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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Botulinum toxin is an attenuated neurotoxin 

of Clostridium Botulinum gram positive bacterial, which 
is used in medication sialorrhea, cervical dystonia, 
hyperhidrosis and non-surgical cosmetic operation (aesthetic) 
such as facial wrinkles and reduced the bulky appearance 
hypertrophied of masseter muscle. This study was designed 
to revealed the effect of zygomiticus inoculation of botulinum 
toxin B in zygomatic muscle of rats on zygomatic bone. 
Methods: A total of 25 male albino rats (200-260 gm) were 
injected facial intramuscular by a single dose of 2.5 U/ 
botulinum toxin B. All experimental groups (4 groups, 5 
each) were kept survived to the end period and sacrificed by 
time period [group 1 (G1)=14; group 2 (G2)=30; group 3 
(G3)=45, and group 4 (G4)=60 days] post injection, moreover, 
5 animals were administered nothing and kept as a control 
group till 60 days elapsed. Animals were killed by intense 
dose of chloroform and rats facial zygomatic bone removed. 
Results: Zygomatic bone of G1 showed irregular boney border, 
degenerated osteocytes, woven collagen bundles within collar 
bone, reddish bone matrix and detachment of fibrous layer of 
periosteum in G2 results showed disappearance of osteogenic 
cells, lacunae devoid osteocytes, and aggregated of necrotic 
elements of bone tissue. In G3 groups showed great crack, 
disorganization of collagen bundles atrophied osteocytes the 
matrix of bone had necrotic areas of osteocytes, fragments of bone 
also demonstrated. G4 group showed massive crack underneath 
degenerated periosteum of bone, tunnel like furrow, filled up with 
cellular debris and osteogenic debris within Howship’s lacunae. 
Conclusion: In this present study we summarized the effect of 
paralyzed facial muscle by botulinum toxin B on facial bone 
of rats induced, secondary osteoporosis represented as irregular 
bone border degeneration of osteocytes, crack appeared in bony 
matrix, decreases in amounts of collagen bundles and separation 
of periosteum.

Key words. Botulinum toxin B, Rats, zygomatic bone, 
periosteum.
Introduction.

Botulinum neurotoxins (BoNT) are regarded to be the 
most toxic materials are responsible for human botulism [1]. 
Aesthetic treatment with BoNT for cosmetic purposes was fast 
increasingly [2]. The BoNT/B is used for cervical dystonia, 
hyperhidrosis and facial wrinkles [3]. Botulinum neurotoxin 
inhibits released of neurotransmitter acetylcholine production 
from motor neuron cells, this inhibition mechanism of 
neurotransmitter released was effect on neurochemical synapsis 
in between axon knop and skeletal muscles sarcoplasm which 
finally led to humans’ muscle flaccid paralysis persist about 4-6 
months [4]. 

Long term treatment of wrinkles caused by muscular 
contraction with using of BoNT given worse results [5]. 
Adequate dose of BoNT/A causes rapid muscle atrophy 
[6]. when using Botulinum toxin B in medication sialorrhea 
treatment, showed an increase in the incidence of xerostomia and 
dysphagia as side effects when compared with botulinum toxin 
A [7]. The atrophied skeletal muscle induced with spinal cord 
nerve injury effect on bone mineralization [8]. Multi-injection 
of BoNT within the masseter muscle of rabbit, leads to muscle 
atrophy and temporary changes in mastication force [9]. Bone 
was a highly vascularized, mineralized and homeostasis tissue 
[10]. The muscular skeletal system retains a tight regulation 
in between muscles contraction which released a biochemical 
molecules that participate in bone homeostasis [11]. The goal 
of current experiment to elucidate histological alteration in 
zygomatic bone induced by inoculation of botulinum toxin-B in 
zygomiticus of albino rats.
Materials and Methods.

The whole experimental study was done in the surgical lab 
of veterinary medicine college of Tikrit university from March 
2024 until August 2024. 

Animals: Twenty-five adult male albino rats weighing 200-260 
gram were used in the experiment, were kept under appropriate 
environmental conditions of 21-25⁰C and photoperiod, were 
allowed free access to food and water. Before the experiment 
animals were randomly distributed to (5) groups and housed 
in steel cages (1.250 × 0.5 ×0.5) meter. The 25 animals were 
classified into 5 groups:

Control Group: 5 animals were administered nothing and 
kept as a control group till 60 days elapsed, then sacrificed.

Group 1 (G1): 5 rats were injected facial intramuscular by a 
single dose of 2.5 U/ botulinum toxin B were kept survived until 
day 14 then sacrificed.

Group 2 (G2): 5 rats were injected facial intramuscular by a 
single dose of 2.5 U/ botulinum toxin B were kept survived until 
day 30 then sacrificed.

Group 3 (G3): 5 rats were injected facial intramuscular by a 
single dose of 2.5 U/ botulinum toxin B were kept survived until 
day 45 then sacrificed.

Group 4 (G4): 5 rats were injected facial intramuscular by a 
single dose of 2.5 U/ botulinum toxin B were kept survived until 
day 60 then sacrificed.

Animals were killed by intense dose of chloroform and rats 
facial zygomatic bone removed. The animals were kept for at 
least 14 days for adapt before the study start. The design of 
study was done to assessment intramuscular inoculation of 
botulinum toxin-B in zygomiticus muscle of rats on zygomatic 
bone. Rats were administrated by a single dose of BTXB 2.5 
U. by using 25-gauge 1.0 cm needle. The animals were left for 
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life at different periods as followed five rats in each group, G1 – 
scarified after 14 days of inoculation, the G2. scarified after 30 
days post injection, the G3. scarified after 45 days post injection, 
the G4 - scarified after 60 days post injection. 

All animals were survived for their end periods and then 
scarified by using sufficient of inhalation inhaled chloroform 
inside sealed glass box. The animals were dissected, and 
specimens’ zygomatic bone for both experimental and control 
groups were taken and immersed in 10% neutral buffer formalin 
for 48h for fixation followed de-calcification in acetic acid 
and nitric acid respectively for one week and cut into smallest 
possible size. The decalcified bone tissue was prepared for 
histological technique, followed by immersion in graded 
transfer of alcohol from (70, 80, 90 and 100) %, then clearing 
with xylene and embedded in paraffin wax at (60)°C. Blocking 
of the samples were done, and the sectioning were performed 
with (5μm) thickness. After staining with Hematoxylin and 
Eosin (HE stain) and Masson's trichrome (MT stain), ribbon 
was mounted on the slides by D.P.X and covered by cover 
slips. The slides were examined by using light microscope and 
photographed by manipulated camera prepared for this purpose.
Results.

Sections of control group stained with HE stain showed, bone 
matrix, osteocytes detected in there were lacunae and normal 
distributed of its around haversian canals (osteon). Bone tissue 
sample stained with MT stain, revealed reddish bone matrix, 
gray color collagen bundles (Figure 1).

The results of group1 stained with HE stain showed irregular 
boney border, degenerated osteocytes within lacunae, bone 
marrow cells inside trabeculae, woven collagen bundles within 
collar bone, atrophied osteocytes, lack of osteoblast cells, 

basophilic area underneath detachment of fibrotic layer of 
periosteum (Figure 2).

The results of group 1 samples stained with MT stain, showed 
cartilage remnant, degenerated osteocytes, reddish bone matrix, 
degeneration of collagen fibers. Other sections showed ill- 
defined endosteum, increased reddish bone matrix, degenerated 
osteocytes, aggregate of osteoclast cells within Howship's 
lacuna (Figure 2).

The results of G2 group stained with HE stain, revealed, 
separated fibrous coat of periosteum with disappearance of 
osteogenic cells or osteoblast, basophilic area and lacunae 
devoid osteocytes. Bone tissue irregular border of bone, with 
aggregated of necrotic elements of bone tissue, atrophied 
osteogenic cells, lacunae with atrophied osteocytes (Figure 3).

The results of group G2 samples stained with MT stain, reddish 
bone matrix, decreased of collagen bundles amount, lacunae 
devoid osteocytes, crack within collar bone (Figure 3). Other 
sections showed, remnant cartilage and chondrocytes within 
bone matrix, expanded lacunae, irregular border of haversian 
canal (Figure 3).

The results of G3 group stained with HE stain, showed, great 
cavities (crack) and sinuses within bone matrix, degeneration 
of osteocytes within lacunae has been detected, degeneration of 
periosteum and devoid of osteogenic cells. Other section revealed 
necrotic area in collar bone with atrophied osteocytes within 
lacunae, degenerated and detached bony mass, degenerated 
fibrous layer of periosteum. Disorganization of collagen bundles, 
necrotic of osteogenic cells layer of endosteum, expanded 
lacunae with degenerated osteocytes, separated of periosteal 
collagen bundles with atrophied osteogenic cells, degeneration 
in collar bone (Figure 4).

The results of group G3 samples stained with MT stain, 
showed increased in bone matrix, degeneration of fibrous layer 

Figure 1. Rat zygomatic bone control group. (i) Matrix of bone, 
haversian canals (A) osteocyte in lacunae (B) and blood vessel (C) (HE 
stain, 40X). (ii) Bony matrix (A), collagen bundles (B), osteocyte in 
lacunae (C) and blood vessel (D), great vacuoles for haversian canals 
(E) (MT stain, 40X).

Figure 2. G1 group, (i) showed an irregular bone border (A), 
degenerated osteocytes (B). bone marrow cells (C) woven collagen 
bundles in collar bone (D). (ii) bone tissue, atrophy of osteocytes 
(A), basophilic area(B) absence of osteogenic cells (C), separating of 
fibrotic layer of periosteum (D) (HE stain, 40X). (iii) cartilage remnant  
(A), degenerated osteocytes (B), reddish bone matrix (C), degeneration 
of collagen fibers ( D ). (iv) ill- defined endosteum  (A), increased  
reddish bone matrix (C),  degenerated osteocytes (C), aggregate of 
osteoclast cells (D), collagen fibers ( E ). MT stain, 40X).
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of periosteum with devoid osteogenic cell. crack in collar bone, 
lacunae devoid osteocytes, degeneration of osteogenic cells, 
necrosis in collar bone (Figure 4).

The results of group G4 stained with HE stain showed bone 
tissue, massive crack underneath degenerated periosteum 
of bone, with aggregate of cellular debris, lacunae devoid 
osteocytes. Necrotic area within collar bone, massive cavities 
with a few cellular debris aggregations within it, ill- defined 
nuclei of osteocytes were showed in lacunae. Other section 
showed irregular bony border with tunnel like furrow, filled 

up with cellular debris, atrophied osteoblasts layer devoid 
periosteum, and degeneration of collagen bundles within bone 
matrix (Figure 5).

The results of group G4 samples stained with MT stain showed 
crack in collar bone, lacunae devoid osteocytes, colloid material 
in crack of collar bone, disorganization with degeneration 
of collagen bundles. osteogenic debris within Howship’s 
lacunae, irregular bone border, degeneration of collagen 
bundles, increased of boney matrix. increased of boney matrix, 
degeneration of collagen bundles and lacunae devoid osteocytes 
(Figure 5).
Discussion.

The Botox are used as therapeutic numerous clinical condition 
and Aesthetic indications [12]. Reduced the bulky appearance 
hypertrophied of masseter muscle [3]. In current study was 
designed to reveal the role of botulinum toxin B on the facial 
zygomatic bone of rats. The bone was undergoing constant 
bony changes (remodelling), with frequent events changes 
in between osteoclasts and osteoblasts [13,14]. Osteoblasts 
produced osteoid [15]. This relationship maybe explained how 
these compensatory mechanisms to retain the bone strength in 
case of bone loss [16]. Gajraj (2005) showed that the period of 
flaccid paralysis induced with botulinum toxin-A was extend 
about 8 weeks linked with neural [17].

The histological examination of G1 group showed, that 
irregular boney border, degenerated osteocytes within lacunae, 
bone marrow cells inside trabeculae, woven collagen bundles 
within collar bone. The presence of multi- scattered irregular 
bone border cavities situated by a group osteoclast there is 
evidence of osteoporosis [18]. MT stain, of G1 group showed 
cartilage remnant, degenerated osteocytes, reddish bone matrix, 
degeneration of collagen fibers. The present results in agreed 
with El-Yamany et al. (2024), who showed that a few lacunae 
devoid osteocytes following, abnormal collagen with decreasing 

Figure 3. Group G2, (i) Empty lacunae (A), separated fibrotic layer 
of periosteum (B), disappearance of osteoblast cells (C), Volkmann 
with micro blood vessels (D), basophilic area (E). (ii) irregular boney 
border (A), necrotic cells of bone tissue (B), atrophied osteogenic cells 
(C), lacunae contained a mini osteocytes (D) (HE stain, 40X). (iii) 
G2 group, reddish bone matrix (A),  decreased of collagen bundles 
amount (B), lacunae devoid osteocytes  (C), crack in collar bone (D). 
(iv) remnant cartilage (A),  lacunae of small osteocytes (B), irregular 
border of haversian canal  (C), bone matrix (D). (MT stain, 40 X).

Figure 4. G3 group, (i) bone tissue, great crack in boney matrix 
(A), degeneration of osteocytes (B) devoid of osteoblasts and 
degeneration of periosteum (C). (ii) necrotic area and atrophy of 
osteocyte cells  within lacunae (A), degenerated and detached bony 
mass (B), degenerated fibrotic layer of periosteum (C). (iii) G3 group, 
disorganization of collagen bundles (A), necrotic cells (B), expanded 
lacunae with degenerated osteocyte (C), separated of periosteal 
collagen bundles (D), atrophied osteogenic cells (E) degeneration in 
collar bone (F) (HE stain, 40X). (iv) increased in boney matrix (A), 
degeneration of periosteum  (B), devoid osteogenic cells (C), newly 
haversian canal (D). (v) crack in collar bone (A), lacunae devoid 
osteocytes (B), degeneration of osteogenic cells (C), necrosis in collar 
bone (D). (MT stain, 40 X).

Figure 5. G4 group, (i) partial detachment of boney matrix (A), 
cellular debris (B), lacunae devoid osteocytes (C). (ii) boney matrix 
remnant of necrotic debris (A), great cavities with necrotic  material 
(B), lacunae with osteocytes and ill-defined nuclei (C). (iii) irregular 
boney border (A) tunnel likes furrow (B), necrotic cells (C), atrophied 
osteoblasts (D), degeneration of collagen bundles (E) (HE stain, 40X). 
(iv) crack in collar bone (A), lacunae devoid osteocytes  (B), colloid 
in crack (C), disorganization with degeneration of collagen bundles 
(D). (v) osteogenic debris within Howship’s lacunae (A), irregular 
bone border (B), degeneration of collagen bundles (C), haversian 
canal(D), and increased boney matrix (E). (vi) increased boney matrix 
(A), lacunae devoid osteocytes  (B), degeneration of collagen bundles 
(C). (MT stain, 40 X).
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in the collagen fibers deposition and distribution within bone 
matrix [19].

The results of G2 group revealed separation of periosteal 
fibrous coat of with disappearance of osteoblast. Warden 
revealed the number of osteoclasts increased by double the 
number post Botox-muscular injection 5 days these number 
increasing induces rapid bone degradation and giving a 
maximal decrease in bone mass through 2– 4 weeks [19]. 
The results of G3 group, showed, great crack, necrotic area in 
collar bone and disorganization of collagen bundles. The MT 
stain showed decreases in collagen bundles in bone matrix, 
degeneration of fibrous layer of periosteum in compared with 
control group. Periosteum is a connective tissue which covered 
the boney surfaces and is closely connected to the bone cortex. 
The periosteum represented into two layers: outer fibrous layer 
with and inner layer contain an osteogenic [20]. Periosteum 
highly vascularized tissue convey minerals, oxygen, and other 
substances needed to reconstitute bone tissue [21].

The results of group G4 stained showed bone tissue, massive 
crack underneath degenerated periosteum, with aggregation of 
cellular debris and appeared a necrotic area within collar bone. 
The results of MT stain showed crack in collar bone, lacunae 
devoid osteocytes, colloid material in crack of collar bone. 
Botulinum toxin significantly inhibit bone formation at both the 
periosteum and endosteum cortical surfaces [22].

Results obtained from the current study showed the histological 
alterations increased throughout the length of the experimental 
period. Ho Dang 2013 declare the injection of 10 U BTX in 
masseter muscles of rabbits reduced a cortical thickness and 
fewer trabeculae of condyle bone, these differences prolong post 
12 weeks and announced this boney alteration due to changing 
in muscular loading [23]. Dutra et al. (2016) confirmed that 
the injection of botulinum toxin within masseter muscle effect 
on mandibular bone mineralization and matrix formation a 
decrease in the osteoblast cells activities [24]. Botulinum toxin 
A effect on formation calluses in fractured femur bone of rat, 
which convert the calluses into woven bone, the main causes 
of this boney defect due to atrophied quadriceps and failed to 
generate a sufficient loudening force on bone [25].

Type I collagen is the most abundant type of collagen in 
bones play a role in its toughness [26]. The main reason of 
osteoporosis was bone de-mineralization [27,28], that may 
reduce bone stiffness and may be associated with a collagen 
fibrillogenesis and modification of the content of collagen 
crosslinks [29]. The twice injection of 20 and 25 units of BTX 
in temporalis and superficial masseter muscle of volunteers are 
reduced masticatory force and may induced degradation of the 
cortical and trabecular bony areas of the condylar bone through 
6 months [30]. Skeletal muscles in serve the intact bone, the 
muscular loading produced a mechanical force which sensed 
on the cellular membrane of osteocyte is transduced into anti-
apoptotic signals mediated by integrins, focal adhesion kinases, 
and several cytoskeletal proteins [30].

Takata and Yasui (2001), who declare that botulinum toxin 
induced a flaccid paralysis (disuse muscle) was associated with 
an imbalanced bone remodelling process through an increasing 
in bone resorption and decreasing within bone composition 

[31]. Ashley et al. (2007) announced that contracted muscles 
participate in vascular pump, denervated muscles loss their 
ability in bumping blood, with losing vasoconstrictor of nerve 
fibers, which finally affecting on muscle and bone vascular 
blood activity [32]. The indirect effect of botulinum toxin 
inoculation of hind limb muscle on bone led to significant 
decreasing in mineralization and density of bone this effect 
when in compared with the direct effect of botulinum toxin such 
as decreases in muscle force contraction muscle atrophy which 
affects more on bone maintenance. The innervation of bone 
tissue plays a major role in bone homeostasis [33]. The sensory 
neuropeptide receptors in boney osteoblasts revealed the direct 
communication in between osteoblasts and neurons [34].

The botulinum toxin role mechanism inhibits of acetylcholine 
(ACH) release in between nerve ending synapsis. Therefore, 
acetylcholine level, can participate in bone protection, so 
the toxin-induced osteoporotic [35]. Botulinum neurotoxin 
inhibits released of neurotransmitter acetylcholine production 
from motor neuron cells, this inhibition mechanism of 
neurotransmitter released was effect on neurochemical synapsis 
in between axon knop and skeletal muscles sarcoplasm which 
finally led to humans’ muscle flaccid paralysis persist about 4 
– 6 months [4].

Deng et al. (2021) showed that the botulinum toxin injection 
and the neurectomy of hind limb induced decreases in trabecular 
bone formation and higher osteoporosis [36]. The immobilized 
limb of experimental animals showed the increasing activity of 
osteoclast, and the serum ALP (a marker of bone formation) is 
decreased, which reflect the bone osteoporosis by inhibition of 
osteoblastic activity [37]. Numerous factors are released from 
contracting muscle (VEGF, TGF-β, IL-6, TNF-α, substance P, and 
glutamate) may also play a major role in bone homeostasis. The 
botulinum toxin paralyzed skeletal muscles and block the surge 
of these factors [38]. Inhibiting endothelial growth factor VEGF 
secretion was effect on osteocyte-mediated angiogenesis [39].
Conclusion.

The histology of the control group has shown the normal bone 
architecture while the treated rat group revealed that continuous 
progressive bone and collagen degeneration, necrosis, and 
architectural abnormal structure.
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