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ABSTRACT: The effects of tobacco use on one’s feafe well known, and are documented in detailetiraliable scientific
reports. In 2001, Health Canada estimated that @léaths in Canada were attributed to smokingth@rother hand, estimates
for the total cost of smoking incurred by the whofesociety, vary considerably. The arm of thisdstis to investigate the some
effects of smoke tobacco on the neocortex of jueemiice. This study investigated the some of thHec&f of corresponding
10.72 mg/kg body weight and 5.36 mg/kg body weidhtf of the tobacco leaves ethanolic extract anaksrfor a period of 21
days on the frontal lobe in juvenile mice. The preably healthy animals were randomly divided intgrdups, A, B, C and D
of 5 mice each. Group A 10.72 mg of the tobaccokam@xposure for 3 minutes, B 5.36 mg of the tobarnoke exposure for 3
minutes, C were given 0.2 ml of normal saline and/de expose to equal weight (0.02 g) of cotton lvad® minutes for 21
experimental days. The mice were sacrificed, 4 ©iafter the last administration, by cervical diglien and the brains excised,
blotted, weight and some were fixed in formol cafgifor neurohistological analysis, using Haematoxghd Eosin, and Cresyl
Fast Violet (CFV) while others were quickly homoged in 0.5M sucrose solution for biochemical asSdere was a statistical
significant decrease in the body weight, brain Wweiand relative brain weight between experimentaligs compared to the
control group (p<0.05). The results suggested thatconsumption oN. tabacum leaves smoke may lead to some level of
neurocellular degeneration, carbohydrate metabdisdhalso help in reduction in weight gain.
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Introduction

The brain is a vital organ, if not the meaisal organ in the body of any living organism aggpecially Man. In
Man, its weight is 1500 g and the ratio of brairbtaly weight is 0.02 (Standriregal., 2005). Exposure to tobacco
nicotine either from cigarettes and other formstalfacco including cigars, pipe tobacco, snuff, ahéwing
tobacco, has been reported to be associated wehatbn in the normal functions of the brain ahe twhole
nervous system (Stephen, 1999; Charles, 2000; AgttD02; NIDA 2009A). Nicotine has been reportedé the
highest and most toxic compound of tobacco leaweske (Sas, 1990; Leroy, 1999; Philip, 2002). Nicetis used
to aid smoking cessation and other nicotine adutist{Charles, 2000; NIDA, 2009A). Using a contrdliemount of
nicotine helps to reduce nicotine withdrawal sympéowhen one attempts to quit the use of tobaccduote
(Charles, 2000; Adeniyi, 2007; NIDA, 2009A). The WbHealth Organization has urged governments actios
world to ban tobacco advertisement, promotion grhsorship, as part of measures to protect thedigatl8 billon
young people (Odebode, 2008).
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According to a 2007 National Survey on Drugeland Health, an estimated 70.9 million Americagesd 12 or
older use tobacco — 60.1 million (24.2% of the pafon) were current cigarette smokers, 13.3 milli®.4%)
smoked cigars, 8.1 million (3.2%) used smokelebatoo and thus makes to be listed as tobacco otiee ohost
widely abused substances in the United Sates (NR28earch Report Series, 2009). Also from the deteuad
from the World Health Organization (2009), theresvabout 2.4billion people in the world today thahsume
tobacco products either in form of snuff, chewingsmoking or snuff dipping. This represents alnw third of
the world population; about 50-55% of men and kbss 20% of women are estimated to smoke globaihile
50% of men and less than 25% of women are estintatede smokeless tobacco globally. This frightgnidata
attests to the death of about three million pedaplthe year 2007 alone (WHO, Resolution, 1993; \Wdilkealth
Statistics, 2007), these findings and reports ssigipe need for further experimental and clini¢abies of the role
of tobacco intake on the body systems, most edpetfe brain in particular and the arm of this dstuis to
investigate the some effects of smoke tobacco @emémcortex of juvenile mice.

Materials and Methods
Animal Care

All experimental investigations were donecimmpliance with humane animal care standard outlinethe
“Guide to the care and use of Animals in researchteaching”, as approved by the Institute of Labmry Animal
Resource, National Research Council, DHHS, PubNNb86 — 23 (1985) and that of University of llorknimal
Right Ethical Committee.

The study was carried out using presumabbithg juvenile mice of both sexes weighing 18 —®5The
animals were kept under standard and good labgratmditions (light, temperature, humidity and \iexion).
They were given standard rat diet, purchased fitwsame company, Bethel Feeds, llorin, Nigeria.

Animal Grouping
A total of 40 healthy mice of both sexes, evased for this study. The animals were randomlddd in to five
(5) groups, A, B, C and D, of ten (10) animals ea@houp A 10.72 mg of the tobacco smoke exposure3fo

minutes, B5.36 mg of the tobacco smoke exposure for 3 min@esere given 0.2 ml of normal saline and D were
expose to equal weight (0.02 g) of cotton wool ofiButes for 21 experimental days.

Tobacco Leaves Preparation

TheN. tabacum leaves pack was collected from Igboho, Oyo Stdigeria. Plant samples were authenticated at
the Department of Plant Science, University ofilpNigeria. The leaves were air-dried at room terafure.

Conditioning of Animals

Animal were bred in the animal holdings wfithe Department of Anatomy of University of llnoyiNigeria to
rule out the genetic effects on the investigation.

Animal Treatment
The animals were administered tobacco leaveske by exposing the animals to driddtabacum leaves
wrapped with 0.02 g of cotton wool, to aid burnifay, three (3) minutes (Burning time (BT); this wastermined

by allowing two or three of thhl. tabacum leaves of known weight (10.72 mg and 5.39 mg) t;m{Chenet al.,
2002).

Animal Sacrifice
The administration was done for 21 days amdurs after which two (2) mice from each group eveacrificed

for analysis of effects of thid. tabacum exposure on the animals. Four (4) Mice from eadugwere sactrificed by
cervical dislocation at day 21 of the treatmentlevhnother four from each group were sacrificed"aday later, for
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withdrawal effects and their brains were excisdditeéd with filter paper and the wet weights weaiein and
recorded, using Gallenkamp electric weighing badaiModel FA2104A) and thereafter two (2) brains evguickly
transferred to a specimen bottle containing 10%n@rcalcium and fixed for 2 days and others wereldy
transferred to a specimen bottle containing 0.25kt@se solution for biochemical analysis. Thereaftee frontal
cortex was excised to process for further analgsid the wet weights of the brain and volume wasrdsd for
analysis. The brain volume was determined by ligiigter) displacement method and recorded in méan
(Ofusoriet al., 2008A).

Neurohistology

The brains fixed in 10% formol calcium, therftal cortex were excised and processed for Haeylat and
Eosin and Cresyl Fast Violet (CFV) staining tecluigCarleton, 1967; Bancroft, 1990). The sliceSpfwere
sectioned with the Letiz rotary microtome. The g were mounted and examined with the light nscope and
the photomicrography of each slide was recorded.

Biochemical Evaluation

The tissues for Biochemical assay were welghsing a sensitive balance and they were place@26M
sucrose and homogenized in a cold mortar with @estie homogenate was poured into a test-tube emtdfaged
at 5000rpm for 5 minutes using a centrifuge (Md&ll). The supernatants were collected, using Baptpettes,
were immediately stored in the deep freezer (GCB20Q) at -20°C, and thereafter assayed. Using RAXDO
Laboratories Ltd (UK) biochemical kits, the actieg of Lactate dehydrogenase (LDH) in the homogeaatd
Glucose-6-dehydrogenase (G-6-PDH) enzyme in the opemate were determined through spectrometry
(colorimetric method) (Ofusost al., 2008).

Statistical Analysis
The data were expressed as means + Standiand dE Mean (SEM). Significance was determinedngsihe

student’s t-test and ANOVA. A p-value less thanS0aEre considered statistically significant, usBfSS software
version 14.0.

Results and Discussion
Gross Observations

There were no significant changes in the slatour and arrangement; the colour of their eyes warmal
compared to the control groups. Also, the grossoamaof the brain of the experimental appeared mbcompared
to the control group.
Animal Weight Changes

The average weight gain recorded for treatngeoup during the experimental period was redutdedng the
first 14 days in group Anlike those in BEompare to @Gnd D while those in group Bemained relatively constant
during the first 7 days and gained more weight@ly 14 before losing weight in the next 7 days.
Brain weight (BWT)

The average brain weight recorded for treatngeaoup during the experimental period reduced rduthe 21
days (see Table 2).
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Table 1: Brain weight (g) and Relative Brain Weight(RBW) changes in animals during the experimental
period (meant SEM)

GROUPS DAY 21 DAY 28
BWT RBW (107 BWT RBW (107
A 0.5172+0.0112* 2.57 0.3786.0209* 1.89
B 0.3367+0.0123 1.70 0.3081+0.0343 1.47
C 0.343420.0122 1.61 0.3080+0.0066 1.28
D 0.03623+0.0212 1.52 0.3480 +0.0370 1.42

*Significantly different from control mice (P<0.05)

Relative Brain Weight (RBW) changes

The RBW changed between the experimentalpgrovas significantly different (p<0.05) at day 2idas well
as after 7 days of tobacco smoke withdrawal. Thoeggoup A had the highest RBW, follow by B comgaito C
and D, and this is dose dependent. Although, tbegy experience reduction in RBW, but that of gréui®.0068)
is higher compared to others, B (0.0023), C (0.0083d D (0.0010).
Brain volume (BRV) changes:

The volume of brain of the animals were relativilg same in both experimental and control groups, is, no
statistical different (p>0.05) between treated emotrol groups.

Cerebral Neurohistology

Cell body stain intensity: The cell bodies appeared more densely stainedereperimental groups in a dose
dependent manner compared to the control groups.

Vaculations: There are more vaculations in the experimental ggpespecially in group A that have vaculation in
their stroma, compared to the control group C Rlates 1 and 2).

Cell population: The population of the neural cells (pyramidal gedispeared to be more in experimental compared
to the control groups in dose dependent manner.
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NEUROPHOTOGRAPHS

Plate 1: Frontal Cortex (H & E) at day 21 (D21) & B (D28): Mg X 480: A: Group A; B: Group B; C: Group
C; Np: Neuropil, N: Neural cell; V: Vacuole; BV: Blood Vessel
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Plate 2: Frontal cortex (H & E) at day 21 (D21) & 8 (D28): Mg X 480: D: Group D
Np: Neuropil, N: Neural cell; V: Vacuole; BV: Blood Vessel
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*Significantly different from control mice (P<0.05)

Figure 1: Body weight (g) changes in animals duringhe experimental period

Nicotine acts as a physiological neurotrattemiwhen present in the brain, it has been foundigve both
excitatory and inhibitory effect depending on tlemeentration and the sites at which it occurs (Pseval., 1997,
Batranm, 2005). And the results of our investigatievealed that smoke administration of tobaccudsahowed
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histological derangement, degenerative changesvandolations both in the treated compared to thetrob
sections (see Plates).

The observed reduction in weight gain of thérels in the experiment may implicate nicotinetentobacco
plant use as reported by Grunberg (2002), Ruskefig), Wilson & Philpot (2002) and Penton & Led{2009), and
this may associated for reduction in food intakehwy tobacco users (Grunberg, 2002; Cétead., 2004). Also the
brain weight were relatively constant across thmugs but relative brain weight those in group A &tave the
higher (p<0.05) RBW compare to C and D. This magoaat for the shift the carbohydrate metabolic pathdue
to stress in duce by the activities of nicotinghe brain of the animals as implicated in the LDitl &5-6-PDH
activities in this study (Tables 2 and 3).

Table 2: Brain Volume (ml) changes in animals durig the experimental period (meart SEM)

GROUPS DAY 21 DAY 28 Percentage brain Volume changg%)
A 4.0+0.00 3.5+0.50 (12.50) *
B 4.0+0.00 4.0+0.00 0.00
C 4.0+0.00 4.0+0.00 0.00
D 4.0+0.00 4.0+0.00 0.00

*Significantly different from control mice (P<0.05)

BIOCHEMICAL OBSERVATIONS

Table 3: Showing the LDH activities in the Mice aféer 21 days of tobacco exposure and after 7 days of
withdrawer from tobacco treatment

GROUPS LDH (U/L) at Day 21ST LDH (U/L) at Day 28" LDH(U/L) Level changes
A 515 205 (310)
B 85* 865 780
C 320 125 (195)
D 370 700 (330)

*Significantly different from control mice (P<0.05)

Table 4: Showing the G-6-PDH activities in the Miceafter 21 days of tobacco exposure and after 7 days
withdrawer from tobacco treatment

GROUPS G6PDH(U/L) at Day 28" G6PDH(U/L) at Day 28" G6PDH(U/L) Level
changes
A 1180+ 1345 165
B 3365 675 (2690)*
C 1510 3200 1690
D 1310 140 (1170)

*Significantly different from control mice (P<0.05)
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The weight loss caused by tobacco smoke expdaumice appears to be correlated to the effeloterved in
cigarette smoking in humans (Chehal., 2002). Also the cell bodies of the experimempalups were appeared
more densely stained which is a reflection of teaght activity level in treated groups A and B egiitby tobacco
product administered (Russell, 1985; Katzung, 20056}his study it is important to note the chamgectivity of
the enzymes of carbohydrate metabolism over tirfter(a1" day of exposure and 7 days of withdrawer) (selesab
2, 3), Glucose system of the brain depends ontdge 0f development of the animal, in the embrydmain the
cells are characterized by anaerobic metabolisnlevthe adult neurons are characterized by aerolei@molism
(Purves eal., 1997; Standringt al., 2005).

In cases of excitotoxicity which is induceg ficotine, the glucose metabolic pathway is attefhis study of
the enzymes LDH which catalyses the conversion aftate to pyruvate; which is an end product of &smnt
phosphate pathway (glycolysis) serves a s a substutzich is then converted to Succinyl - Co.A, ati#tg enzyme
in the tricarboxylic (Krebs Cycle), this howevemtains the anaerobic system of the neurons whidielieved to
partly occur in the astrocytes and the substratineés supplied to the neurons, G-6-PDH in anotleseds an
important although not the starting enzyme of th&dse monophosphate shunt (HMP) serves a s amiodiof
glycolysis preferred to Hexokinase as an indic@i@atzung, 2005). Determination of LDH and G-6-PDd¥édls is
to describe the shift model in carbohydrate meiaboin the study, otherwise energy production amasamption
pattern adopted for each mode of treatment, coratéont and duration and time.

After 7 days of withdrawal from tobacco smagosure, first defining the model on control greu(C and D)
the data shows that the LDH:G-6-PDH is about hi, iimplies that the normal metabolic activity iretmice brain
depends 4 times more on oxygen based energy piodust the HMP than the non-oxygen dependent energy
production of the pentose phosphate pathway (RB)g this as a standard, group A shows a LDH®D64 ratio
of 1:2.5, this result shows that on administratidmicotine in group A experienced a partial sfitm aerobic to
anaerobic based energy production compared withd®Da Animal in group B shows a surge in glycolyisidicates
that at a lower dose nicotine has an excitatorgotffather than an inhibitory effect as its beeroaated for by 3
fold increase in aerobic glucose consumption adrhatic fall in anaerobic energy production sudct the LDH: G-
6-PDH ratio is 1:40 compared to group A and corgroups. Withdrawal of these animals for the nedtys shows
a major reversal effect; animal in group B showurion in glucose metabolism but maintains a mdggendence
on aerobic metabolism in the PPP rather than HMP.

Conclusion

Above all, from all these changes observethfanalyses between the experimental and contooipgrits save
to conclude that the administration of tobacco ésasmoke resulted in general body weight losseasa neuronal
activities and alterations of enzymes of carbohtgnaetabolism.
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