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ABSTRACT 
 

Long bones injuries and fractures are common orthopedic problems occur in sheep and goats. This study aimed to 

evaluate fractures of the metacarpal and metatarsal bones in sheep and goats (clinical study) and to describe the 

accelerating action of silver nanoparticles Thymus vulgaris (Ag-NPs-THV) on healing process of fracture in goats 

(experimental study). AgNPs were reduced using THV to form AgNPs-THV. The formulated AgNPs-THV was 

characterized for size, charge, morphology, and the drug content of THV was determined for further experiments. 

Twenty-four adult male Barbary goats were randomly assigned into two equal groups. A cortical bone defect 3.5mm 

diameter was made at the middle third of the right metacarpal bone in each goat. Group 1 (THV Extract) and Group 2 

(AgNPs-THV) were injected with THV extract liquid, and AgNPs-THV at the bone defect, respectively. The healing 

process was evaluated for eight weeks after surgery depending on the radiological, turnover biomarkers of bone, and 

histopathological assessment. Additionally, 49 sheep and goats with metacarpal and metatarsal bone fractures were 

included in this study on the basis of clinical, and radiographical examinations. The formulated AgNPs-THV was oval 

and formed as cluster. The size was in nano range, while the charge was -18.1±1.74mV. Furthermore, the recorded 

wavelength was 388.52.2nm, and THV was recorded in AgNPs-THV as 5765.336µg/mL. The radiographic union 

scale was significantly affected by treatment and time, P<0.001. AgNPs-THV significantly provided better radiographic 

union scale than that provided by THV Extract at 2,5 and 8 weeks post treatment. Histopathologically, at 5 weeks post-

operative, Ag-NPs-THV treated group showed a significant decrease of fracture gap that filled with woven bone beside 

lamellar bone in comparison with THV Extract group (P<0.01) that still had wider gap filled with granulation tissue and 

limited woven bone. At 8 weeks post-treatment, 100% of cases treated with Ag-NPs-THV showed complete healing 

with lamellar bone compared with 50% of THV extract treated group. Ag-NPs-THV colloidal nano-formulation could 

be used as a promising formulation to speed up healing process of tibial bone fracture in rabbit. 
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INTRODUCTION 

 

 Fractures and injuries of bones are major affections 

because they lead to economic and health losses of animals. 

Veterinary researchers try to initiate the progress of the 

healing process of fracture and bone injuries. Car accidents, 

falls and crush injuries are the main causes of fractures 

(Farooq   et    al.   2023).   Fractures  and  bone  injuries  can 

significantly affect animal's health and quality of life. 

Various complications such as healing disorders including;  
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union deformities are important challenges that face 

orthopedic surgeons and researchers when handling 

fractures. As a result, researchers are currently search for 

the ideal techniques to overcome long-term side effects and 

complications of fractures and bone injuries (Jahangirbasha 

et al. 2019). 

 Healing process of bone consisted of three overlapping 

phases named; the inflammatory, reparative, and 

remodeling. the inflammatory phase is very important 

phase in the healing process, which is affected by both the 

local and systemic factors related to the cause of injuries 

and fractures (Sravanti et al. 2022; Sindhu et al. 2024). 

Green synthesis nanoparticles are increasingly used to 

overcome various disorders in human and animal practice 

(Abdellatif et al. 2022a; Abdellatif et al. 2022b; Abdellatif 

et al. 2022c). Plant-based medicine including herbal 

extracts is widely trusted and used by over 75% of people 

globally for primary healthcare, treatment of various 

disorders (Vijayaram et al. 2024; Abdellatif et al. 2024; 

Sadan et al. 2024; Sadan et al. 2025). Silver NPs (AgNPs) 

have a pronounced antibacterial effect (Abdellatif et al. 

2021a) and are used in different applications, including 

drug delivery, coating of devices (Abdelhamed et al. 2022; 

Selmi et al. 2022) and regenerative materials (Ansar et al. 

2020). It was established that AgNPs had shown a 

promising active role in wound healing. AgNPs can also 

promote wound contraction and stimulate proliferation of 

keratinocytes (Vimalraj 2020). 

 Silver nanoparticles (AgNPs) have the potential to 

overcome the constraints associated with traditional 

nanoparticles (NPs) by employing passive targeting 

methods after the disease has been identified. In addition to 

being an antioxidant, anti-inflammatory, pain-relieving, 

antibacterial, anti-inflammatory and anticancer agent, 

Thymus vulgaris (Thymol) is a phytonutrient, which is a 

naturally occurring substance that may be found in plants 

(Abdelhamed et al. 2022). In recent years, there has been a 

growing interest in using silver nanoparticles for medical 

applications due to their unique properties such as high 

surface area, biocompatibility, and antimicrobial activity. 

These properties make them an ideal candidate for use in 

surgical repair of fractures (Xu et al. 2020). 

 One area where AgNPs synthesized using Thymus 

vulgaris could have a significant impact is in the 

development of synthetic bone scaffolds (Abdellatif et al. 

2023). Bone scaffolds are used in medical procedures to 

support the growth of new bone tissue. However, 

traditional scaffolds can be prone to infection, which can 

lead to complications and slow down the healing process. 

Antibacterial AgNPs can be used to dope synthetic bone 

scaffolds to avoid infections. The antibacterial activity of 

AgNPs-implanted crystalline hydroxyapatite (HA) or 

titanium scaffolds is strong against Gram-positive and 

Gram-negative microorganisms. This could potentially 

reduce the risk of infection and improve the success rate 

of bone scaffolding procedures (Marsich et al. 2013; Qing 

et al. 2018). 

 Green synthesis using Thymus vulgaris to create 

AgNPs has several advantages over traditional synthesis 

methods (Abdellatif et al. 2022a). For one, it is eco-

friendlier and reduces the use of toxic chemicals. It is also 

cost-effective, as Thymus vulgaris is a readily available and 

affordable herb (Abdellatif et al. 2022b; Abdellatif et al. 

2022c). Additionally, green synthesis using Thymus 

vulgaris extract can produce AgNPs with a narrower size 

distribution compared to traditional synthesis methods, 

which can improve their effectiveness in various 

applications (Abdellatif et al. 2022b; Abdellatif et al. 

2023). A recent experiment has shown promising results in 

the use of silver nanoparticles synthesized with Thymus 

vulgaris against Candida albicans, the antifungal activity 

(Mohammadi et al. 2019) for future surgical repair of 

metacarpal and metatarsal fractures. The use of Thymus 

vulgaris in the synthesis of silver nanoparticles is 

particularly interesting as it is a natural and 

environmentally friendly method of production (Azadi et 

al. 2021). In addition to its environmental benefits, the use 

of Thymus vulgaris in the synthesis of silver nanoparticles 

also has potential health benefits. Thymus vulgaris has long 

been used in traditional medicine for its anti-inflammatory 

and antimicrobial properties and its incorporation into 

silver nanoparticle synthesis could enhance these 

properties (Aldosary et al. 2021). 

 In general, the use of silver nanoparticles synthesized 

with Thymus vulgaris for surgical repair of fractures is an 

exciting development in the field of medical research. Its 

unique properties provide a safe and effective alternative to 

traditional methods of surgical repair, while its natural and 

environmentally friendly method of production makes it a 

potential game-changer in the world of medicine. If further 

studies can confirm these results, it could revolutionize the 

way we approach surgical repair of fractures and pave the 

way for a safer and more sustainable future. In spite of 

fracture’s popularity, little was found in the literature about 

effect of Ag-NPs-THV on the healing of fracture, therefore 

is the first research evaluating the use of AgNPs- THV in 

acceleration of the healing of metacarpal and metatarsal 

bone fractures in sheep and goats. Therefore, this study was 

designed to evaluate metacarpal and metatarsal bones 

fractures in sheep and goats and to describe the accelerating 

action of AgNPs-THV on fracture bone healing in goats. 
 

MATERIALS AND METHODS 
 

Ethical approval of the study 

 The study protocol was approved by the Animal 

Welfare and Ethics Committee of Qassim University. The 

protocol of the research was approved (No. 367) by the 

Committee for Animal Welfare and Ethics in accordance 

with the Laboratory Animal Control Guidelines of 

Qassim University. 
 

Preparation of AgNPs-THV 

 The colloidal AgNPs-THV were synthesized eco-

friendly as the previously prepared method (Varghese et al. 

2019). The THV seeds were soaked for 6h for extraction. 

Then the seeds of THVs were boiled in 100mL distilled 

water for 20min to extract the THV’s active constituents. 

The supernatant was collected and stored in a brown bottle 

for next step. The extract of THV was mixed with fresh 

solution of 1mM AgNO3 and incubated with stirring at 

1000rpm overnight. The formulated AgNPs-THV were 

changed to deep brown color upon addition of AgNO3 to 

the extract of THV. The obtained AgNPs-THV was 

purified with centrifugation and stored for dark place for 

next experiment. 
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Size and ζ-potential of AgNPs-THV 

 The samples of AgNPs-THV were sonicated for 15min 

using water bath sonicator and vortexed for 2min then 

diluted 1:4 with deionized water before measurement. The 

particle size and size distribution in terms of average 

volume diameters and polydispersity index were analyzed 

by photon correlation spectroscopy using particle size 

analyzer Dynamic Light Scattering (DLS) (Zetasizer Nano 

ZN, Malvern Panalytical Ltd, UK) at fixed angle 173° at 

25° C. Three samples were tested. The same device 

measured zeta potential (Abdellatif and Tawfeek 2016; 

Abdellatif et al. 2018; Abdellatif et al. 2020; Abdellatif et 

al. 2021a; Abdellatif et al. 2021b). 

 

UV-VIS spectroscopy of AgNPs-THV 

 The absorbance spectra of AgNPs-THV was also 

determined and measured using a UV-VIS absorbance 

spectrophotometer (Lambda 25, Perkin Elmer, Singapore) 

(Abdellatif et al. 2020; Abdellatif et al. 2021a; Abdellatif 

et al. 2021b). 

 

Morphology of AgNPs-THV 

 The shape and morphology of AgNPs-THV was 

imaged and captured scanning electron microscope 

(SEM) made by JEOL (JEOL JSM-550, Japan) (Tawfeek 

et al. 2020). 

 

Drug content determination 

 For determining the exact extract content of the silver 

NPs, different dilutions (100, 50 or 10uL) of the formula 

were dissolved separately in 1mL of ethanol to be injected 

into the HPLC. Standard dilutions of the provided extract 

were dissolved in ethanol to prepare the standard 

calibration curve of the extract content. Samples and 

standards were tested using HPLC at wavelength= 274nm 

(Table 1). 

 
Table 1: The assessment of drug content and concentrations 

across various dilution factors highlights the importance of 

comprehensive testing and validation in pharmacology 

Area 451333 227922 43357 42065 41045 

Dil. Factor 10 50 100 100 100 

Conc (µg/mL) 844.35 414.8139 59.96309 57.47904 55.51796 

Actual conc 

(µg/mL) 

8443.5 20740.69 5996.309 5747.904 5551.796 

The average   5.70.23 mg/ml  

 

HPLC method 

 The samples were tested using HPLC at 

wavelength=274nm. HPLC analysis conditions: Injection 

volume: 10µL, Wavelength: 274nm, Column inertsil C18: 

4.6x250mm, 5µm, Mobile phase: Acetonitrile: water 

(50:50), Mode of elution: Isocratic, Flow rate: 1mL/min, 

Temperature: 30°C (Hajimehdipoor et al. 2010). 

 

Animals and groups 

 Twenty-four adult healthy male Barbary goats were 

included in this study for experimental procedures. Their 

ages were 12 to 18 (mean, 13±1.5) months, and their weight 

were from 18–25, (mean, 21±0.5) kg. Studied goats were 

confined in suitable acceptable stall with a suitable 

temperature of 27±0.5°C and humidity of 55±0.4%. They 

received feeding, water and received human care according 

to Institutional Animal Care Guidelines. Surgery was 

carried out in all goat’s groups to induce a 3.5mm in 

diameter bone defect at the middle third of both right third 

metacarpus in each goat. In group 1 (n=12) (Thymus 

vulgaris extract) had injected with Thymus vulgaris extract 

liquid at the bone defect, group 2 (Ag-NPS THV) (n=12) 

had injected with Ag-NPS Thymus vulgaris liquid injection 

at the bone defect. 

 

Surgical procedure 

 Routine clinical evaluations were carried out for goats 

before surgery, as well as fasting of the studied animals was 

performed for 12 hours preoperatively. Penicillin-

streptomycin, (Norbrook Laboratories, Newry, UK) was 

administrated (IM) at a dose of 10,000 IU/kg for the 

penicillin and 5mg/kg streptomycin and flunixine 

meglumine, (Schering-Plough, Welwyn Garden City, 

Hertfordshire, UK) at 1.1mg/kg was done preoperatively. 

Animals were sedated by IV injection of xylazine HCl 

(Seton 2%), (Laboratorios Calier, S.A., Barcelona, Spain) 

at dose of 0.05mg/kg. The goat was placed in lateral 

recumbency, followed by clipping and aseptic preparation 

of the lateral aspect of both metacarpal and metatarsal 

regions, local infiltration analgesia was performed using 

lidocaine HCl (lidocaine hydrochloride 2%), (Norbrook 

Laboratories, Newry, UK). following anesthesia; skin 

incision (1cm) was created approximately at the middle 

third of the cannon region where bone exposed and 3.5mm 

bone defect was made only on the lateral cortices and not 

reaching the medial ones (Fig. 1A). The drilling of the bone 

was performed in a mediolateral direction using a 3.5mm 

diameter drill bit. Following drilling, the surgical site was 

flushed with sterile normal saline, and skin was closed by 

single interrupted horizontal mattress using braided Silk 

No.1 (SMI, Steinberg, Belgium). Then, animals in group 1 

and group 2 were injected at the bone defect with 1mL 

Thymus vulgaris extract and Ag-NPs Thymus vulgaris 

liquid, respectively. Pressure bandages were applied and 

changed day after day for 5 times. The sutures were 

removed at 10th day post-surgery. The preoperative 

antibiotic and anti-inflammatory drugs were continued for 

4 successive days after surgery, and the surgical site was 

evaluated for infections and swelling. 

 
Radiographic assessment 

 Radiological evaluation of bone healing process of 

metacarpal bone defect was performed beginning from 0 

day post-operatively and every two weeks for 8 weeks 

using X-ray apparatus (Toshiba, Japan) 48KV, 0.7mAs, 

with focal film distance of 70cm. Two Standard 

radiographic views including; dorsopalmar and 

lateromedial views were obtained for each operated goat. 

All obtained radiographic views were precisely assessed at 

different times points until complete healing of the bone 

defect. Scoring of bone radiographs was assessed using the 

modified RUS system graded from 1 to 4 grades as follows; 

visible fracture line and absent callus (score 1), visible 

fracture line and visible interrupted callus (score 2), 

invisible fracture line and visible bridging callus (score 3), 

no fracture line and no callus (score 4). The scores of all 

cortices were then combined to give a minimum score of 4 

(definitely not healed) and a maximum of 10 (completely 

healed) according to Leow et al. (2016). 
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Fig. 1: Skin incision at the medial aspect of the middle third of 

the right metacarpal with the creation of 3.5mm bone defect (A), 

immediate postoperative lateral radiographs of bone defect at 

metacarpal + THV-liquid (group 1) (B), bone defect at metacarpal 

+ AgNPs-THV (group 2) (C). Postoperative (day 42) lateral 

radiographs of bone defect at metacarpal + THV-liquid (group 1) 

(D), bone defect at metacarpal + AgNPs-THV (group 2) (E). 

Postoperative (day 56) dorsopalmar radiographs of bone defect at 

metacarpal + THV-liquid (group 1) (F), bone defect at metacarpal 

+ AgNPs-THV (group 2) (G). 

 

Blood sampling and laboratory analysis 

 For evaluation of bone turn over biomarkers, blood 

samples were collected from the jugular vein from each 

studied rabbit into plain vacutainer tubes using an 18-

gauge, needle (Mais Co., Saudi Arabia). These samples 

were collected on 0 days (pre-operative) and at every two 

weeks for eight weeks postoperatively to assess the 

progression of healing process of metacarpal bone defect 

among the treated rabbits. The blood samples were 

centrifuged at 4500rpm for 15min to obtain clear serum; 

then sera were preserved and freeze at -20ºC. Sera was used 

to assess the level of calcium and phosphorus using 

laboratory kits (Mybiosource, USA) and 

spectrophotometry techniques, according to Tharwat 

(2020), Sakhaee et al. (2024) and Zillinger et al. (2024). 

 

Histopathological evaluation 

 The right metacarpal bone was taken from each goat 

for histopathological evaluation. Firstly, bones were 

dissected and the soft tissues were removed. About 1cm 

up and down of the cross-section of the bone defect region 

was cut by a moderate speed saw and directly immersed 

in a plenty of fixative10% neutral buffered formalin 

solution. After fixation, the bones samples were 

decalcified in 15% buffered formic acid solution. The 

samples were then embedded in paraffin-embedding 

technique. Two sections of 5μm thickness were taken 

from the center of each specimen, then stained with 

hematoxylin and eosin. The healing process were 

evaluated, reviewed and scored blindly by two 

pathologists using Huo et al. (1991). 

 

Clinical study 

Animals  

 Forty-nine animals (sheep, n=36; goats, n=13) 

suffering from various types of metacarpal and metatarsal 

bone fractures were examined in this study over the period 

of 2023‒2024 at University Veterinary Hospital, Qassim 

University, Saudi Arabia. There were 13 male and 23 

female sheep of different three local breeds (Naimi, Nagdi, 

and Sakni), with age ranging from one to 70 (mean, 32±17) 

months and weight ranging from 15 to 65 (mean, 35±16) 

kg. There were 3 male and 10 female goats of two breeds 

(Syrian and Baladi), aged between one and 66 (mean, 

33±16) months and weighing between 12 and 63 (mean, 

35±15) kg. All animals underwent a thorough physical 

examination. 

 

Clinical examination 

 At admission, sheep and goats were assessed clinically 

and subjectively for metacarpal and metatarsal bone 

fracture. Body temperature and vital signs were reported 

for every sheep and goat. Data about each sheep and goats 

involved in this study, which include age, breed, sex, were 

assessed, compared, and statistically analyzed. 

 

Radiographic examination 

 Dorsopalmar or dorsoplantar and lateromedial 

standard radiographic views were performed for each 

affected sheep and goat (Fig. 2A) using Minx ray HF 

100/30 generator (Toshiba, Tokyo, Japan), according to 

Kofler et al. (2017) Light sedation of the examined sheep 

and goats was performed using 0.05 mg/kg xylazine HCl 

2%, intravenously injected (IV). All radiographic views 

were subjectively evaluated before surgical intervention 

and all examined sheep and goats were routinely treated 

with external fixation (Fig. 2B and C).  

 

 
 
Fig. 2: A. Lateral radiograph of complete single transverse 

diaphysial metatarsal fracture in sheep (arrow). B. External 

fixation using gibsona (arrow). C. Lateral radiograph post 

external fixation of complete single diaphysial metatarsal fracture 

in sheep (arrow). 

 
Statistical analysis 

 In this study, SPSS for Windows (Version 21.0) was 

used to run our data analysis. Data were assessed for 

normality distribution using D’Agostino-Pearson test. As 

data were found normally distributed, mean and standard 

deviation for each variable were presented. To assess the 

effect of treatments on the mineral levels and radiographic 

scores, general linear model (GLM) with repeated 

measure ANOVA was used. In this test, the result of 

Wilks Lambada was used to assess the effect of time and 

time -treatment interaction. As this test was found 

significant, unpaired t-test was used to assess the 

significant effective treatment at each time point. To 

evaluate the effect of treatment on the histopathological 

findings, Fishers exact test was used. At p-value of < 0.05, 

the result was considered significant. 
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RESULTS 

 

Experimental study 

 During the first 2 weeks in both groups, all animals 

were normal and did not suffer any clinical disorders. 

Lameness was detected at 14th day only in one goat (Ag-

NPs-THV group), while THV group showed no lameness. 

Wound dehiscence was detected in one animal of THV 

group with exposure of bone defect and exudation which 

was treated by local antiseptic spray and bandaging 

(healing occurred after one week). Calluses were clinically 

palpated at 2 weeks in one and three goats in THV and Ag-

NPs-THV groups, respectively. 

 

Preparation and characterization of AgNPs-THV 

 The AgNPs-THV were synthesized through the 

reduction technique. It is synthesized as a clear solution 

without any aggregation. The formed AgNPs-THV were 

synthesized through the reduction of AgNO3 using the 

extract of THV as a reducing agent. The formed AgNPs-

THV were formed after conversion the colour from yellow 

colour of the THV extract to buff-red after formation of 

AgNPs-THV. The average particle size of AgNPs-THV 

was recorded at 1233175nm. The polydispersity index 

(PDI) of 0.528 is low, indicating that the sample has a 

narrow particle size distribution. A low PDI is required for 

consistent behaviour in both stability and biological 

interactions, making AgNPs-THV more promising for 

future applications. The nanoparticles have a Zeta 

Potential of -18.1±1.74mV, indicating good stability in 

dispersions. A zeta potential value above ±30mV indicates 

high stability, while levels approaching zero indicate 

vulnerability to aggregation. Thus, whereas AgNPs-THV 

exhibit reasonable stability, more modifications or 

functionalization may be required to improve their 

lifespan in a variety of applications (Fig. 3A). Throughout 

the experimental process of AgNPs-THV, upon the 

addition of THV to AgNO3, a colour change was 

observed. The formed AgNPs-THV was primarily 

yellowish, and upon further heating, the colour changed to 

dark brown as the solution was kept boiling for 15min. The 

AgNPs-THV free electrons generated the SPR resonance 

bands (Ranoszek-Soliwoda et al. 2017). The UV-VIS 

spectra of AgNPs-THV showed a redshift in the surface 

plasmon resonance peak for all the produced AgNPs-

THV. The obtained colors had wavelength of 381.52.1, 

388.52.2nm for THV and AgNPs-THV, respectively 

(Fig. 3B). The transmission electron microscope (TEM) 

detected oval nanoparticles with a size of 50nm. The 

nanoparticles' comparatively large size suggests that they 

may exist in aggregates or clusters. While greater sizes can 

alter the efficacy of AgNPs in biological applications, 

particular performance must be assessed in context. The 

TEM image (Fig. 3C) shows that the AgNPs-THV display 

oval, round, and clustering (green arrow) behavior, 

indicating that aggregation may occur because of 

unnecessary extract or silver nitrate concentrations during 

synthesis. In contrast, the TEM images show a more 

focused view, exhibiting nanoparticles resembling a 

nucleus coated (red arrow) in an outer layer of THV 

extract (blue arrow) (Fig. 3D). This finding is especially 

relevant since it implies that the coating serves an 

important role in stabilizing the nanoparticles and 

improving their functionality. The inclusion of the plant 

extract not only helps to keep nanoparticles at the right 

size, but it also imparts additional qualities that may 

improve their utility in biological applications (Abdellatif 

et al. 2024; Sadan et al. 2024). 

 

 

Fig. 3A): The size in 

diameter and zeta-

potential of the 

prepared AgNPs-THV 

as determined by 

dynamic light 

scattering. B) UV-VIS 

of THV extract and 

AgNPs-THV. C) 

Transmission electron 

microscope of the silver 

nanoparticles reduced 

with THV as particles 

showed at clusters and 

aggregated while D) 

focusing of the NPs 

which showed as 

nucleus coated with 

outer layer of plant 

extract. 
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 Moreover, the amount of THV was determined 

using HPLC method. The results showed drug 

concentrations at different dilution factors (10, 50, 100, 

100 and 100), exemplified as areas (451333, 227922, 

43357, 42065, and 41045). The obtained conc in µg/mL 

were as follows (844.35, 414.8139, 59.96309, 57.47904 

and 55.51796). To give more context, the data were 

processed to determine the average concentration, which 

was 5765.336µg/mL. Moreover, an important statistical 

indicator, SD was measured at 222.7685µg/mL. This 

reveals the consistency and dependability of the 

measures gathered. A reduced SD indicates that the 

concentrations are closely related to the average, 

signifying excellent dependability in the experimental 

method. 

 Additionally, as drugs undergo formulation changes, 

understanding how these alterations affect concentrations 

is vital. For instance, changes may arise due to excipients 

used, pH levels, temperature, or other environmental 

factors. Therefore, consistent monitoring and analysis, as 

performed in this study, are essential for maintaining drug 

integrity and efficacy. 

Radiographic findings 

 The radiographic union scale was significantly 

affected by treatment and time (Wilks Lambda test for 

treatment x time interaction, (P<0.001). AgNPs-THV 

significantly provided better radiographic union scale than 

that provided by THV Extract at 2, 5 and 8 weeks post 

treatment. Thus, the radiographic union score for AgNPs-

THV and THV Extract were (1.83±0.40 vs 1.16±0.40), 

(3.66±0.51 vs 2.16±0.40) and (9.66±0.81 vs 8.33±0.81) at 

2, 5, and 8 weeks post treatment (Fig. 4). 

 

BTMs findings 

 There was significant effect of time and treatments 

on the level of serum calcium (Walk’s, Lambda test for 

time, P=0.00; and for treatment x time interaction, 

P=0.02). Serum calcium was significantly increased in 

AgNPs-THV group in comparison with THV extract 

group (Fig. 5). Similarly, the effect was recorded for the 

serum phosphorus level. Where, the level of phosphorus 

was significantly decreased in AgNPs-THV group in 

comparison with THV extract group at the 6th week post-

treatment (Fig. 6). 
 

 

Fig. 4: Comparative effect 

of Thymus vulgaris extract 

(THV Extract) and Silver 

Nanoparticles of Thymus 

vulgaris (AgNPs-THV) on 

radiographic union scale in 

goats with experimentally 

induced bone defect. The P- 

value for the difference 

between the two treatments 

at the different time points 

is presented. 

 

 

Fig. 5: Comparative effect 

of Thymus vulgaris extract 

(THV Extract) and Silver 

Nanoparticles of Thymus 

vulgaris (AgNPs-THV) on 

serum calcium in goats with 

experimentally induced 

bone defect. *: indicate the 

significant variation 

between the treatments at 

the corresponding time 

point. 
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Fig. 6: Comparative effect 

of Thymus vulgaris extract 

(THV Extract) and Silver 

Nanoparticles of Thymus 

vulgaris (AgNPs-THV) on 

serum Phosphorus in goats 

with experimentally 

induced bone defect. *: 

indicate the significant 

variation between the 

treatments at the 

corresponding time point. 

 

 

 
 

Fig. 7: Empty gap filled mostly with granulation tissue at the site of bone defect at 2 weeks post-operative in extract of Thymus vulgaris 

group (a).  In contrast, granulation tissue (b) and minimal immature bone formation (Woven cancellous bone) with higher medullary (c 

and d) and periosteal woven bone formation were observed in silver nanoparticles of Thymus vulgaris group. Moreover, granulation 

tissue, inflammation lysis of bone was observed more prominent in extract group (Fig. e) in comparison to nano group where medullary 

woven bone formation was prominent (Fig. f). 

 

Histopathological findings 

 Histopathological examination revealed surgical 

empty gap filled mostly with granulation tissue in bone 

defect site at the 2nd week post-operation in THV Extract 

group (Fig. 7A). In contrast, granulation tissue (Fig. 7B) 

and minimal immature bone formation (Woven cancellous 

bone) with higher medullary (Fig. 7C and D) and periosteal 

woven bone formation were observed in Ag-NPs-THV 

group. Moreover, granulation tissue, inflammation lysis of 

bone was observed more prominent in THV Extract group 

(Fig. 7E) in comparison to nano group where medullary 

woven bone formation was prominent (Fig. 7F). At the 5th 

week post-operation, all cases in THV Extract group still 

have fracture gap filled with woven cancellous bone, 

cartilage and fibrovascular tissue (Fig. 8A, B). In contrast, 

mature lamellar bone with woven callous formation filled 

the fracture gap in Ag-NPs-THV group (Fig. 8C, D). 

Mature lamellar bone formation was observable at the 8th 

week post-operation in all animals of Ag-NPs-THV group 

(Fig.  9C,  D),  but  mature  lamellar  bone  was observed in  
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Fig. 8: At the 5th week post-

operation, all cases in extract 

group still have wound gap 

filled with woven cancellous 

bone, cartilage and 

fibrovascular tissue (Fig. a, b). 

In contrast, mature lamellar 

bone with woven callous 

formation filled the wound 

gap in nano group (Fig. c, d). 

 

 

Fig. 9: Mature lamellar bone 

formation was observable at 

the 8th week post-operation in 

all animals of nano group (c, 

d), but mature lamellar bone 

was observed in only 2 

animals in extract group (a, b). 

 

 

only 2 animals in THV Extract group (Fig. 9A, B) and 

others two cases had incomplete bone healing (fracture and 

callous formation). The incomplete calcification was 

prominent in cases of THV Extract in comparison with 

those of Ag-NPs-THV group). 

 Histopathologically, at five weeks post-operative, Ag-

NPs-THV treated group showed a significant decrease in 

fracture gap that filled with woven bone beside lamellar 

bone in comparison with THV Extract group (P<0.01) that 

still had wider gap filled with granulation tissue and limited 

woven bone. Thus, Ag-NPs-THV provided rapid healing 

response than THV Extract only (4/4 vs 0/4). At eight 

weeks post-treatment, 100 % of cases treated with Ag-NPs-

THV showed complete healing with lamellar bone 

compared with 50% of THV Extract treated group (4/4 vs 

2/4), (Table 2). 

 

Clinical study 

Clinical findings 

 Forty-nine animals (36 sheep and 13 goats, 42.6%) 

were clinically diagnosed with metacarpal and metatarsal 

bone fractures out of 115 fracture cases admitted to the 

University Veterinary Hospital, Qassim University, Saudi 

Arabia  during  the  study  period.  Out  of 36 studied sheep,  
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Table 2: Summarizes the healing process of induced fracture in metacarpal bone in goats after treatment with extract and silver 

nanoparticles of Thymus vulgaris 

Time Thymus vulgaris Extract (THV Extract) group Silver nanoparticles of Thymus vulgaris 

(AgNPs-THV) group 

At 2 weeks 

post operation  

Fracture gap filled with granulation tissue and remnant of hematoma. 

Periosteal and medullary woven bone formation associated with necrotic 

bony spicules and granulation tissue 

Fracture gap filled with granulation tissue. 

Higher periosteal and medullary woven 

bone and minimal inflammation 

At 5th week 

post-operation  

(4l4) Fracture gap still have granulation tissue, cartilage, and woven bone (0/4) Fracture gap contain granulation 

tissue and (4/4) Fracture gap filled with 

woven bone beside lamellar bone. 

At 8 weeks 

post-operation  

(2/4) complete healing with lamellar bone (4/4) complete healing with lamellar bone 

 

 

Fig. 10: A. Complete inability of 

weight bearing on the right hind 

limb in sheep due to metatarsal 

fracture (arrow). B. Deformity of 

the forelimb in a goat in picture 

(arrow). C. Lateral radiograph of 

complete metatarsal fracture in 

sheep (arrow). D. Dorsopalmar 

radiograph of complete multiple 

transverse diaphysial metacarpal 

fracture in sheep (arrow). E. 

Dorsopalmar radiograph of 

impacted displacement of 

metacarpal fracture in sheep 

(arrow). 

 

metatarsal (n =22; 61.1%) were more prevalent than 

metacarpal (n =14; 38.9%) fractures. Prevalence of both 

fractures was higher in female (n =23; 63.9%) than male 

sheep (n = 13; 36.1%). 

 Out of 13 studied goats, metacarpal and metatarsal 

prevalence was higher in female (n=10; 76.9%) than male 

goat (n=3; 23.1%). As well as, fracture prevalence was 

greater in metatarsus (n=8; 61.5%) than metacarpus (n=5; 

38.5%). 

 The affected sheep and goats with metacarpal and 

metatarsal bone fractures showed pain, swelling, inability 

to bear weight (Fig. 10A), deformity (Fig. 10B), 

crepitation, and abnormal mobility of the fractured part. 

 

Radiographic findings 

 Radiography of metacarpal and metatarsal bone 

fractures in the affected sheep and goats were carried out, 

it revealed radiolucent line, providing evidence of swelling 

of the surrounding soft-tissue on the lateral radiographic 

view (Fig. 10B, C and D), with the presence of oblique or 

transverse fracture lines with or without displacement of 

bone fragments (Fig. 10D). The fractures were single (Fig. 

10C), multiple (Fig. 10D) or comminuted at different 

locations; diaphysial, metaphyseal and epiphyseal. 
 

DISCUSSION 

 

 Thymus vulgaris has essential oils such as Thymol, 

which has antibacterial, antifungal and antiseptic properties 

(Aljabeili et al. 2018; Diniz et al. 2023). The extract 

contains various phytochemicals that act as reducing and 

stabilizing agents for the silver nanoparticles. The 

synthesized silver nanoparticles using Thymus vulgaris 

have various applications in the field of medicine 

(Abdelhamed et al. 2022; Taha et al. 2024; Al-Rimawi et 

al. 2024). They have antibacterial, antifungal, and antiviral 

properties, making them an excellent candidate for treating 

various infections. The nanoparticles can also be used as a 

drug delivery system, where the drug is loaded onto the 

surface of the nanoparticles and delivered to the target site 

(Al-Rimawi et al. 2024; Taha et al. 2024). This reduces the 

amount of drug required and enhances the therapeutic 

effect. Several studies have investigated the potential use 

of green synthesized silver nanoparticles using Thymus 

vulgaris in wound healing and bone fracture. One study 

found that silver nanoparticles synthesized using Thymus 

vulgaris extract could promote wound healing in rats by 

increasing the rate of epithelialization and reducing the 

inflammatory response. Another study showed that silver 

nanoparticles synthesized using Thymus vulgaris extract 

could enhance the healing of bone fractures in rats by 

increasing bone mineral density and improving bone 

microarchitecture (Antih et al. 2021; Alsakhawy et al. 

2022). The obtained results show that AgNPs coated with 

THV extract have an average particle size of 1233nm and 

a standard deviation of ± 175.5nm, demonstrating 

significant variation in particle size. Larger particles may 

have different properties and applications than their smaller 

counterparts. 

 The absorption is a sign of the size, responsiveness, 

and the SPR of the nanoformulations (Abdellatif et al. 

2018; Abdellatif 2020). The AgNPs-THV displayed a 

distinctive engagement peak at ~388.5nm due to the 

presence of free electrons which produce the significance 

of the SPR band (Ranoszek-Soliwoda et al. 2017). The UV-

VIS spectra showed a ongoing redshift in the SPR and the 

peak absorption which were qualified to the permanent 

increase in the sizes of AgNPs-THV due to the coating with 

THV (Steinigeweg and Schlucker 2012). Notably, we have 

used TEM to see oval nanoparticles of roughly 50nm, 
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demonstrating the intricacy and variability in particle 

morphology that can arise throughout the synthesis 

process. The difference in particle size reflects the 

synthesis method's efficiency and processing conditions. 

Tiny nanoscale often has a higher surface-to-volume ratio, 

which can lead to increased reactivity and improved 

performance in applications like drug delivery, where 

targeting and cellular interaction are crucial (Aldosari et al. 

2023; El-Readi et al. 2024). Larger AgNPs, on the other 

hand, may be better suited for applications requiring 

stability and lifespan in a variety of situations, such as 

antibacterial coatings for healthcare items. The use of THV 

as a stabilizing agent is significant for several reasons. 

THV contains phenolic chemicals, flavonoids, and 

essential oils with antioxidant effects. These compounds 

not only aid to reduce silver ions and generate silver 

nanoparticles, but they also give the particles stability and 

avoid agglomeration. This stabilization is critical for 

keeping the nanoparticles intact during storage and 

application (Diniz et al. 2023). 

 Metacarpal and metatarsal fractures are common 

occurrence in sheep and goats. They represent one of the 

most frequent emergencies for surgical treatment. 

However, there is limited literature available about the 

diagnosis and treatment of metacarpal and metatarsal bone 

fractures. Thus, the present research was designed to assess 

metacarpal and metatarsal fractures in sheep and goats and 

to describe the accelerating action of silver nanoparticles 

Thymus vulgaris (Ag-NPs-THV) on fracture healing in 

goats (experimental study). In the examined sheep and 

goats, metacarpal and metatarsal bone fractures were more 

common in sheep than goats. This may be due to high 

number of the sheep in comparison to goats in Saudi Arabia 

in relation to its productive and reproductive values (Boshra 

et al. 2015). The affected sheep and goats with metacarpal 

and metatarsal bone fractures showed pain, swelling, 

inability to bear weight, deformity, crepitation, and 

abnormal mobility of the fractured part. This finding was in 

coinciding with (Lozier et al. 2018). Forty-nine animals (36 

sheep and 13 goats, 42.6%) were clinically diagnosed with 

metacarpal and metatarsal bone fractures out of 115 fracture 

cases admitted to the University Veterinary Hospital, 

Qassim University, Saudi Arabia during the study period. 

The Case history, clinical and radiographic findings of 

metacarpal and metatarsal bone fractures in sheep and goats 

are routinely done for the diagnosis of this affection in such 

animals (Lozier et al. 2018). 

 Cellular, biomechanical, hormonal, and pathological 

mechanisms have been controlled the healing process of 

bone fractures or injuries after their occurrence (Sadan et 

al. 2024). Although regeneration of fractures is 

physiological mechanism, different techniques have been 

applied to enhance the regeneration and healing of the bone 

fractures. Medicinal plants have been used in several 

researches to accelerate bone regeneration (Sadan et al. 

2024; Sadan et al. 2025). Collaboration between different 

diagnostic tools including RUS, BTMs, and 

histopathological findings was used in our study as a 

unique assessment techniques of fracture repair. Our 

finding was in accordance with Al-Sobayil et al. (2020); 

Sadan et al. (2024) and Sadan et al. (2025). Post-operative 

radiological evaluation (≤ 8 weeks) showed that, the 

radiographic union scale was significantly affected by 

treatment and time (Wilks Lambda test for treatment x time 

interaction, P<0.001. AgNPs-THV significantly provided 

better radiographic union scale than that provided by THV 

Extract at 2, 5 and 8 weeks post treatment. Turnover 

biomarkers of bone healing process have been used in 

different researches for investigation and evaluation of the 

bone healing and regeneration, and it has been considered 

as a unique diagnostic technique for monitoring and 

following up of fracture regeneration (Sadan et al. 2024; 

Sadan et al. 2025). Measuring of bone turnover biomarkers 

during the healing of bone fractures and injuries could give 

informative evaluation of bone healing progress, and help 

for proper surgical decision (Al-Sobayil et al. 2020). Serum 

calcium was significantly increased in AgNPs-THV group 

in comparison with THV extract group. Similarly, the 

effect was recorded for the serum phosphorus level. Where, 

the level of phosphorus was significantly decreased in 

AgNPs-THV group in comparison with THV extract group 

at the 6th week post-treatment. This might be contributed 

to calcium and phosphorus effect on regeneration and 

maturation of bone as recorded by Sadan et al. (2024) and 

Sadan et al. (2025). 

 In the present study, Thymus vulgaris enhanced bone 

healing through induction of granulation tissues formation 

as well as periosteal and medullary woven bone formation 

that filled the fracture gap and the later increased gradually 

to replace the granulation tissue with woven bone that lastly 

remodelled to lamellar bone. Previously administrating 

Thymus vulgaris ointment, significantly increased 

fibroblast and macrophages distribution and up-regulated 

the new vessels formation and collagen deposition on days 

3, 7, 14 and 21 after wound induction (Panah et al. 2014). 

Beside the antibacterial activity of thymol and 

enhancement of healing, incorporating thymol into the 

dressing of wounds increases its elasticity and porosity, but 

reduces its mechanical strength (Mollarafie et al. 2015). 

Thymus oil serve as a protective agent to the burned tissues 

by decreasing the NO level and enhanced burn healing by 

induction of new tissue formation (Dursun et al. 2003). The 

acceleration of healing after application of thyme might be 

due to thyme essential oils that have antibacterial and 

antioxidant activities (Aljabeili et al. 2018). All previous 

works of thyme extract applications are on soft tissue 

healing including surgical wounds and burns. No previous 

work on role of thyme on healing of bone fracture. The 

present work elucidated that Thyme extract or 

nanoparticles help in induction of bone fracture healing. A 

previous study in role of thyme to prevent osteoporosis was 

conducted. Thyme and rosemary supplementation 

significantly hindered the development of bone loss, 

elevated Ca and vitamin D3 in plasma, improved bone 

mineral density and counteracted the oxidative stress and 

inflammation (improved TNF-α, C-reactive protein and 

MDA) in comparison to the low-calcium osteoporotic 

control. Moreover, bone histology and protection against 

bone loss were improved and powder of thyme was more 

effective than rosemary (Elbahnasawy et al. 2019). 

Similarly, Thyme increased the osteogenesis, bone mineral 

density and remodelling of bone tissue. In a trial for the best 

utilization of thyme extract, it was co-loaded with ginger to 

polyvinyl alcohol and chitosan electrospun nanofibers for 

tackling infection and wound healing promotion (Maleki et 

al. 2024). 
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 The loaded mat had high wettability, porosity and 

liquid absorption capacity without any adverse interaction 

as well as a high antioxidant activity and antibacterial 

effect. The loaded mat significantly accelerated cutaneous 

wound healing in bacterial-infected rats by preventing 

bacteria growth at the wound site and induction of collagen 

fibers and appendages formation and in turn skin 

regeneration. Overall, the mat containing ginger-thyme 

extracts provides a promising effect for inhibiting wound 

infection and accelerating the healing process (Maleki et al. 

2024). Similarly, in the present study thyme extract was 

applied as crude extract and as sliver nanoparticles loaded 

extract. The nanoparticle form accelerated the fracture 

healing than crude extract as observed in more woven bone 

formation at the 5th week post-operation as well as 

complete healing of all cases treated with nanoform 

corresponding to 50% of cases treated with crude extract. 

thyme nanoparticles form exhibited higher antioxidant and 

antibacterial activities than crude extract (Aldosary et al. 

2021). Moreover, the anti-inflammatory property as well as 

antibacterial activity of nanoparticles of thyme were higher 

than of standard extract (Heidari et al. 2018; Pandiyan et al. 

2022). anti-inflammatory, antidiabetic and antioxidant 

effects of sliver nanoparticles of thyme were higher than 

those of extract were also observed in a recent study (Ejaz 

et al. 2024). 
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