qk(~ƒD�X®Æ£g~8Zzg¡
pZmZLZdwZzg£xÆÒpÐgnp��eD��CÙ,Sk

~Zq-ºmöyÆèo6,g¿ˆìX Organ

We$7ì:LLZzgSÏ»ì�ÃðìW�âVZzgi}~ÔƒQk
(26 )Îg>Z°zxÔ Æ¬Æ@*,�Xóó

»Âx Canal /®Æ
6,Œƒ@* Channels ®Zq-{mÜzÜ»Âxg‚rì��3

®ÃpyÑC�ÔZq-ŠiZ0+gƒC�Ô��3 (Veins) ìXŠzZëzgh+
ÌƒD�� Channels ~#$YC�Ô®ÆZ0+gz;V6, Capillaries

ÆZ�ÛZiZ]áYD�Zzgz{pyÅ**CVÆáZi~ (Gall Bladder)Ø
7&+( 4.5 7&+@* 3 ³¤/Zx) 2 ³¤/Zx@* 1.5 ŠzhD�XSkZq-!*D•ZT»ziy

ÅHZÌƒCì? Micro-Channels ƒ@*ìÔ~Sy�3
ð»�á‚gÔTÅ ƒ@*ì �ÔSàîg6, Channel Systemt

ZÌÃic*Š{4îg6,ŒYYìZ#?ZKc*ŠŠZ“Ã@*i{™Dƒ!*g}~
lZgpyÅ�Bì®ÃZzg®ÆÀòZdw — ®ÆŸ]ÆZdwÆ

Š·y~ÑDƒX Ã
®$™@*ì‚>VÅpy~Ô$+mìQ7Šzu}ZâY

¢zg]ÔƒCìQ7fí{™@*ìXtÓx§i Z# ~Zzg (Substanes)

Ð(Laboratories) ;ñ¿Z�xŠ�YD��3¶¡!™)ÿ{âV
ZzgZq-{mZîu)ģ(Å¢zg]ƒCìÔCÙ — ª®ÆúVÐ —

3ÃàñYäÅZzg‚ãÃXÃ�$ƒ**ƒ@*ìÔáYñYD�
Æfg=X Blood ¦ñ3J-Ô

Sk¢zg]Ã7gZ™äÆnÔƒ@*ì ÔChannel Systemt
Z,Zq-§&Ð¯ñ Micro-Channels Zq-£g~ðX®ÆZ0+g�3

‰�‰�LZq-Šzu}Æ‚BÃðÚi·79Z™0*D�c*Zq-
Šzu}ÆZdw~Ãð—h7ÑD�X{xZâY»ÜzÜðƒ0*@*ìZzg

Æ‚B‚BX Channels ®~ÆZâY�aZƒD�ÔzZµƒD�Sy
6,: SkðÅ"Í¡]Ãic*Š{Zh§bKÆnÔ̈g™D�fsÅVw
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âyß�?Š*~ñ�Š¹„F,¹c*CZzg4+µ/ÈàzV~
ÐZq-»¿ŠzgZ{HìÔZzgQkà»óîg6,_·HìXQkÆ{xZâY
"Í�X{mîg6,˜VJ-ÜzÜ»mìÔCÙÂŠxQVc*ŠHìZzgF
Zq-(,~œ—ÔSkÆ!*°zVÆng¿ˆ�XZq-(,Zik,i}gw}
Âx¯c*ŠHìàÆRÒÔàÆÓx´̧VÃZq-Šzu}Æ‚B5ñg‚r
ìXik,i}gw}Âx»Yw%zV³¢akMƒ@*ìÔ‚B~ÓxZø

Xy ÆgZ3M
åàö)ÌÅˆìàÆRi}6,X]ìàÆM®ZŠ

!*‡°{îg6,µ/ÈZëgZ2V»ÔZzg;ðzm,»ÔR,Z’LÌYxƒä7
0*CìÔË!*]Å6,zZ{7ƒCì�àH„^zsƒÔZzgz;VÜzÜ~

}ÌL@*í7ƒCìXQÏñµ6,ÔvÃVÅZd‚|#Ì"Íîg6,
öyÅˆƒC�X

ºt4V~vXZzgWÑQ@Zc*]ŠîgSìR,Z’Yg~
vÃVÆMy¯C�ç5]ÃW‚yF,à Sign Posts g$ÆnÔZzg

Æ!*CÙYäzZáegZÇgkÆnX
tF,¹c*CàZq-Zë̂gCZzgQWnƒ@*ìXQkÅvXøZz‡]Ô

ˆgCZzgQ‚iz‚âyÑäáYäÆnZEw~gS�Xù?ìw
™zÐZ¤/Ãð?Ð¾�tàLöy„7HŠHåÔÇÔc*t}�t
WiZŠZ:îg6,7¯åÔZzgQkÅvXÔZzgQZzĝgCçkÓx¼Wñ¸
z�Š~Z·tÐZzgpŠÐ„?

OñSkÆª]iŠ{ƒV�Wc*z{¿ÆZÖpzZµ~9Ô̧?À
~ƒVÐWc*z{�ÛŠ}bÂ7ŠHìX

Z#à~ö)»T»f™Qz6,ƒZìÔSk̃t~».ÞHY@*ìÔ

ÐÔZzwZ™̄ic*Š{‚Š{F,¥xƒ@*ì Channel System ®ÆZ0+gñ�Š
ÅàˆƒCìZq-ºm Pulmonary Channel £˜ñyZ™̄ÆXCÙ

ÑÆnÔ7gZ™äZq-ºm÷ÃX
‚ãaZGYD�c*»gGYD�®~w•™D�Sy
Æfg=)©à̂zsF,+R,Z’~Ô@*ë%Ë—hÆ�z̧q Channels

²¡ç
Y
L}ƒD�Ÿ]Ð�̂zsƒD�Ô Channelsþ 5+k,ƒ@*ìX

aZzZg~Ôfí{™ä~Zzgv™ä~ÔZ�xŠïƒñ§i;ñ¿�
¹ic*Š{ë{ƒD�£¨~Qy§i;ñ¿Ð�ËÌ»g{:c*Q
Wn~ƒD�ÔZzg�Yg~gnp�aZzZg»ŸøZz‡]XZq-Z•ð
!*&¢AÜzÜ»Yw½HY@*ìZq-)©àîg6,aZ™äzZàQZzĝgC

<ÃX!**™sîgÐÔÃðZ(ZYöyHƒZÂxDîg6,ðHŠHƒÇX
SK̈ãŸÆCÙS¤~(,~ö)Š@Y$ËìÔ:Üs®
~X‚ã�{àWçÃŠ3ð7Šï�^™D�ÂÐ»g™Š{

ÐîQyÆŠg»g2wJ-XSkÜzÜ»xöSK̈ã Channels

i0+ÏÆnS•ðZëƒ@*ìX
‚bŠZVZzgeZËk‚A‚wÜs™`�ïZzg®~®

ÅÔT~t‚ãfí{ƒD�ÔTÅð LwJ-t‚ãgT�py~ÔZzg
Wc*Ôc*7z{{g`ƒD�ŸÐX|~Ô‚bÅ�ác�YãYCì

ÆgBbìZq-{m_·‚>V (Moleculor Biology) �g‚ÓC§»]
Æ|uRuZzgZdw»XtTä‰�Ÿ~X¥â]�R[J-qÝ
ƒð�Ô¾qwÔ‚o™$Ë�¡ŸÆZq-gLÐzÆ»g™ŠÏ»X
F,šMc*CŠârî]™gì�SyKãÂñV»ZEw™D�X¹
„qD)ßYÃÔ@*ë~i**»x�Z77g}îg6,KÆnXSyÂñVÆ
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nt**eƒ@*ìW**z�Š~pŠÐXŠ“ðW}�ãCŠƒD�QyÆWäÆ
z�Š~Z·tÐ!**ƒC�¡çÅ!*'X

ÃðÌŠúò7™@*ì�Zq-vu�Z\«ÐµƒCìWðƒC
Í ìz�Š~pŠÐXZ¤/Z(ƒÔt!**îg6,)xƒ@*ì¢™**�Zq-"
ÐÔ Blood Zzg Flesh‰Substances ö)Âx�¯ƒ@*ìZ,**iu

DÙZg;³¢akMÔaZƒZåZ·tÐX
ZväaZHìt‚gZ"ÍÂxXCÙqzZµƒCì6�z{Z(

eLìSÐX
/®ÆŸ]Å{m&&

®„CÙzZ6ƒ@*ìÓx»gzZÇVÐ�zZµƒDgT�ŸÆ
Zzg”V~XZ£â]6,ŠzgZypyÆÔNZzg[Âé~XVwÆ
îg6,Ô®IZiIY}ì�l!�ŠZ4ƒg„ƒCìNÂx~Ôiƒä
Æ‡.Þ7ƒCìÔZzg®aZ™@*ìZq-¡�¢zg~ƒ@*ìl!ÆnÔ

~X (Laboratory) ƒäI^YäÆZzgÇƒYäQkÅ¶Ð!™)ÿ{:
ƒ@*ìÔ®fí{™@* (Bile) 6�?¬ÐY…ƒÔ�z{

².1¹ÿ GÔ1$
Ã®aZ™@*ìZzgẐfZyÔZq-¬zßwƒä6,Ô&ì (Gall) ìSk1$

ÇÐZq-9œ6,X Fally foods SkÃæŠ™äÇ™ä
Flesh �Z�xŠêì‚g}tZdwŒƒ@*ì7g}îg6, Organ

6,X¾qwÔ®zZ6ƒ@*ì¾qÐ�ƒg„ƒCìNÂx~ Blood Zzg
ZzgaZ™@*ì1$�gZq-ZôïD+ÛÆÔÈZk»tƒ@*ì�®g‚rì
‡.ÞÒp7|X

Å Organ ®ÆŸ]Å&&SkÐÌZzgWÐƒC�XSk
xu¤/òÆ³~ÔZq-M®ZŠ**»g{aZzZgÅQ½CìXZ¤/®ÃZL

ZdwÃ$+2gYg~ǵìÂSy**»g{âŠzV»{g`ƒ**ÑiòƒY@*ìX
Ã Wastes Å¥V6,Sk™ŠZgÃ7gZ™D�ÔSy SinusÔKupffer's Cells

¿ÆPhagocytosis ø™ZzgÇ™Æ¢gg‚yZâYÃ�py~ƒD�Ô
ÐXSyŸ]Ðç}Ã{g`HY@*ìÔtáÆº�Zq-9×»gWæ
Zzg¢gg‚yZâYÆŠgxyXHƒ@*ÔZ¤/tŸ]7Ù|#™DZzg{g`

™DƒD¢gg‚yZâYÃpy~Ð?
Immune System Z%Znxîg6,Y^7,DƒDŸ~ÔZzg

Zq-ËZg~Åxqª~ƒ@*Ô…âb™@*ƒ@*Ck™äåFgZzg
&+JwÐX@*ë]ìSk{mÂx»�®~ƒ@*ìÔŸÅZq-(,~®ZŠ̄`

�Zq-uu~ — ÆŸ] Kupffer Å(,"7Ô0*C!*¿£â]6,Ô²
¢gg‚yZâYÃïw!*CÙ™D�X — 7:ÆnYMh�

tZôïD+ÛSK̈ã¡Æ¢Š~ƒCì�Zq-:æENEƒ@*ìZvÅ
›»Y0+ZgzVÆnÔXÃ�z{ðHìX

z{Óx�̈gz„™D�Sy¥â]6,ZEw™DƒñQyÆÅg
Zzg™ÃÔÜsZq-„³6,V0*D�:Zv‡ŠgÇìÔ

�‚g}£zzY»�ìX
/®~MZdà»gÁ

c*Z’Zð®ÆŸ]ÔZq-M®ZŠZdwÆZ�x ÔHepatocytes

Šï�Ô/Ëw1$»Z�ÛZiÔpyÐiCÙYâŠzVÅÌðÔ6,z9Zzg
»g1Šg�Zzgl!ÆŠgxy×ÔZzgaZ™**fgZ]�py~fí{GYD

ÆnZEwƒD�X (Coagulation) �ZzgZ+A)é
E
EŠ
SyZdw~ÐCÙZq-øg}nKi0+ŠHV*ZgäÆn¹

„Zëƒ@*ìX
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t!*]‡.Þ̈gÌƒCì�z„®ÆŸ]¹‚g}Z§i
;ñ¿Ã/fzp!Z�xŠï�XSy¡¬5]~ÐCÙZq-¡
¬ïÔTÆW3YzZáZâY‰»g0ŠgzXÔWxZzg**>zXƒD
�ÔÂZq-âCÙZµÐŠg»gƒ@*ìXQy¬5]»Z�x0***Q4Ÿ]ÐÔ
¢zg]ªCÙ™@*ìZq-ÂxÔWgegZzgö)ÅÔZzg|t�¬]‚g}
Æ‚g}`ñYD�Q4Ÿ]Ð��x@{HYYìÜsZq-
Z9Z7-pgŠÎÐÔƒ@*ì�Zq-�~ª]»Xìw™z�ëÃÒ™D
�‡ì™äÅZq-SK̈ãñ‹Ã�Z�xŠîìÓx§i;ñ¿Ô��øg}
®øg}ñV~øg}nYg~gnp�X

ëÃ¢zg]ƒCìØÎäÅ:
6ð¬5]Æñçq6,Zq-âCÙÅ}.â]Ô

sÔ»x™äaZzZg~Ô 6 Zq-S
Zq-´‘Ô¢zg~ZâY»fí{™äÔ
Zq-§i¿Ô1äÎä**»g{âŠzVÃ�aZzZgÆŠzgZyQ½D

�ÔSk§bÐ�Ãðvy5Ë~z°æ LkÃ:ãc*âjwÃZßŠ{:™Š}X
æ¾™äZŸ†}.â]ÅÔŒÛR»g{âVÆnZzgaZ™ä¬

„ÐZ+ZâY‰�z{Q7¢zg~B�X
ŒÛR»g{âVÆ‚BÜsç@{)bÅ;ð™ä'Zzg¹

¼ZzgX
— Ç‰®ÆŸ]Æ — QÏz‰ÜÔSyzg™k~ÐCÙZq-

ǵƒÇŠ/Sy‚g}gKY]~XQ7»x™**ƒÇ%¥ÆÆÔL‚%
ÆÔZzg‡.ÞƒäZ(g™äZÐZŠ~f)ŠZg~ÃÔCÙqÆn�z{™D�X

6�?ÂµgnpƒÔt!****eƒ@*ìÔ0***Z,Z�ÛZŠÃSyÓx

S:]Æ‚BÔheZ+Zq-f)ŠZg~ZLaç MX@*ëÓxŸ]Ô�{àWç
ÐŠ3ð7Šï�ÔZ�xŠï�Óx»~Çz„Æ_.Zzgz{Ì

ÆnX Diaphragm ¹ic*Š{åîg6,"Í§&ÐÔÇvg}
´z{Zi,Ôz{Z�xŠ}gì�tz„‚g}»xZzgÇQ4"Í

~CÙZq-SK̈yÆ�~ii0+{ìÔZzgÇ"Í (Livers) §&Ð®zV
~Z�xŠïgì¸�Li0+{gì¸X Livers §&ÐQyßÍVÆ

t�á0+Zgf;-$�ZDgƒCì71VŸ]ÐÔz{‚g}&+Z]pŠ
¶ƒD�‚Ó]ÐÔSknt�á0+Zgf;-$Ô™sîgÐÔpŠQyÅZK
7ƒCìXÉtf;-$ZvÅ§sÐSy~zŠ<™Š{ƒCìX

®Æ‰Zdw~®éZq-ŠÃZgR,Æ»x™@*ìX
ZLZZdwÅZ�xŠ„~ 20%@*12 ®ÔZq-ŸÅ]ÂZ**ð»

ZEw™@*ìÔZdwÆ‰gKY]~®ÇéZq-%œ/ŠÃZgR,Æ»x™@*
ìÔ,fs~Šg`ì:

~Ô�Ÿ]Æn¢zg~ (Nutrients) z{!*‡°ÏÑ@*ì́c*]
7[úV~ÐCÙZq-Æn 100 ƒD�X®øg}ñV~Ãð

ÃX (Nutrients) ¢zg~Èzn™@*ìÔ‡.ÞƒäqÝ™äŠg»ǵc*]
Sk§b™ä~ÔQkÃY'ƒ@*ìÇÐ�Ÿ]ÃH¢zg]ÑhìX

Yy0*@*ìt&+Z]pŠ¯ƒ@*ìz,„Ÿ]ÐÔ¦ Organ @*ë¹VÐt
™@*ìŠg»g¥â]ùz{QyÅF,)ã™@*ìÔZzgùz{V0*@*ì9Ã+V
6,?z{¢zg~{xZâYÃ́c*]ÅaZöÆnÔá©8ìX{xZâY�®
ZEw™@*ìZ�xŠ¶aZöÃÔÑñYD�pyÐSkJ-XSÏÒpÐ
t�Zq-»g{:qÝ™@*ì{xZâYZ−}ƒñÃuÍŠ-VÐZzgA$
ps™@*ìQ7¹„ZZ0+gZY]~ÔSk§b®Ú»g™@*Y@*ì
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WäzZá{xZâYÃÔ»g”{Ãfí{™@*ìc*ZEw™@*ìÔc*zZ:&ì
~Ô»g{g`GYäÆnX Blood Stream Q7ŸÃ

/®fí{™@*ìZâYXÅŸÃ¢zg]ƒCì
Æ�yƒ@*ìT~6ð (Laboratory) ®ÔZq-(,}!™)ÿ{:

¬5]ƒD�ÔZzgŒŠêìfí{ÅZZâYÅ�i0+{g$ÆnÑiò
ZzgaZÌ™@*ìpŠÐ — D ZzgzN*ð A ƒD�Ô‰ß;c*W],yÔ@*mÔzN*ð

Prothrombin, QyÅZq-M®ZŠX'×h+',ZyÔ®aZ™@*ì6,z9‰
�pyÆS+A)é

E
EŠÆnf)ŠZgƒD�X Fibrinogen, Heparin

/®aZ™@*ì6,z9�i0+ÏÆnÑiòƒD�
®ÆZëZdw~ÐZq-ƒ@*ì»g™**Šg»g6,z9ÃX®Y}ì

�HQkÃ™**ì%qÝG�ÃðF,šMÇîg6,Ôz{ZEw™@*ì9
Æ!ƒDÔ̧;L  Amino Acids §i×™ä**>zX‚>VÃ�

ÆZq-³Æîg6,aZƒD�ÔZzgaZ™@*ì66,z9ÔgnpƒñSy
ÐXz{aZ™@*ìZ,¼ Fats ZâYÃ¬ï™Dƒñ»g1Šg�ÐZzg

)l!(Zzg6,z9X F a t s ZâYÌ‰»g1Šg�ZEw™Dƒñ
ÃT»z{fí{™@* Fat »g1Šg�Zzg6,z”ÐÔ®‡.Þƒ@*ìaZ™ä

ð~ˆ~X ** ìÔ�W‚ãÐ$+àYCìÂZ
™̂@*ì g Ã7 Immune System /®

»® Immune System 6�¬zZãHŠHåÔvg}ŸÆ
Zq-Zë:æENEƒ@*ìX®¢gg‚yZâY»Ø`äZzgQyÅ®s™äZzgQ7

1äÎä~Ãðt7™@*ìX
®~ÛzãZ�xZzg̀Z�ÃpyÐ™s Phagocytes {m

ÆiCÙYZW,Z]Å®s™@*ìÔÍc*�gzÂìÃð Drugs ™D�X®Ì
ÌiCÙYZW,Z]ÅZŠzc*]Ð�?feƒ²Fg7,DƒX

ŠÒpÐéZq-
+B©Šö
GEE

ÂxÆ»x™@*ìÔ®Ù|#™@*ìÓx
Æfg=XZ¤/Z(7ƒ@*  Blood Stream ¢gg‚yZâYÃ�SkJ-Bì

®ÆŸ]ÃT'Zzg¢8oƒD+ZÛð™äçn¢gg‚yZâYÆ‚B
c*— Æfg=®ÃÔn{c*WÕVÐÔA$‚Š{̀Z� Blood Stream �í�

ghŠêìëÃ2ƒDƒñFg~ — ëfe�¡]å NJgÆn Drugs

~Zq-ÆẐq-X
tÓx§i;ñ¿Ôøg}i0+{g$ÆnÑiòƒD�ÔZ�x

4.5@*3 ³¤/Zx) 2@*1.5 Ð�ziy~ Organ 0*DgT�%¥ÆÆZq-
7&+(ƒ@*ìX

tÓx§i;ñ¿zZµƒgìƒD�85Âî
G

Z#?tZÖp7,_ƒX
Fg~~c* |# 85Âî

G
Zq-ÏCYZîÌSk7ZCÂx~áY@*ìëÃ**‡.ÞÙ
85Âî
G
ñ]Æ0*kX

�¯ƒ@*ì Organ ®Ô�tÓxZdwÃZ�xŠêìÔƒ@*ìZq-
zgt�z{g‚rì¹(,} Z ãCŠ~¤8-š¾Ð‰6,z”Ôl!Zzg0*ãÐX

�FìZ�xŠbP„¡¬5]ÜsF — âCÙ£¨~Zq-SK̈yÆ
ZzgT§bÐ�CÙ¡¬ï»x!Æ‚B»ƒ** — ‚ßVÅF,šMÆˆ

ìÔƒ@*ì!**ª]Z0XCÙ®»3Y}ìÔÃyÐZâYWD�ZEw
~øg}Z�x~Ô‚B~‚ÓCZzg6ð‚854è

EG
GSyZâYÅX

Ã85½ð EEz{Ù|#™D (Nutrients) z{$+wŠï�Zk§b´c*]
�»gWæZâY~ÔpZ(™ä~Ôz{Y…��z{zN*ðZzgZ4,Z'.ø

J
ÅÌ

¢zg]gnp�aZ™ä6,z”ÃXz{Y…��ß;¯@*ìãCŠÃaZ™ä
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ÃÔ¤8-š¾pyÆÔZzgt�Ø¤/»Åð Lwpy~gÇƒä Erythrocytes

ÆnZq-ûZgZzgÇÅð Lw6,!
p®ÆŸ]pŠÆZL.Þ1D6,‡.Þ7ƒD�Z�xŠ¶

Sy§i;ñ¿~ÐËÃÌX
z{7JMhZq-zZu•Z¥â]»!*g}~ZâYÆøg}Z�x
~XtøgZW‡Zvì�!’q-Ð®ÆŸ]~¥â]eZmì�ÃyÏ
ZâY¿~Ñ**ƒ@*ìÔÃyÐ»gWæc*¢gg‚yƒD�ÔZzgÁÃ¢zg]ƒC

ìfí{ƒäÅˆ~ZEwÆnX
/Zq-ŠNgNÐ¬g~Âx

Hepatic Veins Zzg Renal Artery 6�¬ÒyHY[ìÔ
{1.5 áYD�pyÃ®J-Zzg#$YD�gK�ápV~®~XÃð

_(py°4Æ̂[Ð¦/g@*ì®ÐSy�ápVÆfg=XSk 0.4)
_(pV®ÐCÙ‚¦/g@*ìÔZzg®Æ§i 23.8 {) 90 »Èì�

ƒ@*ìXSk  Pass _(pyZq-Šy~ 571.2 {) 2,160 ;ñ¿Ð
H»g1Šg�ÆŠZ4ƒD�®~ 12.5 H6,z”ÆZzg 1.5 Æ´z{

‚wÆŠzgZyXt®»ÂxŒYY 70 Zq-Zz‰SK̈ãi0+ÏÆŠzg§]Æ
]CÙŠyÔZzg»x™D 24 ìZq-Z,i',Š„$zgåÆ¯¥ÆÆÔ

Nz®¾&+ÄÆXìw™Dƒñ�Zq-»x» — ƒñZq-ÛR,Æ‚B
ŠyÑzqƒ@*ì�y„¯g~¬»ŠyZLZ!xÃ(ÃðÌÂµ™Yì�

$�~ÃŠNgNÅ¢zg]Šg»gƒCìX85Âî
G

Zq-¹„âegyÔF,¹c*C
yQkÆ%æFNizVÅ7½5ë FE

Y~ Š
+CÒ3|ö
GE

G�~Æ‚BÌÔëÃCÙßÁZiÁZŠJ
Üs™**ƒÇX

(Organ) @*ë�¼�ëŒV6,ik,cgnp�Ôz{ƒ@*ìZq-�

øg}Z�x~�»x™@*ì¹ic*Š{”]Ð£¨~ËZzg$�~
ÆX®©8ìFHZâYÃÔ¦/Zg@*ìQ7FZq-§i;ñ¿Ð%™ä
Ãðgc*oVÆÔZzg$+mìQ7Z,ZDw~XÃŸZEw™nX

'×h+',ZyÔ!*z�Š%¥Æ»x™äÆÔL:÷4Æc*Zq-WgZxÅ
¢zg]Ck:™äÆÔQkÃLÌ¢zg]77,CËŠNgNÅTÆ%

ÄÅgëg~¶WYñX¾nt�tÂxƒ@*ìZdzZg«Zzg"VwðZvÅX
We$7ì:LLz{ìi0+{g$zZÑÔËÅÈÏ7QkÆÎZñÔÎ

QkÃågz{Ø™ÆQkÅÈÏÃÔƒp!ZvÃì�g[ì‚g}˜âV»X
(65 )Îg{ñðÔ

/pŠÃ5i0+ÏŠ¶Å®Å&¢A
ƒ@*ìŸ~�ZLW\Ã5i0+Ï (Organ) ®„ÜsZ(�

J-»zÌïÑY@*ìÔZq-c*Šz 70% Š¶Æ‡.Þƒ@*ìX85Âî
G

Z¤/®»
àVÆZ0+gZ0+gŠz!*g{Zq-Z+�#ÖZ(g™©8ì�QkÆÓxZdwÃ
Z�xŠ¶Å‡.ÞƒCìX

®Å5i0+ÏÆnf)ŠZg}2é~iik,ï�XtS¤®
~Šzu†yÆ_·ÐªCÙƒð¶X Mayo Clinic Y~ 1931 Å«Ši

Sk!*]ÐzZ6ƒñ¸�®ZLW\Ã5i0+ÏŠ~¶FZq-
(,}Z0s~ÔZzgt�Ÿ]Sk§i¿ÃÑzq™D�pŠlŠËvyÅ
rð Ng]~X@*ëZq-¡q®~Ÿ]Lx@{7G‰�ZLÒp
Ð(,_ƒñ�#Ö~X

�Z(ƒÂÔYV™z{„ƒDZzg(,_�Z#ÆSk�Ã¢zg]
ƒCìZ(™äÅÔZzgZ(™D�Z#J-�®Zq-ŠiZzgqÝ7™©8
ìZL¬‰Z…Š?
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ùŸ]Yy0*D�Ä²DJ-QyÃ¢zg]ƒCì(,"Åc*
“(,−¥)ƒ@*ì?¹VÐtZ©â]WD�?Zq-¬¥1Å)ñ�ŠÏ
~ÔHz{ê™D�pŠÐ:(,"»SkuJ-�Š!*î:7,}Šzu}

6,? Organs

Z#L®ÆŸ]Ë¢gc*n„ÐŠzegƒD�Ôz{̄g~îg6,
Ñzq™D�(,−ÔS’ZY™DƒñZq-¹„)áµu¤/òÆ‚BX
Sk1»ª]Z0Utƒ@*ì�Ÿ]„ƒDYD�)©à!gëg~
Æ‚BÔ²~iZL**gïZdwÌ7g~¡Æ‚BZ�xŠï�X85Âî Gic*Š{
ª]Å!*]tƒCì�ùz{Zq-
Ôêfe��“QyÆ(,"Æ¿
Ã¥)ƒ@*ìÔZq-Ši¢zg~ZŠZâ]heÆˆXtìwHY@*ì�®»

Ãw•~Ñ@*ì�Zq-(,JzZaZ™D� Factors vyZq-F®ZŠÆ
Receptors Ô®ÆŸ]6,ñ�Š Factors ®ÆŸ]~Xt(,ðF,~Æ
Genetic ÐCkGYD�ÔZzgSyÆZ0+gë{u¤/xVaZƒC�X

6,56,z¤/Z/Sk§bÑzqƒCìÔZzgŠg»gu¤/òÔ(,ðF,~ÆnÔ Level

®ÆŸ]~!*Ÿ‚ƒä@ìX
ņ̃çqÔDÂZZ+zÚËÆâCÙ+ÐÔïG‰�ÔQrVä

Ð® Self-regenerating cells ç¤HåQk§i¿»�ZEwHŠHå
ØŠï�Ô�YäYD� Studies u¤/òÆXt Levels ~ÔZzgQyÆ

ÆZzggZ3z{Z(g™D�Ô®ÆZ0+g Proliferating hepatocytes �g
6Ÿ]aZ™YìZq-ÔËuJ-Ô®»Zq- Hepatocyte ÐXZq-zZu

(,ZzX„Zzg(,ðF,~Æ§i¿ÆŠzgZyÔt!*]x@{Å¶̂�®~
w•™D�X5 Hepotocytes 6Ÿ]w•7™DÔZ¤/85Âî FGŠ*

Ÿ]ÅaZöÆ§i¿ÆŠzgZyÔ®Æ%œ/6,ÆŸ]ZzgŠzu}Ÿ]

ÐZzg¤/Š}Æzgh+ÅY+$ (Portal Region) �Q½D�!*[Z−Z¼
w•™D�XZÏ(,}e:6,w•»».ÞZq-Ngëg~ÐHYY
ìXaèŸ]ÜsZq-„‚~w•™D�ÔTŠgŠzgZq-3%œ/
Ðƒ@*ìXQkÒpÐŠ*F,ƒ@*ìXSk§bÐÔŸ]Å/zV»ˆ[
Îc*YYìQyÆÃ+VÐ�z{gnp�%œ/ÐX

®ÆŠ*Ÿ]Æw»]ÅïÆ‚BÔ
?m, (Proliferating- tissue theory) !*D!gëgZŸ†»Ãt

7™@*ì�CÙZq-âñßŠ3Zh§bÐY}ìZzḡ~îg6,¿cZƒ@*ìX
Z#LŸ]~ÐZq-„ƒ@*ìÔ6ÃgxƒäzZáŸ]~ÐZq-Ã
w•™**ƒ@*ìXcz~™Dƒñ„ÅZq-3ÅŠz~ÔÆ§i¿~�

ÆÔZq-6Ãgx”{Ÿ]~ÐÔ©8ì(ZÝ3 Mitosis B@*ì�g
(On ÅÔZzgz{3!gëg~Æ‚B®ZŠ~(,kY@*ìZîuÆ£x6,

XSite of Connection)

Z#Zq-3„ƒ@*ìÔZq-*3gLìŠ*Å(6,ÔZzgZÝ
3ËŠgWÐ(,|Y@*ì¾qwÔ@*�Sk63ÆnZ(g™** "Mother

ƒ@*ìQkÅ5(ÃÔÓxŠzu}ŒÛRŸ]:ÂeŠYD�Zzg:QYD
�ÔZzg:Z�xŠï�ÃðÌ}ou¤/òX1�ŒVzZµƒ@*ìÔÒyH

ÆZzgz̧q5+k,ƒD�¹„¢~ÐX Proliferating Y@*ì�g
tZvì�ŠêìŠg»gZ©â]Zzg�!*‡°ÏÑ@*ìZzgaZ™@*ìt

7ZC§i¿ÑzqÐWyJ-XŒÛWyÅWc*]~ÔtªCÙHŠHì�Zv
Study !*‡°ÏÑ@*ìÔi}6,ÔCÙÂxÆz�Š~Zzg»x~XZzgt�ßÍVÃ

™**ƒÇZzgY'ƒÇSy¥â]Ã:LLZvz{ìTä¯ñ�‚]W�yZzg
i}ÌÔQÚ„QF,@*ìQk»¬QyÆZ0+g@*�?YâÈZvCÙq™YìZzgZv
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(12 )Îg>ZÅŒÕätÔ ÆD~�ðìCÙqXóó
(Pancreas) /Ÿ»7æ{æŠÇg:Å5Ò0î EE

ìw™z�?gnpƒZq-¯m,e3,X?LÀ:GƒV�ù?Ç™z
ÃX?¸„**zZ6ƒD��Sy (Nutrients) ÐQy‚g}Z´c*]

~ÐCÙZq-Ã¢zg]ƒCìÃð§i¿Ð¦/gäÅZ Nutrients

Z4,Z'.ø
J

Æfg=X
"—Ôt¬îg6,¡~!*]ƒCìCÙZq-Æn�qÝ:Hƒ

(Organ) Ãð{mF,šMSk!*]ÐzZ6ƒäÆnX@*ëZq-�
vg}Ÿ~ÔtÓx¥â]Ôg‚rìXz{Y}ìÃyÏpgZuÃyÐZ4,Zì
ÐÇƒ#-?õ GGXÔZzg&ì9¡Z�ÛZiÃSypgZÃV~Ôoƒz‰Ü6,Ô%Ë

c*¥»zIVÆLƒäÆXz{�ƒ@*ìÅ5Ò0î EE ( C o n f u s i o n ) ZF~
X(Pancreas)

~ÐZq-ÔÅ5Ò0î EEY™@*ì�ÄØ¤/Æ Organs t¹ic*Š{Zë
ÐX (Veins) ‚>VÃ¢zg]ƒCìg$Åpy~�cìzgh+zV
~¶ƒC (Blood Stream) Z¤/Ø¤/Æ‚>VÅ®ZŠ~Ôpy

ìÔÅ5Ò0î EE¯g~îg6,ZŠZâ]™@*ìQk¶Ã7gZ™äÅÔZzgz{D+ZÛ�ÛŠÅi0+ÏÃ
(,|Y@*ìÔA$z{™@*ì (Concentration) XCìXZ¤/Ø¤/‚?»Sg‚i

ZŠZâ]Á™äQyÅlZgÃÔpy~XQyZ4,Z'.ø
J

Æ‚B�z{&ì
NÂx~ÔÅ5Ò0î EEZŠZ™@*ìZq-Zë™ŠZgSK̈ã¡Å’~X

Z4,Zì�gzÂìWÕVÃÇƒYäÐn{ÆF,˜ÐÌƒ@*ì
aZÅ5Ò0î EEÐX

Z¤/SyZdw»ëZq-ÆẐq-ç¤™D�ÔA$ëŠNMh��
Ô�Lvg~ÂzÃZK§sKzw™eƒÔ»x™@*ìZq-¹ Organ ùt

„µ/ÈÔÅg~§&ÐZzgg‚rìZq-"ÍÂx�?Ãi0+{g‚rìX
Æ‚BÑzq (Signal) Å5Ò0î EEÅNÂx~æZìZq-{mZ�ág{

ƒCìX6�N§i;ñ¿n{~ð0*D�ÔºmlZg,Zq-
Å**xÐY**Y@*ìÔŠZ4ƒ@*ìÔ  Cholesystokinin {mZ4,ZìÅ�

py~ZzgÃu™@*ìÅ5Ò0î EEÃZ�ÛZi™äÔpgZuÃÂhäzZáÔZ4,Z'.ø
J

Ã
)Ñú"(~X Duodenum

/9Ÿ5é FNFƒZ1
Å5Ò0î EE:Üs&ì�N§i¿ÑzqƒZìÔSkÆ´z{z{Yy

YìpgZÃVÆZlxÃ�?3DƒÔZzgA$aZ™@*ìZNZ4,Z'.ø
J

Qy
pgZÃVÅ_“~XVwÆîg6,ÔZ#?3DƒZq-MlZg

)Ñú Duodenum ÔZ#tpgZX Bread c*Pasta »g1Šg�ÅÔ‰
Ô�ZL~g‚rì A m y l a s e "(B�ÔÅ5Ò0î EEZ�ÛZi™@*ìÔZ4,ZìÔ

»g1Šg�ÃÂhäYhäÅ{¤XZ¤/?Í“3DƒÔc*Tc*÷Ô
~í�ÔÅ5Ò0î EEaZ™@*ìZ4,Z'.ø

J
Duodenum Z#tZd6,z%6,Ze„

Riponuclease, Carboxypeptidase, Chymotrypsin, ‰
�A$ÂheZs�6,z”‚>VÃXZ¤/ Trypsin, Deoxyribonuclease

Zq-ŠzuZZ4,Zì�l! Lipase vg~½ZgBbƒCìZq-»°l!ÅlZgÔA$
~!*ëSyŠzu}Z4,Z'.ø

J
Æ‚BX Duodenum ÃÇ™@*ìÔŠZ4ƒ@*ì

t�Y}ì½ZÆQyZbZYÃ�?3DƒÔA$e{îg6,aZ™@*ì
6ðj[+kÃ�¢zg~ƒD�Ç™äSy½ZîVÃ�?3DƒÔZzgQy ²-.1¹Òø
GG»Z�ÛZi™@*ìÔÜs9z‰Ü6,XÅ5Ò0î EEL7Z�ÛZi™@*ìZ4,Z'.ø

J
�

ÂhD�»g1Šg�ÔOñl!Æ‚>VÃXz{L7Èmì6ð
Ÿ�VÃë{Z4,Z'.ø

J
Æ�z{aZ™@*ìÔc*Z·CghŠêìÃðZbZYÃX
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¡qZ�ÛZŠÆZ�x~ÔÅ5Ò0î EEZC»x™@*ì9eàÐZq-
‚g}Šzg§]ÆnX

Zq-ic*Š{�ZðÆ‚B7{Æ%û»�ŒVÑq-åÔY,̂{fe�Ô
Sk1»gLÐgLÅð Lw6,ëç¤™D�X‰�N¿(,kìÔ

n{ÆŸ]»I7gT�XQy~ÐPŸ]Y…��½Z�Ç
ƒg„ƒCìˆ~Ñú"~BìXQy»Zëmƒ@*ìt�t½ZÃÇ
ƒ**ecA4eƒnX

Æfg=Å5Ò0î EEÆŸ]ÃZ�ág{Šï Blood Stream n{ÆŸ]
��z{Zq-;gñy»Z�ÛZi™ÆQyÅæŠ™,X

Æfg=̂™@*ìZzg Blood Stream �z{Šï� Signal Z�ág{c*
Z#z{Å5Ò0î EEJ-V0*@*ìÔz;V6,ñ�ŠŸ]¯g~îg6,™0*D�Sk

Sà Signal ÃXZ¤/85Âî FGtS�ág{ÇîgÐ‚g}ŸÐ*g@*ìÔ Signal

ÐXYèÓxŠzu} Organs îg6,²£Õä N7ƒ@*Ô:7,JY@*ìÔŠzu}Ë
Å5Ò0î EEÆnƒ@*ìÔ:�SyÆnX¸zz Signal Ÿ]zZ6gT��t

ƒCì�WÅ‚ÓC‚|#Sk§bÐ¯ðˆƒCìZW,Z0+ZiƒäÜs
‚>V6,�õúVÆ9£Ò3ð EGV6,ƒD�X Receptors

!*ZÖpŠvÔn{ÆŸ]‘ƒD�9LLØóó;gñy6,�z{aZ
™D�Zq-!*Ô̧¥âC§&~X@*�QkØÆnoƒîg6,‘
YäÆnÔnz~3ÃZq-õ3ÆÓxS:]»Y'¢zg~ƒ@*ìX

7{7g}îg6,özŠ7ƒ@*åØÆ9îg6,™6,X’k,�ÈYC
ìnz~3ÐÔÌZL~gBbìZq-\xXSK̈ãŸÅ�Zð~Šz¶
Ÿ]Ô�Zq-Šzu}ÐŠzgZC£xgnp�Ô_“~âzÂ"$™D�
Zq-{mÑÅ0*Oð~Xz,z{Zq-Šzu}ÃLŠN70*D�ÔZ%z{

Y…�z{i!*y�ŠzuZ&ìZzgt»x™D�!*ëï™öyÆ_.;L
ÆnQk½ZÆ�?3DƒX"—tƒ@*ìZq-C7{!

cholosystokinin Å5Ò0î EE7,kìQk\xÃ�QkJ-W@*ìÔ;gñy
ÃXZ¤/ Enzymes Å̂~ÔZzgz{Ãðz‰Ü7Å@*ìZ�ÛZi™ä~¢zg~

pgZu�BìÑú"~ÔƒCì6,z”ÔA$z{aZ™@*ìZq-Z4,Zì�
6,z”ÃÂhŠêìÔZzgSkÃÑú"Ã&ìXZ¤/½Zic*Š{lZg»1Šg�Å
gBbìÔA$z{aZ™@*ìZq-Z4,Zì�»g1Šg�ÃÂgYhŠêìX

»ÔT6,ŸÆZq-6,z9‚?Æn Black Board ìw™zZq-
‘ƒD�ÔZq-l!‚?ZzgZq-»g1Šgf$‚?Ô!*ëSy‚>VÆ
�CÙ~854ø FGEÆö÷Æ‚BXA$ìw™z�Ãð?ÐHìaZ™ä¡
ŸÆ4+Z4,Z'.ø

J
ÆnÂhäSy&Z‚ÓC‚½VÐCÙZq-ÃÔ

6,X Black Board Zzg™Q7
Z#J-Æ?qÝ7™0*Dƒºm¡R,“Ô?L
7™Mhƒ¹„£g~Ÿ�V»�ÂhŠï�Sy‚Ó]ÃX? Guess

ÉMhƒQyŸ�VÃÜs¬ÐÅ̂R,“c*@Zc*]ÅgzÝ~X
z{Z(ƒä6,ÔA$ùõŸ]Y…�6ðŸÆZ4,Z'.ø

J
Æ�

z{aZ™D�?CÙZq-õ3Y}ìSyŸ�VÃQyÏ]ÐZ#Ð�z{
z�Š~W@*ìX´z{Zi,z{xîg6,Qk¥â]»ZEw™@*ì¹„9
§&~}.#ÖZ�xŠ¶ŸÅù¦îg6,Xd~ÅZ˜jV~ÔÅ5Ò0î EE
Ÿ]¹ic*Š{¥âCƒD�£¨~SK̈âVÆ!

SK̈âVÃ¢zg]ƒCì{mF,šMÅaZ™äSyŸ�VÃÔ²
Zq-(Ÿ- î

EE3Y}ìQ7ÔÓx¡qª~¦ñÑzqÐ„X
7ÃðZ·tÔŸ]ÃÅàYìZ+{m¥â]Zzg:Zq-Zd
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™f)ŠZg~ÅX:ÃðZ·t�áZ+„Ly™YìZq-ÂxTÆfg=Ÿ]
WäF,−™MhƒVÔZzgqÝ™MhƒVæŠZq-Šzu}ÐXÃðÌZ·t7

1YìZq-zZu3Ã85Âî
G

Zq-¡Ãgñ!ÌX:ÃðZ·t«™Yì3
‡/Æ‚BZEw™ä�¼Ì¥â]z{g‚rìÇîgÐ9z‰Ü6,X Ã

tZvìÔ‚g}˜âV»W‡Ô�ðHìt‚g}Âé%Ëq
ÆZzgg3ìQ7SK̈âVÅ}.#ÖÆnc*ŠŠ;ã™ZDƒñ�z{»x™D
�CÙœX

Å5Ò0î EEÆZëZdw~ÐZq-ŠzuZƒ@*ì!*‡°ÏÑ**ŸÆpyÆ
Zzg Insulin Ø¤/ÆÅð LÖ~XZ�ÛZiZ]�Sk÷ÃZ�xŠï�ÔBD�

Ô�Q½D�ÔgLÈ¼zŠÐÅ5Ò0î EE~�0*ñYD��g Glucagon

Æ@*$ðFNiÆX6�?feƒ̃.$eñ»c*3DƒZq-•Z Langerhans

~vg}py~L Level »Ôvg~¢zg]Ñä!*‡°ÏØ¤/Æ Cake

ªCÙ7ƒCìvg}6,X?L85Âî
G

:Yy0*Dƒ�÷ZÌ»qïƒ@*ìt
v!*‡°Ï»ƒDgxvg}py~XvgZÅ5Ò0î EEÔ¾TÔf)ŠZgƒ@*ì
vg}n',ŒÛZggx¡»SkgK~Ôg‚rìÓx¥â]¯ñgppvg}
pyÆØ¤/Åð LÖÃZq-{mîgÐˆk§&~XZ#¢zg]ƒCìÔÅ5Ò0î EE
Z�ÛZi™@*ì{§pZ{ÔlZg,;gñyÅÔ™«™äØ¤/ÆÅð LwÅvg}Ÿ
~Xti0+ÏÆnÑiòƒ@*ì�Ø¤/ÅlZgpy~ƒãecºmuzŠ

™äÅQkÃˆkF,ZizÐ Calculate ~X@*ëëÃ¢zg]7ƒCì
Yè — �y„ë3D�Ø¤/Ð½7g½ZNøg~gzi{%{Åi0+7V~

z{̂!*]Z�xŠ�YD�pŠlŠøg}nøg}Z4,Z'.ø
J

ÐX
Z#Ø¤/»Åð Lwpy~(,kìÔÅ5Ò5Ïî EE¯g~îg6,zZ6ƒY@*ìSk

B@*ìÔ�@Ze$Šêì® Insulin !*]ÐZzgZq-{mâŠ{»Z�ÛZi™@*ì�

ÃZzgŠzu}ŸÆŸ]Ãgpp‡1~ZŸ†Ø¤/ÃXZ¤/Ø¤/»Åð Lwpy~¤/Y@*
;gñy»X Glucagon ìÔA$Å5Ò0î EEÌzZ6ƒY@*ìSk!*]ÐZzgZ�ÛZi™@*ì

®A$gh@*ìpy~Ø¤/Æfí{Ã�z{¬Ð„fí{™Šc*ƒ@*
ì{m§i;ñ¿Æfg=ÐX]ìSk!*]»�Ø¤/»¤Åð LwL7

ÆŠzgZyX Cases (ìç**uÅð LÖJ-ÔÎZñf!*ûÆ
vg~gzi%{Åi0+Ï~Ô?!****zZ6ƒDƒÅ5Ò0î EEÐQn

ÐX?Ck7™Dƒ�vgZpy»Ø¤/ (Liver) ÐZzgvg}® Insulin

Åð Lw(,|ŠHìX85Âî
G

Z¤/pyÆ%äŠzZlZgzVÆØ¤/ÆQy~ÔgÇ
‰�vg}‚tÔ?‡.Þ7ƒDƒì�ÛtÃSy~X@*ë‰Ôvg}
Ÿ]ÆÔXÃ?L7Š¬ƒÔeö™D�Ø¤/Åð LÖÅvg}py~

eNK] ¹ic*Š{̂8LÆ‚BƒD�£¨~ËÌ!™)ÿ{:~G‰
ƒMh¸XZzḡg~îg6,ê™D�QyZŠZâ]»X»¢8ƒ@*å¢zg~X

ùvg}Ÿ]Wñ¸Sk"Vwf;-$Zzg /
&¢AÆ‚B?
"—vg}Ÿ]ZLW\Ã7Š}0*ñ¸f;-$Zzg&¢A

TÆ‚B™äeNK]Ô™äŸZzg¿~ÑäSÐX
t‡ŠgÇZvì�ðHìŸ]Ãvg}Ÿ~‚B~Z,

Zq-"ÍÂxÆÔŠêìQ7¢zg~Z©â]ÔZzgzZ6™@*ìQyÃ�ù
|uRugzZgÇX

�¼�Z[J-ëäÒyHìÔëäZEwHìZ,Zdw
XSk!*]Ãf‚~gnp Produces ÔZzg Makes, Knows‰ (Verbs)

ƒñ�Å5Ò0î EEÌ¯ƒ@*ìŸ]ÐÔ?¯g~îg6,ŠNMhƒ�Syw»]Ã
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¢zg]ƒCìz�;]ÅXZzgtw»]�gÌ]ÆpŠÅ5Ò0î EEÆ7nYMh
�Xz{Z(ƒÌÂÃyŠc*ìÅ5Ò0î EEÆŸ]ÃQyÅ&¢AaZ™äÅZq-
‚g}²D§]ÆnZzg«HìQ7QyÅf)ŠZg~Å™Æ‚B?Ãy

1c*ìõŸ]ÃZ4,Z'.ø
J

Æ¡ŸÆ�ÂhŠï,FZq-Zë{
‚>VÃ?Ãy½HìpyÅ**CV»ÂxZYi]Š¶9S4,Z'.ø

J
Ãgh}

Yä9(Zzg9z‰Ü6,?
tÎZÑ]ZzgôzVSÏ§iÆÎZÑ]ÔZq-²£Ðö NCðÅ§søg~

gÚ~™D�XtZvì�tƒ™@*ìX
ZvpŠÃë6,ªCÙ™@*ì‚BZ,�á0+ZgS:]Æ‰�tƒ

Â[ ~�gZq-ÛÏ DNA ƒD�ÔXÃz{g‚rìøg}ŸÆCÙ3Æ
ÆXt¹„Zë|ìCÙÃðÅi0+Ï~X (Volume)

We$7ì:
LL7bÃyìg[W�yZzgi}»ÔÈŠ}ZvìÔÈQH?äñZ

ìSkÆÎZZ,×îÃ�â7́ZL@Zzg%æEN}»ÔÈH',Z',ƒ@*ìZ0+J
ZzgŠÚzZÑÔc*}',Z',ìZ0+‹ZZzgQYÑÔHIZñ�QrVäZvÆn
Ñq-�QrVä¼aZHì‰aZHìZväQ̀ƒ̂aZöQyÅ
Ã~ÔÈZvìaZ™äzZÑCÙq»Zzgz„ìZñi',Š„Xóó

(16 )Îg{g°Ô
/YVÅ5Ò0î EEÃpŠÆZLZ�ÛZiZ]Ðvy7(ì

Å5Ò0î EEM®ZŠ~i™äzZáZ4,Z'.ø
J

»Z�ÛZi™@*ìÔpZLW\Ã
Ç7™@*ìXÅ5Ò0î EEÔZq-ãCŠ~6,z%‚|#Æ‚BÔSkÆZ�ÛZi™Š{
Z4,Z

'.ø
J

Æi™äÅ{¤Ð"ZW,gLìXSk»t
+B©Šö
GEE

ÂxZq-¹„
ª]Z07ZC§i6,ÔZL6,Z4,Z'.ø

J
ÆZW,Z]Ã"ZW,g‚rìX

Å5Ò0î EEZLZ4,Z
'.ø
J

Ã¬Zq-)u¤/x̂~aZ™@*ìÔT~z{
ZzgSknÅ5Ò0î EEZLW\Ãôp — 6,z9ÃÂhäYhäÆ‡.Þ7ƒD�

g‚rìX
Z#Ñú"~tgh}YD�Ô¾qwÔZ4,Z'.ø

J
Zq-¹{m

—Æ‚BïYD��ÜsŸÆSk´‘~aZƒ@*ìÔZzḡg~îg6,
™D�Ô Combine ZLW\Ã$+ÜÑzq™Šï�XZ4,Z'.ø

J
T—Ð

Æ**xÐY**Y@*ìÔtgKW-$~aZƒ@*ìÔZzg Enterokinase z{�g
¯gU„u¤/x̂Z(g™fe�Ôª6,z9ÆÂhYh™äÅ&¢AqÝ™

fe�XT§bÐ�Zq-—Å5Ò0î EE~Z�ÛZiƒCìZq-åëW°Æîg6,
!*ëïYCìZq-Šzu~—Æ‚B�WÕV~Z�ÛZiƒCìÔ‡.ÞÒpª]
»!*)̄ƒ@*ìXtŠzâVZ‚ã¬LA7ƒD�ÔZ�ÛZiGYD
�ŠzZ´‘Y]~XQÌtŠzWiZŠ‚ãÔ"Íîg6,Zq-Šzu}Æ
:æENEÌÑixƒYD�ÔZzgZq-œ�ÑZ�xŠï�Xt7ZC1Ô"—Ô
Z·tÅZ˜jV~zZã7HYYìX

�¼�Zzgƒ@*ìÔ7ZCÂéÔ�gzÈ�Å5Ò0î EEÃZLW\ÃÇ
™äÐÔËqwSkuJ-özŠ7ƒD�XÅ5Ò0î EEZq-Šzu}6,z9»

ÆZzg‚B Trypsin �ƒ@*ìZq-NZ4,ZìZzgågZY@*ìX — ™@*ì i Z�ÛZ
Æ**xÐYã Trypsin-inhibitor ‚BÅ5Ò0î EEZq-Zzg{m—ÃaZ™@*ìZq-

ÃgzÇìÅ5Ò0î EEÃZL~i™äÐXtŠzZ4,Z'.ø
J

ÔÃð Trypsin YCìÔ�
ZW,7gnp�²z{Zq-‚BZ�ÛZiƒD�ÔZ#z{Ñú"~V0*D�Â

ÃWiZŠ™ŠêìÔ Trypsin Zq-Šzu}ÐZµƒYD�Xt¿Zq-§bÐ
�6,z”Ã½ZîV~Ô�WÕV~BìÔÂh**Ñzq™ŠêìÔZ¤/tŠzZâY
¬„e{ƒYDÔÂz{pŠÅ5Ò0î EEÃi™ŠñƒDX

133134 ZK̈ãŸÔZq-7{ZK̈ãŸÔZq-7{



6,z9ÅÂh Trypsin Z¤/z{LZq-Šzu}ÐZµ7ƒDÔA$
YhÆ‡.Þ7ƒ@*åX¾qwÔ6�tVweCìÔCÙqzZµƒCì9
z‰Ü6,Zzg9(~XÅ5Ò0î EEY}ì�QkÃ¢zg~ZâYÃZ�ÛZi™**ƒÇÇz‰Ü6,Ô
ZzgZ4,Z'.ø

J
u¤/x¿ƒD�ÜsZq-Šzu}Ð].ZƒäÆˆX™sîg

ÐŸ]�¯D�Å5Ò0î EEÃÔZzg‚ã�¯D�QkÆZ4,Z'.ø
J

ÃÔ°¯7
MhZ̧(Zq-"ÍÂxÔZzg:‡ì™MhZ̧(6,¡½ï EHWgegSK̈ãŸ~Qy

— ÆZLÒpÐ
ÃðÌ�fZgƒ**ìŠNYì�Z(Zq-ÂxÔ�»x™**ì%Ë
ÆZzgZF~Æ‚B»ñVÅF,KM~�Z�xŠ�YD�ÔZzgQÏ Gaps

"wÆ‚BÓxSK̈âV~ÔZq-Zg«f;-$ZzgZq-"Íð»6,Ze–
ƒ@*ìXSkÂxÅzŸs#Zg»ðZ˜jV~™**Zq-**e!*]ƒCìXt
ÂxZvÅðÆ�á0+ZgoÂV~ÐZq-ìXZvªCÙ™@*ìÔSy¶KEVÃSk
~ZzgŠzu}Z,¹‚g}VßV~ÔQyÆn�ZLŠâ¨VÃZEw
™äÆZzg�ŠÚÆ‡.ÞƒD�X

LLtZvì�HgHìÎg`Ã−ÃúVÃÔZzge0+ÃŠ¶gzÝÃÔ
7™äZDw‡Æ@*�?Yâ‚ßVÅ®ZŠÃÔZzgz‰Ü»Ñg™ÃXZväaZ
7HìSyqzVÃÎZñCðÆ‚BXë¯D�¶K*V™s™s
ßÍVÆn�Y…�CðÃXgZ]ZzgŠyÆ$+%~Zzg�¼ZväaZ
HìW�âV~Zzgi}~Ôz;VƒC�¶K*VßÍVÆn�%æENZðÆ

(5-6 )Îg{-÷Ô Üsa¾gT�Xóó
/SK̈ãŸ»!ö.$:ZyZYÂx

7[Ÿ]SK̈ãŸ~xîg6,u¤/Ä¿gT 100 z;V6,Ãð
�XSy»gzZÇVÆ³~**»g{âŠ}aZƒD��-gc*Ô-guZeZzg

6,ŒƒD�ÔQy~Ð‰iCÙYƒD�XZ#J-�z{ Keratin

¯g~îg6,ŸÐ{g`7ƒD�ÔŸÆZdw$zgƒYD�ÔZzgñ]
**¦/k,ƒYCìX

Skñh6,ÔëZq-ŠiZzgŸÅ"ŠZrðÃŠNMh�XTÒpÐ
{mÂéaZG‰��ïw!*CÙ™D�ÝŠ¶zZággZ]ÃZq-ñR,
ÆZ”ÐÔQÏÒpÐ{mZyZYÂxðG‰�SK̈ãŸ~Ôïw!*CÙ
™äiCÙYâŠzVÃ�aZƒDgT�QkÅgziZ:»gzZÇVÆŠzgZyX

Ç‰»g{âVÆ�ÔiCÙY**»g{âŠzVÃŠgc*îV~ghD
Blood Stream �ÔŸ]ghD�**»g{:aZzZgÃó�z{aZ™D�

WßŠ{ƒg„ƒCì**»g{âŠzVÐ Blood Stream ~XSk»ÈÔSK̈ã
�i0+ÏÆnç}ÅúÒÏ™CìÔZ#J-�WßŠ{py™s7ƒ@*ì

xîg6,ÚX
pŒV6,Zq-(,Z!hÏîaZƒ@*ìX‚B~Z,iCÙY**»g{âŠzV

~ƒD� Blood Stream Æ‰-gc*Zzg-guZeÆÔz;VZzgÌZâY
ÔzN*NÔ0*ãZzg‰ÃiXZ¤/Z(ƒÂÔ Amino Acids �ŸÅ¢zg]ƒC�Ô‰

�¼�0*u™@*ìpyÃQkÃ¢zg]ƒCìic*Š{¼ƒäÅ´z{Zq-‚Š{
!ÂxÆ'×h+',ZyY+Zzg!*¹gpp»gWæZâYÃÔSkÂx~Zzg»x™**
ƒÇ�gZq-ë{!ö.$Æ�»gWæZâYÅ×™@*ìZzgÜs**»g{iCÙY
âŠzVÃ{g`™@*ƒX

?Ñzq~ìw™Mhƒ�Zq-ö.$ZkŠg6,¡½ï EHZzg&½3ð HEÑ81¹Ðö EG

WgZ3ƒÔÜsZq-¹„(,}gK~¯c*YnÇX@*ët"Vw!ö.$
)¢(Æ Skin |~‡ìƒZìZq-¹gLgK~Ô!*Çvg}

~X (Womb) nÔvg}âVÆg3
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ÆZzg�g (Kidneys) �YäYD��g¤/ŠzV Organs �hŠZg
Zq-$ö.$Æ»x™D�TÆ‚B™*ÅÃðÌ)ßYÂîg6,
£7̈™$ËìX

Micro-Filters /¤/Š}:
ùpyÅ$»¿`c*Y@*ì?

¤/ŠzV~Ô Ð py�cìŸÐ¬*ZgZY@*ì¤/ŠzV~Z
Zq-(,~®ZŠ¶7ÅƒCì�Sk$Æ¿Ãz̧q5+k,ƒäÆ‡.Þ
¯D�XZq-�á0+Zg7{Š¬YYìZ#ÃðSy7iÅ®ZŠ6,̈g™@*ì:
Zq-zZu¤/Š}~z;VƒD�!*g{ÑÄ7i�YäYD��g

6,Bowman Capsule ÆXt¶7iŒƒD�Zq- Nephrons

)gKZzg¡ Capillary Vessels Zq-4™z~‚|#6,�µƒCì —

Malpighian Corpuscle, Æaç L}6,Ô Nephron pyÅ**CV(Ð
ƒD�XSy!*g{ÑÄ7i~ÐCÙZq- Veins ÔZzg¤/Š}Æ Glomerulus

g‚rìZq-6,¡½ï EHðÔDÙZg;pgŠ|ÎgZpVÆ‚BX
½ãZq-aåð8~î OŠwÃghäzZápy»¦ñ¤/ŠzV~W@*

_(ÐiZZ+°4Æ 0.3) ÆÂ‰ÐÔ�Zq-{ Renal Arteries ìÔ
�pyáYCìÔ¡¡**CV~„ƒYC (Vein) ˆ[Ðƒ@*ìXzgh+

ìÔ�V„z{¤/Š}~ŠZ4ƒCìXSy¡**CV~ÐCÙZq-
ÃYCìX]ìŠwÆ‡ì™Š{Š!*î»Ôpy”Z@*ì7ÅRÃ Micro-Filter

‡.ÞÒpgëgÆZzgiCÙY6,Ze„Zzg0*ã*gYD�7ÆŠzu}Y+$
J-Xaè6,z̀ZzgpyÆŸ]Sã(,}ƒD��7Ð*gä7
0*D�Ôz{úg{YD�Xpy�**‡.Þ*gƒ@*ìÔZk§bÐ™sZzg
{Øƒ@*ìXY,̂{fe�Qy¥â]»�Z[J-Åàðˆ�:

ÆZq-•}~0*ñYD�TÅ Flesh Ãð!*g{ÑÄ7k
�#ÖZq-̄Æ',Z',ƒCìXz„-ð"Íîg6,CÙzZu7~ñ�Š

Glamerulus ~ÔVwÆîg6,Ôz;Vƒ@*ìZq-œ� Nephron ƒCìXCÙ
ÆZ0+gƒ@* Ball Capsule,Bowman Zq-pyÅ**CV»Zq- — B@*ì
)Ñc*V( Artery ìXˆ~ÔtpyÅ**1VW:~ïYC�Zzg�gZq-

ÃghŠîìZ[ëSk´‘»Zq-¿‚Y,̂{fe�X CapsuleÆ
~ŠZ4ƒ@*ìÂFZq- Bowman Capsule�Glamerulus

¯@*ìXtpyÅ**1V Vein Node ~#$Y@*ì� Capillary Vessels

ÃghŠîìX Capsule Å̂~ Artery ẐfZyQÐï™Zq-
ÆŠgxyŠ¬YYìÜs Arteries Zq-pyÅ**CV»YwŠz

ÆArteries ÔŠz CapillariesÆGlomerulus ŸÆSkz~Xaè
ŠgxyƒD�Âpy»Š!*îŒV6,Šg}—ƒ@*ì£¨~ŸÆŠzu}

ÆX—py»Š!*î�ŸÆSk´‘~‡ìgLìz{Zq-¹ Capillaries

„SàÑÃ7gZ™@*ì:¯äZ~§i¿ic*Š{OW,ÁXQ£¨~
Zq-— **CVÆÔŒV6,**CVÅŠ-Zg,Šz6,CƒC� Capillary Šzu}
gzÇ Z+‚|#�:ÜsQ7ñµŠîì',ŠZ“™äSk—pyÆŠ!*îÃÔÉ

)C8-.ð EGV(ÃpyÅ**CVÐg•ÐX Leucocytes Ìì6,z9Zzg
]ìSyÓxS:]»ÔÜs0*ãZzg0*ã~i5+k,ZâY

Bowman Capsule Ð*gCƒð Glomerulus Capillary Vessels

~SkÆ',@S+Cå EEEZ[ Capillary Vessels WC�XZ¤/85Âî FGz;V6,Šzu}
»f™�g Veins »¿ƒ@*ìÔÃðÌSkÒpÐ¿cZ7ƒD�XSy
�ZßŠ{pyÃ Veins Zq-VwÆ¤/ŠzVÅù¦îg6,ðÆe~ƒYìX

7iJ-ÑC�ÔŠzg™Šî�Z™Š{**»g{âŠzVÃZzgáYC�â!*¹™s
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ÑÄ7iÐ:ƒC�ÔSk§bÐðƒD�� 12 pyÃzZ:Ÿ~Ô
Follow ÃðZF~Çƒä70*CìXgZ3�pyÅ**1V¤/ŠzV~

™C�Ô�¹VQyÃáY@*ƒ@*ìSy6,Ze„ÃÔZzg¹V¤/ŠzVÃghD�
tÓx¼ƒ@*ìZq-{mð»âqÝX —

�¼�Z[J-ÒyHŠHìÔƒD�¤/ŠzVÆ»xÆ¹gL
8zõ OXFZq-ÂÁèˆ�Ô"Ñgó_·Y]ZzgŠ!*]G‰�Ô¡
Zq-zZu§i¿Ð0¤/ŠzV~c*Zq-—Ð0�Z�ÛZiƒ@*ìXSK̈ã
=ôZÑZ“}é EYÓx¼ïZq-zZuê6,B�:t�øg}ŸÆÓxZbZYÃ
gxƒ@*ì�gZq-Z»ðÆÔYèøgZ¡i0+{gx«ƒ@*ìøg}Z�x»
»x™**ƒ@*ì�gZq-zZuZ»ðÆXZ¤/zgh+~Âx�ÇÐÒyHŠHìÔ
¤/ŠzV~ñ�Š7ƒ@*ÔÂŸ»ZyZYÂxZzgŸ»ÂZiyç}~ƒ@*ÔT»
³ñ]ƒ@*Xt!*]7g}îg6,XSg»ðÃc*]ÆŠ“ðWîVÃadÐQ3h
ÔìX�ŠÑª™D��SK̈ãŸZKñ�Š{̂ÔZ·‡]Zzg$+Ñî‰

ÔChance-Based ÆD+g#ZW,Z]Æ-ÔZ(gÅìXpQy» Factors

Form Æn Capillary Vessel :©ÃáÆ»:Hteƒ@*ìZq-
Æ‚BÔŠz!*g{Z·tÐÔ¯** Capillaries ƒ**Z·tÐÔZzgA$ïY**Šzu}

¤/Š}~Ô�QyÆìÆ_.Q½ZZ·tÐÔA$SyÆn Capsules

Å̂~ÔZzgA$qÝ™**Zq-¹„ñizV‚|#78- Artery ï0***Zq-
HtƒƒnÇZ·tÐ? — §i¿ÅZ�xŠ„Æn

t!*]Aîg6,ÈVƒCì�Z(ÃðZq-ˆ[Ô�‡ìgLìZq-
ÆẐq-Z·‡]6,ÔZq-6,-VÅ¹ãÐic*Š{¼7ƒ@*ìZq-ÂxÌZ(
7ì�0eƒSk§bÐËÌY0+Zg~XCÙqSK̈ãŸ~�gZq-
6,¡½ï EHö)Æ³~Ôñ�ŠƒCìz;VƒCìX"—ÔZq-¤‰Ü�Sk

ðÃZ�xŠîìÔz{¤‰ÜlzùZvÅ!ìX
/$»ö.$¿cZƒ@*ì

kZõ(j[+»7ƒ@*ì¤/ŠzV~zZµ 7.6 kª) 125 CÙ4Ô
Æfg=�g**»g{âŠzVÆ Blood Stream ÐÔZzgCÙj[+ Micro Filters

47.5 {) 180 ÆŠzu}Y+$XSk»Èt� Filters ƒ@*ì Pass

SÚ»°ì�eg»gÅN*éÃ½nXGÔZq-SK̈ã — _(CÙŠy7ƒ@*ì
47.5 {) 180 7&+(ƒÔÂîg6, 145@*130 ³¤/Zx) 70@*60 ŸT»ziy

_(j[+»vyÔCÙŠy',ŠZ“7™YìX
'×h+',WyÔ´z{iCÙYZâYgppÆÔtj[+ZëZbZYÌg‚rìÔ‰

ÔzN*NZzg‰ÃiXSyZâYÆvy»³ñ]ƒ@*ìXZ¤/Z( Amino Acids

ƒÂÔSkj[+ÃŸÐ̄g~îg6,{g`™**7ƒÇXÉ¬Ô»gWæZâY»Ø`**
ƒ@*ìÔ!*¹ǵZzgŠz!*g{qÝ™**ƒ@*ìŸÆZEwÆnX

Ð*g@*ìÔŠz!*g{_.[ Micro Filters j[+»� 99% |~Ô
~XQÏz‰ÜÔ Blood Stream HY@*ì¤/ŠzVÐZzgghZY@*ìzZ:

ZâY�ŸÆnŠg»gƒC�Ôñ~YC�Zq-ÆˆZq-Šz!*g{ZEw
ÔZzgŠzu}ZëZâYSk§bgzunYD Amino Acids nXzN*NÔ Æ

~{g`ƒäÐX Urine�
/$öÛ~)ßY

( M u l t i - 6�Zz6,ÒyHŠHìÔZq-6,¡½ï EHZzgM»ò
ZzgŠz!*g{_.[™ä — ö.$Ñiòƒ@*ìpyÅ$~ Functional)

»gWæZâYj[+~Ð�¬„Ð7HƒZƒ@*ìXZvä‡ìHìŠkÑÄ
Sõ( 4 ª) 10 Zq-¤/Š}~�Üs  Micro-Purification Plants ÐiZZ+
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7&+(ziy~ƒ@*ìX 0.2) ¤/Zé 100 �#Ö~Zzg
6�?äŠ¬ìÔpy�ŠwÐ¤/Š}ÃBƒ@*ìÔZƒ@*ìÔ

Micro-Purification ÐX��ëågD� Micro-Filters ÑÄÐiZZ+ 10

ÆXCÙö.$¯ƒ@* Micro-Filters ‡ìG‰�¯g~îg6,úSy Plants

Sõ(Mƒ@*ìX@*ët™*~ƒÐ 1.2 B¢a) 31 6,� Mini-Pipe ìZq-
ic*Š{6,¡½ï EHkg$©5»4jè GEGGIEöÛ~ÐZq-ìX

!*z�Š‚g}(,})ßŠfgZ$šð JVÆSK̈yÆ;ðVÐZXŠ
Tube £7̈™YìSkgLÐ Purification Plants ™Š{ÔÃðÌ

Æ��áZ+„LaZHŠHƒX
»x™@*ìÔëÃ¢zg] Tube ISkÆç¤™,�ùtgN*‚

Zõ(Mƒ@*ìX 1.2 B¢a) 31 ƒCì̈g™äÅSkZë|6,�z{Üs
 Micro- Purification ÑÄÐiZZ+ 10 f‚~gnpƒñ�z;V6,ƒD�

Åù¦MðZ¤/Sy Tubes Zq-zZu¤/Š}~ÔSyÓxgL —Plants

é(ƒCìX 19 ³¢a) 31 Ãaç L}Ðu}5™g3YñÂzZ¢š5é GGS Tubes

LÅDSVÃ"u"Íîg6, 31 t|�Zvä‡ìHìSy
~Ôƒ@*ì"Ñg7Z]~ÐZq- Organ Sõ(�#ÖÆ 4 ª) 10 Zq-

7{Ô�ZväbCÙ{HìSk»ÔSK̈ãŸ~ZëlZg,»gWæZâYÆgpp
Æ´z{ÔigŠ~âb¤/Š}»j[+¢gg‚yZâYÌZL~g‚rì�

™YD�ÔZzgW[Ñzq™D Cross ÆŠzu}u}J- Micro-Filters

B¢aD$ö.$~X 31 �Zq-¹Zë^
/Zq-i0+{0*U$Ñí

L
+CÒ3|ö
GE

Gö.$c*0*U$ÑíT»jZ!ëŠïgì�Ôƒ@*ìZq- 31

c*ic*Š{¡Æ‚B}ÔZq-ù·�3Ÿ]»XtŸ]� — i0+{k[

0*U$ÑíÃ¯D�Ô7gZ™D�Zq-Zë»xSK̈ãŸÆnÔ‚B)©à
¢SgZŠ}ÔÅgZzgf)ŠZg~ÆX

ÆZ0+gÐÔŸ]ZN[™D�ZzgñD�QyZâYÃ� Urine

 ™D� Pass SK̈yÆi0+{g$Æn¢zg~ƒD�Xz{A$Q7
Æfg=�Sk0*U$ÑíÆZ§Zs~ƒD�ÔÜs Capillary Vessels

‰‰ÃiÔ — ™DƒñÂZ**ðÅ‡.ÞÒplZg,XñW,ZÌÆqïZâY
Blood Zk§bÐgh}YD�zZ: — Zzg6,z9 Amino Acids

~XSk§i¿ÃzZµƒäÆnÔÜzÜÆ‚>VÃÔ�Ÿ] Stream

Planned ÅæŠ™D�Ô»gg$Å¢zg]ƒCìXCÙq"Íîg6,
ƒCìZzgÑzqƒCìX

Z[ëÃZq-ðhZ‚¨g™äÅ¢zg]ƒCìXŸ]Ã¼qÝ7
ƒ@*ìQk»xÐ�z{™D�X@*ëÇéZq-1ÆÔz{Šg»g‚>VÅ

ÆGap Ù|#™D�XZzgghD�Q7pyÅ**CV~Ô%Ë
@*§]XZZâYÆŠgxyZN[™äÆnÔZq-3Ã¥â]gppÅ
¢zg]ƒCìÔZzgǵƒÇf;-$ZzgŠ/ìQ7].ZƒäÆnX

@*ëÜsZq-zZu3ÆnZÇ„ǵ»°7ƒ@*ìXtÑiòƒ@*
ì�3Ÿ]Ã¦ƒ**ƒÇ¤/ŠzV~ÔZq-k[Ã¯äÆnÔZzgQyÓxÃ
7Vîg6,¢SgZŠ{»bCÙ{™DƒñÔZq-8ïENHƒ™»x™**ƒÇXSkÆn

ÑÄZiZŠ0*U$ÑbÃX 10 Zg1VÓxŸ]Ã̃zÅgÆ‚B!*ëï™¯**ƒÇ
Qkz‰ÜÔZzgZg1VŸ]Ã!*ëNƒÇ@*�¯ÃZq-�7iZzggÄÃZL
W\Ã0*U$ÑbÆ!*[Z−ZïV6,X

c*Šgì�ÃðÌ37g‚rìÃðÅg¼ÌX
~Zq-Ãä~ Tube Z¤/Ÿ]»Zq-ù·W@*ìZq-8ïENHƒ™Zq-
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ŠZg~ øg}Z�xÆZzgZ�xŠï�ZdwÔXÃ¢zg]ƒCìZò[ÅÔf)
ÅÔZzg!*bZgnoÅÔA$z{ƒ@*ìZq-bCÙ{ZvÅÑözŠf;-$zf»z]Zzg

$hÒhÐö
G

Vw»gv~»XZ(Zq-"ÍWgegÜsWYìz�Š~Ô:ÆZq- "
Z·‡]ÅezgÐÉ‡ŠgÇZvÆìÐSkÃLLƒYóó!We$7ì:

LLZÝaZ™äzZÑìW�âVZzgi}»ZzgZ#¬™@*ìË»xÃÂ
(117 )Îg{•{Ô �̧Ûâ@*ìQkÃ�ƒYÔ:z{ƒY@*ìXóó

/¤/ŠzVÆ**iu»x
ISkÆ¤/ŠzVÆŠvZdw»_·™,Ôt»gWæƒÇŠ9Z"g

Æ‚B0*ãÅZq-™*Ãøg}Z�x~X
ZK̈ãŸÆ̂k6»ZÖgzZ¢š5é GGSIZƒ@*ìj[+k6,�z{ZL~

øg}Ÿ»ziyÔz{øg} 60 % g‚rìXWŠñÐic*Š{0*ãÔ�¯@*ì
)Wƒ£Ñà(Å̂ Lymph »(,ZzpyZzg — Ÿ]ÆZ0+gƒ@*ìXâ!*¹

øg}Ÿ~ÓxŸ]¾D�0*ã~�øg}Ÿ]Æ — ~ƒ@*ì
Z§Zsƒ@*ìÔZq-{mÑÄ»ƒ@*ìXzg:ßg]qw¹ç**uaZ
ƒ$ËìXŸ]ÆZ§Zs0*ñYäzZá0*ãÅZÌ6,izgŠ¶ÆnÔ
Z¤/Ÿ]ÔpyÆZq-¢{~gÇYD�{Ø0*ã~Ôz{YwYD�
ZzgQŠ}�ÐOYD�XZ¤/gÇYD�Zq-âùÆâjw~�"
Æ0*ãÐic*Š{ûƒ@*ìÔz{ZLW[~'ç NHYD�Zzg»ƒYD�X
¬Š/~{Ø0*ãŠZ4ƒ@*ìic*Š{ûŸ]~XŠzu}Š/~Ô3
ÆZ0+g»0*ãé1Y@*ìic*Š{ûÛzãâjw~XŸ]~SknÆ
ZÏÃ]ÔaZ™D�h•&}òSK̈ãŸ~XSkzzÐÔtÑiòƒ@*

ì�SK̈ãŸÆZ0+gzãj[+kÃgxƒ@*ìZq-ºmÑÄ6,X
¤/Š}aZG‰�{mÂñVÆ‚BSk!*]»ŒŠ¶�

ik,cÂZiy',ŒÛZgg3Y@*ìX´z{Zi,Z™äZzgÌð™äÆpyÅÔ
t7ZC�hZ¤/ŠzV»!*‡°ÏÌÑDgLìvg~!*:VÆj[+ÅlZgZzg
ÑÄ~Zzg‚B‚B¯ñg‚rì¢zg~ëW°SkÒpÐX

?LÎW70*Dƒ!*g}~0*ãÆÅð LwÆvg~!*:V~Ô
gzi%{Åi0+Ï~X%vg}zZ6ƒäÆSk!*]ÐÔ¾qwÔ¤/Š}
!*‡°{™DgT�Sk0*ãÆÅð LwÃÔvg}n»x™ä%¥ÆÆÔÇ

é71VZŸ]Æ�vg}§sÐvg}n»x™D�X
/ù¤/Š}!*‡°ÏÑD�0*ãÆÅð Lw~ÔS̈KãŸ~?

SkÎZwÆ�Z[ÆnYyÎ6,ÔëZq-ŠiZzgŠÙ�ZvÆ
ðÅ"Vw¡]ÃXZq-!*bg*Zzg6,¡½ï EHîg6,aZ™Š{ÂxÆZdw�
‡ìgnp�ÂZi**]ÃŸ~¾w_5½5Àö NE

GY
ÐX

Z¤/?Zq-‡.ÞÒplZg0*ãÅÅŠïƒÔvg}ÕÐc*Zq-z9
J-0*ã7ÃWƒÔÂÑÄ0*ãÅvg}py~¤/YCìX6�py

(Ÿ-@î EGE
Æ**xÐYä Hypothalamus Sk´‘~ Sensors ÐÌcìÔ{m

ìX ÃÔ�;gñ9Âx»¾&+gƒ@* Pituitary Gland YD�Ô¬�Zq-W
(Blood Stream) ¼zŠÔtYy™�0*ã»Åð LwÔpy Pituilary

~ÔÁƒ[ìÔ&ìZq-{m\x¤/ŠzVÃÔ
ÔÅ^~ÔZ�ág{Šïƒñ ADH, Anti-Diuretic Hormone

Ÿ]�z;V6,ìZq-0*ãÅ¶Ÿ~ÔZzg@Ze$ŠïƒñQ7gzÆgpp
™D�ZzgghD Extract Æfg=iZZ+0*ã UrineÔMicro-Tubes 0*ãÃ

�SkÃpy~ÔSk§bËÌç}ÃŸ~N*wŠï�X
Z¤/?iZZ+Zi¢zg]0*ãÃWƒÔA$z;Vƒ@*ìŠzuZF,'¿»¬QÏ
uÆZ0+gXSkñ§6,ÔŸ]Ã@Ze$Š~YCì�:gppÃðZŸ†0*ãz;V
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~iZZ+Zi¢zg]0*ãƒ@*ìX Blood Stream 6,˜V6,
¼zŠÆŸ]Ô̄g~îg6,(Ÿ-@î EGEÆ-Ô�Z[Šï�? PituitoryH

Ÿ]ŒVÆ¬�Zq-W¤/ŠzVÃÔ�QyÐ»°Ã,6,ƒD�X
¤/Š}ÆŸ]A$¬Åz™D�Ô%ÃðÎZwGÆZzg)æzoîg6,Ô
Qk

².1¹ÿ G\xÅ�QyJ-(ìXZzgˆZfZyz{0*ãÆ‚Ó]ÃZq-Æˆ
Zzgt — ~Ð74/õ FNEG�ÔSk§bSÐ$+s�{Ø0*ã~ Urine Zq-âù

™s0*ãzZ:Ÿ~(ìX
ÜzÜ

(Ÿ-@î EGEZzg¤/Š}ÆŸ]ÆŠgxyZzgH¼¤/Š}ÆŸ]Ô
Å$™D�Ô{Ø0*ãaZ™äÆnÔz{ƒƒ@*ìZq-D Urine

Z�ág{f;-$»ZzgSgZŠ}»XÍc*�SkÂx»z�Š/fZ]pŠÔÃtSg»YÃ7g}
îg6,n{™äÆn»°ƒ@*ìÔ�Âä7™@*ì™*ÆÓxY0+ZgzVÆ
z�ŠÅÔ‚g}Z·‡]ÅZ˜jV~XZ¤/ZyZYÂxÃ»x™**ƒ@*ìÔÂt
Ñiòƒ@*ì�QkÆ‚g}FWiZŠZbZYÃgxƒÇZq-‚BÔZzgt�QyÓxÃ
7g}ëW°Æ‚B»x™**ƒÇX

ÅÔ�áYD Anti-Diuretic Hormone VwÆîg6,ÔÃð¶
Ð¤/ŠzVJ-ÔaZ™$ËìZq-³Zq- Pituitary Gland �\â]Ã

{1.5 ÅaZö�gziZ:ƒ**ƒ@*ì Urine ç**uFg~Å̂~XOç
_(Zzg�ŸÆn 8@*0.3 {) 30@*25 _(Ôz{(,|YCì 0.4)

ç**uƒ@*ìX
/Îe*~!*‡°Ï

~Zq-¹(,~®ZŠ~ñ�Š (Blood Stream) ¤/Š}Ôpy
Ã!*‡°{gnp�ZÒßvÔ Levels ZâYÔXÐ?!****zZ6ƒDƒÔÆ

VwÆîg6,ÔQyÆ!*:VZzgpy~Îe*Æ‚>VÆ!*g}~7

Y…�X@*ëvg}¤/Š}%Ë**ªÆgZ]ZzgŠySkKÆÅð LwÃ
!*‡°{™DgT�X

Level gnp��Ÿ~Îe*Æ Sensors ¤/Š}ZL~{m
Sensors ™äÆnf)ŠZgƒD�XZ¤/z{Åð Lw¤/@*ìÔÂt MonitorÃ

Ÿ]Ã¤/ŠzV~ÔZ:q™D�X Sodium-Absorbing ¯g~îg6,
t¹„ª]Z0!*]ƒCì�Zq-3ÃY**ƒ@*ìYïg~qÝ

Æ!*g}~ÔZzgt3 Level~Blood Stream ™äË{m—Æ
g‚rìÅgi™äŠzu}Ÿ]ÃZq-p~Ð�z{Ù|#™@*ìX

¤/ŠzV~ZÆŠzgZyÔÎe*ÅZq-lZg�BƒCìQkj[+~
Æ{g`ƒ**ƒ@*ìXZ#Îe*Ã_.[™äzZáŸ] Urine TÃ�g

Urine Y…��Îe*»Åð Lwpy~¤/ŠHìÔÂz{Îe*‚>VÃñD�
~Zk Blood Stream ~ZzgzZ:àD�Q7Ÿ~XA$Îe*»Åð Lw

§bQÐ**gïƒY@*ìX
{m

')4ø FFÔ�SyŸ]Æaç LzV6,ƒD�ÔŸ]ÃñµŠï�
ñä»Îe*Æ‚>VÃÔ»g™ŠƒYD�Z#L¢zg]ƒCìŠz!*g{
qÝ™äÎe*‚>VÃŸÆnXZ¤/z{Šz!*g{Z+Cå EEEZ!}2x¤/ŠzV~7
0*c*Y@*ÔÂA$øg~ñ]ic*Š{0*ãÆÅŠ¶ÐÔ**¦/k,ƒYCìX6�?ä
Š¬ÔŸÆZ8{ð OVÆŠgxy!*bZgnoƒD�"ÍÔZzg!*Š°Ï
Æ}2éZzgZôïD+ZÛ�Z(gGYD�uòqÑ]Åßg]~
ƒD�ÑVwX

Ãð¶
)©àZë‚>V~py~¯g~îg6,Ù|#ÅYC
ì´Z»ÇVÐÔZzgÑzqƒ@*ì»xæZzZ™ä¶c*
»XZq-6ð\x
¯g~îg6,5Y@*ì´Ÿ]ÃÔ�B�Sk\xÃÔSk6,»xƒ@*ìZzg
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Šg»gZôïD+ZÛZ(gGYD�X]ìSk"ÍÜzÜ»Ô�Z�x0*@*
ìZq-¹„¾z‰Ü~Ô¡»ö‡ìƒY@*ìX

Z#?¨g™Dƒ�ùCÙ¤/Š}»3Y}ì�QÐH™**ƒ@*ìÔ
»x™@*ìZq-!*‡°{§&~!*ë‚BŠzu}Ÿ]ÆÔ7,kìZzg&
ì\â]Ã�SkJ-í�ÔZzg™@*ì�¼�QkÆ™äÅ¢zg]ƒC
ìÔ?ŠNMhƒ�tzZu]»öúÒÏ™@*ìZq-7{ÅÑzqÐWy
J-Xt7g}îg6,**eƒ@*ìÔÓxZbZYÆn�¯D�Z(Zq-ÂxÔ
¯ñ‰ƒVZ·tÐX

6�?äŠ¬ìÔŠúò™**�Z(Zq-ÂxªCÙƒZå¤/ŠzV~
Z·tÐÔzZãîg6,ZDg™@*ìx**»òÃTÐeZgz"54ø

EGHŠzegƒñ�X
CÙiZŠZx�1Y@*ìŸ]ÐÔ�¶ƒD�6,z9ÐZzg

ŠAYMh�ÜspgŠÎ~ÔQ7¢zg]ƒCìZq-e{µ/ÅZzgzz
¡— ÅXZ,SgZŠ}»0*c*Y**SyŸ]~ƒ@*ìZq-™sS�ág{ð»

ZvÆÑözŠDÔf;-$Zzg¤‰ÜÅ¶KEV~ÐZq-ìXz{�Sy›ëÃ
l!B�ÔÃ¢zg~ƒCì%z‰Ü»vyGÆZKi0+7V~$+Ñî
ÑäSk§bÐ�ZvÅpÛŠÏå7ÃgìXt$+ÑîplWÒƒÇCÙZq-
ÆnZ#z{¦ƒVÐŠ¶ˆ[ZLZqw»ª#ÖÆŠyX

ZvWÇ{™@*ìßÍVÃSkZ»sÆŠyÐSyZ˜jV~:
LLZzg¹"—Zvìg[÷ZZzgg[vgZÔÎQkÅÈÏ™zÔtì

gZ{¦SXQ].Z].ZgZ{Z(gÅ�Û̧VäQy~ÐZ+yZ!ì”GzVÅÔ
Tz‰ÜŠBÐZq-Šy(,ZÔHp[]4/õ NEGZzgŠÙƒVÐÔTŠyWN
Ðøg}0*kÔ6,"Z»sW`ÆŠyÜôÂgì�ÔZzgeg_5é NEŠ}Qy
ÃQkãz}ÆŠy»ÔZ#êƒÇ̀»x»Zzgz{Èwgì�Zzgz{¢

(36-39 )Îg>%*Ô 7ÑDXóó
/¤/Š}ZzgŠ!*îzgh+zV~

¤/ŠzVÆZë»ñV~ÐZq-»xpyÆŠ!*î~!*‡°ÏÑ**ƒ@*
ÐHY@*ìXiZZ+j[+ Level ìÔT»ç{mîgÐzgh+zV~j[+Æ

~ÔpyÆŠ!*îÃ(,J@*ìÔ�Ÿ~ñ�Š¹‚g} (Veins) »ƒ**zgh+zV
ÃvyàYìX Organs

�›wÆZŒSk6,ƒD�Ck™D��z;V6, Sensors

iZZ+Zi¢zg]j[+zgh+zV~ƒ@*ìX
Z#›wSÁn)i@*(™@*ì‚B~iZZ+Zi¢zg]j[+Sk~

Skßg]qwÅg7g^(Ÿ-@î EGEÃ¬�Ô�A$pyÅ Sensors ŠZ4ƒ@*ìÔt
ÅahZð~$+ÑîÑ™�¤/ŠzVJ-YC Veins ZÆ¿Ã(,J@*ìÔQk

�XZ[ëZq-ìàVw6,̈g™D�ÔŠ!*îÆeöÅ�ŠwÆZŒÓ~
ƒDgLìZzgÒp0*kc*$+ÑîŸ~ZkÅgzÝ~Z�x0*@*ìXìw™z�
Zq-#{Ô7g}îg6,Ûzã™*ÐZµƒ@*ìXZq-¿Qk~gLìÔZzgZK

7gZ™äZq-¹Zëf)ŠZg~ÃX — 7g~i0+ÏÃz;V*Zg**ƒ@*ì
Sk#{ÅŠ-ZgzV6,ƒZ»Š!*îVÚ$+mgLìXSk¿»»x
ñizVW!Æ‚BSkŠ!*îÅeö™**ƒ@*ìX´z{SkÆQkÃeNK]Å
Z˜bZq-¥âC6,ZIWnÃ'ƒ@*ìÔ¯DƒñDÙZg;g7gF°Šy
Æˆ[ÐÔZzgtg7gF%ËtÆƒ**ƒ@*ìXZ¤/z{ÈwY@*ìhe
Zq-eöÔc*°xÂµ»DgƒY@*Ôc*Q)9eö™@*ƒ@*ÔA$#{T~�z{
gLìÔ¤8-T~�#{ƒ@*ìÔZzgàT~z{¤8-ƒCìÓxn{
ƒYD�!

Zq-85Âî
GW¦g7™YìZq-¿»�ZK7g~i0+Ïz6™Š~ƒCÔ
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ìÔeö™DƒñŠ!*îÃÓÅŠ-ZgzV6,ÔL7Î@*ìZq-œÆnÌÔ
ZzgZL»x~Lt7™@*ìX@*ëzZu]�Ÿ~z̧q5+k,ƒD�Sk
VwÆuzŠÐ¹WÐƒD�X›wÆZŒÓÅŠ-ZgzV~Ÿ]

|~z6™Šï�ZK‚g~i0+ŠHV**íƒñpyÆŠ!*îÃÔg7g^
™Dƒñ}òÃ(Ÿ-@î EGEÃX|t�tŸ]Z�xŠï�Z(Zë»xSkŠg
pŠŒÛ!*ãÆ‚BZK‚g~i0+7VÓxÔzZµƒD�›wÆZŒÓ~Ôá

(Ÿ-@î EGEÃŠï�ÔtÓxeD��t q Mh�eNK]ZzgSyƒÅZ:
Ÿ]{mîgÐðG‰¸X

~Fibers /\x�9Ÿ5é FNFƒ@*ì›wÆ
Å�ZÇV~{m‚ã©VƒD��á Fibers ›wÆ

�Organ YD�Zq-¹Zë\x�›wÐm7g‚rìÔpZq-ŠzuZ
SkÐ»°Šzgƒ@*ìÐmg‚rìX

¬xqÑ]~Ô¾âqÔaè‚ã�áYD�\xÔŠwÆ¤!g
Ðy}ƒD�ÔSk´‘Ãgh7Mh�X¾nt�ÃyÐ\x Fibers

t‚ãáYD�?ZzgYVz{›wÅ!*:VÅ�ZÇV~ƒD�?6�
ëØÎD�SyÎZßVÆ�Z!*]»ÔÂZq-ŠzuZð»7{Q½@*ìX

Atrial �Y**Y@*ì�g Harmone t\xg‚V‚?ƒ@*ìZq-
ÆXÜs¤/Š}„Qk\xÃÅwMh�X@Ze$qÝ natriuretic factor

™Dƒñ¤/Š}Ô{g`™D�Îe*ŸÐX
YVZq-\xÔTÃY**ƒ@*ì¤/ŠzVÃÔ9Ÿ5é FNFgLì›wÅ�ZÇV
~?Zzg›wÃH™**ƒ@*ì¤/ŠzVÆ‚B�z{{g`™nÎe*ÃŸÐ?
¾qwÔZväSK̈ãŸÃ‚B~DÙZg;Xg*!*bÆÂñVÆaZHìX
9Ÿ5é FNFñǵZq-\x»›wÅ�ZÇV~ZzgTÃ)ƒ@*ì¤/ŠzVJ-Ôƒ@*ì

Syë{Zgno!*bÂñV~ÐZq-ÂxX
Zq-¸]~ZŸ†Ôzgh+zV~j[+ÐZW,Z0+Ziƒ@* — —py»Š!*î

TÆ³~Zq-¹„ç**ußg]qwaZƒCì�$ƒ$Ë —ì
ìZ#J-�ZôïZŠZâ]7GYD�XtpyÆŠ!*î~ZŸ†›w

Zzg\xg‚V Muscle Fibers, Gaps Æ;î»:Lƒ@*ìÔÅwŠêì
‚>VÆŠgxyÔŠ!*îÆZW,Ð¬�\xg‚V‚ã{ƒD¸z;V6,Ô

~ÔZzgA$t¤/ŠzVJ-í�X¤/Š}Ô Blood Stream gh}YD�
›wÐŠ~ˆ@Zc*]Å@*,ŠZg~~u¤/xƒD�Îe*ÃŸÐ{g`™ä
~Xpy»Š!*îSk§}Ð**gïÅð LÖÅ§sßÒìÔZzg›w¡qîg6,
ŠP)Ñzq™@*ìX
/Hƒ@*ì²py»Š!*î°æ YLY@*ì?

¤/ŠzV»»xpyÆŠ!*î~!*‡°ÏÑäÅuJ-özŠ7gLìÔ
**ò—»Z�ÛZiZq-3Ð™D Renin Z#py»Š!*îÁƒY@*ìÂ¤/Š}
Æ**xÐY**Y@*ìX@*ët—Ãð JGA ��Zq-{m‚|#Æ�g

!*Z°Z„Š!*îÁ™ä»pŠ»ZCÃðZW,7gBbìX
B@*ì� Angiotensinogen t—Zq-‚?ÐïYCì�

®»Z�ÛZi™Š{‚?ƒ@*ìÔQk£xÐ»°Ã,6,ƒ@*ì˜V6,z{aZƒ@*
‚?~$+wY@*ìX@*ët³~qÝƒäzZÑ Angiotensin-1 ìÔZzg

Blood Stream ;gñyÃð{mZW,pyÆŠ!*î6,7g‚rìXt;gñy�
~Ô Angiotensin-2 ~ñ�Šƒ@*ìZq-¹„Z‚?~$+wY@*ì:

~ñ�Šƒ@*ì� Lung Æ**xÐågZY@*ìÔ ACE ]ìZq-Z4,Zì»�
ÆProcess ÃÂhä»»x™@*ìXt‚?� Angiotensin-1 Üs‚?

6,ZW,Z0+Ziƒ@*ìZzgpyÆ Veins {Ø6,aZƒ@*ìÔz{Zq-;gñyƒ@*ì�
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°æ
YL}ƒñŠ!*îÃzZ:**gïÅð LÖJ-(,J@*ìXZ¤/t‚?:ƒ@*ÔA$Z’Zð
;gñ÷~ÐÃðÌ�aZƒD¸¬7gnpƒDÃðZW,pyÆŠ!*î6,X

Æ  Sensors ÃÔ  Veins Üsi@*ì Angiotensin-2 ‚?
ÅR6,ƒD�ZzgSk§bpyÆŠ!*î~ZŸ† Veins ‚BYÆˆ�

ƒ@*ìX
‚?pyÆŠ!*îÃ(,JäÆ´z{Zzg¹¼™@* Angiotensin-2

Sk‚?Ã¤/Š}ÆQz6,Zq-¼zŠJ-áY@*ìX‰  Blood Stream ìX
B@*ìÔ Adlosterone Ÿ]Sk´‘~ghD�py~Zq-‚?�

ÐYÆˆaZ™D�XZ#Z(  Angiotensin-2 TÃtŸ]ÔÜs
ƒ@*ìÔpy»Š!*îZq-Šzu}}2xÆZW,Æ-(,−Ñzq™@*ìX

Receptors ¤/Š}Æ®Ó»45ëHEYj&Òø E
6,ñ�Š{m ÔAdlosterone

Æ‚BYÐŸÃñµMìŠz!*g{Îe*Æ‚>VÃ_.[™ä»�{g`
~XÎe*Æ‚ãA$(,JD�pyÅŠ!*îÃZŸ†™D Urine G‰¸

ƒñpyÅÑÄ~X
"—ÔSyZâYÆZW,Z]!*bg*ÐaZƒD�X
aèSy~ÐZq-Ì7WeìZ·tÐÔtZzgÌic*Š{**eƒ@*ì

SkÂxÆÓxZbZYÆnQ½}ƒVZ·tÐSK̈ãŸ~XZ·‡]¤/ŠzV
QyÅ&¢AKÅÔZzg¢zg~UZN[™äZD+ZÛÃÔ7Š}Mh�X Ã

tŠúò™**�Šg†VZâYZzg}2éÅF,KMZEw~WC�
!*‡°ÏÑäpyÆŠ!*î~ÔWðƒC�pŠÐÔ�ƒCìZq-̂»Š|u

RuÅßÍVÅ�Z0+ñƒ™z6ƒD�ÃtSg»YÆnÔZzg�¯n
�SkÃ�gZq-ZNŠ~ÂxÆX|~Zg»YIt™D�Z§&
Ð�Qy»ÃtÜsZq-ZNŠìÔ�Óx›ëÆ‚t¸T$ƒY@*ìXSy

Z‹ZÃ]~ÐZq-8iïELfsîg6,7,JY@*ì:
÷~ZzAF,šMÐ�gZq-‚bŠZVÆÔ~)©àîg6,

HŠHåÔ¢™ä�‚b0*È7ƒ$ËìËÌnÅ Brain Washed

ƒ**ƒ@*ìc*ƒ**7,ZåXQk Shed Z+ÑàðÆXtìwÃZfe$Æ‚B
ñµ6,Ô~70*YåÃðfZg~»IƒF,Šh+™äSkìwÅ�Z+Ñw
7™@*ƒZvÐ¥�qƒä»Xëg3™DZ̧q-²£Õä NŠ+ÔZ[ëY…�

Zzg:�Z·¹ZZ4[ — �Üsx�Z[i0+ÏÆ!*g}~ƒ@*ìð
^›45å IEG{!*i~™sîgÐZzg**‡.ÞF,Šh+ƒäÆÔÓx‚³›ë��Zg»YI
Ãt™**ƒ@*ìc*™**7,ZåÔeD�XZq-{ÛÆz�ŠÃ�g‚rìZCºCÙ

!*ZÖpŠvÔZv»z�ŠX — q6,
/¡¦¤/Š}

Z#oƒîg6,ZLZdwZ�xŠ¶~**»xƒYD Organs

�ÔÂŠzgq¢Å)ßYQ7$+%Æn¡¦WÑ]7™CìÔX»
ZEwzp‚bÅßZ$+h+6,ƒ@*ìX

Z¤/¤/Š}oƒîg6,XZLZdwÔZ�xŠ¶~**»xƒYD�c*
á»gÅYCì»x™ä�gZq- Dialysis ZLZdw—™Šï�ÔÂ

— Æ
+CÒ3|ö
GE

GÂxÆXSy0V~Ð�pŠ¤/ŠzVÐ(,}ƒD� py
py*ZgZY@*ìZ}2éÆfg=Zzg™sHY@*ìZ,iCÙYâŠzV
Ð‰-guZŒƒ@*ìXt	‚Š{ÓfÐ»x™C�ÔT~pyZq-
¹„ZdÑÄÆâjwÐZq-ÁÑÄÆâjw~*ZgZY@*ìXpy

á~BHY@*ìÔ  Dialysis ÐZq-"ÅæŠÐ (Artery) Zq-Ñc*V
�WxÆZ�ÛZoZzg — Æ̃zƒ@*ìg‚rì Plasma �Zq-j[+pyÆ

#ÆZg‚iÅZ˜jV~ƒ@*ìX�V„pyBƒ@*ìSVÆfg=Ô
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j[+~ÔZ#�¢zg~ZâY‰ Dialysis **»g{âŠ}‰-gc*ÓfƒD�
k'~XSk§i¿Æ Dialysis Zzg6,z9gT� Erythrocytes

Æj[+ÃÔ]ìSk§i¿»�**»g{ Dialysis ŠzgZyW!î̄g6,h@*ì
âŠ}pyÆZµƒYD�ZzgpyƒY@*ìñizVzZ:ƒäÆnQ

j[+~HY@*ìZzg Dialysis ÐŸ~XZ¤/¢zg]ƒCìÔÂ‰Ãi»ZŸ†
Šz!*g{py~*ZgZY@*ì§i¿ÓfÆfg=X{Ø™Š{pyZq-Šzu}"

Æj[+ Dialysis ÃßN*c*Y@*ìXSk§i¿ÆŠzgZyÔ Arteries Æfg=
ÅÚ‰h+ÅYCìÔZzg)zc*:îg6,ŸÅŠ6,‡ìg3Y@*ì@*�%!

ÅFg~~2ƒä»ÁZkygìX Hyper ThermiaÆ
 ]ÔTÆŠzgZy 6 @*4 »¿©8ìÃð Dialysis Zq-7gZ

j[+¼Š!*g$+ÑY@*ìX%ÉVÃSk§i¿ÐZq-ß~Šzc* Dialysis

LÌ**gï¤/Š}Å(7áYìX Dialysis &!*g*g**7,@*ìXQÌ
P 	(,J$Ë�Zq-%!»²D§]Üs Dialysis 85Âî

G
¹„ñW,

Zq-‚wJ-ÔZzgZÒ%!ßvzZ¢š5é GGSÌ%YD�X
CÙqSK̈ãŸ~åîg6,ðÅˆìXzpïÃÒ™Cì

»g™äZq-)ßYÃ�‡.ÞƒaZ™äS:]SK̈ãŸÆ».ÞÆÒp
ÐX@*ët**eƒ@*ì‡ì™**¡¦WÑ]ÜîV~SãgL6�z{
ƒVSK̈ãŸ~X

éX SK̈ãŸ~Zvä�Âx‡ìG�z{ƒD�CÙUÐ"
Zq-¿Ã'ƒÇSÐ�gZq-ZÅxÆZvÅ§sÐZzgQk»CÙœ]ZŠZ™**ecX

We$7�:
LLZvìTä¯c*vg}zZWgZ]Ã�Zk~uñzZzgŠy¯c*

ŠÚÃÔZvÂazZÑìßÍV6,Zzgp¹ßvh7â…Ôz{Zvìg[vgZ

CÙq¯äzZÑÔËÅÈÏ7ÎZñQkÆQ¹VÐQ}YDƒÔSÏ
§bQ}YD��ßv�ZvÅ!*ÂVÐ”GƒDgT�Xóó

(61-63 )Îg{ñðc*v�ÛÔ
/SK̈ãŸ~�á0+ZgfgZùÜzÜ:;gñy»Âx

7[Ÿ]Zq-(,~ëW°Æ‚B!*ëï™»x 100 vg}
™D�ÔÇ‰�z}Zq-Šzu}ÃY…ƒD¸X

tëW°&?7,_ƒSyZÖpÃÔvg}›wÆ¼Š!*gŠP1~
Š@Y$ËìXvg}A-V~fí{™Š{yÅð LwÔvgZ¤XØ¤/Åð LwÔCÙ4

SyÓx~ÔZzgDÙZg;Šzu}SÏ§b — vg}¤/ŠzVÐZ”{pyÅlZg
Å¬]~�z̧q5+k,ƒDgT�7,"Æ¾F,+z‰Ü~ÌX

SyÓxÂñVÃf‚~gÇƒñÔ?ZLŸ»».ÞZq-(,}
7[ñ»gzV6,Œƒ@*ìÔODƒñ¹ 100 WgÑZÐ™Mhƒ�

²z`6, Tempo ]X‰Zz‡] 24 „"VwZbZñF,0ÌÆ‚BCÙŠyÔ
Æ‚BÔZzgŠzu} Tempo ƒ@*ìÔc*Šð7,Y@*ìÔ‰Zz‡]Zq-!

ZbZñF,0ÌÆZq-%æFNjyÏuZðÆ‚BX¾TÔZÑZ~ñ»gLZq-
Šzu}Æ‚B™ïÐZ%s™70*D�XSk§bÃyìz{�`@*ì
Sk"éZgÑZÃ?ù�3Zñ»g‡.ÞƒMh�OäQyÆœ�
aç NzVÃZq-‚BZ!*�VÆ‚B?

;gñ÷Ô6,z9ƒD�f)ŠZg~Æ‚BáYDƒñ\â]Ã
7[Ÿ]ÆŠgxyẌg™zÔVwÆîg6,Ô 100 SK̈ãŸ~ñ�Š

�Z�ÛZi™**Ñzq™@*ìpgZuÆ;LÆŠzgZyX?ƒMhƒ!** Secretin

**zZ6Sk;gñyÐÔtgzÂìvg}n{ÃF,˜Ðvy~WäÐX
vg}n**eƒ@*ìZ(ƒäÐgz1c*ZLn{ÃXñgppËZzg
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ÔZ4,Z'.ø
J

ZzgÂñV6,Ìƒ@* Organs fgZùÐXZzgSk»Z:tŠzu}Óx
ì�vg}Ÿ~ñ�ŠƒD�X

Zq-6,¡½ï EHÂxÓxUîV~Ô‡ìHŠHìSK̈ãŸ~ÔZ¤/p�
ßv**zZ6ƒD��H¼ƒg;ƒ@*ìQyÆZ�x~XZâYvg}Ÿ
~@Zc*]Z̀ZY™D�vg~§sÐZzg‡ìgnp�vg}ŸÆÂZiy
ÃÔ@Ze$Šïƒñ?Ã3äc*ÅWc*w•™ä¹!gëg~Æ‚BÔ85Âî

G

²?ƒDƒSy@Zc*]Ð"¸Xvg}ŸÆi0+{g$»Z®gƒ@*ì
6,�NzwGYD�;gñ÷Æfg=X  Chain Z©xÆZq-

ùt;gñy»Âxz�Š~Wc*å?ùz{!*‡°{ƒ@*ì?ùt
;gñ÷Yy0*D��¹VZzg“Q7»x™**ƒ@*ì?

6�?ŠdÐQy,]~�ˆ~WD�Ô;gñyÂxÆn
Ñixƒ@*ìQ½**ZKÓxF,pçVÆ‚BÓx¼Zq-„Šīg~q-ŠxXt
**eƒ@*ìÔìw™**�;gñ÷ZLÓxS:]Ôz‰ÜÆZq-E²D~Ô
D+g+Cé GESqÝ™D�XéÓxŠzu}ÂéÆŸ~Ô;gñ9ÂxÌQ½Z
ìZq-zZuœ~XŠzu}ZÖp~Ôz{ðHŠHåXSkÂxÅ¬]ƒC
�ÔZvÆz�ŠÆZzgÑözŠ¤‰ÜÆ‚g}oÂV~ÐZq-Ô�Zq-!*gZzgÔ
øg~j,Z‚ÛZð™@*ìKZvÅðÃXfsÅWc*]~ÔZv7Àê NŠêìßÍVÃ
¨g™äQy−VÆ!*g}~�ZväaZHìÔZzg¥�qƒäZvÅ§sX

LLz„ìTäQ@*gZW�yÐvg}n0*ãÔSkÐ?ÃWƒÔZzg
SÏÐŠg|#ƒD�T~?ZLqzVÃlZDƒÔQÇ@*ìvg}zZW
SkÐkZzgiìyZzgLg,ZzgZùgZzgnÆñ}ÔSk~Z%¶KãìQy
ßÍVÆn�̈g™D�ÔZzgvg}»x~ÎŠc*ìgZ]ZzgŠyÔZzgÎg]
Zzge0+ÃZzg*g}»x~Ñ�SkÆ¬ÐÔSk~¶K*V�SyßÍV

Æn�Îh�ÔZzgz„ìTä»x~ÎŠc*ìŠgc*Ã�3îSk~Ð
Í“@*i{ZzgïßSk~ÐKñC�ÛƒÔZzgŠ8ìÂ¯VÃ¹�
0*ãMh™ÔSk~ZzgSkzZWÆ̂l™zSkÆaÐZzg@*�ZˆyââÔZzg
gÄŠñi}6,NhLL1ú�L9£ë EN:7,}?Ãá™ÔZzg¯ð0+c*VZzggZ5
@*�?gZ{0*îÔZzg¯ð´‘Zzg*gzVÐßvgZ{0*D�Ô>�aZ™}',Z',

(10-17 )Îg{-Ô ìQkÆ�¼:aZ™nÔH?Îh7X
/Ÿ~Nzw»Âx

WIñ!*&Òø
J

Zzg äzZá˜iZzg85Âî Gâegy h pg}Ôcñi~Q
ÓxŠzgq¢ÆS:]ÆqïÛR,k�!gëg0VÆqÑ]ÅZzgQyÅ

DÙZgzV‚ßVÐSK̈âVäSyÂñVÃSy — &6VÅ˜ã™D�
ÆZ’ZYÐ»g™DWñ�Ô¾qwÔp6,¡½ï EHNzwÂéÔÑzqÐ„
pŠZK̈ãŸ~»g™Šgì�X

Z¡!Âx�“ƒD� — ŸÆNzwZzgôZy»g}2é
‚B~Zq-**xC.$zguÆÔZzg;gñ9Âx�=ô™@*ì¡]½5Òø

YE
Å

g‚rìZq-)ßY¹„—zZg«ËÌSK̈yÆûzSŠgZuÐ!*ÑF,X —

ƒä i ZºnÔZq-(,~uJ-ÔŠzâVÂéZd£g~!*bZW,Z0+Z
zZáQßßVÆ_.»x™D�XZq-\xNzwÂxÐ5Y@*ì�

:LáCì�́Æn(,Jäc*]äQkÅu¤/òÃXSk!*]Å=ô
Z�x0*CìCÙœÔ]ìSk¥â]ÆÚ·î»ÔZzg6@Zc*]Yg~ƒD

¿~WD�CÙ] Pieces �Sk=ôÆ_.X¥â]Æ�3
Z¡!ÂxZYi]Šêì¥â]Æ$+Ñî»Z¡[Æfg=�“ƒD�
‚g}Ÿ~X

Z¡!ÂxZzg;gñyÂx!*ëï™»x™D�FZq-»o6,XVw
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Æîg6,Ô’k]Z¡!ÂxÐWäÅ¢zg]ƒCì@*�;gñy
Z�ÛZiƒnX;gñãÂxÆfgZùÜzÜ�ÇYD�]ì Adrenalin

»X Blood Stream

Zq-¼zŠgh@*ì\xáYäzZá;gñyÃ¦ñpy~Xt
J-ZzgaZ™D Organ \â]™̂D�‚g}ŸÐÔZzgí�´

�u¤/òQk~X@*ë"—;gñy»ÂxŠzgZypyÅ)ñ�ŠÏ~Ô»x
7™YìZ¤/ëc*Š™D�QkģÃ�;gñ9ZzgZ¡!ÂéÆŠgxy
ƒ@*ìÔA$ëSk|»‚o™D��;gñ9XZ¡!XŠzgZypyÂé
ÃZq-„z‰Ü~a¾gx7,@*ìX

ZzgZ¡!Âé!*ëï™»x™D�ÔZzgŸ~Zq- Endocrine

öZyÂZiy»‡ìgnp�X;gñ9ÂxÔÂ6~ÔŸ]Ǽc*CZâYÆ
ZEw~ÔZzg#ZzgâùÆÅð LÖÃ‡ìgpp~Zë™ŠZgZŠZ™@*ìX!*b

ZzgŸ]Æ Organs Z·tSkÂxÆ!*:VÆÔ¼zŠÆÔZzgŠzu}Óx
ŠgxyÔSK̈ãŸ~Ô¹„Zëƒ@*ìXZÒ¼zŠ�¯0*D�;gñ9ÂxÔ

Zzg:j&Òø ELgnp�Z,¼zŠÔZLZ§Zs0*ðYäzZà (Ducts) Ãð**1V
Æfg=py Capillary Vessels !*:V~Ô;gñ÷ghŠï�Ô˜V6,t
Æfg=áYc*  Blood StreamJ-Organ ~_.[™1Y@*ìZzǵ

— Ô;gñyÃu¤/x¯Cì Condition Æ!*:VÅ Organ Y@*ìX@*ë´
Æ!*ÄÆÒpÐºmƒ@*ìXVwÆ Organ ZzgCÙ;gñyQkÆ0

»Z�ÛZiƒ@*ìÔÂz{zzáCì Testosterone ;gñyÐ Male îg6,ÔZ#
ÇßVZzg„}6,!*wÆ%0*ä»Ô@*ëÅ7,~6,Æ!*ßV6,Sk»ÃðZW,7

Thyroid ƒ@*ìX´z{Zi,ÔŠzu};gñ÷7g}Ÿ6,ZW,Z0+ZiƒD�X
;gñyÔVwÆîg6,ÔŸÆÓxŸ]ÃÃu™@*ìX

/¢¨Ó4è
GNE

GZzg²-B5é NEEGV
;gñ÷�gZq-¤/z\Æ¡]½5Òø

YE
ÆÔv’k,Æ-ÔŸÆ

ZzgŸ]Ãu¤/xg$ Organs Z0+gzãâjw~!*‡°ÏÑD�@*�ÓxZ
ÆnÃu™nXF!*©Zq-;gñyÐ**zZ6gS�Z#J-�z{Qy
J-V70*D�XSknù´!*ÄTy0*D�QkÆºm
;gñyÃ?

TÐ;gñyï0*@* ÔReceptor Ÿ́]Æ¥V6,ƒ@*ìZq-
Zzg;gñyaZG‰�SkŠgºmîg6,Zq-Šzu}Æ Receptor ìX

Ð7i0*@*ì? Receptor n�;gñy�5Y@*ìLß
�SkÐ Receptor CÙ;gñyZk§bZq-JÆxËƒ@*ìÔZzg

OW,ƒ@*ìÔxËZq-{m̧ÆTÃÜsz{ºmJª;gñy„Åw
YìªÑÅŠ™YìX

Zzg¹ — @*ët&¥qëW°¹ic*Š{ë{ƒCì£¨~
ģÆƒ@*ìËÌ¸ZzgJÆŠgxyXÜsZq-ºm — ic*Š{£g~
ƒ@*ìZq-ºm̧Æ‚BZzgZW,Z0+Ziƒ@*ìQk3ÆÀò§i Fit ;gñy

c*!*Ä�áZ+„g¿YCƒ Organ ¿6,X]ìSkZHŠ»ÔÃðÌ)ñizV
»g™ŠSk§bÐX

Ð!*Äc* Receptor Z#ºm;gñypŠÃ�h©8ìZLºm
»z̧q5+k,ƒ@*ìÔTÆ Chain Æ3ÅR6,ÔZq-Ÿ¬5]Æ Organ

{Ø6,3áÆ¸ì;gñyÐÑñ‰@Zc*]ÃX
Z¤/ÔVwÆîg6,Ô@Zc*]�ÈYC�Ô3Ã¬ŠîìaZ™ä

Zq-{m6,z”ÃÔÂZZ4,Z'.ø
J

3~u¤/xƒYD�XtZ4,Z'.ø
J

¥x
Å6,z”Æn��aZ™**ƒ@*ìY™ Data ™D�ZzgÜ™D�
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~X6,z”ÅaZöZk§bÑzqƒCìX Data Bank ~Ô3Æ DNA

Chain ÁÜ�SkÂx~»x™D�éezòâiÆöÆZq-
~ÐËZq-Æ»x™ä~**»ò7g}ÂxÆZ�xÃ Links ÆXSy
�ŸÆn¹„n{ÁƒY@*ìÔZzgñ]6,{Ø»Zky — Šîì —h

ìX ƒ@*
/;gñ9Âx»NzwWn

ÆŠZ:Ð(,Z (Pea) Ÿ]�Zq-(Ÿ- î
EE!*D•Z¯D�Ô�Zq-æ

¤/Zxƒ@*ìÔvg~§sÐvg}7g}ŸÃ 0.5 7ƒ@*ìZzgziyÜs
¼zŠÔ;gñ9ÂxÆÓxZdw»%œ/ƒ@*ìÔ Pituilary eág‚rìXt(Ÿ- î

EE

�g™*Æ¹„�á0+ZgZgÑZÆ@Ze$»gÆ»x™@*ìXtgN*‚@Ze$»g
(,J@*ìZL@Zc*]ÃŠzu}Ÿ]J-ÔæŠÐ‚Ó]Æ�YäYD�
�g;gñ÷ÆX

¼zŠ`@*ìZzg!*‡°Ï~Ñ@*ì;gñ9ÂxÃÔZzg(Ÿ-@î EGE Pituitary

´‘ÆNzwÆ-»x™@*ìX HypothalamusÆ
ÐSk¼zŠJ-(ìÔt Hypothalamus »� Data ]ì
ÆÃyÐŸ]Ã¢zg]ƒC Organ Y}ìÑZ_Ã�?ÃŠg»gƒD�Ô¾

ì»x™äÅ@*�¢zg]ÅŠƒnÔQy7Ò5éG]Æ¡}2éZzg8
‚743ð EGGVÃ¢zg]ƒCìaZ™ä¢zg~6,Ze„ÃZzgZ#aZzZgÃáY**ƒ@*
ìZq-£xJ-XZzg:z{¡Y}ìÓxSyqzVÃ:]ìZq-¹{m
F,'Âx»Ôt&ì¢zg~@Zc*]Sy¢zgÂVÆ7gZƒäÆnX

VwÆîg6,SK̈ãŸ(,kìZ#J-�z{̄*º)Ã7(
ìXSk²DÆŠzgZyÔ71VŸ]„ƒD�Zzg(,_YD�Ôñµ

@*ë%Åu¤/ò!*:V~¥uYCì — Šï�Ÿ]Zzg!*:VÃ(,"»

Y}ìÔ¾ŠgëÃ(," Pituilary Gland Z#z{Zq-ºmÅð LwÃBìX
Å¢zg]ƒCìZzgŸ]Å„Æ¿Ãgz1ÅZq-ŠiºmÅð LwÃV

†&+Ðƒ@*ìŸ]ÐH Pituitary YD�X(,ðF,~;gñyT»Z�ÛZi
ì�¾Šg„ƒ**ìXQyÅ(,ðF,~¥uYCìZ#Sk;gñy»Z�ÛZiÈ
ƒY@*ìX

(,ðF,~;gñyŠîg6,Y…�ÔŸ~Á´̧V~zÝƒ**
ƒ@*ìXŸÆ´‘Y]¯g~îg6,Yyfe�(,ðF,~;gñy=ôZÑZ¡IY

ÆZ8{ð OV6,%ŠzVZzgúgÂVÆu]ÆZÅð LÖÆÒp (Anatomy)

ÐZW,Z0+ZiƒD�X%ŠzV~ÔVwÆîg6,Ô(,ðF,~;gñy¤‰ÜÆÒp
ÐSk´‘Ã¯ä6,«ƒCìX@*ëúgÂVÆnZ(¼7ƒ@*ìXßC

85Âî
G

Zq-a~(,_�Ô]ì(,ðF,~;gñy»Ô� (Vocal Chords) Zz@*g
ÃSk Vocal Chords Y}ìùWzZiaZÅYCìXt;gñyúgÂVÆ

Zzg%ŠzV~Sk§b Tones §bÐ(,J**ì6�aZ™**ƒ@*—WzZiÆ
Ð�6�aZ™**�ZðàƒðWzZi,X

Ÿ]Å**Ẑg~(,ðF,~;gñyÆn{mîgÐZÌÅqï
(,_�ë (Tissues) Zzg!*© (Organs) ƒCìX]ì�ÓxZ�c*]

Å(,ðF,~�**uÆŠ;âV Skin W}§&~XVwÆîg6,ÔZ#
A~»**uÆnÌ Cartiloge ™CìÔ(,−Zzg%0*** CoverÃ (Stops)

(,−Yg~7gÄ0*CìÂtzZ¢š5é GGSIZî(,ðF,~ Skin Zq-Z!xÃ(ìXL
Ÿ~Zq-Šzu}Æ‚Bë Organs ~aZ™@*ìZq-—hXÓx Skin~

W°Ð%0*D�Zzg(,_�X
/,ËÆŠzu}�ÛZø

vg}ŸÆ»g1Šg�Zzgl!Ð0 Pituitary Gland
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~Ì!*‡°ÏÑ@*ìXoƒZz‡] (Metabolism) y~zCR»gzZÇV
~Ôt6,z”ÅaZö~Ô�vg}Ÿ]~zZµƒCìÔ!~Ñ@*ìX

Veins Z#py»Š!*îÁƒY**ìÔA$‚ã�Sk¼zŠÐ{g`ƒD�Ô
ÆZ§Zs0*ñYäzZá�3gv]V~”ZîÑäÅzz0YD�ÔZzg

»Zk§bpyÆŠ!*îÆ(,"Åzz0Y@*ìX (Veins) t]¾æ NHZîzgh+zV
Å»g™ŠÏ~Ì!*‡°Ï (Kidneys) 85Âî

G
¤/ŠzV Pituitory Gland

Ñ@*ìÔ�SkÐÃ,6,ƒD�Xt(Ÿ- î
EE‚,ËtÌY}ì�“øg}

Z�xÃ0*ãÅ¢zg]ƒCìÔZzgQyqÑ]Æ-tZq-qm;gñy
»Z�ÛZi™@*ìX (Vasopressin)

âV»ŠzŠ|QkÆâñßŠ^Æn(,~ZÌ»qïƒ@*ìÔZzgt
¼zŠÔÅ̂Sk¢zg]Ðl!zZ6ƒ@*ìX

»g™Š (Mammary Glands) ¬ÔâVÆ¬îy Z aZöÐfg
;gñyÅzzÐ (Prolaction) ÐYg~™Š{ Pituitory Gland ƒYD�X

Z(¼ƒ@*ìXZzgâVÆ¬îVŠzŠ|»Z�ÛZi™**Ñzq™Šï�X‰„
»g™ŠƒY@*ìÔ]ì Muscle » Uterine aZö»ñµŠg7ƒ@*ìÔ
¼zŠÐZ�ÛZiƒ@*ìÔZzgt Pituitory »ÔZq-ŠzuZ;gñyƒ@*ì� Oxytocin

ÔÎg`Å Skin aZöÆ§i¿~æŠÇgƒ@*ìXT§bÐ�vg~
ÃúVÅÓi]Ðâ0+7,YCìÔz{zZ¢š5é GGSZq-ZôïŠxƒ@*ì�Ÿ]Ð
1Y@*ìÔ@*�Îg`ÅÃúVÆvyg‚yZW,Z]Ð!*:VÃôpg3

;gñy{g`™Æt™õ¬™Šg™@*ìX HSH YnXQÔt¼ŠzŠÔŸ]Ã
ÐiZZ+;gñ÷!** 20

(Ÿ-@î EGEÆ´‘~˜y6,�t¼zŠƒ@*ìÔ
Z¡‚½VÆ‚BÙ|#GYD�XSy~ÐZÒ;gñ÷

Šzu};gñ÷ÆZ�ÛZiÃw•~ÑäÅ&¢Agnp�X

ùt"ÍÂZiyz�Š~W@*ì?ù;gñ÷ÆŠgxyg*!*b
‡ìƒ@*ì?ùZq-;gñyZq-\xÃ™0*@*ì�Šzu}ÐW@*ìZzgùt

;gñ÷»z�ŠÔÓx¹„Z
².1¹ÿ G‚½V 20 9îg6,»g™ŠƒD�?Sy

Æ‚BÔ@*ëz{ƒZq-6,¡½ï EHZgno~»x™D�ÔLÌSyZ˜jV~
‰�ÔZg»ð}2é~Œñ7YMh�XZ·tLÌ‡ì7™Y

aZŸ~ZzgQyÆS:]ÃqÝ™ä»ñµQ77Š} ;gñy ìX
YìXÃðÌZ·‡]6,FF§i¿L7aZ™YìZ+ZâY

;gñ÷¯D�ÔZzgç™D�]½5Òø
YE

»�z{F,− � (Substances)

™D�ÔZzg:‡ì™Mh�Zq-ÂxTÆfg=Ðt;gñ÷Yy0*D
��¹VQyÆ\â]ÃY**ƒ@*ìX

¡Qy´̧V~ÐZq-ƒ@*ì˜V6,;gñ÷ Pituitary Gland

MlZg~aZƒD�X(,~ZÌÆqï;gñ÷�øg~i0+7VÃXñ
Adrenals ƒD�Z,¼zŠÐÌ‰ i gnp�ÔSk¼zŠÆ´z{ÌZ�ÛZ

ÐX Thyroid ÔÒ¼zŠZzg (Pancreas) Å5Ò0î EE
Z¤/ÃðSy~ÐI^Y@*ìc***³îg6,»x™@*ìÔë'×h+i0+{

g$Æ‡.Þ7gT�Xt‚gZë{ÂxÔ;gñ9ÂxÐ‡ìgLìÔ�ƒ@*
Zvì�ð™@*ì (Omnis Cient) ìð»¹„²£Õä No]Xtlzù

;gñ9ÂxÃZzgQkÆ‚g}¬]Æ‚BX
/;gñ9Âx»Á

¼zŠ:ÜspŠÆZdwZ�xŠêìX‚B~Zq- Pituitary

)©àf)ŠZg~ÆZˆkÆÔz{!*‡°ÏÑ@*ìZzgôZãÌg‚rìŠzu}
;gñyZ�ÛZi™äzZá¼zŠÆZdw~XtƒCìZq-¹„Zë,Ô

ÆŠZ:Ð(,Z7 (Pea) YètªCÙ™@*ì�ùt���#Ö~Zq-æ
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TÃ�ic*Š{4Z0+Zi — ƒ@*ìÔZ�xŠêZLZdwZq-OW,±è NEÅgÆ‚B
Adrenal, thyroid— ~ŒYYìZ#ëSk¼zŠÅ&6V»ç¤

Æ¼zŠÆZdwÐ0»g™ŠÏÆÒpÐ™D�X Sex Zzg
¼zŠ²Æ-Ô Thyroid ¼zŠÔ

(Ÿ-@î EGEÆz‰~ƒ@*ìÔ Pituitary

ÔZzgZeg³†&+k¤/ŠzVÆ¯g~ Testes Zzg%ŠzV~ Ovaries úgÂV~
¼zŠÆ!*6ÏZzgZdw~ Thyroid, Pituitary Gland Qz6,ƒD�X
¼zŠÆ»x~!*‡°ÏÑäÆ Sex ;gñy»Z�ÛZi™@*ìÔ TSH !*‡°ÏÑä

;gñ÷»Z�ÛZi™@*ìÔZeg³¼zŠÆ»x~!*‡°ÏÑäÆ LH Zzg FSHn
Å!*6Ï~ Memory Glands ;gñy»Z�ÛZi™@*ìXZzg ACTHn

;gñy»Z�ÛZi™@*ìX LTH !*‡°ÏÑäÆn
ÆZW,Z]»ç¤™D Pituitary ~Ð¡Zq-6, Organs Sy

ÔZeg³†hk~!*‡°ÏÑäÆn Pituitary �:Z#¢zg]ƒCìÔ
Ãgh@*ìZzgZeg³†&+k Pituitory ;gñy»Z�ÛZi™@*ìÔ;gñy ACTH

ÆLL\xóóÃ Pituitary Æfg=(ìXZeg³†&+kÔ Blood StreamJ-
7,kìZzḡg~îg6,6ð§i;ñ¿»Zq-ŸÑzq™@*ìŠg»g;gñy
ÃaZ™DƒñX

¼zŠÃZeg³Æ»xÃY'ƒ@*ìÔ Pituitary Z(¼™äÆnÔ
ùZeg"5Òø GEz{»xZ�xŠêìÔZzg¢zg~9¡ZzgŸ�VÆ‚B
Zeg"5Òø GEÃ»x™äÆn»g™@*ìXŠzuZ`TÃ�f‚~gppÅ
¢zg]ƒCìÔz{Ã,ƒ@*ì�ðHY@*ìSy;gñy‚>VÐÔZzgz{
„CÙSÚgN*ƒ@*ì��{àWçÐŠ¬7YYìXÃ,�t‚ãð
™D�(Ÿ-@î EGEÐ¤/Š}J-ÔSK̈ãZ˜jV~Ô)zc*:îg6,DÙZg;³¢ak
Æ',Z',1YYìX

t!*]FZq-ÎZÑ]ÃQ¸gCìÔXÆ�Z!*]Ãeð&+−ƒ@*ì:
Åf)ŠZg~ÃYy0*@*ìÔ Glands Šzu} Pituitary Glandù

Zzg9¡Zzg8ŸÆÔZeg"5Òø GEÃ»xÆn»g™äÆnaZ™@*ì?
YVZeg"5Òø GE»x~!*‡°ÏÑäÆntf)ŠZg~Z(g™@*ì?

ùSy¡ZâYÅF,'&¢AWðì?ù¡‚ã�ŠÚÔ]4/õ NEEc*ÎW
Æ‡.Þ7ƒD�ÔWñ�z�Š~Z,ÅgÆ‚B?

Zq-ZK̈yZq-!*¸�ƒ@*ìÔQkÅgÃZEw™äZzgF,¹Š¶
Æ§hV»Ø`äÆ‡.Þƒ@*ìXSyÓxZdf;-$IÅ&¢AÔZzg
î]™äÅ‡/ÆZzg}òZ~.™äÆ!*z�Š�ZK̈yg‚rì£¨~

— Z#J-�z{7qÝ™D{mF,šM — Šzu}Y0+ZgzVÆÔz{LÌ
7YyMh�¹V;gñ÷ÔQyÆZ�x~ÔZ�ÛZiƒD�ÔZzg:LaZ
™Mh�Q7X

tZzgÌ**eƒ@*ìøg}næZì™äøg};gñ÷Æ»x
~Ô$+%»VÃ˜V6,z{Z�ÛZiƒD�Ôc*ZŸ†™äÃð6;gñ÷»Qy~X

¼zŠÔ�;gñ÷»Z�ÛZi™D�ÔŸ]»ù·ƒD�Ô�&+Z]pŠ
Organs "YyZzg"Åg�ZCÙ6,ŒƒD�Xùt%ËÎaÆ

™Mh�z{ƒ¼�‚g}SK̈y7™Mh�?
ZK̈ãŸÅ�ZÇV~Ô�LZq-Šzu}Ðï Organs ùt

7nÔ‡.ÞƒD�bCÙ{™äZ,Åg~f;-$»?Aîg6,Ô;gñ÷Zzg
¼zŠ�;gñ÷ÃZ�ÛZi™D�ðG‰Ô̧gnpƒñÓxSyS:]
ÆÔZq-ZdF,+¤‰ÜÐÔZzg{mîgÐSK̈ãŸ~ƒD�XŠ¶
8+MQyÆöÅÔZq-{mÂxðHŠHåÔ%ËS]4k5é GIEYÆÔÓx

~DNA qª~QyÆ Encoded SK̈âV~ÔZzgt¥â]gÇ‰�
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CÙ3ÆXtÓx§i;ñ¿Ã¢zg]ÑhƒCìZq-f;-$ÅT6,Ãð
':áYnXz{ZdzZg«f;-$ƒCì‡ŠgÇZvÅÔ{Ûì‚g~
»Ñ]»Ô‚g}˜âV»W‡ÔƒÐ—X

We$7ì:
LLÂÈHZ[~ˆl™zVÃðg[ÔZzgz„ìg[CÙq»Zzg�Ãð

kH{™@*ìÎz{QkÆf)6,ìÔZzg1ú:QVñÇZq-¿Šzu}»Q
~? ] vg}g[Æ0*k„ƒÃß^™Y**ìÔÎz{ŒŠ}ÇT!*
(164 )Îg{ZÅxÔ ×D¸Xóó

/Šzu};gñy»F,'IŠ!
Thyroid Glands /

¼zŠ Thyroid ÆX Thyroid ;gñ9ÂxÆŠzu}
$©-+ö
GG
G%Zœ//Ëw

~!*‡°ÏÑ@*ìÔ (Metabolism) vg}ŸÆy~ZzgCR»gzZÇV
;gñy�z{aZ m »ÔZq-{ Thyroxin @*�?Zq-¡qi0+ÏYjX]ì

™@*ìÔŸ~‚g}Ÿ]6,ZW,Z0+Ziƒ@*ìÔQkWxÅlZg»ç™@*ì
�Ÿ]ZEw™D�X

Z,Zq-3ÃŠ~YCìT~ Thyroxin VwÆîg6,ÔZ¤/
ñ�ŠƒD�ÔA$Qk»Wx»ZEwZzgÂZ**ðÅaZzZg Mitochondria

Æbiï NGgëg~Zzg Metabolsim py~Ô Thyroxin (,|YCìX**»°
!*:V~0*ãZzgÎe*ÆÅð LÖ~ZŸ†»!*)̄ƒY@*ìX

»Z�ÛZiŠz!*g{z̧q5+k,ƒ@*ì Thyroxin ÅaZöZzg Thyroid

»Z�ÛZiZq-Šzu} Thyroxin Skc]ì!*bZzgSgnïÂx»X
ÐLobe ¼zŠÆZŒ Pituitary ÐÑc*Y@*ìÔ� Thyrotropin ;gñy

Z�ÛZiƒ@*ìX
¼zŠÐZ�ÛZi Thyroid ZzgÌZq-ŠzuZ;gñyƒ@*ì� Calcitonim

ÐZ�ÛZi Parathyroid (Æ‚Bï™Ô� PTH )c*Parathormone ƒ@*ìX
ŸÆyÅð LÖ~!*‡°ÏÑä~Zq-Zë™ŠZgZŠZ™@* Cacitonin ƒ@*ìÔ

Z,Ñiò§i;ñ¿ (Substance) ì�¹„ZëƒCìÔYèt—
~ZEw~W@*ì‰A-VÅ¯z^~Ôgv]VZzgZ¡!ÂñVÆ
Zdw~Ô¤¯ã~ÔZzg3ÅGÐu¤/x!*g',ŠZg~~XSknÔZq-

~‡ìgppÅ¢zg]ÑhƒCìX� Blood Stream ºmyÆÅð LwÃ
Sk!*]ÅzŸs#™@*ì�YVAc*V�gZq-nÆJÆ»x™C�Ô
fí{™DƒñyÃXtŠzZ;gñ÷ñµŠï�yÃ¦ƒäc*ïá
Yä»A-VÐX

Thyroid ¼zŠÐÔ� Parathyroid aZƒ@*ìÔ Parathormone

A-V ƒä ÐfgZQz6,zZµƒ@*ìÔ�ZŠZ™@*ìZq-™ŠZgæŠŠ¶yÃpŠfí{
~c*zZ:ƒäpy~

ÆPituitery Sk;gñy»Z�ÛZiƒ@*ì!*‡°{%Ë!*Z°Z„ZW,Ð
~yÆÅð LwÆÒp Blood Stream c*Z¡!ÂxÆÔ@*ëpŠlŠƒ@*ì

ÐXt;gñyÙ|#™@*ìZ#py~y»Åð Lw°æ
YLY@*ìÂt!~Ñ@*ì

A-VÐyÆ¦/gä~XZzgA$Z#y»Åð Lwpy~Zq-§Åð LwÐ
;gñy»Z�ÛZi™@*ìÔ�py~  Calcitonin ¼zŠ Thyroid (,|Y@*ìÔÂ

ñ�ŠiZZ+yÃz;VA-V~fí{ƒäÆn:L0Y@*ìXZ¤/z;V6,
c*ZŸ†ƒY@*ìÔÂ¾n — Sk(,~ZÌÆqï;gñyÅZq-¶ƒYCì

Æ)baZƒD�?
Å¹„gKlZgÅßg]~Ôpy~y» Parathormone
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~5îaZƒ@*ìÔ{mîg (Muscles) Åð Lw¤/Y@*ìÔZzg‚B~gv]V
~zZµƒ@* MusclesÆWind Pipe Ð;ðVZzgn}ÆXZ¤/Z(5î

~¥»z^ƒCÔT»³ñ]ƒ@*X"u;gñyÅñ�ŠÏÔ Breathing ìÂ
A-VÐpy~iZZ+yÆgh}Yä»:Lƒ@*ÔT»³A-VÆ
W‚ãÐnƒYäc*I^YäÅßg]~ªCÙƒ@*X¤/Š}iZZ+yÃpy

¤/ŠzVÅ (Crystals) Ð{g`™äÅÃÒ™D�ÔptyÅa
ß~~$+wYC�X

¡Æ‚B 6�tVBeC�ÔëSK̈yßvi0+{g{Mh�
ZzgWgZxÐÔ]ìøg};gñ9Âx»�7g}îg6,!*‡°ÏÆ‚B»x™@*

gK ìZzg¬xqÑ]~Z(ÃðXaZƒä7ŠêìX|~Ô¡Zq-
¼zŠ~ÔZq-(,~®ZŠ~Fg-V»:L0$ËìX Thyroid Ï¶Z!

SknÃy‡ìHìZzgŠNgN™@*ìZ,Zq-6,¡½ï EHÂxÅ?
~Áƒñ�Ô Blood Stream, ÃyY}ì�ÃyÐZâY

T}ì¶ÆÅð LwÃÔZzgaZ™@*ì¢zg~ZâYÔY}ìHSyqzVÃZL~
ǵƒ@*ìZzgQ7aZ™ä»ŸYg~ǵƒ@*ì¢zg]Æ_.Zq-

&+Z]pŠ Thyroid ÃŸ~?H Organs ²DJ-ÔZW,~gppÓxŠzu}
Thyroid ªCÙ™@*ìZ+Zq-%è?Z(Zky!*Ç**eƒ@*ìÔ"—X

¼zŠÜsŸ]»Zq-¤/z\ƒ@*ìÔT~ÅgÅqïËq»ˆl™****e
ƒ@*ìXZzg:ëÈMh��t%èc*SgZŠ{;gñ÷Å!ƒCìXTËÃ
ëågD�Zq-;gñyÔz{‚>V»Zq-ù·ƒ@*ìXZ¤/Z(ƒÔÂQ¹Vë

ˆl™,?Zq-„Z!x»ë‚o™D�Sk̀6,ÔZzgz{ƒ@*ìð Qk%èÅ
Å|X

SK̈ãŸ~Óx¼zŠÔÓxÁÜ�;gñ9Âx¯D�Ô;gñ÷�z{

aZ™D�Ô‚ã�Qy;gñ÷~ƒD�Zzg�ZCÙ�Qy‚>VÃ¯D
�ÔƒÓxZvÆ"VwðÅaZzZg�X
/Zeg³¼zŠÅZÌ

ÔZë;gñ÷~ÐZq-ì�Weg"5Òø GE~aZƒD Adrenalin

�ÔZq-¹„ŠNÑÃ7gZ™@*ìÔuòqÑ]~Š¢š5é EGS¼ŠKã
p´VaZ™@*ìXtp´V**%ãçZ]»‚tcZq-nÅ»g~Å
úÒÏ™D�X�gZq-VwÆÔâyß�Ãðu6,9~Š–»‚o™@*ì
Zq-YâgÆúÅiŠ~ìÔZq-VwÆXÏ]~�*gD�ÔQk�ÛŠ —

ÆŸÃǵƒ@*ì¢zgc*]�¹ZƒD�Qy%zz**gïqÑ]Æ-
Ã¢zg]ƒCìic*Š{!w•™äÅÔQk Muscles ƒD¸XQkÆ

ÆpyÆŠ!*îÃ(,"Æ!gëg~ÐÔ¸vÂ_!~ÐÔc*ç}»£¨
™**ic*Š{¤‰ÜÐXpùtÓx»ƒ**ƒ@*ì?Z#ç{Šg7ƒ@*ìÔŸ
ÆZÑgxu¤/xƒYD�X(Ÿ-@î EGEZq-!gëg¬Zeg³¼zŠÃ&ìÔTÆ
Ÿ]»g™ŠƒYD�Zzg!~Æ‚B;gñyÆ‚>VÃgh@*ìt‚ã

~gh}YD�ZzgŸÆZ´̧VÃpyÆfg= Blood Stream

„ƒD�X
zV6, f ;gñyZq-Ñg‚rì:ǵ‚g}ŸÃ»xÆõ Adrenalin

Adrenalin ƒäLÔic*Š{'×Z›Zzg!F,XZ�ÛZi”{ — !*¿ZzgñµŠbCÙ�ÛŠÃ
Ã Organs ÃÇ™D�ÔñµŠ¶àä~ic*Š{pyZë Veins ‚ã

uòqÑ]~X
YC Ã Muscles Ÿ]Z§Zs~QypyÅ**CVÆÔ�Šw(Ÿ-@î EGEZzg

Æ;îÆÔ@*�ic*Š{ (Arteries) �Ô@*,ƒD�Zzgzz‘W�Ñc*âV
‚ãÌ:L‘W� Adrenalin Ã(gì Organs Ðic*Š{pyQyZë

167168 ZK̈ãŸÔZq-7{ZK̈ãŸÔZq-7{



J-XÃ¢zg]7ƒCìSÁn™ä Organs Ñc*âVÆnYäQy
ÅÔSk§bŒŠïƒñ�ÁpyQyJ-(gìX

ÃYC� Muscles ÆZW,ÐÑc*3�›wÔ(Ÿ-@î EGEZzg Adrenalin

Zzg®ÃYC�]¾æ NHYC�XZŸ†7ĝZk Skin ’YC�Zzgz{Ñc*3�
ÃXÅŸÃ¹ic*Š{¢zg]ƒCìX Organs §b½ÅYCìQy

**1V�›wc*(Ÿ-@î EGEÃYC�LÌtÐ7]¾æ NHC�XZzg:z{�Yg„ƒC
;gñyÆ‚ãZh§bY…  Adrenalin ì®c*¢ÃtÐ]¾æ NHC�

��HQ7™**ƒ@*ìXpyÆ**CVÆŸ]QyÅ@*Ẑg~ws/ws
™C�Xvg}Ÿ~%zV**CVÆ¢ÔZzg¾ŠgpyZ7‹**ƒ@*ì
Zzg¹Và**ƒ@*ìÔ!*‡°{¯ñYD�Zq-;gñyÆŠârÐ�SÚgN*
ƒ@*ì�{àWçÐŠ3ð7ŠêìX

Ã (Skin) z;V6,Zq-Šzu~zzƒCìúÁpyÆBƒä7Óå EL
inÅßg]~ÔpyÆ0ùYä»ç{ÁƒY@*ìX

S•ðZ9w5+k,~ÆZz‡]~n}Å"gzßQkz‰Ü6,Ápy
;gñy‚>V»È¼Z Adernalin ÆBƒä7Óå ELÃÔÌzzƒCì

‚ãÔ�pyÅ**CVÃahZ™D�Ô Adernalin Æn: Organ ƒ@*ìCÙ
ÌZŸ†™D�›wÆgv]VÆiZîV~X›wZk§b!!ŠP1

ÃŠg»gpy½™@*ìZŸ†¤‰ÜÆnX Muscles 4ìZzg
ÆúVJ-(ìÔñµŠêìQy Muscle ‚?Ô AdernalinZ#

Ãiä»ic*Š{¤‰ÜÐX
Æ‚ãÔ®ÆŸ]Ã@Ze$Šï�ghäic*Š{ Adernalin

~XpyÆØ¤/»Åð Lw(,kìÔZzggv]V Bl ood  S t ream Ø¤/
Šc*Y@*ìX Fuel ÃZŸ†Šg»g (Muscles)

³~SyÓx{m]å NJgÆÔZq-œ°œZŸ†¤‰Ü~zZµƒ@*
Ÿ~aZ™@*ìÔZq-¿ÎWÆ  Adernalin ìX]ìSyp=V»�

Zzḡg~îg6,ŸheÆ‡.ÞƒY@*ìÔZzg‡.Þƒ@*ì].z4™äic*Š{
ÆAdernalin ¤‰ÜÐZzgŠzhä!gëgÐÔZzgic*Š{'×Z›ÌƒY@*ì

‚ãZh§bY…��ç}ÆZz‡]~¾nÆKãp=VÅŸ
Ã¢zg]ƒCìXSkÆ´z{‚ãç{ÆÜsŸÃ»g™D�Zq-¹
„_V§&�X

(Zq- Adernalin TJ- (Organ) ZzgZ�t (Tissue) CÙ!*Ä
»x7 g\ SkÆ!*CÙ Organ œ�ÑÆn»x™**Ñzq™@*ìXÃðÌ

�œ�Ñƒ@*ìX — c*æZf~ — ™@*ì
$™)Õä
G

]XÅŸÃ¢zg]ƒCì¯äÅÔZzgZôïD+ZÛXÅ
¢zg]ƒCìZ(g™äÅuòqÑ]~ÔÓxÆÓx»gGYD�Ô

;gñyÆZW,Z]Zq-ŠiZzg Adernalin ¿ÆDc*NzwÆ%XŸ6,
U*"$™D��QkÆ»}ðG‰�Zq-{m§&~�z{Zq-
Šzu}Æ‚BëW}ƒD�X
/¼zŠ�%ŠzpZ&ÆŠgxy·óN'aZ™D�

Y}ì�‰ Pituitary Gland Z#Zq-¿*º)Ã(ìÔ
Sex p´VŸ~ÑäÅ¢zg]ƒCìÔZzgz{Zq-Z©â]»Zq-Ÿ
 Estrogen Ã&ìXSkÒpÐZq-;gñy»Z�ÛZiƒ@*ì Gonads ¼zŠÔc*

ÆŸÆ!*ÚƒäÅ´#Öƒ@*ì Female ¼zŠ(~� Female Sex)
Å(,ðF,~~ZzgKã‚|#~ÔZ#� Organs Zzg!*‡°ÏÑ@*ìÂ6~

Ã»g™@*ìX Female ÔÜÆn Progesterone Zq-ŠzuZ;gñyÔ
¼zŠ~ Male Sex ÔZq-ŠzuZ;gñyƒ@*ì� Testosterone
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ƒä»Zzg_5½gö Gc*Ò Mature Æ8^Ã Male Z�ÛZi™@*ìñµŠêì
(,ðF,~~!*‡°ÏÑ@*ìX

¼zŠzVÐŠzâV Thyroid Zzg Pituitary ;gñ÷�aZƒD�
Z�x~Ôgnp�ŒÛd$ŒÛd$z„S:]X  Female Zzg Male 

�aZ Gonads Zq-ŠiZ#*º)qÝ™àYCìÔ¾TÔ
ÆSex ƒD�7g}îg6,Z;gñ÷ƒD�XZ#ŸéÃ(ìÔ

;gñ÷�LZ�ÛZi7ƒD�‚ÆŠzgZyÔ»g™ŠƒYD�Zq-{m
Wgeg~Zzgoƒz‰Ü6,Xùt1z̧q5+k,ƒ@*ì?

Zq-‚?vg}Ÿ~Qkz‰Ü»ˆ[g‚rì�*g@*ìÔZzgZq-
— (Inert) Hg{z‰Ü6,»g™Šƒ@*ìXª]Å!*]tì�Zq-)¬ï

*gDz‰Ü»ˆ[gBbìZzǵz{SkÆz{»g™ŠƒCìZq-"&Áõ GN§&
ÐZq-„/zVÆÓxSK̈âV~XùZq-;gñyYy0*@*ì¦/gDz‰Ü
Æ!*g}~?Z+Zq-qƒCìÔ"—Ô**eXtZvƒ@*ìÔ;gñ÷»

ð™äzZÑÔ{ÛÔ�g‚rì;gñ÷Ã»g™ŠºmZz‡]6,XtZvì�Hg
™@*ìQ7Zq-ÑoÆ@*,�“z{Z�ÛZiGYNÐZzgZ#�§i¿
¥uY@*ìX

Zvz{ì�Y}ìÓxZDwÆðÃX
/Zq-¹„ˆkeö

;gñ÷øg}Z�xÆn**¦/k,ZÌÆqïƒD�Ô@*ë¾
Šg½c*wz{py~=ÍD�?Zq-{pyg‚rìÔÆÜsZq-¤/x;gñ÷

ÑÄzZVzƒ@*ìXSk|Æ!*z�Š�z{ñ�ŠƒD 10 ÆZg[z,z»
�Ÿ~SkŠg¾F,+lZgzV~Ô;gñ÷ÔŸ~½ãÓx§i;ñ
¿~ÜzÜ½™D�ZzgÓÏ¬ï»ÌZq-™ŠZgZŠZ™D�XT

~ÔZ�ÛZiG y §bÐ;gñ÷=ÍD�Z(Zq-**‡.Þ¢ZCF,+wp
ZzgZ�ÛZi»¿¥uY@* — YD�ÇÐ9lZgzV~ÔÇoƒz‰Ü6,

ƒD�ƒ(,~„ZÌÆqïX — ìÇ9z‰Ü6,
Ãy!*‡°ÏÑ@*ìSyƒ~?ÃyYy0*@*ì�iZZ+Zi¢zg]

¢zg]ÐiZZ+ Organs »?Z¤/ "Halt" ;gñ÷»Z�ÛZiƒ@*ìZzgŠêì¬
�Organ ;gñyÐZW,Z0+ZiƒD�ÂŸSk¿Ðç{~7,YìXZq-

;gñyÆiZZ+Zi¢zg]ZW,Z]ÐÔic*Š{»x™@*ìÔZq-\xÔ;gñyaZ™ä
zZá¼zŠÃ&ìëƒñ%æFNZW,§&~Ô=Z['×h+»x™äÅ¢zg]

7g„ìX'×h+;gñyÅaZö¥zuŠ,@*�z{=Ð»x:™ZnX
Hyper SkÂx~Zq-{òÐaZƒäzZáZ%Zn~ÐZq-
ƒ@*Z ÆiZZ+Zi¢zg]Z�ÛZiÐa  Thyroid Gland ƒ@*ìÔ� Thyroidism

ìXZ#J-Sk%n»z‰Ü6,´`7ƒ@*ìÔFg~ÐÈ**eƒ@*ìX
6�ëäŠ¬ìÔtÂxZq-"Í§&~»x™@*ìÔÎZñ

Fg~Årð Ng]~XCÙ�Y}ìÔÃy‚¼zŠZ�ÛZi™@*ì;gñyÃ�QkÃ
!*‡°{™@*ìZL»x~XZ¤/t¼zŠ6g™@*ìZLiZZ+¢zg];gñyÐ

ŠxQV@*ìÔ‡ì™@*ìg*́¼zŠ (Organ) ic*Š{»x™äÆnÔÂ�
Æ‚BÔñµŠ¶ŸÃYg~gpp¡qi0+ÏX

¾qwÔSK̈yÔT~tƒ§i;ñ¿zZµƒDgT�ÔSy
~ÐËÐÌzZ67gLìÔZzgSyÆ7gZ™ä~ÃðÃÒ™äÅ
¢zg]7ƒCìÔ�¹„ZëƒD�Yg~g$zZà¡Æn�t
ƒ¼SK̈yÆŸ~%SK̈yÆYäÆƒ@*gLìYèZv‚>VÃ¯c*
ìÔ�ŒƒD�"YyZzg"Åg�ZCÙ6,ÔZq-zr5Ïî GTÆfg)Zq-
SK̈yi0+{gLìZq-¡qZ0+Zi~XtZq-o]ìZvÆÑözŠ$!*ã»
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ÓxY0+ZgzVÆnX
µn^Ònrß- /;gñy

ñR,— ZÒZq-z«ÆZZbZY7ƒD�ZIñ!*bö.$~
aZGYD�Z —Seats Ô9HVÔZ”ÔZzg (Chassis) »ãCŠ~eJç

»g{âV~Zzgˆ~ZbZY�h™z«Å̂Š~YCìXt„Qßw»g�Ûâ
ƒ@*ì‰;gñ÷Å»g~~X

~ñ�Š DNA ~aZƒD�Ô Ribosomes ZZbZY�
´‘ Endoplasmic Reticulum @Zc*]ÅgzÝ~Ô!*ëÑñYD�
~Ô˜y (Golgi Body) ~XẐiZŠyÔSyZbZYÃ5Y@*ìZq-Z´‘

)�hZY@*ì(HY@*ìZq-^~T~z{ "Assembled" ;gñy
ZEwHYYìX

z,;gñyaZHY@*ìZq-6,¡½ï EHqª~ÔtpŠÐ»°7ƒ@*
ìÔ;gñyZK&Z…Š~‚|#ÃÌôpǵƒ@*ìE^ÆŠzgZV�z{

~Ôc*zg:z{n{ƒY@*ìc*$+wY@*ìgZ3~ Blood Stream Yg~g‚rì
6,X¾TÔ¢zg~ Organs Zzg**‡.ÞƒY@*ìZW,Z0+ZiƒäZL´

ZôïD+ZÛZ(gGYD�Skç{ÐXî™äÆnX
~Ñc*Y@*ìZzg“sHY@*ìZq- Glogi Body ;gñy‚?Ã

~Ô�Zq-¡G6,Œƒ@*ìX‚?Z[ZLE^Æ Packaging {m
n»gƒ@*ìXZÌÆ‚BÔŸ]�GaZ™ä~̂zsƒD�pŠ
;gñ÷»ZEw7™D�ÔÉ¬�QkÃ}ZzgX;gñ÷»ZEw
7g}îg6,ZŸ]Ðƒ@*ìÔ�zZµƒD�¹„ŠzgX»Yy0***
Z-Ÿ]Ð�áZ+„eƒ@*XSk!*]Ãf‚~gnpƒñ3ÆZ…ŠÃÔ̂Ã
�;gñ÷ð™D�Ôz{7™@*ìÔƒ@*ìZq-».ÞDÙZg;³¢akÆÃ,

ÐSK̈yÅZ˜jV~X
37YyYì¹Vc*ù—z{aZ™@*ìSkŠgZôoZzgÃÒ

Æ‚BZEw~WCìXQkÅ‚g~i0+Ï~Ô¾qwÔz{Yg~g‚rìaZ
™**ë{ÔZâYÃÔXÆ£œÐz{**zZ6ƒ@*ìÔZq-Šy¥xÑÅ{§X

~ñ�ŠŸ]aZ Pituitory VwÆîg6,ÔZq-{m;gñy�
™D�Ô¤/Š}Æ»gzZÇV~!*‡°ÏÑ@*ìX

~»Zq-37YyYì�¾n»�Zq- PItuitory Gland

¤/Š{ƒ@*ìÔZzgz{¹V0*c*Y@*ìÔZzg:Zdw�z{Z�xŠêìXA$ùz{aZ
™YìZq-—);gñy(‚B~Ç9S:]Æ�¤/Š{Å‚|#Æ
ÒpÐñizVƒD�ÔTÆ!*g}~t3¼zŠ»L7gÄYìÃðD?

ùz{gÄYìZ(¼Nzw¤/Š}Å»g™Š7V6,?
t¬îg6,**eƒ@*ìtÓx¾wÆnzZµƒ**Ÿ]ÅpŠÅZK

ÆÔðG‰¸ZvÐSk»xÃ Pituitory Gland %èÐXtŸ]
Z�xŠ¶ÆnX

/Sk�á0+ZgÂxÆnZK̈+MÃ¾»%ƒy!3ï LEOGƒ**
ƒ@*ì?
ÃtSg»YSk!*]6,‡ìgLì�Z¾mZKñ�Š{̂ÔgL

gL%ZiÔZq-§i¿��3‚ßVÐYg~g;åÐ*g™ÔZ(gH
ñ�Š7Ô̧Zzg Organs ìXSk»Èƒ@*ì�Zq-z‰Ü6,ÔŸÆ‰

z�Š~WñÜ̧sZq-ˆÆD+Zgó~%³zZgX
teäÆnùZ(Zq-ŠúòL97ƒYìÔëeZs�

Zq-ZzgÃ‰;gñ÷6,�ë7,|`�XVwÆîg6,Ôpy~yÆÅð Lw
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ÆÂZiyÃ‡ìgppÔ!3›å NGŠ7åENZÇ:ÁÜÓxÃ¢zg]ƒCìñ�Šg$Zq-(
— ZzgZq-„z‰Ü6,XQyÁÜ~Ð85Âî

G
Zq-ÅÌ)ñ�ŠÏ

¯Šîì7g}ÂxÃ)»g™ŠX — Ô�gVwÆ Parathormane

6,Ì (Substances) Sk!*]»Z:tŠzu}¼zŠzV6,ZzgQyÆ;gñ9ZâY
ÐZ�ÛZiƒ@*ìÔVwÆîg6,Ô Adrenal glands�Aldosterone ƒ@*ìX

¸T$gLÂ³�ÛŠÅñ]Å̂~ªCÙ™@*XZ#Z(ƒÔtZ(ªk7HYY
z�Š~Wñ¸D+g#îg6,ÔYèZyÅ)ñ�ŠÏ Adrenal Glands ì�

~Zq-�ÛŠi0+{7g{YìX
SÏ§bÃðÌ¿ÔZq-Å5Ò0î EEZzgS²zAÆ%i0+{7g{YìX
ìw™z�ÔHzZµƒ@*ìZŠðg}SK̈âVÃ�%Å5Ò0î EEÆƒD�X�Z[‚Š{

Åqª~Z#Lz{«!*gØ¤/zZà Coma ƒ@*ì:z{ŠZ4ƒYD�Zq-
½Z3D�XZzgQkÆðh~Šk,ˆ%YD�Zzg:…yƒD�3ÎZw
i}6,Xìw™D��Qy~Ð‰äYg~g3å¢8¹„Nz®

z,zZ¢š5é GGS**eƒ@*ìÔYè(,~uJ-øg~½ZîV»(,Zz�ë — ½ZN
™äi0+{g$ÆnXA$ë‚o Manage Zzg — 3D�g‚rìØ¤/

Wñ¸gppZq- Fore Fathers ™D�Zq-ÎZw»�ùøg}{C
Å5Ò0î EEZzgS²zÅèLEˆZiZyXHQy~ÐPäZq-Šy¹åÔëÃ¢zg]ì
ð™äSkØ¤/ÆXÃX

»n{Æ-Z�ÛZi™äZq-;gñy� Organ ÷ƒ@*ìǵZq-
Ñ@*ì!*‡°ÏØ¤/ÆÅð Lw~py~?ZzgHz{Z�ÛZŠA$aZ™D�Zq-Å5Ò0î EEÃ
n{Æn?HA$z{¥x™D�Z²zÅèLEÆnÃgñ!Zzg2D�z{
Ãgñ!QyÆÅ5Ò0î EEÃ?

!*g~!*g~ÐÔHZq-LL»x[óó$+ÑîzZµƒ@*ìZq-Šy³~Zq-

~ÔSy{CZŠðg}SK̈âV~ÐZq-~Ô�:LáCì DNA ÍÆ
Š¢š5é EGSZq-å¶ƒñÅ5Ò0î EEZzg;gñyZ²zÅèLEÆªCÙƒä»?QÌ85Âî

G
z{

LL6,¡½ï EHóó$+ÑîpŠZL~»°7ƒ@*ìXYèQkz‰ÜÔ(Ÿ-@î EGEÆZq-Ãä
~ÔLLZ·tóóÆ³~Zq-ê™äÆ}2x»àCƒ@*ìÔgpppy~Ø¤/
ÆÅð LwÃxNzw~Ô&ìÅ5Ò5Ïî EEÃ@Zc*]aZ™äS²zÅè LEZ#L
¢zg]ƒCìÔZzgŠêì¬gz1Zq-ŠiZ#S²zÅèLE{§pZ{lZg~aZ
ƒYCìøD@Ze$Å5Ò0î EEÆX6�t)‚³oø™sîgÐeD�
�t**eƒ@*ì;gñ9Âx»z�Š~W**D+g+Cé GESÔ6�Sg»YIzV»Šúò
ƒ@*ìXZzgSÏ§bÐtƒ@*ìŸ~ƒŠzu}ÂñVÆ‚BÌX

t**eƒ@*ìZ·‡]ÆnZq-²D*gä6,«™**Ÿ]Ã
&¢A‡.Þƒä=ô™äZâYÅpy~ÔfeƒñŸQy=%]Å

Æñ6ÃZzggnpƒñQ7 Organs ãCŠ6,ÔzZ6ƒDƒñŠzu}
ÆX Zù w•~Ôc*ZEw™ä{m;gñ÷�gF,−Æfg

tZvìÔlzùÔ�aZ™@*ìt"ÍÂxZzgg‚rìCÙZq-,
ÇÃgx~T~�¢zg]ƒCìQkÆƒäÅX
/vgZZ0+gzãZk,,æ:[Âx

(,}Ð(,ZÐgLÐgLJ-ÔÓxZg1V§i;ñ¿
SK̈ãŸ~zZµƒDgT�X]ìÂZ**ð»�qÝƒCìÔ]ì
Wx»X[ÂxÔ$+á~Ô½™@*ìWx�øg}Z�xÃŠg»gƒCìX

pŠlŠzZµƒCgSìXZq-¿ (Breathing) ‚÷ÅWæzgÄ
Sk)©àZë»xÃYg~gpp~ÃðÃÒ7™@*ìÔ�áfz**Šg„SkÐ

0Ÿ©8ìÔZzg:Sk~ËÒpÐæZìÅ¢zg]ƒCìXt7ZC
Âxvg}aZ›ÆœÐ„»g™ŠƒY@*ìÔZzg%L¥ÆÆ»x™@*gLìX
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Z�ág{ÔSkw»�Yg~gLì‚g~i0+ÏÓxÔzZµƒ@*ìCÙâñßŠ
Š]ÐÔÑzqƒ@*ìÔ%SkÐzZ6ƒñÆX Ñ ^~z‰Üz

„7ƒ@*ìXtZq-Z(**xì� Breathing LLwóó»È¡
Zq-7g}§i;ñ¿ÃŠc*Y@*ìÔ�Z�xŠØYD�@*�ŸƒZ~ñ�Š
WxÃZEw™ÆÂZ**ðaZ™nX
/[Âx»ŠgzZi{:**u

6,Ô@*i{5gzKÆÔZq-pÒŠZgâ!*r~Ô@*i{Ï Smells ¨g™z
ƒðv÷Ô!*glÐ™{!-ö LHÔ@*i{ÔŠxŠc*ƒZÍ“Ô@*i{8/õ FNEƒñS7Z',gm,Ô
LßZzgpÒŠZgF,»g-VÔ™0�?ZEw™DƒÔvgZpÒŠZg�áàZzgF
Šzu}Zzg:SyÓxÆnÔ?NyƒDƒÔvg~**u~ñ�Š̂k‚|#ÆX

¹ÁßvLìw™D�!*g}~¼ŠpÒZ]ÃÔ�z{‚o
™D�ŠyÆ²DÆŠzgZyÔZzg:ùtZq-F,KM~ÑñYD�

Å8ø LªCÙ™Cì¯]Ã Smell ÐQyÆuzV~X@*ëvg} Organs

ÔjZk~ÐZq-ì�ñµŠêì Smell ��?3äÆŠzgZyÔ0*DƒX
»Ù|#™ä»ZâYÃX»?‚o™DƒX1vg}**u~ŠZ4ƒC
ìCÙ‚÷Æ‚B�?feƒX

30Å Scent SK̈ã**uOW,±è NE&¢AgBbì=ô™äZq-
]k~ZzgT+&DÙZgZ

².1¹Òø G~Ð�gZq-ÆX
**uÆZz6,~8~î O~ÔŠzgLgKY]�YäYD��g

ÆŸ]ÅÔtgKY] Nerve Æ�gnp�M®ZŠ Alfactory Epithelia

Å™ÆXpÒW]w•™D��g‚>VÆƒZ Scent f)ŠZgƒD�
~X�y„?‚÷feƒÔt‚ã‚B~WxÆ**u~ŠZ4ƒD

Alfactory �XZ#pÒÆt‚ãáYñYD�ÔƒZÐÔí�

Ÿ]z;V6,ÃuƒD�ZzgZq-Z9p Receptor J-Ô Epithelium

W
(Ÿ-@î EGEÃ¬�X(Ÿ-@î EGEpÒÆ‚Ó]Æ‚B!*Z°Z„çnð7™@*
ìÔz{ÜsQyZ9p]½5Òø

YE
Æ‚Bð™@*ì�QkJ-í�ÔZzg(Ÿ-@î EGEÅ

F,)ãSy]½5Òø
YE

ÅƒCìA$KÆ�g$ðENÆX
 ÇSkÆ´z{ëÃñµgLìÅ‹ý NZ0+ziƒäYßVÆŠwÊ-£é NE

Ðc*¯j+½ZîVÐÔ**ugBbìFZzgZëZdwÔƒDƒñ[ Scents

gZ2VÆÑz¬]ÆÔƒCìZë**CV~ÐZq-ŠgxyƒZÆ�ë
ÃŸ]J-‚g}Ÿ~X Oxygen ™D�pyÆ�v™@*ì Breath

Z#ƒZ**u~ŠZ4ƒCìÔSk»‚oƒ@*ì¶¶!*ßVÐ�
BD�˜V¯g~îg6,=ôÐ*gD�XƒZ~ñ�Š‚ãZµ Cilia

W ™nYD�!*ßVÐZzgºÐ*gD�ÔZzgQyÆ$ðENÅâ:Z9p
]k~X 30 Å̂~

(Ÿ-@î EGEÃÈYCìZzgƒ¼ð0*@*ì¾z‰ÜÆ
ÂxÌƒ@*ìXƒZ Aerodynamic z;V6,**u~Zq-"Í

Ã7YCìZ#�z{**uÆ*gÇƒV~ŠZ4ƒCìX Lungs ¦ñ
Ôic*Š{¤/xÔ Dirty ÇéZq-ƒZð

+CÒ3|ö
GE

GZ»ðÆÔ**u»g™CìƒZÃ��
Q~c*Èƒ$ËìÔZEw™Cì¹„{m

+CÒ3|ö
GE

GÂéX]ì**u
~{mØc*ð‚|#»»xƒZZ�xŠîìZq-Í»Zq-§i¿WDƒñ

Å**CVÆYwÐX]ìSk y Æ‚BZzgp Cilia ic*Š{Ðic*Š{Ók~
CÙŠyÆÒpÐ  k¦/( 19 k¢ak) 15 ‚|#»ÔƒZ UndulatingÅ

²ƒZÅ — �ŒÛd$Zq-#{~ñ�ŠƒZÆwÆ',Z',ƒ@*ì — ZƒCì
ƒYCìX Warming Zzg Moisteneng ÌðÔ

7¢8ƒÇÔ¾qwX‚B~¤/Š Dusty »È¡ DirtyÂ
Zg[ÆÛzãZâY‰ 20 Æ�ƒZÆ‚B**u~ŠZ4ƒCìÔÃð (Dust)
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¥zuŠ�YD�ÔŸ~ŠZ4ƒäÐÔ**u~ (Pollen)
"5¿.ç EGHc*Zzgik,}
ñ�ŠZq-{mÂxÆfg=X

John ~ÔZg»YIçpZbÔ Human Engineering ZKÂ[
ÂxÐ™@*ìÔZzgQkÅ Air- Conditioning Ô**u»£¨Zq- Lenihan

g‚rì™* Space Ǣg~ú» (Nostrils) "ÍðÃÒy™@*ì:1V
»4+Zk,,æö.$Ô‚B~Zq-Ù!Âx)©àˆ8LÆÔT
Å=ô²)4øH~izŸs#™äÆ‡.Þ7�ÔZÌJ-ZkÅÜÇÐ

ÔZb8-Z˜jV~Ô¹„ZY u» 7™Mh�'Zk,,æÂx**
eiZíƒ@*ì:

ƒZÔghDƒñ¤/ŠZzgÓxZlxÆ¢gg‚yÙc***u~ÔA$
~XCÙÃðÛzãZ�x� Nostril ‚½VÐCÙ Undulating ¦/gCì&

Antibacterial ¶!*ßVÐpŠÐiYD�ZzgA$QyÅ®s
ÐƒYCì�z;V**u~0*c*Y@*ìX6�z{QìSy Mucus

6,Muscosal Fluid ‚½VÐÔƒZZK‚$+wŠîìZzg Undulations

¢[ÎCì�**uÆZ0+gzãŠ-Zg6,ƒ@*ìXƒZÅÌð¹„zWîg6,
ƒCìÔYèZ¤/Zq-̀N)c*ŠzuZÃðvyg‚y!*e~Z¤/ŠZ4ƒ@*ìZ,

ƒ@*ìÔt̀N)vyŠ{U*"$ƒeƒ@*�ÛŠ Lung ~‰� Organ Zq-ˆk
Å¡ÆnX@*ëZ¤/Ãð¢gg‚yZ�xË§bÐ**uÐ*gYDÔÂz{
QÌñfYD�[*gÇƒV~X

(Wind ~ƒZð**à Lungs ™sƒZW[»gì*gävg}
ÆÂ‰ÐX@*ëISkÆëƒZ»QkÆ^~‚BŠ,[Âx Pipe)

6,XZq- (Analogy) Æfg=Ôt»gWæƒÇizgŠbøg~Zk,,æ˜u
Zk,,æÂxÌƒZÅŠ~!*‡°ÏÑ@*ìXSknÔùZ(Zq-Âx

z�Š~Wc*ìZK̈ãŸ~?ùz{‡ìƒZå?ùz{Wc*åñ�ŠƒäZL
7g}Ãgx~SK̈ãŸ~?HteìZ,Zq-Zk,,æÆÓxZbZYÆ
nÔƒ**Zq-»xZ·‡]»?ìw™z�ëgnp�Óx7g}îg6,¶ƒñ
”VÃZq-Zk,,æÂxÆZq-#{~X!*‡°{Z¤/ëŠz!*g{Qk#{~
ŠkÑÄ‚wˆŠZ4ƒDÔHë‚o™DƒDZq-7g}îg6,»g™Š
Zk,,æÂx»?85Âî

G
Z¤/ÂxWc*ƒz�Š~pŠÐÔQkÆZbZYgìƒVÐ

²DÐi8-ZßŠZzgILƒñX
Ë&»41¹ÿ
HEGáÃz�Š~WäÆnÔz;Vƒ**ƒÇxîg6,Zq-

f;-$½Z»gvÔ™DƒñÔZq-Îa™Æ‚BÔÃÒgppZbZYÃ!*ëZq-
{mF,KM~XÃðÌ™r#y¿Sk!*]ÐZ·t™}ÇX»g™ŠÏÅ
Z˜jV~ÔŠgxyZk,,æÔøg}ñV~ZzgQy~XÐë!*CÙÅ

ZzgSkÆ´z{Ôøg} — ™*~zZ6gT�Ôz;V6,Ãð�Ût7ƒ@*ì
Zk,,æ¹„ZdƒD�ZK‚|#~XÂxÅÑU*ãðZvÅ!
ƒCìXZväaZHìSK̈yÃ‚B~¹„6,¡½ï EHÂñVÆÔQkÅ’
ÆnX

We$7ì:
LLz{Zvì¯äzZÑïw9Z™äzZÑßg]rzZÑÔZÏÆ**x�

{áÔ0*Å1wg;ìQkÅ�¼ìW�âV~Zzgi}~ÔZzgz„ì
(24 )Îg>Zw3Ô i',Š„£VzZÑXóó

ÅZë*gÇ{ (Wind Pipe) /ƒZð**à
$¨4gö
GEE

§i¿Æ¯g~ˆÆ%³~Ô**uÐWäzZà™sƒZ
'×h+nQF,CìÔƒZð**à~XpgŠÎÆ-ç¤™ä6,ÔƒZð**àªCÙ™C

ÅÔpŠÃÚgnpƒñ™sXƒZð Lungs ìZq-‚|#�™«™Cì
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**à»Z0+gzãze.ƒ@*ìZg¬Ù!*ßVÐ‚BZq-gZ‚Ü‚|#ÆXt
Å‚ÐÔ Lungs ¶!*wÑgT�Zq-Úe&ëENÜw•~Šzg

gZ]¤/DƒñQy6,ƒD�Sk§b6™D f ÆgL Mouth §s
ÐXƒZð**à:æENH~ƒCì%~Å**à Lungs ƒñZz6,²ÅY+$Šzg

Ð²Æ´‘~ZzgWÐe©ƒñ¦”{**»g{fgZ]Zzg (Esophagus)

~Ô˜Vz{‹ Esophagus ~Ô  Lungs
"5¿.ç EGHc*Ã�aZ™Mh�Fg~

Q7n{™Šï�XZ#? gastric Acid YD�n{~:˜V6,n{Æ
ðËZgƒDƒvg}Ck™äÆnÔZq-½Z6²~Zzg]4/õ NEE~Ô
vg~$+àƒðWzZi~ÔÅzzÛzãZ�xZzgÙc*ƒD��¦ƒYD�
vg~ƒZð**à~Ô‚g~gZ]ÆÌðÅîÆŠzgZyX

Æn
+B©Šö
GEE

ZŠZâ]» Lungs tƒ¼Ëqw™õÂéÆÔ
Z!x7ƒ@*ìXZ¤/âO]c*½Zð•}Z·CƒZð**à~ŠZ4ƒYD�Ô
tïáYD�"‚4ƒZÆŠ}�Ð�Y**Y@*ì�g3´c*(ŸhÂî HÆÔ�

é°‚(Æ̂[ÐX 596)960Km/hr Š¢š5é EGS{g`™YìƒZÃ
Zõ(DƒCìZzg  11.8)ª30 ƒCì�Ãð Tube ƒZð**àZq-

Ãå²£Õä Ngxƒ@*ìÔc*zg:�ÛŠ»ŠxQQ Tube J-YCìX Lungs �²Ð
Mobile �Z,Zq- Tube ìXptW‚y7ƒ@*ì¢™**�tEZg5ì

´‘Ð*gCì�¤/ŠyB@*ìÔt"xîg6,²£Ðö NƒCìX]ìƒZð
Ð¢ïÅ Cartilage ÔC-Shaped **àÆ6,¡½ï EHð»Ô¾qwÔSÐ

àðYCì�ƒZð**àÃÈƒäÐgzÇìX
Skë{ÂxÆËZq-U~)q¢~Ô**‡.Þ̂°vy»:L

%nƒ@* Genetic ÔVwÆîg6,ÔZq- Kartagener Syndrome ƒCìX
ìÔT~ÂxÆ‚g}ZbZYñ�ŠƒD�ÔpƒZð**à~¶!*ßVÅ

w•Å&¢A7gBbìX”VÅZq-(,~M®ZŠ�Sk¶Æ Coating

Æ¼~%n~2ƒD�Zzg Lung ‚BaZƒD�Ô!*g!*gƒäzZá
ISkÆ‚J-q%YD�Xt¶!*wSK̈ãŸÅ�ZÇV~Ô�
{àWçÐŠ3ð7Šï�ÔŸÅ¡ÆnZK7g~¤‰ÜÆ‚B»x

ÐŠzgX Lungs ™D�ÔŠsV~v™D�¤/ŠZzgÛzãZ�xÃ
Zg1V¶!*wÔXÐ?LzZ67ƒD@*ëtvg~{§c*vg~

§sÐÔ!z‰Ü»x™D�ÔƒD�o]�SK̈ãŸðHŠHåZvÐX
/H?pŠÆZLpyÅÌðÆnZq-á¯Mhƒ?

ÐƒDƒñ� Bronchia WxƒZð**àÐ*gCìnŠz
Å§sÔBÆ²Aªî XEÆŠZNZzg!*NY+$X Lungs gÚ~™D�Šz

~ÐZq-ƒ@*ìXSkÆ´z{SkÆpy Organs SK̈ãŸ~Zë Lung

Æ‚BÔz{g‚rìpŠÅZK"uë{ Organs Å**àÆgZÆÓxŠzu}
Z0+gzãðX

Æ‚|#Æ¬]~YNÔ̈g™D�� Lung ISkÆ
ùÃðaZö¿~WCìX

ª%³Zq-ºmöy6,Œƒ@*ìÔSkÆº̂mZbZYÃÑc*
Y@*ìZq-Šzu}Æ‚B!*ëXvg}Z§ZsŠÙƒñÔ?¹‚g}

6,ÔQkÅZ0+gzãF,KM Cover ÔeiZíÆ0*DƒXSkÂ[Æ Products

~ÔZzgQkÆÑ*y~X»½T6,tÂ[ŒƒCìÔÀ}?ê
ƒDƒÔZzg™Ï?ä̂ƒÔƒD�Óx¡¬]eiZíÆX‰-o]
Æ7GYD�SkÂ[~ŒVJ-Ôz;VÌìZq-²£Ðö NðSK̈ã
Ÿ~ÌX

Z[ë̈g™D��?Ð¹ŠHì¯äZq-SK̈ãŸX?Ãöy™**
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ƒÇZq-á»�pyÐ»g0eZðW‚àÃ™s™CìZzg$+rìQkÃ
ƒnXSk Fit WxÐXpz{áÃÌƒ**ƒ@*ìSÚgN*�SK̈ãŸ~

Ã¯äÆnÔ¬?Ã¢zg]ƒCìY+ÅDÙZg;¬]!*g}~6Y
ÆZzgWxÆZzg»g0eZðW‚àÆpZmÆÔùWxÈYCìpy
~Ô‚854è

EG
GÔ‚Ó]Å�áYä»»x™D�ÔZzgWxÆpZmXt

7g}îg6,vg}n**eƒ@*ì¯**Šg»gáÃ%¥â]ÆX
Z¤/?ẑsƒDƒzWe:Åï~pyZzgWx~Ô?ð

ƒZ~$+%»VÃA$pyZzgƒZÃ O2 Ænpy~Zzg Co2 ™Dƒ�
¢zg]ƒCìÓk~WäÅZq-Šzu}Æ‚tZ,„zWgK~A

%,¦/(ƒ**ƒÇ�#Ö~X 119 %,¢ak) 100 �eƒXtgKÁZiÁ
Šzu}ZÖp~Ôá?Ã¯äÅ¢zg]ƒCìǵƒÇpyZzgƒZÃÓk~

ƒnXSk Fit QkZq-zWgK~pƒ**ÌƒÇSÚgN*��SK̈ãŸ~
~—7�Zq-¹„ZdŠârŠg»gƒ@*ìgppD¯äZ+Zq-áX

&ÕäEN**!*ë™*Æ¹„âCÙeiZIkÃaZ™äZ(Zq-}2xÔZEw
™Dƒñ¹„].h+)q¢Å)ßYX@*ëSk!*]ÅÃðZÌ7ƒã
ec?X„œYV:™,Ô?LÌ‡.Þ7ƒVÐ¯äZq-á�aZ

ƒD�¾nÅ)ßY»ƒ**ƒ@* Lungs ƒZ(„6,¡½ï EHîg6,6vg}ZL
Ô(ƒ@* ¦/%, 110 %,¢ak) 100 ÆnX»R»gK Lungs ìz;V6,Ì

ìhƒäZzg‡ìƒäÆn?ZkÎZw»�Z[Š¶ÔëÃç¤™**ƒÇ
Æ7ZCpZm»X Lungs

/CÙÒpÐåð¶ÏV~
»ç¤™DƒÔÂ?‚o™DƒZq-"Í‚|# (Lung)µZ

ÆZ0+g Lung »�aZƒCìÑä!*ëWxZzg»g0eZðW‚àÃX

Ðic*Š{(,Z7 TipÆNeedle ƒD�ÔCÙZq- Alveoli �ÐiZZ+ 300

ZõÆX 0,01 B¢a)c*L(c* 0.25Ç(Diameter) ƒ@*ìÔ‚B~Zq-¢
»ˆ!¿ÐïÑY@*ìÂZq-ª]Z0°ŠQ½@*ìÔ Alveoli Z#]gKSy

%,¦/ƒ@* 119 %,¢akc* 83 ÆŠgxy 100 Zzg 70 ÆR»gK Lung SK̈ã
qª~tgKZ,Zq-gLÐw~ƒY@*ì�ƒ@* Squeezing ìX

ì»xZq-"Íð»X
ÆZ0+gzã¥V6,z;VpyÅ**1VƒC�X Alveoli�300 Sy
½YD�ƒZÐÔZzg»g0eZðW‚àQypy Alveoli CÙ!*g?‚÷feƒÔ

Æ**CVÅ$+rì(WxÆ�ZCÙÐ�ƒZ~ƒD�X
¾qwÔtSÚW‚y7ƒ@*ìSyƒZð2VÆn²£Ò5é NEZzgÈƒ**

6�ªCÙƒYìXSÏ§bÐ�tÂƒ@*ì½**Zq-½g{ÃƒZÐ«!*g
ÃÔ�g‚rì¹ic*Š{Úî**gï Alveoli** Zkntƒ@*ìÇZ,„Â½

qÑ]~X
~)heZzg B r e a t h i n g @*ë?ÃðÂCk7™Dƒ

Æ²£Í/õ NEZzgÈƒäÃÔYè Alveoli ghä(X?85Âî
G

Ck7™Døg}
vg}[ÂxÅð»ñµŠîì‚÷heZzgghäCÙ!*gW‚ãÐX

ÃUZzgÈƒäW‚ãÐ Alveoli Zq-ÂxÅ)ñ�ŠÏÔ�ZYi]Šîì
CÙ‚÷Æ‚BÔáY@*ì?Ãç**uÔZ¤/$7Ô)bÅ§sX

6�åÔ¹„4+Âðg¿YCìøg}ßZ$+h+6,
Æ+eqƒC�Zq-—  Alveoli �ÐiZZ+ 300~Lungs vg}

ÆUZzgÈƒä~  Alveoli ÆÔ� Surfactant ~�YãYCì�g
ÃÁ™CìXSk—»Zq-Zzg»xgz)  Surface Tension æŠÇgƒCìZzg

ÃÈƒäÐ7g}îg6,‚÷ghäÆŠzgZyX]ì A l v e o l i
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~¹„¤!gîg6, Lung »Zq-§lZgƒZÅg{YCì Surfactant

ÆZ§Zs¤/Šl Alveolus ‚÷ghäÆ¿ÆˆXSk§bÐÔpy
~ƒ@*ìåƒZÆ‚BÓk~ƒ@*ìZzgSk§b!*‡°ÏÆ‚Bv™@*

ÔZq-¹„{mŸ]Æ¤/z\ Surfactant ìWxÃŸÆŸ]~X
( I I  G r a n u l a r  ¤/ZE°Eñ‚Q I I ÐaZƒ@*ìÔt¤/z\N*U$

ÆR6,ƒ@*ìX AlveoliÔSurfactant B@*ìÔ Pneumocytes)

~Lungs ]ìSyŸ]»�}Zzg70*ñYD�ÎZñ
ñ�ŠƒäÆÔ?‚÷feƒghDƒ%ËÂÆXSk—Å7ZC
UîV~ÐZq-ƒ@*ì�taZƒ**Ñzq™@*ìZq-Å̂zZ¢š5é GGSaZöÐ
Zq-·¬X

ÃZEw™äÅ Lungs ~Ô˜V6,SkÃ̂ZL g ùZq-ĝ3âŠ
¢zg]7ƒCìÔYyYì�z{‚o™}ÇZ+Zq-Â»!*CÙÅƒZ~

æŠ Surfactant Zzg¢zg]ƒCìaZƒäÅSk—Å?ùz{Y}ì�
~?H¡¥â]z{ZEw™@*ì Lungs ÃQkÆ Air Sacs ™}Ç

ÃÁ™@*ì?Sk Surface TensionÆAlveol is ˆ[Îä�z{
Å)ñ�ŠÏ¢„zzk ìâñßŠÅ̂ñ]~X Surfactant

— S]4k5é GIEðqÑ]~˜VtZôïD+ZÛZ(g7GYD�
aZƒ@* Surfactant VwÆîg6,ÔIZiz‰ÜÆaZ›”V~ÔZ#**»°

³WxÅ¶ƒCìX —ì
t̂kÂZiyŠ¬Y@*ìÔSK̈ãŸÆCÙñh6,Ôƒ@*ìZq-ZëVw

S¾wÅZvÆðÅY0+ZgzVÅXZvZKÑözŠ¤‰ÜÆ‚BÔaZHìCÙ
Y0+ZgÃ"éZDwÆ‚BX

t�Û9ìCÙZq-»'×h+zZ6ƒVZvÆDÐZzgQkÅÑÐ

oƒîgÐuZ�QkÅ¤‰ÜZzgeg,QkÐQkÅ_“~X
We$7ì:
LLZzgŠc*?ÃCÙqÔ~Ð�?äâ#ÔZzgZ¤/±3ð YLEZˆyZvÆ:7g}

(34 )Îg{Z',Z+Ô ™jÔGWŠò(,Z"Z»sì**]ZXóó
/Ÿ»ŠZE>:w

FUîV~ÔwÆ§i¿»».Þ‰~¿ÐHYYì6
�Zq-QƒðWv~XWvÆ£¨~Ô¾qwÔwZq-¡§i¿
ì�zZµƒ@*ìbiï NGgëg~ÐZzgÁ&4ið GFIV6,Xvg}Ÿ]»g0Ã
LL°Dóó�´c*]~ZEw™DƒñÔƒZ~ñ�ŠWxÃÔaZ™D
ƒñÂZ**ð�vg~ŸÃŠg»gƒCìSkzzÐtÒy™**ß7ƒÇ�bCÙ

Æˆ�gZ0+g„Z0+g]Ó¼-ö NYGƒðWvÆ Breathing �z̧q5+k,ƒD�CÙ
vg}Z0+gZg1VgKÏg-VÅ̂~X

vg}Ÿ~Ÿ]ÆCÙ3Ãxîg6,WxaðÅ¢zg]
6,xîg6, Retinas ƒCìX�gZq-VwÆÔZg1VŸ]vg~WçÆ

ZEw™DgT�WxÔSkn?‡.ÞƒD�7,"tÂ[XSÏ§b
vg}Ÿ~qÝ™D�ÂZ**ð Muscles ÐÓxŸ]�¯D�

Šzu}ZÖp~ÔZ#$™)ÿ
G

™D�WxÐX — »g0%·]ÆWÐ
~Lungs 7[ƒZÆ‚ãvg} 100 CÙ!*g?‚÷feƒÔÃð

7[ÔWx‚ãƒD� 21c*21% ŠZ4ƒD�XSy~ÐÔŒÛd$
Blood [ÂxÆ§i¿Ðtƒvg}Ÿ~ŠZ4ƒä6,Ôt‚ã

Æfg=vg}Ÿ~¹ŠzgJ-zZµÕoJ-ÌáYñYD Stream

Æ‚>VÆ‚Bz;V6,ÌXZ¤/p�?ìw Co2 �ÔZzg»VÃ$+wfe�
™Mhƒ�?ÜságìƒDƒ‚÷Ô@*ëz;Vƒ@*gLìÔÚnŠ!
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WxÔ»g0eZðW‚àZzg0*ã»Yg~vg}ŸÅ�ZÇV~ÌX
/Wx',ŠZg

)»g0eZðW‚à(vg}Ÿ] Co2 w»ƒÐ(,ZÑ
)Wx(ÃXt§i¿zZ¢š5é GGSzZµƒDgLì O2 ~Zzg$+ÜSyÅ(~

~Xz{Z(ƒ@*ì (Lungs) µzV — Ð¹Šzg (Tissues) Kã!*:V
~ŠZ4ƒCìQy»Ë§bvƒ**ƒ@*ì!*:V~ÔZzg Lungs�O2 ÂÔ

�!*:V~k ìáYðYCìµzV~XùtÜzÜ»¿ð Co2

0*@*ì?
Erythrocytes L:÷4zZá!*g',ŠZgŠzâV‚>VÆƒD�

ÔµzV~ñ�ŠÛÛƒZð2VÆ‚BÓk Erythrocytes py~X
�z{ÑgìƒD�py~ÔZzg Co2 ~WD�ZzgghD�z;Vt**»g{

pŠ~XtnŠ!»¿zZµƒ@*ì‚B~Zq-¹„{m O2 _.[™D�
GÐ:SkGÆZq-Y+$ƒCìWxÐâÑâwƒZpyÅÛ2V

ÆQ¸gÜs Capillary ~ÔZzgGÆŠzu~Y+$z;VƒC� (Alveoli)

‚?Sk§b O2 *gnX Erythrocyte Qã„zW�»°ƒ¡Zq-zZu
‚?á O2 Ð%ËÂÆX Erythrocytes ‡.Þƒ@*ìÓk~Wä

T—~Erythrocyte Yc*Y@*ìŸ]Ãå‰0ÐÔtZq-‚?ƒ@*ìCÙ
ÅªCÙ~zäsZq-W~ÆxËƒCìÔ£g~^Æ‚BáYä
Wxc*»g0eZðå‰0µzV~WxÐÈ|Y@*ìZzggzZ:ƒ@*ì

)uc8-.ð EGV(Æfg=XZ#z{!*:V~í� RBC ŸÆ�ZÇV~
˜VWxÅ¢zg]ƒCìÔZq-7{‚z̧q5+k,ƒ@*ìXå‰0‚?ZK
ºmðÆ‚BQkÆâjwÐ

².1¹Ðö GOW,ƒ@*ìX
².1¹ÿ GģŠgxySk

ÆZzgWxÆÔI^Y@*ìXSkÆ³~Ôå‰0ZLWx‚>VÆ

1úÃz;VÆŸ]~gh@*ìXZzg:Wx»Ÿ]~gh**„å‰0
~Ô  LungsÃ Co2 z{zZ:ÌáY@*ì — Æ»ñV»Z!x7ƒ@*ì

Ã¢zg]ƒCìáYäÅŠzg}!*CÙ{g`™ä‚÷Æ Co2 ŒV6,
�Co2 ™äÆŠzgZyXSk§i¿»ÜDfs~7ƒ@*ì: Exhale

Q½Cì3ÆwÆŠzgZyÔ*gCì!*:VÆj[+~ÔZzgz;VÐ
‚?�gZq-:æENEÆ C o 2 py~ — ~C a p i l l a r y  V e s s e l s

C a r b a m i n o Æå‰0ÆZzgáYc*Y@*ì E r y t h r o c y t e s

Å̂~XŠzuZ:æENE0*ãÐF,I3ÆÔZq-Z4,ZìÆZW,Æ Hemoglobin

~$+wY@*ìXˆ~Ô»17-F,„̃ƒ@*ì Carbonic Anhydrase-
Ôå‰0ÐñnYD Ions ~ÔZzgŠgzX Ions !*ð»g1,MZzgŠgzX

Veins ~Ôz;VÐ Capillaries ÑðYCì!*ÄÆ Co2 �XSk§bÔ
~F Lungs ~BìXŒV Lungs ÐƒDƒñ›wÃWCìÔZzgA$
ÆBreathing Zq-§i;ñ¿Ð*gCìÔZzgZyl»g0eZðW‚à

ŠzgZy!*g!*g!*CÙƒZ~{g`ƒCgSìX
z;V6,@*ëZq-Šzu~ZëS¤å‰0Æ‚|#~‡.Þf™

ƒD�XT§bÐz{gBbì&¢AWxÃv™äÅÔ´z{SkÆ
å‰0gBbì&¢AáYäWxÃÇ92w6,Ô]ìZq-¡
ģ»�å‰0ZzgWxÆŠgxyƒ@*ìXå‰0ÆSkpZmÅZÌ6,
izgŠ¶ÆnfsÅ=ô»gWæƒÏ:Z¤/ģå‰0ZzgWxÆŠgxy
Šg}$zgƒY@*ìÔÂå‰0WxÃZLÐ!*0+ñ7gÄYìÔZzg³

³Y0+ZgzVÆáñ]ƒ@*ìXZ¤/ —ìC ~Wx!*:VJ-í70*
ZzgA$z{Zq-Šzu}Ð].Z7 — ÇSkÆÜsƒ@*ª¢oF,9ƒ@*

ƒMh¸!*z�Š�Zq-Šiz{íƒD!*:V~X³~Ÿ]WxÐ
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øzxƒYDZzgP„œV~»ƒYD¸X
t|7™CìZq-™sÞŠ]�å‰0{mîgÐðG

YD��gZq-6,¡½ï EHÂxÆv™äWxÃZK̈ãŸ~Ÿ]J-XCÙ
,QkÂx~ƒCìZq-o]ZvÆÑözŠDZzg¤‰Ü»Šg]~Xz{
ƒCìZq-ÑözŠzÝÂ‚ÓC±mið IIV~Šgxyå‰0ZzgWxÆX

~ÐƒÐic*Š{£g~�‡ìƒCì Attractions @*ëSyÓx
:z{ƒCì)©à¢oZzg:)©à$zgÔÉƒCì — SyÆŠgxy

Ç9Åð Lw6,XtW7$Ëìz�Š~Z·tÐÔÉƒCì™sîgÐZq-
³Zq-ŠZ·ð»X

ÃðÍc*¶Zq-‚?ÅaZöÆŠzgZyÔ[¿ÆŠzgZyc*py
ÆBƒä~Ôc*Ãðp~pyÆZbZY~)Zq-‚Š{¤/Š}»Xì»°
Z(¼ƒäÆn(ÔaZ™@*ìZq-ç**uFg~ÔA$ñ]X

Z¤/Z(ƒÂÔQyÓxZbZY~ÐÃðÌ�¯D�tÂxÔ7WMh
�z�Š~pŠZ"54fõ FEGXÓxÃW**ƒ@*ìz�Š~Zq-„œ6,Ôz{ÌZq-„Ÿ~X

ZzgSk»Z:tƒ@*ì:ÜsZq-zZu3~WxÅÃÆ§i¿
~ÔÉCÙZÐZŠ~§i¿~Óx71VŸ]ÆÔÓxZg1VßÍV~i}6,X

ÐWxÃpyfg=›wÆ Lungs 6�?äŠ¬ìÔå‰0
Â‰Ð‚g}Ÿ]ÃáYCìX@*ëSkë{‚?ÅaZö7g}îg6,

ÆNzw~ƒCìX Bone Marrow

Æ!*g} Organ ÆŸ]YyMh�Zq- Bone MarrowH
~�QyÐSkŠgic*Š{Ã,6,ƒ@*ìÔZzgêáMh�Ñzq™ä§i
;ñ¿ÃQkÆ¢zgc*]Æ_.?™sîgÐZ(¼ìw™**!**
)xƒÇX

²£Õä NZÖgÔZq-"Vwîg6,ZdF,+f;-$»[ÂxÅCÙ-~
SkŠgë{Zzg‚B~ZkŠg6,¡½ï EH — Š¬YYìXQkÂxÅñ�ŠÏ

TÅZZ4[Z·‡]ÅZ˜jV~LzŸs#7ƒ$ËìXSkÅ —

zZuzŸs#ìðX
%ËqÆÔZväaZHìSK̈âVÃQyÆ"ÍKã

Ã} ‚½VÆ‚BXWe$7ì:LLZzgz„ìTäaZHW�âVZzgi
Çîg6,ZzgTŠy¾Ç�ƒYÂz{ƒYñÇÔSÏÅ!*]EìZzgZÏÅ

�ìÔTŠyYïYñÇrð NgY+zZÑ
9Ÿ-ö FNFZzg

²£Ðö N!*ÂV»Zzgz„ì
(73 )Îg>ZÅxÔ ÕzZÑY+zZÑXóó

/µzV~ZdðÅ¬]
‚÷ÆheZzgghä~Ôµ}Ã¢zg]ƒCìZq-Ûzã

¤‰ÜÆfg=ÅX
SK̈yßv**zZ6ƒD��HzZµƒ@*ì‰„z{‚÷fe�X

T§bÐw(,kì6„z{ŠzhD�c*biï NGgëgƒ@*ì’Æ
ŠzgZyÔz;V6,Ãð!*])©à7ƒCìX@*ëT§bÐz{‚÷»¢8Zzg
w»ZLW\~!*‡°ÏÑ**Ôƒ@*ìZq-7{ÓxpŠÐX

ƒZB™D�heZzgghäZq-‚g~i0+ÏÆŠzgZy Lungs

Ã¢zg]ƒC —Organs Ç‰Šzu}Óx — »x™Ã Lungs @*�
ÐÔ!*°Z„� Muscles ìÂZ**ðÛzyÐX�½ÅYCì-VÆ

Æ¼{ÆnÐÔ
~XZ#?‚÷feƒÔ´V!*CÙÅY+$ (Diaphragm) ec*�ÛZx

mìƒZÃnƒZð**à~X Lung ZzgZz6,ÅY+$„CÙw•™D�X
 Diaphragm Z#?‚÷ghDƒÔ´VsYC�zZ:Z0+gzyÔZ#�
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�¼{ÆnÔZz6,Å§sw•™DŠ3ðŠï�X MuscleÆ
~Aleolis iD�ÔƒZ¶ƒZð2V~ª Lungs 6�

Š!*îÆiŠ~WYC�ZzgƒZÔ**àÅgZ{{g`ƒYCì?Syu¤/ñV~Ç
zŠZg7ƒMhƒÔvg}Ÿ~X?:Â@Zc*]Š}MhZzg:Ãð¬zy�ù

Ã»x™**ƒ@*ìXZzg:?Ãð¢zg]gnpƒÔZ(¼™ä Muscles vg}
ÆnÂZ**ð½ÅYCìZq-ZdF,+f;-$ÐX Lungs ÅÔYèvg}

Æ¿Ã Breathig /�¼{»;îW‚y™@*ì
Ô[Âx~Zq-¹„Zë™ŠZgZŠZ™@*ìÔÉSk Ribcage

‚|#Å¬xîg6,	g{¤ƒCìT§bÐ�z{DŠêìZ0+gzã
ÅEZg¡]Ì Ribcage ÃÔ{mîg6,›wZzgµzVÃX@*ë Organs

Æ¿~XZ#?‚÷feƒÔig{l Breathing ƒCìZëœªŠ¶
ÔRibcage »Ôg‚rìZq-ª]Z0EZL~X Bony Ribcage vg}

�¬xqÑ]Æ-xËƒ@*ìZq-
+B©Šö
GEE

eJwÆÔ�ª]**uîg6,E
ƒ@*Zq-Šg}ÁEZgƒ@*£¨~ñ�Š{ Ribcage ŠZgƒ@*ìX¾qwÔZ¤/

ÆÔµ}oƒîg6,Ì70*DZzg?WgZxÆ‚B‚÷he7
0*DXZväaZHìSkEÃZq-£g~̂~�:Â¹ic*Š{Zzg¹Á

tZvÅ§sÐSK̈âVÆnZq-ZÅxìX —

/µzV~œ)ÆZW,Ã_.[™äzZÑÂx
»DÛzãœâ]ÆÜsÔƒZð**à~!*w�gzÈ Ribcage

�!*‡°ÏÑ@*ìŠ~WäzZàƒZ Mucus �¤/ŠÃŠZ4ƒä!*CÙÐÔ**u»
Surface Tension Å�Šzg™@*ì Surfactants zgñ**̀Z�ÃÔaZö ZÅ

t½ãÓxÂéZK(6,DŠï — ~ZzgFZzgZ,¬] AlveolisÃ

ÅRZzgŠzu} Lung ÃXZq-ZzgZ
+B©Šö
GEE

}2xÌg¥/Ã� Lungs�
ÆŠgxyzZµƒäÐgzÂìX Organs

ÅZq-6,]~eqƒCìÔSk (Pleura) ÅÛzãRG Lung

nµ}Lvy»‚o7™D‚÷ÆheZzgghäÆŠzgZyX
ÆÔƒ@*ì Bags ÆZ§Zsƒ@*ìÇ‰ Lung �CÙ Pleura

ÅZ0+gzãRÃ Diaphragm Ók~Zq-ZzgGÆ‚B�BÅŠ-ZgZzg
eJ(ìÔSyŠzâVÆŠgxynâùÆ‚BX

ÆOrgan ÅÔSk§bL7¯CÃðÓkËZzg Lung ÛzãR
ôpgLìËÌg¥/ÐSkÆ´z{ÔtŠ!*îc* Lung ‚BwÆŠzgZyÔZzg

ÜYŠgxyGÆ�
(£4-¡ç
FGF}ÃeJ(ìZzgZq-QkÆBÆZ§Zs�g

Lung ÆnÃgìBÅŠ-ZgÐXtqñµŠîì Lung Š-ZgzzáCì
ÆÜY»âjw$zgƒY@* Lung ÃZLW\ÆziyÐ:…YäÆXZ¤/

Zq-R,Z’ÆqŠX~ÔVwÆîgÐÔc*Zq-â—Zgq8-ô FNE — ìËzzÐ
iY@*ìé½gÆZzg‚BZq-Íc* Lung — YCìBÅŠ-Zg~

Å Lung ÆÔ�ÛŠ%YìXtÂxƒ@*ì�ŠzuZZ�ág{Ô "Collapsed Lung"

�á0+Zgð»X
ÅpŠlŠ!*‡°Ï Breathing /

wÅ®ZŠZzg�ZðŸÅu¤/òÆZzgZ§ZsÆâjwÆÒpÐ
$+rìX‰ÔÃð�Šzhg;ìc*·̈Vm|g;ì‚c!F,Zzgic*Š{�Zð

ÆŸ]ic*Š{ Muscle Æ‚B©8ì£¨~Zq-Æƒñ¿ÆÔYè
ÂZ**ðÜs™D�²Ÿqªw•~ƒ@*ìX

ŸÆ71VŸ]ÃÔSknÔic*Š{WxÅ¢zg]ƒCì£¨
~¬xqÑ]~X´z{Zi,ÔŸ]ÅiZZ+aZ™Š{»g0eZðW‚àÃÌ
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{g`ƒ**ƒ@*ìXZ¤/WxÅ(,fƒðÔÅú7ƒ0*CìÔÂÓx
Ÿ]Sk»$i{(£¼/õ EN

YG�XŸ]Z,´̧V~‰
(Ÿ-@î EGEZzg›wÔ�gnp�Á

',ŠZ“Å̧]WxÅÁŠø7!6,Ô¢„ZKÓx̧]§]ÃÅŠï�X
Ã{g` Co2 ic*Š{Wx�ÛZë™äÆnZzg**gïlZgÐiZZ+

™äÆnÔzZui[ÂxÅ»g™ŠÏ~ZŸ†™**ƒ@*ìSkŒÐ�
!F,»x™D�XZq-{mÂxÃÔZk§bÔW**ƒ@*ì¿~Ñä Lungs

»g™ŠÏ~!~@*�)bÅ;ðƒnz‰Ü6,XZzg|~Ô[ÂxD
îg6,g‚rìZq-7ZCÂx�w•~WYì̄g~¢zg]ÆZz‡]6,X

Æfg=w6, (Spinal Cord) ñ�Š%Zœ/ÐÔ£¦ezg ~
(Ÿ-@î EGE

ÃYD�Ô  Rib Muscles Zzg Diaphragm Nzwg‚rìXZ¡[�
!*g°]ÅÑjVÐ 5@*4 Sk!*]ÃD¯D��t‚854è

EG
GZq-!*‡°{

]¾æ NHD�XZ¤/tZ¡[»^ŠñYD�ÔA$w»¿Zq-Z!xÃ(
ìXŠzu~zz�w6,ZW,Z0+ZiƒCìÔz{ƒ@*ìpy~»g0eZðW‚à»

Co2
Åð LwXZ+rð NgÂV~˜Vy~zCR»gzZÇV~!~Ñ**°Šƒ@*ìÔ
»Åð LwÌ(,|Y@*ìX³~py»F,d-öIJÅð Lw(,|Y@*ìZzgZk§bÔpy»

¤/Y@*ìÔ�[%œ/6,ZW,Z0+Ziƒ@*ìÔZ¡!Âx~Xt%Zœ/$+á~ Ph

Zzg�¼{ÃÃu™D�ÔZ¡[Æfg=w~!~Ñ** Diaphragm

Co2 »ic*Š{!~Æ‚B{g`ƒ**zZµƒ@*ìX Co2 ƒ@*ìXWx»¢8Zzg
ÌñZ¬ Ph »py~Åð LwZk§b$+wY@*ìZzgƒY@*ì**gïÔpy»

ƒY@*ìX
 Z¤/w~¢zg]Ðic*Š{ZŸ†ƒ@*ìÔ

(Ÿ-@î EGE7g}îg6,Šg»g
ÆLung�Receptors ¯@*ìX´z{Zi,ÔŠ!*îÐˆk Adjustments

Ûzã¥c6,ƒD�Ô¢zg~@Zc*]ZÝ(Ÿ-@î EGEÃ¬�Ôëƒñ�SkŠg

¢zg]Ðic*Š{’ Lung �ZðÆ‚B‚÷he»¿Yg~:gOYè
g;ƒ@*ìX

6�?ŠÙƒÔtÂxCÙUÐ!*bZgno~ƒ@*ìXSkn
ZzgŠzu}ÓxZbZYÃQ½**ƒ@*ìZq- Diaphragm Z¡!ÂxÔ[WnÔ

‚BX@*�wpŠlŠ!*‡°{ƒäÆnÔSknÔÂxÃ7g}îg6,»g
qª~gxƒ@*ìÔ�gZq-9Zzg‚?Z»ðÆX!*ZÖpŠvÔQkÆÓxZbZY
Ãgxƒ@*ìÓxÃ/Zq-z‰Ǖg~Zq-‚BX

~70*ðYC Lung ÃtZg»YÆ_.ÔSy~ÐÃðÌ,
¶Ñzq~XSy"ÍS:]~ÐCÙZq-¶¸%³zZgZ·tÆ
fg=XptŠúò²£Ñõ Nîg6,Üsƒ@*ì‚bZzgz�;]ŠzâVÆ‚Bƒ

~Ç6ÆZz6, Lung Ð¬Zq-¿Ã‚÷heÆnÔÓxS:]»
ÒyHŠHìgxƒÇ¦ñÑzqÐ„Ô¬SK̈y~Ì�Ìg;ƒÇX

Æc* Alveoli%Lung %EÆÔc* "Hinges" Cortilage ´VXÆ
Æ:ƒ**c*%

+B©Šö
GEE

GQyÆZ§ZsÔÃðÌ Alveoli Z§ZsQy Surfactant

ÑÃ7gZ7™@*ìXt**eƒ@*ìZg»YÆZ·t}2xÆnÑ**ËÌ
»z�Š~c*qÝ™**ÃðÌS:]Xt|L7$+rìÔ85Âî

G
Organ

�3‚wÔc*85Âî
G

71V‚w~ÌX
SK̈ãŸ~t‚g~¬]ZvÆz�ŠÆoÂV~ÐPZq-

�XZvÔ�ÃðÑq-7g‚rìð~Ô¯@*ìtZgnï!*b»WgegXZv
ÇìÔ�ÓxZDwÆð»"0*c*yDg‚rìX ‡Šg
We$7ì:LL"—vgZg[ZvìTäaZG�W�yZzg

i}bŠy~QŒÛZgñZ²l6,ÔQhZJ@*ìgZ]6,Šy�z{SkÆúÎ@*ì
Šzh@*ƒZÔZzgaZGÎg`Zzge0+Zzg@*g}@*ẐgZL¬ÆÔ_è NEßQÏ»ì»x

193194 ZK̈ãŸÔZq-7{ZK̈ãŸÔZq-7{



aZ™**Zzg7Àê N�Ûâ**Ô(,~',•zZÑìZv�g[ì‚g}˜âV»Xóó
(54 )Îg{Z²ZsÔ

/Zq-'×Z›‚|#:eJç»Âx
SkœÔ?ƒYìÇÐÆƒVc*geƒñƒVXSkÂ[Æ»

6,SÐŠz!*g{ǵI™DƒX Shelf ÆZz6,Æ Bookcast ™äÆ?̂
ZzgeñÅ\àÅ8hÀö FNYg~ǵI™DƒTÃ�?ZLZq-;B~ñ}
g3ìX¾T�ÃðÌ»x?Z�xŠïƒÔ?NyƒDƒvg}eJçÅ
A-VÆÔvg}CÙw•ÆnXZ¤/z{7eƒ@*QyÆnÔ?**»xƒDÔ
7,"SkÂ[ÃÔw•Š¶vg~ZèVÃÔc*85Âî

G
9}ƒ**Zzg½XvgZŸ

vg}ZL Organs 'ç NHY@*ìéZq-{à”Æ@*i{Í“ÆXvg}
ziyÆŠ!*îÆ-²Cÿ

N
F‰ƒDÔZzgP„]zV~Ô?%‰ƒDX

w»]?Z�xŠïƒvg~gzi%{Åi0+Ï~%85Âî
G
Î‘ÆQy

Æ!*g}~Ô�ÒyƒMh��g¹„‚Š{qÆÔÓxw»]zZµƒD
ÆL‚½VÆ�gVwÆÔH?™Dƒ6� Bones �Ô]ìvg}

?7,_ƒSkÂ[ÃXSk™»7,−Ô?Ã½ƒ@*ì¬Zq-™ÃXZ(™ä
vgZZùVZk÷~ — ~Ôvg~ÞŠ]Åc*ŠgxãZi¬w•~WCì

æŠÇgƒ@*ìX&Ac*V�¯C�vg~ÞŠ]ÅZiiZzt‚ÔÍ~™XQÏ
z‰ÜÔŠzAc*V¯C�vg}ZùÃ̀QVƒZ‚ZzgæŠ™@*ì™ÆÍ~X

6�tÓxw»]ƒDgT�Ôvg~¯ðÅA~ZzgŠzu}Ac*Vvg}
—Ô ;B~ÌÔƒD�˜RƒñºmiZz-V6,Xvg}!*izÅAc*VÔ"

vg~æŠ™D�Ôñ}g$Â[ÃX¿t�Ô?Ñzq™D�7,−Ô]
Zq-}4,x»TÆz�ŠÆ!*g}~?zZ67ƒñ�¬LÔ�vg}

nZq-M®ZŠÆZdwÃZ�xŠêìÔQ%vg}QyÐzZ6ƒäÆÔ

Zzg�~iYg~ƒD�Z[ÌÔ6�?7,−Â[»Yg~gnpƒX
?™Dƒtƒ — «ÔŠzh**Ô»ÔÎÔ9}ƒ**Ô7,}gxÔr

— q,Ô]ìvg~A-V»Xt]ƒ@*ì
eJç»�?`MhƒÔÖMhƒZzg9}ƒMhƒÔ4MhƒÔ|

JZbZYÐ¯ 206 (Frame Work) Mhƒc*3MhƒXSK̈ãŸ»a\
ÆPuzzleÆJigsaw ƒ@*ìÔ3ƒñZq-Šzu}Æ‚BÇ‰Zq-

ÐXZ¤/»xZzgZdàÅ V ZbZYÆZzgZq-Šzu}Ð:æENH}gT�ºmaç Lz
Z˜jV~ç¤™D�ÔÂeJçZzgAc*VXÐ�z{¯ƒ@*ìÔZq-Ši
ZzgëÃzZ6™ZD��ëðÆZq-7{»‚o™D�X

øg}SK̈ãŸ~Ac*VZKÓx¹„ZZdwÆ‚BbCÙ{
™D�ZvÆðÅ�áyÃøg}‚tÔSk"Vwð6,ÔWc*]ÅZq-

ù(,JD�Q7 — (,~®ZŠ~izgŠc*ŠHìÔ‰:'ŠdSyA-VÃ
(259 )Îg>ZÂ{Ô Æ]k~'' Flesh Zzggnp�QyÃ

Zq-Šzu~We$~ÔjZ!ŠêìA-V»Ô«ð”GÆn�ñ]
ÆÅ̂ŠZEi0+Ï6,¢™äÐZïg™@*ì:

LLZzg»@*ìë6,Zq-éZzgÈwŠHìZKaZöÔìÎìÃy
i0+{™}ÇA-VÃZ#Å7~ƒ̂ƒÔÂÈZyÃi0+{™}ÇTä¯c*QyÃ

(78,79 )Îg{[Ô «!*gÔZzgz{ƒ¯**Y}ìXóó
/A-VÅ‚|#

ÇÓxA-VÆ!*g}~Ô{mîgÐÔ(,~A-V~Ôz;VŠzn
Å‚854è
EG

GƒC�XA~»wûÔJ!*Ä6,Œƒ@*ìÔ²aç L}A~Å
Zq-¡6,]6,ŒƒD��Zq-ic*Š{)æZg‚|#Ð¶ƒD�Xt

|~ÔQyA-VÅZ˜jV~�ZLZdwÃ7gZ™D�Ô¹„
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ZÌÅqïƒC�X
YèÜsZ+Zq-S¤ÐAc*Vw•™$Ë�Ôv™D

»CÙ́‘ Bone ƒñZLŸ6,7,äzZáŠ!*îÃQyÆZL�hzVJ-ÔZ¤/
øzxgTEZzg¤‰ÜÐX Bones g‚rƒ@*ÇÐz„‚|#ÔA$

Å!*ÄŸ]6,ŒƒCìZzg{x—�z{Ÿ]Z�ÛZi Bone

Å!*Ä~&ZlxÆŸ]ƒD�:z{�ZŠZ Bone ™D�ZLZ§Zs
Å‚|#~Zzg�ÛZë™D�QyÅZK^Ôz{� Bones ™D�™ŠZg
~ÔZzgz{�‡ì™D�fgZùÜzÜ��hD� Bones ¯D�ÜYÃ

SyÃZq-Šzu}ÐX
ÃQyÅ¤‰Ü Bones |#�Šîì /‚

A~ÅZ0+gzã‚|#Zq-pgŠ|ZÛ/ƒCìXeJçZq-ËuJ-
(,~(Ÿ~g‚rìZzg¹„ZëZdwZ�xŠêìX

ùz{ƒCìZkŠgÑZzgQÌSkŠg¢oZk»gZiƒ@*ì
Å‚|#~7æ{X Bones

QyÅZ0+gzã‚|#ÔÒyÅYCì‚bŠZâVÐ�gZq-
Zb8-»Zq-ZÛ/ÆÔ�gBbìZq-!**ª]Z0ðZL~X

z,œ~ÆŠzu}Û~ÔZ
+B542.ç
E
EGEGJkäaZHå 20 |~Ô

Zq-&½5ë HE�A~Å‚|#Ð_“gBb¶ÔSkÅ¯z^~)]Ð*g**
7,ZåÔgnpƒñîsZzgË6,Z7»4ø EH‰�Zzœ†”sqg'Zzg',

+Bø
GEX

ÆY**Y@*ìX Cage System Sk§iÆ-Ô��g
Zq-‚|#Æ�g1úe%zZáÁÜÆ¯ñYD�:�

ÆÔÉ-VÆ!*bg*Å̂~Xë{ˆ!*] (Slab) �gZq-zZu]ÿ L
ZzgÜ — ÅZÃŠe$Æ‚BÔÛR,Æfg=Z�xŠñYäÆ‡.ÞƒäÆ

(,}(,}&ÿFNZzgQ‚854è
EG

G — ~ñ�ŠS:]Å Bones ™Dƒñ
¯ð¶̂�ƒDÂ̧µÐic*Š{¢oÔÁyaZzgÎŠqX

¾qwÔA-V~ñ�ŠÂxƒ@*ì¹ic*Š{ë{£¨~Qk&½5ë HE

ŠzÇ}§Š~S:]/ Bones Æ�ZEw~Wð¶SyyZ]~X
Zq-z‰ÜZL~gnp�:ZP#ÖZzg−6XQyÅ¯z^~ZEwƒä
zZáZâYÅzzÐÔ¾qwÔyZ]tŠzS:]!*ëZL~7gnp�X
)æZgÔÅ?‚|#A-VÅÔ¯CìQ7ÑÔz,z{)©àîg6,¢oZzg
'×Z›ÌƒD�X

/Zq-z‰ÜSyŠzS:]Åñ�ŠÏÔ−6ZzgZP#ÖÔSK̈âV6,
Zq-M®ZŠ̄ZZ+ÅªCÙ™D�XÜsÃð„Šßg]qwÆç**u}ò

Z¤/Ac*VSyŠzS:]~ÐÜsZq-„gBbX Ô gnpƒD
A$‚gZeJçƒ@* — ªZ¤/z{ƒD¢opziãÔVwÆîg6,

¹ic*Š{ziãSK̈ãgv]VÆnSy»eÜÂƒY@*LLßÍVÅWiZŠZ:
w•ÁƒYCÔQyÅgzi%{Åi0+ŠHV”h+Kh+Z]~ƒCXZzgSkÆ³~ñ
Zzg"ßa6A-V~ƒ@*Ô�Z•ð¢̄[6,G,cYDZzgI^YD¸X

— Z¤/Ac*VÑƒCÔp:�J — Ç',@Skßg]qwÆ
ŸZKñ�Š{̂~7g{YìX¹‚g}ZëZ¡IñgÓ‰

(Ÿ-@î EGEZzg
›wÚçZ]»‚o™DƒDX

SkÆ´z{ÔAc*V�gBb�ZS:]X»Z®gŸ~QyÅ
ÆÒpÐƒ@*ìX Position

Levels ÓxAc*V¢oZzgEZgƒC�ÔZ¤/85Âî FGSypZmÆ
ÆÒpÐ$+s�X�¼{Ô�gVwÆÔ»°¢oƒ@*ì Position

™«™@*ìZ,ZëZ¡IYÅ‰›wZzgµ}ƒD�Ô@*ë´z{SkÆ
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g‚rìÌZzgiäÅ&¢AZ,Zq-§iÐ‰�z{ñµŠêì
»W‚ãÆ‚BX Breathing

Œƒ@*ìZ,A-V6,�Qã„Jƒ‰Å7,~ Ribcage Z¤/
»÷ŒÛd$ŒÛd$**eƒY@*ÔZzg Breathing ÅAc*VƒC�ÔA$ (Skull)

SkJ¼{~ú‰ƒDCÙ!*g?‚÷feƒX Lungs

6�tVBeD�-ç¤Å¡Zq-{¤ÅA-V~
ªCÙ™CìðÆZq-(,~®ZŠÆ7Z]ÃX¾qwtqËqw{Ø7
™@*ìA-VÆºm‚½VÐ0¥â]qÝ™ä»X
/ùëw•™D�?

‚B‚BeJç Muscular System w•™äÆnëÃZq-
Å¢zg]ƒCìXÓxAc*V�eJç¯C�:æENH~ƒC�gv]V

i@*ìÔz{mìZq-A~ÃZzg‡.Þ Muscle ÐX�V„Zq- (Muscles)

ZzgAc*V!*ëï™»x™D Muscles ¯@*ìSÐw•™äÆSk§bÐ
�ÔñµŠïƒñ?Ã½»á̂Ô9}ƒä»ZzgZ�xŠ¶FŠzu}w»]X

w»]~�ëZ�xŠï�"Ñg!*gŠyÆ‚g}²DÆŠzgZyÔ
!*ëï™ZEw~WD�X?ºƒÔ!*] Muscles Zzg Bones vg}

™DƒÔ3DƒÔä̂ƒZzg7,}gTƒÔƒ‚g}w»]ÆnÜs]
¦/ZgƒDƒvg}†°XZ]½5Ó45ÿ GGHÂxÆ!*bZgnïZdwÆX†°ÂxÔ
A-VÅ‚|#ZzgZdwÃ&ìÔZzgAc*V)zc*:îg6,4îg6,zZ/gnp

Æ‚BÔz{ŠsV~Zq-Šzu}Ãl!B�XZ#?n Muscles�
]¾æ NHD�X Muscles á̂YDƒÔ²£40î

YHE�h6,nƒY@*ìÔ‚B~0*îVÆ
Sk§b?%ÂÆá̂Æ‡.ÞƒYDƒÔZzg9}ƒDƒQÐX

�Z§Zs~ZzgÓk~ƒCìA~ÆÔSkŠg6,¡½ï EHîg6,�CÙÑo Muscle

ÆSÁmÆnÔ7g~ƒCìXJezg Muscle �¢zg~ƒCì
Ã Muscle ƒä7Ô0*D�ÔZzg:A~Ô Loose LA~Ð (Tendons)

~XtŠz!**îg6,Zë{!*©ZL Cases ÂhCìÔÎZñinÆ
7g}îg6,e{ÂñVÆ‚BCÙZq-Šzu}Æ‚B6,¡½ï EHîg6,¬zy

gnp�X ¿
Sknùt¬zy¿z�Š~W@*ì?ùt"ÍÂéTÅ
PZq-VßV6,ë̈g™gìƒVÐ¼,~Ô�aZƒD�S̈KãŸ~?

¬Ôƒ@*ì�gZdwÆZ�x0*äÆnzZãîg6,QyÓxÃq¢
ƒ**ƒ@*ì�gZq-Z»ðÆÔZzgQ½**ƒ@*ìZq-zZuœ~Xë{KãÂé
ÆnÔ"—Ô**eƒ@*ìaZƒ**D+g#îg6,pŠÆZLÒpÐXSkÆ

c*A~Å™sîgÐ7gÄMhZ,S:]‰ Muscle ´z{Ô!*©‰
!*~̧ÔDÔ̂!*]c*¬zy¿XtqàCìëÃÜsZq-„³6,:t�SK̈y

ÐXz{{ÛZvìÔz{��ëÓxÐzZ6ìÔ Û ßvaZG‰Z̧q-{
�Y}ìCÙY0+ZgÅ¢zg]Ã¦ñQkÆ¹„!*gq-,
Æ‚BXZvaZ™@*ìSK̈âVÆA-VÃZzg�Q7ZYi]Šêì»x

ÐXZv Muscles ™ä»ëW°Æ‚BÝ™DƒñZLW\Ã
Y}ìðÆÓxZDwÃXSk~Ãð—7ì�ZvaZ™@*ìCÙqÃ
S¾wÆ‚BX

Wc*]7�:D
LLZzg4~¶K*V�W�yZzgi}~ÔX6,*gƒ@*gLìSy»Zzg

z{Qy6,Š·y7™DÔZzg7ZZyÑD¹ßvZv6,1‚B„Ñq-Ì
™D�ÔH&+gƒ‰ƒSkÐ�WeJêZyÃZq-WÄZvÆ±Z[Åc*

(105-107 )Îg>-ŠÔ Wãª#ÖZe7-ÔZzgZyÃ̧:ƒXóó
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Âx Slippery /åîg6,ÔA-VÆŠgxyÔ
Ac*VZS:]gnp�Ô�ÔŸ~ÔSyÆYñz̧q6,«

ƒD�X�gVwÆÔeJçÆQyA-VÃ�Úw•™DgT�Ô
¹„Z7ĝÅ¢zg]ƒCìÔQyÆ£¨~�ic*Š{‚ÁgT

Æ!*g}~�gVßVÆaèL} Joints �Xë̈g™D�vg}
ÃÔZzg (Spinal Cord) eJêgnp�vg}£¦ezg (Vertebrae)

~Ô!*izV~Ô;ðV~ZzgczV~ƒD�Ú Legs vg} Joints

¥/}ÌaZƒ$ËìÔ g w•~ÔQ7Ì7g^ÂxÅ¢zg]ƒCìX
Ë}oáÆw•™äŠZñ{Zq-Šzu}Æ‚BÓk¯ñgnp
�Xz;V˜V6,g¥/ƒCìt8zõ OzZ¢š5é GGSI^YD�XCÙw•5+k,}é

ÐZq-»gÆZ”J-ÃqD)ßYÆ‚BÔ Hinge ÂxÔZq-‚Š{ŠgzZi{Æ
ƒäÅ¢zg]ÑhgSìX¾TÔ‘ Lubricated !*‡°ÏÐ

7g}îg6,{òÃad|ÐŠzg7™$ËXZ%{ò~ (Lubrication Oil)

GYD�CÙ0*õ Lubricate Üs@*íaZ™CìX}ÔZ¤/85Âî FGñR,Z
+C4ø
E
EE

DÙZg³¢akÆZEwÆÌ̂t{ò7g}îg6,Šzg7ƒ$ËìX¸zzì
�S”ÆZbZYÃxîg6,$+sg$Å¢zg]ƒCìX

QyÅ‚g~i0+7VÆŠzgZy Joints Z¤/85Âî FGSK̈âVZzg³ZâVÆ
xîg6,w•~ƒD�ÔQyÃLË̂~ÌŠN¸wÅ¢zg]Ñh
7ƒCìX

Z¤/?ìw™DƒZq-¿Æ!*g}~�z{ð™@*ìŒÛd$Zq-
ÑÄ³¢ak)!*jDÙZgZq-Îe:é(»Ã,ZKi0+Ï~ÔSk!*]»7ZC
UQ½™W@*ì¹„zZãîg6,øg}‚tX

ÅæŠÐ?zg:?w•™ä Joints Htƒ¼7ƒ@*ìvg}

Æ‡.Þ:ƒDÔYèÓxvg}Kãw»]zZµƒD�Ô]ì�ù
Zq-Šzu}Æ‚B¬zy¿™D�:�ÜsYD�X Joints vg}

Åf)ŠZgc*V Joints Zq-!*g!*wòÆŠzgZyÔHîh-VÆ
Ã;ðV~nƒñ]Šï Ball ‰�z{ŠzhD�Ô‰�z{ — ƒC�

ƒñÔŠzu}îh~Ã0*kŠñƒñÔ#³šÆîh-VÃÚŠïƒñ
eZ%ÅÃÒ™D�Zq-Šzu}Æ¬zy¿Ð„X Ball .$~

»�Û9 Joint }ÔÌŠzAc*V!*ëWC�Zq-Šzu}ÆŒÛd$Ô
ƒ@*ìgpp‡ìZq-Ã,A-VÆŠgxy˜VJ-ƒnZzggz1g¥/Ë
qwXpZ¤/Z+Zq-qª:ƒÂt**eƒ@*ìZRVÆnÔÃEVÆnc*

7ƒ@*ìe"Vw t ¯ÇVÆnw•™**WgZxÐpHƒ
Ð�SyA-VÆŠgxyƒ@*ì? (Buffer Bone) ÐZzgÃÝ´‘ Joints

?ƒDƒ‡.Þw•™äÆZ#L¥)c*Ñzq™**ƒ@*ìéZq- —

ÆX Robot

Å{
V»_·™Dgì Joints ‚bŠZâVäF‚ßVÐ
Ÿ �{mîgÐùz{ŠzA-VÅZ+g¥/ÃgzÈƒD�XQy»ÑÔSK̈ã

»¯**ƒ@*ìXÑzq~Ô> Robot ~ñ�ŠSk6,¡½ï EHÂxÆ_.ÔZq-
~ñ�Šj[+Ðg¥/¥uYC Joints »ìwå�g¥/Å)ñ�ŠÏ¯ð~Æ

ìÔ@*ëˆZfZVz{Yy0*ñ¸�tj[+&+Z]pŠSkg¥/Ãgz1Å¤‰Ü7
erƒDÔ SurfacesÆJoints g‚råXZq-ðÅSk¹„ZdVw~

)3,xA~Zzg'ç N'ç N~A~( Cartilage Zq-¹„&<4è NXGE6,]Æ‚B�)æZg
ÆZq-z6,Š!*îÅ Joints ÐµƒCìÔ8ø LÆnZq-ÇhJâùƒ@*ìX

Æ¥VÃ Joints Æfg=ÔZzg Carilage rð Ng]~A~eÇìSkâùÃ
Zk§bu1»ñµMìÇ‰�Z¤/z{ƒD�er%~X
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6�ëäŠ¬ìÔSK̈y‚g}gnp�Zq-"ÍðCÙU
ÐZzgtqQ7w•™ä»ñµŠîìX
/eJçÆÂxÅ1úeágppÅZd&¢A

QyÆ¾wÆZdwÆ´z{ÔAc*VÔeJç¯Dƒñgnp�Zq-
"ÍZ0+gzã‚|#ÌÔeJç‚B&¢AZzg¤‰ÜÆemì1ú%
ËÂÆX|~Ôƒ@*ìÇzW

+B©Šö
GEE

Ãpîg6,�áïZLW\~X
@*�ÃðÌ)]Æn™z�ÛZ„Æ‚B‚o™nX

ÔƒÐ(,}1úeðäÅ&6V~ (Pelvic Bone) ¬ãA~
ÐZq-g‚rìÔ‡.Þƒ@*ì',ŠZ“™äZq-H»1ú9}7ic~X

|~ÔCÙŠxÆ‚B�?QVDƒÔ?gnpƒÔSkA~6,Zq-1ú�
vg}ŸÆziy»&kHƒ@*ìX

¬ãA~‚o™CìZq-Š!*î»� ÔPolevaulter Lands Z#Zq-
7&+k1úÆŠ!*îÆ',Z',ƒ@*ìvg}Ÿ 3086 ³¤/Zxc* 1400 CÙ%,Å6,

~Ac*V*gC�"uziyÐZzgŠ!*îÐCÙ!*g?i¦ƒÔä̂ƒÔc*9}
�?Z�xŠïƒ%ÎWÆÔZq- Zy ƒDƒÖ™XSyÓxw»]ÆŠzg

ë{eJç»Âxw•~W@*ìZq-¹„!*‡°{§&~XA-V~ð
Æ¾wÃ7g}îg6,KÆnÔ…Zq-»©ÒpÐ³ïÜƒÇX̄ÑŠ¢o
F,+Zzg¹„LZâY~ÐZq-ìÔƒDƒñ¢oZzgEZgŠzâV„

S:]Æ‚BXQÌZq-A~»•ZzZ¢š5é GGSƒ@*ìic*Š{¢o£˜k̂¯ÑŠ
Ac*VÌƒD�ZdziyÆZ˜jV~X Ô ÆÔZzgŠk±5é YNEic*Š{EZg

Zq-¯ÑŠ~�Û*zgu‚|#&±5é YNEziãƒCìÔZŸ°Z˜jV~Ô
£¨~SK̈ãeJçÆX

tÜs¯ÑŠ„7ƒ@*ìÔÉÃðZzg—�ZEw~WCìSK̈âV

Ð�¹úg{YCìZ#Qy»£¨A-VÅ‚|#ÐHY@*ìXtŠ¬
„ziyÆ¢o»ðf$ÐHY@*ìÔAc*Veg±5é YNE1ú Zq- Y@*ì�».Þ

',ŠZ“™äÅ&¢Agnp�X
/Ac*V:Ÿ»Y0+Zgš

ZÒßvìw™D��Ac*V"YyZâYƒC�Ô@*ëQyÅÛzã
6,ÂVÐ?Ø™Ôz{|~Y0+Zg!*©ƒC�ÔgnpƒñZL~pgŠ|

Bones )ÍŠ}Å3åXHO~(QÏz‰Ü Bone Marrow pyÅ**1VÔZ¡[ÔZzg
fí{™C�ZëZâY‰yÔÃ`gkZzgz{zZ:ßN*D�QyÃZ#LŸÃ

ËzzÐSyÅ¢zg]ƒCìXHƒ@*ìZ¤/z;V7ƒ@*ƒÃðyŸ~?
yZ(g™@*ìZq-¹„Zë™ŠZgÔ"3¨4è

GGGGEŠ¶~�’k]Ûzã
âjwÐZ¡[J-àñYD�ÔZŠZ™D�X%yÆÔtÛzã
]½5Òø
LYE7VMh�Z¡[J-ÔT»³ÃÒZzgZ0+gzãZ¡IYÆZdw~
**»òÔ|~ñ]Å̂~',Wæƒ@*ìX

QÌyÅZÌZzgÌWÐYCìX
Z#?Ÿ»ÃðzZ·µîg6,»^feƒÔpy»¯g~ˆin6,)ƒ**

ÑzqƒY@*ìpŠlŠÔgzÈƒñvg~ñ]ÃÔpyÆŸùYäÐXt
ƒ@*ì¹„ZÌ»qïXZ¤/pyè7Ñzq™@*ìÔpy»ÓxzzZ¢š5é GGS
ËY@*ìvg}ŸÐ85Âî

G
Z•ðgLÐgLinÐÌ‰Zq-�W

Æ‚BZq-ÎgZcÆ©}~Ôj[+ÔgLìX¾TZq- (Barrel)

zZµƒ@*ì�…ôpg‚r (Clotting) 7ZC}2xŒŠêì�py»è
~Ð Factors ìDñ]Ð6�?ä!*[Zzw~Š¬åXyZë

t:ƒ0*@*åy Z¤/ Zq-ì�‡ì™@*ìZq-}2xÃw•ÆŠzgZy~ÔZzg
~ƒ@*ìÔvgZpyßƒ**:0*@*Zzg Bones Æn�fí{”{qª~
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vg}n$ßg]aZ™@*ƒ@*X
/vg}A~ÆŸ]ÅÔyÃMVÅ&¢A

6�ëä¬„ÒyHì�A~ÆŸ]}.#ÖZ�xŠï�
6,ƒ@*ìT6, V �gyZzgÃ`gkÆÍŠZñVÆXz;VZq-ZzgZë`Œ

7g‚r Organs �g{m̈g™äÅ¢zg]ƒCìXA~»3�Ãðˆk
ìÔW‚ãÆ‚ByZzgÃ`gkÃpy~DÙZg;ZZâYÐ×™©8ìÔZzg
A$Sy�ZCÙÃå¡Æ‚BM÷©8ìX

Z#J-�Zq-¿ZcF,šMqÝ:™[ƒ@*ÔÃð¿Âîg6,×
7™YìZÁÜ~ÐyÔÃ`gkÔW],y–DÃ�SkÆ‚t
`sÅ̂~gÇYD�XH?Zµ™MhƒZzgUMhƒÓxyfgZ]Ã
SkWö{Ð?

Z¤/Z(7ÔA$?ic*Š{4îg6,™Mh�Ô»x!�qÝÅYCì
A~Æ3ÐÔ�ËnÅ{mF,šMSkì~qÝ:ÅƒÔ)©àZÌ
ÅqïƒCìX

ZÏz‰ÜÔA~»3¹„�ÛâÎŠZgÌƒ@*ìÔÇ‰ÓxŠzu}
Ÿ]ÆŸ~XZ#@Ze$ƒCìQ7fí{™äyÃc*gz1Z(™ä
ÐÔz{̄g~¬OÑ@*ìXA~ÆŸ]ZL!©ðE£�ÛZøÃZ�xŠbYg~gnp
�ÔåÔ4+&¢AZzg!*‡°ÏÆ‚BX

(Bone Marrow) /ÍŠ}ÅA~
�ŒŠêì Marrow Zq-(,ZÅîgKA-VÆ%œ/zV~g‚rì
l!Ô0*ãÔ ÔM a r r o w ¢zg~ZâYÅaZzZg»Ôpy~ÔpyÆnX
�½ã7g} ÔMarrow 6,Œƒ@*ìÔigŠ Leucocytes Zzg Erythrocytes

~uc8-+õ EG Marrow îg6,l!6,Œƒ@*ìÔ‰A-V~0*c*Y@*ìXuc
aZGYD�Zzgfí{ƒD��½™D�ÜzÜWxZzg»g0eZð

~Marrow ÌaZGYD�aç Nc (Leucocytes) W‚àÅZzgC8-+õ EG
~aZ Erythrocytes �¼~Z%ZnÐôpgnp�Xå‰0‚ãÔ
~Lungs ~„™D�WxÓxŸ]ÃÔZÐ Marrow ƒD�uc

heÆˆXZ¤/pyÅaZzZg»Åð Lwƒ@*ÇŠg}ÁÔA$ëaZ™D�Íc*
Ÿ~ZzgzZ¢š5é GGSë%YD�WxÅ¶ÐX Anemia

~ÔSknÔpyÅaZzZgÃ¢zg]ƒCìxg$ÅX Marrow

ZZôïD+ZÛZ(gGYD�ŸÆZ0+g8+MŠ¶�L¼Ìß:
ƒnZ,Zq-Zë»xÆ‚ãÐtZôïD+ZÛ».ÞGYMh�Qy

Ð�psƒgìƒD�Zq-ŠÔÅ(,fƒ~gëgÆ Stragecies

aZƒD (W.B.C) _.XZ#ŸZq-Fg~»‚o™@*ìÔæZ¢š-ö
EGC8-+õ EG

~XptŸ]å»°7ƒD�XZ+ßg]~Ô Red Marrow�
ŠÔ4îg6,ú™@*ìÂµÐic*Š{XŸŠsV~$ºÿ ENO@*ìXZq-È
æZfÅmJðÆ´z{ÔŸÃY**Ìƒ@*ìúÅqª~XSk%³6,igŠ

Marrow ŠZ4ƒ@*ì)z~f)ŠZg~Æ‚BX¾TÔaèigŠ Marrow

Åtl!Sk Marrow 7g}îg6,l!6,èŒƒ@*ìÔŠ9tì�ÔSkigŠ
æZ¢š-ö
EG»x~H™ŠZgZŠZ™$Ëì?Sk~Ãð—7�Ôl!&+Z]pŠSk

»ãCŠ~™ŠZgÔŸ Marrow æZ¢š-ö
EG»gzZð~Ãð™ŠZgZŠZ7™CìXz,igŠ

aZ™**Ñzq™@*ìÔZ#L (R.B.C.) ~l!Ãfí{™**ƒ@*ìZzguc8-+õ EG
pŠZLîg6,qÑ]»£¨ Red Marrow uòWqÝ™D�Ô²

™ä~**»xgLìXZzgaèzZuÑæZf~»x!qÝ™**ƒ@*ì
‡ì™DƒñZq-zZu̧]ÔŠÔÆÜs¬zy¿Æ‚BXtZë,Å
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zŸ|#LÌSg»ðyÐ7ÅY$ËìÔ�Óxi0+7VÃZ0+ñZ·‡]
Ð�h}gBbìX@*ëj[+k�A-V~ñ�ŠƒD�Ôz�;]Zzgy
ÐøzxƒD��Zq-ŠÔÆÜs!*b¬zy~ZKÃÒYg~gpp»
ê™D�XQÏz‰ÜÔ‚B„z{j[+kbCÙ{™D�Z+S:]»XÃ
z{¬LZEw7GÔ̧Z�xŠ¶ZZdwÃX

tÓx›ëZ�ág{™D�¹„™sîgÐðÅ§sX
ZvÅZdðÅVB‰�tƒ�ŒVÒyÅˆ�ÔƒD�

ƒñZµËÌ¿Æn�ZvÅ§sg�qƒ@*ìZzg�&ìQkÅ
Šg]ZzgÑÃX

CÙ¿�ðHŠHì‚B~MZdS:]ÆÔ¥xZzg**¥x
ŠzâVÔÃZŠZ™**ƒ@*ì]Zv»�«™@*ìëÃCÙ§bÐ6,¡½ï EHZ�xX
/Zq-pŠÐZKW\%#Ö™äzZÑZ:y»šu

Ac*VƒC�Qâ„JA�ßƒ@*ìX@*ëz{QÌz»¯»I^
YD�X¾qwÔIN*ƒZ8~î OpŠÐ:æENHY@*ìðhZ„²DˆX

Z¤/Ac*VZq-Šg}Áêñ6Z(g™CƒC£¨~z{ƒD�
z{¯ÐŠ!*îÆ-I^ — Z¤/z{Zq-Šg}Áyfí{™Dƒñ —

—Ô YD�XZ¤/Ac*VtpŠÐZLW\ÃF,ç™äÅ&¢AÌ:gBbÔ"
Sk»Èƒ@*Zq-(,~,rT$Zzg)]ÅX

ßvJ‚;~ggŠØYD�YèQyÆA-VÅZ&b
^~ªCÙƒ@*ìÔZ#LA-V»IR Å ƒä70*CìÔZzg³85Âî

G
ñ]

-VZzgÅ7,~~zZµƒ@*ìX
¾T!ßv«G‰�Z,Zq-SÅxÆ‚BÔTÆ!*g}
~ßvpŠÀ˜**zZ6ƒD�Xç**uqŠU*]Ð?Ø™ÔAc*V:IU»

¥DyZL~gBb�ÔZzg�ËzzÐI^YC�Ô¢„Šz!*g{!*ëï™Zq-
ƒYC�X

Zq-A~I^Yä6,pŠÐZLW\Å%#Ö™**Ñzq™CìÔZzg
Zq-ŠiF,ù§i¿7gZƒY@*ìÔz{¬Æ£¨~Zzgic*Š{¢oƒYC

ìÔSk¹„)©à1ÅÜ™äÆnÔ‚³ï»ÑaZ™**ƒ@*
ìZq-—»Ô�̃zƒCìQkÆ�¯CìSK̈ãA-VÃX@*ëW`J-Ô
ÃðÌZ(Zb‡.Þ7ƒZaZ™äZq-—Qâ„¢oÔQÌQâ„Ñ

ÌSlippery Zzg»g™ŠÎ�Zq-A~ƒCìÔ�Ú(,fìZzgpŠ~z{
ƒCìÔéA~ÆÔ�zzîg6,»xÈ™ä»¥Dy7gBbìÔZzgZ#z{Ë
vy»‚o™CìXÂZK%#ÖW\™gìX
/A-VÆŸ]ÆZëZdw

A~ÆZZlxÆŸ]ÔƒZq-zZuA~~¹ZZdw
Z�xŠï�ZzgÓx!*ëï™»x™D�X

Ÿ]ÔA~Æ¯äzZáƒD�Ô�ŒŠï�Ô Osteoblast

xîg6,A~Å‰h+»ÔJ™Dƒñ6,z”Ãn*]Æ‚BXZq-
ÆYãYCìÔz{ñµŠîì Osteoclast Šzu~A~ÆŸ]Ån

)´c*CfgZ](ÆnŠ!»Šgxy~pyZzgA~Æ!*:VÆÔ Nutrients

‚B‚BZŠZ™D�Zq-™ŠZg{g`™ä**»g{âŠzVÃZ0+gzyA~ÐX
»Zq-ŠzuZ÷A~»‡.Þ¯**ƒ@*ìZLZLZ…Š Osteoblasts

ZzgZ(g™äZL&ÒðENº)Å̂ZzgñizVÚò]ÃÔZ0+gzã¥VÅ!*ÄÃÔ
Æ´ºÆZzg)æZgA~Æ!*:VÃÔ{Ø HollowsÆMarrow A~Æ

ÅgZ{6,áYäQ7Xz{gnp�Zq-ZW,A~ÆÛzã¥V6,Ô]¿.ç NGHD
ìX ƒñQ̧gzVÃz;V6,XZk§b7Vîg6,Š!*f]‚g}A~~‡ìÅYC
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Ÿ]A~~ZC»xZ�xŠï�Ô O s t e o c l a s t ‰�
Ÿ]Ì%»xG7gT�ÔÉ5A-V»¯**ÔeJçÆ Osteoblast

Ô‚ÆŠzgZyÔZq-ic*Š{ziã1úÃ Osteoblasts nÔÑzq™D�X
',ŠZ“™äÅ&¢Agnp�Ôaè‚Æ%³~Ô6�(,ðF,~Å
gëg¹!ƒCìÔZzgz;V6,ic*Š{A~Å¯z^Å¢zg]ƒCìOñ
A-V~—hÆX

@*ëZ#Zq-ŠieJçZq-{méÆÅð LwJ-VY@*ìÔA~Å
¯z^Æ§i;ñ¿Zzg—hZq-Šzu}Æ‚BÂZiyÑzq™D�X
A~Å̂ZzgZ…Šz„gT�Sk§i¿ÆŠzgZyÔZzgpy~y»Åð LwZzg
!*:VÆŠgxyj[+~Ì!*‡°ÏWCìX

SK̈yÆA-V~ñ�ŠŸ]ÔÇÐÔCÙZq-~Ôz„Zdw CÙ
Z�xŠï�XZzgz{ƒY…��ùA~ÅRÅ�#ÖÃÁ™**ƒ@*ìÔ

ÆŠgxyZ%Ã]ÃY…�Ô (Pelvic Bone) Zzg¬ãA~ (Skull) Å7,~
Zzgz{QyÃZZDwŠï�ÔZ#(,ðF,~Ãgz)ƒ@*ìÔZzgHQyÅŠ!*f]Ã
ƒ**ƒ@*ìXz{¥â]ÆÒpÐÌ»x™D�ÔSk§b�‚ÆŠzgZy
QyÃic*Š{»x™**ƒ@*ìXZzgz{Sk!*]»Dgnp��yÆÅð LÖ¾z‰ÜH
ƒ**ƒ@*ìX

6�?ŠÙƒÔA~ÆŸ]Zq-Šzu}Å&6VÃl!Y…
�Zzg»g™ŠƒD�Zq-µ/È§&~Xz{9îgÐŒ™D��“
QyÃ¢zg]ƒCìZ§i;ñ¿~ẑsg$ÅXSk!*]»».Þ
aZzZgÆÍØZg{Ð�Zq-»g{:~F,KMŠc*Y@*ìÔTÃgz)ƒ@*ìiZZ+
aZzZgÃZzg¢zg]ÐiZZ+fí{Z0+zi~Æ¦ƒäÍŠZx~X‚B‚B¶
aZzZgÃ�ºc*å!Å̂~ªCÙƒ@*X»g{ä{mö3,kgnp��Ñq-

ƒD�Z,Zq-»x~�!*‡°{gziZ:c*ßzZgzZ»g™D�Ô8+M
‡ìgppÂZi°aZzZg~Ô»g{:Y]~X

Zq-»©ÒpÐÔA-VÆŸ]ÔyÆÅð LwÃZq-§Ñb6,‡ì
Ÿ]Zq-áZiy§&~»x  Osteoclast Zzg Osteoblast gnp�X

Osteoclast aZzg~ẑsgLìÔ² Osteoblast ™D�ÔT~
ËÌZŸ†ÃgzÂìXQyÆF,c]CÙtÐ0*uƒD�ÔZzgÂZiyL
7™ä70*@*ìÔ]ìSk!*]»�vg~Ac*VåyÆZq-{§
pZ{Åð LwÃ‡ìgnp�X

tŠúò™**�A~ÆŸ]ÔaZzZgÅö)ZzgÂZiyÆªxÅZK
&6VÃZK%èÅãCŠ6,qÝ™C�Ôc*tŠúò�z{z�Š~Wñ�¡
Z·tÐÔSg»YIzVÅZKyZzgè$aZ™äzZàQyÅZK‚bÆ

Ð×DgT�X Monotheists ‚Bz{CÙÂ§i¿ÐÔ
Zq-A~»37¯YìÃðöyZzg:áYìÃðŸÔc*Ÿ~

°xÂZi**]Ðt!*7̧ƒYìXz{J7Yì¼ÌpŠÐX@*ëÔÓx
71VŸ]~ÐCÙÃðÔSK̈ãŸ~éZq-!*Åg�Æ¼Ì7ªCÙ
™YìÔZzg85Âî

G
SK̈âVÆ£¨~Zq-Zdf;-$»ZÖg7™YìXt

qeCì�Ÿ]Zq-—̧]Æ-@Zc*]0*D�:t‡ŠgÇZvì�
!’q-Ÿ]~aZ™@*ìÔZq-DÆ‚B�ùQyÃ»x™**ƒ@*ìX

We$7ì:LLHQrVäZL›ßV~ẗg7HH�Zv¬\ä
W�âVZzgi}ÃZzg�¼QyÆŠgxy~ËÕ„ÐZzgZq-•Š¥Æ

(8 )Îg>Z°zxÔ naZHìÔZzg¹ÐWŠòZLg[ÐYÆ”G�Xóó
:Ÿ»Òu1y (Spine) /gl,|ÅA~

gLZzg 33 Zq-MZbZY6,ŒƒCìX (Spine) gl,|ÅA~
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ÍwAc*VZq-ÆZz6,Zq-¦|~SÌ!qª~gÇƒD�XZyA-V
*gCìÔ�

(Ÿ-@î EGEZzgÓxZ0+gzãZ¡IY (Spinal Cord) Æ×VÖ@Ð£¦ezg
ÆŠgxy!*bZgnoÅàCìÔZzg�Zq-(,~F,'YwÐÅ3ïGI (Organs)

Zq-‚|#Æ‚BAƒD�Ô� (Vertebrae ƒCìXtAc*V)L}(
-VZzgZ0+gzãZ¡IYÐ:æENH~ƒCìZzgT»³ŸÆ9}Š~ªCÙƒ@*

LzVÐµƒCì�™*ÆƒÐ(,}Z
+B542.ç
E
EGEJG8- 33 ìX(,~‚|#Ô

»ƒÐZë»x1ú Back Bone Æ�á0+ZgZÛ1V~ÐZq-ƒCìSk
erìX (Back Bone) ÃeÜƒ@*ìXŸÆZz6,»ziygl,|ÅA~

L}�gl,|ÅA~¯D�(,_YD�Zq-ÆZz6,Zq-Å̂~ÔCÙ
ŠxÆ‚B�?QVDƒÔtw•ŠgCîg6,g¥/aZ™CìXg¥/$+á~

Zq-L{ÆnÔZq-ZëF,'YwÆD™ä~ — »^aZ™CìZzgz{
ç**u)baZƒMh�X — Zzg‚B~QÏz‰ÜZq-ziã1úQVä~

ŒÛßVÅ‚|#Š!*îZzgg¥/ÆZW,Z]ÐôpgSì? 33 Sknùt
ÆZ0+gÂîg6,4+

+B©Šö
GEE

Âx0*c*Y@*ìXCÙŠzLzV Back Bone

�éZq-�áu Cartilage Disc ÆŠgxy/Ëw£¦ezgÆg3ƒ@*ìZq-
_.[™äzZáÆÔŠ!*îÃ_.[™©8ìX

~ƒC FormÆS Å̂ÔZq-ws (Back Bone) gl,|ÅA~
ìÔZzgZ,~Zq-§bÐðÅˆì6�QÐæŠ™**ƒ@*ì1úQVä
~ñµŠ¶ziyÃ)z~îg6,„ƒäWk0*k~Xvg}ŸÆziyÅ
zzÐZq-Š!*îi}Ðvg}Ÿ6,aZƒ@*ìÔCÙz‰Ü²?Zq-ŠxQVD

~Spine ƒXţ]vg~ŸÃÂÃðvy7àCìÔ¾T!]ì
ñ�Šœ)_.[àzV»ZzgQkÅ̧]Ã„™äÅ̂»ÔZ¤/tƒ¼:ƒ@*
',tÆZzg{m‚|#Æn�Á™}̧]ÆgŠ¿ÃÔA$¸]�aZƒC

ÃvƒCÔZzggl,|ÅA~ÆZz6,»zÅ7,~Æ (Head) ìÔ¦ñu
A-VÃhŠîZzgt@*W,(Ÿ-@î EGE~ŠZ4ƒ@*X1Z(7ƒ@*ìÔ¾qwX?Yg~gnp
ƒ¦/Zg**¡qi0+Ï‚B6,¡½ï EHZ

+B542.ç
E
EGEJG8-Æ�ðÅˆìvg}Ÿ~X

/eJç~}éð
ŸÆA-V~"ÍðÅZq-Šzu~VwcÅAc*Vƒ#-<4è

GGXGX
A-VÐ¯ƒ@*ìÔSk»ÈÔSK̈ãŸ~ñ�Š]A-V 26 CÙSK̈y»c

~ƒD�XCÙcZL~Zq-¹„{m (Feet) »Zq-aåðczV
‚|#g‚rì�QkÆ}éZdw~W‚ãÑäÆnðÅˆìXëÔ

— cÆŒ}Å‚|#~¾w»».ÞZq-&ÿFNÅZ
+B542.ç
E
EGEJG8-Ð™D�

Œ}~
!-B-ö
NEEŸ̂ÆziyÆ7g^~æŠÇgƒCì‰�&ÿFN*gäzZà

ÆziyÃ–g@*ìëz41¹Òø
XG»ZEw�gŠzu~VwÆ™D Train R,Z’c*

ÆLever éZq- Pedal ÃŠ!*c*Y@*ìÂ Pedal Z#ñR,Æ’Æ —�
»x™@*ìXSÏ§bÐZ#?ËqÃQVäÅw•Z�xŠïƒÔvg}

�gZq-;àgZ´0Æ»x™D�Zzgvg}ŸÃƒZ~QVñ9Z Toes

Æn�gœ)_.[à} Legs, Toes ™D�XZzgZ#?ŠzhDƒÔ
Syw»]ÆŠzgZyCÙ ÔMusclesc*Veins, Feet Æ»x™D�XSk§b

vyÐôpgT�X
ÐOrgan Sk{mßg]qwÅZÌÃl!KÆnëËZzg
Æ‚BÔ Feet vg} — vg};BÐÔVwÆîg6, — ».Þ™D�

1úÐ−äÅ&¢AÅZ˜jV~Xëìw™D��7V1ú
vg};ðV6,eZÑY@*ìÔCÙziy²?9}ƒDƒÔ�?gnpƒvg}

175Ð155 ³¤/Zé)c* 80Ð70 ;BZq-ö6,ÔZzgA$?ZL;ðV6,Ô
7&+k(zZq-ÒpÐÔgÇƒDƒXSk¸g~½ÁziyÐƒYì�Í“
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²CÕä
N
FY@*ìÔvg}zgh+OYDÔZzg85Âî

G
vg~Ac*VÌ)YCƒCX@*ë

Ôvg}ŸÆ1úÃ‚gZ‚gZŠyÚÑŠ}ƒD�Ôzgh+~ Feet vg}
{mîgÐ1úÃ Feet **1V7yv�ÔZzg:!*©

²CÑõ
N
FYD�ÔYè

ÑŠ}gppÆnðGYD�X
tZq-ŠzuZo]ìZvÅ›»�z{SK̈âVÆng‚rìXZvZL

W\Ãøg}‚tªCÙ™@*ìð™ÆSK̈ãZ�xÃŒÅðñµŠîì
ëÃi0+{g$Zq-¹„WgZxŠ{§&~Ô%Ë"WgZòCkGÆÔZzg
W‚ãÆ‚B‡.Þƒä0*äøg~‚g~¢zgÂVÃXZvÅ¶K*VÃWC�CÙ
(QyÆn�ŠNMh�XŒV6,Zë!*]ƒCìg�qƒ**ZvÐÔëƒ
»W‡ìÔ̈g™**�ZðÆ‚B!*g}~Sk²£Ðö N|ÆX

We$7ì:XLL"—W�yZzgi~ÆaZ™ä~ZzggZ]Zzg
ŠyÆ$+sg$~Zzg¯V~��á™¹�Šgc*~ßÍVÆ»xÅ
q,Zzg0*ã~TÃQ@*gZìZväW�yÐQ°c*SkÐi}ÃSkÆ
%‰úZzg;ñSk~ƒnÆYâgZzgƒZîVÆ$+%~Zzg!*Šw
~��@*ẐgìSkÆ¬ÆÔŠgxyW�yzi}ÆÔ"—Qyƒ

(164 )Îg>ZÂ{Ô qzV~¶K*V�WzVÆnXóó
/¼{�(Ÿ-@î EGEÅ™«™@*ì:Å7,~

WJZµZµA-V»Zq-5\ìÔ�
(Ÿ-@î EGEÆZ§ZsƒD�ÔSÐ

¹„4+DŠï�XÇ‰Ac*VŸ~gnp�ZpZmÔQyÆ
Yñz̧qÆ_.ÔSÏÒpÐÅ7,~gBbìpŠÅZK"éðX',Üs
Šzu}A-VÆÔN*ê˜V6,Å7,~ÅAc*V:æENH}gT�!*ëgnpƒñ
Q¸gZzgš0+ZäÔYèÅ7,~ÆA-VÆ5\ÆÕoÔðGYD�‡.Þ
ƒDƒñg$ÆZq-Šzu}Æ‚B‚BX

!*½V~Å7,~¹JZzg¢oƒCìÔ1âñßŠ”V~!**
îg6,ZƒCìXZq-Å̂Å7,~Ô�¡qw„~âVÆg3ÃghZƒ@*
ìÔgBbì5ì‚|#ÔWJAc*VÔ�Å7,~Ã¯D�Ô~i7g}îg6,!*ë
7:æENH}ƒD�ƒYì˜VJ-¡»mƒ@*ìÔtq**ñZ¬ßg]
qwaZ™$ËìÔptzZ¢š5é GGSZq-¹„ZëS¤ƒCì�Å̂i0+ÏÃ
aZöÆŠzgZyôpgBbìXZ¤/Å̂Å7,~gBbƒCZq-JA~Å‚|#Ô

A-VÆŠgxyÔz;Vƒ@*Zq-¹(,Zç{ 8 ÆSyÅ7,~Æ Gaps %Ë
Æ…Yä»aZöÆŠzgZyXp^ÅÅ7,~Å H e a d ^Æ

)n(ƒäÆn Bend {¤ÅzzÐÔÅ7,~ÅAc*V Cartilaginous

»°uJ-EZgƒC�X
Sk~Ãð—7�E&+Z]pŠ»°7ƒCìXÉÅ7,~ÃÌ

�~iŒÛd$ Gaps ÆªÅ7,~~ — ÌÆn(ÅÌ¢zg]ƒCì
7WñƒD�Z#J-�aZö»¿Z�x:0*@*ƒXZzgÅ7,~ÅAc*V

ÃŒÛd$™äÔZzg85Âî
G

Zq-Šzu}6,uÇƒC�Ô Gap iCì!*ëSk
Å7,~ÆwÃÁ™DƒñXSk§bÐ^aZƒ@*ìôpîg6,*gäÆ

ÆÛ¢Æ',Z',¢Æ‚B Head Ẑq-aZ›**àÐÜs^ÆZÝ
g3Ð!*CÙW@*ìZzgQŠz!*g{ZÝ¢Z(g™©8ìX

Hƒ@*Z¤/SyÓx!*ÂV»Z:t:ƒ@*?VwÆîg6,ÔZ¤/Å7,~Å
Üs QyÆŠgxy:ƒ@*Ôc*ÇSkÆ', Gap Ac*V~iÉ¼CåFZgƒCpz;VÃð

ƒ@*ÔpAc*VEZgZ:ƒCXA$CÙßg]~Ô»̂(Ÿ-@î EGE¹ Gap z;VZq- —

„Äg{~7,Y@*XSkntŠzâVS:]»Ô1‰ÜaZöÔgx¢zg~ƒ@*
X(Pelvic Bones) ìX@*ëz;V6,Zq-Zë5Ëƒ@*ì:âVÆ¬ãAc*V

ÜÆWy~̧V~ÔZq-qnÅ¬ãAc*VÄ�ZzgZq-Šzu}
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Ðî̄g6,ZµÏƒYC�XSk»Èt�^aZƒYì%QkÆu
…YäÆX

Zzg‚B n CÙ{¤SK̈ãŸ~ðÅˆì@*�¡Ãôpg3Y
„ËÌvyÐgz»YnXŒVZq-ÎZwaZƒ@*ìLLù™sîgÐ
Š3ðŠ¶zZàö)ÔZzgð»Sk~bCÙ{ƒ@*ìÔWCìz�Š~?LLÜs
zZu�Z[ƒ@*ì�t"VwðZvÅ!ƒCìÔ�aZHìZzgg3ì
F,KM~CÙqÃÔ»Ñ]~XZvg‚rìZq-¹„ZdF,+f;-$XCÙÃð�

™YìQkÅÑözŠf;-$ZzgZ~.™@*ì}òQyÐÔqÝ™}Ç�]Ô
Zq-¿»�Û9ƒ@*ì�̈g™}SyZÅâ]6,�ZväðHQkÆŸ~
ZzgQyÆnZvÆ]*Zgg�XZv]*ZgzVÐ›™@*ìX

We$7ì:D
LL'ZvÂa™@*ìSK̈+M6,ZzgpQy~ÐZÒßvh7

(60 )Îg>-÷Ô â…Xóó
(Muscles) /Ÿ~0*zg;îk:gv‰

Zq-ñR,gBbìZq-zZuZ”Xpg}ZÒQhD�Šzc*egZ<V
Æ‚BXÄLLZ

+C4ø
E
EELL‡.Þ¯D�?ÃñätÂ[ZL;B~c*QVä

Zq-zZuŠx?�Z[ƒÇZg1V!�¼�?™gìƒDƒÔ"ÑgpgŠ|Z
+C4ø
E
EE

aZ™D�¤‰Ü�vg}n¢zg~ƒCìZ�xŠ¶Qk»xÃXtZ
+C4ø
E
EE

(Muscles �ik,cƒD�z{ƒD�vg}gv]VÅg6ŠZg‚854è
EG

G
XFibers)

z;Vvg}Ÿ~bRg[ÐiZZ+¶Z
+C4ø
E
EEƒD�Ô�?Ãñµ

Šï�ÅWÔ`äÔ½Ô!*]™ä»ZzgñµŠï�vg}›wÃŠP1Ô
vg}–VÃÓä»ÔZzg?ÃñµŠï�3ä»Zzgaç LÃ¶ä»X85Âî

G
‰

„?SyTgÃ7,_ƒvg~W@w•~WC�X]™D�ÂZ**ð»�
Sy¶ñR,kÐaZƒCìX

 ÆŸ]Å�#Ö»Z®gƒ@*ì˜V6,z{ (Muscle) CÙgv‰
T¢aÆZq-ÑÄz,8~î OÐÌÁ 1 ZEw~WD�XQy~Ð‰

Zõ 1.18 )T¢a(c* ª3 �#ÖÆƒD�Ô˜VJ-ZzgŠzu}ÔƒMh�
E�#Ö~ŠAYD�X

— WD�ï™!*ë¯ä(,}0*zg;z‹ Muscle Fibers t¶
Ô�ZYi]Šêì?Ã$ä» Muscle X�gVwÆÔ (Muscles) pŠgv‰

ÃÔ¯ƒ@*ì�3¶ñR,kÆYÐX (Fore Arm) vg}7!*iz
z;VÔvg}Ÿ~ÐÃðegÎÐiZZ+0*zg;î‹ƒD�Ô

��!*‡°ÏÑD�gzÝÅlZg~�Wç~ — (,}ZzggL5™XP
ƒD�¹gLX — ŠZ4ƒCìÔVwÆîg6,

eìËÌ�#ÖÆƒÔ¾TÔÓxƒD�¤‰ÜÆqïZq-
Ã»x Muscle „§bÐ:Zg1V¶Z

+C4ø
E
EE!*ëï™»x™D�ZYi]Š¶

»g™Š Muscles ™äÅXZ#?QVDƒZq-¯Ô}ÔÎÐiZZ+
�X ƒYD

Æ»x™äÆÂé¹„ˆk Muscles vg}Ÿ~Óx
Ã¢zg]ƒC Muscles uzŠ~F,KMŠ�YD�XSkÆ´z{Ôvg}

ì!*b¬zy¿Å@*�vg}nw•™äÆ‡.Þƒ**eƒnX
ÆƒÐic*Š{ZëS:]~ÐZq-ƒ@*ìQy»Zq-Nzw Muscles

ÂxÐģǵƒ@*ìÔ�ëÃi0+{g$»ñµ«™@*ìX
~NzwÂx Muscles /
ŠzZlx~ËƒD�:Zq-z{�Z(g~gv‰ Muscles SK̈ã
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ƒD�Ô�?pŠNzw™MhƒZzgŠzu}z{� (Voluntary Muscles)

X6,vgZÃðNzw7ƒ@*ìX (Involuntary Muscles) )Z(g~gv‰
Ãw•~ÑäÆ‡.ÞƒäÆ Voluntary Muscles øg}

n?ÃÎWÅZzgZq-êheÅ¢zg]ƒCìXVwÆîg6,ÔZ#?ZC
]¾æ NHD Muscles !*izn™**eTƒÔvg}(Ÿ-@î EGEÐWñƒñ¬ÅgzÝ~

�Zzgw•øDSgZŠ{zZµƒCìX
ÆZdw(,~ZÌÆqïƒD�ÔZzg Invollentary Muscles

QyÆ;îZzgiZîÆ¿NzwGYD�pŠUgZ¡!ÂxÐXSk!*]
»]ì�vgZ›wÔn{ZzgWPZLZëZdwZ�xŠï�Ô�vg}Z(g
Æ!*CÙƒD�XSK̈ãi0+ÏÃôpgpp»tZq-¹„ÑiòZôïZŠZxìX

»NzwÔSk¯g~œÔvg~%è6, Muscles HƒÇÔZ¤/ik,c
(Involuntary ghŠc*Y@*ìÂ?ìw™z�¡Zq-)Z(g~gv‰

?Ã4Š™Šc* — Ôvg}›wÆgv#- î FHÔVwÆîg6, — »Nzw Muscle)

ŠHƒ@*X?Ãz6™**ƒ@*vgZ‚gZz‰Üvg}›wÆiZîZzg;î~Ô7g}
îg6,ZyZ`™DƒñCÙZq-»xÃX�V„?�~’ÎYDƒñ]**¦/k,îg
6,vgZù™Caè?qª’~‡.Þ7ƒDƒ̃ã™äÆvg}›w

ÃÂL:»™**ƒ@*ì»xÔ85Âî
G

Zq- Muscle Å»g™ŠÏÆXvg}›wÆ
œÆnÌ7ÔZzg:85Âî

G
Z#?ÎDƒ:›w»x™**Yg~g‚rìÔz,z{»x

™ä~biï NGgëgÌƒ@*Y@*ìXSkn?ÃÔ“ƒñqÑ]Æ_.
›wÅŠPÁÃŠg„™äÅ¢zg]ƒCìX

tZq-VwƒCì»°ŠÚÔ�ù|~9™Zzg"ÍuzŠÔ
‰Zz‡]ÔZÐZŠ~ Muscles ÆmÐF,KM~ƒD�X‰ Muscles

NzwÆ-ƒD�XZzgSkÆ!*CÙZzgÌSkÆ´z{ƒD�X�g

Zq-— VwÆÔ?ÅwZzgÈ™Mhƒvg}BIVÃSgZŠm‚B‚B=£Æ
�ñµ ÔDiaphragm Muscle )Åg~w•vg}NzwÆ!*CÙƒCìÔ

�Åg~îg6,NzwHYYìÔpt Muscle Šêì?Ã‚÷»Ôƒ@*ìŠzuZ
»x™@*ìpŠUg~Æ‚Bvg~gzi%{Åi0+ÏÆŠzgZyÚÔÓxZz‡]
~Ô%L¥ÆÆX

gnp�pŠÆZLºm»x™äÆ Muscles FZzgŠzu}
§&XZÒßv!****zZ6ƒD��“QyÃ»x™**ecZzg“7X
@*ë]ì6,¡½ï EHNzwÂx»�CÙSK̈ãŸ~ðHŠHìÔz;VÃðZ+zz

åƒCìÎW!*g}~Z+ÓxZâYÆXSy‡.Þ̈gœpV»‚o™ä
~ÔZq-¿ÅzZuf)ŠZg~ƒCì�]ZŠZ™}ZLW‡»Ô�ÑözŠg3zZÑ
Zzg$!*yìÔZzgŠî@*ìgZ5�ZvÅpÛŠ~qÝ™äÆƒD�X

We$7ì:D
LLZzgZkÐic*Š{ªÝÃyìTÃŒc*ŠHìSkÆg[Æ¯xÐ

Qì¢1QkÅ§sÐZzgÈwŠHì�¼ÆWÐŸ7Áõ FN�QkÆ;BÔ
ëäeZwŠ��QyÆ›ßV6,6,Š}�QkÃ:−ÔZzgQyÆ»âV~ì

(57 )Îg{»Ô 1úÔZzgZ¤/ÂQyÃ&ÕäENz}gZ{6,ÂCÙ¦/:WNgZ{6,Zkz‰ÜLXóó
Zd»g™ŠÏÆ  /

(High Performance Engines) Engines

âegyñR,Z
+C4ø
E
EEÆ»x™äÅ&74-öGGÅð Lw»Ô ÔMuscle Fibers

&74-öGGÅð LwZL~gnp�X 25% ŒÛd$ŒÛd$
zZ¢š5é GGS»x™D�?QëZq-ñR,Æ Muscle Fibers pÔù

Z”Æ‚BZq-».Þ™ÆSkÎZw»�Z[Š}Mh�X
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Å¢zg]ƒCìX (Fuel) ËÌZ”Ã»x™äÆnZgï
Blood �Glycogen ZEwƒ@*ìz{Ø¤/ƒ@*ìc* Fuel Æn� Muscles

Å¼lZgÔ High-Octane Fuel Æfg=áYc*Y@*ìXZk Stream

~fí{”{qª~ƒCìX Muscles

Æfg=àc* (Pistons) Ã]gzV Fuel ñR,»gzVÆZ<V~Ô
 Ã Gasol ine (Ignites) ÔW>iy (Spark) Y@*ìÔZzgZq-',¹ÑZg{

™@*ì)ª±ið
Y

BÆ�ZCÙÆgLÐgLfgZ]Ã(X Atomized

]g{@lìÔZzgñR,Å!*‡°{w•ÅJ-$Š}ÃVÆZq-öÐqÝ
ÓxS:]QeiZíÆfg=ÔZ<V — ƒCìÔZzgtƒ¿ÏCƒ@*ì

~¯ñYD�X
Æ3Åð)©àZdƒCìX Muscle ¾qwÔZq-

ŠzâVZdwZ�xŠêìÔR~.™D Piston Zzg Ignition t
(Ÿ- î
EE3

ƒñÂZ**ðØ¤/‚?ÐZzgZEw™@*ìSÐpŠÆZLZÁn)]¾æ NHZî(
~XŠzâVZdwÔZ~.™**ÂZ**ð»6ð‚>VÐZzgv™**SkÂZ**ðÃ8

Æ3~X Muscle ¸]~Ôz̧q5+k,ƒD�
Æ3Ã Muscle ÂZ**ð�aZƒCìZW,Z0+ZiƒCì6,z96,�

¯CìX6�6,z9Zq-Šzu}ÃZKZK§sq�ÔQkÒpÐ
ÆŸ]ZÁn™D�X³~DÙZg;Ÿ]»QÏz‰ÜÔZq-7gZ Muscle

� (Tendons) ZÁn™@*ìZzggN*7,Y@*ìXZ¡!ezg Musc le

A-VÐa}ƒD�A-VÃw•~ÑD��³ƒ@*ì Muscles

~ƒ0*c*åX Muscle QkZÁn»�
tZÁŸ])iZî(‡.ÞÒp̧]aZ™Mh�X
}Ôvg}!*izÃÃã6,ñhäÆnÔvg}7!*izÆ

ªÅuJ-Ô»°ƒ@*ìXt]¾æ NHZî!*izÅA~ÃmìZzg 2 »]¾æ NH** Muscles

?ZEw™Dƒ Muscles 7g}!*izÆnƒä»gZ3™s™@*ìXÓx
Yg~gpp»xÃãCŠ~îg6,�Zq-„§&~ƒD�Xp85Âî

G
‚Š{F,+
Æ!*ëï Muscles Zdw~Ô6�Å%ZzgÈ™ävg}BIVÃÔ¼Š

™»x™äÅ¢zg]ÑhƒCìX
~S
+C4ø
E
EE Muscles:(Igniting Fire) /]Òºé N**Wv»

Z#?ZL!*izÃn™**eTƒÔZq-',¹Wvg}(Ÿ-@î EGEÐÀ_ìX
Ð*g@*ìÔ (Spinal Cord) QkÆë{^ÆŠzgZyÔW¬£¦ezg

Å§s˜V\xÃàä Organ z;VÐz{!gëg~Æ‚B(,kìQk
ÅR6,Ðw•™CìX�3 Muscle Å¢zg]ƒCìXZq-',¹gz

WÃqÝ™D�ÔZzḡg~îg6,!*¿ƒYD�Zzg FibersÆMuscle

ZÁn™ÆWvÃ]Òºé ND�XtÓxzZu]Wç<£„ð0*D�:SÚ„
¾z‰Ü~A�Zq-]»DÙZgzZVzƒ@*ìX!*ZÖpŠvÔ',¹¦z�ŠzhC

~Ô Muscle Fibers Ã Ignition Switch Ð²�)é
YN

Cì  Musclesì
J-îzZÑ Muscles w•™DƒñZq-]ÆDÙZgz,zÅgëgÐX
~X†°ÂxÔ ÔNervous System ¬aZƒ@*ìZzgvƒ@*ìZ¡!Âx

Muscles ZknÔZ¡!ÂxÆZ©xÆ-»x™@*ìÔ@*ëT§&Ð
!*ëï™ëW°~»x™D�z{ŸÆ¬zy¿»³ƒ@*ìX

ÆZ0+gÜzÜÆYw Ÿ /
(Body's Communication Network)

«Ño¬zy¿Æn9¥â]»qÝ™**ƒ@*ìX
Üs9¥â]Æ‚B].h+=%]Z�x0*Mh�XZzg
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Ã9îg6,»g™ŠƒäÆnÔz;Vƒ@*ìŸ~Zq-�á0+Zg Muscles

Zq-¬zy¿Yg~gppÆnÔª (Reception Network) gÍYw
£x�Sk¿~�áïƒ@*ì»Y'¢zg~ƒ@*ìÔt¥â]WçÐWCìÔ

ÐX Skin Zzg JointsÐÔ Muscles Z0+gzã»y~ñ�ŠáZiy}2xÐÔ
CÙ]ÔZg1V•}¥â]ÆeÁ�Ô=ô0*D�ÔZzg6ŸnYD
��gZq-³ÆX

ÔŸ~0*ñYD�Ô½™D�¥â]X Receptors �3
½™D�¥â]Zq- Receptors Zzg�hzV~Zg1V¶ Muscles

Ð\â]%œ/~Z¡!ÂxÃí�ÔZzg6 Receptors §œ6,XSy
ÃYg~GYD�_.Qy=%]Æ�z;VZ�x Muscles @Zc*]Ô

0*D�X
Sk¬zy¿ÅZq-ic*Š{zZãVwÆnÔ¡QVDƒ?vgZ;BX

 (Biceps) vg}+ñÃnƒ**ƒ@*ìÔ!*Ñð!*izÆ‚tÆz»(,Z
Ã]¾æ NH**ƒ@* (Triceps) Muscle ÃAlƒÇZzg!*Ñð!*iz»ê(,Z Muscle

ÆŠgxyÆÔÃñh**ƒ@* (Wrist) Zzḡð (Elbow) Ôvg~Ãð Muscles ìX
Ô�vg}ZèVÃNzw™D�Ôvg} Muscles ìvg}!*izÃÔZzg

Muscles, Receptors ;BÃŠbƒ@*ì9^Xt¿ÆCÙ%³6,Ô�3
Åßg]qwÅg7g^%œ/~Z¡!ÂxÃ7™D�XSk Muscles~Ô

Ãˆ~H¼™**ƒ@*ìÔHìX?Ô Muscles ÆZq-„œˆÔ%œ/
—ÔSy¡Zzg‚Ûp$™)Õä

G
]Ð�)©à!gëg~Ðz̧q5+k,ƒgì "

ƒD�ÔzZ67ƒD�X?¡ZC;BQV**eTƒXZzg:?Ãð{m
ÃÒ!*]™äÅ™DƒX?L7ä̂Zzĝ[Â[™D�HWzZi,

Ã%²ƒ** Vocal Chords vg}!0î NEÐïÜ?eTƒÔ¾Šgvg}

Ã Muscles ~ÐÁ Muscles ƒ@*ìZzg!0î NEÔi!*yZzg²~ñ�Š%zV
Ä!*gÔ¾F,KM~Zzg¾Åð Lw6, — ÌZzg$äÅ¢zg]ÑhƒCì

~¢8ƒ@*ìÔc*¾gëgÐZzgz²VÐÔ?Ã Lungs ¾ŠgƒZÃvg} —

z„ƒZÃghäÅ¢zg]ƒCìX
ÐzZ6ƒ@*ìÔÉZ0+gzãZ¡IY Muscles Z¡!Âx:Üs

Æ»ñVZzgQyÆ£xÐÌl!zZ/g‚rìXt¥â]Ì (Organs)

Zq-§i¿Ð*gD�ZzgA$¢zg~ZŠZgZ]QVñYD�X85Âî
G

Z#
ZC»x™**Yg~gnp�Ô]ìQy@Zc*]» Organs ?ÎDƒÔvg}Zë

ªf~(Ÿ-@î EGEZzg£¦ezg — �Z¡!ÂxÆŠzu}zÐqÝƒD�
»x™D (Lungs) ÐqÝƒC�XvgZ›wŠPÂìÔvg}µ}

�ÔZzg?‚÷ÆheZzgghä»¿Yg~gnp�X
ŸÅ¥â]»g™äÅgëgËÛR,Æ£¨~¹ic*Š{WÐ

ƒCìXW‚yF,+»xÐ¹„Â»xJ-Ô�¼Ì?™DƒÔvgZŸ
**‡.Þ¢)©àˆ!*]Z�xŠêìX

™sîgÐÔtƒz̧q5+k,ƒ@*ìZq-ðÆ³~T~
0*c*V¤‰ÜŠg»gƒCìXt)©àÑözŠ¤‰Ü‡ŠgÇZvÅ!ƒC "
ìÔ�{Ûì‚g~»Ñ]»X

We$7ì:
LL''z{Âƒ!*ÂVÐ0*uìÔSÏ»ì�¼�ìW�âVZzg

(116 )Îg{•{Ô i}~ìÔƒQÏÆ@*Ẑg�Xóó
Æ»x™ä~ëW°Zzg_“ Muscles /

Ã»x™** Muscles ZµZµ 17 ¡Zq-gKÏ—Z?ØÆnÔ
gv]V 17 ƒ@*ìQÏœ6,ÔZzgZ�xŠbƒ@*ìQyÆ9ZdwZ¤/Qy
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~Ð¡Zq-9îg6,»x™ä~**»xƒY@*ìÔA$—Z?Ø (Muscles)

ªCÙƒä70*CìÔZzg´z{Zi,¿Æn}ÆZÖgZ]_.!*]Å9
?Ï™70*Mh�X

ƒD�X»zZu»x_.!*]ÆÒp 28 Muscles SK̈ãn}~Ô
ÆZ6ðZ£wÐZÁn Muscles Ðn}6,ZÖgZ]Ñ**ƒ@*ìX

™DƒñÔDÙZg;ZZÖgZ]n{6,aZ™Mh�XSK̈ãn{g‚rìZq-
Ð¯ƒ@*ìÔCÙŠârÅqªÆnÔ‰��g×ÆÔ Muscles ZÖgÔ�

ZÖgÀÆÔWgZxÆÔZzgä]ÆX
~ñ�Š Back Zzg Feet ?Ã‚Š{¦JŠxQVäÆnÔvg}

Ã»x™**ƒ@*ìëW°Æ‚B!*ëï™ñ**Zq-Yw Muscles ZµZµ 54

A-V»Zzg6,¡½ï EH†°ZzgZ¡! 27 Ãc*ÁCZq-†k0*ãeƒ@*ì]ì
ÂñV»�eZ],–™D�Q7X

Zdw‰—Z**Ô!*]™**ÔO¥Ô»ÔZzgŠzh**ƒD�¹„¬xÔ
@*ëQÌCÙZq-�7,kSyÆ!*g}~¥)ƒÇZq-!*gZzgÎOƒÇXÓxgv

ÔAc*VZzgŸ]ZiZŠZ:îg6,»g™ŠƒD�%�ÛŠÃZL»x~ Muscles‰
Ñq-G‰ÆXz,ÃðÌ7g‚rìËnÅÃð¤‰ÜZŸ†™äÃð*

ZL~X85Âî
G

].h+)ßYaZƒ7™$ËÂéz,„‰� (Organ)�
SK̈ãŸ~ƒD�SkzzÐÔßÍVÃZq-œÆnÌ7ÈÜe’�z{

Šzu}ZÖp~ÔZv — %ƒÈ5�Sk"ÍÂxÆQyÆñV~
CÙz‰Üz{—ZD�ZzgŠvw»] — ÆÔ�ðHìSkÂxÃQyÆn

Z�xŠï�ÔZzgSk!*]ÆnZv»]ZŠZ™**ƒ@*ìX
LLZñWŠò¾qÐ�ìÂZLg[™*6,ÔTä�Ã¯c*Q�Ã

(6-8 ÇHÔQ�Ã',Z',HTrð Ng]~e;�Ã�hŠc*Xóó)Îg{ZÑ¹gÔ

/Ó:Zzg1úÐ−}gx
~ÐCÙZq-g‚rì"VwS:] Muscles Ÿ~ÔôzV

‰�QkÅMðÔQVñgppÅ¤‰ÜÔˆk§i;ñ¿ÃZ�xŠ¶Å
&¢AÔZzg',¹ÅS¤X

ÔZq-(,~®ZŠÆZZdwÃZ�xŠï�Ô‚Š{Zdw Muscles

‰–V»O¥Ô¸g~ZziZy»QV**QyÅ‚|#~ÔVwÆîg6,ÔWçÆ
Ð¹ZƒD�XZq- Muscles Ô!*izV~c*0*îV~zZµ Muscles

œ�îg6,gnp�Ô¾qwÔƒCìÔt�z{Zq-Zd Muscles {¤�Óx
ZÃŠe$j»xZ�xŠï�"ÍëW°~ZzgaZ™ä~‡.ÞÒp̧]
�Ë»xÅZ�xŠ„~Šg»gƒCìX

Åù¦¤‰ÜSkŠg‡.ÞÒpƒC Muscles vg}Ÿ~‚g}
Ã/Zq-z‰ÜZq-‚BZq-„âö6,ÔA$ Muscles ì�Z¤/teƒ@*Î**Óx

?ƒD¢oSãic*Š{�QVfeZq-(,~R,uÃZz6,¼—~J-X
~Ô�CÙ Sections 6�ëìw™D�,Æ‚BfsÆ

g‚rìpŠÅZKSàS:]Ô�ZDg™CìÔZq-�á0+ZgbCÙ{Å Muscle

»£xÇ9(~ƒ@*ìÔQyÅ£g~ Muscle ðÆz�ŠÃXCÙ
�‘ÔEZzg&&Óx¹„ZƒC�ÔpXÅzŸs#Z·‡]

zZµƒ@*ìÇQkÆ9£x6,Ô Muscle ÅZ˜jV~7ƒ$ËìXCÙ
‚B~Ç9S:]ÆXVwÆîg6,ÔtZgÅ!*]ƒCìZq-WçÆ

~X Muscles Ænǵz„S:]6�z{ƒC�!*izÆ Muscle

Muscle »gWæƒ**Â¹ŠzgÔt7g}¢Æ‚Bvyg‚yƒCìZq-
Ðx¹gBbìÔ�)Z(gîg6,»x™CìÔ Muscle Æn�›wÆ

ÆX|~ÔSy~ÐÃð Muscles ƒDƒñøg}0*îVÆ
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)�Zq-Šzu}Ðé73C�(7ƒD�X Mis MatchesÌ
QkÆÇ9£x6,ƒ@*ìÔZzg‚B~Ç9 Muscle CÙ

S:]ZL~g‚rìX
Z¤/?ËqÃQV**eTƒÔÂvg}%œ/~Z¡!ÂxÃvg}!*iz

Æñ�Š{MðÃZzgQyÅqªÃZzgÚîÃÔY'¢zg~ƒ@*ìÔ MusclesÆ
J-V Object @*�¹„ñizV]¾æ NHZîV½HYnZ#vgZ!*izQk

0*@*ìÔ�ik,cƒ@*ìÔ%œ/~Z¡!ÂxÃ]¾æ NHZîÃgz)ƒ@*ì²;BÆ
Object ÃñäÆnÔ»g™Šƒ**ƒ@*ìXZq-Ši? Object ÃÔ Muscles

ÃñfeƒÂ(,JäÆnvg}!*izÃÔ¢zg~¥â]Ãv™**ƒ@*ì
ÆYäYD Muscle Marrow J-��g Special Sense Organs

�XZ¤/¡}2xÔ�Ñiòƒ@*ìøg}nË»xÃZ�xŠ¶ÆnÔ¥»
ƒ@*ìËzzÐÔT»Wy~³ÃÒƒ@*ìX

Æ»x»vyƒ@*ìÔSkÅzzZ¡[Å Muscle ÃÒÆpZq-
\â]Ãàä~**ZqƒCìXÃð¿Ô�D`!*izg‚rìÔVwÆîg

Zzg Biceps 6,ÔZL!*izÃw•Š¶~!**mzgƒ**ìXZ¡!Ÿ]�
J-YD�Å`ƒD�ZK»g™ŠÏZzg**‡.ÞƒD�(Ÿ-@î EGEÐ Triceps

J-(,Jä70*D�ìSy Tricep Zzg Bicep Çƒñ@Zc*]ÃWÐ
ÃiäÆ!*g}~@*�!*izw•~WnXSk§b!*iz»g™Š Muscles

ƒä70*@*ìÔ85Âî
G

Z¤/z{Šzu~ßgÂV~Kƒ@*ìX
Zq-zZuZ¡!3Zq-WÃWÐ(,Jä~**»xgLìÂ�
Æ»x:™NhÆn»°ƒ@*ìX (Organ)

SknZq-ÂxÆÇZq-:æENE»:ƒ**Qk�Æ„CÙ{ØÅrð Ng]
ÆMuscles ~³',Wæƒ@*ìXSkÆ´z{Ô6�?äŠ¬ìÔz;V6,Ô

»x™ä~Ô%³ŠZg~¥â]Æ·î»Š4ZÌ»qïƒ@*ìXóó
˜V}¥â]ZCz�Šgnp�Ôz;Vf;-$Zzgçn.ÅÌ

¢zg]ƒCì?YèÂx~ñ�ŠÓxÁÜÆnîzZá\â]Ã'
ZzgQyÆ_.»x™**ƒ@*ìX

ÐYzZà Spinal Cord £¦ezg Muscles Skrð Ng]~Ô
(Voluntary @Zc*]Æ_.»x™D�X´z{Zi,pŠZ(g~gv‰

Sk§b — »x™D�Z#�?eTƒQ7Z(™äÆn Muscles)

QyÆ»x™äÆnÔ¢zg]ƒCìQ7Y+Å�H?ÎagìƒX
gnp�ÔÂx Muscles Ske~ìwÔzZãƒ@*ì�¥â]�

�ŒŠêìgºÅ�QyÆŠgxyƒD�Ôc*QyÅ&¢Aøg}ìÑ]
Å@*Ẑg~™äÅÔtƒLz�Š~7WMh�¡Z·tÐX@*ëQÌÔ

ÆŸ]™sîgÐf;-$»ZÖgpŠÐ7™Mh�XtÂxÔ Muscles

Z#Ð�ZK̈yz�Š~Wc*ìÔñ�ŠìÔZzgQkz‰ÜÐ7g}îg6,¾wÆ
gnp¸z„¥â]‰Qy Muscles ‚B»x™@*Wg;ìX¬ÆSK̈yÆ

~ÐCÙŠzuZSK̈yg‚rWg;ìSk™*~X
¸zzì�ZväaZHì‚g~SK̈ã',ZŠg~ÃZq-6,¡½ï EHÚƒ

Æ‚BXCÙq�ëŒ�ÔëƒÃ£zzÅ§sZzgZvÅ"0*c*yŠg]Å
§sáYCìX

Wc*]7ì:DZvìTä¯c*vg}ni}ÃIäÅ(Zzg
W�yÃé¿Æ¯c*ZzgvgZu¯c*ÔZzg?Ã
{
{q,3äÃŠ,X:tZv
ìvgZg[ÔÎ(,Z¬à�áyìZv�‚g}˜âV»6,zgŠÇgìXz„i0+{g$zZÑ
ìÔQnÎZÃðÑë„Š]7Î?ƒ{ØZNŠÆ‚BQjågZ™zXÓxpÒV

(64-64Ô QÏZvcì�6,zgŠÇgì‚g}˜âV»Xóó)Îg>Ç�Û)Z>ð(
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/W‚yw•ÆnzzÔ"ÍëW°ƒCì
åZq-„‚~w•™D�X!*Ñð Muscles SK̈ãŸ~
ÔVwÆîg6,n™@*ì!*izÃÔpQkÃQk (Bicep) Muscle !*izÆ‚t»

)!*Ñð!*izÆÔz» Triceps Æ¬Æ£x6,zZ:7ÑYìX
ÃSkn¢zg]ƒCì!*izÃŠz!*g{Ô¦ñ™äÅªßN*ä (Muscle

ÃZq-ˆZq-»x™**ƒ@*ìÔzg:ÔZ¤/Zq- Muscles zZ:¬£x6,XSy
Ñzq™**ƒ@*ìSÁn)iZî(Ô²ŠzuZ~iZC»x™g;ƒ@*ìÔA$!*izÇ
w•7™YìX"Í¬zy¿F,KM~!*‡°ÏÑ@*ìXSk!*‡°Ï

~aZƒäzZà¤‰Ü Muscles SK̈ãŸ~»x™D�X Muscles~Ô
ÃÂZ**ð~v™äÆnSk~Ãð—7ìÔ�Ac*V¹„ZëK
ƒD�X

ZÁn™@*ìÔz{mìZq-A~ÃZzgSk§b Muscle 6„Zq-
A~Ãw•™äÆ‡.Þ¯@*ìX

~aZƒäzZà¤‰ÜÃÂZ**ð~v™äÆnÔ Muscles

ƒC�X Factor —ÔAc*V¹„Zë "
ÆLigaments åîg6,Zzgôpîg6,A-VÐ  Muscles #³

fg=:æENH}gT�Sk§bÐ�z{CÙŠzY+$w•~WMh�Z¤/z{Z(:
aZ™D�7$+w$ËƒCw• Muscles ÆnÂ¤‰Ü� Bones ƒ@*
ÆnÔAc*VÇw•~7 Muscles ~XZÏ§bÔZ¤/Z(e:ƒ@*å

W$ËƒCX
Muscles Zq-SK̈VÆw•™ä~ŠzÎÐiZZ+Ac*VZzgegÎ

Ã!*b¬zy¿~ï™»x™**ƒ@*ìXAc*VÔŸÃ¹„£g~w•»
g„ƒCì Muscle ñµŠ¶ÆnÔZq-Šzu}Æ‚B:æENHYC�XCÙ

ZL{m£x6,Sk§bÐ�ñµŠ¶A-VÃWgZxÆ‚Bw•™ä»X
?ðÃCÙ,~x@{HYYìÔw•Ð�«ƒ@*ìŸÃ

Ã Muscle Å‚|#Ð�5Cì Tendons SyŠzCÙ}ÂñVÐÔ
ÐXAc*VZq-Šzu}ÐL7åENZ7ƒC�Yèz{e¢îg6,:æENH~ Bone

L¥zÆ7YD�w•™äÐYèA-VÆ Muscles ƒC�ÔZzg
Šgxy�h¹„¢oƒD�X

"—ÔA~Å!*Äc*Ÿ]�¯D�!*ÄÃÔtŸ7fe�X
ÅgÐøzxƒD�XZzg:Sk¥â]Æn (Tissues) Ÿ]Zzg!*©

eƒ@*ìǵƒ**3~Ë§bÐXSknz;Vƒ**ƒ@*ìZq-¸]�
�Qk — ‡ì™CìSk¥â]Ã3~Ô�1CìQkÃ�ù»x™**ƒÇ

6,xZã™CìÔŠzu}ZÖp~tÑVwDZzg¤‰ÜZvÅ!ƒCìÔ�CÙ
qÃZLNzw~‡ìg‚rìX

We$7ì:D
LLH�Ã¥x7�Zv„Ænì�W�âVZzgi}ÅÔZzg

(107 )Îg{•{Ô 7vg}zZWZvÆ^ð LZÃð×îZzg:æŠÇgXóó
/Z!x:ÓxSK̈yZväaZG�

ÔBones Zzg Muscles tÂ[7,_z‰ÜÔ?Bƒ�ùvg}
vg}0*îVÃw•Š¶~ï™»x™D�X

‰„?Zq-½ZÃçDƒÔ?ìw™Dƒ�ùz{¯ðYg„¶Ô»g
™äÔ;LÆnXZzg_6,ÎäÆnj¦ÆÔ̂?]4/õ NEGƒvg~›wÅ

vg} Muscles ŠPÁÃZzgc*Š™Dƒ�SK̈ã›wg‚rìZq-Ãp¾ñX
;B~WD�vg}Šâr~Z[Ô‰„?7,_ƒt™ÔZzg?ÃÒ™D
ƒKvg}ZèVÆw»]ÃXtZëƒ@*ì�vg}Zˆ‚]ZzgìÑ]
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gnp�ZLZW,Z]WäzZáŠâV~XZzg̈g™Dƒ?›ëÆ!*g}~�
ÒyG‰�ÑzqÐWyJ-SkÂ[~ÓxzZu]»‚o™DƒñX
SkÂ[Æ™»Ñ:Üsƒ@*ìÅà**?J-§»C¥â]vg}
SK̈ãŸÆ!*g}~XŠN»š]ZzgVBÔ)©àÝ]Zzg-

¥â]SkÂ[~7G‰�{g`™äÃðß=%]Ã!*g}~
SybCÙ — 7ZCzZu]Æ�z̧q5+k,ƒgìƒD�ÔCÙœÔSK̈ãŸ~

Šg]Ã�g©àKÅtÃÃZ0+Zi™äÆ´z{Ôz{?ÐÎZÑ]GYD
�ZLîg6,ÈZ‚ÛZð™äÎWÅ¹„ÁÂzÆ‚BqÝ™he¹
‚gZ™1úZq-z‰Ü~ÔÅ§sâb™D�X

Z·¹!*ëoÏÔSg»ðŠHÂgzVÆmÐ��g‚³èÅŠö
›ëÆ-ßÍVÆf~VÃHiŠ{™D�Ô»{ØCÜsfsÆ§hV

— Ðeƒ@*ì
Zg»YIzVÆx"‡°7VÆZÖgZ]Æ‚BÔ?™sîg
Ð'×h+ŠNMhƒÔQk‚³]Š}Ã�ÃtZg»YZzhñƒ@*ìÔz{ÎZñ
Šð�Æ¼Zzg7ƒ@*ìX

Sg»YÆHÃŠzg™ÆÔðÆF1ÃŠ¬YYìX6�t
Â[‡.ÞÒp,~Sk!*]ÅzŸs#™CìÔZvä%ËÍÆ
SK̈yÃaZHìÔZzgSk!*]»ZÖgZKŒÛWãWc*]~™@*ìX

øg}Z�xÔøg}n�gZq-ZÅxÆÔ!Zz‡]Ô%¥ÆÆ
Ú»x™D�X:ÈßÔ¾âqÔ�CÙ!*]�?7,_ƒSkÂ[~/ÄZy

LLSK̈ãŸÔZq-7{óózZµƒ@*ì:Üsvg}ZLŸ~ÔÉvg}
zZ−+~ÔÇ¸ÇV~Ô”V~Ô!*½V~Ôg=§]~ÔģŠZgzV~

ZCÓxŠvSK̈âV~ÔŠ*~Xt‚g}Âé�Sk — Zzgä-V~

Â[~ik,cWñ�Ôñ�ŠgT�Z�x~å¯z^Zzg7g}Zdw
ZzgZvÅ%èÐÔ — Æ‚BÔñV~CÙZq-Æ�Lgì¸SkŠ*~

QyÓx~�w~gìƒVÐX
tZvÅðìÔ�‚g}˜âV»â´ì!ZzgZvÅ¤‰ÜÑözŠ

ìXz{�‡.ÞƒD�ZEw™äZLZL=zyŠÃZzg;ÃÔZzgŠNMh
�SkCðÆ1ÃÔZLâ´ÅpÛŠ~qÝ™äÆÜsZq-zZuÑ
Æ‚Bi0+{gT�X
/ÃtSg»YZq-Šð�

eZgz«xÔ!*ZÖpŠvÃtSg»YSkÑÆ-7HŠHå�ðÅ
|ÐZïg™}Ô�Zq-)‚³è$ÆÎZ¼Zzg7åXtÃtÔ�Šúò
™@*ì�i0+ÏQ½~¶Z·tÐ"YyZâYÐÔ**»g{U*"$ƒZåÔ‚³

»Ñ]ZzgY0+ZgzV~zZã — ÞŠ]ZzgSkÆi',Š„Âù]Æ‚B
ÅŠgc*Ä6,t!*]gzigz×Å§b Fossils ™zh 30 eiZíÆÔ‚B‚B

™sƒ_ì�ÃtSg»Y�ÛÎŠ{Gz£ÆÎZ¼Zzg7ìX
Z%OâCÙ+äSkqÅzŸs#¼Sk§b™D�ÔŠCÙe$Ô

z,œ-VÆ�V6,Q½} 17 z,Zzg 18 eZgz"2.ç GEGExÔZzgŠzu}Ãc*]�
Ô̧¯ñ‰ĢzŸ]6,Ôß@*zÞ]6,�»Ñ]ÑözŠìSkÅZ’ZYì
:Z•z){XZÐZŠe$Ñðì…!*W.ÞAz¥wÆÔ»Ñ]ÆZzgz{Óx
gZiÆ�Sk~�áï�/ËwpŠi0+ÏÆX6,z"{�W`ÀYg~ì@*�
ÃtSg»YÃi0+{g3YnXt7g~îg6,‡ììÂh%zh™‚³›ëÃ7
™äÔß@*zÞ]ÆÔ‚³]Š}~Ôzc*Æfg=êÆ‚tZ
Z0+Zi~ÔÑñYgì�XQÌt6,z•{CðÃÖ7eìXt|�

ÃtZg»Y‚³@*gõ»ƒ(,ZŠð�Zzg�Ûd$ìSkn»ZÖg!*g!*g‚³Š*
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ÆˆÐSîƒ@* 1980 ‚wÐƒ@*g;ìXîCŸ 30@*20 ~Ô
Wc*ì}òAîg6,Sk!*]»Šúò™D��eZgz«xZzgÃtSg»Y7g}
îg6,"ãCŠZzg**»g{�X!*<mZ%M~F‚bŠZVX»mZìk
ÐìÔ‰§»]Ô!*Çd~Ô0*1†ßYz){ÐìÔeZgz2xÆ**»g{6
Ãt™D�ZzgðÅ|Ãi0+ÏÅZ’ZY»:LŒÛZgŠï�XW`i0+Ï

z,œ~Æ»J-ÃtSg»YÃ**»g{¯Šc*ìëá 20 ~)©àeiZíä
Æá�SkñçqÃ»°,Æ‚B‰øg}Šzu}_·Y]~
ÌZzgYg~gOÐWÐÌX¾qwÔëìw™D��SkÅZÌ»Òp
™DƒñtoƒƒÇ�ŒV6,ÌÃtSg»Y6,Zq-ÜD7™,X
/‚³îg6,eZgz2x»{Ø

Qßw¸g;åÇŠ*Ð-**yÐÔÃtSg» Pagan Z¤/p�
z,œ~~Ô¹„Zë7gÄ�¯Š~¶ 19 ©àîg6,WÐ(,kg;å )

ÃtÃuz„ñçq‚³™*»Ôz{¶egÖeZgÌyÅÂ[/ÄZy Sk
ä ~XSkÂ[~eZgÌy Y1859 Ô�áùƒð¶ The Origin Of Species

¸X i}6,].ZÇ:îg6,ðG‰ (Species) ZïgHå�ZY0+ZgZ0s
eZgÌyÆ_.ÓxY0+ggnp¸Zq-œ�7åELOZZZzgz}$+s

‰z‰ÜÆ‚B‚BgKgKp=VÆÒpÐXeZgÌy»ÃtÃðk̂
‚³ãCŠ6,‡ì:åX6�z{pŠÌÔWÐ^™ÔZDw™@*ìSk!*]Ã�z{
Qk»Zq-¡Gz£åXSkÆ´z{Ô6�eZgÌyZ‹Zs™@*ìZKÂ[

)!*[(~�Ãt Chapter ÔÆZq-îs Difficulties Of Theory ~Ô
**»xƒg;åFZq-ZëF,+ÎZÑ]Æ‚tX

eZgÌyZK‚g~Qy,ÎŠ~¶‚³Šgc*:V~ÔXÐz{Âµ
g‚rå�z{i™áÇÃtÅ‚g~)]ÃX

¾qwÔSkÆÂu]Æ',ÜsÔ‚³Šgc*©SkÆ)]
ÆZ…ŠÃ'×h+zWF,¯Š~‰X

eZgÌyÅ“»Y,̂{‚bÅgzÝ~&ãCŠ~u¥VÆ-Ô1
: YYì

eZgÌ2xË§bÐÌzŸs#:™eå�ùi0+ÏÅZ’ZY (1

i}6,ƒð¶?
é z;V6,Z+Ãð‚³Šgc*Ä7ƒð¶�en�Sg»ð}2 (2

�ÃtSg»YÐ?m,G‰�Ôgnp�¤‰Ü�Q½CìpŠÐÇîg6,X
ÔÃSg»YÆÒ**]Æ!*ÇÜ½ÞŠ] Fossils Records (3

Šï�XSkœ~ÔëY,̂{BÐSy&ãCŠ~Õo»Ô¬xu¥VZzgf~
u¥VÆ‚BX

ª**‡.Þg‚ðŠx:i0+ÏÅZ’ZY (1

Zq-zZu3 (Species) ÃtZg»Y7™@*ì�ÓxY0+ZgZ0s
™zh‚w¬XùZq-zZu3 80 Ð†�ÔZzgt3Q½ZåZ’Zði}6,

aZ™Yì�3ë{i0+{Z0sÃZzgÔZ¤/Z(Zq-Zg»Y|~zZµƒZåÔÂ
~ÔƒD Fossil Records QYVZyÆ�á¿]x@{~7Wn�X

�‰Z,ÎZÑ]XÆ�Z!*]ÃtSg»Y7Š}eìXtªZzgƒ
ÐZzA8~î Oì¬Šx»ÔSg»ð§i¿ÆŠúò»TÅºƒ**!*¹ìÔz{
t�¾§bÐtª3z�Š~Wc*å?

aèÃtZg»YðÐSïg™@*ìZzgz{Sk!*]6,‡ìgLì�ª
3z�Š~Wc*åZ·tÐÔ¡]Æ̧Z2ÆŠZ],{¿~%Ëµ/ÆÔc*
F,KMÆXÃtÆ_."YyâŠ{aZHƒÇZq-Y0+Zg3ÃZ·‡]Æ³
~XtÔ¾qwÔZq-Šúòì�!**_“7g‚rì8-ö

GW�**‡.Þ“
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§»CQßßVÐX
/i0+ÏaZƒCìi0+ÏÐ

ZKÂ1V~eZgÌyäLÌi0+ÏÅZ’ZY»jZ!7Šc*ìXQk
Æiâ:~‚bÅZ’Zð™»ŠZgzæZgSkGz£6,å�Y0+Zggnp�¹
„‚Š{‚|#ZL~X

ZiìẑŠö WÐLLŠ¢š5é EGSaZöóó»ÃtizgŠêg;ì�"YyâŠzVÆ
!*ëŒÛd$WäÐY0+ZgZ�x¶¸XZ(ây1ŠHåt¬xîg6,¢HY@*å

z�Š~WD¸a›½ZîVÆZbZYÐZzg (Insects) �3Z]ZÑgn
aì[VÐƒZ™D¸XZkìwÃU*"$™äÆnŠNŠ!*]G
‰¸X¼[VÆŠZän}À}Æ•}6,gÇ‰Ô̧ZzgtìwH
ŠHå�Sk§bÆ¿Ðaì[VÐ¼Šk,ˆz�Š~WD�XZk

c*3Z]ZÑgn%0*D�v}ŒÍ“6,ÔÉz{Q}Ô Larva §b5ì
ÔHVÐÑñ Larva Å̂~Ññ‰¸Xt Larva HVÆfg=

YäÆz‰ÜÔ{àWçÐ7Š3ðŠï¸X8-ö
GW�Z#eZgÌyäZKÂ[

è¶ÔtZ‹yå�̀Z�z�Š~WD¸ 'The Origin Of Species'

YyâŠzVÐÔZzgtìwQkz‰Ü¬xîgÐ‡.ÞJwåCÙZq-ÆnÔZzg "
‚³Š*~Ì¸¼ŒY@*åX¾»!eZgÌyÅÂ[ÅZ�á®)Æ
‚wÔ̂ßð0*˜**ò‚bŠZVäîs_·ZzgŠ!*]ÆˆZL}ò» 5

ÅF,Šh+™DÔ̧tŠ¢š5é EGS Sponteneous Generation Z´yHå�
aZöÔ»¦gLZë8~î Oƒ@*åÃtSg»Y»�0*˜Æ;ðVšŠƒŠHåX

6,Šñ‰ZLÃH:)~0*˜ä¹å� Sorbonne Y~ 1864

»QßwSk‚Š}ÐŠ/Æ$¢[ Sponteneous Generation LL
ÐL:Q½nÇXZq-îs²DJ-ÃtSg»YÆ`äzZáZ·tÐ

aZöÅæZf™Dgì¸X
¾qwÔ‚bÅF,¹äSyÆSkZ‹yÃ**»x¯Šc*å�Zq-Y0+Zg

ÆZq-ë{‚|#zZá3ÅaZöZ·tÐƒCìÔZzgtìw�i0+Ï
ÐDead Lock z�Š~W$ËìZ·tÐÔ‚o™CìZq-(,}

z,œ~Å»z$h4è GIG 20 /Ë¬`6,:îzZà
z,œ~~LLi0+ÏÅZ’ZYóó»ñçq1åÔz{ 20 ªSg»YI�

	ggzÏ§»CâCÙÔZÉ¾æEZ&+gQ0*§yåX
~tZ£ßVÆ‚BWÐWc*åÔQkäU*"$™äÅ 1930

ÃÒÅ¶�i0+{3z�Š~WYåÔZ·tÐX
t_·¾T**»xƒ‰¸XZzgQ0*§yÃfs»ZDàÒyÌŠb7,ZåX
LL$+¬ÐÔ¾qwÔ3ÅZ’ZY»X�áh+¹„ÂNì**xC

~Xóó Study Z�xÆSg»YÅÓx
ÆSg»YIqñVäSkXÆiÆnÃ@VÃ Operin

Stanley Yg~gppFZq-Š!*]GXƒÐ	gŠ/ÔZ%O1
~Z�xŠc*åXZq-!*Ÿ‚F,KMŠñ‰Š/~QkäQy 1953äMiller

Ã5c*å�Qk»Šúòå�z}i}ÆZ’Zðâjw~ƒZ™D¸ Gases

(Amino äqÝHå**xC‚ã Miller ZzgZö{~ÂZ**ðàc*åX
�6,z9Å‚|#~0*ñYD�X Acids)

/ÂP„‚w*g}¸�t!*]©¬x6,Wð¶�tŠ/�Qk
z‰Ü7HŠHå�gZq-ZëŠxÆSg»YÆ**x6,Ô**»g{U*"$ƒZåÔYè�
âjw�ZEwHŠHåŠ/ÆŠzgZy¹„Zåi}ÆÇZ’ZðqÑ]

äZDwHå�âjw»zZô�Qkä Miller ÆÒpÐXîs{ñÙÆˆ
z,œ~ÆŠzgZy 20 ZEwHå)ÇåXÓxSg»YIzVÅ»z$h4è GIG
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Geoffrey Bada LLi0+ÏÅZ’ZóóÅzŸs#Æ!*g}~**»ò6,»ƒ̂‰
ÐåZDw™@* San Diego Scripps Institute ÔT»m Geochemist

~�áù Earth Magazine~Ô 1998 ìSk|ÃZLZq-*y~�
z,œ~Ãgh`�ÔëZ[Ì‚o™D�Qk 20 ƒZåLLW`Z#�ë

z,œ~~Ôª 20 Ñ+Cÿ GE
!hÏîÐTÃëgnp¸Z#ëŠZ4ƒñ¸

i}6,i0+ÏÅZ’ZYùƒð¶?
/i0+ÏÅë{‚|#

Z’Zðzz�YVÃtSg»Yi0+ÏÅZ’ZYÆ!*g}~Zq-SkŠg
Ð¥uŠHåXtŠgZÝ3Åë{‚|#¶X8-ö

GW�Y0+Zg Dead Lock (,}
Z�x�‚Š{Š3ðŠï�Ôgnp�|~Ô**‡.Þ¢ë{‚854è

EG
GZL

Z0+gXZq-Y0+ZgŸ»3ƒ@*ìic*Š{ë{£˜ÓxSK̈ã;ðVÐ¶
(Laboratories) )ÑŠ6,Ze„ÆXW`™*Æic*Š{F,¹c*C!™)ÿ{ä

Zq-i0+{3Ô**xC
²-.1¹Òø
GGÃ!*ë5™aZ7™Mh�X
ÑZ_�Šg»gƒD�Zq-3Ã¯äÆnÔ)©àîg6,SkŠg

MlZg~ƒD��XÅzŸs#e:ƒnZ·‡]ÐX6,z9�
1~10

950 ¤8-š¾ƒD��3Å¯z^~Sk**]ÔZ·‡]ÐÔ
Æ',Z',Ì7ƒDX

Ð¯ Amino Acids 500 ÜsZq-Zz‰6,z”Æ‚?Æn�
ÐÌSkŠggN*ƒ@*ì�iZ˜b~ 1~10

950 ƒ@*ìÔ“W»Zky
ÆZ Amino Ac ids 500 **eƒ@*ìX6,z”ÆZq-‚?~

ƒD�ÔSyÓxÂÎV~ÐÜsZq-„Ÿ Combination 10
950

Šg»g6,z”‚?ÃªCÙ™@*ìXSkÒpÐ6,z%‚?ÆZ·¹¯z^»Zky
»ƒÇ�Zq-**e!*]́gƒCìX 1 ÎV~ 10

950

ÆGene ‚?�ƒ@*ìZq-3Æ%œ/{~Zzg�ZL~ DNA

6,ŒƒD�XZ¤/Sy¥â]Ã Data Bank ¥â]g‚rìz{**‡.Þ¢
–Y@*Âz{¯ñƒDZq-i',Š„Ñ$k,~�ZL~g¿ƒCZq-Z0+Zi}

,]ƒDX 500 ¢,²CÙ¢~ 900ÆEncyclopedias Æ_.
ÅZKZq- DNA ZkÒpÐZq-¹„ŠNZzg6,.y±è NEñ6Q½@*ì�

»8z�Š~W$ËìpŠÐZ·‡]Æ³~XtÜsPZq-ºm6,z%
Å¯z^»gz\ZC$Ëì DNA ÅæŠÐZzgºm6,z9Ð Enzymes

ÐzZh7æ{¥â]¬zy¿™,XªSyŠzâV»Zq-Šzu} DNA²
ÅÜÆnXtª DNA 6,Z®gƒ@*ìÔZ7gxƒ@*ìZq-„z‰Ü~

aZ™CìÑixzFxÅßg]qwÃÔÂi0+ÏpŠÐZ·‡]Ðz�Š~Wð¶»
Å̂Z(g™©8ìX Dead Lock ÃtZq-

ÔÆ‚"543¨ë JEHGE 1994 ÔZq-	gZg»IÔ]4--.ç FHE Leslie Orgel 6,zW
Z%k̃G+ÆÑg{~Sk|»ZDw™@*ì�ÔLLtZ•ð**
]~Ð
ƒÇ6,z9ZzgE®Ò5ëGWk̂»Š¢š5é EGSaZƒ**Z·‡]ÐZq-„(6,ZzgZq-„z‰Ü
~XZzgtÌ**eŠ3ðŠêìÔZq-»ƒ**Šzu}Æ%ÔŠk,J-Šzu}ÆnX

ZzgSkn«Ã~ÔZq-¿Sk`6,VYì�i0+Ï|~
LÌz�Š~7W$Ëì6ðZò[ÐX

"—ÔZ¤/i0+ÏÆn**eì�z�Š~WñŠgCZò[ÐÔÂ
tJw™**ƒÇ�i0+ÏaZƒð¶Zq-â¯tZ[]§i¿ÐXt|!**
îg6,**»g{™ŠîìÃtZg»YÃÔT»ZëÑðÐZïg™**ƒ@*ìX
/Sg»Y»¦gZC}2x

ŠzuZZë`�eZgÌyÆÃtÅÔ™@*ìÔƒ@*ì�ŠzâV¦gZ]�
7G‰�ÃtSg»YÐ�gSg»ð}2éÆÔ|~Ôâyn‰
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¸�z}7gnpÃ̧ðSg»ð¤‰ÜZL~X
eZgÌyäZLSg»ðGz£ÅãCŠ!**îg6,LL¡~ZN[óóÆ

}2x6,g¿¶XZk}öx6,SkÅZÌSkÆÂ[ÆÄZyÔ
ÐThe Origin Of Species, By Means Of Natural Selection

™sªCÙƒCìX
ª¡~ZN[ç™@*ì�z{Y0+ZgZ�x� Natural Selection

ÆŠgCqÑ]ÐÔi0+{a Habitats ic*Š{¤!gZzg_“gnpQ̧yÆ
gTZ̧Ki0+ÏÅ“~X

~�1YâgzVÆúÅ (herd) VwÆîg6,ÔZq-CÙâV»q{
iŠ~åÔ�CÙyic*Š{!gëgƒD¸$YD¸XSknCÙâV»q{g‚rå
!F,Zzg¢oF,Z�ÛZŠX¾T!¯Ë9Bï NEGÆÔt}2xCÙyÆn:L70
YåQ½äZzgBäZLW\ÃŠzu}Y0+ZgZ0s~Ô}h̃}z){~X

Skn¡~ZN[»}2xÃðSg»ð¤‰ÜpŠ~7g‚rìX
eZgÌypŠÌzZ6åSk|ÐZzgSkÃr7,ZåSk!*]ÃZK

~X The Origin Of Species Â[
L¡~ZN[¼Ì7™YåZ#J-�@*G~p´Vz̧q5+k,:

ƒCƒVXó
SknÔ¾§bt‚iÇg)@*G~(p´Vz̧q5+k,ƒC�Sy
³ZãZ�ÛZŠ~?eZgÌyäSkÎZw»�Z[Š¶ÅÃÒÅìQkÃ̀ÐÔ
�Qkz‰ÜÆqÑ]ÆÒpÐ‚bÅZ’Zð™ÐeåX�ÛZú§»C

�eZgÌyÐ¬g;™@*åÔ (1744-1829) Chevalier De Lamarck âCÙÔ
Æ_.Y0+Zg‘‡]ZLZz™s�z}qÝ™DZ̧LŠzgZyi0+Ï~
v™D¸ˆÅ±~Xz{izgŠêì�tSàZz™s�vƒD�

Zq-±ÐŠzu~±ÃÔt5Z0sÆ“WÆZò[ƒD�X}z{Šúò™@*
ì�jgZsQ½}�!*g{êÐ6�z}“™D3̧äíZz‘
Zz‘Šg½VÆÔQyÅ¤/Š3DƒC±̂Šg±X

"The Origin Of eZgÌyÌSÏnÅVBŠêìXZKÂ[
0*ã ~VwÆîg6,z{Hì�‰g†ZK½ZÅˆl~YD� Species"

~X Whales ~!*g!*gÔ²D*gä6,z}YVˆ$+wfe�ZLW\Ã
Gregor  Mende l  ¾qw‡âyÂZg_�¥xG‰¸

ÐXÅ¤&ƒCìÔ� Science Of Genetics ÐZzg (1822-1884)

z,œ~~ÔtÂZg_Æ̧Z2!**îg6,SkgzZe$ÃÔ 20 =w¬xƒñ¸
�qÝ™Š{Zz™svƒD�ˆÅYV~W×W×Ô»³xŒÛZgŠ}
Š�‰¸X

Zk§b¡~ZN[ZK@*GÅ[å�gZq-Sg»ð}öxÆX
ZzgZ0s~p´V Neo-Darwinism /

ÆŠìÆ 1930 Zq-iÅˆlÅ{§eZgÌyÆÃtÃâ+zZá
ÃWÐÑc*å�6�¬xîgÐ Modern Synthetic Theory ‚ßV~

Æ**xÐY**Y@*ìX Neo-Darwinism

)pZ](ÃZL~�áï™@*ìÔ Mutations, New-Darwinism

~yZÒVzZµƒC�ÛzãZzZ%ÅzzÐ‰gi+c*ð Genes �Y0+ZgÆ
Favou rab l e ÃúVÐc*ÝÑC{ñVÐƒD�‰z�;]

~ZŸ†»!*)̄‘W�X Natural Mutations Zzg Variations

Neo-Darwinism W`�âewÔSg»YÅúÒÏ™@*ìÔ™*~Ôz{ì
Æ³~TÅzzÐ"Ñg Process tÃt7™@*ì��3Y0+ZgZq-

ë�c*])»yÔWçÔµ}Ôdz){(p=VÐ*gDgì�
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ÐX Genetic Disorders

@*ëz;VÐZq-²£Ðö N‚³|�!**SkÃtÅF,Šh+™Cì
p´VY0+ZgÅ(,ðF,~ÃgzuŠî�Zzgz}åvyŠ{ƒC�XSkÆ
nZq-¹„‚Š{zzìX

g‚rìZq-¹„ë{‚|#ÔSknZZ4[ZW,Z] DNA

ÜsZÐvyàMh�X
SkÃSk§bzZã™@* B.G. Ranganathan 'Geneticist Z%O

ì¬~¼VÇ�‡.Þ½z/$+Ñî¹„ÁÃW@*ìŠg]~ÔŠzu~!*]
ZÒ$+Ñî¹„vyŠ{ƒD�aèz}ZZ4[ƒD�£˜!*‡°{

Å‚|#~ÔÃðZZ4[$+ÑîZq-)©à!*‡°{Âx Genes $+ÑîÆ
~Ôƒ@*ìç**u:�plWÒX}ÔZq-i²!hYìZq-Zd!*‡°{‚|#
Ã‰Zq-¤8-ÃÔz;Vƒ@*ìZZ4[$+Ñî¤8-Æ�Û*zgu~Ô˜V
Óx
]~Ì]å NJg7ƒÇX

Sk~ÃðÀÅ!*]7ìÔÃð$+ÑîÅVwZ+7ì�»gWæ
Ã@*ëW`J-Zq- Genetic Code ìÔª�ªYCì�F,¹Š}$Ëì

Ìx@{~7WðìZzg:WñÏXÓx$+ÑîvyŠ{U*"$ƒñ�XtŒ
Y@*å�$+ÑîÔ�7HŠHì�gZq-Sg»ð!5»42.ç GGEGExÆÔ|~ìZq-

zZ§�Y0+ZgzVÃvyà@*ìZzg¯ŠêìQ7**»g{X¹ic*Š{ Genetic

¬xZW,$+Ñî»SK̈âV6,ƒ@*ìu¤yÅ̂~Ô"—Zq-n{Á!5½2.ç GEGExÆ
¡~ZN[ÔSkÆ',ÜspŠÐ — ¼Zzg7ƒYX@*ëZq-Sg»ð!5½2.ç GEGEx

¼Ì7™Y6�eZgÌyäÌSk!*]ÃJwHìXt|…eC
ì�z;V6,ÃðSg»ð}2x7ìŠg]~XSkn»Ãðìà§i/**x
Sg»Y7ì�}zZµƒeƒÇX

~Ãð¶KyŠgxãZDw»70*c*ŠH Fossil Record /
zZão]�³Ô�7HŠHåÃtSg»YÐÔ7åELOZdZzgñ�ŠÔYV

~XaèSkÃtÆ Fossil Record ÆŠgxyÃðŠgxã7̂0*ðˆ
_.ÔCÙi0+{Z0sQ½}�QyÆ°zÐXZq-¬z�ŠgppzZá

$+w‰Ȩ̈Zzg~»°z‰Ü*gä6,ZzgÓxZ0sSÏ§bWñ Species

�¬Ýèz�Š~XŠzu}ZÖp~ÃtZg»YÆÒpÐt$+Ñî»¿ƒ@*g;ì
D+g+Cé GESÑÅV‚ßV~X

Z¤/t!*]sƒCÂ"ÑgŠgxãZ0sƒ**ecåZzgi0+{ƒ**ec
åSkîs$+ÑîÆŠzg~ÌX

~ÌX Fossil Record' 1Z(Ãð�á<J-7Š¬ŠHìÔ
VwÆîg6,ÔWŠSTBWŠJg…zZÑgxecåXâè~�gnp

¸¼g…zZáS:]Zzg´z{SkÆTÆS:]�z{¬Ðgnp
¸Xc*Pg…zZá6,0+}ƒ**ecåÔ�gnp¸‰S:]6,0+{Æ
´z{SkÆg…ÆS:]Æ�z{¬„Ðgnp¸Xaèt̂g~%µ
~gìƒVÐÔz{¸ƒVÐZq-ÒpÐ**»g{ÔÍŠZgmzgY0+ZgÔXÆ
!*ª]ÃÝgkge~70*ñ‰¸XSg»YIzVäjZ!Šc*ìSyìà
‘‡]»ÔXÆ!*g}~Qy»Z‹yì�z{gì�âè~�ĝg~
ZDwÆXZ¤/Z,³Z**]|~ÔLgìƒDâè~Âz{�3c*Zg1V
~®ZŠ~ZzgZlx~ƒDXic*Š{ZÌÆÒpÐSyÐËÆ

~X6,Z(7åXeZgÌyZKÂ[ Fossil Records !*ª]Ãƒ**ecå
LLZ¤/÷ZÃt9ƒ@*ìÔÂ"ÑgŠgxã : ~zZã™@*ì Origin Of Species

ÐZq-„¤/z\~!*ëÔZ‹y Species ZDw�ic*Š{ŒÛRmgBbƒCÓx
ÆFossil ÞŠ]QyÆ¬z�ŠÅ0*ðY$Ë¶Üs — Æ‚BgìƒD
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!*ª]ÆŠgxy~X1Z(7Š¬ŠHåXóó¾qwÔeZgÌyl!zZ6å�
SyŠgxãZDwÆ~i70*ñYn�XSk!*]ÃZK Fossil Ãð

"Difficulties On ÆnZq-(,~ÂŒÛZgŠc*åXZKÂ[Ô Theory

)!*[(~Qkä–ìÔ�YVÔZ¤/Z0saZ Chapter ÆZq- Theory"

ƒñ�Šzu}Z0sÐ)Ckîg6,D+g+Cé GESÔë7ŠÙCÙ(M®ZŠ~
YVÓxŠg]ZF~~7 —~Fossil Records QyÆ̂g~ZDwÃ

ƒCOññ�Š{Z0sÆXÃëŠÙ�4îg6,XXXXX@*ëSkÃtÆ
ÒpÐ"Ñĝg~ZDwƒ**ecåÔYVë70*D�Š"ƒñi}
~"Ñg®ZŠ~?YVCÙZgMC¯z^ZzgCÙ6,]i}Å½~ƒð7ì
Sŷg~ZDwÐ?âCÙ4]ZÑgn¢Æ‚BªCÙ7™0*D�ÃðSkn
ÅD+g#**xCiîÔZzgtÔ�áh+Ô¹„²£Õä NZzg¤{F,+Z‹Znƒ@*ì�izg
Šêìøg}ÃtÆÜs~X
/eZgÌyÅQy,)‰̂

¾qwÔZ¤/pSg»I”zæÆ‚BÃ]4h4è
IGIG™Dgì�0*ä

z,œ~Æz‰Ð‚g~™*~X@*ëÃðÌˆg~̂~i} 19ÔFossils

Ì70*ðYmX
ÔSg»IzVÆÜseD��i0+Ïi}6,Š¢š5é EGS Fossils Óx

» Derek V. Eger åqª~ªCÙƒð¶XZq-',¤â~âCÙZU*g
!-A?ç
G
E{

!g+ö
: Iå�z{t™@*ìSk|ÃÔZ¤/p�z{z,Zg»IåQÌz{ZÖg™@*ì
ÆOrder ,~ÔWc* Fossil Records LLZq-!*]Q½™‚tWCì�

6,ë0*D�Z7!*g!*g:ÂD+g#Zg»YÆÒp LevelÆSpecies 6,c*Level

»Šzu}Å76,Sk»Èì� Group ÐÔÉ0*D�Š¢š5é EGSQ½**Zq-
Š¢š5é EGSQ½}å̧qª~Ô (Species) ~ÔÓxZ0s Fossil Record

%ËŠgxãZDwÆSyÆŠgxyXt!*]Ç',@¶eZgÌyÆGzŸ]ÆX
´z{SkÆtìZq-¹„¢oÞŠ]�ÓxY0+ZgðG‰

�XZq-„zŸs#�Y0+ZgZ0sQ½}¸Š¢š5é EGSåqª~¾,Æ
‚B%ËSg»ð7åELOZZÆÔìZq-|TÃtHŠHìÔZq-¹„

ÐX Douglas Futuyma 	gSg»YIZzg§»CâCÙÔ
ðZzgSg»YÆŠgxyÔY0+ZgzVÅZ’ZYÐ0ÂzŸ¬»»

ƒYC�XY0+Zgc*Âåqª~CÙ,Æ‚BªCÙƒDi̧}6,c*z}
7ƒñ¸Sk§bX

ƒñƒVÐ°z Developped Z¤/z}7ƒñÔ̧z}
Ðp~ÆÃðÑÇ¿ÐX1ÃËgkgeSkÅÔ™@*ì (Species) Z0s

Z¤/z}ªCÙƒñ¸Zq-åqª~CÙ-Æ‚BÔz}|~ð
ƒñƒVÐË&>.ç NGNZÅš©ðGwf;-$ÐX

eD��Y0+ZgQ½}å̧qª~CÙ,Æ‚B Fossils

i}6,XSk»Èì�Z0sÅZ’ZYeZgÌyÆGz£Æ',ÜsSg»Y
Ð7ÔÉðÐƒðìX
/SK̈ãSg»YÅ¹ã!

Zq-ñçq�ZÒik,cÑc*ŠHìÃtZg»YÆ@*G™äzZßV
Å§sÐÔz{ìSK̈yÅZ’ZYÆ!*g}~XeZgÌyÆ6,*gzV»Šúò
‡ìgLì�ñ�Š{WŠòQ½ZìÈg‰‘‡]ÐXSkßÒã»Sg»ð

ÑÄ‚w¬Ô‰“3ð NEg~ZDw 50@*40 §i¿ŒY@*ì�ÑzqƒZå
ñ�Š{ZK̈yZzgQyÆ{CW!*zZ].ZŠÆŠgxyÔìwHY@*ìÔ�gì
ƒVÐSk{C{Æ~ÔegZ’Zði%{Y]z„Å̂~Š�‰

: �QyÆˆ[Ð
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1. Australopethicus

2. Homo Habilis

3. Homo Erectus

4. Homo Sapiens

Australopethicus Sg»YIñ�ŠSK̈yÆ¬Èg‰W!*zZ].ZŠÃ
Æ**xÐågD�ÔTÆpL†!Z�ÛiÆÈgƒD�XtY0+Zg

|~Š*ÈgÆZ0s�Ô�°iâ:nzxƒ`�ÔZzgÎZñSkÆ
t¼7�X

Lord  So l l y ZÖZzgZ%MÆŠzÎZŅ̃Zòà]Æqï
ä A n a t o m i s t s Zzg6,zWegÅøLWÒge Z u e k e r m a n ,

ÆZ%âV6,§qÝî]™äÆˆeD� Australopethicus

�tÈg¸�Zq-©àÈgÆZ0sÐmgnp¸�z‰ÜÆ‚Bnzx
ƒ‰¸Zzgz}ñ�Š{SK̈yÐÃðx¹7gnp¸XSg»YIÔSK̈ã

Æ™D�ªZq- Homo Sg»YÆ**x6,Šzu~nÆ%³ÅŠgzÈ~�g
~Homo Series SK̈yÆXQyÆŠú}Æ_.Y0+Zg�QyÆÒpÐ

Æ£¨~ic*Š{F,¹c*C�XZg»YIzV Australopethicus WD�Ô
ÃSyÆ Fossils ä¥xHåZq-{CSg»ðSYF,KMŠïƒñZ

~XtSY{C¶YèLÌtU*"$7HŠH Order ‘‡]ÅZq-ºm
ÆŠgxyX C l a s s e s å�z;Vƒ@*åZq-Sg»ðģSyZ

z,œ~»Zq-¹„ZëSg»YIg;ìÔZ‹Zs™@*ìZK 20'Ernstmayr

Â[~X
‰� Puzzles ~�LL{mîg6,@*g] 'One Long Argument'

Æ!*g}~ÔƒD�)©àîg6,Â Homo Sapiens i0+ÏÅZ’ZYc*
ZzgƒYì�8-ö

GW�Wy~³6,V™Ì„:ƒnXóó

Australopethicus>Homo> Æ{Æ‰ Link Chain

ÐZg»YI³Z~.™D Habilis>Homo Erectus. Homo Sapiens

��SyZ0s~ÐCÙZq-Šzu}»7åELOZdƒX¾âqÔqDŠgc*©ZU*§
!-A?ç
G
E{
Zzg Homo Habilis' Australopethicus Ð0tSÏs™D��

g;™D¸™*ÆZ8{ð OV~Zq-„²D~XSkÆ Homo Erectus

H o m o ´z{ÔZq-{m¡SK̈âV»TÅŠgzÈ~ÅYCì�g
H om o S ap i ens ÆÔgì�¹„qDz!VJ-X E r e c t u s

ªñ�Š{SK̈y‚B Homo Sapiens Spain Zzg Neandarthaiensis

‚Bi0+Ï*Zg}�Zq-´‘~Xtª„CÙ¶K0+„™CìSkŠú}
Stephen Jay Æ"»§¡ƒäÅÔ�z}Zq-Šzu}ÆW!*zZ].ZŠ�X

Å-VzŸs# Dead Lock Sk)Dßg]qwªÃtSg»YÆ yauld

z,œ~ÆCÙZzwSg»ð@*G~gÉîV~Ð 20 ™@*ìÔZ¤/p�z{pŠÌ
LLHƒZZzgøg~S̈ÃZ¤/z;V�Zq-‚Bi0+Ï*ZgäzZá&& : Zq-å

R o b u s t — ueZq-„§iÆ{0+ZâVÐzZh�
ÃðÌzZãîg6, H. Habilis Zzg Australopethecines, A. Africanus 

7ÑñYDÔŠzu}ÐSkÆ´z{&uÎV~ÐÃðÌ7ªCÙ
 ŠzgZyX )gD**](QyÆi}6,•ŠÆ Trends ™DȨ̈§bÆZg»ð

ZCSK̈ãSg»Y»{��',ŒÛZgg3Y@*ìZeZgZ"5½ø
JEYÅæŠÐ�

Media CD�¼WŠñÈÔWŠñSK̈yÆ‘‡]ÃZzg�Š3ñYD�
Æfg=Zzg»!Â[~Ôz{ƒƒD�Ô²£Ñõ Nîg6,6,z"{ÆfgZùXt
¼7ƒDÎZñZq-¹ãÆ%Ë‚³ãCŠÆX

Æ¹„	gZzg™r#³] U.K. 'Lord Solly Zuekerman

‚bŠZâV~ÐZq-åÔ�Skñçq6,ï»Ÿ',ÎVYg~g3åZzg
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™@*g;ZylSk Study ‚wJ-Ú 15Å Australopethicus Fossils

z;V6, : ³6,àå�!*z�Š&+Z]pŠZq-Sg»IƒäÆQk»Iå
|~ÃðÌZ(Äo{7ìT~Èg‰‘‡]»ZK̈yÐ
mg;ƒX

Spectrum Of Science ä¯c*ìZq-ŠN Zuekerman

T»ŸQkÐÑzqƒ@*ì�‚³ŒY@*ìZzgQk6,»ƒ@*ì�
)‚³ƒ@*åX

Æ_.ic*Š{‚³z{ƒ@*ìT» SpectramÆZuekerman

ìkWs‚b��¢]Zzg66,ŒƒD — Z®ĝk›ë6,ƒ@*ì
ÆSpectrum �XSyÆˆ§»C‚b»�W@*ìZzgA$�Y‚b»

Wy~u6,Z(8~î OW@*ì�ic*Š{F,)‚³ŒY@*ìX
¦gZ]‰ÔZÑZt — T~ƒD�iZZ+-jZk

ZzgWy~~SK̈ãZg»YX — ªf6ÒpÐg*‚Zzg”8ø L (Telepathy)

ëA$°0�ZzgWÐ : zZã™@*ìQkÆÂù] Zuekerman

{CCðÐQyìk~�§»C‚bªYCìÔ�éiZZ+-jZk
Å@*gõÅF,)yƒÔ˜VzÃŠZgSg»IÆŒÛd$Ë Fossils ƒVc*SK̈yÅ

Ì!*]»Zkyƒ@*ìXZzg˜V6,�dZzgSg»Y6,Z‹ygppzZÑ‰z‰Ü
‡.Þƒ@*ì¢™äFZq-§ŠZ]6,Zq-„z‰Ü~XSK̈ãSg»YÅ@*gõ

Æ!*g}~gBb Fossils ËqÆ‡.Þ7ƒCÔp÷:Âù]‰
ìÔ�ÅŠ}‰‰̧ßÍVÐ�SyÃc*]Ð"‚4Îîgnp¸X
/eZgÌ2Ãgñ!

SkÆ´z{�ëäZ[J-Óx&»41¹ÿ
HEGÞŠ'kCð�ÔëÃZ[Zq-

!*gY,̂{¢8ƒÇÔ¾n»zëSg»YIgnp�ÔZq-VwÆ‚BÔ�SkŠg‚Š{

ì�aÌW‚ãÐ™Mh�X
ÃtSg»YizgŠêì�i0+ÏµìZ·tÐXSk)ëwŠúòÆ
_.Ô"YyZzg"Åg�ZCÙZq-Šzu}ÆŒÛd$WD�¯ä3ÃZzgA$
Š}Ë§b¯‰Y0+ZgÔ/ËwSK̈yÆX…SkÆ!*g}~ÎOƒÇX

Z#ëÑD�ŒÛd$ÁÜÃ�i0+ÏÆ¤8-š¾ƒD�6
�»g0ÔÃ`gkÔ**>zXZzg7N*ôz){ÃÔÜsZq-eƒ‚áCìXSk!*]
Å6,zZ{7�Á%ZiÐteƒ*g@*ìÔt�ZCÙ»eƒ¯7Y8-ö

GW�Zq-
Subject zZuY0+ZgXZ¤/?I™Dƒ…F,KMŠbƒÇZq-Š/Sk

)ñçq(6,ÔZzg…Sg»YIÔÅ§sÐç¤™**ƒÇ�Hz}|~
Šúò™D�Ô%²£Ñõ NZÖp~SÖg™äÆÔeZÌ2Ãgñ!�**xÆ-X

Sg»YIzVÃgppŠzFZq-qzVÃ�ƒC�Y0+ZgzVÅ¯z^~
Ñq-Ô‰Ã`gkÔ**>zXÔ»g0ÔWxÔß;Zzg

!5½54o-ê
G
YEGIGXXXX

~XZkÆ´z{Q7ZŸ†™äŠzSy (Barrels) (,}„V
~ÃðÌq�¬xqÑ]~z�Š7gBbÔ1z{B�SÐ Barrels

Zzg A m i n o  A c i d s ¢zg~XZ7Z™†™äŠzSkZö{~TŠg
~10950 X~ÐCÙZq-g‚rì“W»Sky — z}e� Proteins

6�z{I™D�XQ7SyWözVÃQÏŠgwZg]Zzg& —Æ1

Ð*gäŠ,TŠgz{eT�XQ7häŠ,SyÃ�¼ (Moisture)

)ß81¹Ðö EG»g™Š{W!Ðz{I™D�XQ7gppŠ,ZdŠgzÆ0*ñÆ
‚bŠZâVÃQy„VÆŒÛd$XSyâCÙ+ÃZOg™äŠzZq-ÆẐq-Sy

„VÆŒÛd$Zg1Vc*8-ö
GW�71V‚wJ-XQ7WiZŠghŠ, (Barrels)

ZEw™äÓxnÆÑZ_ÃÎz{¢zg~B�Zq-SK̈yÅ¯z^Æ
nXSk!*]ÅÃð6,zZ{7�z{H™D�Xz{Zy„VÐZq-SK̈yÃ7
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aZ™Mh�ÔHìZq-6,zW�ç¤™@*ìQkÆ3Å‚|#»Z9Z7-
pgŠÎÐXz{aZ7™MhÔjgZsÔªVÔ@ÔigŠg8-Æ&Ò5ÿ ENEÔh̃}Ô
eZ:Ô†[Ô%çZg}Ô.wÆ7Š}Ô»g>Æ7Š}Ô!ÔVn}ÔÂLÔ

LgÔIâIiÔy1i}ÔF,1i}ÔZîÔiìyÔZùgÔLßÔñgÔ^gÔœsVÔÑÅV
Šzu}Y0+ZgZzgm@*]X|~Ôz{)Sg»YI(qÝ7™nZq-3Ì
SyY0+ZgzV~ÐË»ÌX

ZCÔ"Åg�ZCÙ!*ëï™7¯Mh�Zq-3ÌX
z}Ãð*ê7áMh�Zzg:Ë3ÃŠz8{ð OV~$+wMh

�XZzg:Šzu}ZzgŸáMh�X
Zzg:aZ™Mh�6,zWk�¬ZXŠ™D�Z9Z7-pgŠÎÆ

-ÔZzg�Ø`D��âŠ{"Ågƒ@*ìÔ"YyeƒZzgz{i0+ÏÐ
gzÙkƒ@*ìZvÅâ¯tZ[]ðÐX

ÃtSg»YSkÆ',ÜsŠúò™@*ìZq-!**�ÛÎŠ{ìw»�i0+Ï
pŠÐÑzqƒð¶�7g}îg6,z�;]ÆÜsY@*ìX

Sg»YIzVÆŠú}6,fgZ‚ÌÎaXg™D�Ât|ZDg
ƒCìÔ6�ÇZz6,ÆVw~7HŠHì�ÔCÙqðÅˆìX
/WçZzg»yÅ)ßY

Zq-ŠzuZñçqTÆ!*g}~Sg»YI�Z[Š¶Ð‡Ü
�Xz{ìZq-Ñ�Z[ÃZyjZkKÅWçZzg»yÅ^~XISkÆ
*g,WçÆñçqÐ…¿îg6,�Z[ŠbƒÇZq-ÎZw»�ëùŠÙ

**ò6,Š}6,Qy Retina �XgzÝÅÃÑ�Zq-ÚÐWC�WçÆ
qª~°æ

YLC�XŒVtgzÝÅÃÑZ9q-]½5Òø LYE~Ÿ]Æfg=
$+wYC�ZzgB�Zq-gLÐŠ™0îE~�

(Ÿ-@î EGEÆÔ8~î O~ƒ@*ì�

ŠÚ»%œ/ƒ@*ìXtZ9q-]½5Òø LYEŠAYD�Sk%œ/~�gZq-ìw
ÆFZq-§i;ñ¿Ð*gäÆˆXSk&»45Àö

HE
G:©Æ‚B…¼

ÎOƒ@*ìX
(Ÿ-@î EGEgzÝÆn)ñÝƒ@*ìXSk»Èƒ@*ì�SkÆZ0+g

åZ0+ƒZƒ@*ìÔZzgÃðgzÝz;VJ-7V0*Cì˜V6,t(Ÿ-@î EGEƒ@*ìX
Sk§bÃ»%œ/LÌgzÝÐÓk~7W@*ìZzg8-ö

GW�t¹
„@*gq-(ƒ$ËìSkŠg@*gq-£x6,?ÃLY**ƒZƒÇ�áZ+X¾qwÔ?
x@{™DƒZq-ëgZzggz×™*ÃZÏ�}@*gq-ÃÆ%œ/~X

ìw�Ãgxƒ@*ìWç~SkŠg™sZzgzZãƒ@*ì�8-ö
GW�

z,œ~Å)ßY‡.Þ:ƒ0*ð¶¯äSkÃSkŠg™sX}ÔŠdÂ[ 20

Ã�?7,|gìƒÔ;ðVÃTÐ?Â[Ãñ}ƒñƒÔZzgA$QVîZC
ZzgZ§Zs»Y,̂{ßXH?äŠ¬ìLZq-™sZzgzZãìw6� Head

6,Ô�aZHŠHìƒ TV Screen tìËZzg(6,?8-ö
GW�)©àF,¹c*C

Ð(,}6,ze-uÐ™*~Ô7½™YSkŠgZq-zZãìwvg}nX
tìwvg}Wç~0g;ìÔ&¥qZâYÆZgùVÆ‚B)©à

‚wÐic*Š{²DÐDÙZg;Z+B2.ç
E
EGEkÃÒ™Dgì 100 ìwzZãƒ@*ìX

�qÝ™äSkËsÃX»g{äÔzWZqð‡ìG‰Ô̧»°î]
Å̂¶Ôö÷ZzgeiZbSkÑÆ”wÆ{§¯ñ‰¸X

ÃŠdZzgÂ[ÃŠd�?ñ}ƒvg} TV Screen Šz!*g{Zq-
TV ;ðV~X?ŠÙƒz;VZq-(,Z�ÛtËsZzgzŸs#~XSkÆ´z{

Œ@*ìŠz¥qìwOñ&¥qÆÔ˜VJ-vg~W\V»m Screen

zZãZzg�ZðnƒñX c ìÔ?ŠÙƒZq-&¥qÔCÙ¥
 ¥q 3 F‚ßVJ-ÔÑÅVZ+B2.ç

E
EGEkä™*½~ÃlÅ�¯ä
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ÄÔ TV ZzgqÝ™äWçÆÃÅÃZyÃX;VÔz}¯ñ�&¥k TV

†kÆÔtì 3-D ™**SkÃ%Îñ{mnÆ Watch pte7ì
ÜsZq-¡¦&gqX:©ic*Š{™®ÑìÔ7©Š3ðŠêìZq-

ÆéXLÌ7g;ìteaZ™äZq-ËsZzg Paper Setting

ŠzâV~Ôz;Vì¶ìw TV Zzg Camera zZãìwéWçÆìwÆ
ÅX ÆÃZy
Sg»YIŠú}™D��}2x�aZ™D�ËsZzgzZã
ìwÔ¯ñ‰Z̧·tÐpŠlŠX

¯åZ·tÆ³~Ô TV Z[ÔZ¤/Ãð?ÐHì�vg}#}»
ÈÓxQkÆ�ZCÙÜsZ·tÐWD�Zq-Šzu}ÆŒÛd$Zzg¯D

Ã�aZ™CìZq-ìwÔÂ?Hìw™zÐ?ù�ZCÙ™Mh Device �Sk
�tƒ¼�DÙZg;ßv7™Mh�X

Z¤/Zq-ZXŠaZ™CìZq-¹„Z’Zðìw£˜Zq-WçÆ�
7¯ðY$ËìS·tÐÔA$t!*]zZãì�WçZzgìw�WçŠ÷[ì
¯ñ7YMh�S·tÐX¸rð Ng]qw»Z:tƒ@*ì»y6,XÛzã»y

‚|#Æfg=WzZi Auricle Šø7[WzZiÃZK¤/Ä~©8ìÔÛzã»yÆ
Šgxã»yJ-BìXŠgxã»yWzZiÆZg¬lÃ!™DƒñZ0+gzã
»yJ-à@*ìXZ0+gzã»ySkSg¬lÃ',¹]½5Òø

YE
~ps™@*ìZzg

Q7(Ÿ-@î EGE~à@*ìXÇ6�WçÅrð Ng]~ƒZåXA$]4/õ NEE»¿Z�x
0*@*ì

(Ÿ-@î EGE~zZµ]4/õ N
EEÆ%œ/~X(Ÿ-@î EGE)ñÝƒ@*ìWzZiÆnÌ6�

(Ÿ-@î EGE)ñÝg;ågzÝÆnXSkn!*CÙÅcY~eìH„‘ÿ
ENÍh{ƒ1

(Ÿ-@î EGEÆZ0+g7g~§bÐ{ñÙƒCìX@*ë8-ö
GW�ÑWzZi,ÌCkƒC

�c*SŠgZu~WC�(Ÿ-@î EGE~X

]4/õ NEEÅ8ø LSâYìƒCì�Zq-¡qWŠòÑWzZi_è NEYì%
ËƒZðØgc*æZìÆX

vg}(Ÿ-@î EGE~Ô�)ñÝƒ@*ìWzZiÆáÔ?ÍMhƒWgÑZ
Æ‚iÜÃÔ_è NEMh�ÓxWzZizVÃßÍVÐ½~(6,X

zWZg¬ÙÑbÆZ0+gÓxWzZizVÃßÍVÐ½~(6,X
zWZg¬ÙÑbÆZ0+gÓxWzZizVÃCk™MhƒÔêVÅuuZ?Ø

Å¥/¥/Z?Ø¾T!ZzœWzZi]4/õ NEEÆœ6,WzZi» Jet Plane Ðá™
vg}(Ÿ-@î EGE~ËW!ÐeöHYnÂ¥xƒÇ�Skz‰Ü(Ÿ-@î EGE~ Level

å{ñÙYðƒðìX
ìwÆÒpÐZ(„¼ƒ@*ìÔ‚ßVÅ»z$h4è GIGÜsƒCg„�

ZkÃÒ~aZ™äc*Šz!*g{z�Š~ÑäWzZiÃ�ZÝÐŒÛRx¹gBb
ƒXSyÓx)ßYZzgDÙZg;Z+C42.ç

E
EGEGkZzgâCÙ+ÆÃÒ~Ñg$Æ!*z�Š

ÃðÌWzZiZ[J-qÝ7ÅYmìÔ�gBbìQâ„ËsZzgzŸs#
bo-.ø
H

ÆZdF,+ Hi Fi 6�ZÝWzZiªYCì»yÐẌg™D�
ÃZyÃ�aZÅˆì(,~vÐWzZi)ñu(ÅÅ~X

8-ö
GW�ZyZXŠZ]~Z#WzZigkgeÅYCìÂ¼Sk»8~î OÅY@*

)ÏÔ‚NÔ Hissing Ñzq™D�?å]4/õ NEGƒ Hi Fi ìÔc*Z#L?
ÎVÔ(ÅWzZiñuÑzqƒäÐ¬X¾qwÔZCWzZi,�qÝƒC�
SK̈ãŸÅ)ßYÐƒC�)©àËsZzgzZãX

ÅWzZi Hissing Zq-SK̈ã»yL7ÇÐ™0*@*ìZq-WzZi
Åßg]~ƒ@*ìX Hi Fi Æ‚Bc*™ÒƒZðÅWzZiÆ‚B6�Zq-

OñZkÆ»yù7ìWzZiÃZÆ~ËsZzgzZãX
tì§iÔZ(ƒ@*g;ìSK̈yÅðÆˆÐX
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W`J-ÌÃðSK̈ã;ðVÐ¯c*ŠHÃ~c*gkge8-W!7g;ì
ÃA�ÔWçZzg»yƒD�X Sensory Data SÚˆkZzg»x[K

TÔ˜VJ-ŠÚZzg]4/õ NEE»mìÔZq-(,~CðƒCìZyƒÐ ¾
WÐ'
/Åg�Š8ìZzg]45é NEGì

(Ÿ-@î EGE~¾qÐ0ƒ@*ì
ÃyŠ8ìZq-F,(z’øÅ™*ÃŠâr~Ô]45é NEGì‚iÜÃZzg

6,0+zVÅ¦?ØÃZzg†[ÆYwÅpÒc*]ÃX’k]WC�Zq-¿Å
Electro- W\VÐÔ»âVÐZzg**uÐ�YD�(Ÿ-@î EGEÃ�gZq-

Æ§»]ÔDZÑ¡IYZzg!*-d~ÅÂ1V Chemical Nerve Impulses

~?0*Mhƒ¹¼¬]!*g}~�ùtìwáCì
(Ÿ-@î EGE~X¾T!?

LÌSyÂ1V~Zq-¹„Zë|Ð**zZ6gT�Ôz{t��B
Ã�gìÑ]ÆWzZizVÆÔ Electro Chemical Impulses �Sy

pÒc*]ÆÔ-zZu]Æ(Ÿ-@î EGE~Ôz;Vƒ@*ìZq-Åg(Ÿ-@î EGE~�&ìt
ÓxZˆ‚]Ã%ìwGÃð¢zg]Zq-WçÅÔZq-»yÅZzgZq-**uÅX
tÅg¾Ð0ƒ@*ìXSk~Ãð—7�tÅgZ¡[Ð07

Ð�
(Ÿ-@î EGE¯@*ìX¸zzì� Neurons ÐZzg: Fat Layer ƒ@*Ô:

eZgÌãâŠ{6,„�ZNŠgnp��CÙqâŠ{ÐµƒCìÔSyÎZßV»
Š}MhX �Z[7
YètÅggzbƒCì�ZvÐaZÅˆìÔTÃ:Â¢zg]ì

WçÅŠÚìÑ]ÃZzg:»yÅ]4/õ NEEWzZizVÃXZzgWÐYNÂSkÃ:¢zg]
ì
(Ÿ-@î EGEÅÎWÆnX

ÇÔ CÙÃð�7,kìSkzZã,ÃZzg‚³|Ã̈g™@*ì‡Šg
ZvÆ!*g}~ÔegCk™@*ìZzgC{â‡ìQkÅCÙ§bÐXZvŠZ"g3

å‚g~»Ñ]ÃZq-¹„özŠz@*gq-F,+`~ÔZzgZL¬Ð!*‡°{
îg6,1Šc*å»Ñ]ÃÔ&¥qg4Ô‚tÜZzgëĝ~X
/Zq-âŠ{6,„»o{!

¥â]�ëä7Å�Z[J-eC��ÃtSg»YZCz�Š
W×W×ÅŠêì‚³Šgc*:VÆ‚B‚BXÃtSg»Yi0+ÏÅZ’ZÐ
0Ô‚bÐ_“7g‚rìÔSg»ð}2é�ÃtZg»Y7™@*ì

ªCÙ™D��Šg»gŠgxãZDwLÌ7 Fossils Sg»ð¤‰Ü7gnpZzg
0*ñ‰}̧Ì5ZÇV~XSkntDîg6,ŒY@*ì�ÃtSg»YÃ
)‚³ìw¤/ŠZ…ƒñZq-§sUŠbecX6�ùFZq-¦gZ]
‚bÆZ¤}ÐïwŠñYDgì�ŠzgZy@*gõ~X¾âqÔÃt
Sg»Y~i‚³Z¤zV~�áïìXYè‰ßv8-ö

GW�ÃÒ™D�
úÒÏ™Dƒñ�W,�SkÃtÆÜsƒC�Ô�gZq-‚b6,
úÆáZŠsìXYèSkÅzztì�tÃtZq-**¦/k,¢oo{ì‰
òV~XtôWçò™ZLW\Ãc.ç NFŠ™`�âŠ~#;ÃZzgLîg6,
ZLn¯1ìeZgz"2.ç GEGExÃZCƒ¼Yèt„ÜsâŠ{6,2V»zŸ‚â~.

ì�7HYYìŠg]ÆbCÙÅzŸs#ÆnX
»°ŠN!*]tì�z}ZDwÌ™DgT�ñµ/ñµSk

Richard |»XOçZq-	gÔDÂZW,zgZV$»âCÙZzg"!*uZg»YIÔ
�;gzgeÆYeÐ0g;ìJw™@*ì�z{ìLL¬Zzg C. Lewontin

ƒÐWÐZq-âŠ{6,„ZzgA$‚bŠZVƒäÆÔSySg»Y6,2V»I
ì�Z(7ì�§jZzgZŠZg}‚bÆ…6g™D�J%Zq-âŠ~
zŸs#ÃbCÙŠg]Ð½~™*Æ!*g}~ÔÉSkÆ',ÜsÔëizg
Š�YD�øg~Zq-¬ÅzZÕÐ�ëÃâŠ{Ð¶ÔZzgz{zzk ìaZ
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™äZq-óÑÇ¿Zzg¦gZ]»ù·Ô�aZ™@*ìâŠ~zŸ¬»ÔSk!*]
Å6,zZ7�X§Š~îg6,z].Zãƒc*%æFNZuZgîg6,çgsÐ**WÙX´z{Sk
Æz{âŠe$ÇìÔZknë}.ZðŠxÃQk~ŠZ47ƒäŠ,ÐXt
z�zZã-Ò**]�eZgz"2.ç GEGExZq-¢oZ‹yì�g3ŠHìi0+{Üs
âŠe$ÐzZÕÅ{§XtZ‹yeág‚rìâŠ{ÃYVz;V6,Z(Ãð7

ì�âŠ}ÃX0*@*ìX
Sknz{c™@*ì�"YyÔ"ÅgâŠ{aZ™@*ìi0+ÏXeZgz"2.ç GEGEx

izgŠêì��3ZY0+ZgZ0sª6,0+}ÔTÔjgZsÔèÔ3Z]ZÑgnÔ
Z¼gÔYwz45Òø XGZzgSK̈yz){z�Š~Wñ�ÔâŠ}‰¤/Cƒð!*glðÅ
Ã0+ZzgŠvâŠzVÆŠgxy!*ëŠv»g™ŠÏÐXtìZq-̧w�ÜsY@*ì
z�;]ÆZzg‚bŠzâVÆX@*ëeZgÌyÆ6,*gÃtSg»YÅ@*GYg~
gnp�Ô@*G™**SkÃÜsSk§bÐ�Ãð}.ZðŠxQyÆŠgzZi{~ŠZ4
ƒä:0*ñÔªð»¿Ëßg]U*"$:ƒä0*ñXCÙÃð�Y0+ZgzVÅ
Z’ZYÃâŠ{6,2VÆ÷:̀ÃÐŠ97eLÔz{Š8ìSk|Ã�
ÓxY0+ZgZq-{ÛÆaZ™Š{��‡ŠgÇìÔƒÐZdœZzglìX
t{ÛZvìTäaZHì‚g~»Ñ]Ã�¬L:¶ÔQkÃeiZíHì

^~ÔZzgÓxY0+ZgzVÃ"upzgCÆ‚Båqª~¯c*ìX Z•ðå

/ÃtSg»Y™*ÅƒÐic*Š{!gBðEg±è NE¤‰Ü
CÙÃð�ƒÐWiZŠìZzgË{m§i„Ð"Ç:ìÔZEw

™@*ìpŠÅ™ZzgyÃÔAîg6,&ì�ÃtSg»Y~ZNŠÑ@*ìŠâr
~�YÂø]�7gnp‚³c*CR¥â]ÔÉ!****
]~Ð
ƒD�X6�ÔTg~zŸs#ÅˆìÔ�o{gnp�ÃtSg»Y
~Ôìw™D��PZq-�ZCÙZzg‚ãZq-zW£x~1Š�‰ƒVÔ

z}aZ™Mh�ÔÎWzZáZzgfZg6,zWkÃZzgYç]ÆCYÃÔ
ŠZâVÃ‰ZüîíZzḡÒ5ÒðGÃÔZ,Wg$h4ø

HHÃ‰6.«ç XE}$ðENÇg]Ô‚Ñ ‚b
�ÛZ7-Zzgß(â0*zZgzKÃZzg‚B‚B!*gZêz){Y0+ZgÔ˜ÆŠg|#Ô»g>
Ywz){m@*]X6�‚bŠZVÔ6,zWk�¢gnp�Sk™!*]6,Ô
ƒD�½c*CßvÔHQyÆntI!**oƒgìÇSkÃtÆ
!*g}~�t™*ÅŠgÁ¤‰ÜìX‚.~LÃðŠzuZìwc*¦gSk
§b·7áŠHåßÍVÅKÅ¤!VÃÔHQkz‰ÜÆâèÆfLßv
ZïgG¸ZYi]Š¶ÐQyÃÎWÐf;-$ZzgyÐÔZzgHÖñ
gnp¸CðÃßÍVÐÔÍc*�z}ZKW\V6,÷!*0+|g¿ƒXtSg»Y
IzV»§i¿8-ö

GW�ic*Š{yZ[ìZzg**‡.Þ¢Z0+J6ì£˜Qy
Å7YH™DÔ̧c*Z�Ûi Ra ^-VÆ§i¿Ðz}�QyÆÎg`}.Z

ÆßvÆ�Îg` Saba Å7Y™D¸c* Totem Æ‰8{ð OV~�ßv
ÆFÆßÍVÐ�ZL;ðVÐ¯ñ (as) Å7Y™DÔ̧c*9Z',Z+

ÆßÍVÆ§i¿Ð�̄} (as) ƒñ"3ðENGVÅ7Y™D¸c*9ñ.
ô}Å7Y™D¸X

|~ZvÂzŠÑ@*ìSk™ÅøzòÅ§s�ZvŒÛWy~F
Wc*]~ªCÙ™@*ì�‰ßvÆŠâr±5å NEƒD�Zzgz}CðÃŠÚÅ

: ¤‰Ü7gnpXZy~Ð‰Wc*]øDfs�
LL¹eZßZzgQZ#QrVäeZÑÔ!*0+|Šc*ßÍVÅW\VÃZzgQyÃ

(116 )Îg{Z²ZsÔ          egZŠc*ZzgÑñ(,ZYŠzXóó
6�ëäŠ¬ìÔ�ÛúyÆYŠz¤/CÙZq-ÃŠð�Š¶Æ‡.Þ

Ð?Ø™Zzgz{�Qk6,ZNŠgnp¸X¾qwÔQkÅ (as) ¸X|]ñ.
ÞŠ]ÔÂheZàYŠzÆZW,ÃÔc*$ºÿ

ELeZà�¼�z{Šð�Š„G¸X
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Zzgëä¬5ñ.Ã�eZwŠ}ZL¡ÃÔÎz{=Îè3�‚8-
QrVä¯c*åX:ªCÙƒŠHhZzgßƒŠH�¼QrVäHåXóó

(117,118 )Îg{ZwZ²ZsÔ
6�ëŠNMh�ÔZ#ßvYä�Zq-YŠzQy6,HŠHåZzg�

¼�z{ŠAÜ̧sZq-Šð�åÔ�ÛúyÆYŠz¤/ÅŠ~¶ZK‚ÄX
ñ�Š{ŠâV~ÌÔZ#J-�z{�ÔZq-SÏnÆYŠzÆZW,~

ƒD�)ÃtZg»YÆZW,~ƒD�(¢gOÐSy5&ŠúîV~
�QyÆ‚³ï~ƒD�Zzg*ZgD�ZKi0+ŠHVSyŠúîVÅ
æZf™DƒñÔgnpƒñQyÆÂøCZNŠZ]ÆÔz}Ìf?ƒV
Ð²7g~CðQ½™WYCì‚tZzgYŠz»HI^Y@*ìX|~

: ZŅ̃Zòà]c*CÔ',¤â~'Zzg#â̂C!¹é O§`äÌtÒyŠc*ì Î
LL~pŠƒV!*ZOŠ�ÃtSg»YÔ{mîg6,TuJ-Sk»¿ŠgWæ

~ÐZq-w~@*gõÅÂ1V~ÔWä Jokes ƒZìÔƒÇFZq-(,}
zZàhª]iŠ{ƒVÏ�SkŠg**‡.Þ¢Zzg**‡.ÞZ±gGz£JÑYY

ì!*ŠÁéZ3**‡.Þ¢ZOŠÆ‚BÔ�z{g‚rìXóó
z{w¼Šzg7ìÔ',Ü½SkÆßv¢„ŠBÐQk
ñµÃ�7ìZq-}.ZðÔZzgŠBÐâèÆÃtZg»YÃ$+F,+�Ûd$
ÆZzgS•ðç**uYŠzÆ™*~Xz{H¬Ð„!~ÐQ3Ñzq
™g;ìßÍVÆuzVÐŠ*½~XFßv�ŠÙ�SkÃt»Ç
n{ª]Æ‚BÀ™gìƒD��ùz}LÆú`¸Sk
ÃtÆ81ºÿ FNE~X

LLz}1áÔ0*uìÂÔëÃ¥x71AëÃ1c* : We$7ì
(32 )Îg{•{Ô ìÔ"—Â„ZÝY+zZÑÕzZÑìXóó

 Tashihli Resimalti /
SÏÒpÐßÍVÆZNŠZ]�1ÄVÅ7Y™D¸Z[Yä

YD�ÐZzg**‡.Þ¢ÔSÏ§bÐeZgÌyÆâ+zZßVÆZNŠZ]
YyÔ Ì�¡**‡.Þ¢ÔeZgÌyÆâ+zZáZyYä~ÔZ·‡]Zzg"

ÑÅg�ZCÙÃB��gZq-!¤‰ÜÆÔZzgSkÑLZNŠÆZ,›wz
YyÐm�6�Z¤/Zq-è<ØÐƒ@*ìZNŠX
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