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Introduction
Inflammation and C-Reactive Protein
Orchitis is quite simply an inflammation of the testicular 
tissue in progress. In our study, we observed a notable 
increase in the levels of C-reactive protein (CRP). The 
liver manufactures this specific Class II acute phase 
protein, meaning it serves as a marker during the initial 
stage of inflammation and other injuries concerning cell/
tissue damage. Therefore, based on that kind of response 
to testicular inflammation, it appears plausible that CRP 
might give some indication or even be a marker to just how 
bad things may have gotten within the male reproductive 
system. These data suggest that further investigation is 
warranted to better understand the contribution of CRP 
in orchitis.1

An inflammatory response is a natural mechanism of 

the body to remove the injurious agent or start the healing 
process. Irritation is observed at the cellular level, where 
interstitial (between organs), vascular (blood or lymph 
circulation), and disorganization of brain tissue damage 
classes are grouped together. Inflammation occurs when 
irritation clears the way for defensive reactions and causes 
blood to flow into the injured region, thus producing 
redness. Macrophages or neutrophils, on the other hand, 
would limit pro-inflammatory cytokines and enable 
tissue/cell repair.2

Testicular irritation disrupts testicular function and 
causes a few serious diseases. The resistive framework and 
aging are two examples of close and/or distant natural 
changes that may affect testicular organs. Macrophage-
secreted cytokines govern the resistant system’s reaction 
and cerebral and vascular tone.3
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Abstract
Introduction: All three degrees of inflammation (cellular, tissue, and systemic) are normal 
reactions that our bodies have to foreign substances. Cellular damage from bacteria, viruses, and 
even cancer can be warded off with the aid of these reactions. An efficient non-pharmaceutical 
method of treating inflammation is frequently seen as physiotherapy. In this study, the effects of 
ultrasonic treatment (US) and low-level laser therapy (LLLT) on the levels of C-reactive protein 
(CRP) in rats with inflamed testicles are investigated.
Methods: Three groups, each including eighteen male rats, were established: the control group 
(C), the US group (which received ultrasonic treatment), and the LLLT group (which received 
low-level laser therapy).
Results: The blood CRP levels in the US group were significantly lower than those in the control 
and LLLT groups.
Conclusion: Findings suggest that ultrasound might be more effective than LLLT in treating 
testicular inflammation, as shown by the decrease in blood CRP levels.
Keywords: C-reactive protein (CRP); Low-level laser therapy (LLLT); Ultrasound (US).
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The majority of obsessive and physiochemical elements 
influencing blood tests are due to barriers and work. 
Blood test limits, like blood-brain borders, are the most 
unusual and baffling aspects of the sexual organ and 
brain blockage. They play a critical role in maintaining 
the testis environment. The unique ultrastructure of the 
blood-testis barrier is composed of endothelial cell-rich 
vasculature and tight junctions that prevent actin from 
passing between Sertoli cells and their stem cells. This 
obstacle includes transmembrane proteins and junctional 
sticky atoms. When these obstructions are broken, the 
conveyance and substance of intracellular proteins 
change, resulting in crucial damage to the gonads and 
generating inflammation.4

CRP is most commonly used in clinical settings as a 
measure of irritation. With its use, incendiary diseases 
may be distinguished from noninfective clutters that 
have similar severe stage responses. Furthermore, various 
reactions that are commonly associated with elevated 
CRP and the acute stage reaction are also associated 
with increased overall mortality. When an irresistible 
or noninfectious offense occurs, elevated CRP levels in 
the circulation usually rise early, and they develop in 
proportion to the degree of damage that hastened them.5

Ultrasound Therapy
The restorative ultrasound application employs a 
frequency of less than 3 MHz, and the ultrasound frame 
has both warm and non-thermal consequences. Warm 
impacts are used to reduce swelling, improve cell layer 
penetration, speed up chemical supply, increase the local 
digestive system, reduce solid fitful impacts, and provide 
pain-relieving advantages. Non-thermal impacts are 
often preferred due to their good effects on healing and 
recovery, which are more particular in physical therapy 
patients and can regulate biochemical and physical 
changes. This is because they inevitably provide support 
to tissues that are undergoing repairing activities.6

Phonophoresis can be performed via non-thermal 
impact. The cavitation impact is observed in useful 
ultrasonic applications when a sound wave interacts 
with a tissue containing gas atoms. According to studies, 
this type of cell partition accelerates lymph flow and cell 
recovery, making these forms critical for the healing 
process. This method also includes tissue recovery and 
emission. This ultrasonic feature is used for bone-tissue 
and tendon-ligament mending treatments.7

Laser Therapy
The laser therapy hypothesis is founded on the modifying 
effect of the application of vitality in the location of 
the emission. Lights are characterized as close- or far-
infrared based on the framework being used. Power and 
light periods also shift. The action is non-invasive, and 
the superficial interchange of vitality frequently results 

in increased tropism, alterations in the atomic makeup 
of the damaged tissue, and a speeding up of responses to 
tissue aggravation. Safeguards are essential to safeguard 
the animal’s safety during laser therapy. To acquire 
useful results, a few variables must be addressed. A few 
pieces of experimental data, which include an increase 
in microcirculation, an increase in the speed of the 
cellular reaction and collagen generation, an increase in 
supplement delivery, and an increase in anti-inflammatory 
activity, have been provided for the laser parameters that 
were used. The data show how the influence of the laser 
is filtered by different fabric levels, which might apply to 
tissues.8

Chromophores absorb laser light and convert it into 
natural movement. Photochemical forms accelerate 
and stimulate collagen production, which also includes 
phagocytic, endothelial, and fibroblast cells. Laser hits 
are inhibitory. It is often used to treat musculoskeletal 
structural disorders. Torment administration, irritation 
reduction, tissue and cell mending and repair employing 
circulation acceleration, immunological and provocative 
impact reduction, enzymatic activation, inhibition of 
cell division, and irresistible specialist obliteration are 
examples of beneficial applications.9

Experimental Design
Eighteen young adult male-skinned rats weighing 
between 150 and 200 g were used in this test as part of 
a kindling testicular exploratory rodent exhibition. 
They were uncovered to the identical bacterial media 
enhanced by direct injection to provide the appearance 
of an aroused testis. Following the formation of the 
flaming gonad, the rats were divided into three groups. 
These are the bunches for ultrasound and laser therapy, 
as well as the kindled testicular control bunch. All of the 
rats’ blood tests were extracted, and samples from both 
solid and stimulated testicular tissues were homogenized. 
Rodent blood plasma was tested for biochemical analysis 
and quantitative CRP levels as this method complements 
the biochemical measurement of serum CRP levels by 
offering a localized assessment of inflammatory changes 
within the testicular tissue.10

CRP is a marker of systemic inflammation, which 
is linked to cancer progression and survival outcomes 
in urological cancers. CRP was selected as a primary 
endpoint due to its established role as a systemic marker 
of inflammation in acute and chronic conditions.11

Serum Analysis
Rodent ELIZA Packs CRP was obtained from Elabscience 
Biotechnology Co. Ltd, Building 4, Room 403, Guandong 
Science and Innovation Industry, Wu Han, PRC.

Equipment
	• Stat Fax®2100 - Microplate Peruser (Mindfulness 
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Innovation, Inc.), PO Drawer 1679, Palm City, FL 
34991. 

	• Ultrasound (Primo Combination 860 treatment 
equipment acquired from S.A.G. Worldwide for 
Therapeutic Equipment, Nasr City, Cairo, Egypt).

	• Chattanooga Judgment Skills Versatile Laser 2779 - 
Lesson 3B: Moo Level Laser. The treatment had the 
following parameters: Type of laser: Diode laser, 
Emission mode: Continuous wave, Time on/Time off: 
Continuous operation, Delivery system: Handpiece 
with fiber optic cable, Energy distribution: Uniform, 
Peak power: 1600 mW, Average power: 200 mW, Spot 
diameter at the focus: 3 mm, Focus spot area: 7.07 
mm², Spot diameter at the tissue: 4 mm, Focus-to-
tissue: 1:1.33, Spot area at the tissue: 12.57 mm², Peak 
power density at spot area: 226.8 W/cm², Peak power 
density at the tissue: 127.2 W/cm², Average power 
density at spot area: 28.3 W/cm², Average power 
density at the tissue: 15.9 W/cm², Beam divergence: 9 
degrees, Water irrigation: Not applicable and Air and 
aspirating airflow: Not applicable. (Main Control: 
120-240 VAC, 50-60 Hz purchased from Servomed 
Universal Co., Cairo, Egypt, 1, Abdel Wahab Selim 
Al-Beshryst., Sheraton-Heliopolis).

Experimental Animal Grouping
The Animal Core Facility at the Faculty of Agriculture, 
Minya University, provided us with eighteen adult male 
albino rats weighing between 150 and 200 g. The rats were 
housed at the College of Veterinary Medicine’s Physiology 
Laboratory for one week before the experimental protocol 
began at Minya University. The rats were kept in cages 
with a 12-hour light-dark cycle at a temperature of 25 °C. 
They had all the food and water. Therefore, we had these 
three groups of rats, each with six: (1) the control group 
(C); (2) Ultrasound (US): those who received underwater 
ultrasound therapy for 8 minutes at a smooth 1 MHz 
frequency, with a 3 cm square region on their heads 
receiving a mild 1.5 W of power per square centimeter. 
It seemed they were getting a gentle, circular, rhythmic 
massage from the ultrasound pulses.12 The statistician 
performing the data analysis was blinded to the group 
assignments to minimize bias in the interpretation of 
results. This study was conducted in accordance with the 
Declaration of Helsinki, ensuring compliance with ethical 
principles for research involving animals and adherence 
to institutional guidelines for animal welfare; (3) low-level 
laser therapy (LLLT) groups received LLLT therapy for 20 
seconds at 850 nm (Chattanooga), with a power output 
of 200 mW, a fluence of 3.6 J/cm2, and a frequency of 16 
Hz.13

Ten sessions total—two to three times per week for 
four weeks—were allocated to the application of US and 
Laser.10

Statistical Methods
We completed all of the numbers crunching for our 
experiment using the useful program GraphPad Prism 
6.07 from GraphPad Software Inc., which is based in 
La Jolla, California, USA. Outliers were identified using 
boxplots and the interquartile range (IQR) method. No 
outliers were detected in the dataset. Additionally, data 
normality was assessed using the Shapiro-Wilk test, which 
revealed that the data followed a normal distribution. 
Based on these findings, parametric statistical tests were 
applied to compare the groups. We looked at the average 
scores (the mean) and their range (the standard deviation) 
to get a sense of how dispersed things are. We used One-
Way ANOVA and Tukey’s HSD test to see whether there 
were any significant differences between our data groups. 
A significance threshold of P < 0.05 was used to indicate 
statistical significance.

Results
Serum CRP levels were significantly reduced in the US 
and increased significantly in the LLLT groups compared 
to the control group (P < 0.05). The US group showed 
a reduction in CRP levels, indicating its superior anti-
inflammatory efficacy. These findings are summarized in 
Table 1 and illustrated in Figure 1.

The comparative analysis of CRP levels suggests 
that ultrasound therapy is more effective than LLLT in 
mitigating inflammation and promoting tissue repair. 
Statistical analysis confirms a significant difference 
between the US and LLLT groups (P < 0.05), as shown in 
Table 2.

These findings provide robust evidence for the potential 
of ultrasound therapy as a superior non-pharmacological 
intervention for testicular inflammation. The 
advancement and specificity of this research will greatly 
aid in understanding the components of light therapy 
action.14

Discussion
As a result, empowering outcomes may be achieved by 
improving therapy-related evidence-based rules. The 
purpose of this work is to discern key biophysical and 
biochemical correlations in models of inflammation.15

Oxidants are subjected to increasing inflammation, 
resulting in increased CRP and scrotal hypertrophy. 
Ultrasonic and laser treatments, like inflammation, 
improve the conjunction and dissociation of light therapy 
and acute inflammation development. The employment 
of cell intelligence will make it easy to clarify the effect of 
pathways on testicles.16

These findings may also have an impact on the 
development of cancer preventive drugs. It is important 
to keep in mind that the oxidative push edge differs 
depending on the application and type of tissue.17

Because of these observations, academic research 
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into the application of ultrasound technology for the 
assessment of CRP levels may be enhanced. The main 
findings of the study indicate that CRP might be a useful 
biomarker in the context of ultrasonic mild hyperthermia 
therapy regimens. This suggests that including CRP 
measurement in ultrasound-based symptomatic norms 
may provide crucial therapeutic advice for identifying and 
monitoring provocative circumstances.18

The purpose of the evaluation was to explore the use 
of low-intensity and ultrasonic laser therapy on a certain 
incendiary worldview. After organizing both low-
intensity and ultrasonic laser mediations, the test subjects, 
especially the rats, were subjected to the effects of non-
pharmacological incendiary markers.19

Several pathophysiological viewpoints detect testicular 
irritation, one of which is the onset of aggravation, which 
results in an increase in proinflammatory cytokines.20

Previous research has demonstrated that both LLLT 
and US are effective strategies for reducing irritation. US 
is very important for its medicinal and preventive effects. 
More thought is needed to have a better grasp of the 
aspects that sustain the US’s viability in this regard.21

Ultrasound, particularly low-intensity pulsed 
ultrasound (LIPUS), improves microcirculation, 
facilitating nutrient and oxygen delivery to damaged 
tissues. Acoustic streaming and radiation forces generated 

by ultrasound promote fluid flow, redistributing essential 
signaling molecules and nutrients.22

Low-intensity ultrasound has been shown to 
reduce pro-inflammatory cytokines, promoting anti-
inflammatory gene expression and enhancing the activity 
of immunosuppressor cells. The induction of exosome 
biogenesis and docking further aids in the delivery of 
anti-inflammatory mediators to target cells, mitigating 
inflammation.23

Furthermore, LLLT provides a compelling therapy 
technique by regulating the production of incendiary 
cytokines.24

The current research indicated that ultrasonic therapy 
was more effective than laser treatment in relieving 
testicular discomfort, with CRP levels falling considerably. 
Despite obvious differences in both treatment groups 
when compared to the control group, the significant 
difference in outcomes suggests that ultrasonic treatment 
is more practical than laser treatment. The study reveals 
that in addition to their mechanical effects, ultrasound 
and laser vitality have a restorative influence, which 
includes the increased success of ultrasonic therapy in this 
situation.25

At this point, we may infer that halting all other 
pathogenic cascades may be considerably facilitated by 
the ability of US and LLLT to reduce CRP levels and 

Table 1. One-way ANOVA analysis results of control, US and Laser groups.

ANOVA

Source of Variation SS df MS F P Value F crit

Between groups 1.574 2 0.787 66.84 0.000 4.96

Within groups 0.177 15 0.012

Total 1.751 17

Note: F crit, Critical F value; MS, mean squares; SS, sum of squares.

Figure 1. Normal Values for the Mean and Standard Deviation Within the Control, Ultrasound, and Low-Level Laser Groups. Data represents SD
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diminish inflammatory symptoms.26

For the following reasons, therapy in the present trial 
provided during the inflammatory period may be more 
successful in decreasing CRP: CRP is less accurate at 
identifying non-bacterial inflammation. The benefits and 
drawbacks of using CRP must be carefully considered for 
each unique scenario. Gathering strong and weak evidence 
could help academics and decision-makers in the field of 
global health have more objective conversations in an 
often-divisive field.27

To our knowledge, no prior study has studied the 
influence of conventional US or LLLT on CRP levels in 
the blood during testicular inflammation in rats.28

Because of these concerns, treatment options may play 
an important role in reducing CRP levels and enhancing 
testicular healing throughout the inflammatory process. 
However, their efficacy may differ when compared to their 
performance in treating other inflammatory conditions, 
perhaps generating less favorable consequences for 
testicular recovery.29

One possible explanation for the effectiveness of the 
therapy in decreasing CRP levels might be connected to 
the timing of the study treatment; all medicines should be 
provided at the proper time to avoid worsening regulation 
rather than maximizing pathway balance.30

In contrast to this study, it was found that 50 mW laser 
therapy reduced the expression of TNF-α, IL-6, and IL-
1β, while 100 mW lowered the quantity of inflammation-
causing TNF-α.31

Others have seen a dose-dependent decrease in TNF-
alpha in acute lung injury caused by an intravenous 
injection of 10 mg ovalbumin in 0.5 ml, with LLLT 
starting at 0.11 Joules and given at a power density of 
31.3 mW/cm2 in 42 seconds. This apparent disparity 
may be resolved by employing a different animal model, 
modifying the LLLT parameters or altering the number 
and duration of therapeutic sessions.32

This study has several limitations. Firstly, while CRP is 
a widely used marker for systemic inflammation, it lacks 
specificity for orchitis, which limits its utility as a sole 
diagnostic tool; future studies should consider additional 
biomarkers. Secondly, the use of an animal model, while 
providing controlled experimental conditions, may 
not fully replicate the complexity of human testicular 
inflammation, necessitating further validation in human 
studies. Thirdly, the sample size, though sufficient for 
detecting significant differences, could be expanded in 
future research to enhance the robustness of the findings. 

Additionally, the study explored only specific parameters 
for ultrasound and laser therapies; varying intensities, 
frequencies, and durations should be investigated for a 
more comprehensive understanding. Lastly, the study 
did not evaluate the long-term effects of these therapies 
on testicular health and systemic inflammation, which 
highlights the need for follow-up studies to determine the 
durability of the therapeutic effects. It is worth noting that 
this research is part of a larger-scale investigation, which 
includes the study by Mahmoud et al examining the effects 
of ultrasound and laser therapy on a levofloxacin-induced 
rat model of knee osteoarthritis.10 The insights from that 
study helped inform our approach and interpretation of 
findings in the current investigation.

Conclusion
This study looked at three groups of experimental 
subjects: a control group, an US treatment group that 
got 1 MHz ultrasonic intervention, and an LLLT group 
that was exposed to an 850 nm wavelength. The empirical 
findings presented here demonstrate that US treatment 
was more successful in reducing testicular inflammation 
in rat models. For example, the US treatment resulted in 
a considerable decline in CRP levels, a known predictor 
of inflammation, when compared to both the control and 
LLLT groups. Given these findings, the authors advocate 
ultrasonic therapy as a better option for treating testicular 
inflammation in these animal models.
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Table 2. Post hoc Tukey’s HSD test analysis results of all group pairs.

Group Pairs MD (LL-UL) P Value

Control Ultrasound 0.45 (0.316-0.58) 0.000

Control Laser -0.27 (-0.4--0.13) 0.001

Ultrasound Laser -0.72 (-0.85--0.58) 0.000

LL, Lower Limit; MD, Mean Difference; UL, Upper Limit.
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