Women's College for Arts
Science and Education
Zoology Department

The POSSIBLE MODULATORY EFFECT OF A
PROTECTIVE AGENT AGAINST METHYLMERCURY
INDUCED DEVELOPMENTAL NEUROTOXICITY IN
RATS
A thesis submitted
For
Ph.D Degree in Zoology
By
Amany Samir Amer
(M.Sc.) Assistant lecturer, Department of Zoology,
Women's College for Arts, Science & Education
Ain Shams University

Supervised
By

Prof.Dr. Fatma Mohamed Mazhar
Prof .of Vertebrates & Embryology
Department of Zoology, Women's College
for Arts, science & Education,

Ain Shams University

Prof.Dr. Karima Mahmoud Moawad
Prof. of physiology, Department of
Zoology ,Women's College for Arts,
Science & Education
Ain Shams University

Prof. Dr. Mai Helmy EIl Dakdoky
Prof. of Embryology, Department of
Zoology, Women's College for Arts,
science & Education,
Ain Shams University

Dr. Elham Hassan Ahmed Ali
Assist. Prof. of Physiology,
Department of Zoology, Women's
College for Arts, science & Education,
Ain Shams University

(2015)






seall ganll alll gy

Al Jauy oldg pleg 2 alla Lclaley"

golarll Al g
C«L»A.\S\ 3)}.\»







APPROVAL SHEET

Name: Amany Samir Amer

Title: THE POSSIBLE MODULATORY EFFECT OF
A PROTECTIVE AGENT AGAINST METHYL-
MERCURY INDUCED DEVELOPMENTAL
NEUROTOXICITY IN RATS.

Scientific Degree: Ph.D.

Supervisors:

Prof.Dr.Fatma Mohamed Mazhar
Prof .of Vertebrates & Embryology,
Department of Zoology,
Women's College for Arts, science & Education,
Ain Shams University

Prof.Dr. Karima Mahmoud Moawad
Prof .of Physiology,
Department of Zoology,
Women's College for Arts, science & Education,
Ain Shams University

Prof.Dr. Mai Helmy EIl Dakdoky

Prof.of Embryology,
Department of Zoology,
Women's College for Arts, science & Education,
Ain Shams University

Dr. Elham Hassan Ahmed Ali

Assist. Prof. of Physiology,
Department of Zoology,
Women's College for Arts, science & Education,
Ain Shams University






QUALIFICATIONS

Name: Amany Samir Amer

Scientific Degree: M.Sc

Department : Zoology

College: Women's College for Arts,
Science &Education

University: Ain Shams University

Graduation year: 2006

M.Sc. Graduation year: 2012






LIST OF TABLES......

LIST OF CONTENTS

LISTOF FIGURES. ... e,
LIST OF ABBREVIATIONS. ..o e
I - INTRODUCTION AND AIM OF THE WORK.......cccccceeuvenenn.
II - REVIEW OF THE LITERATURE.....cccccccitiiiiiiiiiiiiiinnnne.
A- The toxic effect of Methylmercury (MMC)..........coooviiiiiiiiin..,
1-Growth rate, mortality rate and external symptoms........................
2-Congenital malformations of fetuses..............ccooviiiiiiiiiiin,

3- Brain study............

3.1- Effect of MMC on

OXIAAtIVE STIESS. ettt et eee e,

3.1.1- Effect of MMC on malondialdhyde ( MDA) levels..................
3.1.2- Effect of MMC on Nitric oxide (NO)..........ccoovviiiiiiiiinannn...
3.1.3-Effect of MMC on Total antioxidant activity (TAA).................
3.2- Effect of MMC on Na' / K" ATPas€...........ccovvuiiniiiaiiinainnn,
3.3- Effect of MMC on Acetylcholinesterase (AChE).......................

3.4- Effect of MMC on

CaZleVel. ..o

3.5-Effect of MMOC 0n DN A oo i,

3.6- Effect of MMC on
3.7- Effect of MMC on

MONOAMINES . . e v e vt eee et e ee e ee e eee e
AMINO ACTAS . ot vttt ettt et et et

4- Effect of MMC on behavior tests in neonates. .........oeeuneeeuneeeennn...
4.1 Effect of MMC on open field test.............coviiiiiiiiiiiinnn....
4.2 — Effect of MMC 0n MOTTIS tE€St. v vttt e,

5- Histological studies..

B- Protective effect of naringenin..............c.cocvviiiiiiiiiiiii e,
1-Protective effect of naringenin on body weight............................
2-Protective effect of naringenin on MDA levels.............................
3- Protective effect of naringenin on NO content.............................
4- Protective effect of naringenin on Total antioxidant activity (TAA)...
5- Protective effect of naringenin on Na'/ K'ATPase.....................
6- Protective effect of naringenin on acetylcholinestrase activity (AChE)......
7- Protective effect of naringenin on DNA fragmentation...............

8- Protective effect of naringenin on Monoamines...........................
9-Protective effect of naringenin on amino acids....................ceouees
10- Protective effect of naringenin on behavior tests........................
11-Protective effect of naringenin on histological disorders................
INI-MATERIALS AND METHODS....cccciiiiiiiiiiiiiiiiiiiniiniinecnnnn
A- Experimental animals...............ooooi

B- ChemicalS. ...

a) Methyl mercuric (I1) chloride (MMOC)..eieiiuiiiiniiinieinnieinreecnrecsnsennnss
b) The protective agent NaringeniN...eeeeeeeeesssesessessssossssosssssssssossssosssss

C- Experimental design

vii
Xiv

10
13
13
13
16
17
21
21
22
23
25
26
27
27
30
32
33
34
34
37

40
41
41
42
43
43
43
46
46
46
46
46
47



The first main group (fetuses group)........ccovvvvviiiiiiiiiiiiiiiiiiineenn..
a- Maternal toxicity and external symptoms...............covvvvveiiniinnn....
D= GrOWEN Tate. ... e
c- Teratological eXaminationsS............covvuiiiinieiiiiieeieeeieeineeenns,
d- Biochemical investigations. ...........ovviriiiiiieiiiieeiie e,
1- Oxidative stress evaluation......c.u.eeeeueiiieniiiuniiiiuiiiieiriii e e e
-Determination of Malondialdhyde (MDA)...ceeeiiiniiiiniiinieineieenniennnnen
-Determination of nitric oXide (NO).iveeierrrieinrieinreiieresnerosnscoensessensonns
-Determination of Total Antioxidant Activity (TAA)..eeeeeiieieiiereineiiennenns
2- Evaluation of DNA fragmentation in fetal brain......cceecvveiieiiniinannn.

e- Histological examination...............ooviiiiiiiiiiiii i e,
The second main group (PUPS GLOUP)...vveennriernreeeireeareeeaireeannenns
Maternal and pups general observations..............oooviiiiiiiiiiiennn..
Effect of treatment on developing brain.....................ooiii L.
1-Neurobehavioral assesSmMeNts............covviiiiiiiiiiiiinireeenineeninnenns
A -MOTITis Water MAZE tESTeuueeueriueiinreieriineiineiiueeietieeeiacesecsaccinscnnccnnes
B - Open field teSteeeeieeeiiiieieieieineiiinreisetiossrtssnscsssscssssosssssssnscsnnsonns
2- Neurochemicals asseSSmMeNtS........uvvuuieeireeeiieeiieeeieeeinneannn.
A-The concentrations of monoamines in cortex, hippocampus and Midbrain...
B-The concentrations of amino acids in frontal corteX....eeeeveeeierineiinrennnnn
C-The activities of Na'/ K ATPase and acetyl cholinesterase (AChE) in
cortex and brain stem and the total protein.....cceeereieieiereeinrerercesneecncens
-Determination 0f Na' / K ATPaS€..uueeurereruerenerreenereneeseeenesencanesanns
-Determination of Acetyl cholinesterase (AChE) activity...eeeeeereinrennneenns
-Total protein eStimMatioN...eeeeeeeeeeeeseesssssesssssossssssssssssscssssosssssssnsssnnse
3-0Oxidative Stress aSSESSIMENT. .. ..uveutteeeteeeeeeeeaeeeeireeaneeennns
4-Determination of Calcium (Ca) concentration..................oeevennnnn.
5- Evaluation of DNA fragmentation ................cccoeviiiiiiiininnennn..
6-Histological Examination...............cooviiiiiiiiiii i,
D- Statistical analysis.........oovieiiiiiii i
TV=RESULTS ...ttt st st st s
I- Maternal toXICItY ... vvveeti et e
a- EXternal SympPtOmS..eeeeeeeeieeeeteenreesentessstossstossscssasossssssssssssnscsnnss
b- Maternal mOTtality..eeeeeeeeeerereeieineieseneesssnrossesssnscssascssssossssssnscsnes
C- Body Weight gaiN..eeeeeeiiiieiiiinieiniieeniesiiarossetosnssssnssssscsssssosnssnns
II- Pregnancy OULCOME. ......uuuuieeiie ettt e,
a- Uterine Welght.uuiieeiiiiiiiiniiiinieinnieinuieietossstssnssssssossssossnscsnnsons
b- The number of IMPlantation SIteS.ceeereessreeenressaresnerosnscssnsesesssosnssonoes
c- Percentage of abortioN.ceeieeeeieeineiiinieiienieineieinecssntosstossssosenscsnnsons
d- Post implantation 10SS INAEX.eeeererieeiesneierinressnrosssroenscssnsosnsssosnsssnses
III- Effect of MMC treatment on fetuses............ccoovvvvviiiiinininnnnnn..
a-Fetal growth rate..eieeieeiiiiiiiiiiieiiiiniiiiniiiieieieiosnressnscssscssnsconnses
O U 3 A3 o o | R
c- Fetal Sex distribution...ceeeeeeeiiieiieiieiiiiiiieiiiiiieiiiiiiiiiieiiieciieiineennn



L VAT 1 o) (ST (111 1] <1 PN 92

e- External abnormalitieS..ceeeeeeeiienieiietieiineioinrissarcssrosnsssensscsnscsnnss 93

N (] (1721 IS 210011 0 P 15 10 ) DO 103
IV-Biochemical investigation on fetuses...............c.coovviiiiiiiiininnn. 121
8- OXIAATIVE SITESS . . et uttt ettt ettt e et e et e r e e e e aaee s 121
1- Lipid peroxidation (Malondialdehyde) (MDA)...cccceiiuiiiiiieiiniiinninnnnn. 121
[ /< 121
3-Total antioxidant activity (TAA)..eieeeeeeeeeteseressesssnsosssossssossascssnscnns 122
b- Percentage of fragmented DNA...........cooiiiiiiiiis 122
V- Histological examination of fetal cerebral cortex......................... 126
Effect of treatments on neONAtes.........c.ovviviiiiiiiiiii i 135
A. The clinical signs of tOXICItY......vviviiiiiii i, 135
B. Effect of treatments on developing brain..........................ooeel. 139
I- Neurobehavioral evaluations..............oocvviiiiiiiii i, 139
@ - MOTTIS Water MAZE 1€Steurerusrernrreenesssnresssssossssossssssssssssosssssssnsssnss 139
b- The open field testeeeeeeieeeiiiieieineieiniiiietioieiesnresestessssosssssesnsssnnsons 144
ITI- Neurochemicals asseSSMeNtS.........vvuuieiinieiiiiieaieeeeieeannneanns. 150

a- The concentrations of monoamines (NE, DA & 5-HT) in different

DIain Qreas ......c.uiiiiiiit e et 150
1- The concentrations of monoamines in frontal cortex..................... 150
Levels of NE ..o e, 150
Levels Of DA ... oo 151
Levels of 5-HT ..o e, 151
2- The concentrations of monoamines in Hippocampus..................... 156
Level of NE. ... 156
Levels Of DA ... oo 156
Levels of 5-HT ..o e, 157
3- The concentrations of monoamines in Midbrain.......................... 161
Level of NE. ... e 161
Levels Of DA ... oo 161
Levels of 5-HT ..o e, 162
b- The concentrations of amino acids (aspartic acid, glutamic acid and
GABA ) in brain frontal corteX.............oooiiiiiiiiiiiiiii e 166
1- Level of Aspartic acid..........oooiiiiiiiiiiii i e, 166
2-Level of glutamic acid.............cooiiiiiii i 166
3-Level Of GABA . ... 167
c- Na' / K"ATPase and cholinesterase (AChE) activities and calcium 171
content in cortex and brain stem..................oo

1- Na" / KTATPASe aCtiVItY. ... ouuivneeiieeiei e, 171
I COT X e 171
Inbrain stem........oooii i e 172
2- Acetyl cholinesterase (AChE) activity............coovviiiiiiiiiiiinn.n. 172
I COT X s 172



| Bl ) 20 1 01 1) € | D

3= Caleium (Ca™) COMENL. ... eveeeee et
I COTtEX .
In brain Stem. .. ..o
III-Oxidative stress (MDA and NO levels and TAA) in cortex and brain
0 £ 10
1- Malondialdyde (MDA) content.........c.c.ovvviiiiiiiiiiiieeiieeeieeeannns
I COTtEX . e
In brain Stem. .. ..o
2- Nitric Oxide (NO) level........ooiiiii e,
I COTtEX .
In brain Stem. .. ..o
3-Total Antioxidant Activity (TAA).....c.oviiiiiii e
I COTtEX . e
In brain Stem. .. ..o
IV- The percentage of DNA fragmentation.....................ccoovvvinnnn.
V- Histological examination of cerebral cortex..............................
V-DISCUSSION AND CONCLUSION........cooiiiiiiiiieie e
VI-SUMMARY ..o e e e,
VII-REFERENCES. ... ...

VIII- ARABIC SUMMARY

173
173
173
174

180

180
180
181
181
181
182
183
183
183
190
193
202
248
257



LIST OF TABLES

Table

Page

Table (1):

The average maternal body weight gain (g) in different
experimental groups (mean + S.E.).

82

Table (2):

The mean average of uterine weights (g), no. of implantation sites
/itter, % of partial abortion and post implantation loss in mothers
of different groups. (Mean £S.E.).

86

Table (3):

The fetal body weight (g), fetal body length (cm), the litter weight
(g), fetal sex distribution, live and dead fetuses and the % of
external abnormalities/ litter in the different groups, Mean £S.E.

94

Table (4):

The levels of MDA, NO, TAA and the percentage of DNA
fragmentation in the brain of fetuses maternally treated with
methylmercuric chloride (1 mg /kg /day) without or with
naringenin (50 mg /kg /day). mean+ S.E.

123

Table(5):

The average weekly body weight (g) of both male and female
pups in different experimental groups (mean + S.E.).

136

Table (6):

The average changes in Morris water maze 1%, 2", 3" 4™ 5%
6" 7™ - 8™ trials and the no. of crossing over the platform
position for male pups maternally treated with MMC (1 mg /kg
/day) without or with naringenin (50 mg /kg /day). Mean value
+SE.

140

Table (7):

The average changes in Morris water maze 1%, 2™, 3™ 4™ 5%
6™ , 7™ 8" trials and the no. of crossing over the platform position
for female pups maternally treated with MMC (1 mg /kg /day)
without or with naringenin (50 mg /kg /day). Mean value +SE.

141

Table (8):

The average changes in open field parameters ; cross lines,
rearing frequency, entrance to the central area and freezing times
of male and female pups maternally treated with MMC (1 mg
/kg /day) without or with naringenin (50 mg /kg /day). Values are
expressed as mean+ S.E.

146

Table (9):

The monoamines levels in frontal cortex in both male and female
pups maternally treated with MMC (1 mg /kg /day) without or
with naringenin (50 mg /kg /day). Mean value £SE.

153




Table(10):

The monoamines levels in the hippocampus of male and female
pups maternally treated with MMC (1 mg /kg /day) without or
with naringenin (50 mg /kg /day). Mean value £SE

158

Table (11)

The monoamines levels in midbrain area in both male and female
pups maternally treated with MMC (1 mg /kg /day) without or
with naringenin (50 mg /kg /day). Mean value £SE.

163

Table(12):

The amino acids levels (pg/ g tissue) in frontal cortex in both male
and female pups maternally treated with MMC (1 mg /kg /day)
without or with naringenin (50 mg /kg /day). Mean value =SE.

168

Table(13):

Na" K "ATPase and acetyl cholinesterase activities and Ca’
content in cortex in both male and female pups maternally
treated with MMC (1 mg /kg /day) without or with naringenin (50
mg /kg /day). Mean value +SE.

175

Table(14):

Na" K "ATPase and acetyl cholinesterase activities and Ca’
content in brain stem of both male and female pups maternall
treated with MMC (1 mg /kg /day) without or with naringenin (50
mg /kg /day). Mean value +SE.

176

Table(15):

The MDA and NO contents and TAA in cortex in both male and
female  pups maternally treated with MMC (1 mg /kg /day)
without or with naringenin (50 mg /kg /day). Mean value +SE.

185

Table (16):

The MDA and NO contents and TAA in brain stem in both male
and female pups maternally treated with MMC (1 mg /kg /day)
without or with naringenin (50 mg /kg /day). Mean value +SE.

186

Table(17):

The percentage of DNA fragmentation in both male and female
pups maternally treated with MMC (1 mg /kg /day) without or
with naringenin (50 mg /kg /day). Mean value £SE.

191

vi




LIST OF FIGURES

Figure

page

Fig.(1) :

Histogram showing the average increase of maternal body
weight gain for rats of control, naringenin, methylmercuric
chloride, and methylmercuric chloride + naringenin groups.

83

Fig.(2) :

Histogram showing the uterine weight (g) of pregnant rats of
control, naringenin, methylmercuric  chloride, and
methylmercuric chloride + naringenin groups.

87

Fig.(3) :

Histogram showing the implantation sites/ litter of rats of
control, naringenin, methylmercuric  chloride, and
methylmercuric chloride + naringenin groups.

87

Fig.(4):

Histogram showing the percentage of abortion in rats of
control, naringenin, methylmercuric  chloride, and
methylmercuric chloride + naringenin groups.

88

Fig.(5):

Histogram showing the post implantation loss in rats of
control, naringenin, methylmercuric  chloride, and
methylmercuric chloride + naringenin groups.

88

Fig.(6):

Photograph of uteri of control, naringenin, methylmercuric
chloride, and methylmercuric chloride + naringenin groups
showing growth retardation and improvement of growth rate.

90

Fig.(7):

Photograph of uteri of control and methylmercuric chloride
treated rat showing early resorbed fetus and partial abortion.

90

Fig.(8):

Histogram showing fetal body weight (g) of control,
naringenin, methylmercuric chloride, and methylmercuric
chloride + naringenin groups.

95

Fig.(9):

Histogram showing the fetal body length (cm) of control,
naringenin, methylmercuric chloride, and methylmercuric
chloride + naringenin groups.

95

Figs.(10):

Histogram showing the litter weight (g) of control, naringenin,
methylmercuric chloride, and methylmercuric chloride +
naringenin groups.

96

Fig.(11):

Histogram showing the percentage of external abnormalities/
litter of control, naringenin, methylmercuric chloride, and
methylmercuric chloride + naringenin groups.

96

vil




