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Table 1 ).2 ·nll: n:llul.Jr c:k·nH:IIts uf wholt- blood 

Cell type Site of proJuccion Typic.::1l cell count (1- 1) Comments and function 
----- ····- . - ---------------- ·-----· --------------------------

Erychrocyc~s ·(rcJ cells) 

Leukocytes (JiiTcrcnci:~l count) 
Granulocytes 

ncucrophils 

cosino?hils 

· bJ..Sophil.s 

Asranulocyccs 
monocyces 

lymphocyccs 

Placclccs 

Uunc m:~rrow 

Bone r;1:~rrow 

Bone mJrrow 

Bone m:~rrow 

Bone m:~rrow 

Bone m:~rrow, lymphoid 
tissue, thymus, splccn 

Uonc m..1rrow 

~X 10 11 (mcu) 
4 . ~ X 10 11 (women) 

7 X JO? 

5.0 X I 09 (10-7~%) 

I 00 X 101
' (1-0%) 

4 0 X I O" (<I %) 

0.4 X 10? (2-10%) 

1.5 X 10?(20-45%) 

2~0 X IO'' 

Tr~mporc of OJ anJ COJ 

P!ugocyc~ngulf b.Jcccria and ocher forrign 
· p:u-riclcs 

Congregate around sites ofinAJ.mmJtio~vc 
;~ncihisr:~minc properties; very shore-lim! in 
ble>o<.i . •• - . . 

Circubcing mJ..Sc cells: produce him . .minc 1:-Jd 
hcpJ.rin 

P!usocyccs, become m:t<ropfwgcs when th::-y mit:r.~re 
to the tii.SuCS 

ProJuccion of .ncibodics 

Aggrcl:acc at si_ccs of injury anJ initiltc: ~tlC~ 

.... 

Nocr: ch;H, .,..h,lc ITl<"Jn nll.IC1 Jrr: ,~:ivc:n, chc:\C Jrr: \uhjctr co comiJc-r Jblc inJividuo~l vo~rio~cion. 10c Jpptuxim.Jcc pr:n.cnrJgc of i nJiviJLUlty['C1 of lr:ukocyrc- &n: .<ivm .frr:r the 
numh<:r per li!It'--<his is nllc-J rhc JifTc:rcncio~l whicc cell counr. 

. 
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i r. 



,, 
\ ' 

·en'!+ 
Mg2+ 
·cl- · 
HCo3- . . . . 

Phosphate (mostly HP04
2-) 

so/-

142 mEq/1 (11\2 mrnol/1) 
4 mEq/1 ( 4 mmol/1) 
5 mt::q/1 ( 2.5 mrnol/1) 
3 mEq/1 ( 1.5 mmol/1) 

'10'/ mEq/1 (10'/ mmol/1) 
27 mEq/1 ( 27 mmol/1) 

4 mEq/1 ( 2 mmol/1) 
1 mEq/1 ( 0.5 mmol/1) 

r-·-----·--------~~~~~~-----------------------~ 
GtJ:;os .. ;·~ .. :.\·~<\·;:Y<.' ' : ~ .::.· ~ .: ,: ·~ ··' about 1% of plasma · --~ 

:.~; .. 
GO ml/1 00 ml pl<~smn 
0.2 ml/1 00 ml 

·. 0.9 ml/1 00 ml 

I 

Nutrionts .'·:: :'.:' .•. ; · .. · ~;. > . , · · • about 3% of plasma \ 

~------------'--------'-----------------·---· -1 
Glucose ond other 
carbohydrates 
Amino acids 
Lipids 
Cholesterol 
Vitamins ' 
Trace clements : ·. 

:. . . ... . . ~ . . - ~ ..... ,.\t•'"' :.\ :.o:•:·· .. : . · ·.·.~ .. :.•: .f .. 
Wm;to products ·.;· .. :· .. ,>_• . _.,. .. · . 

100 mg/100 ml 

40 mg/100 ml 
500 mg/100 ml 
150-250 mg/ 100 ml 
traces 
traces 

lJbout 1% of plasma . . . ·' ·· ' 
-·~~------~--~~~~~~--~----------~--------------

Urea 
·. · Creatinine 
. . Uric acid 
- Bilirubin 

' . . .. ~ . 
\ ·. '• 

·:: .. ' 
.. · ..... . , 

• .• . , I 

<20 mg/1 00 ml · 
· <1 mg/100 ml . 
5 mg/100 ml 
0 .2-1.2 mg/100 ml 

Proteins 
· .';• . , .:. 

._ , ···.·:.· G% of plasma (2 .5 mmo/1 1) 

Albumins 
Globulins 
Fibrinogen 

;:· ·:· ... H~~;nones ... 

..... 

. ' 

4.5 g/100 ml 
2.5 g/100 ml 

. 0.3 g/100.ml 

.·.;·. traces 

~·--------------------___;~--------------------·------
•concentrations tor some substances are expressed in both millimoles 
(mmol) and mill iequivalents (mEq) . One millimole is one-thousnn··JII1 ol 
o gram molecular weight or a substance. For substances that have a 
valence or 1, mEq and mmot are equal; for substances that h3ve a 
valence of 2, 2 mEq equal 1 mmol. 

:. 422 · .Homeostatic Systems i } 
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- Ji~ure 15-7 
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pH 
vnluo 

0 

1 

2 

3 

-4 

. t ., • ;··; · .. ~ 
Cxamplou .·.·: ~· ·.::~: .... :· • .. • ;H'I): 

' ~I • : • ( ; • • • .~_~: :' 1-'.·, : • .. : 
... . ," i . ~ : t ':·, . • ;·,, ;· ': -;~~ :· .. ,.. . l .'! .• I ~~' 

·' · •. . :.i. ~ ·~ 'i:·:: ·.~·!' ' ' !l/ . : ~. : . :.'; :· .•. ~/ .. :.~~~:.}; 
I. , I ,' . • • 

0
1 

. ' ···.• . ', ~;; ' . ~. :::;::/~J 
- GL· aatrlc

1
Ju.Jco (~\~f!IOCh), · ·.~ · : ·,.~;r··:·~·: .. ~: j 

~ oman .u1co - . . !:- .. ··: . .. / ' ;r•·:~,:;:l, 
" . ; • • ' ; ·· .. ! ' .! • : .... .... :; : ~·::·i!i;:J .. . 

~ Vinogar, boor.' wino, sort drinks·.-:· :~ 
- Snuorkraul · · 1 . • ·- • ;• · ·:·. • ·' . ~.:-_ 5\'-l 

! 'i ,' ; • ' I : .: I I .1 ;' .. ,~ 

--Tomato julco .' , ,_,. ·.· · .:;--: !· .• ·::;::·;J 

5 

6 

I . • ·. • . • : I ~· I l ,. • • • :: ~,.1 '· L1 
-Black coffee ·· . . · · · . · ' ... • .. > .: 

- Rain~ator .... :.:,' :· i: ; .. ':~ ·;;:\\:;',. ;; .. ·; .. ~:{(;;A 
·' 

·: :'•i; ·-;· , , ,,· . . :: • :>~:~.~}; 
-saliva . ! '·! .. 1, . • 

- Distillod wator 
-- Human blood 

I : 1 1 ', • \ ~ •• \ f, · '1 •ol, ~ 1 r ~ 

• . ' ' • ' I I • • ,·\· ~· · , ·:· · '. ••• . ; .,··.:~i ~ ~ .' . ,':.<,\"' \ .. ,~, : • ' "' . ~ .. r :_ -- Seawater ' .. .... 
- Baking soda: :.,::!' ::: ... :: : .r~.:.. ~ ~ ..' . ',., ·.~!.;.~~~J 

stomach antacids .' 

- 10 
t ol I 

- M1IK ol maonoclo . . ' ' .. 

13 

- Ovon cleaner 
14 

~ ...... ,•, ~ ....... 

Comparison of pH Values of Common 

\ \ -------------------=-------/ 
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0 

(o) 

Death 

{b) 

6.8 6.9 7.0 

I ~ 

pH 

Vonou5 blood """ /Arterial blood 

7.1 7.2 7.3 7.4 7.5 7.G 7.7 

pH range compatible with life 

7.8 . 7.9 

~ . ~I 

. \ 
' ~ ·, . , "\ 
. I 

.· ' . ... 

' .· .,·,. ; 

• .. • l 

Death :-, .. ' 
' I ;" I _ ~; ~ / 

; :j . · . i 

8.0 

~ l 

- :Jigura 15-6 pH Considerations in Chemistry and Physiology ~ . , . , . 
(a) Relationship of pH to the relative conc~ntrations of H• -and base (01-l-) under chemically :, 
neutral, acidic, and alkaline wnc.litions. (b) Plasma pH range under normal, acidosis, and 
alkalosis conc.l1tions. · 
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The blood is a. vitul vehicle of communication between the 
tissues of multi-cellular organisn1s. lcs numerous functions .·· 
include the following: 

( 1) Jclivery of nutricntl fron1 ~llC tu tiuucs; ... ·, 

(2) HU¥ exdwn~e: the <.:urriu,L(e or oxygen frwn th(.• lung" co 
the ti&iOues. unJ <.:urbun dioxiJe (run& cllc ci~>sue& co ell'-· 
lun()s.; 

(3) .transport of the wasce produces of metabolism from the 
sites of production co che sices of disposal; 

(4) carriage of hormones from endocrine glands co specific 
target tissues; and 

(5) protection against: invading organisms-its lmmuno
logical role. 

.. '• 
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Tabfc 13.1 Principal coruriruencs of r ,~c pb.sm;!. 
-

Corutirucnt Qua:n_cicy 

w~ 94.5 
- ' -

llic~te l:S 

ChlOride 105 

rooep..ruc p.~e 1.1 

. COCium . 25 

- Y'~wn 0.8 

PCJO:ciwn 4 

Sodiu::l. 144 

Hydroscn i-x..s 40 

G!~ 4.5 

~~c:rol 2.0 

f;~..-:y xic:s (:o~) 3.0 

To-::r.I ?f"O{tio .-· i0-S5 

Al~-nin 15 
a-Giroulins 7 

p-G 1 ob..J I i m I H.~ 

rGiob-.Jlica 10.6 

fl~sc:n 3 

Prochro.":l!:>!n 1 

T:dcrrirl 2.4 

-· 

Units 
-.. 

. " ,_, 
-n;·~~~~-1 

mmof~ 1-1 

mmofc11· 1 

mmo!cs 1-1 

mmofc:s I- 1 

mmofts 1-t 

mmo!csl-1 

nmole1l" 1 

mmoks 1-1 

s J-1 
s ,_, 
s ,_. 
J' ,_, 

"' ,_. 

"',. 
b , .• 

s ,_, 
s ,_, 
b ,_, 

Rcmuks · 

Imf.c:,rant (or the cu.rd"llf.~of COJ 11nJ fur 1 I· buffering 

The princi~l c~tr~~~~~~~-:~·ni~n 
-"'· . \ : . 

This is ror~ c:dcium; ioniz..cd ~cium is tibour 1.5 mmolcs 1-1 

Thc princip:1l cxrf;lccllubr cocion 

This corm ponds to g pH \"Uluc uf f, 7.4 

J.hjor source of mcc:~bolic cncr.sy, ~rticuh .• -!y for the CNS 

Princi[QI protein o( the p!ll5mJ; binJs lwr::~o:-acs onJ fiH ry ncids 

!mmunoslubulins (unriboJic-s) 

Blrod cloning 

BICXJd clorring 

I ro:1 ti.U'.s port 

Xcr::c t!-:.11 :l,-.c n:~n ~rr lj)'n:timJI(" mon nla>C' JnJ th.>: (T("n in hr~idathrrr ll lllr.\aJcrJ!tlr an-.h aJuJ! \".Jri ~ rion. 

r 11 
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The conccntnition of osn1otically active particles 
is usually expressed in osn1oles. One osn1ole ( osn1) 
equals the graxn-n1olecular weight of a substance 
divided by the nun1ber of freely n1oving pa1iicles that 
each molecule liberates in solution. The n1illiosn1ole 
(mosn1) is l I 1000 of 1 osn1. 

If a solute is a nonion1z1ng con1pound such as 

glucose. the osn1otic pressure is a function of the 
nun1bcr of glucose n1olcculcs present. If the solute 
ionizes & forn1s an ideal solutiot1, each ion is. ~u1 
osn1otically active particle. For exan1ple, NaCl would 
dissociate into Na+ & Cl- ions. so that each mole in 
solution would supply 2 osn1. One 111ole ofNa2S04 

would dissociate into Na-, Na+ & S04
2
-, supplying 3 

OS111. 

The osmolarity is the nun1ber of oson1oles per 
liter of solution- e.g. plasn1a whereas the os1nola.lity is 
the nun1ber of osn1olcs per kilogra.111 of solvent. 
Therefore , osmolality is affected by the volume of the 
various solutes in the solution & the ten1perature. 
While osn1olality is not. 

... 
' 

The freezing point of nonnal human plasma 
averages -0.54 °C, which corresponds to an osn1olal 
concentration in plas1na of 290 Inos1n/L. Solutions that 
have the san1e osn1olality as plasma are said to be 
isotonic : those with greater osmolality are hypertonic ; 
& those with lesser osmolality are hypotonic. 

. : ' 
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The circulating blood volume is nbouc 7-8 per cent or body 
weight, s_o chuc for u 70 kg man blood volume wjll be nrounJ 
5 liters, bu( for a newborn ~aby wci.ghing 3.2 kg (7lb), blooJ 
v o lu n 1l' w i II on 1 y b c n r o u n u 2 5 0 m 1-n n i n1 p or c u n t poi n c co 
rt•n)l'lnbccr whencon~idt·rinR u blood trnnsfutdon un u )\lnl\ll baby, 

:r{J\t any on<: cin1~, ussuming u blooJ volume of Slicers, ubout 
· _Ll i t c r w i 11 be in t h c 1 u ng s, n bout J} i t c rs in the s ys c c rp i c venous 
; Cfrculntion uncl the remaining liter in the heart,-;systemic 
1 . . . . ... ' '· .. ~ .. , 

L i __ :·· ·:~,~-~~c-~r~~~~ ~r~c~i~lc.s,_-~D~~.{~~~i}lari~~ -~ ..... ~~:~}~;lf~t~;; ·, . : __ :;_~- . . _ .. 
j ·,<:•1 · :~·, .. -- - -·'. \-.:.;. . ~ · .. . ·:, .·,· -.:~~; .... _~ ; "(;;'· ·:' · --. . .. J;. . .... 1;:"~,::7~"~{F1.rl~;": :,-',':· ,·.:. - ._· j 
;~_:::::::-:.::·~~- . ~ ·=~ -_: ~ . .- ~:-. - ~ -~ , . =-- ~; · _·- ~.\--:~~-;_;·~-... :;::.·:~- - - r(} __ . -.--> ·: __ •• '.: ·~:. :-' ~~-~1-~·-~ . ·: ;.·, '. \ -~ __ . 1 

J. .. ~ ,.·_ -.. 
: . - . . . .; . -

--- . . - - -·- · 

' T II 
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Table 9.1 Approximate· · · ·:· -~··:.: :·.: _.~(~- · 
percentage distributiQn .· of the·· .: · : ·· 
blood volume in an adult at 
rest 

, · 

. 
- 3 •:su 3 • • :=sa:s• ..... a sw;;::ws 

Veins 
·) Arteries 
' I 

1 · Capillaries 
; Heart l . . . . - . . 
1 , Lungs 

65°/o-75°/o · (.t: ~~-A< 

1 0°/o-15°/o ( ,: ,.j.'··: ,, 

50/o 
50/o 

10°/o 
l II 

I 
I 
I 
I 
I 
I 
I 
I 
I 



VARIATIONS UNDER DIFFERENT PHYSIOLOCAL 
CONDITIONS 

1. SEX: for males the blood volume is 10% higher than in 
females. This is due to greater number of RBc. 

2. PREGNANCY: B.V. rises due to increase in both cells & 
plasma. In pregnant women B.V. increases on the average by 
about 20 to 30%, in the last few weeks of pregnancy. 

3. MUSCULAR EXPERCISE: It raises B.V. probably due to 
contraction of splee~. 

4. POSTURE: In erect posture there is about 15% diminution 
of total plasma. It passes out into the tissue spaces. 

5. BLOOD PRESSURE: Rise ofB.P. lowers B.V. by 
pressing out more fluid into the tissue spaces. 

6. ALTITUDE: At higher altitude the B.V. will rise. Due to 
hypoxia the number ofRBc will increase. 

7. ADERNALINE INJECTION: Raises B.V. probably by 
contraction of spleen. 

- --------------------------------
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lhQ pJasrna prot~ ins <jel.,era11y ate synth-esized by ihe \ill~r, 
Vl.dh the e~c.epiion of the. 9amma 'fobulia1~., which aYe pro
d\Aced \)' \yrrap"o(J~~· 

~---··· · _. ___ ... 
.. --
Summary of the functions of plasma proteins 
1 Transport functions (a- and ~-globulins). 
2 Defensive (immunoglobulins). 
3 Reserve of body proteins 
4 Osmotic function (albumin) through control of the 
exchange, 'Jf fluid between blood and tissues 
5 V 1scosity of plasma is due mainly to fibnnogen and 
glob.ulins. 
6 Fibrinogen is ~he precursor of fibrin In the blood clot. 
Prothrombin IS an a 2-globulin and most of the remaining 
clotting factors are ~-globulins. 
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·0-Non-nucleated circular _ bicon~av~ di~~ _s _~ape. 
_"_ @ : :; They change s~ape remarkably as the ce~is pass through the blood vessels. 

, . . ' 
. ·' 
.. ·MAXIMUM 

~ , THICKNEss· 
... .. 

--- ~- ... -T 
; ·-.. ~· ._;, ... , . 

. . 
2. -~a ± 0.27~m-· 

._l_ 

. ~ 

. 
:-: · :: ·, M I N I MUM . 

.. THICKNESS 
: · · . 0. 8.1 ± 0. 3 ~ }.! m : 

• ,,•OMo ... _ 

, .. 
. ' . 

, • - ?. ~ .~ t 0. 6 2 v. m 
· DIAMETER 

. 

SURFACE AREA . 
135 ·± l6 - ~rn2 

FIG. 4·3. DimenSiorls of i1 eros; section of the erythro· 
cvh• hi Isotonic soluii;Jil. V.llties ilie IIH.'illlS ± oJ.H! sl;u'l<l-. . . 

aru deviation. ~(J 

~ 
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1 

Appfoximate Concentration$. and Daily Production Rate~ c;>f Peripheral. J 

Blood Cells · - • · ·· · · · 

Cell Type 

Erythrocytes 
Males 

Females 

White blond cells 
Granulocytes 

Monocytes 
Eosinophils 
Basophils 
Lymphocytes 

Platelets 

Mean Concentration, 
per microliter 

5.4 X 106 

(4.7-6.1 X 106
) 

4.8 X 106 

(4.2-5.4 X 106
) 

4500 
(2600-7000) 

300 
150 
40 

2500 
(1500-400D) 

2.5 X 105 

(1.5-4.0 X 105
) 

Daily Production· 
Rate, per kg 

!body weight 

3.0 X 109 

1.6 X 109 

1.7 X 108a 

Variable 
Unknown , 
Unknown 

2.8 X 109 

Values in parentheses are ranges. aBased upon assuming production rate 
equals blood turnover rate and using an intravascular half-disappeara~ce j 

~me of 8.4 h. , 
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figure 4-1. Relationship-' of age and sex to the hemoglobin 
content, red blood cell count, and hematocrit of the blood. , I 
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Fig. 12.2 Bone-marrow production lines. B, basophil; 
E, eosinophil; N, neutrophil. 
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Causes of vi1amin B1'l. d.~f'ctel\Cy 

1· VEGANISM 
_ ~ JltA LA13SORPT10~ - . tt-9«S1t•C cause.s 

'r" 

ConaenHar lack o-f IF 
toial or partia( ~asfftctomy 

b ... ir1ffst-i11a I (ause.s - Ch (o~ic tropic~( Sl>f ue 
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Causes of fo\Glfe clQ~iciei1C) 

!"' Inade9_vate dielC)f.Y in lake 

~- Malabsorpiion 
c·oeliac dcsQase, jejunal r~stction~ tropic(,/ sprue 

3 .... Increased req,uireme"t 
"' PrQg!"'ancy1 premature infants) chr(lnic. baemolvttc 
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IRON REQUIREM_ENTS 

The amount of iron required each day to compensate for losses 
from the body -and growth varies ~ith a·ge and sex; it is highest 
in pregnancy and in adolescent and menstruating female~r (Table 
2.3). These_ groups, therefore, are particularly likely to develop 
iron deficiency if there is additional iron loss or prolonged reduced 
intake. 

Table 2.3 Estimated daily iron requirements. Units are mgfday. 

Urine, Menses Pregn3w11cy Growth Total 
sweat, 
faeces 

· Adult male o.s-I o.s-I 
Post-menopausal 
female 
Menstruating o.s-I o.s-r I-2 
female* 
Pregnant female* o.s-I I-2 r.s-3.0 
Children (average) o.s 0.6 I 
Female (age I 2-1 5)* 0.5-I o.s-I 0.6 I-2.5 

*These groups more likely to develop iron deficiency. 
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; j r • Ingested iron 
(Fe··· and heme) 

Modification in 
stomach 

F •• 
e . 

lumen 6f 
intestine 

'J 

FIGURE 22-13 · · l · · · 
Steps in the a~sorptio_I) oJ i;on ·fr01h the i'ntestine ; .' ·;; 
and its transport into tl1e blood. " ~ · 
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Table 2~·2· Iron absorption. 

Factors favouring 
. 

I Ferrous form 
2 Inorganic iron 
3 Acids-HCI, vitamin C 
4 Solubilising agents-e.g. 

sugars, amino acids 
5 Iron deficiency 
6 Incre~sed erythropoiesis 
7 Pregnancy 
8 Primary haemachromatosis 

30 Chapter 2 

Factors reducing 

r Ferric form 
2 Organic iron 
3 Alkalis-antacids, pancreatic . 

secretions · 
4 Precipitating agents -phytates, 

phosphates 
5 Iron excess 
6 Decreased erythropoiesis 
7 Infection 
8 Tea 
9 Desferrioxamine 

I • • 

\ c 

IT II 
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Table 2.1 The distribution of body iron. 

Amount of iron in average adult 

.Haemoglobin _ 
. Ferritin and haemosiderin 
Myoglobin 
Haem enzymes (e.g. 
cytochromes, catalase, 
peroxidases, fiavoproteins) 
Transferrin-bound iron 

Male (g) 

2.4 
I.O (0.3-1.5) 
0.15 

0.02 

0.004 

. 
~~of 

Female (g) -total 

1.7 65 
o.3 (o-r.o) 30 
0. I2 3·5 
0.0!5 0.5 

0.003 0. I 

/;on deficiency and other hypochromic anaemias 29 
.. 
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Table 2.4· :Causes of iron deficiency. 

I B·LOOD LOSS 
Uterine. 
Gastrointestinal. e.g. oesophageal varices, hiatus hernia, peptic ulcer, 
aspirin ingestion, partial gastrectomy, carcinoma of stomach or 
caecum, colon or rectum, hookworm, angiodysplasia, colitis, piles, 
diverticulosis, etc. . 
Rarely haematuria, haemoglobinuria, pulmonary haemosiderosis, 
self-inflicted blood loss. 

2 I.NCREASED DEMANDS(seealsoTable2.3) 
Pre rna turi ty. 
Growth. 
Child-bearing. 

3 MALABSORPTION 
e.g. gastrectomy, coeliac disease. 

.• 4 POOR DIET 
A contributory factor in many countries but rarely the sole cause. 
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.: , Figure 27-1 o. Diagrammatic representation of a mole~·· 1 

cule of hemoglo_~in A. showing._the 4 subunits. Thert} are · 
tWO Ct and tWO r:) polypeptide Ch§lnS, each CO.ntaining a 
heme moiety. These moieties are· represented . by -.the 

; disks. (Reproduced. with permission. from Harper HA et : l. 
; al: Physiologische Chemie. Springer-Verlag, 1975.) < .. . . ; 
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Fig. 1.7 Haemoglol?in synthesis in the developing red cell. The 
mitochondria are the mai"n site of protoporphyrin synthesis, iron is 
supplied from circulating transferrin and globin chains,are synthesised 
on ribosomes. 6ALA =delta-amino laevolinic acid. . ~ 
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IRON 

(a) I ron deficiency 

(b) Chronic .inflammation 
or malignancy. 

PROTOPORPHYRIN 
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HAEMOGLOBIN 

Fig. 2.1 The causes of a hypochromiC' microcytic anaemia. These 
include lack of iron (iron deficiency) or of iron release from 
macrophages to serum (anaemia of chronic inflammation or 

·. 

~ malignancy), failure of protoporphyrin synthesis (sideroblastic anaemia) 
~l -or of globin synthesis (et or P-thalassaemia). Lead also inhibits haem 
1 :- ancl. globin synthesis. ' ~ ) 
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Table 44. Normal Human Hemoglobins-Genetic Variants 
. .. 

Proportion in 
Mote·cular 

Nan1e Designation Structure Adults Newborns 

Adult _hemoglobin A - a2/l2 97% 20% 
. H.emogJobin A 2 A2 a2~2 2.5% 0.5% 
·Fetal hemogfobi n F a2Y2 <1 o/o 80% 
Portland S2Y2 0 0 
Gower I r2c2 0 0 
Gower II ((2(2 0 0 
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Figure 14.24 Plasma and whole blood that are brought into equitibrium with the same gas mixture have the same p02 and 
thus the same amount of dissolved oxygen molecules (shown with black dots). The oxygen content of whole blood, however, is 
much higher than that of plasma because of the binding of oxygen to hemoglobin. 
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Table 35-1. Gas content of blood. 
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Figure 40-3. Diffusion of oxygen from a tissue the cells. capillary to 

Figure 40-5. Uptake of carbon dioxide by the blood 1n the 

capillaries. 
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Figure 17.15 Hemoglobin Dissociation Curve for Oxygen in an Adult 
Human. The curve shows the extent to which hemoglobin pickr.\_ up or 
releases oxygen as the o):(ygen pressure in the blood changes':VWhen 
blood passes through the lungs, where the partial pressure of oxygen 
is about I 00 mm H.g,, the hemoglobin becomes about 97 percent sat
urated with oxyge~ut when blood passes through distant-tissues, 
where the partial pressure of oxygen is ordinarily about 40 mm Hg, .the 
hemoglobin releases about ?5_ ~r:_Qent ... of its oxygen. (Adapted from J. 
W. Severinghaus, J. App/. Physiol. 21 [1966] :1111 :) 
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40 mmHg) at which value the hemoglobin is still 7 5 per cent 
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Figure 35-2. Oxygen-hemoglobin dissociation curve. pH 
7.40, temperature 38°C. (Redrawn and reproduced, with 
permission, frorn Comroe JH Jr et al: The Lung: Clinical 
Physiology and Pulmonary Function Tests, 2nd ed. Year 
Book, 1962.) 

Hb4 + 02 ~ Hb402 
Hb402 + 02 ~~ Hb404 
Hb404 + 02 ~ Hb40s 
Hb40s + 02 ~ Hb40a 

" 
. ICo1nbination of the first 

heine in the 1-lb n1olcculc \Vith 0 2 increases the af-
finity of the second berne for 0 2, and oxygenation 
of the second incrcas~s ·the affinity of the third, 
etc, so that the affinity of l-Ib for the fourth 0

2 
· n1olcculc is tnnny lilncs that for the first. -- ·· 

. . ;~~ 

~--

\ . 



- . .. r ·· 

•• < . 

.·:----· 

----- ··· ·-- -··· - -----~-- - --~ · -·····-· 

/f•·\l·;·_· ., ·, 
. ·. : .. < . 

·.·.• .... 
-. ;:-;' ' 

\,' ·· ' 

.' ':• 

\.. . 

.. 

l· 

I 



I \' 

\ 

Pso 

. -. . 

FIGURE 5-20. Shifts of the 0 2-hemoglobin dissociation curve. A, Shifts to the right are associated with increased P50 and decreased 
affinity. B, Shifts to the left are associated with decreased P50 and increased affinity. · · c · · · 

. . ' . . . -. . '. . . . ~- ,. . : 



\ 

:' 

c 
a> 

~ ~,,_ ~- -'+- >- ;n :.~-
0 X "!- . -~ ~ ' l.'L~' ·""-'"!• 

c 0 ~f'/~l~.Ji 
0 .c 60 F-1.t:.·-.ii::;.-5J2ot/#;t/~)i ·- +-' • ..l. . ___ .,... , • - t-"o. ~ 

...... ·-
2 ~ 
::J c 
+.J , _ 

~ . ~~' ~~ ~~ rJ ..D ~~-~ ~hr,ct:e:r~' 
+.J .2 40 ~.i- ~! .-:.c-~~ 
c ~ 
a> 0 
~ E 
C) a> 

CL .C 

20 

0 20 40 

/ 

60 80 100 

.. c 
· w 

0) · 

80 

P '+- · :>-
0 X 
c 0 
0 .c 60 

· - +J 
+.J ·-e !: 
:::J c ·:- · +.J,_ -

~ -g 40 
+J- . c O'l 
Q) 0 
~ E 
a> Q) 

CL .C 

0 

.,··- - --. 
-~~: .. --

20 ... - 40 . . 60 ·:··.- 80 100 

Partial pressure of oxygen in mm Hg Partial p~essu~e of oxygen in mm Hg • 
Figure 17.19 Differences in Dissociation of Oxygen · from Fetal Hemoglobin, Adult Hemoglobin, and 
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indicating that fetal hemoglobin has a higher affinity for oxygen. Thus, when the _mother's blood enters the 
placenta, it transfers oxygen to the fetus's blood~he dissociation curve for myoglobin (muscle hemoglobin) 
is far to the left of that for adult hemoglobin and has a hyperbolic shap·e. Thus, hemoglobin transfers . 
oxygen readily to myoglobin.*:rhe myoglobin stores this oxygen until the oxygen p~essure drops, as in· 
exercise. Then th~ myoglobin releases its oxygen for use in cellular respiration. (Mqdified and ·reproduced 
with permission from J. H: Comroe, Jr., Physiology of Respiration, 2d ed., p. 185. Copyright © 1974 by Year 
Book Medical Publishers;· Inc. , Chicago.) •·--
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Figure ·17:17 Effect of 2,~-Diphosphoglycerate . 
L. ~·,:: · : ·_ ; (DJ~G) ·on . Oxygen Dissociation·· fro~ He.111oglobin; 
.i.il-:Jo: 0-h,e. :formation ,·of:.:extra· DPG; in ~ ·red :blood··:_cells, as 
: - .~- \: 09curs at high altitudes, shifts ·' the · dissqciation 
:·: ~T:::: .curve . to :the right. In other words, DPG promotes 
~.·.;~· .the . release of oxygen ·from ·hemoglobin. (Modified 

. :· ;; :: and reproduced . with permission from J.- H. Com
< roe, Jr., Physiology of Respiration, 2d ed~, p. 185. 

·. Copyright© 197 4 by Year. Book Medical Publishers, 
... Inc., Chicago.) · · , · · 
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Rclntionships hctwcl~n the erythrocyte panunctcrs. For the 
diagnostic evaluation or erythrocyte function it is usually 

· necessary to tncasu rc th rcc quanti tics: the red cell count 
RCC (~Ll- 1 

), the hemoglobin concentrat io11 o.f the blood [I·Ib] 
(g/1), and the hemal ocr it H Cl"'. Fron1 these, three other 
characteristic panunetcrs can be derived: the nzean corpus- _ 
cular lwnzog/ohin M CI I, the nwan corpuscular lzenzoglohin 
concentration M CI-1 C, and the nwcui corpuscular · vohune 
MCV. The relationships underlying these -calculations arc 

•,I • •, 

reflected directly in the definitions or the parameters and ·]; 
arc summarized in the following diagra1n: 

[HbJ = MCH 
RCC 

I 
RCC 
~ 

r 1-1 h 1 

~ 
MCV = HCT 

RCC 

MCHC = [Hb] l HCT 

1-ICT 

Given, for cxan1plc, that RCC = 5 · 106 ~Ll, [l-Ib]= 150g/l 
and H CT = 0.45, l he other pa ran1ctcrs arc ns follows: 
MCI-1 = 30 pg, MCl IC = 333 g/1, and MCV = ·0.09 · 
10- 6 ~tl = 90 n (l'cn1toliler!)) = 90 ptn3 (the conversion 
utnong unit!) is givt;n on pp. 79ol'.). 

* Values for Central Europe; for North An1crica (accord
ing to Vv'inlro~.;) MCH :::l 29 pa 

' I 
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Mean Corpuscular Hcn1oglobin (rvlCH) 
The MCH indicates the average weight 

of hemoglobin in the red blood cell. 

Weight of hemoglobin 
in 1 1-1-l of blood 

MCH = Numbor of roc.l blood calls 
In 1 1-1-l of blood 

If: 
1 g = 1012 pg 

' 
1 ml = 10l p..l 

Then: 
Weight (in pg) of hemoglobin in 1 p.l of blood • 

I Io111oglobln X 10.13 pg 
= 

100. X 10l 1-1-l 
= Hemoglobin x 107 pg/p.l 

If: 
Hemoglobin = 15.0 g/dl 
Red blood cell count = 5,000,000/1-'-1 

Then: 

15 X 107 pgftd 
MCH = 5 X 100 p.l 

· 15 x 10 pg 

5 
= 30 pg 

Me 
Hemoglobin x 10 

H = pg 
Red blood cell count in millions 

Normal vnluu for tho MCH: 27-31 pg 

DISCUSSION 

The MCH indicates the mnount of hen1o
globin in the red blood cell and should 
always correlate with the MCV and 
MCI-IC. An MCH lower than 2 7 pg is found 
in microcytic anen1ia and also with nor
mocytic, hypochromic ·red blood cells. An 
elevated MCI-I occurs in 1nacrocytic anc
n1ias and in some cases of spherocytosis 
in which hyperchromia may be present. 
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l'Ylean Curpuscular I-Iciuoglobin 
Conccnlralion (I\1CI-IC) 

The Iv1CI-IC .is an expression . of lhe 
average conccnlrat.ion of he1noglobin in 
tho rod blood cells. Il gives lhe ralio of lhe 
·weight of ho1noglobin lo Lho volu.n1o of tho 
red blood cell. 

Hemoglobin in g/dl . 
MCHC = --=-----~

Hemulocril/dl ; 

If: 

Hemoglobin = 15.0 g/dl 
Hnmatocril .= 45% 

Then: 

x 100 (lo convorllo 'X,) 

MCHC = l!:i.O g/dl x 100 % 
45 volunws/dl 

= ~ :J'Yo 

Thcrefore, .the forn1uln: 
. ,· \ 

C C 
Hemoglobin x HJO 

M H. = 1}'o 
Hcmalocril 

Normal valuu for lhe MCHC: 32-3G% 
' I ' f• 

DISCUSSION 

The MCI-lC indicates whether the reel 
b 1 oo d c e 11 s are · no r n1 o c h r o rn i c , h y p o -
chrcnnic, or hyperchron1ic. Ai1 lviCIIC 
below 3 2 °/o indica lcs hyp ochro,ruia, an 
M C I-I C above 3 6 <yo in d i c ~to s hypo r
chron1ia, and re.cl blood cells with a nonnal · . 
.tv1CI-IC are tennod .nonnochrontic. 
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· Mea~ Corp~scul~r Volume (MCV) 
The MCV indicates.th~ av~rage volume · ' 

. of the red blo'od cells. ·· · .- ~ .... · ........... -·-···· ............... - .... . 

If: 

Volume. of r~:1d blood cells in · 
· femloli tiJrs (fl)~'f.t.l of blood · . 

MCV = ------=-~---
'Red blood collr./p..l of blood 

I-Iemolocrll = 45% (or 0.45) 

Red blood ccll'co.unl = 5,000,000/p.l · 
· · (o_r 5.0 x 1011/J..Ll) • 

1 f..l.l . 10~ fl 
. . 

: ! ;- . · ~ : _: 

Then: 

0.45 X 10° fJ/f.d 
· MCV = -----'---'--

. 5.0 X 10 11/).d 
45 X 10 fl 

5 
= 90 fl 

. ' . . . .. 1 •. 1: 

Therefore, the for1ilula: 

· , Hemulocrit x :1p · · . 
MCV = . . . fl 

· Red blood cell count in millions · 
Normnl value for lhe MCV: 00-97 fl 

DISCUSSION 

The· MCV indicates whether the red 
blood cells .appear nonnocytic, n1icr~cy~ .· · . 
tic, or macrocytic.- If. the MCV:is less th~n ·.· 

. 80 fl, · the red blood cells· are microcytic~· If . , 
the MCV is greater lhun 97 fl, the red blood .·. 
cells are macrocytic. lf the MCV is ·.within '' 
the normal range, the red ~lood cells are· . 
normocytic. 
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Erythropoietin 

Red Blood Cells 
Decreases 

i1 

;;,.. ""'~ -· '""""'"' "'"" I'-_T_is_s_u_e_o_x_y_g_e_n_a_t_i_o_n---1 

Decreases 

Factors that decrease 
oxygenation 

1. Low blood volume 
2. Anemia 
3. Low hemoglobin 
4. Poor blood flow 
5. Pulmonary disease 

Figure 32-4 

Function of the erythropoietin mechanism to increase production 
of red blood cells when tissue oxygenation decreases. 
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Fig. 6.12 Effect of anaemia on oxygen content of the blood at 
different Po2 values. 
~ 

~t is evident that the quantity of oxygen carried in a 
volume of blood is dependent on the Po2 as well as the 

.. haemoglobin concentr_ation"?t"The percentage saturation of 
haemoglobin with oxygen is dependent on Po

2 
and totally 

independent of haemoglobin concentration. If oxygen 
content (instead of percentage saturation of haemoglobin 
with oxygen) is plotted against Po2 , the level of the curve 
will be dependent on the haemoglobin concentration of the 
sample of blood (Fig. 6.12)~ut when plotting percentage 
saturation against Po2, as is usually done, the curve will 
always be the same, whatever the haemoglobin concentra
tion is, if other factors remain the same. 
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Figure 35-2. Oxygen-hemoglobin dissociation curve. pH' 
7 .L\0, ternperature 38°(!. (Redrawn and reproduced, with 
permission, frorn Co111roe JH Jr et al: The Lung: Clinical 
Physiology and Pulmonary Function Tests, 2nd ed. Year 
Book, 1962.) 

l-lb4 + 02 ~t Hb402 
Hb,02 -1 - 02 ~..! Hb404 
Hb404 + 02 ~ Hb40s 
Hb406 + 02 ~ Hb40s 

• 
JCo1nbination of the first 

hctnc in the l-lb nlolcculc \vith 0 2 increases the af-
finity or the second hcn1e for 0 2, and oxygenation 
of the second increas~s the affinity of the third, 
etc, so that the affinity of l-Ib for the fourth 0 

1 1 . . 2 
1110 ccu c lS 1nany tunes that for the first. -- ·· 
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Table 27-5. Characteristics of human red cells.l 

Hematocrit (Hct)(%) 

Red blood cells (RBC) (1 06htl) 

Hemoglobin (Hb) (g/dl) 

Mean corpuscular volume (MCV) (fl) 

Mean corpuscular hemoglobin (MCH) (pg) 

Mean corpuscular hemoglobin concentration (MCHC) (g/dl) 

Mean cell diameter (MCD) (~tm) 

" 

Hct x 10 

RBC (1 06/J.ll) 
'-

Hb X 10 
- RBC (1 06/J.ll) 

Hb X 100 
= 

Hct 

Mean diameter of 500 
= cells in smear 

Maie Female 

47 

5.4 

16 

87 

29 

34 

7.5 

42 

4.8 

14 

87 

29 

34 

7.5 

1 Cells with MCVs > 95 fLare called macrocytes; cells with MCVs < 80 flare called microcytes; cells with MCHs < 25 g/dl are 
called hypochromic. 

~he te<:A blood cell ;1'\d.tc.e..s are-
used <~S an aid in differen\ialin9 ane,nias· 
\.Vh~n these i 1'\dic~S are C()\nbi\'le.d Wii.h !11'\ 

exal'l'l·ro atio n oHh~ ted. \}(ot>cl ~e 1\s on the 
siai {"le ti s mea 1, a c\ ear pk\ure of r~d blood 
ce \1 "JY10i p \lo lo'3Y TJJilY be e> bi.a'r n e.dt. 
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with Corresponding Red Blood Cell 
Morphol.ogy . 

41 X 10 . .t 

1. MCV = = 91 fl 
- 4 .5 
14.0 X 10 

MCH = · . = 31 pg 
4.5 

. 14.0 X 100 
MCHC = 

41 
= 34% 

The red blood cells are normocytic and 
normochromic. 

2. MCV = 30 
X 

10 
= 67 fl 

4.5 
· 9.8 X 10 

MCH = = 22 pg 
4.5 

. 9.0 X 100 
MCHC = . = 33% i 

30 

The red blood cells are microcytic and 
normochromic. • . 

3. MCV = 
30 

X 
10 

= 67 fl 
4.5 

9.0 X 10 
MCI-1 = = 20 pg 

4 .5 

MCHC = 9.0 x 100 = 30% 
::tn 

The red blood cells are microcytic and 
hypochromic. 

45 X 10 . 
4. MCV = = 113 fl 

4.0 

MCI-I "== 
15.0 X 10 

= 30 pg 
4.0 

MCHC = 
15.0 X 100 

= 33% 
45 

The red blood cells are macrocytic and 
normochromic. 

5. MCV = 
41 x 10 ~ 91 fl 

4 .5 

MCH = 
11.0 X io 

= 2G pg 
4.5 

MCHC = 
11.0 X 100 

= 29% 
41 

The red blood cells are normocytic and 
hypochromic. · 

. . . . . . .~ 
·,-

' I 
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1. Iron deficiency is estimated to affect about 

30% of the world population. 

2. Iron deficiency Anemia is still the most 

important deficiency related to malnutrition. 

3. Iron deficiency anemia (IDA) and thalassemia 

trait (TT) are the most common forms of 

microcytic anemia. 

4. Some discrimination indices calculated from 

red blood cell indices are defined and used for 

ra:pid discrimination between TT and IDA. 

5.Iron-deficiency anemia (IDA) is a common 

clinical problem throughout the world and an 

enormous public health risk in developing and 

even in industrialized countries. 

6. Traditionally, several methods other than 

serum ferritin were used to assess IDA. 
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Functions of Red Blood Corpuscles : 

.( 1) • • • ~he main function of the . red 
blood corpuscles is to carry oxygen to & take 
up carbon dioxide from the tissues. 

~he biconcave shape of the cells is best 
sui ted for this function as it provides 
maximum surface for diffusion of gases for 
the volume of the corpuscles. 
(fig. 7). 

(2) ••• Hemoglobin in the red blood 
corpuscles is an important buffer & helps to 
keep. the pH of blood constant. 

(3) ••• The red corpuscles keep 
hemoglobin inside them & prevent its loss in 
the urine. 

(4) ••• If the hemoglobin was free in the 
plasma, this would lead to : 

(i) . . . The viscosity of blood will be 
increased -+ increase the work done by the 
heart to pump ___ the __ blood in blood __ y_~-~-~~1.§ __ ! . ___ _ 

* Thus the red blood corpuscles by 
keeping hemoglobin inside them decrease the 
work performed by the heart. 

\ 
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Table 27-1 . Normal values for the cellular elements 

. In human blood. 

Percentage 
Cella/J.!L Approximate of Total 

Cell (average) , Normal Rango White Cells 

Total WBC 9000 4Q00-11 ,000 ... .. 
Granulocytes 

.. i ' t . ' "t 

NeutrC>f)hits ' · 5400 . 30oo-6000 . 5~70::; 

Eosinophils 275 .15()-300 1-4 -' . -. . ~ . . I 

Basophlls 35 . Q-100 0.4 -, ·-
Lymphocytes 2750 . 150()-4000 ' . 2~0 · ' 

b· ()()! 

-::. '30 ~ 
. ~ 

Monocytes 540 30o-600 2-8 
~-···-o# · ... -- ...... ·-· ---------· ·- ---· 

- 0\ ~ 
- -~ 

~------
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Name and Appearance 

Red blood cells (RBCs) 
or erythrocytes 

White blood cells 
(WBCs) or leukocytes 

Granular leukocytes 

1 ..-Neutrophlls 

, Eosinophils 

Agranular leukocytes 

- Lymphocytes (T cells, 
8 cells, and natural 
killer. cells) 

- Monocytes 

' latelets (thrombocytes) , , ,., ., , 

Number 

4.8 million/ JLL in 
females; 5.4 
million/JLL in males. 

5000-1 0,000/ JLL. 

60-70"/oof all 
WBCs. 

2-4% of all 
WBCs. 

0.5-1 % of all 
WBCs. 

20-25% of all 
WBCs. 

~ 

3-8% of all WBCs. 

150,000-
400,000/ JLL. 

Characterictics• 

7-8 JLm diameter, biconcave discs, without 
a nucleus; live for about 120 days. 

Most live for a few hours to a few days.t 

10-12 JLm diameter; nucleus has 2-Siobes 
connected by thin strands of chromatin; 
cytoplasm has very fine, pale lilac granules. 

10-12 JLm diameter; nucleus has 2 or 3 
lobes; large, red-orange granules fill the 
cytoplasm. 

8-10 JLm diameter; nucleus has 21obes; 
large cytoplasmic granules appear deep 
blue-purple. 

Small lymphocytes are 6-9 JLm in diameter; 
large lymphocytes are 1 o...: 14 JLm in diameter; 
nucleus is round or slightly indented; 
cytoplasm forms a rim around the nucleus 
that looks sky blue; the larger the cell, 
the more cytoplasm is visible. 

12-20 JLm diameter; nucleus is kidney 
shaped or horseshoe shaped; cytoplasm 
is blue-gray and has foamy appearance. 

2-4 JLm diameter cell fragments that live for 
5-9 days; contain many vesicles but no 
nucleus. 

Functions 

Hemoglobin within RBCs transports most of 
the oxygen and part of the carbon dioxide in 
the blood. 

Combat pathogens and other foreign 
substances that enter the body. 

Phagocytosis. Destruction of bacteria with 
lysozyme, defensins, and strong oxidants, 
such as superoxide anion, hydrogen 
peroxide, and hypochlorite anion. 

Combat the effects of histamine in allergic 
reactions, phagocytize antigen-antibody 
complexes, and destroy certain parasitic 
worms. 

Liberate heparin, histamine, and serotonin in 
allergic reactions that rntensify the overall 
inflammatory response. 

Mediate immune responses, including 
antigen-antibody reactions. B cells develop 
into plasma cells, which secrete antibodies. 
T cells attack invading viruses, cancer cells, 
and transplanted tissue cells. Natural killer 
cells attack a wide variety of infectious 
microbes and certain spontaneously arising 
tumor cells. 

Phagocytosis (after transforming into fixed or 
wandering macrophages). 

Form platelet plug in hemostasis; release 
chemicals that promote vascular spasm and 
blood clotting. 

------------------------------------------------------------------------------------------------- / 

-------- ------
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(Table 12.7 Types of white cell in Romanowsky· 
stained blood films. 

·WHITE.;.CELL TYPES ·. · ·. . ·. . ·' · ··: ·. . · : . : . : ·. '· . · ·.:: .... ·.· .·:·,.;:;;. 

%of total 
Cell Diameter ij.Lm) Nucleus Cytoplasm {adults) 

Neutrophil 12-15 2-5lobes Pink, granular; fine purple 40-;-75 .. 
granules 

' Lymphocyte >' 6-8 {small) Round; heavy chromatin Thin rim, pale blue; 20-45 
12-16 (large) occasional granule . .... ,; ... . . · ... 

Monocyte 12-20 Large, irregular; fine Bulky, pale blue-grey 2-10 
chromatin 

Eosinophil 12-15 1\vo lobes Many large, oval, orange- 1-6 
red granules 

·Basophil 12-15 Large; irregular lobes Few dark-blue granules; <1 
often overlie nucleus 

---·--·-···-·-----·---- ·- · ··· -·-··-·- ··- - . 
~ 



- ·Table 1.'3-- Ninety five per cent confidence ·limits . for . th.e . concentrations of various 
~ 

... 

types of circulating blood -celi in -adult Caucasians and their l_ife-span in the blood. 
--

Normal range Life-span 
Cell type (95% confidence limits) in blood 

Red cells · Males 4.4-5.8 x 1012/litre 110-120 days 
Females 4.1-5.2 .x 1012 /litre 

; .. ~- .. 

Whit~ cells_ · 4~0-11.0 x 109 /litre 
(leucocytes) 

Neutrophil 1.5-7.5 x 109/litre t112 approx. 7 hours 
granulocytes 

Eosinophil · 0.02-.:0 . .60 x 109 /litre t112 approx. 6 hours · 
granulocytes 

Basophil 0.01-0.15 x 109 /iitre 
granulocytes 

Monocytes 0~2-0.8 x 10: /litre -
tl/2 approx. 7 0 hours 

Lymphocytes - 1.2-3.5 x -109 /litre 
' ' M~ 

Platelets 160-450 x 10 9 /litre ' 9-12 days 
- ·--·.~ ... 

-
' 

/ 
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The bone marrow is actually one of the largest or-
;ans in the body, approaching the size and weight of 
1e liver. It is also one of the most active. Normally, 
5% of the cells in the marrow belong to the white 
lood cell-producing 111yeloid series and onl~ . 25o/o 
re Ina turing red cells~ even though there are over 
00 tin1es as many red cells in the circulation as 
1ere are white cells. This difference in the marrow 
~fleets the fact that the average life span of white 
~ lls is short, whereas that of red cells is long. 

. \ 

~~----
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Figure 27-2 Development of various formed elements of the blood from bone marrow cells. Cells below the hori
zontal line are found in normal peripheral blood. The principal sites of action of erythropoietin (erythro) and the vari-
ous colony-stimulating factors (CSF) that stimulate the differentiation of the components are indicated. G, granulo- / 
cyte; M, macrophage; IL, interleukin; see Tables 27-2 and 27-3 . 

,...-----····· 



5.20 CHAPTER 27 

. Table 27-2. Principal cytokines. NADPH necess:~ry for 0 2- production. In congenital 
myeloperoxidase deficiency, microbial killing power is 
reduced because hypohalite ions are not formed. 

. '· 

Cytokine 

IL-l 

IL-3 

IL-4 
IL-5 

IL-6 

IL-11 

Erythropoietin 

SCF 

G-CSF 

GM-CSF 

M-CSF 

Cell Lines 
Stimulated 

Eryth rocyte 
Gra nulocyte 
Megakaryocyte 
Monocyte 
Erythrocyte 
Granulocyte 
Megakaryocyte 
Monocyte 
Basophil 
Eosinophil 
Erythrocyte 
Granulocyte 
Megakaryocyte 
Monocyte 
Erythrocyte 
Granulocyte 
Megakaryocyte 
Erythrocyte 

Erythrocyte 
Granulocyte 
Megakaryocyte 
Monocyte 
Granulocyte 

Erythrocyte 
Granulocyte 
Megakaryocyte 

Monocyte 

Cytokine Source 

Multiple cell types 

T lymphocytes 

T lymphocytes 
T lymphocytes 
Endothelial cells 
Fibroblasts 
Macro phages 

Fibroblasts 
Osteoblasts 

Kidney 
Kupffer cells of liver 
Multiple cell types 

Endothelial cells 
Fibroblasts 
Monocytes 
Endothelial cells 
Fibroblasts 
Monocytes 
T lymphocytes 
Endothelial cells 
Fibroblasts 
Monocytes 

Thrombopoietin Megakaryocyte Liver, kidney 

Key: IL =· iriterleukin; CSF = colony stimulating factor; 

Lymphocytes 

Lymphocytes are key elements in the production of im-
-munity (see below). After birth, some lymphocytes are 
formed in the bone marrow. However, most are formed 
in the lymph nodes (Figure 27-4), thymus, and spleen 
from precurso r cells that originally came from the bone 
marrow and were processed in the thymus or bursal 
equivalent (see below). Lymphocytes enter the blood
stream for the most part via the lymphatics. At any given 
time, only about 2% of the body lymphocytes are in the 
peripheral blood. Most of the rest are in the lymphoid 
organs. It has been calculated that in humans, 3.5 X 1010 

lymphocytes per day enter the circulation via the thoracic 
duct alone; however, this count includes cells that reenter 
the lymphatics and thus traverse the thoracic duct more 
than once. T he effects of adrenocortical hormones on the 
lymphoid organs, the circulating lymphocytes, and the 
granulocytes are discussed in Chapter 20. 

IMMUNITY 

Overview 

Insects and other invertebrates have innate immunity. 
The key to this system is receptors that bind sequences 
of sugars, fats, or amino acids in common bacteria and 
activate various defense mechanisms. The receptors are 
coded in the germ line, and their fundamental structure 
is not modified by exposure to antigen. The activated 

Cortical 
follicles, 

G = granulocyte; M = macrophage; SCF = stem cell factor 
Reproduced with permission, from McPhee SJ, Lingappa 
VR, Ganong WF (editors): Pathophysiology of Disease, 4th j ' 

Led, McGraw-Hill, 2003. 

B cells 

Paracortex, 
Tcells 

actin in the neutrophils does not polymerize normally, 
and the neutrophils move slowly. In another, there is a 
congenital deficiency of leukocyte integrins. In a more 
serious disease (chronic granulomatous disease), there is 
a failure to generate o2- in both the neutrophils and 
rnonocytes and consequent inability to kill many 
phagocytosed bacteria. In severe congenital glucose 
6-phosphate dehydrogenase deficiency, there are multi
ple infections because of failure to generate the 

Medullary cords, 
plasma cells 

Figure 27-4 Anatomy of a normal lymph node. (After 
Chandrasoma. Reproduced, with permission, from 
McPhee SJ, Lingappa VR, Ganong WF [editors]: Pathophys
iology of Disease, 4th ed. McGraw-Hill, 2003.) 
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Figure 27-2. Development of various formed clements of the blood from bone marrow cells . Cells below the horizon
tal line are found in normal peripheral blood. The principal siles of action of erythropoietin (erythro) and the various 
colony-stimulating factors (CSF) that stimulate the differentiation of the components are indicated . G. ~ranulocyte; M, 
macrophage; IL, interleukin; see Tables 27-2 and 27-4. • 
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/ Table 27- 2. Factors regulating hematopoiesis. 
- ---·- ·-· -

Cell Type 
Produced In 

Increased 
Name Cellular Sources Numbers 

SCL ? Pluripotential cells 
Erythropoietin Kidney cells , Red blood cells 

Kupffer cells 
G-CSF Monocytes, fibro- Neutrophils 

blasts, endo-
thelia! cells 

M-CSF Monocytes, fibro- Monocytes - blasts, endo-
thelia! cells -

GM-CSF T cells , monocytes, Neutrophils, mono-
fibroblasts, cytes, eosinophils, 
endothelial cells megakaryocytes, 

red blood cells 
IL-1 Macrophages, Neutrophils, mono-

fibroblasts, cytes, eosinophils, 

. \ endothelial cells basophils, mega-
karyocy1es, red 

IL-3 T cells blood cells 

IL-4 T cells Basophils 
IL-5 T cells Eosinophils 
IL-6 Macrophages, Neutrophils, mono-

fibroblasts, cytes, eosinophils, 
endothelial cells basophils, mega-

karyocytes. red 
blood cells 

- -- -- --- --~ 



1;vr1cHo~s o~ t.'ne. leucocyt;!s!-

f\ tl l~ ucoc.y~es possess, to So\1le. dcz<JV'ee_, touv 'pa ~1c 
~r-opQr~tes th~t felat~ to t~e.1v·fv~ctlo~~ 1~ th ~ J e voay. 

-~h~e~is::e :~~:;~~~:::~~:-~~:·:~c: 7~!1:o~~C:~~~:~~;;;isc;~~::~ 
ts known as ~tapedesJS_. Once \Vithin the tissue spaces, the leuko
cytes (particularly the polymorphonucleocytes) have the ability 
to move . through the tissues by an amelfoid motion at speeds of . , up c~ 40 .um_min-1• Furthermore, (hey seem co be accracced by 

·)· c~rta1n chemlitl s.ubstances r~l~_~ed ___ bx b':_~teria or by inflamed · 
tlSSUCS (chefiJO/axi__!). " ~--- -· - .. · - ·- ·---
~ ~ . 

~.P'l90C)~osis~111(! ablllty , ):o e)'\gulf &lld digest or ki ~1.. bectefia and preodv.c\:.s of' eel~ 

dt. ath. 

One of the remarkable features of neutroph1ls is the1r 
· 'fine Capacity to distinguish foreign cells like bacteria from 

homologous body cells and aged o~ damaged cells from -
fresh ones. This is due to the presence in plasma of certain 

substances ( opsonins ), such as 'Y-globulins (especially 
. inununoglobulin G (IgG)) and complement C4, which . 

coat bacteria and ageing cells, thereby making them 'palat
a'Jii' -tOneutr~phils. T;~J,sonize means to prepare for 

eating. An opsonin is an agent 1n plasma yvrh1ch acts on 

foreign particles to mcrease their palatability to phagocytes. 
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. ~ · Table 1.4 Main functions of blood ,cells. 

Ji:. 

Type of cell 

Red blood . cells 
(erythrocytes) 

Granulocytes 
· Neutrophil 

Eosinophil 

Basophil 

Monocytes . -~ .. 

· Platelets 

. . 
Lymphocytes 

Main functions • ~· ''= :.~ 

·-

Transport 0 2 fr.om .lungs to tissues; transport C02 from tissues to lu~gs 

Chemotaxis,-phagocytosis, killing of phagocytosed bacteria · 

· All neutrophil functions ''listed above, effector cells for antibody-dependent .... . . . .. 
· .damage to metazoal .parasites,_ regulate immediate type hypersensitivity 

reactions (inactivate histamine and slow-reacting substance of ..... 
anaphyliDcts released by basophils ~rid mast cells) · 

· Mediate immediate-type hypersensitivity (IgE-coated basophils react with · .. -
specific antigen and release_ hist~rnine and slow reacting substance of 
.anaphylaxis), modulate inflammatory ·responses by releasing heparin 
and proteases 

C~emotaxis, phagocyt~sis, killing of some microorganisms; :. 
.. ·become macrophages · ., · · 

·Adhere to subendothelial connective tissue, participate ·in blood . . . . 

cl<?.:tt!I1_g _(see p. 16~) .. n. . • ·r::. ~ .,_ . . 

Involved in immune responses 
?' 

. 
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Table 1.2 · Morphology of normal white cells ln Romanowsky-stalned smears of peripheral 
blood. 

'' Cell 
size 

Cell type . hlm) 

Neutrophil . 9-15 
granulocytes -~ 

;-

Eosinophil 12-17 
granulocytes 

Bas_ophil 10-14 
granulocytes . ' . . 

-Monocytes 15-30 

'• ... ,., . . 

~ 

Colour 

Slightly 
pink 

Pale blue 

Pale 
greyish-blue, 
cytoplasmic 
vacuoles 
may be seen 

Lymphocytes 7-12 (small Pale blue 
lymphocytes); 
12-16. (large 
lymphocytes) 

Cytoplasm 

Rallo of 
cytoplasmic 
volume to 

·' 

nuclear volume Granules -

High Numerous, very 
fine, faint 

· purple 

High Many, large and 
rounded, reddish
orange 

High 

Moderately 
high or high 

Low or v~ry 
low · · 

Several, large and 
rounded, dark 
purplish-black 

•' 

Variable number, 
fine, purplish:red 

Few, fine, 
purplish
red 

Nucleus 

Usually 
2-5 
segments _ 

Usually two 
segments 

Usually two 
segments, 
granules 
overlie 
nucleus 

Various 
shapes 
(rounded, 
C-or U
shaped, 
lobulated), 
sl~eln-lU'e 
or lacy 
chromatin 

Rounded 
with large 
clumps of 
condensed 
chromatin 



Types of Leukemia. 
Leul(emias are divided into two general 
types: 

1- lymphocytic leukemias. -:.. 
2. myelocytic leul<einias. 

* The leukemia cells are bizarre & 
undifferentiated & not identical with any 
of the normal white blood cells. 

* Usually the more undiffereJ?.tiated the 
cells the more acute is the leukemia. 

* But with some of the more 
~ ·~; ··:,differentiated cells, the process can be 

· ., quite chronic, sometimes developing 
s~owly over a period of 10-20 years. 

* Leukemic cells, especially the very 
undifferentiated cells, are usually 
nonfunctional. 

--~-----



Effects of Leul<emia on the Body: 
1. The first effect of leuketn ia is tnetastatic growth of 

leukemic cells in abnonnal areas of the body. 

2.The leuketnic cells of the bone tnarrow invade the 
surrounding bone. 

3. Almost all leukemias spread to the spleen, the lymph 
nodes, the liver & vascular regions. 

4. In each of these areas the rapidly growing cells 
invade the surrounding tissues, utilizing the 
metabolic elements of these tissues & consequently 
ea-si-ng. tissue destruction. 
<..Civt S in:J ~ 

5. very common effects in leukelnia are the 
develop1nent of infections, severe anemia & bleeding 
tendency caused by thrombocytopenia (lack of 
platelets). 

· \ 6. The n1ost important effect of leukeilna on the body is 
the excessive use of n1etabolic substrates by the 
growing cancerous cells. 

7. Tre1nendous detnands are tnade on the body for 
foodstuffs, especially the atnino acids & vitatnins. 
Consequently, the energy of the patient is greatly 
depleted, rapid deterioration of the normal protein 
tissues of the body. 

8. Obviously, after n1etabolic starvation has continues 
long enough, this alone is suff1cient to cause death. 
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: \--· Leucocytes 

Classification 
The blood leucocytes (white blood cells) are a heterogene
ous population of nucleated cells lacking haemoglobin. 
There are five distinct morphological types classified into 
two groups on the basis of the presence or absence of gran
ules in their cytoplasm: 
1 Granulocytes (with cytoplasmic granules): these are the 
neutrophils, eosinophils and basophils. 
2 Agranulocytes (without cytoplasmic granules): these 
are the monocytes and lymphoctyes. 

Figure 2.5 gives the dimensions and morphological char
acteristics of the leucocytes. 

~ 

- ------



Neutrophil 
40-60% 

Morphological features: 

Diameter 10-16J.Lm 

Nucleus: 
Lobulated (2-5 lobes) 
connected by chrom-
atin strands. Nucleus is 
made of dense masses 
which take the purple 
stain 

Cytoplasm: 
Contains fine granules 
which stain purplish 

Eosinophil 
0.5-1% 

Diameter 12-18J.Lm 

Made usually of 2 
lobes-stains less 
deeply than neutro-
phil 

~ 

Contains the charac-
teristic large spherical 
bright red granules 

Basophil 
0.5-1% 

Diameter 10-14J.Lm 

Rarely segmented 
and its margins are 
usually obscured by 
the overlying cyto-
plasmic granules 

Contains large 
coarse rounded or 
oval dark deeply 
staining granules 
which oveilie the 
nucleus 

Monocyte 
6-10% 

Diameter 15-20J.Lm 

Usually kidney 
shaped. Nuclear chr-
omatin made of inter-
woven threads which 
are without compact 
blocks. Stains faintly 

Grey-blue giving a 
ground glass appear-
ance with fine reddish 
azurphilic granules 

Fig. 2.5 The shapes, dimensions and special morphological features of the various types ofleucocytes. 

Lymphocyte 
20-40% 

Diameter 5-BJ.Lm (small 
lymphocyte) 
9-15J.Lg (medium and 
large lymphocyte) 

Rounded or slightly in-
dented. Nuclear chrom-
atin is clumped in the 
form of dark masses 

Large lymphocyte has 
abundant cytoplasm 
which usually takes pale 
blue stain and may con-
tain fine reddish granules 

Small lymphocyte has a 
very scanty cytoplasm 
forming a small rim 
around the nucleus 



··::> ; Formation of leucocytes (leucopoiesis) 
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Sites offorntation 
1 Granulocytes: bone marrow. 
2 Lymphocytes: bone marrow, thymus, lymp~ nodes 
and other collections of lymphoid tissues, e.g. wall of the 
intestine. 
3 Monocytes: bone marrow. 

Formation of granulocytes (granulopoiesis) 
The life history of the granulocytes begins in the bone 
marrow, where there is progressive division and matura
tion from the earliest cell, the stem cell, successively 
through the cell types myeloblast, promyelocyte, myelo
cyte, metamyelocyte, band neutrophil and segmented neu
trophil. The myeloblasts, promyelocytes and myelocytes 
are capable of mitotic division and cell replication; hence, 

these are collectively called the proliferating granulocyte 

pool. From the metamyelocyte stage onwards, no cell 
division occurs and therefore the metamyelocytes, band 
neutrophils and segmented neutrophils are together referred 
to as the maturation pool. Maturation takes the form of 

biochemical and morphological changes in both the nucleus 
and the cytoplasm. The nucleus becomes condensed and 
broken up into lobes. In addition, fine neutrophilic granules 
appear in the cytoplasm. The maturation pool is sometimes 
called the marrow granulocyte reserve, as it is believed 
to be the main source of extra neutrophils which enter the 
bloodstream in acute infections and other pathological 
states. The mature neutrophils, once released into the blood
stream, stay there for about 7-10 hours before they migrate 
to the tissues, where they function as n1obile phagocytes. 

-I 
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Haemopoietic growth factors 
The formation of all blood cells is sustained through
out life by a group of glycoprotein growth factors, the 
haemopoietic growth factors (collectively called colony
stimulating factors, CSF). The first to be discovered was 
erythropoietin. Others which control the production of 
white blood cells include: multipotential CSF, granulo
cyte-macrophage CSF and granulocyte CSF. Recently, 
these growth factors have found important clinical uses by 
stimulating the bone marrow activity in disease conditions 
such as bone marrow failure, haematological malignancies 
and infectious diseases. 

Neutrophils in the bloodstream 
-~ 

Mature neutrophils leave the bone marrow to enter 
the blood. Some of them join the blood circulation-the 
so-called circulating granulocyte pool. These are the 
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cells available for blood sampling and counting. Others are 
deposited along the walls of the small vessels (marginal 
granulocyte pool), where they are in a state of rapid 
and continuous exchange with the circulating cells, and 
from this site they can be mobilized by exercise or by an 
adrenaline (epinephrine) injection. The entry of these cells 
into the circulating pool accounts for the increased white 
cell count (leucocytosis) that accompanies exercise and 
other stressful situations. 

Functions of leucocytes 
The general function ofleucocytes is defence against infec
tion. However, the different types of leucocytes contribute 
to a different extent towards this general function. 

·'-

Functions of neutrophils 
The neutrophils are also called polymorphonuclear 
leucocytes because the nucleus is formed of two to five 
lobes. This cell is the most important cell in the cellular de-

. \ fences o.f the body against infection. To achieve this goal, 
neutrophils execute several integrated functions: (i) the 
neutrophils must reach the site of infection (chemotaxis); 
(ii) they must ingest the foreign organism (phagocytosis); 
and (iii) they must kill or inhibit the multiplication of the 
microorganism (microbial killing). 
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The neutrophils are actively motile cells; they can move 
more rapidly than any other cell in the body. Their move
ment is directed towards bacteria in a purposeful manner, 
being attracted to bacteria or the site of infection or 
inflammation by a variety of chemotactic substances, e.g. 
products of certain bacteria, damaged leucocytes or other 
tissue components. The property of directed movement of 
the neutrophils is named chemotaxis. It accounts for the 
accumulation ofneutrophils at sites where they are needed, 
e.g. infected wounds. Impaired chemotaxis can lead to 
increased susceptibility to infectious diseases, especially in 
children. 

When neutrophils approach the infected site, they lie 
along the walls of the closest capillaries-a process 
called margination. Then individual neutrophils squeeze 
themselves between endothelial cells and gradually move 
out from the capillary-a process called diapedesis. 
Since neutrophils are motile cells, they move towards the 
bacteria. 

Phagocytosis 
Phagocytosis is the process whereby a cell eats particulate 
matter (Fig. 2.6). 
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Fig. 2.6 Schematic diagram of the process of phagocytosis by a neutrophil. An opsonized microbe (M) after being recognized by th· 
neutrophil is contained in an invagination of the neutrophil membrane. Thereafter, the particle is enclosed in a phagocytic varuole. So1 
of the neutrophil granules (G) stick to the wall of the vacuole and then release their bactericidal substances, which induce klling and 
ultimate digestion of the microbe. 
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/ \ - -. -··l : ...... r One of the ren1arkable features of neutrophils is their , 

fine capacity to distinguish foreign cells like bacteria from 
homologous body cells and aged or damaged cells from 
fresh ones. This is due to the presence in plasma of certain 
substances (opsonins), such as y-globulins (especially 
immunoglobulin G (IgG)) and complement C4, which 
coat bacteria and ageing cells, thereby making them 'palat-------=-=::....-_ ___ -- .. 
'abli ____ e ____ ' -c-to neutrophils. To opsonize means to prepare for 

eating. An opsonin is an agent in plas1na which acts on 
foreign particles to increase their palatability to phagocytes. 

\\___Recognition is followed by close adhesion between th~: -=--~( 
outer membrane of the neutrophil and the bacterium. This 
is followetl by invasion of the neutrophil membrane and 
complete encirclement of the bacterium by pseudopodia. 
The pseudopodia fuse to enclose the bacterium in a phago-
cytic vacuole. 

---- ---___ ..-
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Microbial killing 
Following the ingestion (phagocytosis) of the bacterium, 
the following sequence of events take place: 

1 The fusion of the neutrophilic granules with the phago

cytic vacuole. 

2 Discharge of antimicrobial agents from the granules into 

the vacuole. These agents include lysozymes, myeloperox
idase and lactoferrin, which are capable of destroying a 
wide range of bacteria. 
3 Killing and digestion of the ingested organism. 

Functions of eosinophils (acidophils) 
The eosinophils are characterized by the presence of 
coarse, bright red granules in their cytoplasm. These gran
ules contain an arginine-rich basic protein which attracts 
red acidic dyes like eosin. The eosinophil nucleus is often 
seen as two large lobes. Eosinophil functions are not very 
different from those of the neutrophil. 

Chemotaxis 

Unlike neutrophils, eosinophils are attracted more towards 
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· areas of chronic inflammation rather than acute inflamma-
tion. Chemotactic substances for eosinophils include his
tamine, antigen-antibody complexes, 5-hydroxytryptamine 
( 5-HT), bradykinin and a specific 'eosinophil chemotactic 
factor'. 

Eosinophils tend to accumulate at the sites of his
tamine release, as is seen in allergic diseases of the skin 
or lungs. 

Phagocytosis 
Eosinophils are capable of ingesting a variety of particles, .. 
ranging from bacteria and destroyed cells to antigen-
antibody complexes. Phagocytosis involves the same 
sequence of events as already described for neutrophils. 
However, antimicrobial activity is considerably less than 
that of the neutrophil. Eosinophils also release major 
basic protein (MBP) which is highly toxic to larvae of 
parasites. 

' 
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Eosinophils and inflammation 
In inflamed tissues, eosinophils have been shown to be 
capable of antagonizing and inactivating histamine and 
other chemical mediators of inflammation, such as 5-HT 
and bradykinin. Through this function, the eosinophil helps 
to limit and circumscribe the inflammatory process. 

The eosinophilic response to an inflammatory stimulus 
is characterized by accumulation of eosinophils in the 
inflamed tissues, with a simultaneous increase both in 
the production of eosinophils by the bone marrow and 
in the number of circulating eosinophils (eosinophilia), 
on their way from the bone marrow to the inflammatory 
sites. Chronic eosinophilia occurs in response to complex 
antigens, as~ in helminthic (worm) infestations (e.g. hook
worm~ as.caris and bilharzia) and in response to allografts 
(e.g. skin grafts). 

The accumulation of eosinophils in inflammatory sites 
· \ 

may be inhibited by high doses of corticosteroids, which 
also depress the chemotactic attraction of eosinophils. 
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From the foregoing account we may deduce that eosino
philia occurs in pathological states as a result of an antigen 
-antibody reaction. 

Common causes of eosinophilia include: 
1 Parasitic disease, e.g. worm infestations of the gut. 
2 Allergic conditions: 

(a) Bronchial asthma. 
(b) Allergic rhinitis (hay fever). 
(c) Drug reactions, e.g. penicillin sensitivity. 

3 Tropical eosinophilia, which represents a reaction to the 
filaria parasite. 
4 Dermatological diseases. 

Functionsofbasophils 
The distinguishing morphological feature of the basophil 
is the large blue-black granules which appear to fill the 
cytoplasm, overlie the nucleus and tend to obscure nuclear 
configuration. Basophil granules contain abundant acid 

. \ mucopolysaccharide, which accounts for their strong affin
ity for basic dyes such as methylene blue. Heparin is one of 
the important acid mucopolysaccharide constituents; other 
constituents include histamine, 5-HT and ribonucleic acid 
(RNA). The basophil is the carrier of histamine in the 
blood and, due to its being rich in both heparin and his
tamine, it bears a strong resemblance to tissue mast cells. 
The function of basophils is not known with certainty but 
they may have a role related to their content of the physio
logically active substances, such as heparin, histamine and 
5-HT. Mast cells and basophils have surface Igt receptors 
which bind IgE coated antigens, degranulate and release 
histamine leading to allergic reactions e.g. urticaria. 
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Monocytes {blood macrophages) 
This macrophage has its origin in the bone marrow 

monoblast and promonocyte. The mature monocyte reaches 
the bloodstream, where it stays for a variable period of 
time, ranging from a few hours to 6 days. Then it leaves the 
circulation for the tissues, where it undergoes transforma
tion to the larger and more effective phagocyte-tissue 
macrophage (histiocyte). 

Functions 
The macrophage contributes directly to the body defence 

systems by phagocytosis and killing of invading bacteria 

and, indirectly, by interacting and cooperating with lym

phoid cells in both the afferent (or recognition of foreign 

material) and efferent (effector) limbs of the immune 

response. In the afferent limb, macrophages process the 
antigen and present it to lymphocytes. 
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Macrophages phagocytos~ damaged or altered host cells 
and microscopic debris, which justifies the descriptive 
name 'tissue scavengers'. 

Lymphocytes 
Much of our knowledge about the cellular elements of 
the blood has been based on the concept that cells may be 
recognized and classified by morphological criteria. This 
concept, however, does not hold in relation to recogniz
ing and classifying cells of the lymphoid series. The 
blood lymphocytes constitute a family of cells of different 
origins, migration patterns, sizes, staining characteristics, 
ultrastructure, lifespan and function. 

Formation (ly1nphopoiesis) 
Lymphocytes originate from the primitive unipotent stem 
cell (lymphoid-co1nmitted precursor) in the thymus, lym
phoid~ tissues and bone marrow and then proceed along a 
known maturation line via the 'lymphocyte production 
pathway', which includes the following cellular stages: 
1 Lymphoblasts. Normally these are only seen in lympho
poietic organs and almost never observed in peripheral 
blood. 
2 Intermediate (transitional) forms (large blast cells). 
3 Small and large lymphocytes (blood lymphocytes). 

These stages are not unidirectional. The process can, 
under certain circumstances, go in the reverse direction and 
small lymphocytes can grow into large lymphocytes and 
lymphoblasts. Such blastic transformation can be demon
strated in vitro by growing small lymphocytes in a suitable 
culture medium containing a non-specific mitogen, such 
as phytohaemagglutinin (P 1-IA), or a specific antigen, e.g . 

.. tuberculin. 
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Lyntphocytes in the bloodstreant 
Lymphocytes enter the peripheral blood either directly, 
by passing through the walls of blood-vessels in the vari
ous lymphopoietic organs, or indirectly, by entering the 
lymph stream and eventually reaching the bloodstream 
through the thoracic duct and other lymph ducts in the 
neck. 

~ 

Classijicatio n 
When seen under an ordinary light microscope, blood 
lymphocytes can be divided into small (5-8 J-Lm diameter) 
and large lymphocyt.es (8-15 J-Lm diameter). The majority 
ofblood lymphocytes are of the small type. 

Functions 

Lymphocytes are the central cells in immunity. On the 
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basis of this function, lymphocytes are divided into two 
types: 
1 Thymus-dependent lymphocytes (T cells) are so called 
because they originate in the thymus or bone marrow 
and migrate to the thymus where they mature and ·are 
reprogranuned to recognize foreign antigens. They have 
a lifespan of 100-300 days or even more (hence the 
name long-lived lymphocytes). This long lifespan is 
closely related to their property of constant movement from 
blood to tissues to lymph to blood again (recirculation of 
lymphocytes). 

T lymphocytes are the principal mediators of cellular 
immune responses, such as rejection of tissue graft, e.g. 
kidney transplant, and delayed hypersensitivity reactions. 
They also play a minor role in the synthesis of immuno
globulins (antibodies). 
2 Thymus-independent lymphocytes (B cells). In humans, 
the B cells develop in the · bone marrow, the germinal 
centres of lymph nodes and the red pulp of the spleen. Their 
lifespan is 2-7 days (hence the name short-lived lympho
cytes). They have been called B cells because they are 
known as bursa cells. When the B cells are properly stimu
lated by an antigen, they develop successively into large 
lymphocytes and, lastly, plasma cells. The plasma cells are 
lymphoid cells which are capable of producing antibodies. 
Thus, the B lymphocytes are the principal mediators of the 
humoral immune response. 



·.\ Total leucocyte count 
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Although it is usually quoted in textbooks that the total 
leucocyte count is 4000 to 10 000 cells per cubic millimetre 
of blood, it should be emphasized that this range applies 

more to Europeans than to residents of hot tropical coun
tries. It is not uncommon to find a total leucocyte count 
among healthy students and blood donors in_ these geo
graphical locations of between 2000 and 4000 cells/mm3

. 

Because there is a relatively low count of neutrophils, this 
is called neutropenia. 

Differential white cell counts 
The normal proportions of white blood cells are as follows: 

Neutrophils 60-70% 
Lymphocytes 20-30% 
Monocytes 2-8% 
Eosinophils 2-4°/o 

· Basophils 0-2% 

Leucocytosis and leucopenia 
An increase in the total leucocyte count above the normal 
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' \_ .J_~ .. ·is called leucocytosis. This may occur in health (physiolo-

gical leucocytosis) or disease. 
Physiological leucocytosis may occur under several 

conditions: 
1 Diurnal variation: leucocyte counts are lowest in the 
morning and increase to a maximum in the afternoon. 
2 After a protein meal. 
3 Following physical exercise. 
4 Stimulation by stress or an injection of adrenaline 
(epinephrine). 

Disease states which commonly cause leucocytosis are 
bacterial infections (pyogenic infections), e.g. tonsillitis, 
infected wounds or inflamed appendix. In these conditions, 
measurement of the total leucocyte count is essential for 
diagnosing the existence of the infection. The differential 
white cell cpunt is also useful. In general, acute bacterial 
infections cause an increase in the neutrophil count, while 
chronic and viral infections are associated with an in
creased lymphocyte count. 

Leucopenia is a decrease in the total leucocyte count 
· " below the normal. It is often seen in conditions of malnutri

tion and is also an important feature of typhoid fever. Some 
drugs may depress the bone marrow and therefore result in 
leucopenia and, in particular, a decrease in the granulocyte 
count (agranulocytosis). Leucopenia can also be caused by 
a deficiency of vitamin B 12 or folic acid. 
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High Count Low Count 
WBCType May Indicate May Indicate 

Neutrophils Bacterial infection, burns, Radiation exposure, 
stress, inflammation. drug toxicity, vitamin B12 

deficiency, and systemic 
lupus erythematosus 
(SLE). 

Lymphocytes Viral infections, some Prolonged illness, 
leukemias. immunosuppression, and 

treatment with cortisol. 

Monocytes Viral or fungal infections, Bone marrow 
tuberculosis, some suppression, treatment 
leukemias, other chronic with cortisol. 

.. diseases. 

Eosinophils Allergic reactions, Drug toxicity, stress. 
parasitic infections, 
autoimmune diseases. 

Basophils Allergic reactions, Pregnancy, ovulation, 
leukemias, cancers, stress, and 

\ 
hypothyroidism. hyperthyroidism. 

' 
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Effects · of Leul<ell1ia on the Body: 
1. The first effect of leuketnia is n1etastatic growth of 

leukemic cells in abnonnal areas of the body. 

2.Thc lcukcn1ic cells of the bone tnarrow invade the 
surrounding bone. 

3. Ahnost all leuketnias spread to the spleen, the lymph 
nodes, the liver & vascular regions. 

4. In each of these areas the rapidly growing cells 
invade the surrounding tissues, utilizing the 
1netabolic elements of these tissues & consequently 
casing tissue destruction. 

5. Very cdmmon effects in leuketnia are the 
developtnent of infections, severe anetnia & bleeding 
tendency caused by thrombocytopenia (lack of 
platelets) . 

. , 6. The n1ost ilnportant effect of leukeitna on the body is 
the excessive use of n1etabolic substrates by the 
growing cancerous cells. 

7. Tretnendous den1ands are n1ade on the body for 
foodstuffs, especially the a1nino acids & vita1nins. 
Consequently, the energy of the patient is greatly 
depleted, rapid deterioration of the normal protein 
tissues ofthe body. 

8. Obviously, after ·n1etabolic starvation has continiJes 
long enough, this alone is sufficient to cause death. 


