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Abstract 

The venom of B. moojeni (VBm) contains toxins that induce local toxic effects, triggering a 

severe inflammatory process, pain, hemorrhage, edema, and myonecrosis. Phonophoresis is a 

technique that uses therapeutic ultrasound (TUS) associated with an agent with 

pharmacological properties, optimizing drug delivery systems in 

nanoformulations. Rosmarinus officinalis is a plant with anti-inflammatory, analgesic, and 

antioxidant effects. Therefore, this study aimed to evaluate the modulatory effect of the 

application of R. officinalis nanogel associated with phonophoresis on VBm-induced muscle 

injury in Wistar rats. The chemical results demonstrated predominantly Limonene (5.08%), 1,8 

Cineole (35.28%), and Camphor (46.92%) compounds. The nanoemulsion (NAE) exhibited 

stability with a mean drop diameter ranging from 213±2.1 (1st day) to 153.9±2.7 nm (30th day), 

with a polydispersity index ranging from 0.10±0.001 to 0.13±0.01. The nanogel was prepared 

from NAE in a carbopol hydrogel. A dose of 0.10 mg/kg of VBm was applied to induce 

inflammation in the gastrocnemius muscle. The evolution of edema volume showed that the 

groups treated with TUS (p<0.01), phonophoresis with Dexamethasone (p<0.001), and 

nanoemulsion (p<0.001) presented a significant anti-edematogenic effect. Moreover, they were 

able to reduce CK and myoglobin levels and the recruitment of inflammatory cells to the injury 

site. Histopathological findings reinforced the anti-inflammatory effect with decreased muscle 

damage and myonecrosis. Therefore, it is suggested that the modulatory effectiveness on the 

inflammatory process and muscle injury induced by VBm was demonstrated, both with TUS 

treatment and with phonophoresis associated with R. officinalis nanogel. Furthermore, the 

treatments were shown to attenuate tissue damage and enhance repair. 

 

Keywords: Rosmarinus officinalis, snake venom, phonophoresis, anti-inflammatory. 

 

 

 

 

 

 

 



Introduction  

Annually, over 2.5 million ophidian accidents occur worldwide, which represents a 

serious public health issue in various regions, particularly in tropical and subtropical countries 

in the Amazonian region, such as Brazil, where snakes of the genus Bothrops are responsible 

for 87% of these accidents (Capeletti et al., 2016; Feliz-silva et al., 2017). The most affected 

victims are residents of endemic areas, usually rural workers, hunters, and individuals who enter 

closed forest areas and farms without appropriate protective clothing (Salvador et al., 2020). 

The snakes of the genus Bothrops belong to the family Viperidae and are the most 

widely distributed species in Latin America. Bothrops moojeni is a snake known in Brazil by 

several names, such as "caiçaca", "jararacão", "jararaca" and "comboia", and is often found in 

regions with hot and dry climates (Alcântara et al., 2018). The venom of B. moojeni (VBm) 

contains a variety of toxins (enzymes), including phospholipase A2 (PLA2), metalloproteinases 

(SVMPs), serine-proteinases, hyaluronidases, among others that can produce biological actions 

(Menaldo et al., 2017; Aguiar et al., 2019). 

The VBm presents local toxic effects that include a pronounced inflammatory response, 

pain, hemorrhage, edema, and myonecrosis at the sting site, which depending on the intensity, 

can lead to necrosis of deep tissues, systemic damage, and lethality (Carvalho et al., 2018). The 

inflammatory response induced by the VBm is primarily characterized by intense edema, 

produced by factors such as the direct action of venom components on the microvasculature, 

increasing the permeability of capillaries, recruitment of inflammatory cells, and exacerbation 

of the production of endogenous mediators such as histamine, prostaglandins, kinins, and other 

pro-inflammatory agents (Sunitha et al., 2015; Picanço et al., 2016). 

In ophidian accidents, the inflammatory response mechanism is not entirely neutralized 

after antibothropic serum administration, resulting in significant tissue damage at the site of 

venom inoculation, especially when the serum is administered late. Therefore, supplementation 

with anti-inflammatory drugs and other therapies is required to reduce the venom's local effects 

(Picolo et al., 2002; Fonseca et al., 2004). 

Therapeutic ultrasound (TUS) is a non-invasive resource commonly employed in 

physiotherapeutic routines and stands out as a valuable treatment option for tissue repair 

(Martins et al., 2011). TUS employs ultrasonic waves via a transducer to generate longitudinal 

sound energy that can penetrate biological tissues and induce cellular changes through 

mechanical and thermal effects. These effects increase cellular metabolism, blood flow, oxygen 

supply, permeability, and local temperature (Olsson et al., 2008). 



Phonophoresis is a technique that uses TUS in association with a pharmacologically 

active agent, which enables drug permeation and facilitates transcutaneous passage. The use of 

phonophoresis in topical applications increases cell membrane permeability, resulting in 

decreased cutaneous resistance, and increases blood flow, allowing for greater penetration and 

absorption of pharmacological agents (Lima et al., 2020). Therapeutic advances have been 

proposed that involve combining phonophoresis with nanoformulations to enhance therapeutic 

effects and improve drug absorption and administration to target tissues (Dos Santos 

Haupenthal et al., 2020). 

Therapeutic effects can be optimized when using drug delivery systems in 

nanoformulations. Nanoformulations are pharmaceutical forms that transport drugs at 

nanometric scales, usually less than 300 nm. The use of these formulations can improve their 

therapeutic index and reduce toxic properties, enhancing pharmacokinetics, biodistribution, and 

efficacy (Assis et al., 2012; Patra et al., 2018). Nanoemulsions are a class of nanoformulations 

containing dispersed systems between two immiscible liquids, containing an aqueous and an 

oily phase stabilized by a surfactant (Ostertag et al., 2012). They have advantages such as 

increased stability, greater penetration power through biological membranes, and improved 

bioavailability and solubility, which increases therapeutic potential (Irache et al., 2011). 

Rosmarinus officinalis L. is a perennial plant popularly known as "rosemary", 

originating from Mediterranean regions and belonging to the Lamiaceae family. R. 

officinalis is cultivated worldwide due to its nutritional and pharmacological properties 

(Rodrigues et al., 2020; Cosme et al., 2022). Essential oil is extracted from R. 

officinalis (EORO), which has a chemical composition rich in monoterpenes such as 1,8-

cineole, α-pinene, limonene, and camphor (Takayama et al., 2016). Previous studies have 

demonstrated the significant anti-inflammatory, analgesic, and antioxidant effects of EORO 

and its nanoemulsion in experimental models (Takaki et al., 2008; Borges et al., 2017; Borges 

et al., 2019). 

Due to the significant anti-inflammatory activity attributed to EORO and its 

nanoemulsion, as well as the need for effective therapeutic approaches that minimize the 

inflammatory effects and tissue damage caused by ophidian accidents, this study aimed to 

evaluate the anti-inflammatory effect of R. officinalis nanogel application associated with 

phonophoresis on muscle injury induced by venom from the snake Bothrops moojeni in Wistar 

rats. 

 

 



Material and Methods  

Obtaining the essential oil of R. officinalis (EORO) 

 

 The EORO (Lot 056757-LC02062016DA) was acquired from the company Florien (São 

Paulo, Brazil). According to the company's quality certificate, the EORO was extracted from 

the leaves of the R. officinalis species. 

 

Chemical analysis of the EORO by GC-MS 

 The analysis of the chemical composition of the EORO was performed using gas 

chromatography-mass spectrometry (GC-MS), where 100 μL of EORO was dissolved in 2 mL 

of CG-MS grade Hexane. The analysis was carried out using a Shimadzu/GC-2010 instrument, 

Shimadzu/AOC-5000 auto-injector, and mass detector (Shimadzu MS2010 Plus) with 

electronic impact (70 eV), equipped with a DB-5MS fused silica column (Agilent Advanced 

J&W; 30 m × 0.25 mm × 0.25 μm). The following parameters were used: split ratio 1:30; 

Helium as the carrier gas (65 kPa); injection volume of 1.0 μL; injector temperature at 250 °C; 

detector temperature at 250 °C; initial column temperature at 60 °C for 1 min; heating rate of 3 

°C min-1 to 290 °C. The total analysis time was 41.30 minutes. Compound identification was 

performed by comparing the fragmentation pattern of the compounds with the mass spectrum 

library contained in the NIST 5.0 equipment (Rodrigues et al., 2020). 

 

Obtaining, characterizing and stability of the nanoemulsion (NAE) 

The nanoemulsion (NAE) was prepared using a low-energy technique, following the 

methodology described by Borges et al., (2017). For a final mass of 20 g, 90% water, 5% 

EORO, and 5% Tween 20 were used. Initially, a phase was prepared by adding EORO and 

Tween 20, and the mixture was stirred using a magnetic stirrer (750 rpm) for 30 min. Then, the 

aqueous phase was added at a flow rate of 5.0 mL/min with constant stirring for 60 min. The 

stability of the nanoemulsion was evaluated on the 1st, 7th, 14th, and 30th days after 

preparation, using macroscopic analysis of color, visual appearance, phase separation, and 

sedimentation. The particle size and polydispersity index were evaluated using a Zetasizer 5000 

instrument (Malvern Instruments, Malvern, UK). The NAE was diluted using ultrapure Milli-

Q water (1:25), and the measurements were performed in triplicate, with values expressed as 

mean and standard deviation. 

 

Incorporation of NAE in Carbomer Gel 



Carbomer gel (Carbopol®) was prepared using phase A: Methylparaben (0.3%), 

Propylparaben (0.2%), Propylene Glycol (4%); phase B: Carbopol® (2%), Distilled Water 

(93.5%). Components of phases A and B were heated and then slowly mixed with a mechanical 

stirrer until a gel-like appearance and characteristic was obtained. The pH was adjusted to 6.5 

using triethanolamine. 10 g (20%) of NAE was weighed and added to 40 g (80%) of Carbopol® 

gel, which was then stirred on a magnetic stirrer (750 rpm) for 120 minutes, resulting in a final 

formulation of 50 g. The gel/NAE ratio was determined by macroscopic characteristics of the 

nanogel formed, phase separation, appearance, color, odor, topical spreadability, sliding and 

coupling of the ultrasound transducer at room temperature (Alves Barros et al., 2017; Lima et 

al., 2020). 

Ethical considerations, animals used, and obtaining Bothrops moojeni venom (VBm)  

 The present study was submitted to the Ethics Committee for Animal Use of the 

Federal University of Amapá, CEUA-UNIFAP, and was approved on November 3, 2022, under 

Protocol No. 020/2022.  

 In this study, male Wistar rats aged 21 days from the Multidisciplinary Center for 

Biological Investigation in Laboratory Animal Science (CEMIB) at the University of Campinas 

(UNICAMP) were used. During the study, the animals were housed in polyethylene boxes with 

stainless steel bars measuring 60 cm × 50 cm × 22 cm. They were kept in a climate-controlled 

environment for a period of acclimatization, grouped in groups of five animals per box, 

maintained under controlled temperature conditions (21 ± °C), with free access to food and 

drinking water, with a 12-hour light/dark cycle and bedding changes, in the Drug Research 

Laboratory of the Federal University of Amapá. 

 The VBm used in this study was lyophilized and obtained from the Serpentarium of 

the University of Alfenas, Alfenas, Minas Gerais, Brazil. The venom was dissolved in a vehicle 

solution and immediately injected into the animals during the assay. 

 

Experimental design and VBm-induced muscle injury in the gastrocnemius muscle of 

rats 

 The gastrocnemius muscle injury was performed as previously described by (Carvalho 

et al., 2021). 0.10 mg/kg of the B. Moojeni venom (VBm) was diluted in 100 μl of sterile 

saline solution and then administered into the left muscle of the rats. After the venom 

application, the animals were treated daily for 6 days with therapeutic ultrasound (TUS) or 

phonophoresis, as described below. 



The animals were divided into five experimental groups (n=5), with the group of 

normal animals (NOR) being the only group that did not receive treatment and had no injury 

induced by VBm; Untreated control group (UTD); Therapeutic ultrasound group (TUS); 

Group treated with dexamethasone phonophoresis at a dose of 0.5 mg/kg in gel (DEX); Group 

treated with NAE nanogel phonophoresis at a dose of 0.5 mg/kg (NAE). The therapeutic 

ultrasound and phonophoresis parameters were as follows: frequency of 1 MHz, pulsed at 

20%, intensity of 0.6 W/cm2, and effective radiation area (ERA) of 3 cm2 (Dos Santos 

Haupenthal et al., 2020). The application was directly on the central region of the 

gastrocnemius muscle with slow, circular, and uniform movements, using the Sonopulse 

Special Ibramed equipment (Imbramed Company, Brazil). 

 

Evaluation of CK and myoglobin levels in blood collected from the animals 

 The animals were anesthetized, and 1.0 ml of blood was collected from the retro-

orbital plexus. The collected blood was centrifuged for 10 minutes at 5,000 rpm, and the serum 

levels of total creatine kinase (CK) were quantified using the CK-NAC Liquiform kit (Labtest, 

Minas Gerais, Brazil). The samples were analyzed using a UV-VIS spectrophotometer model 

UVmini-1240 (Shimadzu Corporation, Kyoto, Japan). The analysis of myoglobin levels was 

performed using the instructions for the APOTITM reagent kits (Acro Biotech Inc. California, 

USA). 

 

Euthanasia, leukocyte quantification, and histopathological evaluation of VBm-induced 

injury in the gastrocnemius muscle 

 The animals were euthanized with thiopental overdose, and the gastrocnemius muscle 

was removed and weighed on an analytical balance (Bel, Model: M214AIH, São Paulo, Brazil). 

A portion of the muscle was separated for histopathology, and 400 mg was ground with a 

scalpel blade and homogenized in 2 mL of PBS. The suspension was incubated for 30 min and 

then filtered with gauze. A fraction of the filtered solution was diluted in Turk's solution (1:20) 

for total leukocyte counting in a Neubauer chamber. 

 Samples of the gastrocnemius muscle for histopathological analysis were prepared 

according to the technique described by Carvalho et al., (2018). The samples were dehydrated 

successively in graded alcohols of 70%, 80%, 90%, and 100%, clarified with xylene, and 

embedded in paraffin at 60 ºC. Tissue samples were sectioned with a thickness of 5 µm using 

a semi-automatic rotary microtome (CUT 5062 SLEE model), and the sections were stained by 

the Hematoxylin-Eosin (H/E) method. The slides were analyzed using an Olympus optical 

microscope (Model: CX31trinocular) with a 40X objective, where inflammatory infiltrate foci 



in the muscle, intact muscle fibers, and those with myonecrosis were observed (Sousa et al., 

2013). 

 

Statistical analysis of the results 

Values are presented as mean and standard deviation. One-way analysis of variance 

(ANOVA) followed by Tukey's multiple comparisons test was performed. Results that showed 

differences of P<0.05 were considered statistically significant between groups. 

 

Results and discussion  

Regarding the chemical analysis of EORO by gas chromatography-mass spectrometry 

(GC-MS), it was possible to perform peak integration and identification by comparing the 

fragmentation spectra with the GC-MS library, which allowed the identification of 14 terpenic 

compounds present in EORO representing 93.82% of the compounds, predominantly 

Limonene, with a percentage of 5.08%, 1,8-Cineole with 35.28%, and Camphor with 46.92% 

(Fig. 1; Table 1). 

These chemical results corroborate those found by other authors, who report high 

concentrations of Camphor and 1,8-Cineole in EORO, with values ranging from 15% to 45% 

(Fernandes et al., 2013; Borges et al., 2017). Studies conducted by Duarte et al., (2015) and 

Satyal et al., (2017) on EORO highlighted the main constituents as the monoterpenes camphor, 

1,8-cineole, α-pinene, and limonene. 

From EORO, a nanoemulsion (NAE) was obtained from the essential oil of R. 

officinalis, and its stability was evaluated for 30 days. During the period, the NAE did not show 

any changes, such as phase separation or color changes (white/opaque). In addition, it was 

observed that the average droplet diameter varied from 213±2.1 (1st day) to 153.9±2.7 nm (30th 

day), with a polydispersity index ranging from 0.10±0.001 to 0.13±0.01 during the same study 

period (Fig. 2). 

The results obtained in this study are similar to what has been found in other works, 

where it is described that the long-term stability of nanoemulsions depends, in part, on the 

size of the formed droplets, as nanoemulsions with relatively large droplets (above 590 nm) 

easily lose stability. On the other hand, nanoemulsions with smaller droplets remain stable for 

long periods without phase separation, coalescence, aggregation, or creaming (Mikulcova et 

al., 2017; Karthik et al., 2017). Studies conducted by Fernandes et al (2013) and Duarte et al 

(2015) corroborate our results, as they obtained stable nanoemulsions of R. 



officinalis essential oil with a mean droplet diameter ranging from 97.12 to 237.8 nm and low 

polydispersity. 

After evaluating the stability of the nanoemulsion (NAE), it was incorporated into a gel. 

Due to the liquid nature of the NAE, which makes it difficult to apply topically with 

phonophoresis, it was combined with a hydrogel to increase its viscosity and enable topical 

application via the pathway associated with ultrasonic waves. The final concentration of the 

formulation resulted in 20% NAE in Carbopol® gel. The formulation did not show phase 

separation or any changes indicating loss of stability during the tests and facilitated the sliding 

of the ultrasound transducer at the application site. 

The venom of snakes from the genus Bothrops is characterized by causing an 

accelerated inflammatory process in the inoculation site, resulting initially in intense edema. 

This inflammatory response is caused by various factors, including the direct action of venom 

components on the microvasculature, increased permeability, and exacerbation of the effects of 

endogenous mediators such as histamine, prostaglandins, and other pro-inflammatory 

substances (Sunitha et al., 2015). 

In this study, the application of B. moojeni venom at a dose of 0.10 mg/kg to induce 

inflammation in the left gastrocnemius muscle was found to be effective, as intense edema was 

observed in the UTD group throughout the study (Fig. 3), with a high area under the curve 

(12.290±0.617), indicating a significant increase in muscle volume. Regarding the groups 

treated with TUS, DEX, and NAE, it was possible to observe that the treatments significantly 

reduced edema formation throughout the treatment (p<0.001). At the end of the analysis time, 

the area under the curve (AUC) of the edema volume evolution showed that the groups treated 

with DEX (5.946±0.704) and NAE (4.008±0.460) had a better anti-edematogenic effect 

(p<0.001), followed by the TUS-treated group with p<0.01 and an AUC of 10.450±0.387. 

The anti-edematogenic activity of NAE can be attributed to the action of terpenes, 

mainly the predominant monoterpenes such as 1,8 cineole, limonene, and camphor, on reducing 

the venom-mediated release of endogenous inflammatory mediators and by optimizing their 

absorption facilitated by ultrasound application. 

Studies have shown that monoterpenes have anti-inflammatory action by reducing the 

synthesis of arachidonic acid derivatives, such as prostaglandin E2 (PGE2), thromboxane A2 

(TXA2), prostacyclin (PGI2), and leukotriene B4 (LTB4) (Borges et al., 2017; Rodrigues et al., 

2020). A study conducted by Leal et al. (2016) corroborates our findings. In the study, a gel 

containing Ximenia americana extract associated with therapeutic ultrasound was applied, and 

both ultrasound and phonophoresis application of the extract were able to present an anti-



inflammatory effect in rat tendinitis. Moreover, it infers that the anti-inflammatory result is due 

to the sum of the effects of ultrasound and optimized drug action. 

These mechanisms provide insight into how NAE modulates anti-inflammatory activity. 

DEX, a corticosteroid drug, on the other hand, has anti-inflammatory effects through a variety 

of mechanisms, most notably by inhibiting PLA2 and thus reducing the production of 

inflammatory mediators (Marchionni et al., 2006). In addition, Maia-Filho et al. (2010) reported 

that the application of corticosteroid anti-inflammatory drugs has an optimized action when 

associated with ultrasound. According to other studies, substances with anti-inflammatory and 

antioxidant properties can significantly reduce the edematogenic effects of the VBm (Sunitha 

et al., 2015; Félix-Silva et al., 2017). 

In this study, serum levels of the enzyme creatine kinase (CK), myoglobin, 

inflammatory cell count, and histopathology of the muscle tissue were also evaluated to 

measure the extent of inflammation and tissue damage caused by VBm application in the 

muscle. 

When CK levels were evaluated (Fig. 4.A), it was observed that the UTD group showed 

elevated values, with serum levels of 499.3±18.6 U/L, which was statistically significant 

(p<0.001) when compared to the NOR group (280.6±21.04 U/L). On the other hand, it was 

possible to observe that the group treated with TUS showed a significant decrease (p<0.001) in 

CK levels (381.2±33.1 U/L) when compared to UTD. The groups treated with DEX and NAE 

phonophoresis also demonstrated significant reductions in CK concentrations compared to the 

UTD group, presenting the lowest values observed, with 332.6±15.7 and 323.3±12.4 U/L, 

respectively. 

The levels of myoglobin (Fig. 4.B) showed a profile of alterations similar to those 

observed in CK, with the UTD group expressing a significant elevation (25.3±7.5 ng/ml, 

p<0.001) compared to the NOR group. The groups treated with TUS, DEX phonophoresis, and 

NAE also showed a significant decrease (p<0.01) in myoglobin levels compared to the UTD 

group. 

CK is a cytoplasmic enzyme found in skeletal muscle. Muscle injury increases 

concentration, and excessive changes reflect advanced muscle necrosis (Ely et al., 2000; Alves 

et al., 2019). The elevated levels of CK and myoglobin in the UTD group reinforce the 

significant tissue damage, as this concurrent increase strongly indicates muscle damage 

followed by necrosis (Moniz et al., 2017). 

Myoglobin is a globular protein with low molecular weight found in skeletal and cardiac 

muscles. Its low molecular weight allows it to be rapidly released into the bloodstream after 



muscle damage (Silva; Moresco, 2011). The decrease in myoglobin levels observed in the TUS, 

DEX, and NAE groups indicates the effectiveness of these treatments in VBm-induced muscle 

injury. 

In the study by Sharp et al (2020), it was reported that muscular damage leads to a 

significant increase in CK and myoglobin levels. Lima et al., (2020) evaluated the anti-

inflammatory action of Copaifera reticulata nanogel associated with phonophoresis in muscle 

injury caused by mechanical damage. Their findings revealed that the combined use of 

ultrasound and nanogel was able to significantly reduce CK levels and contribute to muscle 

tissue repair. Additionally, it reinforces that anti-inflammatory agents may be a viable and 

effective alternative in the treatment of muscle injuries, especially when associated with 

nanostructured anti-inflammatory active principles in gel form, as is being addressed in this 

study. 

In the study by Carvalho et al., (2020), which evaluated the anti-inflammatory effect of 

Cannabis sativa oil nanoemulsion, it was demonstrated that the treatment reduced CK levels 

and showed a significant decrease in the number of inflammatory cells and muscle regeneration. 

These results are consistent with those observed in this study, as when the levels of CK 

are related to the count of inflammatory cells and the histopathology of the muscle, a significant 

leukocyte infiltration is observed in the UTD group, with 2.12x10-4 Cells/mm3 (Fig. 5), 

presenting a significantly higher value (p<0.001) when compared to the NOR group (0.15x10-

4). In the groups treated with TUS, DEX, and NAE, extremely significant reductions (p<0.001) 

of the leukocyte infiltration were observed, with cell count values of 1.27x10-4, 0.75x10-4, and 

0.87x10-4 Cells/mm3, respectively. 

In the histopathology of the gastrocnemius muscle (Fig. 6), it is observed that the UTD 

group showed intense myonecrosis with a predominance of muscle fiber destruction, in addition 

to a marked leukocyte infiltration that justifies the high CK values observed. In the groups that 

showed reduced CK values, such as TUS, DEX, and NAE, normal muscle fibers or with little 

necrosis are predominant, suggestive of tissue regeneration and slight leukocyte infiltration, 

reinforcing the anti-inflammatory effect of these treatments. 

The set of results observed for the TUS, DEX, and NAE groups reinforces the anti-

inflammatory effect of these groups, as the decrease in inflammatory cells at the site of VBm 

inoculation strongly indicates an anti-inflammatory effect. In the study by David et al., (2022), 

which evaluated photobiomodulation after injection of Bothrops alternatus venom into mouse 

muscles, it was reported that the anti-inflammatory effect was accompanied by a reduction in 

edema, cellular infiltration, and myonecrosis. 



Mice that received an intramuscular injection of Bothrops atrox venom showed 

decreased tissue damage when treated with substances that inhibit PLA2. In part, the tissue 

damage caused by the VBm is due to the action of PLA2 present in the venom (Silva et al., 

2007; Straut et al., 2013). Anti-inflammatory drugs that inhibit the formation of pro-

inflammatory mediators effectively reduce edema and chemotactic recruitment of inflammatory 

cells, thereby contributing to the reduction of VBm damage (Picanço et al., 2016; Carvalho et 

al., 2018). 

The muscle tissue repair process consists of molecular and cellular events that can be 

accelerated by specific therapies such as therapeutic ultrasound and phonophoresis. In a study 

that evaluated the effects of phonophoresis associated with ibuprofen nanoparticles on muscle 

injury in rats, the treatment significantly reduced tissue damage, presenting regeneration of the 

muscle structure. These results are directly linked to the reduction of oxidative stress and the 

reduction in TNF-a and IL-1 levels, with a concomitant increase in anti-inflammatory cytokines 

levels (Haupenthal et al., 2020). 

 

Conclusion 

Based on the obtained results, it was possible to demonstrate the modulatory 

effectiveness on the inflammatory process and muscle injury induced by VBm, both from TUS 

treatment and phonophoresis associated with R. oficinalis nanogel, demonstrating the ability of 

the treatments to attenuate tissue damage and increase repair. Snake antivenoms poorly 

neutralize tissue lesions caused by the venom. Therefore, therapies that assist in reducing the 

inflammatory process are important resources that minimize the local harmful effects caused 

by the components of B. moojeni venom. 

Phonophoresis plays an important role when employed in therapeutic combinations with 

anti-inflammatory agents, improving permeation and absorption and significantly increasing 

therapeutic effects with optimization of treatment time. Based on the obtained results, the 

therapeutic model employed in this study may be an effective treatment option for ophidian 

accidents. 

 

 

 

 

 

 



Fig. 1. Chromatogram obtained by gas chromatography-mass spectrometry (GC-MS) from the EORO 

analysis, where: Peak 3 - Limonene (5.08%), Peak 4 - 1.8-cineole (35.28%) and Peak 10 - Camphor 

(46.92%). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Chemical constituents of Rosmarinus officinalis L. essential oil (EORO) determined by GC-

MS analysis. Rt (Retention time in minutes). 

 

Peak Compound Rt (min)              Percentage (%) 

1 β-myrcene 6.122 1.67 

2 o-cymen 6.490 0.56 

3 Limonene 8.474 5.08 

4 1,8-cineole 8.708 35.28 

5 α-Terpinene 10.549 0.70 

6 Terpinolene 10.728 1.56 

7 γ -Terpinene 11.188 0.11 

8 β-linalool 11.531 0.41 

9 ** 11.639 0.23 

10 Camphor 11.927 46.92 

11 Borneol 12.478 0.62 

12 α-terpineol 12.791 0.12 

13 α-campholenal 13.171 0.15 

14 Verbenone 13.277 0.55 

15 β-caryophyllene 13.345 0.09 

                 Total identified              93.82 

**Not identified. 
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Fig. 2. Analysis of the R. officinalis nanoemulsion (NAE) stability over 30 days. (A) Average variation 

in particle size, (B) Average variation in polydispersion. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Effect of TUS treatment and DEX (0.5 mg/kg) and NAE (0.5 mg/kg) phonophoresis on 

inflammation induced by intramuscularly administered Bothrops moojeni venom (0.10 mg/kg) in the 

left gastrocnemius muscle of rats. (A) Expresses the evolution of edema in the muscle (mm) as a function 

of time (days). (B) Expresses the area under the curve (AUC) obtained from the evolution of edema in 

the muscle. Results are presented as mean ± SD (n=5 animals/group). Differences between groups were 

analyzed by one-way analysis of variance (ANOVA), followed by Tukey's test. ***(p<0.001), 

Statistically significant result versus UTD group. 

 

 

 

Fig. 4. Effect of treatment with TUS and DEX (0.5 mg/kg) and NAE (0.5 mg/kg) phonophoresis on 

levels of (A) creatine kinase (CK) and (B) serum myoglobin in rats with muscular inflammatory 

infiltrate induced by application (i.m) of 0.10 mg/kg of Bothrops moojeni venom in the gastrocnemius 

muscle. Results are presented as mean ± SD (n=5 animals). Differences between groups were analyzed 
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by one-way analysis of variance (ANOVA), followed by Tukey's test. ***(p<0.001), Statistically 

significant result versus UTD group.

Fig. 5. Effect of treatment with TUS and phonophoresis of DEX (0.5 mg/kg) and NAE (0.5 mg/kg) on 

muscular inflammatory infiltrate induced by application (i.m) of 0.10 mg/kg of Bothrops moojeni venom 

in the left gastrocnemius muscle of rats. Quantification of total leukocytes in the muscle after the 

treatment period. Results are presented as mean ± SD (n=5 animals). Differences between groups were 

analyzed by one-way analysis of variance (ANOVA), followed by Tukey's test. ***(p<0.001), 

Statistically significant result versus UTD group. 
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Fig. 6. Histopathological analysis of the effect of treatment with DEX (0,5 mg/kg) and NAE (0,5 mg/kg) 

on muscular inflammatory infiltrate induced by application (i.m) of 0.10 mg/kg of Bothrops 

moojeni venom in the left gastrocnemius muscle of mice. Asterisks: Leukocyte infiltrate; Black 

arrows: Myonecrosis and muscle fiber destruction, Arrowheads: Muscle fibers with little necrosis. 
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