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ABSTRACT

Lithium carbonat€Li>COs) and lead acetai®hCOOH)belongto the female reproductive toxicants that cause infertility
through the interference with development of growing follicles in the ovarian tissue. Doxorubiok) ébd
cyclophosphamide (CPAdre considered ahe most effective chemotherapeutic drugs Wwhice associated with the
greatest risk of female infertilityFurthermore whole bodygammairradiation for therapeuticpurposeby mean of
radiotherapy affected female reproductive orggaoeughdestruction of the small and antral follicldhe presenttady
aimed torevealthe deleterious effect of all dhese (toxic) substancésctors on thecellular macromolecules which
separated and identified electrophoretically in the ovarian tig3ueng the present study, the toxic factors exhibited
gualitative abnormalities represented by disappearance of normaldratajgpearance of one or more of abnormal bands.
Otherwise the alterations may occur at the quantitative lelmedugh remaininghe normal bands but witbhanging the
band quantity. The similarity index(SI) is only correlated to the qualitative alteratioris the electrophoretic protein
pattern, the lowest Sl value (0.52) was recorded with -@Bdéted group and the highest Sl value (Orgftjcedwith Pb
treated group. In the elecphboretic lipoprotein pattern, trewere severe alterationswas observed that all the bands
the Doxtreated and CPAreated groupsvere not matched with all bands of the other groupsatalase CAT) pattern,
The Phbtreated group is completeigentical to control group in number and arrangement of the bands (Sl valuehe0). T
lowest Sl value (0.57) was observed with CPdated and Irradiated groups.peroxidase ROX) pattern, the lowest Sl
value (0.22) was observed wi@PA-treated group ahthe higlest value (0.86) wasecordedwith Irradiated group. In
esteraseHST) pattern, the lowest Sl value (0.29) wasordedwith the Pbtreated group and the highest Sl vale (0.80)
was noticed with the LpCOs-treated groupln addition, there was coplete similarity between the Dexeated and
Irradiated groups and between G@kated and CPAreated groupdt was postulated thahé 3D model of the prolactin
receptor specific protein (PRAP) which was built using homology modsliogiedthat PRAPhas large amount of loops.

It is expeted to be very flexible proteiand less stable.

Keywords: Lithium Toxicity, Carbon Tetrachloride Toxicity, Lead Toxicity Doxorubicin, Cyclophosphamide,
Irradiation,Prolactin ReceptorSpecific Protein Isoenzymes

INTRODUCTION against oxidative stress induced by environmental factors
Environmental factorsexert deleterious effects by  The normal cells have a variety of defense mechanisms
enhancing the oddative stressdirectly or indirectly that améiorate efficiency of the antioxidant enzymes to
through generationof reactive oxygen species (ROB) prevent intracellular damage occurred as a resuR@$
both unstressed and stressed ééllRates of produdion attack. The free radicals causevere alterations in the
and destruction of RO®erewell balancedunder normal  intracellularmacromoleculesuch as proteins, lipids and
conditions However under stress conditions the DNA. Proteins are responsible fall biological functions
oxidative stress stimulated due to thesbalance through occurred inside the cells. The alterations in Hative
which rate of ROS generationis more rapid than protein pattern are considered as an important part of
scavenging andedoxifying®. It wasdemonstrated that the physiological response to toxic environmental faétors
exposure to environmental stresscaused alteratianin Modified proteinsmay be removed by normal cellular
the relative compositions dhe antioxidant enzymés. turnover, but DNA damage requires specific repair
Catalase (CAT) and peroxidase (POX) are the mostmechanisms. Whethe genomicDNA is the target of
efficient antioxidant enzymes due to their critical role oxidationreaction it can lead tawariousmutagenic effects
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represented byearrangements and transcriptional errors factors on the native electrophoretic protein, lipoprotein
that stimulate alteringexpression of differenigene’. and sozymes in the ovarian tissue m@ts. This was in
Lithium carbonatd€Li,CQOs) has been used in medicine as association withthe 3D models of the PRLRhich was

an effective drug for curing bipolar disorders, psychiatric built using homology modeling to give a first insight about
and neurological diseas@s! as well as an adjuvant the structural characteristics of the activated regiioiits
substance in therapy of thyroid disordérsit was

documentedhat lithium affected ovary othe adultrats MATERIALS AND METHODS

throughdeclineovarian steroidogenic enzymes drehce  Materials: Chemicals and Reagents

lowering the folliculogenesis process Two weeks of  Acrylamide, Bisacrylamide, Ammonium persulfate
lithium treatment was sufficient to indu¢exicity of the (APS), N,N,N,NTetramethylethylnediamine (TEMED),
femalereproductiveorgand®!4 It was reported thattead =~ Coomassie Brilliant Blue @50 (CBBR250) and Sudan
acetatgPb,COOH) belongs to the reproductive toxicants Black B (SBB) were purchased fromSigmaAldrich.
which causefemale infertility through the interference  Cyclophosphamide (CPA)Doxorubicin (Dox), Lead
with development of growing follicles in the ovadly  Acetate Tihydrate Carbon Tetrachloride (C§J Lithium
Although alkylating chemotherapeutic drugs and Carbonate L(ioCOs;) and Benzidinewere procured from
irradiation are used in treatin@rious cancerous diseases Sigma Chemicals Compaifiyondon, UK).The chemicals
through induction of DNA damage cancercells, these  used for ingel esterase staining imcd i nq@n d b
treatments havandesireddetrimentalside effecton the naphthylacetate Fast Blue RR were purchased from
reproductive  systeth  Doxorubicin  Qox) and Qualigens Fine Chemads, India.All other chemicals and
cyclophosphamide (CPA) belong tonumerous reagents used were of analytical grade and of highest
chemotherapeutic drutfs Meirow et al'® suggested that  purity.

the mature follicles arthe mostsensitivetargetto these  Animals and Treatments

chemotherapeutic drugdoxis an anthracycline antibiotic =~ Seveity adult fanale ratgweighing between 15070gm
used as a potent antineoplastic agemteathematological ~ per one were housed in the animal house laboratory of
and solid tumour8? It was postulated thddox affected national research centre. Each group contains 10 rats. All
the ovarieswhich served as a tool for tracking down the the animals kept under normal environmental and
whole organ pattern of thgox gonadotoxic effect-or this nutritional conditionsat 25 + 2°C.All the experimental
reason,Ben-Aharon et al?* recommended thatufther procedures were carried out according to thkical
studies needed in the future to shield the ovaries fromprotocol which followed the ethical guidelines and
chemotherapy perilt wasdocumented thaPA is one of  approved by the institutional animal care of National
the most effective alkylating agents which are associatedResearch Centre, Dokki, Giza, Egypt.

with the greatest risk of femaliefertility??. It targeted  Experimental Design

primordial and primary follicleslt caused destruction of The rats were randomly divided into 7 grou@soup

primordial follicles after one week of treatment by I (Control group):Rats were fed with normal dias
enhancing apoptosis in ovarian follicles. Although the
active metabolites of CPA are detoxified by conjugation PTSX-------- PQTQG----LAKD------- AWEIPRESL

with glutathione (GSH), the GSH depletion does not seem

to be the mechanism by which CPA causes follicular PT+PQ+GL+AE+S
apoptosi&. In addition, &cording toin vivostudies which PTRRTELDPQSCGDLLOAVHLFAKELDAKSVY
performed in rats and mice, it wésund that the whole
body gammaadiation exposurby mean of radiotherapy
destroys small follicles as well as antral follictes
Prolactin (PRL) izomposed opolypeptide hormonand
produced primarily in the anteritobe ofpituitary gland®.

It plays avital role in promoting follicular development
and is effects are mediated by the prolactin receptor
(PRLRY®?7, Expression othe gene which is responsible
for synthesis of PRLR increases during thevarian
development. The PRLR affects the follicular
development and maturati®n The PRLR proteinis
expressed in oocytes and prenatal follicles to increase rate
of the oocyte maturation and regulate the reproduction Figure 2: Geometry of a simple chain molecul

Figure 1: An alignment between two sequenct
Conserved amino acids are aligned and insertions
marked with dashes.

proces$¥. According to the crystal structure of PRLR, illustrating the definition of interatomic distances, r
the computer modelingind simulatiorshowed thathere bend apghaeddtoriss on ang
are minor changes in thetertiary structure ofthe ad libitumandreceived distilled watefior 60 daysGroup
extracellular subdomain wipon disruption of disulfide Il (Pbtreated group):Rats receivedlead acetate at

bondwhich propagated to the quaternary structure of the concentration of 30 mg/kg body weight orally by gavage
homodimer These changes explain a structural basis fortube for 60 days by gavage tdbeGroup Ill (Li,COs-
lack of inhibitory functionof PRLR®'. The present study treatedgroup): Rats were treated witlithium carbonate
aimed to investigate the deleterious effect of various toxicsolutioninterperitoneally (i.p.jt three dosayes of 60,120
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Figure 3:(a) Electrophoretic protein pattern showing toxic effect ofX0OH, L,CO;, Dox, CCl, CPA and

irradiation on protein pattern in ovarian tissue of female rats, (b) Dendogram showing the similarity

relatiohship among Pteated, LiCOs-treated Dox-treated, CGHreated, CPAreated and Irradiated group
in female rats as compared to control.
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Figure 4:(a) Electrophoretic lipoprotein pattern showing toxic effect oldOH, LrCOs, Dox, CCL, CPA

and irradiation on protein pattern in ovarig@sue of female rats, (b) Dendogram showing the similarity ¢

relatiohship among Ptieated, LiCOs-treated Dox-treated, CGHreated, CPAreated and Irradiated group
in female rats as compared to control.
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Figure 5:(a) Electrophoretic CAT pattern showing toxic effect o§@G®OH, LbCOs, Dox, CClL, CPA and
irradiation on protein pattern in ovarian tissue of female rats, (b) Dendogram showing the similarity
relatiohship among Ptreated, LiCOs-treated Dox-treatal, CCl-treated, CPAreated and Irradiated group
in female rats as compared to control.
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mg/kg B.Wfor 21 days®. Group IV Dox-treated group): homogenates vortexed for 15 seconds then centrifuged at

Rats receivedox at dose level of 25mg/kg b.wt forthree 10, 000 r pm at 4 gl€ar stipernatarts5 mi n
times per week for two weeks Group V CCls-treated  containing watesoluble proteia were transferred to new

group): Rats were injected with C@lp. at the dose 0.5 eppendorf tubes and kept at ddeeze until the

ml/kg b.w. (50 % CClin olive oil) twice a week for 28 electrophoretic patterns

days®. Group Determination of potein concentration
VI (CPA-treated group)Rats receivedCPA i.p. at 40 All samples of each group were pooled together and used
mg/kg b.w. twice a week for 15 d&js Group VI as one sampld&rotein corentration was estimated the

(Irradiatedgroup): Ratswere exposed to single dose of 7 ovariantissue homogenatescording to methodescribed
Gy delivered at theose rate of 1.167 Rad / Sec. at Middle by Bradforc?® using bovine serum lalimin as standard.
Eastern RegionalRadioisotope Centre for the Arab The protein concentration in each well should be in the

Countries, Dokki, Egyptising Cobalt 60 (C8)%". range between 68 0 ¢ g [Equaltqeaintities of
Extraction of ovariartissue homogenates protein were loaded iall wells.
All the animals were anaesthetized and killed by Electrophoretic proteirand lipoproteinpatterrs

decapitationOvaries were quickly dissected and cleaned To determine the relative mobility (Rm), molecular weight
carefully fromsuperficial fatty layer and thewashed in  (Mwt) and band percent (Ba %) of the isolated proteins and
ice-cold salineAs reported b¥lshawi et al®, the ovaries  lipoproteins, the native 10 % polyacrylamide gel
were freezed rapidly with liquid nitrogen then electrophoresis of samples was carraad according to
homogenized in 1 ml wateoluble extraction buffer. The method suggested thypemmli® using Mini-gel
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Figure 6:(a) Electrophoretic POX pattern showing toxic effect ofGBOH, LLCOs, Dox, CCL, CPA and irradiation
on protein pattern in ovarian tissue of female rats, (b) Dendogram showing the similarity and relatiohship amo
treated, LiCOs-treated Dox-treatal, CCl-treated, CPAreated and Irradiated groups in female rats as compared

control.
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Figure 7:(a) Electrophoretic EST pattern showing toxic effect gfd®OH, LpCOs;, Dox, CCl, CPA and irradiation or

protein pattern in ovarian tissue of femed¢s, (b) Dendogram showing the similarity and relatiohship among Pt

treated, LiCOs-treated Dox-treated, CGHreated, CPAreated and Irradiated groups in female rats as compared
control.
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Figure 8:Sequence alignments of PRAP and homologs sequences obtained by pairwise algorithm. Residu
colored based on their properties.

electrophoresis (BioRad, USA), with the modification that estimated in comparison to marker of standard molecular
samples, gels and running buffers were lacking SDS. Thewveightswith regularly spaced bands ranging from 6.458 to

gels contained Acrylamide/Bis (30% T, 2.67% C)
(Acrylamide: bisacrylamide
glycerol. The gel was run in buffer containifigis (24
mM) and glycine (194 mM) at room temperatuFéve

195.755 KDa. The native gels were also stained for lipid

29.2:0.8) and 10% with Sudan Black B (SBB}.

Electrophoretic localization of igel enzyme activity
The nondenaturinggel wasstained forelectrophoretic

microletre of the marker loaded in the first well with the POX pattern using benzidine stain prepared according to

samples each rurAfter completing the electrophoretic

methoddescribedby Rescignoet al*. It was stained for

run, protein bands were visualized by staining with electrophoreticCAT pattern according to methodf

Coomassie Brilliant Blue @50 and destained overnight
with 7% (v/v) glacial acetic acid after documentation

Siciliano and Shaff. The native gel was processed for
localization of ingel EST

The molecular weight of the separated proteins was
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Figure 9: (aModel of Prolactin receptor specific protein (PRABpmains are characterized by coil shape (cyar
color), strand (green) and small helixes regions (blueS@iperimpose of PRAP model (residued4D, blue) with the
crystal structure of prolactin receptor active domain (PDB: 4118 _C, green).

activity acording to method suggested Bymadet al*® sequences. From a biological point of view this is not
who postulated thathe gel was incubated in reaction always desired because related proteins may not have
mi xt ur e c¢ onaphthyl acétated5.58 X £0fiM, recognizable homology alonbdir entire length. Proteins

pH 7.5) as substrates along with dye coupler Fast Blue RRnay for example share only one out of several domains.
at 25°C in dark. After developing tiseloredbands oEST Local scoring aligns subsequences only and can be better
activity, the reaction was stopped by fixing the gels in 7% for finding local similarities. It is also possible to align a
glacial acetic acid for 30 min, followed by preserving the global domain model locally to a sequence, (globedl

gel in 5% acetic acid prepared in 10% methanol. scoring) or to align part of a domain model locally to a
Data analysis sequence (local/local scorindprofile-profile methods are

All the native polyacrylamide gel plates were analyzed more sensitiv€ than bothprofile basedand pair-wise
using Phoretix 1D pro software (Version 12.3)he methodé434°,

similarity index (S) was calculated according to equation Molecular Dynamics Simulations

suggested biXei and Li*® to compare all treated groups to Conceptually, molecular dynamissmulations are quite
control group. simple. In these simulations, we follow the trajectories of
Computational Methods N particles interacting via a maipdy potential U, ra,
Comparative Protein Modeling é,nNr using Newtond® equation o
Comparative protein modeling uses previously solved d?r, )

structures as starting points, or templates. This is effective™ 52 =~ BU(r,.ery) 5 1=1,00N

becaL_Jse_it appears that a_Ith_ough the _number of actualynere m and r denote the mass and position of the
proteins is vast, there is a limited setteftiary structural particle, and the force on it is given by the gradient of the

motifs to which most proteins belong. It has been ,nantial U. Unlike in Brownian dynamics simulations, in
suggested thaheére are only around 2000 distinct protein \hich only the ions are simulated explicitly, in molecular

folds in nature, though there are many millions of different dynamics all the atoms (ions, water, giatand lipid) can
proteins.Sequenceéased methods for identifying protein g jncluded. At every time step, the potential function is
homology compare sequences to find similarities that arggcaiculated using the new positions of the particles to
unlikely to occur by chance. Esserfyalall methods  etermine their positions a short time later, and this process
employ some sort of scheme to judge amino acidis jterated for a large number of steps until a statifica
substitutions, insertions and deletions. Based on theytistactory data set is generafee success of molecular
scoring scheme a query sequence is aligned to anothgfynamics simulations in capturing the dynamics of the real

sequence or to a profile that represents a set of SeqUeNCeg;siem hinges critically on how accurately the potential
In an alignment equivaléamino acids are set sittg-side  finctions or force fields are selected. In the past two

so that insertions and deletions become apparent as shoWjbcades numeroustugies have been carried out to
in Fig. 1. The score of the sequence, which is used to detedjeyelop force fields for biomolecular applications, and

h°”!°'°9y' is directly related to the alignmeﬁ’lrofile these are incorporated into several tfsiendly computer
profile sequencéased homology detection wased.  ,r5grams for simulation of biomolecular syst&H3 In

Sequences can be sco_red globally or chally. In the formetpase programs, the ndmonded interactions between
case, the alignment is over the entire length of thegioms are represented by Coulomb and Lendarngs
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