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ABSTRACT

Osteoporosis is a degenerative disease characterized by low bone -arabgteadrahidederioration of bone tissue,
consequent increase in susceptibility to fractures. The most common type auopasisalpestmen as a result of es
deficiency. Autonomic imbalance is supposed to play an important role in the pathophysiology of osteoposds
study was designed to investigate the possible curative effects of cholindrgibletistigiatine on osteoporotic model i
female albino rats. Forty mature female Wistar rats, weighihgri0fere used, divided to 5 groups. Group 1 (contrc
group 2 (ovariectomized untreated), group 3 (treated with Alendrogaterdupgik(treated with Neostigmine 12.5 r
and group 5 (Alendronate+Neostigmine at the same previous doses). Treatment was started after 4 weeksro$is
and lasted for 8 weeks. At the end of treatment, serum Bone ispegifaspli@thse (BSALP) was measured; histop
examination of femur, cortical bone thickness measurement & scoring were done to all groups. Neostigmine
significant decrease in the BSALP level, significant increasd botie tbakicass and improvement of histopathologi
Adding Alendronate to Neostigmine (group 5) produced a greater improvement rather than each drug alone

Keywords: Osteoporosis, Ovariectomy, Alendronate, Cholinergic, Rat
Introduction the cholinergic system (transmitter, enzymes and fceptors)
Acetylcholine has been suggested to be produced by osteosbla
Around 8.9 million fractures a year occur worldwide resultindgue to the presence of the vesicular acetylcholine transporte
from osteoporo8is Osteoporosis is characterized by reducedenzyme in thesésté
bone mass and altered bone microarchitecture, which result€wlinergic receptors, both nicotinic and muscarinic, have beer
fragility fracturés identified on the membranes of human primary bone cells,
The pathophysiological mechanisms of bone loss in osteoponmosienchymal stem cells, osteoblasts and d#tedisiasts
include an imbalance between osteoclastic and osteoblagicmRNA of several nicotinic receptor subitypds 1
function, where the osteoclastic bone resorption exceeds Hilg) is also present in osteocytes. Among these cholinergic
osteoblastic bone formétion receptors, the nicotinic subtypeeceptor and muscaBnic
Acetylcholine  (ACh), besides its imiportale as receptor appear important in bone  physiology.
neurotransmitter in the nervous system, is signaling molecul@#etyicholinesterase is expressed in bone cells such as bol
nonrineuronal celtd Cholinergic activity has been shown to marrowderived monocytestemclasts and osteokldsts
favor bone mass by increasing osteoblast proliferation gt wide expression of cholinergic components in bone tissu
promoting the apoptosis of ostebtlasts points toward the important role they could play in bone
Bone cells labeen shown to express several components pdmodelingl. A previous study has shown that acetylcholine
Access this article online might regulate the migration of boneowndmived
multiprogenitor mesenchymal stem cell capable of
differentiating into bone €élls
It has been shown that bone tissues are innervated by
cholinergic fibers of both the parasympathetic and the
b et st o et SYMpathetic nervous system. Periosteal alertesuts in

ovariectomipduced osteoporosis in . rats Adv Pharm Edu poor bone healing in animal models indicating that periosteal
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nerves are required for bone formation and fractufé- healingAt the end of the study, blood samples were collected from rat
12] tail veins then centrifufggdserum separation to measure the
Therefore, the aim of this study was to investigate wheth@oneSpecific Alkaline Phosphatase (BSALP).

boosting acetylcholine activity might haveokm effexdi on Histopathological examination

bone formation or not. Neostigmine, an anticholinesterase thgfimals were sacrificed by using ketamine overdose (300
inhibit acetylcholine breakdown at sites of release, was useq,]g)kg) then both hind limbs were separated and the femurs
the experimentally induced osteoporotic model to verify thigere decalcified in 10% nitiit far 6 days. Bones were then

hypothesis. fixed in 10% formalin solution for 48 hrs. Thirty micrometer
crosssections of femur were made, dehydrated with alcohol,

Materials and Methods embedded in xylene and paraffin and cut into 5um thick
sections. Each section was stained with HeiBasixy

Experimental anima Is & Ethical (H&E).

statement The cortical bone thickness was measured in the femur

Forty female Wistar rats were used in the study. Animals wefigphysis by quantitative analysis system, using Leica Qwin 5C
housed in a room with 4 light/dark cycle at a controlled  software imaging system, in 5 serial sections per animal.
room temperature of 21 + 2 °C, with food and water access ﬁ%otography was done using DP27 O|ympus d|g|ta| camera an
I|b|tum They were aCClimatiZed f0r one WBBk M Ce'Sens software System_

random allocation to the groups. The study was carried outdpading of bone affection and/or preservation was done
accordance with the recommendations in the Guide for tB@cording to the modified scoring protdedtzkér et al.,

Care and Use of Laboratory Animals of the National Institu@@oe)m}_ Histopathologicaioring system was done including

of Health, Egypt. The protocol was approved by the EthiGalany parameters which were reduced thickness of cortical
Committe of Faculty of Medicine, Cairo University, Egyptpone, presence of fractures, presence of bone defects withir
with approval number CU Il S 24 16. All efforts were done i@jckness, loss of homogenous appearance of matrix, imprope
minimize animal suffering. arrangement of Haversian systems &aamegtilarity.
Osteoporotic model induction Each parameter was assessed in each group as compared
Bilateral ovariectomy (OVX) was done to induce awontrol values. Control or values similar to control were scored
experimental model of osteoporag#s asiginally described 0 for that parameter, and deviation from the normal was scorec
by Wronski et al. (1985) Rats were anaesthetized by as 1, 2 or 3 according to level of affection. ,Sifore 0
intraperitoneal injection of ketamine (50 mg/kg) and xylazingathological change per slide was less than 25%. Score 1,
(5 mg/kg)™l Two incisions were made beneath the costapathological change per slide wa50256%Score 2, if

margin in the right and left flanks. The ovaries wer@athological change per slide wa35%%Score 3, if
exteriorized, ligated and excised then the abdomen was clgsgghological change per slide was more than 75%.

(4. Some rats were exposed to sham surgery without remov&ebring for all parameterstivessadded up for each group,

the ovaries. then grading was done according to the mean of the total score
Drugs in each group as the following:

Neostigmine bromide (Neostig) was supplied in the form &tore (@) was best assessment= Normal; S8pre rfdid

white powder (Sigwiarich Company, USA). Alendronate grade of osteoporosis; Sceid)($ moderate grade of

sodium (ALN) was provided as F&stabets 10 mg osteoporosiScore (148)= severe grade of osteoporosis.
(Merck, Inc.). Tablets were crushed and suspended in ste@eatistical analysis

water (3 mg/ml) just beforal @dministration. Data were coded and entered using version 23 of the statistic:
Experimental design package SPSS. All values were expressed as mean * Sl

Five main groups of rats were included in the study (8 aninflgdent's-test was used for comparisons of two groups
each). Sham operated rats were considered as group(mormal anavariectomized). Comparisons between groups
Ovariectomized rats were left untreated for 4 weeks and thegre done using analysis of variance (ANOVA) with Tukey's
randomly allocated to the followinpgr&roup 2 or OVX multiple comparisons post hoc tesiué¢s less than 0.05
untreated group: they daily received 1ml of distilled water byere considered as statistically sigfiificant

gavage for 8 weeks. Group 3: treated with oral alendronate 3

mg/kg daily*®l Group 4: received neostigmine (12.5mg/kg)

every day orally. Group 5: was orally treatedvitthaily

alendronate (3 mg/kg) and neostigmine (12.5mg/kg).Results

Treatment of groups B continued for eight weeks.

Measurement of Serum Bone -Specific
Alkaline Phosphatase

Rats of group @/@riectomized untreated) showed a significant

increase in the mean serum BSALP level compared to group
Bone histomorphometric analysis revealed marked osteoporoti
changes with multiple bone defects (photos 2) and a high
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histopathological score imgudignificant thinning of the of experiments, serum BSALP level was measured as well &
cortex compared to group 1. histomorphological analysis including computation of cortical
On the other hand, rats of group 3 treated with Alendronat®ne thickness and histological scoring were done to all groups
showed a significant decrease in the mean serum BSALP @vatiectomy induced osteoporosigseatadtgroup 2 (OVX
compared to untreated group 2. Moreover, boneuntreated) resulted in a significant increase in BSALP level a
histomorphometric analysisaled marked improvement of well as marked osteoporotic changes with a significant increas
bone structure and significant low histopathological scadrethe histopathological score including reduction of the mean
including significant increase in the mean cortical bomertical thickness, as one of the parasmssed, compared
thickness compared to that in group 2 (photo 3). to the control group 1. This could be explained as ovariectomy
Furthermore, rats of group 4 treated with Neostigmine showedo d e | in rats’ mi mics estro
asignificant decrease in mean serum BSALP level comparegstmgen deficiency increases osteoclast formation and therefo
untreated group 2 and insignificant decrease compared to gmugports bone resorption. Shortage of estrogetucdso

3. Bone histomorphometric analysis revealed markexboptosis of osteobltShis leads to an imbalance between
improvement of bone structure and significant lowosteoblastic bone formation and osteoclastic bone resorption
histopathological score ingudignificant increase in the favoring bone loss and resulting in the osteoporotic changes ar
mean cortical bone thickness compared to untreated groupdhe fracturé3

and insignificant increase compared to group 3 (photo 4).  On the other hand; after menephase resorption neask

Also, rats of group 5 treated with (Alendronate & Neostigminiglcrease due to the activation of bone resorption by estroger
showed a significant decrease in the mean serum BSALP tifadiency, and bone formation markers increase as a
compared to groups 2, 3 and 4. Bone histomorphometrdompensatory mechanism to fill the highleer nofm
analysis revealed a significant low histopathological scasorption cavities, and as a result, increase irurtheir se
including signifita increase in the mean cortical bone levels. BSALP, a bone formation marker, is found in the
thickness compared to group 2 and insignificant increamembrane of osteoblasts and released into the circulatior

compared to groups 3 and 4 (photo 5). during bone formatith

All results were included in tables (1), (2) & (3); figures (1) & large cross sectional study was deedrémzom al.

(2); photos (1), (2), (3), (4) & (5). (1996)0 examine the serum levels of BSALP and its relation
to osteoporo$id It was found that serum level of BSALP was

Discussion significantly increased in postmenopausal women and in wome

underwent ovariectomy.
Osteoparsis has become a major health hazard diseaseMareoverAlamet al(2006)detected significant elevation of
recent years, affecting over 200 million people w¥tldwide  BSALP in ovariectomized rats as compared to sk&m group
Antiresorptive agents, including bisphosphonate and estrog@lso,Shin et al. (2012andSun et al. (2013)orked on
are widely used in treatment of ostedfbrosifortunately, ovariectomized rats with detection of higher levels of BSALP in
evidence indies that the long term use of estrogen treatmer®VX group indicating increased booedudue to estrogen
(estrogen replacement therapy) is accompanied by side efféeficiency? 3¢
such as increased risk of breast, ovarian and endometrial cakoetisermoreylukaiyameat al.(2015)andAbuohashigt al.
20] (2015) all confirmed that in OVX rats, the levels of bone
Moreover, use of bisphosphonates is associated with esophtugsaler biomarkers (BALP) were significantly lettated
cancer, aptrointestinal problems and osteonecrosis of the jdvloreover, cortical and trabecular morphometric parameters
1] Therefore, there is an urgent demand to search for potentiad histopathofogf femoral bones were severely altered by
effective pharmacological alternative therapy for osteoporasigriectomy.
disease. Also,Palumbo et al. (2088)died histological observations of
The development and activation of osteoblasts and osteoclabtig resections of vertebrae and femurs with detection of
controlled by growth factors and cytokines produced by bopkvious bone mass reduction in ovariectomiZz&t rats
cells themselves as well as by surrounding bone marrow cgiisilarlyyooret al(2012)observed that cortical bone mineral
22 More recently, the neuroendocrine system as well as thensity was signifigalativer in the ovariectomized ¢fbup
autononginervous system has been implicated in the regulatitmthe present work, Alendronate was administered to rats of
of bone remodelifit group 3 in a dose of Kgiday for 8 weeks and resulted in a
In the present study, deleterious effects on bone witkignificant reduction in the mean serum BSAdigniéicalnt
osteoporotic changes were detected four weeks after surgerpcrease in the mean cortical bone thacih@ssignificant
the groups underwent ovariectomy. This was evidenced ibyprovement of histopathological score when compared to
histomorphometric analysis of rat femurs which revealedhtreated gro@p
marked osteoporotic changes in the form of appearanceAté#ndronate & drug that belongs to bisphosphonate family,
widened cavities of haversian canals, pale matrix and bapproved by the FDA for the prevention and treatment of
defects. Then treatment was started with alendronat@ostmenopausal osteoporosis. Moreover, it is approved to
neostigmine and their combisafor eight weeks. At the end reduce the incidence of vertebral as well as hip fracturers. It
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acts by binding to hydroxyapaggéals in bone and inhibiting can lead to a decrease in bone mass and deterioration of bot
osteoclast mediated bone resorption. Also, it decreases matmigrostructure.

breakdown in bone. Moreover(Shi and his colleagues X2@honstrated that a
Various animal studies support this significant improvementeégulating role of M1, M2, and M4 mixCidRe remodeling

the laboratory profile upon treatment with alendronate. Resuisssomewhat unlikely because mice that are gene deficient fc
of this study were matchedReitiazzoni et al. (1986)hey these receptors did not show any bone phenotype change
obseved a significant reduction in the serum bone specifidone of M5 mMAChR knockout mice has not been investigatec
alkaline phosphatase (BSALP) level after alendronate treatraatit now. M3 mAChR and M5 mAChR belong together to
(27 Gag/1l coupled proteins that enhance the intracellular calcium
Also, Mukaiyama et al. (20h&ye found thtte alkaline content and therefore are an interesting target for
phosphatag@\LP) andbone specific alkaline phosphatase investigations.

(BSALP3erum levels of people in their 80s were significantlfo our best knowledge, no animal studies were conducted to

higher than those pdople in their 608! And with demonstrate the effect of neostigmine (choline estrase inhibitor
bisphosphonate therapy, the serum BSALP decreased to naomasteoporosis. Howevier(2015 Lips and his colleagues
range levels. confirmed that bone loss has already been determined in mal
Furthermore,Chavassieux et al. (196@hfirmed that mice with gene deficiency of muscarinic acetylcholine receptor
treatment with alendronate has beenatexsogh M3 (M3RKO) B9 They found redudg#dmechanical strength

histomorphometric improvement of bone mass and structureoinM3RKO correlated with decreased cortical thickness and
the form ddi significant increase in bone thickness accompanitreased bone mineral density (BMD). Thus, they, appearing
by a reduction in erosion depth as well as a marked decreage atcordance with the results of the present study, concludec
trabecular bone turndizér that their results on bone propertieswdek6a female

On the other hand,tive present work, therapeutic dose of M3RKO are related to postmenopausal osteoporotic
neostigmine (12.5/mg/kg/day) was administered to rats ophenotype & Stimulation andegydation of muscarinic
group 4 for 8 weeks. Neostigmine treatment resulted in &cetylcholine receptor subtype M3 expression in osteoblast:

significant reductionnoéan serum BSALP lesighificant might be a possible new option for prevention and therapy of
increase of cortical bone thichkndsignificant improvement osteoporotic fractgt

of histopathological score wbemparedo the untreated MoreoverLipset al.(2014)aupport the importance of the
group 2 parasympathetic innervation of bone and its potential role in

Shi et al. (2018xplained this improvement by demonstratingimprovement of healing in an ovariectomy induced osteoporosi
that activation of the parasympathetic nervous system decremsesal mod&Pl Thus, this study is in accordance with their
bone resorption and increases bone fdintisnresults in work, both share the rulethe importance of cholenergic

an improvement of bone mass through release of therve supply in bone formation and thereby bone healing.
parasympathetic neurotransmitter acetylcholine (ACh) amdrthermore,Eimar et al. (2013) summarized several
binding to muscarinic acetylcholine receptors (mMAChR) of thbservations demonstrating that the cholinergic signaling is «

subtype M3 (M3 mAChR). positive regulator of bone mM#sdn vitro studies have

In addition to having a neuronal origin, ACh can be secretedsbggested thattgicdoline might regulate proliferation and

a multiplicity of nereuronal cells like endathedells, differentiation of bone cells. They added thatsindits
immune cells, and mesenchymatl.cillsinds in an auto have shown that altering cholinergic activity regulates bone

paracrine manner (like a hormone) on acetylcholine receptorass accrual. These observations appear in agreement of seve
and enhances proliferation, differentiation, and maintenanceclafical studies thatvéhashown that diseases caused by

cell contacts of many cell types, including osté8blasts disruption of cholinergic activity seem to be associated with
M3mAChHR is expressed by osteoblasts. Besides M3 mAChRgre disorders. So they concluded that their work presented ¢
other subtypes of mMAChR were identifiddb(MAChRj] substantial evidence indicating the importance of cholinergic

and expressed in bone tissue, especially in dstedhlasts  activity on bone, however therdl imsth to learn about the

Upon activation, mAChR couplepmt8ins to regulate ion complicated relationships between the cholinergic system an

chanrigpermeability and second messenger signaling pathwdyme. Their work appears in accordance with this study which

Acetylcholine binding to M3 mAChHR results in an elevation sliowed a significant improvement of biochemical and

cytosolic calcium concentrations and proliferation of osteoblaistomorphological results upon treatment of rats with

cellg” 8l neostigmine.

Shiet al(2010)& Kliemanmt al(2012)all proved that mice Also, Tosunet al.(2011) denonstrated the presence of

with a homozygous gene deficient in M3 mAChR showedaatonomic dysfunction in patients with oseppoough a

significant reduction of bone bending stiffness, relative bgm®spective controlled tffalThey concluded that autonomic

volume, and alterations of the trabecular micro$triftture  dysfunction characterized with increased sympathetic and

Therefore, they suggested that M3 mAChHR isimvoé/ed decreased parasympathetic activity may be present in

regulation of bone mass & consequently, loss of M3 mACb&eoporosis, and cardiac functions in patients with osteoporos;i
may also be affected by accompanying autonomic dysfunction.
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Furthermore, the combination treatment of alendronate
(3mg/kg/day) and neostigmine (12.5mg/kg/day) in group 5

for 8 weeks was analyzed in the present study. This3.
combination treatment producggnificant reduction in the

mean serum BSALP level when compared to the corresponding
values in untreated group 2, alendronate treated group 3 and
neostigmine treated group 4.

Moreover, this combination resulted in a significant lower
histopathologicabee that include a significantase in the 4,
mean cortical bone thickness @dmepared to untreated
group2. However, there was an insignificant increase when
compared to alendronate treated group 3 and neostigmine
treated group 4. 5.
The significant retlan in the mean serum BSALP level
compared to groups 3 & 4 could be due to the hypothesis of the
complementary modes of action of both drugs that resulted in a
greater antiosteoporotic effect more than anyone alone.g,
However, the BSALP level is notng stidicator for bone
thickness as it lacks specificity and by itself, is not sufficient.

Conclusion

To our knowledge, this is the first study conducted to 7.
demonstrate the effect of neostigmine (choline estrase inhibitor)
added to bisphosphonate therapy on osteapdrowis
experimental studies were done on this combination treatment
for osteoporosis. 8.
From the present watlcould be concluded that Neostigmine

has antiosteoporotic effect as was evident by laboratory
decrease in the serum BSALP level, histopathological
improvement in the bone structure, increase in the cortical 9.
bone thicknemsd lovhistopathological score.

Also, the present work demonstrated that the combination of
Alendronate and Neostigmine has a greater antiosteoporotic
effect than each drug alone.
So, this work suggests that greater attention should be paid to
Neostigmine in @tlth to bisphosphonates in the field of
treatment of osteoporosis in postmenopausal women.

Recommendation:

It could be said that this interesting point needs a further1l.

investigation and analysis in future research, including studies
on Neostigmine, alone and combined, in variable doses, both
experimentally and clinically in order to confirm the present

results and reach a definite, well understood and effectivel?2-

treatment for osteopotosis
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Figure 1: Changes in the meame specific alkaline phospB&takP after oral treatment with Alendronate 'ALN' (3 mg/kg/day),
Neostigmine (12.5 mg/kg/day) & their combinations in ovaniéstauysteoporosis (n= 8)
*  Significant change compared to group 1
$ Significant reduction compared to group 2
@ Significant reduction compared to group 3
£ Significant reduction compared to group 4
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groupl group2 (OVXgroup3 (OVXgroup4 (OVXgroup5 (OVX
(control)  untreated) treated with treated with treated with
ALN) Neostig) ALN+
Neostig)

Figure2: Changes in the meatical bone thicknafter oral treatment with Alendronate 'ALN' (3 mg/kg/day), Neostigmine (12.5
mg/kg/day) & their combinationsvariectorrigpduced osteoporosis (n= 8)
*  Significant change compared to group 1
$ Significant increase compared to group 2

Photo 1A: Control group 1 shows normal cortical bone with homogenous complete areas of bone tigstenr@ircles mark
(Haversian systems). Note the compact arrangement of osteons, and the interstitial lamellae (). (H&Ex200).
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Photo 1BControl group 1 shows periosteum (P), outer circumferential bone lamellae (OL), and Haversian systems (H). Nc
skeletal nsgle (M) attached to outer surface of bone (H&Ex200).

[~ 20um |
Photo 1CControl group 1 shows blood vessels inside Haversian canals (H) and osteocytes (O) in concentric ldygers filling all
acidophilic bone matrix (Mx) (H&Ex400).

Photo 2A: Ovariea@mized untreated group 2 shows many widened cavities (* inside a wide patch of bone. Matrix is pale in r
(arrowheads) (H&Ex200).
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Photo 2B: Ovariectomizeohtreated group 2 shows a partial break (arrow) starting from outer surface of bone, together with
homogenous staining of matrix (arrowheads) (H&Ex200).

Photo 2C: Ovariectomized untreated group 2 shows bone deformity in the form of laggo€sntooth{*d) and breaks (arrow)
on the inner surface near the bone marrow (BM).

. [—_soum |
Photo 3A: Effect of Alendronate treatment in group 3 shows dense compact bone, with many osteons (Haversian systen
interstitial lamellae. Transverse Volkmealag\¢pare also evident (H&Ex200).
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Photo 3B: Effect of Alendronate treatment in group 3 shows well formed bone, except for small areas of erosion (*) within tt
(H&Ex%200).

[__s0um ]|
A N
Photo 3CEffect of Alendronate treatment in group 3 shows increased thickness of periosteum (P) (i.e. increased activity), v
irregularity of the outer surface, and also increased thickness of outer circumferential bone lamellae (@) #al&nmanns canal
(H&E %20Q)

Photo 4A: Effect of Neostigmine treatment in group 4 shows markedly thickened periosteum (black line), more regular dem
lines (small arrows) and few small bone defects (d) within the thickness (H&E x200).
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Photo 4B: Effect bNeostigmine treatment in group 4 shows thick bone, with overall regular arrangement and homogenous m:
Haversian canals (H) can be seen, but there are several distributed small bone defects (d) (H&E x200).

Photo 4C: Effect of Neostigminettremant in group 4 shows thick regular arrangement of the compact bone, with regular Haver
canals (H), Volkmanns canal (V) and osteocytes in lacunae (arrows) filling the area. No bone defects can be seen (H&E

Photo 5A: Effect of combined Alendite & Neostigmine treatment in group 5 shows large areas of well formed thick bone (blue
with no defects. Outer circumferential lamellae (O) are evident and regular. Note bone marrow cavity (*) @i&dver left corne
x100).
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Photo 5B: Effect of combined Alendronate & Neostigmine treatment in group 5 shows outer circumferential lamellae (red
underneath periosteum (P) and Haversian systems (circled areas), all in compact matrix (M) with no emptyZp@)ces or gaps

Table 1: Effect of oral treatment with Alendronate 'ALN' (3 mg/kg/day), Neostigmine (12.5 mg/kg/day) & their
combinations on serum Bone Alkaline Phosphatase level

Mean Percent chan¢ Percent change Percent chga Percent change Percent chanc
(IU/L) compared to compared to compared to compared to compared to
+SD Group 1 Group 2 Group 3 Group 4 Group 5
Group 1 3.62:043 - 154.9%* 75.4%" 58.20* 9.3%#
(control Group)
Group 2 9.23+0.59 154.9%* - 45.3%* 65.1%" 181.4%
(OVX untreated Group) T ' ' ' '
Group 3 6.35:1.09 75.4%* 3L2%*F 10.8%# 93.5%*
(ALN treated Group) DA ’ ' ' '
Group 4
L 5.73+0.68 58.2%* -37.9%* 9.7%# 0 - 74.6%*
(Neostigmine treated Grou
Group 5
(ALN + Neostigmine treate  3.28+1.02 -9.3%# -64.4%* -48.3%* -42.7%* -
Group)

Data arpresented as mean +SD
*: Significant change (p< 0.05)
#: Insignificant change (p> 0.05)

Table 2: Effect of oral treatment with Alendronate 'ALN' (3 mg/kg/day), Neostigmine (12.5 mg/kg/day) & their
combinations on cortical bone thickness
Percentchant  percent change Percent chan ~ Percent change  Percent change

( m)iag[) comparedto  comparedto comparedtc compared to compared to
H Group 1 Group 2 Group 3 Group 4 Group 5
Group 1 593.961856 28.4%" 7,59 12.8%* 4.7%#
(control Group)
Group 2 462.4821.28 7 R U/ — -16.3%* -12.1%* -18.4%*
(Sham Group)
Group 3 552.4234.35 6.9%# 19.4%* e 4.9%# 2.5%#
(ALN treated Group! ’ ' ’ ’ ’ ’
Group 4
(Neostigmine treate: 526.3228.94 -11.3%* 13.8%* AT7%# - -7.1%#
Group
Groups 7.6%#
(ALN +Neostigmine 566.7219.14 -4.5%# 22.5%* 25%# T e

treated Group)
Data are presented as mean +SD
*: Significant change (p< 0.05)
#: Insignificant change (p> 0.05)
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Table 3: Histopathological scoring in the studied groups (n=38)

(Mean & SD).
Mean Standard Deviation

groupl (control) .00 +.00
group2 (OVX untreated) 17.86 * +.90
group3 (OVX treated with AL} 4.00 *$ +.82
Group4 (OVX treated with Neo: 6.86 *$@ +.90

Group5 (OVX treated with AL} N
Neostig) 3.00 *$@E +.00

*  Significant change compared to group 1
$  Significant change compared to group 2
@ Significant change compared to group 3
£ Significant change compared to group 4
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