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The Vice-Chancellor, Deputy Vice-Chancellor (Adminis-
tration), Deputy Vice-Chancellor (Academic), Registrar,
Librarian, Provost of the College of Medicine, Dean of the
Faculty of Veterinary Medicine, Dean of the Postgraduate
School, Deans of other Faculties, and of Students,
Distinguished Ladies and Gentlemen.

This inaugural lecture is the 29" to be given from the Fdauity
of Veterinary Medicine since 1976 when the first lectire-was
delivered by Professor Desmond Hill, the founding,Udan of
the Faculty. It is also the eighth in the 2010/2011 seties of
inaugural lectures and the third lecture from the Depértment
of Veterinary Physiology, Biochemistry and Fiarmacology
(formerly known as the Department of Veterinary Physiology
and Pharmacology). This however, is the s€5Gne-lecture from
the Physiology section of the Department=Thg first inaugural
lecture from our Department came irom/ the Physiology
section about 26 years ago and wasUglivered by Professor
Michael O. Olowookorun in May.~1985. It was titled “The
Digestive System: A Perfect Exdmple of United We stand,
Divided We Fall”. In April, 1996nFrofessor Reuben O. A.
Arowolo from our Pharmafology section delivered the
second lecture with the titl¢l Protecting Our Livestock
Resources”.

Today, I feel highly “izdnoured to present the third
inaugural lecture froni our Department titled “Blood:
Different Strokes fop’Difterent Animals”. I have chosen this
title because of the‘significance of blood to the lives of man
and animals. It js. aiso because it encapsulates much of the
thrust of my res=aicl. activities, having worked on the blood
profiles of sgvorai species of normal healthy animals and
birds under,vafious environmental conditions for about three
decades. Although the proverbial saying ‘different strokes for
different folké’, from where the title of this lecture was
derived, veters to ‘different people living or doing things in
diffefent™ways’, blood can be viewed as containing basically
sinifiarconstituents in different animals with each of these



constituents differing qualitatively and quantitatively to
match the physiology of each species.

What is Blood?

According to the Oxford Eni%lish Dictionary, _thes\word
“blood” originated before the 127 century and is dexwred from
the Old English word “bléd”, which is akin t6 theVGerman
word “blut”, meaning blood.

Blood is the fluid that circulates th{oy.gh the heart,
arteries, veins and capillaries of muldccildlar animals
(including human and non-human vesrtebrates). It carries
oxygen (O;) and nutrients to the cells "¢t the body and
removes waste products and carbon “dioxide (CO,) from
same. It consists of a fluid part calledvplasma (mainly water,
but with a mixture of hormonés nutrients, enzymes,
electrolytes, gases, antibodies amdywaste products), which is
in equilibrium with the tissucwfluid of the body, and cells
including red blood cells (wirigh.Carry oxygen), white blood
cells (which help combat.initctions), and platelets (which
help the blood to clét)/ The cells are derived from
extravascular sites (i.e. outside the blood vessels) namely the
red bone marrow and’lymphoid tissues and then re-enter the
extravascular spacts{ where some of them become
transformed into gbnrigctive tissue cells.

Historical Per<pective

Blood has always been universally acknowledged as a living
tissue, the srary essence of life. “Le sand c’est la vie” (Blood
is life) @nd Similar philosophical expressions of other
languag€s attest to this. The doctrine of the humors, which
dominated /Western medical thinking until the Renaissance,
held/th«disease is the consequence of imbalance of the four
cofnponents of which the human body is composed: blood,
palégni, black bile and yellow bile.

‘The English physician, William Harvey (1578-1657)
wrote: “Blood acts above all the powers of the element and is
endowed with notable values and is also the instrument of the
omnipotent creator.” He believed that, “blood is the fountain
of life and the seat of the soul.”



An understanding of the structure of blood (that it consists
of cells suspended in a protein- rlch fluid known as plasma)
slowly accumulated from the 17" century onwards. The first
person to describe red blood cells (or red corpuscles as they
were known then) was the young Dutch biologist, Jan
Swammerdam, who, in 1658, used an early microscope.to
study the blood of a frog. Another microscopic descriptionfof
red blood cells was provided 20 years later, in 1075s=by
Anton van Leeuwenhoek (1632-1723) who upaware of
Swammerdam’s work, provided a more precise desediption of
red blood cells, even approximating the cell size a%,725,000
times smaller than a fine grain of sand”. The white blood cells
(called white corpuscles) were first describéd by the British
physician, William Hewson (1739-190%)," who also
discovered the essential features of how=hldod coagulates,
showing that it is due to the clotting of plasma and not as a
result of changes in the ccllulal components of blood. It was
in the latter half of the 19" cenn wy tifat blood cells were
found to be the progeny of more, ptimitive cells in the bone
Marrow.

The modern science of hawmalology stemmed from the
work of the Greek pharmacsglogist, Paul Ehrlich (1854-1915),
who developed a stain thatN£d to a clear distinction between
the different types of BHlodd cells. The knowledge of the
functions (physiology) “af Jblood also evolved over many
centuries. William Harvey described blood circulation in
1628, and some [ftwwyears later, the English physician,
Richard Lower (4631-1691) reported the change from dark
blue color of vénous blood to the bright red color of arterial
blood after ity’paasdge through the lungs. In 1790, the French
chemist, Ar'*omﬁ- Lavoisier (1743- 1794) discovered oxygen
and found{it/was the constituent of air that is responsible for
the charige “n the color of blood. In the mid-nineteenth
century,%{ was found that oxygen combines with a substance
in the\red cells which was identified as a protein,
haemogiobin (Hb) by the German biochemist, Felix Hoppe-
Seyier (1825-1895). By 1900, it was appreciated that white
biaod cells play crucial roles in defense against infection.



This idea was first proposed by the Russian zoologist, Ilya
Metchnikoff (1845-1916).

Karl Landsteiner, in 1901, published his discovery“of
three main blood groups—A, B and C (C, he later renamad-O).
Landsteiner described the regular patterns in which rcactions
occurred when serum was mixed with red bigod  cells,
identifying compatible and conflicting combindtibnsbetween
the blood groups. A year later, in 1902, Alfred van Decastello
and Adriano Sturli, who were two 4f/ JLandsteiner’s
colleagues, identified the fourth blood growp;vAB. In 1959,
Dr. Max Perutz, using x-ray crystallography, was able to
unravel the structure of Hb, the red.blood’ cell protein that
carries O;. This work resulted in_hi%, sharing with John
Kendrew the 1962 Nobel Prize in Chemistry.

Significance of Blood

Since ancient times, blood has“heen identified with life and,
through the ages, people havé produced endless speculations
about that connection. Pzuple, assigned various sacred and
magical properties to blowd asid used it in a variety of rituals.
This, ladies and gentlemen, T am sure is well understood by
us in Africa. Some/drank it, rubbed it on their bodies and
manipulated it in cer€monies. Some people believed that by
drinking the blodd ol a victim, the conqueror absorbed the
additional strengthef'the conquered. By drinking the blood of
an animal, ong took on its qualities. As late as the e
century, theswonten of Yorkshire in England were reported to
believe thdt by drinking the blood of their enemies they could
increase.their fecundity.

Thé _ain created around blood probably derives from its
eye-gawchifig distinctive red colour, and the fact that its exit
(lossy/trom the body in large amounts, say in battle, led to
lgssy of” life. As a result, redness came to be seen as an
essapiial characteristic of blood and the vehicle of its power.
Thus, red objects were often endowed with the same potency
as blood. In particular, red wine was identified with blood.
For instance, in ancient Greece, red wine was drunk by the
devotees of the god Dionysus in a symbolic ritual drinking of
his blood.



Blood was, is, and continues to be seen as somehow
related to the qualities possessed by an individual. Several
beliefs make references to admirable people as having “good
blood” or evil persons as possessing “bad blood”. Thusy
blood, in a somewhat literal sense, carries the esseiiizi
characteristics of the larger families, clans, national/eshiiic
groups, even whole races. Due to its importance to lifeyblood
is associated with a large number of beliefs. One #f FagSe is
the use of blood as a symbol for family relationskinssthrough
birth/parentage. For instance, to be “related by blood *is to be
related by ancestry rather than marriage. Thiswis closcly
related to sayings such as “blood is thckm thaiswater” which
literally replaces a biological brother with a “alood brother”.

In Islam

The consumption of food containing“hlopd is forbidden by
Islamic dietary laws. This is derive@Iipm= the statement in the
Qur’an, sura Al-Ma’ida (5:3): “Farbidden to you (for food)
are: dead meat, blood, the flesi™a{ swine, and that on which
has been invoked the name of no“ather than Allah.”

In Christianity

In the book of Genesis Ghaptpr 9 verses 4 - 6, God told Noah:
“But you must not eat tite*tlesh with the life, which is the
blood in it. And further, for your life-blood, I will demand
satisfaction; for evgry animal will I require it....”

In the New Testament, the thought of the early Christians
on the significanctof Christ’s death was clearly presented in
the Book of Re#elation, in which John spoke of Jesus as the
one who ‘firbed”us from our sins with his life’s blood”
(Revelation¥':5).

It iséout of obedience to the commands of the bible such
as “Keep a¥staining from anything offered to idols and from
bloG™=tacts 15:28, 29), that Jehovah Witnesses refuse to
pariaky m the consumption of blood or accept transfusions of

b )U\.l.
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Composition of Blood

Blood consists of the cellular part, which is made up of_red
blood cells, white blood cells and platelets (or thrombocytes),
and the fluid part called plasma.

Cellular Components

Red Blood Cells (Erythrocytes)

Red blood cells (RBCs) are also known s.rted blood
corpuscles (an archaic term), haematids or erytiocytes (from
Greek “erythros” for “red” and “kytos” for “hollow”, with
“cyte” translated as *“cell” in modern usage):

Vertebrate Erythrocytes

While in invertebrates various respigatory pigments may be
found in the blood plasma and infregiently in simple cells,
the vertebrates have developed 2 sperialized cell containing
haemoglobin (Hb) called the eryui:rocyte. The erythrocyte
consists mainly of Hb, a metalloprotein containing haeme
groups whose iron atoms teriperarily link to O, molecules in
the lungs and release them“to/body tissues. O, can easily
diffuse through the cell membrane of RBCs. Hb in the
erythrocyte also carries(sgme of the waste product, CO,, back
from the tissues. Most«oixthe CO; is however transported as
bicarbonate dissolved in the blood plasma. The only known
vertebrates without™ erythrocytes are the crocodile
icefishes (family Channichthyidae), that live in very O rich
cold water an4 transport O, freely dissolved in their blood.
Although th¢y Gan’t use Hb, remnants of Hb genes can be
found in their‘genome (Carroll 2006).

Mammavian crythrocytes

Amongwvertebrates, mammalian erythrocytes are unique as
they afe ;non-nucleated in their mature form. The sizes of
inaividyal erythrocytes and their number per unit volume of
blaad (RBC count) vary between mammalian species. The
geat has the smallest erythrocyte size and the greatest
siythrocyte number among domestic animals and man,
followed by the sheep as a close second (Schalm et al. 1975).
The ancestors of sheep and goats lived on mountain tops



where O, tension is low and efficient respiration is required.
This may partly explain why domestic sheep and goats have
an arrangement for a more efficient respiration than is
required for life during domestication.

Non-Mammalian Erythrocytes

In non-mammalian vertebrates, such as birds, fish, reptiles
and amphibians, the nucleus is not removed during rfé=Cell
production (erythropoiesis) and is retained througbeut the life
of the red cell in the peripheral blood. The eryhfogytes of
these non-mammalian vertebrates are thereforewnucleated.
The known exceptions are salamanders™af ‘he genus
Batrachoseps and fish of the genus Maurelicus and closely
related species, which are non-mammalica vertebrates
that have non-nucleated erythrocytes (Coren 1982).

Shapes of Erythrocytes

The observation of the shapes and sizes of erythrocytes of
various vertebrates creates two majol impressions: First, that
there is a marked species varidtianyvin red cell morphology
among the submammalian, Frpis. Second, mammalian
erythrocytes are relatively simiiar in size and quite similar in
shape. They appear as Ficoncave disks in most domestic
animals (dog, cat, cow, hatie, sheep and goat) and man (fig.
la — g), with the excepfion ¢f the camel family, Camelidae, in
which the normal erythreCyte is of a biconvex, ellipsoid or
oval shape (fig. 1h).

Biconcave Disk-siaved Erythrocytes

The biconcave shape of most mammalian erythrocytes (which
are flattened 240 depressed in the center, with a dumbbell-
shaped crogs-s<ction) offers maximum surface area for
exchangé€ol U, and CO; with the surroundings. However, the
propor#ion of such biconcave erythrocytes and the degree of
concaviiy ary between species. Typical biconcave erythro-
cytes aie present in the dog (fig. 1a), cow (fig. 1b), sheep (fig.
Icjsvand man (fig. 1d), while horse (fig. le) and cat
ervihrocytes (fig. 1f) have shallow concavity and most goat
envthrocytes are flat disk-shaped (fig. 1g).



Fig. 1a-h. Scanning clectron micrographs of

cat, (g) goat and (h) camel. Soupse: g, cow, sheep, horse, cat, goat and camel — Schalm et al., 1975). Human
erythrocytes —www.,rj.edw’leam/lli@ood/red.hrm!.' retrieved 10 June, 2010).
AQ/ .



The peculiar shapes of normal erythrocytes of the camel,
[lama and deer have been compared to the aberrant shapes
associated with some human diseases. For instance, .&
hereditary elliptocytosis is an abnormality of the norm
biconcave human red cells in which an abnormally iarQ'
number of erythrocytes are elliptical (fig. 2a) rather th
typical biconcave disk shape. In the Ilama
Camelidae), the normal erythrocyte is an elliptical d@@
2b).
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Fig. 2.(a) Hereditary elliptocytosis (abnorm rythrocytes from humans).
Lymphocyte at the center.
Source: (en.wikipedia.org/wiki/Here liptocytosis; retrieved 15 July,
2010).
(b) Normal clliptical anucleatc&’thm es from Ilama (family Camelidae).

Lymphocyte present at the cent
(Source (www.felipedia.org/~felipec
2010))

Sickle-shaped Eryth cytes
A sickle cell is an nh%al red blood cell that has a crescent
orma

shape and an form of haemoglobin. The deer
erythrocytes c1rr% s round cells and are similar in size to
cattle erythro he normal deer erythrocyte is not sickle-
shaped in-viv when first removed from the body, but
sickling t ce as the sample stands at either room or

refrigerag;r peratures (fig. 3c). Sickle cell anaemia or
]

ki/indrex.php/Elliptocviosis; retrieved 20 July,

disease enetic life-long disorder characterized by red
blood ¢ at assume an abnormal, rigid, sickle shape. The
dis curs in a person who has inherited two abnormal
(m haemoglobin genes from both parents. It has been
ed that over 200,000 infants are born each year in
with sickle-cell disease and 150,000 of these are born



in Nigeria (WHO, 2006). The sickle-cell gene is caused by a
point mutation in the haemoglobin beta gene that leads to
replacement of glutamic acid by valine at position 6 of the
beta chain of haemoglobin. This results in a haemoglehin of
reduced solubility and, especially in the deoxygenatdd fiate,
haemoglobin molecules align themselves and distorty the
erythrocyte membranes, taking up the distinctive sigkle-cell
shape (fig. 3a, b). However, the sickling phenoineaari of the
normal erythrocytes of deer (which was first described by
Gulliver in 1840) is different from that of sickie-tell disease
seen in humans. The occurrence of in-vitrowsickling in the
erythrocytes of most species of deer migiat have remained a
laboratory curiosity had it not been«for the existence of
similarly shaped (sickle) cells (figs. 3a+2n a human disease
called sickle cell anaemia.

(=)

Fig. 3. Scanning electroiy mic ograph of (a) a sickle erythrocyte and a normal
human erythrocyte; and plood smears showing sickle erythrocytes from (b)
human and (c) de:r blood.

In contrast to the limited racial and geographical
distribution“af sickle cell anaemia in man (the sickle-shaped
human Erydyrocytes being found most frequently among
people~whaese ancestors come from Sub-Saharan Africa,

Souti:, Arierica, Cuba, Central America, Saudi Arabia, India
" and Mediterranean countries such as Turkey, Greece and
Italy), /the sickling phenomenon occurs in most species of
deer representing a wide variety of ecological and
geographical areas of the world. In the deer, sickling is an in-
vitro phenomenon which occurs under high O, tension and
elevated pH and has no apparent pathologic consequences.
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White Blood Cells or Leukocytes

The name ‘white blood cell’ derives from the fact that after
centrifugation of a blood sample, the white cells settle in the
buffy coat, a thin typically white layer of nucleated cells
between the sedimented red cells and the blood plasma. Tha
scientific term, leukocyte is derived from the Greek wopds
leukos (white) and kytos (cell).

Types of White Blood Cells

Five differ.nt and diverse types of white blood “etlls are
known. Th'v include neutrophils, eosinophils, monocytes,
lymphocyies and basophils. The various types ofleidikocytes
in the blood of different animal species (deg, cat, cattle,
horse, and elephant) and man are as shown i&{igure 4 (a — p).

11



Nuclear sex-bud mstick of segmented neutrophil from a female dog. b -

Dog. (2) Band il. (3) Lymphocyte. (4) Two segmented (mature)

neutrophils. . (5) Eosinophil. d - Dog (6) Basophil. e - Dog. Three

typical monduytes. 1'- Cat. (7) Three neutrophils. (8) Small lymphocyte. (9)

E(}sinoph@ t. (10) Two basophils. (11) Eosinophil. h - Cattle. (12)
€

Fig. 4. Normal leukocite types in animal and human blood. a - Dog (1)
eutro;

Two neu 1l$, i - Cattle. (13) Eosinophil. j - Cattle. (14) Monocyte. (15)
Lymp - Cattle. (16) Basophil. 1 - Horse. (17) Eosinophil. (18)
Baso, Horse. (19) Three mature neutrophils. n - Elephant. (20) Two
mopocy.zs. 0 — Human. (21) Neutrophil. (22) Lymphocyte. p - Human.
(26) Fosinophil

&y are all produced and derived from a multipotent cell
itinthe bone marrow called haemopoietic stem cells. Their
uction and maturation is controlled by a family of

N '



proteins called haemopoietic growth factors. Following their
release from the bone marrow into the blood, many of the
white blood cells remain in a so-called storage pool, attached
to the wall of blood vessels. The numbers circulating freely ip
the blood therefore represent just a fraction of the total white
blood cell count in the body. Species differences occur S
only with regard to the total white blood cell count, bumalso
in the proportion of different leukocytes in the bloGd/ For
instance, the average total white blood cell cguns, (per
microlitre of blood) in man is 8,000. In the dogscdw, Lattle,
and domestic fowl the average values for normal total white
blood cell counts (per microlitre of blood) are 11,584, 12,500,
8,000, and 33,370, respectively (Schalm et al. 1975; Oyewale
1987a). Neutrophils predominate in the humien, dog and cat
blood, but in the horse, they slightly exceed 2Zymphocytes and
in ruminants (cattle, sheep and goats) atid\laboratory animals
(such as rats and mice), neutrophilssare outnumbered by

lymphocytes.

Plasma _
Plasma is the fluid of blood left after removal of the cellular
elements. Serum is the fluid#which is obtained after blood has
been allowed to clot and the,Ciat removed. Serum and plasma
differ only in their cont¢nt of fibrinogen and several minor
components which are in part removed in the clotting process.
It might appear that_plasma is less important than the blood
cells it contains. Byt this ‘would be like saying that the stream
is less important thamthe fish that swims in it. You cannot
have one without tite,other.

Although pldsia is composed of over 90% water, it also
contains a/mniixture of proteins which include albumin,
globulins andifibrinogen. Albumin forms the main bulk of the
plasma %udteins, and is of considerable importance in
maintairting¥ osmotic homeostasis, as it prevents the
accumuration of excess fluid in body tissues. Globulins are
subdivided into @, ¢, P and d-globulin fractions. The d-
givhulin fraction contains the antibodies. Many substances

13



circulating in the blood (e.g. hormones, vitamins, electrolytes,
metabolites etc.) are partially or wholly bound to albumin (or
globulin fractions, while fibrinogen participates in the bleed
clotting mechanism.

There are many other classes of compounds circulatitg in
blood plasma. Most of these are smaller molecult§which
diffuse freely through cell membranes and are thexefors more
similarly distributed throughout all the fluids of “h¢ body. In
terms of their concentration and function, the £léeirolytes are
the most important. They primarily regulate™tlie osmotic
pressure of plasma and contribute also to,the control of pH.
The major cations are sodium, potassiutiy/ calcium and
magnesium, while anions are chloride, “hicarbonate, phos-
phate, sulfate and organic acids. Plasnia,also contains many
small compounds which are transpdited to the site of
synthesis of larger molecules in w/itichvhey are incorporated,
or which are shifted as products“ef snetabolic breakdown to
the sites of their excretion from\iiiz-sody.

Platelets (Thrombocytes)

The blood contains platelets, and at least 12 other factors
active in blood clotting! Platelets are small, spindle-shaped or
rod-like structures ,eccwrring in large numbers in the
circulating blood. (They change their shapes rapidly on
contact with injyured Glood vessels or foreign surfaces and
take part in .clot formation. Platelets are cytoplasmic
fragments brgken off from their precursor cells of origin in
the bone marrow, the megakaryocytes, and are therefore not
nucleated ~in_“mammals. However, platelets of birds are
nucleated:

Bloed niwlInvertebrates

In insécts, the blood, known as haemolymph, is not involved
in Oxygen transport. There are openings called tracheae which
allow oxygen from the air to diffuse directly to the tissues.
Haemolymph in insects moves nutrients to the tissues and
removes waste products in an open circulatory system.

14



Other invertebrates use respiratory pigments, like the
copper-containing haemocyanin in crustaceans and mollusks
which are freely soluble in the blood, to transport oxygen. !

Color of Blood
In man and animals, arterial blood and capillary blood
bright red as O, imparts a strong red color to the haeme 5?

of Hb in the erythrocyte. Deoxygenated blood shows r
shade of Ted as seen in veins or when venous blood es

are obtained.
The skink, Prasinohaema virens (fig. 5), is a
scincid lizard species native to New Guir_lea,\;i( green-

blooded land vertebrate. The green blood pigmentation results
from accumulation of the waste product, biliverdin in levels
that would be toxic to other vertebrates\Biliverdin is a
compound formed from the breakdo%u Hb, and is
normally converted to bilirubin. It is J€ligwed, however, that
mutation in various genes regulating in formation leads
to formation and accumulation of\Giliwcrdin in this species
(Austin and Perkins 2006).

5. Green-blooded skink (Prasinohaema virens) (Source:
en.wikipedia.otg/wiki/Prasinohaema_virens; retrieved 26 November,
2010)

The b most mollusks (including cephalopods and
s) and some arthropods (such as horseshoe crabs) is

ntains the copper-containing protein, haemo-

Fig.
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My Own Contributions

[ started my research career in 1980, a year after graduating
from the University of Ibadan. Two weeks after complefing
the National Youth Service Corps in Owerri, Imo S
travelled to Ibadan to discuss my interest in academny ith
my former teacher, Professor M. O. Olowookorun, then
Head of Department of Veterinary Physio? and
Pharmacology, with whom [ had earlier series  of
discussions on the same subject matter. Meane, I had
been offered a job, each by the Civil Servic mission of
Lagos and Kano States and by th ce Service
Commission. I preferred a university appqintment and refused
to take up any of these earlier offers. In Septefnber 1980, I got
employed as a temporary Lecturer II in“the Physiology Unit
of the Department. In the remaining of that year and for
the next two years that followed, Q‘Essearch work was on
gastrointestinal physiology und upervision of Professor
Olowookorun. I soon gave up Qnt field of study because
as a young researcher, covered that Professor
Olowookorun had covere uch ground in that field and
breaking a new one wi %ort time would be a difficult
task for me. I also obseL\h}bi at the available equipment for
gastrointestinal studigs ,in the Department were becoming
obsolete and non-fu al and there was no immediate hope
of upgrading the dition, I had just a few publications
to show for the 2 s spent on gastrointestinal studies. It
was obvious thé the only way forward for me was to make a
new choice gt resSearch interest. To start with, I recalled the
field exper& during my Youth Service year, when with a

colleagu d classmate, Dr. Eric Omogbai (currently
Profess harmacology, University of Benin) and a Sri
Lank erinarian, Dr. S. Tangarajah who was in the
em ent of the private farm where I worked, we relied on

ogd data of animal breeds in Europe and America to
ig/the health status or treat sick animals in our Nigerian
ironment. This is because reference data on blood

\ggrameters of our animals were not available. In an attempt to
éil this gap, I switched over to studying the blood
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characteristics of normal animals and birds in the tropical
environment. This has been my main thrust ever since, and so
far, I have investigated and established data on:

(i) Normal blood parameters of domesticated and nod-
domesticated animals in the hot humid tropics;

(i) Osmotic behavior of mammalian and _n&d-
mammalian erythrocytes and factors influencifig/sueh
behavior;

(iii) Haematological changes after blood loss in‘“aslinzals.

Normal Blood Data of Animals in the Hot Huinid/Tropics
Blood Values of the Large Ruminant

Mr. Vice-Chancellof Sir, cattle commasgds=¥% prominent
position in our meat supply and livesteck ‘industry. Beef
accounts for over 50% of the total meat cokSumed in Nigeria.
Although developing countries have @bout two-thirds of the
World Cattle population, about fwo-thirds of total beef
production is accounted for by dewsioped countries. Cattle
production in developing cduramies including Nigeria
provides millions of familiesswitd good nutrition, family
income and employment opportunities, draft power and a
more balanced agriculture. € studies on the blood values of
cattle examined two popuwlar breeds: White Fulani and
N’dama (fig. 6a, b). The'White Fulani is a white, black-eared
and medium-horned hreed with well developed hump and
dewlap and is thesmast numerous and widespread of all
Nigerian cattle brgds. They are found from Lagos to Sokoto,
Katsina and Kano States and spread across the Nigerian
Middle Belt. Ahe N’dama was brought into Nigeria from
Guinea in 1939 On an experimental basis, because it is
trypanotoletarte=The N’dama has a medium-sized compact
body witht lyresshaped black-tipped horns and no hump.

17



Fig. 6. Nigerian cattle breeds: (a) Adult N'dama Catt dult White

Fulani Cattle \

Oduye and Okunaiya (1971), and Oduye/and Fasanmi
(1971) compared some haematologicainand serum bio-
chemical parameters, respectively, i ite Fulani and
N'dama breeds of cattle in Nigeria. l-%ever, few parameters
were investigated. For instance aematological para-
meters were limited to pac cell volume (PCV),
haemoglobin (Hb) concentrati white blood cell count.
My former postgraduate t, Dr. Funsho Olayemi
(currently Senior Lectu d Acting Head of my
Department) and I compareduthe various haematological and
plasma biochemical p eters of the adult (2 - 5 year- old)

White Fulani cattle ult (2 - 6 year-old) N’dama cattle
reared under simil nsive management system at the
International Livesto esearch Institute, Ibadan, Nigeria

(Olayemi and O ale, 2002a). We found that the Hb, MCH
and MCHC values were significantly higher in White Fulani
than in N’darha ®attle (table 1).

This is,attithuted to genetic differences, as both breeds of
animals ared under identical systems of management.
The n il count was however lower in White Fulani
cattl le 2). These observations seem to suggest that
haez'ﬁygical values obtained for one breed of cattle in

Ni cannot be accepted as representing the values that
found in another breed.
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Table 1: Erythrocyte values (mean = SD) of the White Fulani and
N’dama breeds of cattle

Paramcter White Fulan {n = 28) N'dama (n = 15) *
RBC (x 10° ) 5474092 546+1 13 Q

POV (%) 30004462 3132426 V‘

Hb (wdl) 12284 1.48 988+ 1,33

MCV (ff) 729241321 69.90+410.9

MCH (pg) A01+529 1900+
MCHC (/d) 31754537 269444
M, s l,

Ndama values significantly different from those for White Fulani cattle at *p<
*p<0.001
Source: Olayemi and Oyewale (2002a)

Table 2: Leukocyte values (mean + S: White Fulani and
f ce

N’dama breeds o
Ty

Parameter White Ful@; N'dama (n = 15)

Total WBC (x 10%y) 9114365 9.19+4.66

Lymphocytes ( x 107/u) 600 +44966.00%=3.64%)  5.86+0.54 (63.73% +4.76%)
Neutrophils (x 10%/ul) 22340 R24.54% +4.35%)  2.53£0.262753% +335%)**
Eosinophils (x 10°/d) 0.6 (6.14% £ 1.08%) 0.53+0.14 (5.80%+ 16175
Monocytes (x 10°/u) 0. (330%+1.13%)  025=0.12 (27%%=139%)

Percentage data in
**N'dama values si

ore, we reported that although the levels of
olytes and metabolites were identical in both
plasma sodium, total proteins and albumin were
tly higher in the zebu (White Fulani) than in the
a breed (Olayemi and Oyewale, 2002a; table 3). This
be due to the fact that zebu cattle have greater ability to
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digest dietary protein and re-utilize nitrogen more efficiently
than other breeds of cattle including the N’dama.

Table 3: Comparison of the plasma electrolyte, protein and A
metabolite values (mean = SD) of the White Fulani and N’da

breeds of cattle
Parameters White Fulani (r = 19) N'dama (n
Sodium (mmol/L) 142.26 +9.07 126,315
Polassium (mmaol/L) 481 +0.94(18) 5.134 I3
Bicarbonate (mmol/L) 9.05+291 7.
Calcium (mmol/L) 2154002 2
Inorganic phosphate (mmol/L) 1.62+0.76
Total protein (g/L) 90.00+8.10 4. L20 (14)y**
Albumin (g/L.} 28.90+4.30 23.40.05.70 (14)**
Globulin (g/L) 62.00 4 8.80 1.40 4 15.40 (14)*
Albumin/globulin ratio 0.48 +0.10 0.13
Urea (mmol/1) 2.8942.14 1.xt+1.25
Creatinine (pmol/L) 162.66 +47.74 13525+ 53.04
Mumbers of ammals are shown in parentheses
MN'dama values significantly different from those for White Fulani <002 *=p<0.0l

Source: Olayemi and Oyewale (2002a)

The White Fulani cattle in %a are mainly owned by
the nomadic Fulani, who em under a variety of
traditional management sy from nomadic pastoralism
to intensive backyard managetnent. We investigated the blood
parameters of White ani cattle under intensive and
extensive manageme ms and observed that the RBC
and PCV values we ificantly higher in the intensively
managed animals (Olayeémi and Oyewale, 2002b; table 4).
This finding, which is consistent with observations in pigs
(Sarror and Sa&), 981) and sheep (Olayemi et al. 2000),
It

may have r from the higher plane of nutrition and
adequate v, y care given to the intensively managed
animals. In ion, we found significantly higher total WBC

count d g o higher lymphocyte, neutrophil, eosinophil and
mon% ounts in the intensively managed cattle (table 5).

A
S
S
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Table 4: Erythrocyte values (mean + SD) of White Fulani cattle under
intensive and extensive managements

Parameter Intensive (28) Extensive (29)

RBC (X10% ul) 547+0.92 4.50 + 1.63*

PCV (%) 39.00 +4.62 32.41 £ 5.65%¢

Hi(g/d1) 1223 +1.48 11.65 £ 1.29 ,
MCV (i) 7292 £ 1321 79.84 + 25.98 ,
MCH (pg) 23.11£5.29 © 2978 £11.92*

MCHC (g/dl) 31.75+£537 36.94 + 6.53*

Number of animals in parentheses
*Values significantly different from intensive management at *P<U:24 and
*#P<(0.001

Source: Olayemi and Oyewale (2002b)

Table 5: Leukocyte values (mean + SD) of Whit¢ Fulani cattle under
intensive and extensive manag~mer ts

Parameters Intensive (28) "/ Extensive (29
Total WBC (X10°7ul) 9.11 £ 3.65 6.26 = 3.20*
Lymphocyte (x10°/ul)  6.00 = 0.49, 4.14 £ 1.01**
[66.00 = 3.657 [80.83 = 4.79]" **
Neutrophil (x10°/ul) 223+ 0036 0.83 +£0.33**
[24.544 4(35]° [16.10 + 5.10]" **
Eosinophil (x1 0’ful) 0.56 4.0, 0.12 = 0.07**
) [6.14 = 1)08)* [2.41 +1.48]"*
Monocyte (x10 /ul) 031041 0.03 = 0.03**
{3.30 £1.131* [0.69 £ 0.66]°

Number of animals in par:ntheses

*Value expressed as a péreeiage of total WBC count

Values significantly ditierent from intensive management at *P<0.01 and
*#*P<0.001

Source: Olayemi and Oxsfwale (2002b)

Olayemy, , Oyewale and Fajimi (2001) had earlier
investigatedvhe/plasma electrolyte levels of the White Fulani
cattle rearod under intensive and extensive management
systemsw We observed that the plasma electrolyte levels were
similar g both systems of management (table 6). However,
wenaisq found the total plasma protein and albumin levels to
be higher in the intensively reared cattle (table 7). This could
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be because they were on a better diet, being fed on improved
pasture supplemented with maize, citrus pulp and brcwﬁ’s
grains. The extensively reared cattle, on the other han

not receive any feed supplementation. %

Table 6: Plasma electrolyte concentrations (mean %

White Fulani cattle under intensive or extensive n@tnt
Paramelers Intensive (n) @siw (i)

Sodium (mmol/L) 14226907 (19 SNUABL884(27)
Potassium (mmol/L) 481+094(19) 5224109 26)
Bicarbonate (mmel/L) 905291 (19) % 1854235 (21)
Calcium (mmol/L) 215+0.02(19) 2.1540.03(28)

Q 162+0.78 (28)

Inorganic phosphate (mmol/L)  1.62+0.76 %
Source: Olayemi, Oyewale and Fajimi (
Table 7: Plasma protein and .ﬁ# olite concentrations (mean x SD)
of White Fulani cattle un sive or extensive management

Parameters %nsive @=19) Extensive (1=28)
ya\

Total protein (g/L)* \J%.Uﬂi&lﬂ 79.80+16.70

Albumin (¢/L)° S 28904438 25004 6.80

Globulin (2/L) 62.00+8.80 55.301£24.30

Mhuminsglobuu(&\ 0.48+0.10 047+0.17
Urea (mmol \ 289+2.14 19341.30
Creatinine (ot 162.66+47.74 161,77+ 38.34

O

Valyfs diffedignificantly at *p<0.02 and p<0.05

1 ayemi, Oyewale and Fajimi (2001)

\B&sd Volume Changes in Small Ruminants and Birds
igeria, there are over 55 million goats and 34 million

Qeshecp (National Bureau of Statistics, NBS, 2010). Small
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ruminants (i.e. sheep and goats) contribute an estimated 35%
of the total meat consumed, with goats contributing about
20% and the rest (15%) from sheep. The predominant goat
breed in the country is the West African Dwarf (WAD) (fig"
7a) and the predominant sheep breed is the Yank
However, the WAD sheep (fig. 7b) is the predominant bre
of the humid tropics from southern West Africa th@

Central Africa.

Although increases in plasma and blood volum WAD
sheep and goats during experimental Trypan vivax
infections have been reported (Anosa and Iso 6), no
reports are available on these paramete\?ring the
physiological states of pregnancy and lactation in these
animals. We investigated the total blood and plasma
volume in WAD goats (Makinde, D and Oyewale
1983) and WAD sheep (Durotoye and Oy¢wale 2000) during
pregnancy and lactation. Our result@v d that the plasma
and blood volumes in WAD sheep a oats are higher than
in sheep and goats in temperate Wte. Both volumes are
greater in lactating than in pre% imals (tables 8 and 9).
This is similar to the l'epo\1 chalm et al. (1975) in
reproducing cows. It suggests that the blood and plasma
volumes which were i%ed during pregnancy were

probably maintained d ctation, such that the volumes

per unit body weight ed greater in lactating than in
pregnant animals. Contrary to the common situation in
women, in which ancy is accompanied by anaemia, we

did not observe/anaemia in our pregnant sheep and goats.
This agrees wi%s ilar finding in pregnant cows (Schalm

etal. IZ;%@
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Fig. 7a. Pregnant West African Fig. 7b. Pregnan i
Dwarf (WAD) goat Dwarf (WAD)

Table 8: Mean values (+8D) for live body weight,M cell volume
(PCYV), haemoglobin (Hb) concentration, plas nd blood volumes

in West African Dwarf
Goat Body | PCV wa:isma Blood
weight volume | volume
(kg) (ml/kg) | (ml/kg)
Pregnant 35.00 31.00 D 67.60 105.20
+12.72 | £5; +21.50 | *15.00
&) (7 (N
Lactating 22.00 27. 89.30 115.60
+8.70 %20 +1.70 | £18.90 | =19.40
(8) '\ (8) (8) (&)
Non- 27400173040 | 996 | 81.00 | 106.99
pregnant, +2.20 +.60 | =110 | £31.10 +2.50
non- (8) (8) 3) @)
lactating é

Number of, T}‘; in parenthesis
Q..
NS
S
N
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Table 9: Mean values (+SD) for live body weight, packed cell volume
(PCYV), haemoglobin (Hb) concentration, plasma volume and blood
volume in West African Dwarf sheep

Parameters Rams Dry Ewes | Pregnant | Lactating
Ewes Ewes
Body Weight (Kg) 21.89 20.50 28.17 2257
$2.719) | £0.59i8) | = 1.56(12)* | = L7OR
PCV (%) - 30.00 29.63 38.15 32.8
£1.090) | z1.67(8) |z 1.40{101* | 924
Hb (g%] 9.41 9.43 12,07 1
£1.1719) | £0.9716) |=0.50112) | +0¥L(T)
Plasma Volume 45.70 40.16 43.10 9616
(mi/kg body weight) | =3537(6) | £7.03(6) | =3.12f_ [z 6.55(6)*
Blood volume 64.08 55.74 48 147.12
|ml/kg body weight) | +6.1116) | £9.316) L= 668 | + 12976

Numbers in parenthests represent number of anmals ustd; * ) P<0.05 compared to data on
the same row; ** = P<0.001 compared to data on the same o)

Our blood volume studies wérs €xtended to domesticated
and non-domesticated birds inwNigeria including domestic
fowls, ducks and guinea-fowis, We compared the plasma and
blood volumes of the Nigeiisa fowl (local strain) and White
Leghorn fowl (exotic strain)yreared under identical environ-
mental conditions in ordes.te’ determine whether or not these
parameters differed beiween the two strains of domestic fowls
(Makinde, Fatunm®i and Oyewale 1986). The White
Leghorns are ameng,the most popular commercial strains of
laying chickens “in_the world. The results showed larger
plasma and blpo<™yolumes in the local Nigerian fowl (which
though mors~exeitable and more active, is capable of laying
fewer eggs)than the White leghorn fowl.

In a/stady involving the local Nigerian ducks (Anas
platyrhyncisds), Olayemi, Oyewale et al. (2003) found that
although \the plasma and blood volumes did not differ
significantly between the young (8 - 10 weeks old) and the
adult-bird (52 - 80 weeks old), the values in the adult
INigerian duck are lower than those of the plasma and blood
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volumes reported in the temperate environment in wild and
domesticated ducks. Apart from the work done on domegtic
birds, I investigated the effect of egg-laying on plasma_&
blood volumes in the semi-domesticated guin
(Numida meleagris galeata, Pallas), which is a
breeder. The results showed that the plasma
volumes were lowered in the guinea-hen by egg-lasing during
the breeding season (Oyewale 1990). Earljer
indicated that the PCV is decreased (Oye d Fajimi
1988) and the blood oestrogen level is incr Ogwuegbu
1987) during egg-laying in the guinea-hen. It séems therefore,
that the decrease in PCV associated wi e decrease in
blood volume is seasonally dependent increase in blood
oestrogen level during egg-laying.

Blood Values of Domestic Fowl inea-Fowls, Ducks and
Turkeys in Nigeria
The haematological and plas m) biochemical data of

climate, but reports on bj our tropical environment are
scanty. Blood values may ide, when properly interpreted,
a precise picture of th€ health condition of an animal at the
moment of samplings, (i.e., nutritional status, disease
condition, or stre e to capture and handling in wild
animals) and may 4156 reflect the quality of the habitat or
environment wh&e the animal is kept. Several studies have

several avian species ha% n studied in the temperate

been condugfed 1t our laboratory on haematological and
plasma (se iochemical parameters of domestic birds in
the Nigep vironment and the way they are affected by

breed, s cies, egg laying and age.

carch on the haematology of the adult Nigerian
fowl showed that although the PCV and Hb values

do

m%ar to the values found in temperate breeds, the RBC
& C counts are lower in the Nigerian fowl (Oyewale
b). These observations are attributed to genetic and

ironmental differences. In another study, Oyewale and
Q urotoye (1988) compared the haematological values of the
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adult male and female Nigerian domestic fowls and adult
male and female Hubbard fowls (exotic domestic fowls)
reared under identical environmental conditions. The resul
revealed that the values of PCV and Hb were signific
higher in Nigerian domestic fowls (which are more resist

to prevalent Nigerian poultry diseases) than Hubbard WH

Nigerian Domestic Fowl and Adult Hubbard ¥o "

(table 10). %
Table 10: Comparison of Haematological Values of t

Parameters Sex Nigerian domestic fowls Vbbmrd Jowls
PCV (%) Male 15:7742:97 (13) 33-2513-31 (8)
Female 13-39+1-70(13) 28-2942-16 (12)
Male and female 3408295 30-2813-61 20
RBC (10/mm") . Male 2-55+0-42 ?I&h 221+0-17(8)
Female 2-4240- 2144025 (12)
Male and female 248+ 2-2240-24 (20}
Hb (g/dl) Male 1315 10-0640-95 (8)

9:1940-63 (12)
§-54+0-89 (200

Note: Number of birds shown in parenﬂwse@ e: Oyewale and Durotoye (1988)
If PCV reflects the tota} red Cell volume in the body, and
if the latter is an indicdtigh of the oxygen (O;) carrying
capacity of blood, then be concluded that the Nigerian
domestic fowl with a r PCV is better suited than the
Hubbard fowl to sugvive in the hot humid tropics, where
metabolic activiti O, requirements would be greater
than in the tem e or subtropical climate. In both breeds of
domestic fowl,the values of PCV and Hb were significantly
an in females. The role of androgens in
CV and Hb values in birds has been well
anda and Juhn 1961; Freid et al. 1964;
Robinson 1971). In humans, testosterone has
to_increase PCV and Hb wvalues in males
(Couiglio et al. 2008).
W above findings of breed and sex differences in the
ological data of domestic fowls in our tropical
ironment challenged us to assess the blood picture of the
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semi-domesticated guinea-fowl (Numida meleagris galeata,
Pallas). The comparison was made of the content of
clectrolytes (table 11) and proteins (table 12) in the serum.eZ
adult guinea-fowl and adult Nigerian fowl (Oyewale /£i)al.
1988). Our results showed that the guinea-fowr“(had
significantly higher values for sodium, potassiui=and
albumin. The Nigerian fowl, on the other hands~exhibited
higher values for calcium, chloride, bicarbonatty/inorganic
phosphate, total proteins and globulins, which-were also
significant. What this implies is that, although wiost of the
values in both types of birds are within the.range reported for
other breeds of domestic fowls, there is needvior caution in
applying the normal blood biochemical velues of Nigerian
fowl to assess the health and nutritional status of guinea-fowl
in the same environment.
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Table 11: Mean Serum Electrolyte Values (+ SD) in Nige

o

nd Guinea-fowl

CGui ;.a fowl

Parameter Nigerian fowl
Male Female Both sexes Female Both sexes .
a
Sodium (mmol/1) 145.73 129.17 133. 204.10 199.06 200.23
4 13.84 4+ 10.25 + 13.3 4+ 1159 4 2371 -+ 25.85
. (1) {0) (41 (10) (33) (43 )
Potassium (mmol/l) 4.94 3.54 )? 5.18 5.64 5.51
+ 240 + 1.50 4+ 070 1+ 062 4+ 0.67
(10) @1 1) (10) ) 3
Chloride (mmol/l) 105.00  107.00 00l41 98.18 102.69 101.64
4+ 735 4+ 3.8 5.10 + 889 + 660 + 7.73
(13) (31) a4) (11 (36) (47)
Biearbonate (mmol/l) 21.55 2 20.59 12.46 15.49 14.79
+ 137 + + 1.83 + 373 4 855 - 381
(1 (3(\ 1) an (37) (48)
Caleium (mg/dl) 0.64 10. 9.89 7.24 7.27 7.26
+ 071 f4, 066 + 072 + 1.22 4+ 135 4 132
(I1) Ql) (22) (1) (386) (47)
Inorganic phosphate 5. 4.22 4.04 3.07 3.12 3.11
(mg/dl) 2+ o - 1.03 4+ 0.96 + 1.3¢ 4 084 4 085
1y 31) (1) (37) (48)

(42)

Source: Oyewalc, et al. (

Note: Number of birds in@s
\
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Table 12: Mean Serum Protein Values (+ SD) in Nigeriaw and Guinea-fowl

Parameter Nigerian fowl fowl 4
Male Female Both segas, Female Both sexes
Total protein (g/dl) 4.72 5.06 X 368 3.60
3;3?.50 (;500.50 43. s o. +128 + L1
) ( (11 d 3
Albumin (g/dl) 1.46 1.57 2.56 mljs . mi:m.
_ + 030 +0.23 +025 4037 4 0.36
‘ (13) - {30) (11 <) (48) -
Globulin (g/dl) 3.25 3.50 .43 1.76 191 1.88 -
+ 029 4 049 0.45 +046 4105 4095
(13) (1) 37)

Note: Number of birds in parentheses
Source: Oyewale, et al. (1988)

&

y -

&
%)
Q.

(%)Q 43)
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Although we had earlier shown that the plasma and total
blood volumes were lowered by egg-laying in the guinea-hen,
we desired to know whether the haematological parameters
and plasma electrolytes and proteins were also affected. Tiie
results of our investigation (Oyewale and Fajimi 152%)
revealed that egg-laying in the guinea-hen was accomprjed
by decreased PCV and increased plasma Ca level, whichiare
both attributable to the activity of oestrogen. Thero vas no
significant effect of egg-laying on the Hb concent{aliqn® This
agrees with a similar finding in domestic fowl«(Jatfe" 1960),
but conflicts with reports on turkeys (Paulsen gt al. $950) and
geese (Hunsaker et al. 1964), in which Hb leveld are raised
during egg-laying. An observation that was of particular
interest was the significant increases in tota!, plasma proteins,
albumin and globulins in the laying gtui€a=hen. This again
may be associated with the endogenstsastivity of oestrogen
in laying birds.

Given that data on the effect &"xge on blood parameters
of the semi-domesticated guingayfowl were sparse, Oyewale
(1991a) using male guinea-fowlls, compared the haemato-
logical parameters of the 158.week-old and 21-week-old
birds. The results showed/that the RBC, PCV and Hb values
were not significantly differant between the two age-groups.
We also compared the haeinatological values of the guinea-
fowl with those of the tuiXey, domestic fowl and duck in our
tropical environment and found that all the erythrocyte values
studied in the guinea-towl were similar to those of the turkey
and domestic fowinbut the values in the duck (except the
MCV) were hights than in the guinea-fowl (table 13).
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‘Table 13: Comparison of haematological values (mean + SD) of
guinea-fowl, turkey, domestic fowl and duck in the same tropica
environment

: Guinea fowl" Turkey” Domestic fowl® c
Number of 20 14 10
birds

REE‘C X 244 +0.26 2.59+0.35 245+0.22 ZWO
10%ul.

PCV % 38.13+3.14 38.68 £2.27 36.65 +£2.50 L0210
Hb g/dl 12.10 £2.2] 12.26 £0.92 11.33 £0.28 0=1.14
MCV il 15499 £9.31 15048 £ 1945 148.99 + 16. 4.46 = 14.04
MCH pg 49.58 £3.30 47.69 =541 46.29 £4.72 3.59+ 534
MCHC 3201 +1.39 31.71 £1.61 31.79 £3.88 34.70 £2.56
gfdl

“(Oyewale and Ajibade, 1990b)

Blood Values of Zoo and Non-do eicated Animals

Part of our research efforts o@ years had been the
documentation of the baseli atological and plasma
biochemical data of zoo and n omesticated animals in our
environment, which sho useful in diagnosis and

treatment of diseases, lic disorders or nutritional

deficiencies in these animals.

The peafowl is OQ(.Jf the most ostentatiously adorned
creatures on earth, L@t e male (peacock) using its brilliant
plumage to entice males (peahens). Peacocks (eye okin
in Yoruba) are Iarge colorful pheasants (typically blue and
green) known mired by humans for their iridescent tail.
erican superstar, Michael Jackson (August
29, 1958 —Twne 25, 2009) who, with his exceptional singing
and dan nts, was popularly known to the world as the

‘king Qp music’, the peacock in the local parlance is

Sources: "‘(Oye.wale. 1991a); *(Oyewale and Ajihade.?gﬁa); “(Oyewale, 1988);

s the ‘king of birds’ (eye okin l'oba eye in
Yopuba).~ The tail feathers spread out in a distinctive train
th ver 60% of the bird’s total body length. The large
Ais used in mating rituals and courtship displays. It can be

&hed in a magnificent fan that reaches across the back of the
%‘d and touches the ground on the other side. Females select
heir mates according to the size, color and quality of this

Q outrageous feather train. It is the same way women select
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their prospective husbands, using such criteria as physical
appearance, intelligence, race, tribe, skin color, religion and
economic, social or political considerations. I compared the
blood values of the adult peafowl (Pavo cristatus) (fig. 8
which is a staple resident of many of the world’s zoos, wikh
those of the adult domestic pigeon (Columba livia) (fighS
which is used as food or game bird in many cities of (e
world. I observed that no significant sex differencés/wete
apparent in the haematological values of either sp€dias.”but
the mean RBC, PCV and Hb values were significantiy Jiigher
in the pigeon than the peafowl (Oyewale 1994; table 14). This
may be because the pigeon is a smaller-sized 2ad a more
active flying bird than the peafowl.

Fig. 8. A peacock (rear) wooing a peahen Fig. 9. Adult domestic pigeon
(front)
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Table 14: Haematological Values (mean + SD) hyﬁgeon and Peafowl

Sex Pigeons Peafowls

RBC x 10'%/1 Male 2.91 §17( 8) 2.09+ 0.10(5)

. Female 2.6 20( 6) 2.07 + 0.17(4)

Male and Female .13(14) 2.08+ 0.09(9)

PCV % Male 76( 8) 34.40+ 1.04(5)
Female 1.70( 6) 34.00 + 0.71(4)
Male and Female 1.20(14) 34.25 + 0.68(9)

Hb grdl Male 0.62( 8) 11.70 + 0.01(5)
Female 0.47( 6) 11.68 + 0.01(4)
Male and Female x 0.38(14) 11.69 + 0.01(9)

MCYV fl Male 45+ 11.16( 8) 165.98 + 6.82(5)
Female 160.16 = 11.96( 6) 167.61 + 10.67(4)
Male and Female 156.90 = 7.53(14) 166.59 = 5.93(9)

MCH pg Male 52.34 + 2.02( 8) 56.71 = 3.06(5)
Female 61.15+ 4.12( 6) 57.98 4+ 4.94(4)
Male and Femal 56.12 + 2.28(14) 5719+ 2.71(9)

MCHIC grdl Male 35.17 %+ 1.52( 8) 34.16 & 1.03(5)
Female 38.28 + 0.46( 6) 34.41 £ 0.73(4)
Male and F e 36.34 + 0.98(14) 34.26 + 0.68(9)

-

Note: Number of birds in parentheses -

Source: Oyewale (1994) ®\
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Tortoises are land-dwelling reptiles with life-spans longer
than those of human beings. There are authenticated cases of
some individual tortoises living for over 150 years. In
humans, the 2010 estimates of the life expectancy at birth,
which is the average number of years to be lived by a groip
of people born in the same year, for Nigeria, Ghana,
Singapore, Canada, United Kingdom and United States ‘ofe
47.24, 60.55, 82.06, 84, 79.92 and 78.24 years, respéctivary
(CIA - The World Factbook, 2010). These figures~coimpare
poorly to the life-span of the tortoise.

In the late 1990s, with one of my post-graduattsstudents,
Mr. Paul Ebute, I determined the blood profileinthe adult
wild West African hinge-backed tortoises Kinixys erosa
(fig.10a) and the adult wild desert tegteis®, Gopherus
agassizii (fig. 10b) kept under identieal “environmental
conditions. A comparison between sexes siowed the male K.
erosa had significantly higher PCV axd Hb concentration and
lower plasma alkaline phosphatase (A%LP) values than the
- female, while no significant sex diffegences appeared in these
parameters in G. agassizii (tables /Syand 16) (Oyewale, et al.
1988). The haematological paraniefers and plasma levels of
electrolytes, enzymes, proteins and metabolites did not differ
significantly between the “a/o species (tables 15 and 16),
suggesting that the bloogd valués of K. erosa resembled those
of G. agassizii under “dentical environmental conditions.
However, in tortoises and turtles, factors such as season,
nutrition and tepip€rature have been shown to have
significant effecty’en blood values.
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(a) (b

Fig. 10. Adult tortoises (a) West African hinge-backed th=toise Kinixys
erosa, (b) Desert tortoise, Gopherus agassizii

In the light of these considerations, thesblogd values of K.
erosa and G. agassizii are likely to be diffcrent if the two
species were studied in their normal hahstats, in which diet,
temperature, rainfall, moisture and_vegetation differ. G.
agassizii lives in the desert zone of Wigeria, where it rarely
has access to free drinking watey’ and, depends on water from
its entirely herbivorous diet. On th&wgther hand, K. erosa stays
on the shore of the river in the ryia-Torest zone of our country,
where it has unrestricted aCczss*to drinking water. It feeds
mostly on plants, which itstuppiements with insects and their
larvae.
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Table 15: Hacmatological Values (mean + SEM) in Kinixys ﬁ&d Gopherus agassizii

V —

Kinixyr erosa Gopherss agasii

Male Female Mele Female Doth sexes

(n=6) (0=6) (a=0) (@=7 in=13;
PCV %) 474268 250193 28174156 2986140 081105
RBC (X 107p) 671220148 0.568+0.412 04220049 (529 +0:048 04794 0%
He {g/d) 137=089 8831066 0.40++054 §862447 9T
MCY (@) 2R=1379 2103 TIN5 S§TLEL90 6615247822
MCH () M350 =460 01384731 BINTH520 195.86.£16.55 2253142688
MCHC g/ di) 122005 33324008

13461014 B3z0M 33404000

0= rumbe: of animais, O
Source: Oyewale, et al. (1998) !
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Table 16: Mean (+ SEM) Plasma Electrolyte, Enzyme, Protein and @ Levels in Kinixys erosa and Gopherus

=k . agassizii

Kisiiys erosa g Cousherus agassigii
l\fnie_ Female Rath & Mule Temale Both sexcs
(n=§) (n = 6) (rm =6 n=7 m=13)

Nz (menol/ ) 12267 =1.09 122.00 —1.60 122.3 12283+ 1.08 123,86+ 1.74 123384 102
K (mmol/ 177 £U0.04 4.97+0.09 498 0,14 50040.16 4.99=0.10
Cl fomol /T 98.33 +0.21 98.67 LU.34 98.83+0.17 99,29 =036 99.10=0.21
HCO, (manol/1) 2017+ 0.40 20.50 4 0.34 20,00 + 0,01 19.86 0,14 19.92 = 0.08
Tnorganic phosphate (mmol/T) 1.4940.02 1461002 1.504 0.02 147+ 041 1.49 4 0.01
Cu (mmol/T) 2.09+0.01 2104002 i 209 % 0.02 2104002 2.10:+0.02
ALP G/l 152174 3.26 162.004 2.58 g 1SU.00 K28 163.71+£5.38 161.54 % 4.04
GOT G/l 29.67 + 0,99 36741 _52\ ; ; 286834 2.00 29.86--353 2038+ 2.05
GPT (i.u/l) 11.83 £ 0.00 12,674 0.53 12,00 %+ 0,68 14.29 4 1.68 13.23 +0.98
GG o/ 267 +£0.42 k 2.54 40,23 2,83 4 (.40 3,00 4 0,43 292 1 0.33
Total pratecin /1) 61.15+0.74 61.104:0.44 61.47 £ 0.50 61.2840.43 61,351 0.33
Albumin /1) 20.28 1034 28654 0.44 2027 40,44 29.36+0.53 29384032
Glubulin fg/t} aznz2 :I:U.Ei'l 3246+0.44 32419 1 0.63 31.89+0.44 3220+ 0.34
Albumin/Globulin Rauu 7264 0.72 6.73=1.34 8.88.1 D.24 TI64+0.63
Urea (mmol/1) A3 9.64+0.23 10.13 £ 0.35 9.41 =031 9,74 =032
Creatinine (mol/1) 141 44 £ 4,42 . 140,56 = 2.65 147.63+ 7.07 14409+ 4.42 14586+ 3.54
Chalesterol (mmol/1) 1914 0.05 1.81 +0.05 1.R6 + 0.04 1934 0,07 1.86+0.08 1901 0.05
Triglyceride 'rmnul/") 0.64 +0.01 .61 10,03 0.62 + 0.02 6.66 1 0.02 0.68 + 0.04 0.67+ 0,02
n = runcther of animals, N

Na=Sodium; K=Potassium; Cl= Chloride;
transaminase; GPT=Glutamate pyruvate

Source: Oyewale, et al. (1998)

=

icarbonate; Ca=Calcium; ALP=Alkaline phosphatase; GOT=Glutamate oxaloacetate

ase; GGT=Gama-glutamate transferase
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The pangolin (aka, in Yoruba) is a non-domesticated ant-
eating mammal. Perhaps not many of us are familiar with this
animal, but I suspect that the Vice-Chancellor, coming from
Ilesha, is familiar with the pangolin, which is often on display
as bush-meat along Ibadan-Ife expressway. Their entire boay:
is covered with protective horny overlapping scales, ex&ept
for the belly, snout, eyes, ears and undersides of thesimus.
They are largely semi-arboreal with small heads aid/long
broad tails and are widely distributed in sub-Sahapin'Africa.
They are toothless and have no external ears. Theyhaue well-
developed sense of smell, but as nocturnal mammals, they
have poor eyesight. The tree pangolin (Manis tricuspid) also
called white-bellied pangolin or three-cusped pangolin, is one
of the extant species of pangolin and the most.,common of the
African forest pangolins. They are subjec, i5*widespread and
often intensive exploitation for bus/=rweat and traditional
medicine. We studied the blood paramcters of the adult
African white-bellied pangolin (Mawie tricuspid) (fig. 11)
captured in Ibadan, and comparedyou;; findings with those of
the adult African giant rand (Cricetomys gambianus,
Waterhouse) (okete, in Yorubaj(fig. 12), which like the
pangolin, is also a largély non-domesticated nocturnal
mammal found in sub-Sahatan Africa, where it serves as a
ready source of suppleraentiry dietary protein for the rural
population. Although it has"many of the same mannerisms as
our domesticated laburatory rats (Rattus norvegicus), the
giant rat is bigger ja size and displays many of its wild natural
behaviour, even in captivity.
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Fig. 11. Adult white-bellied (tree) Fig

pangolin (Manis tricuspid) rat (Cricaggmys  gambianus,
u Water-<wws o,

In the first series of experiments, \w¢ investigated the
haematological parameters of the padig®lin and African giant
rat (Oyewale, Ogunsanmi and O»ggbe 1997; Oyewale,
Olayemi and Oke 1998). The\r#sults showed that the
erythrocyte values in both spegi®p.aid not differ significantly
between sexes, but the RBC, PEW 4And Hb values in giant rats
were significantly higher than™ pangolins (table 18). The
MCYV in giant rats, similaiyto pangolins, was significantly
higher than the valuesgin, teboratory rats, sheep and goats
(table 18). We reasoned thilt this could be as a result of the
small number of ciculating erythrocytes in giant rats and
pangolins. Our obsevyvation that RBC, PCV and Hb values
in giant rats are(similar to those of humans is unexpected
in view of the inactivity of giant rats at daytime and at the
time of blosd sampling. I recall the expression of a
technologist “at /the Ahmadu Bello University Teaching
Hospital /Z=ia in 2007 who upon analyzing the samples
of blood we, obtained at night (10.00pm) from giant rats
remarr<d Ahat “this sample cannot be from a normal
humar being” because the RBC, PCV and Hb values were
tocuhign. Yes, he was right. It was obtained from a normal
giant rat at night when the animal was active.
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Table 18: Comparison of Erythrocyte Values (mean + SD) in African Giant xlafs, Pangolins, Humans, Cattle, Goats,
Sheep and Laboratory rats in the same Tropical Eavironment.

African giant Pangolin" Human® White Tulani : Nigerian West African Laboratory
rat* (n=15) (n=10) (n=500) gaulss goat® Dwarf sheep® rat'
(n=150) (n=85) (n=295) (n=36)
RBC (x 10"1) 5.90%1.56 4.19+0.68 5.3740.41 \ ND 12.30£2.40 7.50+2.10 6.86+0.79
PCV (%) 48.43+3.93 40.40+4.95 46.50+4.3¢ 30.10+4.40 26.104.10 27.40+4.50 31.16x4.47
Hb (g/dl) 14.36+2.45 10.01x1.44 15.06x1 27 9.04x1.50 8.59+1.31 8.42+1.50 12.98+2.38
MCV (f1) 86.85+22.02 97.75x14.35 87.704570 ND 21.8044.40 38.30+ 10.50 45.7246.55
MCH (pg) 25.7746.67 24.134£3.43 275942016 ND ND ND 19.49£1.90
MCHC (g/dl) 29.8445.44 24.84+2 46 32.39+0.76 ND 33.1043.40 30.80+5.40 43.07+4.52

n=No. of animals ND = No data

Sources: Oyewale, Ogunsanmi and Ozegbe (1997
YOYEWALE et al., 1998)
Y OYEWALE ct al., 1997)
“(EZEILO and OBI, 1983) :
Y(ODUYE and OKUNAIYA 1971
f(ODUYE, 1976)
{OYEWALE 1987c)
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The mean total WBC count in pangolins was lower than
in giant rats, laboratory rats, cattle, sheep, goats and humans
(table 19). This could be due to the low eosinophil count jn
pangolins. In giant rats, like in humans, donkeys, sheep, cattie
and pigs, lymphocyte counts are much higher than neltrd-
phils, but the reverse is the case in horses, dogs and=eats:
However, in pangolins, our results showed that lymshodytes
and neutrophils are present in the blood in <he“Same
proportion. We decided to investigate further j#hattier the
plasma biochemical parameters in pangolinssai, aifferent
from those of giant rats in the same environment. ®Qur results
(table 20) revealed that, in both species, the lewels of plasma
electrolytes (Na, K, Cl, HCO;, Ca, and intszganic PO4) and
enzymes (ALP, GOT, GPT and GG%) did not differ
significantly between sexes (OyewalEr=Ogunsanmi and
Ozegbe, 1998; Oyewale, et al. 1998 =When compared with
the values in pangolins, we found tiat the plasma Na, Cl and
Ca levels were significantly low®rpin giant rats. However,
both species have similar Kgtotal protein, albumin and
globulin values. The Cl _Velue' in the giant rat was
significantly lower than in patigoiin, goat, cattle and humans
(table 20).

We observed that plasnia Ca value in giant rat or pangolin
was significantly low¢r than in goats, pigs and cattle. We
reasoned that this could irdve resulted from the supplementary
feeds, in form of toncentrates or salt lick, given to the
ruminants and pigs, whereas these were unavailable to giant
rats and pangolins ‘= the wild.
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Table 19: Comparison of Leukocyte Values (mean + SD) in African Gian
and Goats in the same Tropical Environ

v 3

angolins, Humans, Cattle, Sheep

Parameter African giant rat" Pangolin® Human" White Iilani West African Nigerian
(n=15) (n=10) (n=500) attle” Dwarf sheep’ Goat"
: 50) (n=295) (n=85)
Total WBC x 1071 7.56 £2.55 4.80£2.09 622+ 143 8§ +2.66 15.25 £+4.69 16.10 +4.55
Neutrophil x10°/1 1.49 +1.38 244129 2.35+0. ND ND ND
(18.71£12.91) (49.30£11.71) (37.8 (19.90+9.30) (35.80+13.60) (46.80 + 10.80)
Lymphocyte x10%/1 5.15+1.88 222+101 3.5 ND ND ND
(67.07+14.58) (46.90 £9.61) (50, (66.4049.70)  (54.20£14.00) (47.00 = 1.60)
Monocyte x10%/1 0.43 +£0.28 0.10+0.11 16 ND ND ND
(5.57 +3.50) (2.70 £2.79) \ ) (4.35+3.10) (1.50 + 1.60) (0.90 +0.90)
Eosinophil x10%1 021£0.17 0.04 £0.04 0.60 +0.64 ND ND ND
(2.71 £ 1.77) (0.90 £0.99) (9.60) (8.73 £6.80) (4.60 +4.50) (4.70 £ 4.50)
Basophil x10%1 0.31+0.27 0.01 0. ND ND ND ND
(3.93+2.92) (0.20 + 0. (1.0) (0£0) (ND) (ND)

n = No. of animals;
Values in brackets expressed as percentage of totil WBC count;
ND = No data.

Sources: Oyewale, Olayemi and Oke (I9MYEWALE ct al., 1998) XOYEWALE ef al., 1997) “(EZEILO and OBI, 1983)

‘(ODUYE and OKUNAIYA, I&( DUYE, 1976) {ODUYE, 1976)

2
&
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Table 20: Comparison of Plasma Electrolyte and Enzyme Values (mean, £ 0D in African Giant Rats, Pangolins,
Goats, Pigs, Cattle and Humans in the same Tropica! Environment

Alrica giant rat* Pangolin® Nigerian goat” Nigefian pig* White lulani Human®
catle!
Na (mmaol'h 96.85+10.29 (13) 142.6046.45 (10) 138.7649.71 85.75+1.84 134.80x19.00 130.0045.20
. (70) (270) (147) (948)

K (mmol/1) 5.47+0.52 5.60+0.95 A M5 33.70+3.11 4.47+0.80 (147) 3.50+0.80
(14) (10) (72 (270) (963)

Cl (mmol/l) 81.14+4.91 105.10+3.38 1085790570 ND 102.37x13.70 92.00+7.80
(14) (10) (19) (147) (951)

HCO; 10.4340.76 21.10+2.13 ND ND ND 21.0043.70

(mmol/l) (14) (10) (922)

Ca (mg/dl) 2.72+0.61 8.18+0.13 9.57+1.51 25.93+0.98 9.81x1.52 ND
(14) (10) (70) (270 (147)

ALP (i) 107.79+18.38 51.3045.44 34.51+42.29 59.94+2 .45 ND ND
(14) (10) (70) (270)

GOT (i.u/l) 26.36+8.74 A48.10218.56 52.84+19.84 ND ND ND
(14) (10 (70)

GPT (i.w/l) 15.57+7.64 2 080+£14.52 11.02+4.78 ND ND ND
(14) () (70)

Note: Number of animals in parepdiescsy  ND=No data
YOYEWALE et al., 1998) (OYEWALE et al., 1998) "(ODUYE and ADADEVOH. 1976)

Sources: Oycwale, et al. (19983

“(ENDELEY, 1979)

(

DV YE and FASANMI, 1971) “(McFARLANE et al., 1970)
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We also observed significantly lower total plasma protein
and urea levels in giant rats or pangolins than those in goats,
cattle, buffaloes and humans (table 21). This low urea ICVA
could probably be due to low protein intake, as reflecte
the low total plasma protein levels of these non-domesti
mammals, at least during the dry season (January) wh
study was conducted. It is postulated that some changsas i{the
selective action of the renal tubules in the contr@ﬁrea
excretion might arise during periods of protein lirition,
or alternately that, when dietary protein imak\ , urea
may be utilized as a source of nitrogen in proteirissynthesis.
Our finding of low urea level in giant rats in dry season
(November — March) was confirmed irn another study
(Olayemi, Oyewale et al. 2001) in which“we tound a higher

urea level in the wet season (April — O . We also found
that giant rats have higher Hb, MC C and total WBC
values, but lower MCV, Na, ClI, tinine and albumin
values in the wet season than in season. However, the

RBC, PCV and K values did n% bit seasonal variations.

N
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Table 21: Comparison of Plasma Protein and Metabolite Values (
Pangolins, Goats, Cattle, Humans and Buffaloes in the sa

o

o

- =

D) in African Giant Rats,
pical Environment.

Africa giant rat® Pangolin® Nigerian White ni Human® Buffalo
goat® cattle’ (Bos bubalis)'
Total protein (g/dl) 5.84+0.31 5.96x0.53 6.36x0.80 7.55+2.50 ND 8.800.66
(14) (10) (70) v (151) (12)
Albumin (g/dl) 2.70+0.31 2.80+0.26 2.5 2.56x1.04 ND 2.95+0.26
: (14) (10) (151) (12)
Globulin (g/dl) 3.140.24 3.16+0.32 : 4.96+2.68 ND 5.85+0.57
. (14) (10) 0) (151) (12)
Albumin/ 0.870.12 0.90+0.08 %.68 0.51 ND ND
Globulin ratio (14) (10) \ (70) (151)
Urea (mg/dl) 11.71x2.30 16.40£7.8 44.07x10.8 ND 20.005.10 ND
(14) (1 1(70) (1010)
ND ND ND ND

Creatinine (mg/dl) 0.59+0.10 (14) 0

Note: Number of animals in parent}ﬂ ND=No data

Sources: Oyewale, et al. (1998) &

HOYEWALE et al., 1998)
"(OYEWALE et al., 1997)
Y(ODUYE and ADADEV )
ODUYE and FASANMO%
f(McFARLANE et al., 1
(OLUSANYA et al. )



Osmotic Behavior of Mammalian and Non-Mammalian
Erythrocytes

The osmotic fragility of erythrocytes refers to their quanti;
fiable resistance to haemolysis or rupture when exposed 4o
osmotic stress. Erythrocytes that are immersed in a hypotonif
salt (NaCl) solution take up water from the medium, $wal!
and ultimately lyse when the suspending fluid is of spfficient
hypotonicity to cause an inflow in excess of what, gdii"be
. accommodated by the red cells. This feature isOne,of the
defining characteristics of the erythrocyte andiis well
documented in the human red cell. The osmotic fragility of an
individual’s erythrocytes is often determined iiwfhe clinical
diagnostic identification of certain populations of abnormal
disease-related red cells, which manifest diminished capacity
to withstand hypotonic challenges. I Trumans, a classic
example is the recognition of micrsestis, spherocytic red
cells in the blood of patients with “herelitary spherocytosis
(familial haemolytic anaemia). Incf€apad erythrocyte fragility
has also been found in degs “with immune-mediated
haemolytic anaemia, dyserythieporesis and polyarthritis of
possible autoimmune origin as“well as in cats with haemo-
bartonellosis, and in cattle/with anasplasmosis (Schalm et al.
1975). In contrast, there.isSincreased resistance to osmotic
lysis of erythrocytes {rom) porphyric cows attributable to
presence of young erythroeytes with mitochondria.

Apart from human erythrocytes, the osmotic characteris-
tics of other mam¢naliari and sub-mammalian erythrocytes are
imperfectly undérsteod and, as would be anticipated, demon-
strate variatiom aimong different species. Among the factors
that have bagh Jcited as potentially influencing osmotic
fragility of nlammalian and non-mammalian erythrocytes are
cell size; élume and form, age of erythrocytes, structure of
Hb nfolecule, viscoelastic properties of erythrocyte
membianey presence or absence of a nucleus and temperature
and,_piiof the surrounding hypotonic medium (Perk et al.
1664;%Oyewale 1994). Although the osmotic fragility of
geytnrocytes of a given subject is correctly viewed as one of
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its quantifiable properties, evaluation as to which physiologic
function it reflects or has an impact upon is usually
incomplete. A significant, though detail-limited exception to
this observation, are camel’s erythrocytes, whoselog.motic
capacity permits the animal to ingest huge volures tabout
100 liters) of water at a single standing without Saitiating
haemolysis in its resultant hypoosmotic plasma, which
would occur in equivalent circumstances irwotier animals
and man. We will examine the osmotic bekavior of camel
erythrocytes later.

I have shown earlier in this lecture that/the RBC, PCV
and Hb values in the domestic fowl Ciffered between sexes
and breeds. In attempting to determizie-uie effect of sex and
breed on the erythrocyte fragilitgz=Qvewale and Durotoye
(1988) investigated the osmotic.heitavior of erythrocytes in
both sexes of the adult Nigeriai fowl and adult Hubbard fowl.
A cumulative fragility curvg.way obtained by plotting the
percentage haemolysis againsithe NaCl concentration, while
the derivative fragility cutveWas obtained from the values of
percentage haemolysis byusing the principle of ‘haemolytic
increment” (Oyewal? and Durotoye 1988). Our results
revealed that althougk differences existed between the two
breeds of domestic fawl (with erythrocytes of the Hubbard
fowl showing a ‘gredter osmotic challenge than those of
Nigerian fowl),\erythrocytes from male fowls in both breeds
were more ssusceptible to osmotic lysis than those from
females (figsw13a, b and 14; Oyewale and Durotoye 1988).

We alSe, _observed in another study that domestic fowl
erythroCw#€s, were more osmotically stable (or less fragile)
than #itpse-0f guinea-fowl (Durotoye and Oyewale 1988). The
duckngitered erythrocytes with osmotic characteristics almost
identical with those of the guinea-fowl, but more sensitive to
osmiic challenge than the domestic fowl (Oyewale and
Axbade 1990b; fig. 15a). Analysis of the derivative
haemolysis curves (fig. 15b) revealed two or more haemolytic
peaks in the duck and guinea-fowl, indicating the presence of
more than one erythrocyte population in the blood (i.e. young
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and old erythrocyte populations), while in the domestic fowl,
a single major haemolytic peak was observed which indicated
a homogenous (or one) erythrocyte population, possibly
comprising of predominantly young erythrocytes. /We
reasoned that the differences in osmotic fragility of erytix‘o-
cytes between these avian species could be associated #vith
differences in the metabolic rates of the birds, since™ragility
varies ‘with the age of erythrocyte, the old erythroCytcs being
more fragile than the young erythrocytes (Perk/et'a!l. 1964),
and the proportion of erythrocytes of differeit agls in the
blood varies with the level of metabolic activity i the body
(March et al., 1966).
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Fig. 13. Cumulativ: (A) end derivative (B) erythrocyte osmotic fragility
curves for (a) male (0---0, n = 13) and female (*—-¢, n = 13) Nigerian
fowls and (L) male (0---0, n = 8) and female (*—-, n = 12) Hubbard
fowls. (Cyewaw: and Durotoye 1988)
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Fig. 14. Comparison of the cumulative (A) and dgrivative (B) erythrocyte

osmotic fragility curves for Hubba: (0---0, n = 20) and
Nigerian fowls (*—-, n = 26). (Oyewaléand. Durotoye 1988)
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»o'=26) (Oyewale and Durotoye 1988) and guinea-fowls (o---
35) (Oyewale 1988).
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Apart from the age of erythrocyte, we also investigated
the effect of age of bird on osmotic fragility of erythrocytes.
Our observations seemed to differ in different species ol
birds. We found a higher fragility of erythrocytes in older
birds than in younger birds in domestic fowl (Azeez, Oyewzie
and Okunola 2009) and guinea-fowl (Oyewale 1991a), bt a
lower fragility in older birds than in younger birds in tur<eys
(chwale and Ajibade 1990a). What is of particul.u inverest
in these findings is the similarity of erythrocyte 'sizes (i.e.
MCYV) in birds of different age groups in each{oi*the avian
species we studied (table 22). An initial obvieussebnclusion
that could be reached, in regard to at least these Subjects, is
that the osmotic capacity is not determined by“tke size of the
erythrocytes. The issue of erythrocyte Size and osmotic
fragility will be revisited later in this lectuze.

Table 22: Mean Corpuscular Volume. MUV (+ SD) in Birds of

Different Age Croups
Age ()~ MCV ()

Turkey" 6 — 8 weeks (11 147.54 £ 12.71
20 — 22 vleelSW28) 155.72 +33.15
Guinea-fowl” 21 weaks (Vi) 152.31 £5.98
156 weekv (9) 160.46 + 10.96
Domestic fowl® 7 £9 sveeks (20) 145.74 +£39.80
49 Veeeks (19) 127.00 + 35.50

n = Number of birds

Sources: * Oyewale and Ajibade (1990a); ® Oyewale (1991a);
¢ Azeez, Oyewale and Okunola (2009)

Poultry bifas,are good converters of feed into useable
protein in meat.and eggs. The guinea-hen, unlike the domes-
tic hen, do¢s st lay eggs throughout the year in our tropical
environment.. investigated the effect of egg laying on the
fragilityl, gierythrocytes in the guinea-hen. My finding
showg/d sthat erythrocytes of the laying guinea-hen exhibited
higheivoshotic fragility than those of the non-laying guinea-
hen {Oyewale 1990). This may be associated with the
ificreaSed blood level of oestrogen during the laying period,
which probably affects the lipid composition of erythrocyte
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membrane through the levels of individual free fatty acids in
the blood.

Mr. Vice-Chancellor Sir, I have shown earlier in thi§
lecture that goats have the smallest erythrocyte size ame=ng
domestic animals and man, followed closely by she<p) I
found that goat erythrocytes exhibited greater osuftic
fragility (i.e. would lyse more easily) than sheep erythrozytes
(Oyewale 1991b, 1993). This is because an eiythiocyte
absorbs water from the surrounding hypotonic sclition and
swells until it reaches a maximum size,/ they ‘critical
haemolytic volume’, after which it will rupture, As/expected,
the smaller the erythrocyte volume, as it«is with the goat .
erythrocyte, the earlier the critical volume is redched and the
greater the osmotic fragility. However. _I'¥id not find any
significant relationship between osmetic fragility and
erythrocyte size. This suggests that the, fragility of sheep and
goat erythrocytes may be related tg"some other feature, rather
than the cell size. For instance, goaterythrocytes are flat disc-
shaped instead of the biconcave sh7ipe of sheep erythrocytes. I
extended this study to a nupitzr of mammalian species and
found the order of decreasing*¢ryihrocyte osmotic fragility to
be: goat, sheep, pig, cattle, niouse, rabbit and rat (Oyewale
1993) (fig. 16). The &pecies differences in the osmotic
fragility of these mapumaiian erythrocytes are attributable to
factors that vary betweer species such as the nature of the
erythro-cyte membrane or the physical and chemical
constitution of the.cell.

We also foind that even within the same animal species,
the erythrocyte fragility differs between breeds. For instance,
we observed that in cattle, erythrocytes of the N’dama breed
were more~susceptible to osmotic lysis than those of the
White Ful/=i(Olayemi and Oyewale 2002) (fig. 17).
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Fig. 17. Emhn@xmotic fragility of White Fulani (open circles, n=28) and
N’dam lid circles, n=24) cattle. Values are means + SD. n=Number of
anima er Olayemi and Oyewale 2002).

pe and pigeon erythrocytes, I found that erythrocytes of
rmer were more sensitive to osmotic challenge than

@ f the latter (Oyewale 1994). I also found that there was
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a significant sex difference in the erythrocyte fragility of the
peafowl (with peacocks exhibiting greater fragility th
peahens), but not in the pigeon. I observed further that lizar
erythrocytes were less susceptible to osmotic lysis than.
erythrocytes (Oyewale 1994). The differences fou
osmotic fragility between pigeon and peafowl eryt
and between lizard and toad erythrocytes, which
nucleated could, as observed with non-nucleated
erythrocytes, be due to the nature of the cell me of the
different species.

We observed changes in the osmotic
erythrocytes during variation in temperatun\% pH of the
surrounding hypotonic environment. These chdnges differed
between animal species. However, theelimditation of time
would only allow me to review a very 2ll fraction of our
findings on osmotic behaviour of ery
to temperature variation. We obser at, similar to human
erythrocytes (Murphy 1967; Alani ¢wal. 1977), the osmotic
fragility decreased at elevated peratures with rat (fig.
18a), rabbit (fig. 18b), cattle%( 8c), pig (fig. 18d), sheep
(fig. 18e) goat (fig. 18f) ey erythrocytes (Oyewale
1991b; 1992a; OyewaIiQ;l. 011). In contrast, we found

that camel erythrocytésexhibited increased fragility at
elevated temperatures@ ) (Oyewale et al. 2011).

‘o iy = _—1f :




e Y

§ o <) Cattle
.o

R

o
.o

.. N Gcat

e

AL

ords 3

Fig. 18. @gility of erythrocytes of (a) rats; and (b) rabbits; (c) cattle (n
= gs (n = 10); (e) sheep (n = 10); and (f) goats (n=8) at pH 7.7

Q/ , 29 °C and 45 °C. Each point is the mean + SD for 6 animals.

35



ety

120
e I (a) Donkey .7‘”‘--7:;?:'-' —— A
L o o v

R ol
38

120
TO0
B0 (b) Camel
: co
40 T a4~
=t =20 ; — 28 C
(=] - . .
[0« ] or L4 I s [ 1 (= B8 | (=]
- Nucl%

Fig. 19. Changes in osmotic fragility of erythroc a) donkeys (n = 8) and
(b) camels (n = 10) at pH 7.4 and 4 °C . Each point is the mean +
SEM. Where vertical bars are absent, is less than the size of the

symbol (After Oyewale, et al. 2011).

The above findings with alian erythrocytes, which
are non-nucleated (see fig. 2| e not too different from our
observations with some avien, reptilian and amphibian
erythrocytes, which are gugleated (see fig. 20b).

. lood smears showing (a) non-nucleated mammalian erythrocytes from
heep and (b) nucleated non-mammalian erythrocytes from domestic fowl.

For instance, we observed that at elevated temperatures,
Q.he osmotic fragility of domestic fowl, guinea-fowl, pigeon,
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lizard, and toad erythrocytes decreased (Oyewale, 1992b,
1994) (fig. 21), while that of the peafowl and duck increased
(Oyewale 1994; Oyewale, Sanni and Ajibade 1991) (fig. 22),
Since duck and peafowl erythrocytes, like erythrocytes of
domestic fowls, guinea-fowls, pigeons, lizards and toads, ‘s
nucleated, and camel erythrocytes, like those of cattle,gpias.
rats, rabbits and donkeys, are not nucleated, it may\{be
concluded that the differences in osmotic behaviovr Jaring
temperature changes are not related to the prfEpenee or
absence of a nucleus. Aloni et al. (1977) have Siown that
lipids and proteins of the erythrocyte membrane are the sites
for the effect of temperature on osmotic Tzagility. The
differences between species in osmotic “hehaviour with
respect to temperature changes, therefore, may be related to
the structural features of the erythro&yts=~membrane. For
instance, camel erythrocyte membrane, aiffers from that of
humans in having higher protein téulipil ratios and also in
exhibiting some differences in¢agutio acid composition
(Livine and Kuiper 1973).
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Osmotic fragility of erythrocytes of  (¢)
pigeons (n = 8) and (d) lizards (n = 8) at pH
7.6 and 10 °C and 30 °C. Each point is the mean
+ SEM. Where vertical bars are absent, the
SEM is less than the size of the symbol.
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What do all these findings signify? Where temperature of
blood is elevated, for instance, by activities of blood parasites
or other infections, cattle, sheep, goat, donkey, pig, domestic
fowl or pigeon erythrocytes are less susceptible to osmetic
lysis (or rupturing) than those of the camel, duck or peatQivi.
Whereas, this observation may be true for erythrocytegef. tite
duck, peafowl, cattle, donkey and other animals, it is.dowbtful
whether this can be so with the camel erythrocyté yirich is
capable of swelling to twice its original voluxine “without
rupturing in hypotonic solutions (Perk 1966). 1S znd other
characteristics such as resistance to lytic effeet of snake
venom and resistance to sonic haemolysis {Cohdrea et al.
1964) indicate some unusual properties of“eamel erythrocyte
membrane. Ralston (1975) has shown thar the major proteins
of camel erythrocyte membrane are siffiijas to those of cattle
and man with the major difference beingithe major membrane
protein ‘spectrin’, which appears ta be very tightly bound to
the camel erythrocyte membrang=Concurrent with the total
release of spectrin, camel erythrotytes undergo a change in
shape from ellipsoid te sphtrica), suggesting an important
shape-maintaining role of spestrin in the erythrocytes of the
camel. It is therefore not surprising that, in collaboration with
Prof. Joseph Ayo of the Départment of Veterinary Physiology
and Pharmacology, Ahm adu Bello University, Zaria, we
observed that erythrocytes of the camel (fig. 23) demonstra-
ted considerable registance to osmotic lysis than those of the
donkey (fig. 24yas strown in figure 25 (Oyewale et al. 2011).
Camel erythroCyees have also been shown elsewhere to be
more resistant ta_osmotic lysis (or less fragile) than those of
man, cattlel_»dt) rabbit, sheep, goat, pig, horse and domestic
fowl (Peskyet=al. 1964; Livine and Kuiper 1973; Al-Qarawi
and Mousd 2004).
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Fig. 25. Comparison of osmotic fragility of camel and donkey erythrocytes. Each
point is the mean + SEM. n=Number of animals \Atter Uyewale et al. 2011).

Haematological Changes after Blead T .oss

Blood loss (haemorrhage) follow(, tratmatic injuries in man
and animals. As part of efforts ¢o.eviluate the physiological
responses of animals to various tiress factors in our labora-
tory, Oyewale, Okewunmi 4nd Dlayemi(1997) investigated
the haematological changes in tile healthy adult female WAD
goats during the first 24 }irs following acute blood loss. Thirty
percent of the calculateailood volume of the goat (Makinde,
Durotoye and Oyewale',1983) was removed through the
jugular vein. We found/a significant decrease in Hb con-
centration at the erd of blood withdrawal in our WAD goats.
We also observzd significant decreases in RBC, PCV and Hb
values 4 or 24tizs after haemorrhage in the goat (table 23),
which are in“agreement with similar findings in the horse
(Torten ard Schalm 1964). The observations are due to
movemediy of intestinal fluid into the vascular system to
replace “fuid volume lost through haemorrhage (Torten and
Schaim/1964; Schalm et al. 1975). The decrease in Hb value
of the goat after 24 hrs causes the decrease seen in the MCHC
value(see table 24). However, we found increases in the total
WRC counts 4 and 24 hrs after haemorrhage in the goat due
toincreases in the number of circulating neutrophils and
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eosinophils. The lymphocyte, monocyte and basophil counts
were not altered by blood loss (see fig. 26a-d). Our observa-
tion suggests that following an acute blood loss in goats, aii
increase in total white blood cells in peripheral circulatior
(i.e. leucocytosis) should be anticipated. This should not bta
interpreted as evidence of an infectious process. We'\2iso
found significant increases in neutrophil and edsihorhil
counts I hr after bleeding in our goats (fig. 26b and, ¢j.which
are probably due to mobilization of marginated “vkite blood
cells that adhere to the walls of blood vessels.

From these results, it appears the WAD goats can
withstand an abrupt loss of one-third of the«circuiating blood
volume without exhibiting serious signs ofidistiess.
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Table 24: Changes in Haematological Values (mean x SD) of West Africait Dwarf Goats after Haemorrhage.
éagc

Parameters Pre-hacmorrhage Post haecm

: Zero hr 1 v 4 hr 24 hr

(8) (8) (8) (8)

PCV (%) 24.63 +4.24 21.69 +4.20 2@4'.36 17.56 + 3.58% 18.63 £ 3.42%
Hb (g/dl) 8.44 +1.54 6.68 + 1.57** T2KH 6.15 £ 1.95%* 499 TI2arex
RBC (x 10"/L) 9.88 +£2.32 8.64 + 1.22 %t 2.90 9.42 + 4.26%* T AT LTS
MCV (fl) 2547 £6.05 25.09 +2.81 24 +8.45 21.11 £7.09 2493 £5.31
MCH (pg) 8.79 + 1.98 7.50 +0.87 52 +281 6.87 +£2.53 6.08 + 1.38*
MCHC (g/dl) 34.28 £2.63 29.84 3‘?3\ 31.67 £3.64 3442 £5.25 26.67 £2.1 7%
Number of animals in parentheses.
Asterisks denote significant difference from pre-hae e value: *:P<0.01; **: P<0.05; ***: P<0.001.

Source: Oyewale, Okewumi and Olayemi (1997)
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With the above results, we went further to investigate the
changes in haematological parameters of a non-mammalian
species, the domestic fowl, following removal of 30% of the
total blood volume (fig. 27a-f). This study was carried gay in
order to determine whether (1) the haematological charniges in
the bird differed from those of mammals followirfz=peaiite
blood loss, and (2) whether the altered haematoifgical
parameters returhed to normalcy within a period &€ A0 Wweeks
post-haemorrhage. We found that the RBC, POV, “and Hb
values decreased 1%z hrs after haemorrhagefitictiated and
returned to normal after 10 weeks (Oyewale, Giofintila and
Famakinde 1997) (fig. 27a-d). What is of significant interest
in this finding is the rapidity of the changessin RBC, PCV and
Hb values in the domestic fowl after haomorrhage which has
also been reported in the pigeon (Palnietetal. 1979).

The MCH increased 1%2 brss,and 4 weeks after
haemorrhage in our domestic fowl, (fiz. 27d), but the MCV
was not altered by blood loss€ifig~ 27¢). The MCHC was
normal immediately after hagmorthage, but decreased after 2
weeks and returned to normie! level after 4 weeks, where it
remained till the tenth week™tig. 27f). Palmer et al. (1979)
however, found increases,in Hb and MCHC values in the
pigeon 10 weeks after.heamorrhage. This indicates that avian
species, at least donlestiy fowls and pigeons, differ in their
haematological responses several weeks after haemorrhage.
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Conclusions and Recommendations

Ladies and gentlemen, I have attempted to explain to youqin
the last 50 minutes or more, the differences in the nosml
blood parameters of different animal species. I have ghipwn
that the normal values for haematological parameteie and
plasma/serum electrolytes, enzymes and proteiisspeiffer
between cattle breeds in our environment and figt i each
breed the values also differ with the systeringOt animal
management. [ have described to you the role gt pgg-laying in
domestic fowls and guinea-fowls and that of pregnancy and
lactation in sheep and goats causing changCs in plasma
volume and total blood volume. I have shows/that the blood
parameters of domestic fowls, ducks, tuskeys and guinea-
fowls are altered by breed, sex, species,»agg-laying and age. |
have also shown the differences betwecir the blood values of
wild and domestic animals and/Dixdy. In addition, I have
described the differences between species in the osmotic
behaviour of mammalian, aw@m=reptilian and amphibian
erythrocytes and the influeng®ottemperature of the surround-
ing hypotonic solution in, Cafising alterations in the osmotic
fragility of erythrocytes. Fusthermore, I have described the
haematological responéey of the goat and the domestic fowl
following sudden bleed tass. Above all, I have informed you
of my modest cortribution to knowledge in all of these,
which have beenytarg€ted at highlighting the differences that
exist in the bload barameters of different animal species.

In the evgdluation of the health and nutritional status of
animals, bleod ®xamination is an issue that has always been
given topspriority. One of the measures that can be taken to
ensure _‘pfoper interpretation of haematological and
plasmd/s¢mam  biochemical data from animals includes
applying.appropriate reference values for each animal breed
or,“eectes to minimize the effect of breed or species
differeiices. These I have provided in my extensive research
on viood values of various mammalian and non-mammalian
species. Other measures which should be taken into account
include the physiological variation in blood parameters

68



(caused by age- and sex- related differences, pregnancy,
lactation and egg-laying) and the quality of the habitat or
environment where the animals are kept (i.e. feed availabilitys
rainfall, temperature and humidity variations).

I wish to stress at this point that basic science research¥iy
its nature is driven by a sense of curiosity and lookiingfer
fundamental and innate beauty in natural phenopwopaX, Its
main motivation is to expand man’s knowledge. Ingdoday’s
world, basic science research is carried out i Jmost top
universities at biotechnological and molecular biglogy levels.
However, Nigerian universities are left behind as & result of
lack of appropriate research equipment and™acilities in
laboratories, dearth of research grants, low %evel of funding
by proprietors of universities (Federal and State Governments
and Private Institutions), limited aceesS” to Information
Communication Technology (ICT) jiirestructure and equip-
ment, decaying and ageing facliitigs, incessant power
(electricity) outage, and lack of regiiie~water supply. In order
to be listed among the top uniyessities in the world, to which
our University aspires, instiutions are ranked by a
combination of indicators, of “academic and research per-
formance including visibl¢ presence on the web, presence of
international staff ande-stidents, student-faculty ratio and
research citations. I, th: 2010 QS World University
Rankings, Harvard UnivE€rsity was demoted to second place
by University of Cambridge, having topped the ranking every
year since 2004 4in Africa, the only university among the top
200 is the Uniyersity of Cape Town in South Africa which
ranked 161°% ‘The University of The Witwatersrand,
Johannesburgy" SYouth Africa ranked 360*, while Cairo
University, Zeypt ranked in the top 500. Sadly, no Nigerian
university ‘wanked in the top 600 in the world. However,
severgngeyelopmental and advancement programmes have
taken place in the last one decade in the University of Ibadan
tossuggest that it will eventually emerge as one of Africa’s
topyuiiversities. These include the visible transformation of
eur teaching, research and learning environment and the
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remarkable achievements recorded through the MacArthur
Foundation Grants which have assisted in the areas of ICT,
staff training abroad and provision of a Central Multi:
disciplinary Research Laboratory. However, a lot more needs
to be done. Staff and student exchange programmes resiltiag
from local and international linkages with acelaimed
institutions should be further strengthened. The goveiment
should increase the level of funding to universities! Adadquate
provision for staff development programmes, such*as short-
and medium-term training in international lataratories and
attendance at local and international confarences and
workshops for academic staff and technolegists, should be
made and enforced.

In the past, our University Teaching=and Research Farm
used to provide research materials forgeiemtific investigations
in agriculture, veterinary medicine, \medicine and other
disciplines. It also used to supply/liveitock products such as
milk, beef, pork, poultry and eggs“t4 this community. Mr.
Vice-Chancellor Sir, the University should reactivate and
reorganize the farm which hss epn in a state of coma for the
past three decades. There s, me/doubt that your tenure will
forever be remembered znd your name written in gold if the
farm can come alive againt
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