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INTRODUCTION

My Friend and old collcague Dr. M. N. Ghosh has sent me this book
and [ am happy to write a brief introduction for it. lts purpose is to
provide a concise account of some of the methods and general
principles which form the basis of pharmacological experimentation.
Books of this sort are rare and by no means casy to write because
pharmacology. more than most natural sciences. tacks a well established
theoretical foundation. Yet, without theory, a subject, howeverrich in
facts and obscrvation, cannot truly advance and will eventually get
bogged down. It is therefore important that the limited amount of
general pharmacology available should be considered and mastered
by students.

One of the useful aspects of the book is that it contains  number
of worked-out examples which will help to translate theory into practice.
I believe that it will fulfill a need and occupy an tmportant niiche in the
development of experimental pharmacology in India.

H. O. SCHILD
Professor of Pharmacology
University College
University of London
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developting drug in clinical trial. Despite these advantages, the animal
experimentation cannot be done away with completely, and the drug in question
has to be administered at some stage or the other, into an animal before it can be

passed on safely to humans.

Care and Handling of the Laboratory Animals

The handling of the laboratory animals involves two most important
responsibilities on the part of the experimenter. First, the animal is handled with
utmost car so that it does not suffer any pain, and secondly, a due regard is paid
towards the health and well being of the animal colony. Even when they are killed
at the end of the experiment, it should be done by a humane method, i.e. euthanasia,
which means painless killing. )

The Indian National Science Academy (INSA)* provides the following
guidelines to be followed by all research institutions in the country engaged in

animal experimentation.

1. Housing, care, breeding and maintenance of experimental animals to keep
them in physical comfort and good health, and to permit them to grow,

reproduce and behave normally.
2. Sources of experimental animals of known genetic, health and nutritional

status.

3. Development of training facilities for scientists, technicians and other
supportive staff for the care of animals and their use in experiments.

4. Acceptable experimental techniques and procedures for anaesthesia and

euthanasia.

Developing alternate in vitro systems to replace animal experiments.

6. The constitution of institutional ethics committees, their functions and the
legal and ethical obligations to ensure minimal and ethical use of animals.

“o

Guidelines for Care and Use of Animals in Scientific Research, Published by Indian National ScienceAcademy,
New Delhi, 1992 & 2000.
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Common Laharatorv Animals
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undertaken in this species.
Specially bred mice are used for the study of problems in genetics and in cancer

research.
Mice are most frequently used for the testing of drugs for teratogenicity.

The development of nude mouse, a hairless genetic mutant that lacks a thymus,
and thus deficient in T lymphocytes, has been of fundamental interest in the field
of tissue immunity and transplantation research. They are less susceptible to cancer,
the reason being that they possess normal numbers of natural killer cells that kill
both tumour cells and those infected by viruses (Marx,1980). Biege mice, on the

other hand, which lack killer cells are unusually susceptible to cancer.
Being very small and delicate the isolated tissues of mice are rarely used

excepting vas deferens and ileum.

THE GUINEA PIG (Cavia porcellus)

The name guinea pig has become almost synonymous with experimental
animal, although in fact mice and rats are used in far greater numbers. Guinea pi
or cavy has proved to be the most useful laboratory animal. Like other laboratory
rodents, it is easy to keep them in captivity. They differ from other laboratory
rodents, being docile in nature, and very susceptible to tuberculosis and to
anaphylacticshock. They are also highly sensitive to histamine. Following histamine
or anaphylactic reaction, there is bronchoconstriction, and the animal usuall y dies
from asphyxia. Penicillin is 100 to 1000 times more toxic to the guinea pig than to
the mouse. In this species, dopamine causes a fall in blood pressure, The uterus is

inhibited b adrenaline. Guinea pig serum contains an enzynve aspa=-3inase that
'- -~

has been __.10wn to have some anti-leukaemic action.

Guinea pig as an Experimental Animal
.Guinea pigs are employed for the evaluation of bronchodilator compounds
against experimentally induced asthma (histamine or acetylcholine ae. Jsols).


















Common Lahoratory Animals

Blood volume (% B.W.) 4.8 B-12 g7 7.9 6-9
* Based on LAIS Centre News {1980-82}
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Some Standard Yechniques
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intravenous volume for small animals is between 1 and 10 ml/kg body weight, the
maximal volume for mouse and rabbit being 0.4 ml and 10 ml respectively. The
volume of intramuscular injection is more limited, being about 0.25 mi for mouse,

0.5 ml for rat, 1 ml for rabbit and 2 ml for dog in order to allow reliable absorption
from the injection site.

The following formula can be used for the calculation of volume, strength or
amount of a drug to be injected:

V=(BWxA)/S A=(VxS)/BW S=(BWxA)/V

where V = volume of the drug solution, A =amount of drug in mg/kg, S = strength
in mg/ml of the drug solution, and BW = body weight of the animal in kg.

For example, the volume of a 25 per cent urethane to be injected to a 180 g rat
on the basis of 175 mg per 100 g body weight is obtained thus:

V =(0.18 x1750)/250 = 1.26 ml

VENTILATION RATE

The ventilation rate for dog, cat and rabbit is 20 strokes per minute, each of 10
to 15 ml/kg (200 to 300 ml/kg/min), and for rat 50 to 70 strokes per minute, each of
8 to 10 ml/kg (400 to 700 ml/kg/min).

INTRAGASTRIC ADMINISTRATION

Mouse. A polythene tubing 2 to 3 cm long sleeved on an 18 to 20-gauge blunted
hypodermic r 2dle, or a Eustacean catheter may be u-sed for the purpose. T.he
animal is grasped securely by the nape of the neck holding the whole a!nmai with
the left hand. The polythene tubing is introduced lfnterall}' through the mtrader‘\te_xl
Spac and with rotati‘ng motions gently ad vanced into the f)e§0!:’hagus. When it is
relatively certain that the tube is at the desired level, the fluid is introduced slowly.












Anaesthetics Used in Laboratarv Animals

Fentobarbitone sodium (Nembutal) 6% solution (dissolved in 10% alcohol) is
used for rapid anaesthesia, and small doses repeated at intervals for maintenance
of anaesthesia. Since a standard dose of pentobarbitone can produce varied depths
of anaesthesia, this difference in responsiveness could cause considerable variability
between animals, unless depth of anaesthesia is carefully monitored
(Brezenoff,1973). Because of strong vagolytic effect, pentobarbitone may notl an
ideal anaesthetic for evaluation of cardiovascular drugs (Olmsted and Page,1966).

Thiopentone sodium (Pentothal) is used for surgical operations of short
duration. It produces rapid induction with minimum excitation.

PARALDEHYDE

It has a wide margin of safety because it depresses only the cerebrum and not
the medullary centres. Intravenous injection is likely to produce cardiac dilatation
and pulmonary congestion and oedema. Under its influence the basal blood

pressure as well as the response to vasopressor and depressor drugs are low.
Bilateral carotid occlusion produces poor pressor response or even a depressor

response (Kolatkar et al.,1973).

MAGNESIUM SULPHATE
A 20% magnesium sulphate solution 5 ml/kg intraveno'usly produc_es
anaesthesia for about an hour; calcium gluconatg lr.ltravenouisly will coun.teract its
depressant effect immediately. Its principal use is in produc1‘ng euthanasia.
Responses to different anaesthetics d-og are presented in Table_3.1. C}'.lang_es
in cardiac and respiratory rates following drugs and‘ nerve stlmulatu?n in
anaesthetized dogs are shown in Table 3.2. Doses of different anaesthetics in

laboratory animals are presented in Table 3.3.
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I1g. 5.1. Assembly for recording of the blood pressure
in anaesthetized animal. For details see text.

ASSEMBLY FOR RECORDING OF
CONTRACTION OF ISOLATED TISSUES

Rudolph Magnus was the first to design the arrangement of bath for excised
organs (intestinal strips) as early as in 1904. Even today the assembly remains
basically the same consisting of (a) a water bath made of glass or Perspex fitted
with electrical heater with thermostatic control, and a small electrical stirrer to
keep the water in the bath circulating for uniform heating, (b) a cylindrical organ
bath made of glass of variable capacity (5 to 100 mi) for suspending the tissue in
physiologic salt solution, (c) a coil made of glass or Perspex connected to the lower
end of the organ bath by means of a short length of rubber tubing to keep the salt
solution warm before entering the organ bath, (d) an oxygen tube cum tissue holder
made of glass, (e) a writing lever, and adjustable clamps, holders, grips, etc. for
holding the oxygen tube, writing lever and thermometer in position, A
diagrammatic sketch of the set up is presented in Fig. 5.2.

The contractions and relaxations are recorded with the help of the writing













































)F DRUG ACTION

ssical occupation theory of Clarg ,
n of the number of receptors occupieg
the receptor (R) can be describeg by

[DR]

» drug-receptor complex, k, the rate of
the rate of [DR] complex dissociation.
tion is equal to the amount of DR
nt of [DR] is constant:

[DJ[K] k, =[DR] k,
k,/k,=[DR}/ [D}[R]

Affinity is the ratio of k, over k, (k/k,). The reciprocal of affinity (k,/k,) thatis
K, is the equilibrium dissociation constant. The dissociation constant K, is a useful
measure of concentration (usually micromolar or nanomolar) which describes the
strength of binding (affinity) between receptors and their ligands. It is unique for
each ligand {(drug) for respective receptor system; hence can be used to identify
receptors. There is an inverse relationship between the K, and affinity. The smaller
the K, the greater the affinity, and vice versa. The degree of receptor occupancy is
dependent upon the concentration of the ligand as well as its affinity constant. In
general, ligands with high affinity constant will occupy more receptors at any given
concentration than those with low affinity constant.

Rate Theory. According to Paton’s rate theory, response is a function of the rate
of association between drug molecules and receptors. Following an associationy
more occupation does not produce any further response. As a matte  * fact, the
receptor is not free for another association until it is unoccupied. For eyuilibrium
conditions, drugs with very high dissociation constant (k,) will be strong agonists
those with very low k, will be essentially pure competitive antagonists, and those
with k, values in an intermediate range will be partial agonists.

EXPERIMENTAL METHODS FOR CHARACTERIZATION OF RECEPTORS

Variants of Receptors (Isorcceptors). A receptor might have a number of agonists
in common, although their order of potency may be different. In order 0
discriminate between variants of certain receptors, relative potencies of a series ©
agonists and antagonists can be compared. If the receptor sites are identical, the
order of potenc™ must be the same; if the order of potency differs, the receptor®
must be different. On the basis of such studjes, Ahlquist 1):1 1948 ;;ostulated two
types of adrenergic receptors, viz., a receptors and B recentnre He found that the
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are coupled to phospholipase C leading to a chain of reactions ultimatelylprodﬁcing
a response in the target cell. H, receptors are linked to the stimulation of adenylyl
cyclase resulting in the activation of cAMP-dependent protein kinase in the target
cell. H, receptor occupation, on the other hand, leads to decreased Ca*" influx into
the cell. The histamine homologues discriminate between the H, receptors in the
cerebral cortex and in the intestinal strip preparations of guinea pig and mouse
suggesting that there could be two subtypes of H, receptors (Leurs et al.1996; Harper
et al. 1999).

Distribution of H-Receptors

In mammalian brain H, receptor uses Ca*, and H, receptor uses cAMP as second
messengers. Some tissues contain either H, or H, receptors, while others contain
both H, and H,-receptors. The H, receptors have been demonstrated in CNS,

gastrointestinal tract and cardiovascular systems.

The distribution of histamine receptors in different tissues are presented in
Table 11.1

Table 11.1
Distribution of histamine receptors in different tissues
Preparation H, receptor H, receptor Effect
Buinea pig
ileum + + {H,} contraction (H,) relaxation®
uters + + {H,} (H,) contraction
tracheobronchial muscie®* +++ + (H,] conteaction {H) refaxation
pulmanary vascular hed + * {H,) pressor {H,) depressor
Cat trachea + + Relaxation

Humnan bronchus ++ + (H,) contraction (H,} relaxation
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Differentiation of the three receptor types can be made by using agonists and
antagonists that are relatively specific for each receptor (Table 11.3). For
identification of H, receptors, contractions of guinea pig isolated ileum and of
anaesthetized rat stomach have been used, while for identification of H, receptors,
rate of contraction of guinea pig isolated atria, inhibition of electrically contracted
uterus of rat, and rat gastric acid secretion have been employed (Black ¢t al.1972).
For identification of H, receptors, intestinal-strip preparations of guinea pig and

mouse have been used (Leurs ¢t al.1996; Harper ¢t a/.1999).

Table 11.3

Agonist and antagonist of different H receptors

Receptor Agonist Antagonist

H, Histamine Diphenhydramine
2-Methylhistamine Chlorpheniramine
2-Pyridylethylamine Prometharine
2-Thiazolylethylamine Loratadine

H, Histamine Cimetidine
4-Methylhistamine Ranitidine
Dimaprit Famatidine
Impromidine Burimamide

H, lR}-q-Melhylhistamine' Thioperamide *
Imetit Ciobenpropit
immepip Burimamide

Impromidine -

* Selective






exogenous catecholamines is by uptake into the sympathetic nerve terminals
(neuronal uptake). A very minor role is plaved by the uptake by other mechanisms
{extraneuronal uptake), viz.,, uptake by extraneuronal cells, dilution by diffusion
(overflow), metabolic transformation by monoamine oxidase (MAQ) and catechol-
O-methyltransferase (COMT). Extraneuronal uptake mechanism becomes
important when the neuronal uptake is blocked or over saturated, or a very large

concentration of catecholamines are used.
The differences between the two uptake mechanisms, neuronal and

extraneuonal are presented in Table 12.1

Tahle 12.1
Differences between the two uptake mechanisms* -
Criteria Neuronal { Uptake, Extranevronal (Uptake,/
Tissues involved Central and peripheral Post-synaptic cells, such as smooth
sympathetic neurons muscles, gland cells, myocardium
Membrane carrier- Dependent Less dependent

system {Na® dependent)
requiring metabaolic energy

Uptake process Saturable Saturable

Affimity for adrenaline {A) NA> > A Aftinity for both low
and noradrenaline (NA) A > NA

Cag v Low High

Stey ¢l yin Sterioselective Not sterioselective
rat tis (~INA > (+]NA

Suhstrates NA, Tyramine, Octopamine Isoprenaline

Metaraminol, cr-Methyl-adrenaling
it-Methyl-noradrenaline
«-Methyl-tyramine I
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Hemicholinium-3 is a potent inhibitor of choline uptake by the cholinergic neurons.
It competc - with choline for the carrier molecules, thus preventing the passage of

choline into the axoplasm.
Selective blockers of ncuronal uptake mechanism are presented in Table 12.2

Table12.2
Neuronal uptake blockers .
Type af Nevron Blocker
Noradrenergic (NA) Desiprantine, Metaraminol Venlafaxine,

{+) -Amphetamine, Cocaine, Phenoxybenzamine
Propranalof, Ciomipramine

Dopaminergic (DA} Amantadine, Benztropine Amitriptyline, HA-966

Paroxetine”* *, Sertraline** Venlafaxine, Fluoxetine®,

Serotonergic {5-HT)
imipramine, Amitriptyline,Clomipramine’
Desipramine (high conc.), Trazadone, Fluvoxamine® **
GABAergic (GABA} Nipecotic acid, Z-Hydroxy-GABA
Purinergic Dipyridamole, Hexabendine
Chelinergic (ACh) Hemicholinium-3 bromide (HC-3) I

“** Most potent

** Intermediate potency
" Least potent; these are all selective serotonergic receptor inhibitors (SSRis)

" Also inhibits NE uptake; has affinity for dopamine D, (central), histamine H. and adrenergic &
receptors.  Sertraline is the most sclective blocker for 5-11T versus NE uptakel

Difl _rent biogenic amines and their depletors along with their mechanism of
action are presented in Table 12.3.















enkephalins, and b) lipid sites for alkaloids including morphine, while both sites
for B-endorphin. The endogenous ligands for opioid receptors in mammais include
three families of peptides — the enkephalins, endorphins and dynorphins.
Methionine-enkephalin appears to act at a site distinct from that of leucine-
enkephalin; the former inhibits the anaigesic effect produced by large doses of
morphine, while the latter potentiates the analgesic effect of the low doses of
morphine. Martin and co-workers (1976, 1977) postulated the existence of three
subspecies of opioid receptors with their respective agonists and antagonists.

1.

The three types of G-protein-coupled opioid receptors are as follows:
p-Opioid receptors — mu-opioid receptors named after morphine, a pure
u-receptor agonist. These receptors have high affinity for enkephalins and
f-endorphin but low affinity for dynorphins. There are two subtypes of
mu-receptor, (a) p,-receptors, stimu  tion of which produce analgesia, and
(b) p,-receptors, stimulation of which lead to respiratory depression and
constipation, Development of tolerance of different effects at different rates
is due to the activation of these subtypes of mu-receptors. Alvimopan is a
selective p,-receptor antagonist used for treatment of postoperative ileus
following bowel resection. Methylnaltrexone is another p,-receptor
antagonist used in the treatment of constipation associated with opioid
analgesia. In animal studies the compound CX717 (AMPAKINE) has been
shown to prevent orre :rse opiate-induced respiratory depression without
the loss of analgesia presumably by acting through p -receptors.

Two peptides endorphin 1 and endorphin 2, with a difference in one amino
acid between them, have been identified in mammalian brain. They exhibit
the highest specificity and affinity for the p receptor. They may be
considered as natural ligands for this receptor.

k-Opioid receptors — kappa-opioid receptors named after ketocyclazocine,
a pure k-receptor agonist. They bind with dynorphins, endorphins and
enkephalins in a decreasing order of affinity.









of thear ve form of angiotensin (Angiotensin II) such as a rise in the blood pressure,
an increase in the aldosterone secretion, and cell proliferation are mediated through
the AT, receptor. The functional role of the AT, receptor is ill understood although

the recent studies indicate its possible role as antiproliferative, apoptotic
(programmed cell death) and vasodilatory functions.

Angiotensin II Receptor Blockers

AT, receptor exhibits a high affinity (more than 10,000-fold) for biphenylmethyl
derivatives, such as losartan, candesartan, valsartan, irbesartan and telmisartan;
candesartan being the most effective, while losartan the least (Mimran et al.1999).
Although the blocking is of competitive nature, the inhibition of biological responses
to angiotensin II is often insurmountable. The AT, receptor has a low affinity for
the compound PD 123177. The AT, receptor, on the other hand, has a high affinity
for PD 123177, and a low affinity for losartan and related compounds.

Angiotensin II and its Formation and Fate

It is the most potent pressor substance, being about 40 times more potent than

noradrenaline on a molar basis. The formation and fate of angiotensin ]I are as
follows.

Angiotensinogen - primarily synthesized in the liver, is a glycoprotein
i (renin substrate) attached to o, globulin in plasma
L

} « « + +  Renin released from juxtaglomerular (JG)

+ cells in the kidney

+
Angiotensin I {inactive decapeptide)
’i « ¢ 4 «  Angiotensin-converting enzyme (ACE), also known as
: Kininase II as it also degrades bradykinin in the lung
Angiotensin I (active octapeptide)

AT, AT, Uptake Converted into inacti»  peptide fragments






5. [Inlubition of thromboxane syntheiase : imidazole and some of its analogues,
e.g. phenylphosphonate compound N-0164.

Metabolism

The pharmacological activity of prostaglandins E and F (PGEs and PGFs) is
almost entirely reduced in their passage through the lungs or by incubation with
lung extracts. Inactivation of ’Gs can be inhibited by low concentrations of di-4-

phloretin phosphate (DPP) and polyphloretin phosphate (PPP) (Crutchley and
Piper,1975).

Assay of Prostaglandin

Rat stomach fundus strip may be used for the assay of PGE, in Kreb’s solution
gassed with carbogen, and containing a mixture of selective antagonists, hyoscine

0.33 uM, mepyramine 0.35 uM, methysergide 0.57 uM, phenoxybenzamine 0.33
M and propranolol 11.57 pM.

Rat colon strip may be used for PGF,

Hamster stomach strip is relatwely insensitive to 5-hydroxytryptamine and
histamine; hence, suitable for the assay of prostaglandins in body fluids and tissue
extracts. [t is relatively more sensitive to prostaglandin E, than F._(Ubatuba, 1973).

Prostaglandins may first be separated by dlfferentlal extr'\ctlon or by
chromatography. PGFs may be assayed selectively by first inactivating the PGEs
by treatment with alkali. Tt majority of the primary prosta~'andins can be
distinguished on prelimir -y screening by employing rat stomach strip, rabbit
coeliac artery and rabbit trane :rse stomach strip (Moncada ef al. 1977). Ac_ays of
PGE, nd PGF,, in mixtures can be carried out by using two tissues, the rat fundus
an the ratcolon PGE, contracts rat fundus but not colon, whereas PGF  contracts
rat colon, but is much ‘weaker than PGE, on rat fundus.
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Table 15.1
Biosynthesis of prostaglandinst

Essential fatty acid in diet

L

Membrane Phosphoalipids

1. v Phospholipase A,
Arachidonic acid
2.

3. Fatty acid

cyclooxygenase |

) PGG,
Cyclic 12-HPETE
endoperoxides
PGH,
Vassel-wall l l l l l Ptatelet cyclooxygenase HETE
cyclooxy- 4 PGE, PGF, PGD,  HHT 5}(Thromboxane synthetase)
genase PGL* TXA**
(Prastacychin ? ?
synthetase} l : l P
B-Keto-PGF TXB, P
.
H
*  Anti-aggregatory vasodilator PG, production decreased by high H
concentration of aspirin, thus enhancing platelet aggregation. .
** Pro-aggregaroty vasocanstrictor TXA, production decreased by low g
concentration of aspirin resulting in anti-aggregatory activity F

t  Mancada, S., Fiower R. J. and Vane, J.R. {1380} In Goodman and Gitman’s The Pharmacological Basis of Therapeutics, eds. Gi
Gilman, A., 6™ edn., p.688, Macmitlan Publishing co., Inc., New York.
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Antagonists

SC-19220, a dibenzoxazepine hydrazide derivative, is a relatively specific
competitive antagonist of PGs on smooth muscle preparations. PPP and DPP also
have similar antagonistic action on smooth muscles. Flufenamic acid and
meclofenamic acid block the isolated bronchial smooth muscle contractions induced

by PGF, N-0164 is a potent partially selective prostaglandin antagonist on smooth
muscle preparations.

NITRIC OXIDE

Nitric oxide (NO), chosen as the “molecule of the year” by the Science Magazine
in 1992, has been found to control a wide range of bodily functions including blood
pressure, activities of the brain like sending messages and storing memories, and
blood fliow to vital organs. It also acts as a neurotransmitter diffusing all over
thereby acting on several nearby neurons, even those not connected by synapses.
The immune system uses it to fight all types of infections as well as tumours.

In the year 1980, Furchgott and Zawadzki observed that the relaxation of blood
vessels by acetylcholine is due to the release of a compound by endothelial cells
acting on smooth muscle cells of blood vessels. This compound they named
“endothelial derived relaxing factor or EDRF”. In 1986, Furchgott and Ignarro and
their associates independently proposed that EDRF was really nitric oxide. Palmer
et al. (1987) demonstrated that endothelial cells produced nitric oxide in sufficient
amounts to explain the relaxation of blood vessels observed by Furchgott and co-
worker.

The tiny molecule nitric oxide (NO), a reactive gas, functions both as signaling
molecule in endothelial cells and nerve cells, and as a killer molecule by activating
immune cells. Nitric oxide is not only a potent vasodilator but also inhibits platelet
adherence and aggregation, reduces adherence of leukocytes to the endothelium,
and suppresses prolife-ration of vascular smooth muscle cells.

Biosynthesis of Nitric Oxide (NO)

Nitric oxide is synthesized within the cells by oxidation of L-arginine to NO
and L-citrulline by a family of enzymes known as nitric oxide synthases (NO5).
Three isoforms of NOS have been identified and named after the cell types where
they are found. These are: (a) neuronal NOS (nNQOS or NOS 1) found in neurons,
(b) inducible NQS (iNOS or NOS II) found in macrophages, and (c) endothelial
NOS (eNOS or NOS I11) found in endothelial cells lining blood vessels.

All these subtypes of NOS utilize L-arginine, oxygen, and NADPH as substrates,
and produce nitric oxide, L-citrulline, and NADP", while FMN, FAD,
tetrahydrobiopterin, heme and Ca?/calmodulin act as cofactors. The biolog@zﬂ
actions of NO are terminated by its spontaneous oxidation to NO, and NO,, its
biological half-}i being 3 to5sec. Thisallows NOto function locally as an autocoid.
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Ennrdoamantale af Evnarimantal Dharmanala_..

GUINEA PIG**

Guinea pig is killed by stunning and bled; the abdomen opened along the
midline, and the gut displaced on one side. The testis is pushed into the abdominal
cavity by pressure on the scrotum. Holding the testis, the vas deferens of one side
is freed from the connective tissues and cut from the epididymis. Grasping the cut
end of the vas deferens with small forceps, it is separated from the adjacent tissu€
and left as it is. The hypogastric nerves (right and left) are now identified in the
middle of the mesentery of the colon. One nerve is tied and cut 5 cm from the vas
deferens; this is cleaned to within 0.5 cm of the organ. A piece of peritoneum
containing the remainder of the nerve up to the vas deferens is isolated. The vas
deferens is then cut from the urethra and removed together with its nerve along
with the small piece of peritoneum and put up in an organ bath containing Krebs
solution. During the dissection, the organ and the nerve are moistened with Krebs
solution. The contralateral preparation can also be dissected out, if required.

GUINEA PIG TRACHEAL CHAIN

Trachea is removed from a freshly killed guinea pig (500 to 600g) and sectioned
with a pair of scissors into 10 to 12 approximately equal size rings. Rings are kept
moist in Ringer’s solution while they are being tied in series by short loops of silk
thread.T :rings are oriented in such a way that the dorsal smooth muscle band is
in a line. In an alternative but simpler method, the trachea is cut spirally, or (Jpenefl
with a longitudinal cut along the mid-dorsal surface, and a series of transverse
cu made successively from alternate sides so that they overlap one another but

do not transect the preparation completely.

* Kosterlitz ct al., 1970 ** Hukovic, 1961
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Y=a+bX
where, ais the distance above the base line at which the regression line cuts the
Y-axis, and b (regression coefficient) is the degree of the slope, or the inclination of
the regression line to the X-axis. The regression coefficient is usually positive
indicating that the inclination of the regressiu:. line is upwards towards the right.
When it is negative, the inclination is downwards towards the right.
The formulas for the regression coefficient b and for a are as follows :

b=5xy /Sx?, where x=(X-X),and y =(Y-Y)
a=y-bx,where x and ¥ are the mean values of X and Y respectively.
Example: Calculation of the regression line of the sleeping time in three groups
of mice (5 in each group) following three different volumes of ether administered
for a fixed time is presented below (Ghosh et al.1964):
Total number of mice=n Log vol. ether (ml) =X Sleeping time (sec) = Y

n=15 SX =347 x =2.31 SX2 =80.39 (SX)* =1204.1
SY =499 y=333  SXY =11638 (SX)(SY)=17315.3
g2 =SX2— (SX)*/n Sxy =SXY - (SX)(SY)/n
= 80.39 - 80.27 =1163.8-1154.4
=0.12 =94
b =Sxy/5x a =y -bx
-9.4/0.12 =333 -(78.3x 2.31)
=783 = - 147.6

The regression equation of Y on X is
Y =a+bX
= 1476+783X
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that the response bears a linear relation to log dose.

Example: Finding out the relative activity of atropine and methantheline on
methacholine induced gastric acid secretion in the rat by (2+2) dose assay

(Ghosh,1958). Results are presented in Table 19.1

Table 19.1
Results of (2+2) dose assay of atropine and methantheline on
methacholine induced gastric secretion in rat

Drug Dose (19! Maximum defiexion of pH in different groups Total
Mean
Atropine (S ) 1.0 14 6.9 1.9 1.9 6.1
1.52 |
Methantheling (T ,) 0. 0.9 c.8 238 1.8 5.85
1.46
Atropine (S,) 3.0 0.3 0.25 1.1 0.45 2.1
0.52

sthanthetine (T,) 0.3 0.3 0.2 0.55 0.7 1.75
0.44
S - 1.52 s, - 0.52 T, = 148 T,- 044

1

Log ratio of dose (1} = leg 3 = 048
D(:igsn: difference () = (T~ T, +5,- §,) = HDA4 - 1.46 + 0.52- 1.52) = - 1.01

Preparation difference (F) = T+ T,-8,-§) - 7(1.46 + 0.44 - 1.52 - 052) - - 0.07

--21
Stope [b) = Eil - -1.01G.48
Log ratio potency TiSorM = Fib = - 007/~ 2.1 - 0.033

Potency ratio {antilog of Mj » 1.08

Since methantheline produced slightly more inhibition than atropine, and its

dose was 10 times less than that of atropine :

ri santheline 0.3 HE | 08
Atropinc 3.0 g

Thereful’e' methanthEII[]e = I_GS % 3.0 ia 1N « atranino
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containing the salt solution to allow for the complete recovery of its effect. The
assay is concluded by producing a series of maximal contractions. Then the
experiment is repeated with a concentration of antagonist that produces slightly
smaller response than the original response to a single dose of the agonist. A fresh
tissue for each concentration of antagonist is usually used particularly when the
effect of antagonist is persistent. The contact time with antagonist may also be set
at two or five minutes instead of 14 minutes. The result of a typical experiment is

shown in Fig. 19.8.
Plotting of pA, values. The contraction height of the single dose of agonist in the

Moz

H HIZH 2H 2H 2H 2HJZH ZH 2H JOH KOH

DIPHENHYDRAMINE (69

Max

M H |2H 2H 2H 2H en,zn 24 2H 0H WM
DIPHEMHYDRAMINE 3X)59

Fig. 19.8. pA,determination on isolated guinea pig ileum, For details see text.
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atropine; while rectus abdominis muscle of frog, and dorsal leech muscle
producing nicotinic action antagonized by curare. All these effects are
potentiated by eserine. When guinea pig ileum is used for testing the
presence of acetylcholine, the bathing fluid should contain mepyramine
(0.5 ug/ml), hexamethonium (20 pg/ml) and morphine (1 pg/ml). A three-
minute response cycle is used for the agonist.

2. Activity of the solution containing acetylcholine disappears when boiled

with N NaOH solution but not with weakly acidic solution.

3. Activity disappears rapidly when mixed with blood (due to its cholinesterase

content) but much more slowly when the mixture contains eserine.

When it is almost certain that acetylcholine is the only substance present, the
single most convenient method may be chosen for its assay. When this is not the
case, at least two test objects must be used for any reliable result. Usually the blood
pressure in anaesthetized cat, and either the frog rectus or the leech muscle are
employed, the rectus giving more reproducible results, and eserinized leech muscle
higher sensitivity. Effect of eserine on frog rectus is much less striking than in the
case of the leech muscle; the usual sensitization being about 10-fold as against 1000-
fold for leech muscle. The appropriate sensitizing (eserine) and antagonizing
(atropine r curare) drugs should be used wherever applicable, and the alkali-
inactivation procedure in every instance.

For testing extracts, the standard acetyl: 7e should always be prepared by
Feldberg’s method as follows: Tt standard _.___Icholine solution instead of being
made up in Locke’s solution is mixed with a portion of the extract to be tested.
which has previously been freed from acc.ylcholine by boiling with one-tenth
volume of N NaOH for one minute and then neutralizing with N HC]. The dose of
the test extract must represent the same amount of tissue as the dose of standard
extract (acetvicholine-free) with which it is being compared.

. sog rectus muse  The frog rectus muscleis put up in an organ bath and attached
to a simple writing lever having tension 0.75 tol g initially redt._2d to 0.5 g at the
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ESTIMATION OF ADRENALINE AND NORADRENALINE IN A MIXTURE

Rat uterus. The best organ for the assay of adrenaline in presence of
noradrenaline is the non-pregnant rat uterus on which noradrenaline has no effect.
The most sensitive method of estimating adrenaline (sensitive to 1 ng/ml) is to
determine its power to antagonize the contractile actions of acetylcholine on this
preparation.

One horn of the uterus is put up in an organ bath. A contraction is obtained by
adding acetylcholine (2 ug/ml) or carbachol (0.75 ug/mi) to the bath and washed
after .. seconds and the bath fluid changed twice when the muscle relaxes. After2
minutes (i.e. 90 seconds after washing the first dose), a second dose of acetylcholine
is given, and the whole cycle is repeated every 2 minutes until the muscle shows
uniform contractions. A known amount of adrenaline (1 to 10 ng) is then added
into the bath 30 seconds before a dose of acetylcholine, and the amount of reduction
of the latter’s effect noted. As soon as the inhibitory effect of adrenaline disappears
and the acetylcholine effect completely recovered, a dose of the unknown adrenaline
is tried so as to carry out a matching assay.

When the amount of adrenaline in the mixture has thus been determined
{(noradrenaline usually has only one-hundredth of the effect of adrenaline in this
preparation that can be disregarded), the mixture (usually an extract) is injecte'd
intravenously into a spinal cat, and an equivalent amount of adrenaline in this
mixture also injected for comparison. The rise of blood pressure caused by
adrenaline will be less than that caused by the mixture. Noradrenaline is r~
added . this amount of adrenaline until the rise of pressure caused by the mixture
iseq totheri of pressure caused b the unknown mixty (extract). The amount
of noradrenaline added is then equal to the amount pr sent in the exti ct.

Rat 1. This tissue provides a sensi.. /e test for noradrenaline which generally
has slightly more effect than equal dose of adrenaline (ratio varying from 0.1 .2 1)-
In combination with the rat uterus, this preparation can be used for assaying the
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CHEMICAL STIMULUS

Writhing Test

Intraperitoneal injection of phenylquinone (0.25 ml of 0.02% aqueous solution)
or acetic acid (1 ml/100 g body weight of 0.6% acetic acid) in mice produce within
3 tol0 minutes a writhing or stretching syndrome characterized by a wave of
contractions of the abdominal musculature followed by extensior of the hind limbs.
These chemicals, however, tend to produce irritation and cannot be repeated at
shorter intervals to study the tolerance development of the drug under
investigation. Further, the test may give false positive results, '

1

Writhing Induced by 4% NaCl Solution™*

The writhing test with 4% NaCl in rats is a sensitive and specific test for
predicting analeesic activity of a compounc! in man. It is also useful for examin;ing
changes in anaigesic activity of drugs during chronic (repeated) administration.
Ma rats (150+ 10 g) are injected intraperitoneally with Iml/kg of 4% NaCl. Animals
that don ' exhibit writhing within 30 seconds are discarded. The onset of writhing
is much quicker (30 sec) than that with phenylquinone or acetic acid, and lasts for

a shorter -1 (about 3 min). The rug under investigation * administered
subcutant 15 to 20 minutes before administering NaCl solution. The animals
showir | ionse are defined as analgesic positive. The percentage protection

t each aose level is calculated for each group of 10 to 20 animals, and the ED50
values are calculated f. . m the dose-response curves.

L)

Writhing Induced by Acor™ine
This test is found to be selective for aspirin-like analg sics. Each mouse -

-

* 1) Amour and Smith, 1941 **Fu  waetal 1980 *** Bhalla and Bl  gava,
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MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine), a neurotoxin, produces
neurochemical, histopathological and behavioural changes in animals resembling
very closely the Parkinson’s disease. Mice are administered MPTP 30 mg/kg i.p.

twice a day for consecutive five days. One week after the last dose of MPTF, the
above mentioned changes are observed (Ogawa et al.1985).

EVALUATION OF ANTICARCINOGENIC AGENTS

Some of the common animal models for the evaluation of anticarcinogenic
agents are presented below :

Ehrlich Ascites Carcinoma (EAC)

Ehrlich ascites carcinoma cells in mouse are maintained by weekly
intraperitoneal inoculation of 10° cells per mouse. Groups of Balb-C mice aré
inoculated i.p. with 2-3 x 10° cells per mouse on day 0. Substances under
investigation are administered either orally or intraperitoneally 24 hr after the
inoculation, and continued for the duration of the study as per plan. Control mic®
are treated with equal volume of 0.9% saline. Median survival time (MST) for each
group is noted. The viability of the cells are judged by the trypan blue test; the
rumour cells are collected by repeated intraperitoneal wash with 0.9% saline, and
viable tumour cell count is done using haemocytometer. Increase in the median
survival time (MST), reduction of the viable cancer cells, and of the efficacy of the
harvested cells to produce tumour are taken as the criteria for any anti-carcinogen't
property of the substance under study (Sur and Ganguly, 1994).

Solid Tumour

Solid tumour is induced in Balb-C mice by subcutaneous injection of 3
methyl cholanthrene (3-MC) 0_5_mg in Fastor oil into the calf muscle on day 1 and on
day 7. The test substance is injected i.p. 3 days prior to 3-MC administration and
continued as per the predetermined time schedule. The animals are killed bY
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It is used for separation and identification of very small quantity of samples. In
this, the adsorbent (stationary phase) is applied over a glass plate as a thin layer.
The drug spots are made near one end, which is dipped in the solvent (mobile
phase). The plate is kept in a vapour-tight chamber and the Rf values of the
compounds calculated. The spots may also be removed for quantitative analysis.

GAS CHROMATOGRAPHY

Gas chromatography requires sophisticated apparatus, and is used for both
qualitative and quantitative ana' ses.

In gas chromatography, the mobile phase is an inert gas like helium. The
stationary phase is either a liquid coated on to an inert material (Gas-Liquid
Chromatography) or a solid adsorbent (Gas-Solid Chromatography).

The mixture to be separated is vaporized and is carried by the mobile phase
into the chamber containing the stationary phase. If it is difficult to vaporize the
compounds, then their derivatives (acetylated, methylated, etc.) that vaporize easily
can be prepared. The chamber is also kept at a high temperature (150-350°C) so
that the v or does not condense. The compounds in the mixture get separated
and they come out of the chamber one by one. A detector present at the outlet
emi- a sit 1al proportional to the concentration of the outgoing substance. The
detector is coupled to an automatic recording device, which plots a graph showing
the intensity of "gnal against time. Using this graph as well as a standard calibration
curve, the nature and the concentration of the compounds can be determined. The
compounds coming out of the chamber can also be collected in a cold trap for
further analysis.

The advantages of gas chromatography over the other methods are that the
separation is achieved more rapidly, and that there e various sensitive ‘on-line’
methods of detection and quantitation of drugs readily available.
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X-Ray Crystallography

With pure crystalline compounds, this gives information on the three
dimensional arrangement of atoms in a molecule. By using computer aided
programmes, the bond lengths and angles are also arrived at by this method.

Structure Elucidation

The information obtained employing all the methods described above enables
one to artrive at the structure of the compound isolated from the plant extract. The
advantage of structure elucidation is to obtain the compound in larger amounts by
employing synthetic procedures. Structural modifications of the isolated compound

by desired substitution or by preparing new derivatives may yield a new array of
pharmacologically active molecules.

FURTHER READING

Bart, H.J. (2011) Extraction of Natural Products fron: Plants — An Introduction. In: Industrial Scale Natural
Products Extraction. 1°" edn. Eds. H. J. Bart and S. Pilz,, Wiley-VCH Verlag GmbH &Co KGaA.

Harbome, ].B. (1998} Phytochemical Methods: A Guide to Modern Technigues of Plant Analysis, 3 edn.
Ed. J.B. Harborne., Springer (India) Ltd. Springer International Edition,
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polyphemus (Levin and Bang, 1964). The LAL test though more sensitive than the
rabbit pyrogen test, it gives false negative results with certain products, likely to
overestimate the pyrogen content of other products, and does not detect pyrogens
other than the bacterial endotoxins (Gram-positive endotoxins), viruses and fungi.

The monocyte activation test (MAT) uses human mononuclear cells (e.g.
monocytes) obtained from human volunteers or from the blood bank. This test

detects pro-inflammatory and pyrogenic contaminants not always detected in the
rabbit pyrogen test or in the LAL test.

B. Embryonic stem cell test (EST)

This is used for the detection of any embryonic toxicity. The embryonic stem

cells develop spontaneously into contracting myocardium. The different end points
of prenatal differentiation used in the mouse EST are as follows:

1. Inhibition of differentiation of the embryonic stem (ES) cells int0
cardiomyocytes

2. Cytotoxic effects on the ES cells
3. Cytotoxic effect on 3T3 fibroblasts

In tt Embryonic Stem Cell Test (EST), the capacity of the stem cells (rodent
cell line D3) to develop into specialized contracting heart cells in vitro within 1
days are used to assess the embryotoxic potential of the test compound by light
microscopic evaluation, or with more objective molecular endpoints.

In vitro metabolism studies using human microsomal enzymes or cell lin€

provide infmmatim? on whether a non-toxic chemical is likely to be metaboliz€
lo a toxic form, or vice versa.

A sitive result in the EST should pe 1
embr  tor.city to classify a chemical -
and feproductinn. Negative results
a sssments m vitro, if necessary.

_ f
be regarded as sufficient evidenc ::
likely to be hazardous for de"cwpmcti-
ould be subject to further mechan®
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DNA molecule, and makes two cuts, one in each strand,‘generating 3’dH and 5'P
termini. The joining is accomplished by annealing the complementary single
stranded ends by the action of an enzyme DNA ligase that catalyzes the formation
of a phosphodiester bond between free 5’ and 3" ends.

Denaturation of DNA: During DNA replication, the unwinding and separation
of DNA strands first take place (denaturation or melting). The denaturation can be
induced experimentally by heating a solution of DNA. The thermal energy increases
molecular movement leading to the breakage of the hydrogen bonds and other
forces that stabilize the double helix, thus separating the strands. The absorption
of ultraviol : (UV) light by the DNAs is routinely used to measure DNA
concentration in a solution. Single-stranded DNA absorbs almost twice as much
UV light as does the equivalent amount of native double-stranded DNA. Thus, the
absorption of UV light increases with the increase in the denaturation of DNA.

Renaturation of DNA: Native DNA can be reformed (renaturation) by special
treatment of denatured DNA in a solution.

Hybridization: In a solution of denatured DNA, the single strands freely mix s0
that during renaturation, strands join together producing a molecular mixing
known as hybridization. Hybridization occurs in a sequence-specific manner rather
than at random, that is, single DNA strands will renature preferentially with other
single strands that have a complementary sequence based on the pairing of Awith
T and C with G.

Analysis of DNAs by Southern blot hybridizations: Southern blotting, developed
by Edwin Southern, is one of the most widely used methods for detecting
hobridization between complementary nucleic acid (DNA or RNA) molecules. The
essential feature of this technique is the transfer of DNA molecules separated by
gel electrophoresis to a sheet of DNA-binding material like nitrocellulose or nylon
membrane. The DNA in the gel is denatured into single-stranded fragments b_)’
treatment with an alkaline solution prior to the transfer. fter the transfer 15

ymplete, the DNA is immobilized on the membrane by rying. A radioactive
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compare levels of thousands of individual RNAs simultaneously. Coupling these
methods with the results from genome sequencing projects allow researchers to
analyze the complete transcriptional program of an organism during specific
physiological response or developmental process.

CLONING OF ¢DNAs PRODUCED FROM PURIFIED mRNAs

The in vitro synthesis of cDNA (complementary DNA) from purified mRNA
and other RNA molecules using reverse transcriptase has become a very important
tool in molecular genetics.

SITE-DIRECTED MUTAGENESIS

A useful experimental technique where a designed mutation is introduced at a
prescribed site within a gene of interest. The main aim of the technique is to alter
one or more specific nucleotides within a gene so as to change a specific triplet
codon. As a result of transcription and translation, the change causes the insertion
of a ‘mutant’ amino acid into the protein encoded by the original gene. Such
designed mutations are particularly useful in the study of the effects of specific
mutations on both gene expression and protein function. The basic steps of the
technique are as follows:

1. A nglestri d of DNA from a gene of interest is first isolated.

2 This is hybridized with a synthetic oligonucleotide containing an altered
triplet so as to encode an amino acid of choice.

3. Folle ring semiconservative replication, a different complementary bas¢
pair is present in o of the new duplexes.

4. Followingt scription and translation, a designed mutant protein will be
produced.





















Nanotechnology in
Biomedical Science*

Nanotechnology is a well-known term that has become popular during the
last few years. It is an interdisciplinary science dealing with the study of nano-
particles, their synthesis and application in our ‘day to day life. The present chapter
gives an overall view on nanotechnology, its applications with special emphasis
on the techniques involved in biomedical science. Nanoscience and nanotechnology
arenew frontiers of the present century that have merged the disciplines of physics,
chemistry, engineering and medicine. The concept of nanotechnology in science
was first introduced by the physicist Richard Feynman in his talk given at the
American Physical Society meeting at Caltech in U.S.A. on December 29, 1959,
where he said “there’s plenty of room at the bottom”. The term “nanotechnology”
w first introduced in 1974 by Professor Norio Taniguchi of Tokyo with the
following words: “Nano-technology mainly consists of the processing, separation,
consolidation, and deformation of materials by one atom or by one molgcule".
Since then the technology has been developed further by renowned scientist
DrK Eric Drexler. i ,

Nanotechnology got started in the early 1980s with twg revo.lutlonary
discoveries, one the birth of cluster science, and the other the invention of the
scanning tunnelling microscopy (STM) which took tbe technolog_y further step
ahead Today, nanotechnology is being employed in various ‘flelds, .such as
computers, electronics, communication, energy production, medicine, agr !C“]tur(.?'
food industry, cosmetics etc. Research and developmen_t at tbe nano _Scal_e level is
bmming worldwide, bringing forward medical fmd biological a.pphcatxons to a
©mpletely nes horizon. The day is not far that t!ns technology will beC(;mela pa_rf
of our day to day life and solve many of the medlcal_problems. Nanotec nfo obv is
Manipulation of matter at nano scale level i.e, oné bllllonth.of a meter. In fact, it [:s‘
A Scale and not a type of technology. Materials when manIP_U‘l":lted a:}“i‘}:‘gr:;:caﬂ‘-
evel exhibit unique electrical, optical, magnetic, thermodyna_mu, t }Lerll;(hﬁ;rm (P'\t‘r';
d mechanical properties compared to its regular prc{pettlesél _ad tu‘ form ~e:;1 1:1
etaj, 2008). Thes unique properties ma ke them potential Lar‘ {t z'iqe::h;) b?mbch of

¢ fie . of biomedical science. Hence, in a broac:s;;_\e;:i;d};neasure‘ment of
nology which generally deals with quantttahvs‘ o ties. Materials where at
-~Cts based on the use of specific size-dependent prop
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molecules and cells, MRI contrast enhan-cement, phagbkinetic studies, cancer
therapy, medical diagnostic tools and therapy. Medical nanotechnology is a
combination of nano electronic biosensors, nanomaterial, and molecular

nanotechnology leading to molecular manufacturing. It holds promise in providing
economical yet quality healthcare requirements.

Imaging

Inherited properties of nanomaterial, like superior photo stability, narrow range
of emission, broad excitation wavelength, luminescence, surface Plasmon
resonance, and multiple possibilities of modification, make them excellent
candidates as bio-markers, sensors, and drug targeting agents. Quantum dots are
highly light absorbing luminescent semiconductor nano crystals that are wid-ely
used in optical imaging. Conjugating particle surface with biomolecules, allowmg
cell targeting using quantum dots, is another development in nano-biomedical
science. In fact, quantum dots are employed in the fluorescence resonance energy
transfer analysis (FRET), gene technology, ﬂuores_cen.t labelling of cellular proteins,
cell tracking, pathogen and toxin detection, and- in vivo animal imaging. Advanced
nanotechnology allows the manipulation of bxolog:cal materials in.a cor?trolled
wav enabling integration with nanostructures: Mampulrfltlon systemsin 2D mc]tfde
scan ning tunnelling microscope (STM), ntgr@c force microscope (AFM), scanning
clectron microscope (SEM), and transmission electron microscope (TEM). ?D

ibulation systems include micro-grippers a_nd nano-tweezers, manipulation
mc?nlp H “field, acoustic forces, microfluidics, and di-electrophoresis. Many
o ma{.{,lrlzn.c ule c’an be used to manipulate and integrate biological samples to
(;f tﬂfi;:;: iclzﬁ machines f - diagnosis, bio-sensing, and bioelectronics.
ui o

Molecular Targeting and Drug Delivery

~rticles can be used as a drug delivery system, as their nano-size allow
H N ?nos; etrate .physiological ba rriers like small capillaries into individual cells,
them to pene daieh
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to cancer diagnosis and therapy. Cancer nanotechnology holds promise in the field
of cancer therapy since these particles can be modified to engineer vehicles with
unique therapeutic properties, which because of their small size can penetrate
tumours with a high-level specificity and target oriented therapy. The National
Cancer Institute, USA has recognized the potential of nanotechnology providing a
significant breakthrough in the diagnosis and treatment of cancer.

Nano Toxicology

Owing to the increasing application in medical science these dwarf particles
are liable to produce detrimental effects in human body as well as to the
environment. Nanoparticles can potentially cause adverse effects on organs, tissues,
and in cellular, subcellular and protein levels because of their unusual
physicochemical properties, such as small size, solubility, shape, high surface area
to volume ratio, chemical composition, crystallinity, electronic properties, surface
structure reactivity and functional groups, inorganic or organic coatings, and
aggregation behaviour. Sengupta et al., (2012} have recently reported toxicity of
gold nanopartic! i in the animal system. Spions group of metals which are being
widely used for various biomedical applications, such as magnetic resonance
imaging, targeted delivery of drugs or genes, and in hyperthermia may lead to
severe biological hazards. Hence a complete understanding of the hazard of
nanoparticles both in human body as well asinenvironment is absolutely essential.

Safer Nanotechnology - Green synthesis

Though the physical and chemical are popular methods of nanoparticle
synthesis, recent concepts indicate that the biogenic product n of nanoparticles is
at . ter ptionduetoits eco-friendliness (Salam et al, 2012). Green synthe s refers
to a r :hod by which nanomaterials are produced without affecting the
environment or human health. Different natural products, such as extracts of
AU 1Y nts, tea, coffee, banana, simple amino acids, as well as wine, table sugar,
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Statistical Data Interpretation and Appreciation of
For Publication Other’s Published Resuits

For any research publication in the field of biochemistry, microbiology,
physiology, pharmacolc,,, pharmaceutical sciences etc., incorporation of statistical
data is a must in support of the conclusion drawn in the experiment. Thus, some

vowledge of basic statistics is an essential requirement on the part of the
investigator. One may argue by saying that in this computer age where software
on statistics (SigmaStat, GraphPad, SPSS, etc.) are available that carry out all the
statistical analysis of the data, where is the need to know about statistics. This
concept is absolutely wrong because the computer will carry out whatever data
are being fed as an input whether right or wrong,. If the data of an experiment not
designed properly are fed into the computer, the results obtained may not be
dependable. Thus, the knowledge of proper designing an experiment is 2
prerequisite in order to draw a reliable conclusion from the results obtained in the
experiment. Another reason why one should have some basic knowledge of
statistics is in the interpretation and appreciation of other’s published results based
on the statistical data and to check its correctness.

Before we go into the experimental design and statistical analysis, it wou]dlbe
prudent to consider some of the elementary -ithmetic that forms the foundation
of any dependable quantitative study.

SCIENCE OF NUMBERS

In pure mathematics the numbers 40 and 40.00 have the same meaning. But if
the scientific work these numbers have different meaning. In science, the number
40 means that the measurement lays between 39.5 and 40.5, that  a difference of
one, while 40.00 mear that the measurement lies between 39.995 and 40.005, that
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MEASURE OF CENTRAL TENDENCY OR AVERAGE

An average is a typical value that represents a group of individual values in a
simple and concise manner. ]t tells us the point about which the several values
cluster. The sample mean is an unbiased estimate of the population mean. More
the number of observations, nearer the true value of the population mean.

Arithmetic Mean or Mean

The terms average, mean and arithmetic mean are commonly used inter-
changeably. Mean (A.M.) summarizes the resuits in a single value. It is typical of
the whole set. In successive samples from the same population the mean varies
less than the individual values (Table 34.1).

Table 34.1
79 80 80 88
86 85 77 80
58 75 76 110
72 74 84 93
85 80 73 72
Mean 77 74 78 90 -

Thus, it gives us confidence in using the mean as a final value.
The mean (X ) is equal to the sum of the individual values (SX) divided by the

number of individual items (N): X =5X/N
The mean can be treated further for statistical analysis. However, the
disadvan ge is that the mean is greatly distorted by extreme values and thus may
not be typical in certain cases. |
For example, the mortality rate per month in a particular year in a town In

Europe during tt epidemic of influenza was recorded as follows:
6 7 7 9 8 6 8 8 85 20 10 9
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‘The harmonic mean (HM) is the reciprocal ot the arithmetic mean ot the
reciprocals of the number of items (replicates) in each sample:

HM = N/(1/k, +1/k, +......... +1/k ), where k is the sample size (replicates) and
N the number of items.

Example: The harmonic mean of four items say, 5 9 4 7 is computed as below:
HM =4/1/5+1/9+1/4+ 1/7)
=4/(0.20 +0.11 + 0.25 + 0.14)
=4/0.7
=5.71
The harmonic mean is used in the Dunnett’s test described later.

SCATTER OR VARIATION

The average or mean though a typical value it does not tell the whole story
about the distribution of individual values around the mean as shown in Table

34.2,

Tahle 34.2
119 122 51
120 118 17
121 124 387
120 120 5
120 16 140
Mean 120 120 120

As can be seen, although the means of ali the three groups are identical, the
variation amongst the individual values in the first group is slight, in the second
group in' rmediate and in the third group wide. Hence, only the measurement of
averag is incomplete without some measure of variation of the individual values
around tb mez...
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5.b.= 35U /NN
Alternatively, S.E. can be obtained by dividing the variance (s?) by the number
of items (N), and then extracting its square root:
S.E. = V(s¥/N)
Standard error varies directly with the standard deviation and inversely with
the square root of the number of observations. In order to reduce the standard
error to half, the number of observations has to be increased by four times. The

standard error is used in the determination of confidence limits, in the Student's t
test and in the analysis of variance.

Determination of Standard Deviation and Standard Crror

Example : Atropinel1pg produced inhibition of methacholine induced gastric
secretion in a rat measured continuously by recording ina pH meter.

The same treatment is repeated four times and the results are
presented in Table 34.3.

Table 33.3
pH values Square -
14 1.98
09 0.81
19 3.61
1.8 3.61
§$X = 6.1 SX? « 9.99

J——1

Mean (%) =SX/N, where Sis the sum, X the individual values and N the number
of individuals values: x=6.1/4= 1.52. .

Steps for calculation of standard deviation and standard error:

1. Add ug the individual values SX=6.1

2. Square up the individual values and add them up 5X?=9.99
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test between the different groups using the formula:

t,=(M, - M‘)N(ZMSE/HM), where M is the mean of the ith experimental group,
M_is the mean of the control group, MSE is the mean square error as computed
from the analysis of variance, HM is the harmonic mean of the sample sizes of all
the experimental groups including control.

HM=n/(1/k, + 1/k, + ... + 1/k ) where n is the number of sample groups and k
the number of items in each sample.

The degrees of freedom (df) for the test are equal to N - n, where N is the total
number of subjects in all groups and n is the number of groups including the control.

Example : Having found the F test significant in the earlier example, we wanted
to know specifically whether there is significant difference between the tea root
extract group (Mean 0.046) and the control group (Mean 0.105). We carried out a
post hoc analysis by the Dunnett’s test as follows: |

Comparing the two groups, we first work out the harmonic mean (HM) and
then thet, :

HM = 3/(1/6 + 1/6 +1/6) =5.90
t, = (0.105 - 0.046)/¥(2 x 0.0004/5.90) = 0.059/0.012 = 4.92

The degrees of freedom (18 -3)=15 _

Consulting the Dunnett table.(see Appendix) at 15 d.f. we find the value 3.25
against group 3 at 0.01 probabil{ty- The calculated value 4.92 is larger than the
s ted value 3.25 indicating the difference between the tea root extract group and
the control group is highly significant (P<00n).

Now, we want to know whether there is any significant difference between the
tea root extract group and the acetylsalicylic acid group. We calculate the t , value
as follows: { = (0.061 - 0.046)/N(2 x 0._0004/5.90) = 0.01?/0,012 =125

Consulting the Dunnett Table agamst 15 d.f. we find the value 2.44 against
gr.ap 3at0.05 probability is much higher than tlhe calculated value 1.25 indicating
that there is no significant difference betw :n the two treatment groups (P>0.05)-
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Table 34.14
Weight gain in rats following high protein diet

Rat Initial weight ( X) Gain inweight (¥) X Y XY
i 60 112 3600 12544 6720
2 48 118 2304 13924 5664
k| 64 159 4096 25281 10176
4 46 82 2116 6724 3772
L) 50 1248 2500 16384 6400
6 57 107 3249 11449 6099
7 45 103 2025 10609 4635
8 74 133 547 17689 9842

N=~8 SX = 444 SY - 042 SX! = 25366 SY? = 114604 SxY - 53308

3 = 55.50 y=- 117.75 (SX)? = 187136 (SYF - BR7164
Computation:

S.= SXY — (SX)(SY)/N 53308 - [(444 = 942)/8] = 1027
522 SX: = (SX)/N = 25366 ~ (197136/8) = 724
5‘,2 =SY2 - (SY)3/N = 114604 - (887364/8) = 3684
r=5,/¥(S2*53)= 1027/N(724 = 3684) = 0.63

The correlation coe‘fficient (r) thus works out to be 0.63.

Standard Errorof r:

To test the deviation of 7 from 0, or nil correlation, we use the f test 5 follows:
f=rxN[(N=-2)/(1-1)];, df=N=-2
In the above example, the number of rats N = 8. Applying the above formula,
» have:




































Metoclopramide
dihydrochtoride

Metoprolol tarirate
Mianserin HC!

Morphine sulphate
or HC!

Muscimal

N-0437
Nadolol

Nalorphine HCI

Naloxone HC!

{Guinea pig
Ral
Mouse

Rat
Rat

Cat
Guinea pig
Rat
Mouse

Rat

Mouse
Rat
Oog

Dog
Cat
Rabbit
Rat
Mouse

Dog & Cat
Rat &
Mouse
Mouse

—_— e == gy

total icv

78 mg s¢
10t 50 mg ip
3 mgim

0.2t0 5mg sc
13 mg ip

5t 10mgip
10 mg 5¢
1.510 10 mg sc
1105 myim

10to30mg ip
0.05to0 0.2 mg
totaliey
Jmgip

05ta2mgip
0.1 mgiv
2mygiv
Jmgiv

5 mg iv

5 myip
1toBmgip
1to bmgse

0.1to 1 mgs¢
1to Smgip

Enndamentale nf Fvynarimental Pharmarnlnnu

Selective dopamine { 0,) antagonist;
to induce catalepsy or
stereatyped behaviour

Selective 3 -adrenoceptor blocker

S-HT blocker; 30 min prior to

experiment
Analgesic

GABA agonist; 30 min prior to
fest

Dopaminergic agonist
Selective [3,-adrenoceptor blocker

Dpicid antagonist with partial
aganit . Jctivily
Opiate antagonist

Precipitation of marphine
withdrawal
















































Fimndameantale af Fvnsrimental Pharmarninnu

-

8. 632 446 407 384 369 358 360 344 328 392 293

g 512 426 38 363 348 3.37 320 323 307 290 27
10 48 410 371 343 333 322 314 307 291 274 254
11 484 398 388 336 320 3.09 301 295 279 261 241
12 475 389 349 326 311 300 291 285 269 251 230
13 467 381 341 318 303 297 283 277 280 242 2%
1a 460 374 334 311 296 285 276 270 253 235 213
15 454 368 329 306 280 279 271 284 248 229 207
6 449 363 324 301 285 274 266 259 242 224 201
17 445 350 320 295 281 270 261 255 238 219 196
18 441 365 306 293 277 266 258 251 234 215 192

19 438 352 313 290 274 263 25¢ 248 231 211 188
20 435 349 310 287 271 260 251 245 228 208 184
21 432 347 307 284 268 257 249 242 225 205 1.8
22 430 344 305 282 266 255 246 240 223 203 178
23 428 342 303 280 264 253 244 237 220 201 176
24 426 340 301 278 262 251 242 236 218 198 173
25 424 339 289 276 260 249 240 234 216 196 1.7
76 423 337 288 274 259 247 239 232 215 195 169
27 421 335 296 273 257 246 237 231 213 183 167
28 420 334 285 271 256 245 236 229 212 191 166
29 418 333 283 270 255 243 235 228 210 190 154

@17 332 2982 289 253 242 233 227 208 183 162
234 225 218 200 179 181

a0 408 323 284 261 245
60 400 315 276 253 237 225 217 210 192 170 139
g0 39 31 272 249 233 22 213 206 188 165 1.33
00 394 309 270 246 231 218 210 203 185 163 128

229 218 200 202 183 161 1.6

120 382 307 268 245
« 384 300 261 237 2n 210 200 194 175 152 1.00




Tahle

8 11.26 8.65 758 701 6.63 6.37 B.18 6.Us b.b/ 0.28 4.6
9 10.56 8.02 6.9 6.42 6.06 5.80 5.61 5.47 51 473 43
10 10.04 71.56 655 599 564 539 5.20 5.06 4.71 433 39
H 9.65 7.21 6.22 567 5Jd2 507 4.89 474 440 4.02 3.60
12 9.33 6.93 595 5.41 506  4.82 4.64 450 4.16 378 336
K 9.07 6.70 574 521 486  4.62 4.44 430 396 359 317
14 8.86 6.51 556 5.04 469 432 4.28 414 380 343 301
15 8.68 6.36 542 4.89 456 432 4.14 4.00 367 322 287
16 853 6.23 5.29 477 444 420 4.03 389 355 318 275
17 8.40 6.11 518 467 434 410 3.93 379 346 308 265
18 8.29 6.01 509 4.58 425 40 3.84 37 337 Jog 257
19 8.18 5.93 501 450 411 394 3.7 3.63 330 292 248
20 8.10 5.85 494 443 410  3.87 3.70 356 323 2.86 2.42
ra) 8.02 5.78 487 437 404 381 3.64 i 37 280 236
22 7.85 5.72 482 43 398 376 3.59 345 3.2 2.75 2.3
23 7.88 .66 476 426 J94  InNn 3.54 N 3m 270 2.26
24 1.82 5.6} 471 422 390 367 3.50 336 3.03 266 .21
25 1.77 5.57 468 4.18 385 363 3.46 332 299 262 217
26 1.72 5.53 464 44 382 359 3.42 329 296 2.58 .13
27 7.68 5.49 460 4N 3.78  3.86 3.39 3.26 293 255 2.10.
28 7.64 5.45 457 407 375 383 3.36 323 290 252 107
29 71.60 5.42 454 404 373 350 3.33 320 287 2.49 2.04
30 7.56 5.39 457 4.02 0 34 3.30 337 284 247 2.01
40 131 5.18 431 383 3.51 3.29 3.12 299 266 2.29 1.81
60 7.08 498 413 3865 33 312 2.95 282 250 2.12 1.60
80 6.96 488 404 356 326 3.04 2.87 .14 242 2.03 1.50
100 6.90 4.82 3.98 351 3.21 2.99 2.82 269 237 1.98 143
120 6.85 4.78 395 348 3.17 2.96 2.79 266 234 1.95 1.38
6.64 461 3.78 332 302 280 164 251 219 1.789 1.00
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12 7 13 21 30 40 81 63 76 9 106

13 7 i4 22 K} 1 53 65 79 93 109 125

14 7 14 22 32 43 54 67 81 96 112 129 147
15 8 15 23 33 44 56 70 84 98 115 133 181 N
16 8 15 24 34 46 58 72 g6 102 119 137 155
17 8 16 25 36 47 60 74 88 105 122 140

18 8 16 26 37 48 62 76 92 108 128

19 3 8 17 27 38 50 64 78 94 M

20 3 9 18 28 39 52 66 81 97

21 3 8 i8 28 40 53 68 83

22 3 10 19 28 42 55 70

23 3 10 19 30 43 57

24 3 10 20 K} 44

25 3 11 20 32

25 3 1 21

27 4 "

28 4

n, and o, are the sumbers of
Reproduced by permission of

cases in the two groups. If the group

the authar and publisher from White, C. Biometrcs, 1952, 8, 33

s are unequal in size, n, refers to the smaller.
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