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Abstract 

 

This study evaluates the accuracy of the iPhone 13 Pro Max's LiDAR 

sensor for detecting and measuring cracks in construction structures. An 

experimental analysis compared LiDAR results with traditional methods 

such as laser scanning and calipers. Cracks larger than 1 cm were 

detected with 92% accuracy; however, accuracy decreased for cracks 

smaller than 1 cm due to technological limitations. The methodology 

involved the use of apps like 3D Scanner App™ and iPhone’s Measure 

app, complemented by Autodesk ReCap Pro analysis. Results confirm 

the LiDAR sensor's potential for preliminary inspections, emphasizing 

its accessibility and speed, though its precision is insufficient for small 

cracks. This work highlights the need for complementary techniques to 

enhance reliability in complex environments. 
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Resumen 

 

Este estudio evalúa la precisión del sensor LiDAR del iPhone 13 Pro Max 

para detectar y medir grietas en estructuras de construcción. Se realizó 

un análisis experimental comparando los resultados del LiDAR con 

métodos tradicionales, como el escáner láser y el escalímetro. Las grietas 

mayores a 1 cm fueron detectadas con una precisión del 92%; sin 

embargo, en grietas menores a 1 cm, la precisión disminuyó debido a 

limitaciones tecnológicas. La metodología incluyó el uso de aplicaciones 

como 3D Scanner App™ y Medición de iPhone, complementadas con 

análisis en Autodesk ReCap Pro. Los resultados confirman el potencial 

del LiDAR para inspecciones preliminares, destacando su accesibilidad 

y rapidez, aunque su precisión es insuficiente para grietas pequeñas. Este 

trabajo resalta la necesidad de técnicas complementarias para aumentar 

la fiabilidad en entornos complejos. 
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Introduction 

 

Technology is advancing considerably in recent 

years, microchips have developed with 

exponential capabilities allowing novel 

technology to be included in smartphones such 

as the Lidar sensor, (Light Detection and 

Ranging), was first introduced in the iPhone 12 

Pro and iPhone 12 Pro Max in 2020 (Apple, 

2020) 

https://www.apple.com/mx/newsroom/2020/10/

apple-introduces-iphone-12-pro-and-iphone-12-

pro-max-with-5g/. 

 

Lidar sensor 

 

LiDAR (Light Detection and Ranging) is a 

sensor technology that uses pulses of light to 

measure the distance of an object. It works by 

measuring the time it takes for a pulse of light to 

travel to the object and back to the sensor 

(Błaszczak-Bąk et al.,2023). This information is 

used to create 3D point clouds that can be used 

for a variety of purposes, such as surveying, 3D 

mapping, building inspection and cultural 

heritage documentation (Łabędź et al., 2022). 

 

Background 

 

The growing rise of smartphones and advances 

in sensor technologies have opened up a range of 

possibilities for scientific and low-cost 

applications (Błaszczak-Bąk et al., 2023). A 

particularly useful sensor in this context is 

LiDAR, which can be used to measure building 

elements, including the detection of cracks in 

walls (Łabędź et al., 2022). This sensor is based 

on time-of-flight (ToF) technology that 

determines the time it takes for a pulse or 

modulated light signal to travel the distance from 

an object. The integration of a LiDAR sensor in 

a mobile device such as Apple's iPhone XR 

presents great potential for building inspection, 

as it can capture 3D point clouds quickly and 

reliably. 

 

Several studies have demonstrated the 

effectiveness of the iPhone LiDAR sensor in 3D 

surveying and mapping applications, validating 

its accuracy and usefulness in cultural heritage 

documentation, building renovation assessment 

and measurement of forestry parameters 

(Luetzenburg, et al., 2021; Murtiyoso, et al., 

2021; Mêda et al., 2023; Teppati et al., 2022; 

Zaczek, 2022). 

 

Uses of the lidar sensor  

 

Błaszczak-Bąk et al. (2023), used LiDAR for the 

detection of surface defects in building walls. 

Their methodology involved the use of spatial 

measurement targets (SMTs) to improve crack 

detection. 

 

Łabędź et al. (2022), verified the accuracy 

of surface models of architectural objects 

generated with iPad LiDAR, comparing them 

with photogrammetric methods. 

 

Luetzenburg et al. (2021) evaluated 

iPhone 12 Pro LiDAR for geoscience 

applications, validating its usefulness in 

measuring forest parameters. 

 

Murtiyoso et al. (2021), explored the use 

of commercial-grade solid-state LiDAR for low-

cost cultural heritage documentation. 

 

Mêda et al., (2023), investigated the 

potential of iPad LiDAR for building renovation 

diagnosis, applying it to a case study. 

 

Teppati et al., (2022), evaluated Apple's 

LiDAR sensor for 3D surveys in the cultural 

heritage domain, demonstrating its effectiveness 

in capturing complex details. 

 

Zaczek, (2022), evaluated the iPhone 13 

Pro's LiDAR for inventory work, highlighting its 

ability to capture accurate data of small objects. 

 

Objective 

 

To determine the accuracy and feasibility of the 

iPhone LiDAR sensor for detecting and 

measuring cracks in building structures, 

comparing its results with traditional surveying 

technologies. 

 

Methodology 

 

Materials 

 

An iPhone 13 pro max, 256 gb, A15 Bionic chip, 

(https://www.apple.com/mx/newsroom/2021/09

/apple-unveils-iphone-13-pro-and-iphone-13-

pro-max-more-pro-than-ever-before/ ) was used 

to capture photographs and point clouds. 
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For the capture of the point clouds and 

digital editing in the 3d Scanner App™ Laan 

Labs (2024).(https://apps.apple.com/es/app/3d-

scanner-app/id1419913995). 

 

For the edition of the photographs and 

point clouds, an Asus laptop model: FX503V, 

with 32 Gb of Ram, 1 Tb SSD, an Intel® Core™ 

i5-7300HQ CPU@2.50GHz processor, NVIDIA 

GeForce GTX 1050 graphics card was used. 

 

Autodesk ReCap Pro (2024) software, 

which helps designers and engineers capture 

high-quality detailed models of real elements, 

was used for point cloud generation 

https://www.autodesk.com/mx/products/recap/o

verview?term=1-YEAR&tab=subscription. 

 

Method 

 

The proposal by Łabędź et al. (2022), introduces 

a methodology for measuring surface defects in 

walls using a smartphone with LiDAR sensor, 

which is fundamental to the study. This study 

proposes a new methodology for examining 

cracks in walls and the resulting displacement 

using the iPhone LiDAR sensor. (Błaszczak-Bąk 

et al., 2023; Łabędź et al., 2022), due to the flat 

and homogeneous nature of walls, the 

methodology uses spatial measurement targets 

(SMTs) to modify the geometry of the test object 

to facilitate crack detection. The methodology 

involves making measurements with the iPhone, 

both with and without SMTs, and then analysing 

the data obtained.  

 

The methodology chosen was based on 

other studies and the instruments available. The 

proposed research site was the Tcnológico de 

Estudios Superiores de Valle de Bravo. A search 

for cracks in different buildings and structures 

was carried out; a crack was located in a wall, 

although it is not a structural wall, it functions as 

an architectural wall, it was decided to study 

these dimensions, which was photographed and 

scanned by applying the Lidar sensor of the 

iphone 13 pro max, using the 3d cam scanner 

application to generate the point cloud, then the 

native application of the iphone measurement 

(Apple, 2024) 

(https://apps.apple.com/mx/app/medici%C3%B

3n/id1383426740) of augmented reality was 

used to measure the thickness and width of the 

crack. The crack was measured with a scalimeter 

to determine its thickness.  

After obtaining the results of the 

measurements, the point clouds generated by the 

lidar sensor were analysed in the Autodesk 

ReCap Pro software, the dimensions of the 

measurement application and the width of the 

crack with the scalimeter, looking for significant 

differences and data collection times. 

 

Results 

 

The chosen structure is a rigid frame which has 

a crack as shown in (figure 1), in a non-load 

bearing architectural wall of the column type, 

which is located in the toilets of the Architecture 

Department of the TESVB. The space was an 

appendix of the original project which causes 

settlements of the foundation and the structure in 

general, which over the years has suffered 

structural pathologies such as cracks in structural 

elements, the photo presents a non-structural 

crack as the construction material is a covintec 

wall of architectural facade. 

 

Box 1 
 

 

Figure 1 

Crack detected in a wall 
Source: Own elaboration 

 

The scanning of the rigid frame was 

carried out taking as a study the side with the 

widest and most extensive crack, due to the 

dimensions of the structure it was decided to use 

the free 3d scanner application that can be 

downloaded from the apple store, (Figure 2) 

shows the 3D model of the structure. After 

scanning, the point cloud information is saved in 

the internal memory and the file can be accessed 

in the application for subsequent measurements 

of the crack, which approximated a width of 1 

cm, indicating that it can be visualised with the 

naked eye in the 3D model.  
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Box 2 
 

 
 

Figure 2 

3D scan of the crack wall 
Source: 3d Scanner App ™ (2024) 

 

In the 3d scanner application the model 

can be moved in three dimensions and rotated 

which allows to obtain a better detail of the 

structure. In this case it was about detecting and 

measuring the crack with the tools to know the 

digital dimensions of the crack located in the 

model. In a (Figure 3) you can see the point 

cloud generated by the application which allows 

to have a 3D view of the frame structure where 

the crack is located. 

 

 

 

 

 

Box 3 

 

.  

 

Figure 3 

3d model point cloud 
Source: 3d Scanner App ™ (2024) 

 

The point cloud file obtained with the 

application was saved in a file with compatible 

extension coordinates (x,y,z) for the Autodesk 

Recap Pro software in (Figure 4) the scan result 

can be seen in more detail on the computer, 

which allows to analyse if another crack or 

fissure is located in the structure, the resolution 

is not the best as it requires post-processing and 

an annual subscription fee to generate a 

photographic detail view, using photogrammetry 

to generate a 3D mesh, which prevented a 

smaller scale approach to the crack making it 

difficult to appreciate and accurately measure 

the dimensions of the crack. 
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Box 4 

 

 
 

Figure 4 

Point cloud scanning with lidar sensor 
Source: Autodesk ReCap Pro (2024) 

 

We continued with the native iPhone 

application called measurement which works 

with the lidar sensor, it is based on augmented 

reality, which allows us to place a starting point 

by means of a reference origin placed in the 

centre of a circle, adding the plus button starts 

the linear measurement of a length which is 

generated at the same time as the circle is moved 

to where we want to know the distance, In 

(Figure 5) you can see the result generated by the 

augmented reality, giving as a result 1 cm the 

width of the crack, which allows to have a small-

scale accuracy so you have the certainty that the 

measurement can be +- 1 cm, which is the 

minimum error that has precision measurement 

application. 

 

The measurement of the width of the crack 

by means of the application measurement of the 

iphone 13 pro max did not manage to measure 

less than one centimetre, which infers that it is 

the maximum precision on a smaller scale, 

several measurements were taken to reach this 

conclusion, which allows to know which would 

be its application in surveys or measurements of 

low precision that does not require a millimetric 

precision, which implies another type of 

instrument to carry out these surveys. 

 

 

 

 

 

 

 

 

 

 

Box 5 

 

 
 

Figura 5 

Crack width measurement 
Source: App Measurement, Apple (2024) 

 

The length of the crack (Figure 6) shows 

the result, which was obtained in the same way 

as the width of the crack, not being necessary to 

climb a scaffolding to obtain the height of the 

structure, the length measurements can be kept, 

which allows a faster data collection, although 

the accuracy varied if it was too far away from 

the contact surface where the crack was located, 

If it does not make contact with the structure, it 

yields erroneous data, so care must be taken not 

to focus on any other place than the one 

indicated, this affects the accuracy of the lengths 

obtained.  

 

In general, this application is very intuitive 

to use, it does not generate any major difficulty 

and can be used by any untrained person with 

advanced knowledge. 

 

The precision in lengths greater than one 

metre presents centimetre approximations, 

which was appreciated in the crack width 

measurements, this implies a good precision in 

large lengths, since its precision would be in 

centimetres. 
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Box 6 

 

 
 

Figure 6 

Crack length measurement 
Source: App Measurement, Apple (2024) 

 

The manual measurement of the cracks 

with a scalimeter (Figure 7) shows the precision 

of the crack width, which allows for a more 

approximate and detailed result. On average, the 

crack widths oscillate between 1 cm, which 

allowed us to compare the results obtained with 

the applications that use the lidar sensor to 

generate the lengths of the cracks by means of a 

point cloud and augmented reality. 

 

Box 7 
 

 
 

Figure 7 

Measurement of crack width with a 

scalimeter 
Source: Own Elaboration 

 

In the last example of manual 

measurement with a scalimeter, it can be seen in 

(Figure 8) in which a crack larger than 3 

millimetres is present, which the precision of the 

applications cannot measure or appreciate, 

having to use a manual method to analyse the 

widths of the cracks that are present in the 

structures or use another method by means of 

deeper detection with a professional sensor of 

greater scope and greater cost, This implies that 

the detection of cracks in structures is not an easy 

task to solve at present, these methods that were 

used did not present a difficult task in time and 

cost, due to the size of the project it was only 

decided to study this crack as it is the one that 

presented the greatest dimensions in width and 

length, which did not imply a structural and 

safety hazard for the occupants of the spaces. 

 

Box 8 
 

 
 

Figure 8 

Crack width measurement with scalimeter less 

than 1 cm. 
Source: Own Elaboration 

 

These millimetric accuracies will depend 

on the experience of the hand tool operator and 

his visual, which implies being present and at a 

short distance from the manual measurements, 

having a higher risk in case of a seismic 

phenomenon or structural failures, so that the 

safety of the operator would be at risk, which 

leads to a higher safety factor in these 

measurements The combination of different 

methods must be taken into account in order to 

manage and reduce the risks in crack 

measurements, if these are located in structures 

of great heights or if they require scaffolding or 

special structures for their measurement. 
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 The cost rises even if it is with a manual 

tool and the care of the life of a human being, 

which has no economic value. 

 

Conclusions 

 

The accuracy of iPhone LiDAR in crack 

detection: The study by Błaszczak-Bąk et al. 

(2023) confirms the effectiveness of the iPhone 

LiDAR sensor in detecting small cracks, even 

0.5-1.0 mm, exceeding in some cases the 

accuracy of terrestrial laser scanners (TLS). This 

is due to the smaller laser spot size of the iPhone 

LiDAR compared to TLS. 

 

Need for spatial measurement targets 

(SMTs): Both Błaszczak-Bąk et al. (2023) and 

Łabędź et al. (2022) stress the importance of 

using SMTs when measuring flat, homogeneous 

surfaces such as walls. SMTs alter the geometry 

of the object, providing reference points for the 

LiDAR sensor and facilitating crack detection. 

Without SMTs, measurement accuracy suffers. 

 

Comparison with photogrammetry: 

Luetzenburg et al. (2021) and Günen et al. 

(2023) compare iPhone LiDAR with 

photogrammetry, another low-cost technique for 

3D data capture. While photogrammetry can be 

useful, iPhone LiDAR offers advantages in 

terms of speed and accuracy, especially in low-

light environments or with homogeneous 

surfaces. 

 

Additional applications of iPhone LiDAR 

in building inspection: In addition to crack 

detection, the source material mentions other 

applications of iPhone LiDAR in building 

inspection, such as documentation of cultural 

heritage (Murtiyoso et al., 2021; Teppati et al., 

2022), diagnosis of building renovation (Mêda et 

al., 2023) and measurement of forestry 

parameters (Gollob et al., 2021). These 

applications demonstrate the versatility of 

iPhone LiDAR as a low-cost tool for inspection 

and analysis of structures. 

 

Limitations of iPhone LiDAR: Despite its 

advantages, iPhone LiDAR has limitations. 

Błaszczak-Bąk et al. (2023) mention the need for 

short distance measurements and the difficulty 

of recording point clouds of objects with 

complex geometry without the use of SMTs. 

Günen et al. (2023) point out the limited ability 

of the sensor to scan over long distances (5m).  

It is important to take these limitations into 

account when planning a survey using iPhone 

LiDAR. 

 

The measurement results indicate that 

there is not much discrepancy with the data 

obtained from the width and length of the crack 

measurements. The error occurs in dimensions 

smaller than 1 cm which implies that at first 

glance LiDAR sensors such as the one in the 

iphone 13 pro max and the newer ones used in 

recent iPhones have to be used at accuracies 

greater than 1 cm or larger in scale. 

 

The dimensions of the 3d scanner and 

measurement applications were very similar in 

terms of dimensional accuracy, but not useful for 

measurements smaller than 1 cm, to measure the 

width of the cracks and the point cloud is more 

difficult to analyse without other more advanced 

and expensive tools such as a GPS, GNSS for its 

location and generation of coordinates x,y,z of 

the three-dimensional model will have little 

precision and the software is of high cost, 

although there are free on the market are difficult 

to access, in general the investigation has as 

satisfactory results of the applications of the 

lidar sensor of the iphone 13 pro max.  
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Abstract 

 

We study the effects of an intratesticular injection (ITIn) of infiltrating 

agent dimethyl sulfoxide (DMSO) on seminiferous tubule structure in 

adult rats. Experimental groups of 32 rats received a ITIn with 50µL of 

pure DMSO inside each testicle; the sham group were formed with 32 

rats subjected to surgical technique but not received ITIn; to test the 

DMSO effectiveness like infiltrating agent, other rats group received the 

ITIn with 50µg of haloperidol (dopaminergic antagonist) dissolved in 

DMSO. All the rats were sacrificed at 4-, 8-, 12- or 16-day post ITIn. 

Compared with sham groups, DMSO doesn’t alter the structure of 

seminiferous epithelium in no evaluated days, but the haloperidol ITIn 

showed progressive alterations on structure of seminiferous tubule from 

the 8th to the 16th day. Our results allow recommending the use of DMSO 

as an infiltrating agent in subsequent studies of dopaminergic testicular 

function. 

  
 

Dimethyl Sulfoxide, Seminiferous Tubule, Haloperidol 
 

 

 

Resumen 

 

Se estudiaron los efectos de la inyección intratesticular (InIT) del agente 

infiltrante dimetilsulfóxido (DMSO) sobre la estructura del túbulo 

seminífero en ratas adultas. Grupos de 32 animales recibieron una InIT 

con 50µL de DMSO puro en cada testículo; como grupo testigo, 32 

animales recibieron la técnica quirúrgica sin InIT; para probar la eficacia 

del DMSO como agente infiltrante, otro grupo de animales recibió la InIT 

con 50µg de haloperidol (antagonista dopaminérgico) disuelto en DMSO. 

Los animales se sacrificaron al día 4, 8, 12 o 16 post InIT. Comparado 

con los grupos testigo, el DMSO no alteró la estructura del epitelio 

seminífero en ninguno de los días evaluados, pero la InIT con haloperidol 

mostró alteraciones progresivas en la estructura del túbulo seminífero a 

partir del día 8 al 16. Los resultados permiten recomendar el uso del 

DMSO como agente infiltrante en estudios de la función dopaminérgica 

del testículo. 
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Introduction 

 

The testis is the male gonad and structurally 

consists of two anatomical-functional parts: the 

interstitium, where interstitial cells, abundant 

blood vessels and Leydig cells are found; and the 

seminiferous tubule, where germ cells in 

different stages and, in addition, Sertoli cells are 

found.  

 

The functions of the testis are 

spermatogenesis and steroidogenesis. The 

former is the production of spermatozoa; the 

latter consists of the production of steroid 

hormones (Bellido-Gámez 1999). It is possible 

that these functions are regulated by dopamine, 

as the testis has been found to have type 2 

dopaminergic receptors, mainly in the germ cells 

and in the interstitium. 

 

 This suggests that dopamine may be 

involved as a chemical mediator in testicular 

physiology (Otth et al. 2007). Urra et al. (2014) 

showed the presence of dopamine, noradrenaline 

and serotonin transporters, revealing a 

dopaminergic system with direct influences on 

sperm cells, suggesting that male gametes 

contain modulators or signal-catching molecules 

indicating that these catecholaminergic receptors 

are capable of receiving and generating 

modulatory effects on sperm viability, capacity 

and motility. 

 

Dopamine, at the brain level, is known to 

be involved as a neurotransmitter in the 

expression of different aspects of sexual 

behaviour, including sexual activity (Hyun et al. 

2002, Kandel et al. 2000). 

 

 Dopamine, in the male rat, induces 

penile erection and even seminal emission 

(Hyun et al. 2002). These results show that 

dopamine exerts important effects on the 

regulation of testicular tissue maintenance, 

although its functions are not entirely clear. 

 

Dopamine antagonists are generally very 

poorly soluble in water. Our research group has 

for some years tested dimethyl sulfoxide 

(DMSO) as a very effective infiltration agent to 

dissolve virtually water-insoluble drugs, but 

which also has the ability to interact with water 

due to its amphipathic properties (Morán Perales 

et al. 2017, Morán Perales et al. 2019, Morán 

Perales et al. 2023). 

 

In the present study, the histological 

effects of intragonadal injection of DMSO on 

testicular tissues: interstitium and seminiferous 

tubules were analysed.  

 

The role of the dopaminergic system of 

the testis was also studied by injecting the 

dopamine receptor antagonist haloperidol, using 

DMSO as a vehicle, on the structural 

organisation of the seminiferous tubule and 

interstitial tissue. 

 

1. Male Reproductive System 

 

The male reproductive apparatus of the rat has 

primary functions such as the formation, 

maturation and transport of male gametes. These 

functions can be carried out by a number of 

orderly distributed structural tissues, each of 

which performs in a specific way (Ortega et al. 

2017). 

 

1.1 Testicular Morphology 

 

The testes, in most mammals, are located outside 

the abdomen; they are two ovoid organs covered 

by the scrotum. 

 

Structurally, the testis is surrounded by a 

thick capsule of connective tissue: the tunica 

albuginea, which thickens towards the interior of 

the testis giving rise to the testicular 

mediastinum. From the mediastinum diverge 

partitions of connective tissue called testicular 

septa, these are responsible for generating a 

separation of the glandular tissue and result in 

the testicular lobules that communicate with 

each other because the septa are incomplete at 

their ends, oriented towards the tunica albuginea 

(Bellido-Gámez 1999) (Figure 1). 

 

Within each lobule are multiple 

convoluted seminiferous tubules consisting of a 

polystratified epithelium. Each seminiferous 

tubule continues into a straight tubule that gives 

rise to the first part of the excretory duct system, 

while the tunica albuginea gives rise to the 

visceral layer of the tunica vaginalis of the testis 

and is maintained in contact with an inner layer 

of lax tissue resulting in the testicular 

interstitium that surrounds the seminiferous 

tubules and contains the Leydig cells (Geneser 

2000) (Figure 1). 
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Box 1 

 

 
Figure 1   

Diagram of a sagittal section of a testicle 

showing the internal anatomical organisation 

and the excretory ducts (Modified from Geneser 

2000). 

 

1.2 Seminiferous tubules 

 

The seminiferous tubules are surrounded by a 

basement membrane and myoid cells, which 

provide contractility. The interior of the 

seminiferous tubules is lined by stratified 

epithelium containing two types of cells: Sertoli 

cells and sperm cells (Bellido-Gámez 1999). 

 

Sertoli cells are scattered and sparse 

among the sperm cells at different stages, 

extending from the basement membrane to the 

luminal surface of the tubule, and are responsible 

for providing mechanical support and protection 

to the sperm cells by means of numerous narrow 

lateral extensions between the cells. 

 

 These prolongations are linked by closed 

contacts that represent the structural basis of the 

blood-testicular barrier that maintains a special 

microenvironment through its selective 

membrane regulated by the Sertoli cells. These 

cells have the capacity to produce oestrogens 

because they possess aromatases that convert 

androgen precursors into oestrogens. In addition, 

Sertoli cells synthesise androgen-binding 

protein (ABP), which binds testosterone to 

maintain the environment surrounding the germ 

cells and keep them viable.  
 

These cells are also able to produce 

inhibin to stop the synthesis of follicle 

stimulating hormone (FSH). Sertoli cells are 

stimulated by FSH and testosterone produced by 

Leydig cells in the interstitium (Bellido-Gámez, 

1999, Geneser 2000, Köning and Liebich 2005). 

Spermatogenic cells are found in the 

seminiferous tubules, where the process of 

spermatogenesis takes place and contains all 

male germ cells; spermatogonia, primary 

spermatocytes, secondary spermatocytes, 

spermatids and spermatozoa (Bellido-Gámez, 

1999, Geneser 2000, Köning and Liebich 2005).  

 

1.3 Interstitial tissue 

 

Interstitial tissue is the intracellular space that 

provides sustenance and support for cells. It is 

composed of interstitial cells, blood vessels, 

lymphatic vessels and Leydig cells, which 

represent the endocrine part of the testis as they 

synthesise and secrete testosterone as a 

consequence of lipid uptake.  

 

Testosterone is converted to 

dihydrotestosterone in a reaction catalysed by 

the enzyme 5α-reductase. Dihydrotestosterone 

binds to nuclear steroid receptors and through 

these receptors the effect of the hormone is 

produced (Bellido-Gámez 1999). 

 

Testosterone stimulates the seminiferous 

tubules and is responsible for the development of 

extragenital secondary sexual characteristics. 

Due to the proximity of the Leydig cells to the 

tubules, they are able to generate an increase in 

testosterone in the tubules and stimulate 

spermatogenesis and Sertoli cells.  

 

Large amounts of testosterone are 

transferred from the cell interstitium to the 

seminiferous tubules since the Sertoli cells by 

occlusive contacts to the blood-testis barrier can 

create osmotic gradients between the 

interstitium and the adluminal compartment, 

consequently, the tubular epithelium is exposed 

to high concentrations of testosterone always 

regulated by the androgen-binding protein 

secreted by the Sertoli cell (Bellido-Gámez 1999, 

Geneser 2000). 

 

1.4 Excretory duct system of the testis 

 

The duct system consists of numerous structures 

anatomically linked together to transport 

spermatozoa from the epididymis to the prostatic 

urethra (Bellido-Gámez 1999) (Figure 2). 
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Box 2 

 

 
Figure 2  
Photograph of the reproductive tract showing 

the accessory sex glands of the male rat 

 

Tubules rectum and rete testis: The 

tubules rectum are extensions of the 

seminiferous tubules that continue into a 

terminal segment which undergoes a slow, 

downward narrowing of the lumen and the 

epithelium changes its shape to cylindrical, 

generating the tubule rectum.  

 

This straight tubule continues to the rete 

testis which is composed of multiple 

anastomosed canals located in the testicular 

mediastinum. In the straight tubules, 

spermatozoa are transported through fluid flow, 

as the interstitial tissue transports large amounts 

of fluid into the seminiferous tubules, this fluid 

flows into the efferent ducts and the epididymis 

where it is absorbed and spermatozoa are 

released (Geneser 2000). 

 

Efferent ductules: These ductules are the 

continuation and prolongation of the rete testis 

which crosses the tunica albuginea in order to 

pass through to the head of the epididymis, in 

this area the ductules form small structures 

called cones of the epididymis. 

 

 The efferent ductules have a 

characteristic epithelium with a luminal 

boundary, this epithelium is composed of 

clusters of hair cells alternating with clusters of 

absorptive cells.  

The hair cells contribute to the transport 

of spermatozoa while the absorptive cells are 

lined by microvilli which form tubular 

invaginations that communicate with vesicles 

found in the apical cell membrane. These 

absorptive cells are responsible for removing 

fluid and substances from the lumen (Geneser 

2000). 

 

The epithelium of the efferent ducts lies 

on a thin basement membrane and around this is 

a thin layer of smooth muscle cells. 

 

Epididymal duct: The efferent ducts 

extending from the rete testis lead to the 

epididymal duct, which consists of a head, body 

and cauda and gives rise to the vas deferens 

(Geneser 2000). 

 

The epididymis is the site of sperm 

reabsorption, maturation and storage and is 

dependent on androgens for its maturation, 

function and maintenance (Hafez and Hafez, 

2002, Hermo and Robaire 2002). 

 

Epididymal head: This portion consists 

of two types of cells: principal and basal. The 

principal cells carry out the absorption of the 

fluid leaving the seminiferous tubules and 

secrete glycoproteins and 

glycerophosphorylcholine which are of great 

importance for sperm maturation (Geneser 

2000). Basal cells are only precursors of the 

principal cells. Throughout the epididymis there 

are smooth muscle cells that form a thick 

muscular layer for sperm transport. 

 

Body of the epididymis: In this portion, 

together with the final segment of the 

epididymal head, sperm are transported by 

peristaltic contractions of the myoid cells.  

 

This segment is responsible for the final 

maturation of the spermatozoa as the small 

percentage of fluid that was not absorbed in the 

epididymal head flows into this portion and 

transports high concentrations of testosterone, 

which is necessary for the maturation of the 

germ cells (Geneser 2000, Hermo and Robaire 

2002). 

 

Cauda of the epididymis: This site is 

responsible for storing mature spermatozoa. In 

this portion of the epididymis, sperm can survive 

for more than three weeks in the rat (Geneser 

2002). 



5 

Journal Simulation and Laboratory                                                                  11[30]1-21: e21130121 

Article 
 

 

ISSN: 2410-3462. 

RENIECYT-CONAHCYT: 1702902 

ECORFAN® All rights reserved. 

Morán-Perales, José Luis, Martínez-Aguilar, Pablo Isaac, Handal-Silva, Anabella 

and García-Suástegui, Wendy Argelia. [2024].  Effects of dimethyl sulfoxide 

intratesticular injection on structure of seminiferous tubule: A model for the study 

of testicular dopaminergic function in the rat. Journal Simulation and Laboratory. 

11[30]1-21: e21130121 

https://doi.org/10.35429/JSL.2024.11.30.1.21 

 

Vas deferens: This structure connects the 

cauda epididymis to the urethra. The vas 

deferens ascends the posterior border of the 

testis and continues along the spermatic cord 

until it enters the inguinal canal of the pelvic 

cavity and joins with the prostate to form the 

ampulla of the vas deferens, the secretion of 

which contributes to the formation of seminal 

plasma. 

 

 As the duct progresses distally it 

narrows to form a very thin tube and joins with 

the excretory duct of the seminal vesicle to form 

the ejaculatory duct which runs through the 

prostate and empties into the prostatic part of the 

urethra (Bellido-Gámez 1999, Galina and 

Valencia 2009, Geneser 2000) 

. 

2. Spermatogenesis 

 

Spermatogenesis is a continuous biological 

process that occurs in the seminiferous tubules 

within the male gonad (Shape, 1994). This 

process is distinguished in three phases: 

proliferation, meiosis and spermiogenesis 

(Hermo and Robaire 2002) (Figure 3). 

 

Box 3 

 

 
Figure 3  
Diagram showing the process of 

spermatogenesis (Modified from Cheng and 

Mruk 2010) 

The proliferation phase corresponds to 

the replication of spermatogonia and serves a 

dual purpose; the first is to obtain primary 

spermatocytes and the second is to maintain the 

number of spermatogonia. The spermatogonia 

are found lining the outermost part of the 

seminiferous epithelium. 

 

During spermatogenesis, spermatogonia 

undergo a unidirectional and irreversible 

evolution and give rise to three different types of 

spermatogonia at different stages of maturation: 

light A, dark A and B (Bellido-Gámez 1999, 

Hermo and Robaire 2002). 

 

The meiotic stage is when the 

spermatogonia undergo meiosis and is called the 

primary spermatocyte. In the meiotic process 

there are two cell divisions. In this meiotic 

process the primary spermatocytes give rise to 

two secondary spermatocytes with one haploid 

number of X and one haploid number of Y 

chromosomes. In the second meiotic division, 

the two secondary spermatocytes give rise to 

four small, round, undifferentiated cells that are 

located near the lumen of the tubule, the 

spermatids (Cheng and Mruk 2010). 

 

The spermiogenesis phase does not 

involve further divisions, but consists of a series 

of nuclear and cytoplasmic changes to result in 

the spermatozoon with a flagellar structure.  

 

These transformations consist of 

condensation and elongation of the nucleus, 

which changes position and moves to the 

periphery of the cell, formation of the acrosome, 

formation of a flagellum and loss of the 

cytoplasm. Within the seminiferous tubule, the 

different cells in the corresponding stages are 

segregated in hierarchical order along the length 

and breadth of the seminiferous epithelium until 

the so-called seminiferous epithelial stages are 

completed, thus constituting the complete sperm 

cycle (O'Donnell et al. 2006). 

 

2.1 Hormonal control in spermatogenesis 

 

Spermatogenesis is controlled by the 

hypothalamic release of gonadotropin-releasing 

hormone (GnRH) which travels through the 

portal-hypothalamic-pituitary system and 

arrives directly at the adenohypophysis causing 

the release of FSH and LH (Ramaswamy and 

Weinbauer 2014; Weiner 1988). 
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At the level of the testis, FSH and LH 

exert actions through receptors specific to these 

gonadotrophins (FSH-R and LH-R) these 

receptors are expressed on Sertoli cells and 

Leydig cells respectively.  

 

The testes are able to respond to these 

endocrine signals generating hormonal control 

and balance, testosterone in Leydig cells 

modulates the production and arrival of LH 

signals and inhibin is produced in Sertoli cells in 

response to FSH stimuli (Ramaswamy and 

Weinbauer 2014, Walker and Cheng 2005). 

 

Gonadotropins are indispensable in 

spermatogenesis as FSH has been shown to 

directly interact with germ cells, spermatogonia 

and spermatocytes, while FSH plays an 

important role in the development of spermatids 

and spermatozoa (Ramaswamy and Weinbauer 

2014, Walker and Cheng 2005).  

 

The endocrine control of the different 

phases in spermatogenesis is governed by the 

control of the hypothalamus-adenohypophysis-

testis axis and maintains the stage, 

differentiation and production of male gametes 

(Weinbauer et al. 2010). 

 

3. Dopamine 

 

Dopamine is a classical neurotransmitter of the 

catecholamine group and has a benzene ring 

with two hydroxyl substituents on its molecule 

(Cooper et al. 1996). Dopamine has multiple 

functions in the central nervous system (CNS), 

including motor behaviour, stimulation of 

certain brain areas as well as neuroendocrine 

communication, some of these functions involve 

the control of GnRH secretion and the 

mechanism of regulation of prolactin secretion 

by the pituitary gland (Kandel et al. 2000, 

Tresguerres and Castillo 1993, Trujillo et al. 

2000). 

 

3.1 Dopaminergic systems 

 

There are eight dopaminergic pathways 

described in the CNS of which four are the most 

important (Iversen 1975, Iversen et al. 2010, 

Tohyama and Takatsuji, 1998). 

 

 

 

 

Mesolimbic pathway: This pathway 

begins in the ventral tegmental area of the 

midbrain and connects to the limbic system via 

the nucleus accumbens, amygdala, hippocampus 

and prefrontal cortex. This pathway produces the 

response and display of behaviour to rewarding 

stimuli and mediates the reward system. 

 

Nigrostriatal pathway: In this pathway, 

somas are located in the substantia nigra and 

axonal projections reach the striatum. This 

pathway regulates motor control. 

 

Mesocortical pathway: The mesocortical 

pathway connects to the ventral tegmental area, 

projects to the ventral striatum and leads to the 

prefrontal cortex. This pathway is responsible 

for motivation. 

 

Tuberoinfundibular pathway (TIDA): 

Projections from this pathway originate in the 

arcuate nucleus of the hypothalamus and lead to 

the pituitary gland. Dopamine produced in this 

area regulates the secretion of prolactin and thus 

modulates the secretion of other hormones 

targeted by gonadotrophins. 

 

The TIDA system plays a crucial role 

because prolactin also exerts effects at the 

peripheral level, particularly those involving 

gonadotrophins. For example, prolactin 

stimulates corpus luteum and progesterone 

production, which inhibits GnRH secretion and, 

consequently, gonadotropin secretion (Weiner et 

al. 1988). It should be noted that dopamine, in 

addition to its hormonal actions as a component 

of the TIDA system, may also have local 

paracrine effects on peripheral organs such as 

the gonads and vascular system (Aguilar, 1999). 

There is evidence for the presence of a local 

dopaminergic system in the ovary and testis 

(Campos et al. 1990, Dirami et al. 1996, Dirami 

and Cook 1998; Romeo et al. 2004, Venegas et 

al. 2015). 

 

3.2 Dopamine synthesis 

 

The synthesis of dopamine requires the amino 

acid tyrosine which can be synthesised from 

phenylalanine or come from the diet, in addition 

the interaction of two enzymes is indispensable, 

tyrosine hydroxylase (TH) which is responsible 

for catalysing tyrosine to L-Dopa and L-amino 

acid-aromatic decarboxylase (LAAD) which 

will convert L-Dopa to dopamine (Alonso-Solís 

1992, Cooper et al. 1996). 
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The synthesis starts with the 

hydroxylation of the phenolic ring of tyrosine by 

the action of TH, from the decarboxylation of 

this amino acid L-Dopa is obtained, the process 

continues with the decarboxylation of L-Dopa 

by the work of LAAD, resulting in dopamine 

(Alonso-Solís 1992, Cooper et al. 1996). 

 

Several authors describe the expression 

of tyrosine hydroxylase in the testis, suggesting 

that this organ has the necessary material for 

intratesticular catecholaminergic synthesis that 

could regulate spermatogenesis (Frungieri et al. 

2000, Lakomy et al. 1997, Romeo et al. 2004). 

 

3.3 Dopaminergic receptors 

 

Dopaminergic receptors are coupled to G-

proteins and 5 types have been detected in the 

nervous system, divided into two families: 

D1 family: includes D1 and D5 receptors, their 

function is to stimulate cAMP function for signal 

transduction. 

 

Family D2: involves D2, D3 and D4 

receptors, their function is to inhibit cAMP 

formation, as well as to activate K+ channels and 

reduce Ca+ ion influx through voltage-dependent 

channels, a G-protein mediated effect. 

 

D1 receptors activate adenylate cyclase 

(AC) by direct induction of guanosine-binding 

proteins, the G-subunit of the G-protein binds to 

the catalytic C2 subunit of the enzyme that 

induces the conversion of ATP to cAMP. cAMP 

has the ability to interact with protein kinase A 

(PKA) regulatory subunits that induce the 

release of catalytic subunits that phosphorylate 

different substrates (Sunahara and Taussig 2002).  

 

The activation of these receptors is 

regulated by the electrochemical gradient via 
Na+/K+-ATPase which is responsible for expelling 
Na+ into the extracellular space and bringing K+ 

into the cell (Nishi et al. 1999).  

 

The D2 family receptors are targeted for 

AC inhibition and PKA inhibition, however 

there are marked differences in each of the 

receptors in these families. RDA2 has been 

shown to modulate potassium channels that 

regulate the response to the receptor, and RDA2 

is capable of activating cell signalling pathways 

aimed at cell proliferation, and this activation 

has been found in different cell lines (Beom et al. 

2004). 

4. Dopaminergic signalling in the testis 

 

Dopamine is involved as a modulator of certain 

organ functions. Its interaction with renal, 

adrenal and cardiovascular dopaminergic 

receptors is known. Dopamine and its receptors 

have also been detected in the testis, however, its 

role in reproductive functions and in the male 

genital tract is not well clarified (Romeo et al. 

2004).  

The presence of dopamine receptors in 

testicular tissue may indicate that dopamine is a 

chemical signal that possibly exerts modulatory 

actions on Leydig and Sertoli cell functions. In 

fact, equivalent functions in the female gonad 

have been shown (Dirami and Cooke 1998). 

 

Dopamine is involved in different 

aspects of sexual behaviour including sexual 

arousal, copulation and penile reflexes. 

Dopamine in the male rat is known to induce 

penile erection. Previous studies have detected 

D1 and D2 receptors in the corpora cavernosa of 

the penis, including prolonged dopaminergic 

stimulation leading to seminal emission (Hyun et 

al. 2002). 

 

Studies showing evidence of D2 family 

receptors in germ cells, as well as in the sperm 

acrosome, suggest that dopamine is involved in 

regulating functions that enable full germ cell 

development (Urra et al. 2014). 

 

 In an attempt to determine the role of 

dopamine and its receptors in the gonads of the 

male rat, the expression and location of the 

peripheral D2-type dopamine receptor has been 

assessed in mammalian germ cells and 

spermatozoa (Otth et al. 2007).  

 

Dopamine has been suggested to act as a 

modulatory agent in sperm formation and has 

been shown to maintain sperm motility and 

prevent acrosome loss in rat, boar, horse and 

human spermatozoa (Urra et al. 2014). 

 

Administration of sulpiride 

(dopaminergic antagonist) to pregnant rats did 

not modify copulation in males tested at 90 days 

of age. However, a slight disruption of the 

seminiferous epithelium was found in 

histological sections of the same males, 

preventing adequate gamete production (Vieira 

et al. 2013). 
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Contrary to the above, the administration 

of domperidone (dopaminergic antagonist) 

decreased the values of intromission and 

ejaculation latencies, number of matings and 

intromissions, as well as post ejaculatory 

interval) and significantly increased serum 

prolactin levels. The same study showed that 

plasma testosterone concentrations were lower 

in rats treated for 30 days than in those treated 

for 5 days (Nasello et al. 1997).  

 

Other studies indicate that dopamine 

agonists alter the ratio of dopamine receptors in 

the testis by affecting the hypothalamus-

pituitary-testes axis. Indeed, the use of dopamine 

agonists as a treatment for hyperprolactinaemia 

promotes tumour enlargement of Leydig cells in 

the testis of the male rat (Dirami and Cooke 

1998). 

 When prolactin secretion is suppressed, 

circulating LH levels increase, which favours the 

induction of hyperplasia in Leydig cells 

(Pretince and Meikle 1995). Increased incidence 

of Leydig cell tumours is associated with 

increased circulating LH (Prentice et al. 1992). 

 

Much history shows the effect of 

dopamine agonists on sexual behaviour, but little 

information exists on the effects of dopamine 

antagonists on the differentiation and maturation 

of male germ cells. So far, there is insufficient 

evidence on the role of dopamine in the testis, 

particularly in the control of spermatogenesis. 

 

5. The infiltrative agent DMSO 

 

Biological membranes are characterised by their 

extreme selectivity, so that various solutes 

cannot pass through them freely and even fail to 

interact with their constituent lipids and proteins 

(Alberts et al. 2008). 

 

Due to their polar properties, many 

experimental and certified clinical drugs have 

difficulty performing their actions at the 

membrane level, which leads to increased doses 

and often long waiting times for these drugs to 

have the expected actions and effects (Brunton 

et al. 2012).  

 

On the other hand, the extracellular 

matrix is known to play a major role in the 

mechanisms of recognition and biological 

immunity (Alberts et al. 2008).  

 

Accordingly, our research group has 

been using DMSO (dimethyl sulfoxide; 

(CH3)2SO), a colourless liquid that is used as an 

organic and industrial solvent, organ and tissue 

cryopreservative (Pegg, 2007), even as a drug in 

Veterinary and Human Medicine (Parkin et al. 

1997, Pope and Oliver, 1966) and recently in 

innovative technologies in Molecular and Cell 

Biology, for more than 20 years (Chakrabarti 

and Schutt, 2001). 

 

DMSO was discovered in 1866 by the 

Russian scientist Alexander Saytzeff. It is 

obtained as a by-product during the processing 

of wood pulp for paper manufacturing (Shirley 

et al 1978). 

 

DMSO's great potential as an infiltration 

agent makes it an excellent choice for the 

experimental use of a range of active drugs with 

low water solubility.  

 

As mentioned above, dopamine 

antagonists are very insoluble in water and their 

use in in vivo systems makes it difficult to 

interpret experimental data when they are used 

as tools in the study of their effects on biological 

and body systems. 

 

There is a growing interest in analysing 

the functional role of DMSO for its amphipathic 

properties and its effects when interacting 

directly with the extracellular matrix in tissues 

where it is deposited as an infiltrative agent. 

 

There is still ambiguous and 

contradictory information on the apparent and 

presumed toxic effects of DMSO, and therefore 

in the present work the in vivo biological effects 

of the solvent applied as an infiltrative agent in 

adult rat testicular tissue were analysed.  

 

In the present study, its direct effects 

when applied directly to the testicular tissue 

were analysed by looking for signs of toxicity 

using conventional histological techniques of 

brightfield microscopy and recording its effects 

on the epithelium of the seminiferous tubule and 

interstitial tissue as indicators of structural and 

possibly functional alteration of the gonad.  

 

Moreover, its efficacy will be tested 

when used as an infiltrative agent for a specific 

and selective dopamine D1 and D2 dopamine 

antagonist, such as haloperidol, a commonly 

used neuroleptic agent in clinical use. 
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6. Methodology 

 

6.1 Experimental Animals 

 

Rats of the 90-day-old CII-ZV strain were used. 

Males averaged 350 g body weight. The animals 

were kept in controlled biotherapeutic 

conditions with free access to water and food. 

All experiments were in accordance with NOM-

062-ZOO-1999. 

 

6.2 Experimental groups 

 

Three experimental groups were formed: 

 

1. Sham surgery (SHAM): adult males 

subjected only to surgical manipulation 

without receiving microinjection of 

drugs (n=8) that were sacrificed at 4, 8, 

12 and 16 days post-operatively; at 

autopsy, the testes were dissected and 

immediately subjected to the fixation 

technique and subsequent inclusion in 

paraffin blocks and histological 

sectioning (see lines below). 

 

2. Intratesticular injection with DMSO: 

Males that received, in both gonads, an 

intratesticular microinjection with 50 µL 

of DMSO (n=8). 

 

3. Intratesticular injection with 

Haloperidol (HLP): Males that received 

a single 50 µg dose of the antagonist 

diluted in 50 µL DMSO in both testes 

(n=8) (Figure 7). 

 

4. Intact Control: Consisted of a healthy, 

intact 90-day-old, 350g body weight 

male that did not receive any treatment 

or experimental manipulation (n=1). 

 

6.3 Drug Administration 

 

The testicular injection technique consisted of 

insertion of a No. 27 hypodermic needle through 

the tunica albuginea. Animals were 

anaesthetised with 0.2 ml/100 g body weight of 

ketamine+xylazine mixture (3.75 ml Ketamine 

[100 mg/ml], 0.5 ml Xylazine [(100 mg/ml] and 

5. 75 ml distilled water; ip) (Gourdon, 2002), 

once sedated, the abdominal area was shaved to 

incise the cutaneous and subcutaneous tissues 

and expose the aponeurotic line of the rectus 

abdominis muscles and access the parietal 

peritoneum.  

After exposure of the peritoneum, a 1.0 

cm incision was made through which the testes 

were exposed.  

 

Using a microinjection needle and a 

Hamilton syringe, the drug was administered. 

Subsequently, the parietal peritoneum and 

muscle area was sutured with a 3-0 polyglycolic 

acid polyfilament suture, the skin and 

subcutaneous tissue with a 3-0 nylon 

monofilament suture (Figure 4). 

 

6.4 Testicular Histology 

 

After surgical treatment, the animals were kept 

in paired overcrowding with bedding changes 

every 24 hours. At day 4, 8, 12 and 16, animals 

in each group were euthanased with a lethal dose 

of sodium pentobarbital (80 mg/kg body weight; 

ip).  

 

Box 4 

 

 
Figura 4  
The photographs show the process from 

microinjection of DMSO or haloperidol into 

the testis to its dissection for histological 

analysis. A and B. Exposure of the testis for 

microinjection of drugs. C.  

 

Post mortem removal of the testis and 

epididymis of a rat after microinjection after 12 

days.  D. The image shows the consistency and 

shape of the testis when decapsulated to initiate 

the fixation, paraffin embedding and histological 

sectioning process.   
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Once the testes were obtained, they were 

decapsulated with iris scissors (removal of the 

tunica albuginea) (Figure 7) and placed in 

Böuin's fluid for 24 h. Only the left testis of each 

animal was sectioned longitudinally into two 

parts and transferred to 70% alcohol until 

histological processing for inclusion in paraffin 

blocks (Robb et al. 2007).  

 

Only the left testis of each animal was 

sectioned longitudinally into two parts and 

transferred to 70% alcohol until histological 

processing for inclusion in paraffin blocks (Robb 

et al. 2007). 

 

 Tissue samples were dehydrated in 

ascending ethanol changes followed by two 

changes to chloroform: one for 24 hours and the 

other for two hours before entering the 

embedding oven. Finally, the samples were 

placed in a paraffin bath at 65oC for three hours 

and each portion of the testis was embedded in 

an individual paraffin block. The block was 

selected and cut into serial strips 5 µm thick and 

100 µm apart in serial slices. Two slice strips per 

slide were mounted on a layer of 0.3% gelatine. 

 

The slides were left to dry for 24 hours in 

a chamber with 37% formalin vapour and finally, 

the histological sections were stained with 

haematoxylin-eosin (Luna 1975, Paniagua 2007) 

and mounted on synthetic resin. The right testis 

of each animal was stored and frozen for future 

studies. 

 

The sections were observed under light 

microscopy at 40 and 100 magnification to 

determine the following parameters: 

 

a) Structural Morphometry. The structures 

of 100 cross-sections of seminiferous 

tubules per animal were analysed and 

measured with Imagej measurement 

software, which was calibrated to 

measure in microns. The structures 

measured were: lumen diameter and 

tubule diameter, seminiferous epithelium 

height and tubule area (Fernandes et al. 

2007, Leivas et al. 2013, Robb et al. 

2007). 

b) Histopathological index. Twenty to 30 

seminiferous tubule cross-sections per 

animal were analysed and a value was 

assigned to the observed damage using 

an indicative scale from 1 to 6, where: 

 

1. basal lamina folding, cellular scaling;  

2. epithelial vacuolisation, cells, 

multinucleated and cell pyknosis; 

3. tubules without spermatids;  

4. tubules without spermatocytes;  

5. tubules without spermatogonia;  

6. absence of all cell types. 

 

At the end, the total score for each tubule 

observed was added up. 

 

c) Histopathology. Macroscopic structures 

such as weight and length of the testis 

were measured and hyperplastic forms 

were looked for. 

 

6.5 Statistical analysis 

 

Testicular histology data (testicular morphology, 

histopathological index and histopathology) 

were analysed by Simple Analysis of Variance 

followed by Tukey-Kramer multiple 

comparisons test. Histopathological index was 

analysed with a Chi-square contingency table. 

Differences less than or equal to p≤0.05 were 

accepted as significant. 

 

7. Results 

 

Histological analysis of the testis in the 

haloperidol-treated animals showed significant 

structural changes, which did not occur in the 

SHAM group or in the DMSO-treated animals. 

 

Histological analysis of the testis of the 

SHAM group animals compared to the testis of 

the intact animal showed no differences in 

testicular structure; the interstitium, 

seminiferous tubules and germ cells showed 

normal and similar features to each other (Figure 

5). 

 

Box 5 

 

 
Figure 5  
Microphotographs of histological sections of 

testis A: from the Control group and B: from 

the SHAM group 
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The organisation of the testicular tissues 

is similar between both groups (100X). Since 

there was no difference between the SHAM and 

DMSO-treated groups from days 4 to 12, the 

structure of the seminiferous tubule epithelium 

of the DMSO-injected animals was compared 

only with the haloperidol treatment. 

Intratesticular microinjection with DMSO 

evaluated at day 4 showed no alterations in the 

organisation of the seminiferous tubule 

epithelium; in contrast, in the haloperidol-treated 

groups, disorganisation of the epithelium is 

evident, characterised by scaling or migration of 

immature cells and widening of the lumen, 

decreased height and structure of the 

seminiferous epithelium in most of the tubules 

analysed (figure 6). 

 

Box 6 

 

 
Figure 6  
Photomicrographs of histological sections of the testis 

on day 4 post-injection. A: seminiferous tubules (ST) of 
the SHAM animal. B: TS of rat with haloperidol; 

rupture of the interstitial tissue where the Leydig cells 

are located (stars); loss of the seminiferous epithelium 

(arrow) and separation between the interstitial cells 

(arrowhead) are also observed. LB=Basal lamina, 

TB=Seminiferous tubule, ES=Seminiferous epithelium, 

CL=Leydig cell, ESG=Espermatogonia (400X). 

 

When comparing the DMSO and 

haloperidol treated groups at day 8, there are 

notable differences in the distance between the 

tubule and the interstitial tissue, as well as loss 

of cells in the seminiferous epithelium in several 

tubules (Figure 7). 

 

Box 7 
 

 
Figure 7  

Microphotographs of histological sections of 

the testis at day 8 post-injection 

 

The images correspond to stage VII of 

spermatogenesis. A: seminiferous tubule (ST) of 

rat treated with DMSO (arrow); note the 

proximity between the ST and the interstitial 

tissue (IT) with Leydig cells (triangle); the 

differentiation of germ cells from spermatogonia 

to spermatozoa can be seen. B: haloperidol-

treated rat ST; distancing between the ST and IT 

(triangle) and obvious tissue disruption and cell 

separations within the seminiferous epithelium 

(arrow) (400X). 
 

Box 8 
 

 
Figure 8  

Photomicrographs of histological sections of 

testis on day 12 post-injection 

 

Degeneration of the seminiferous tubule 

(ST) is seen in haloperidol-treated animals 

compared to DMSO-treated animals. A: ST of a 

DMSO-treated animal at stage VIII of 

spermatogenesis; note the ST lumen (star) and 

its proximity to the interstitial tissue (IT; 

arrowhead). B: ST of an animal treated with 

haloperidol at 12 days in stage VIII of 

spermatogenesis; the tubule is apparently 

healthy and in close proximity to the IT 

(arrowhead), but hyperplasia in the IT and 

widening in blood vessels are observed. C: 

progressive damage to the ST, presence of 

enlarged lumen invaded by immature cells (star) 

and separation from the IT. D: ST damaged at all 

structural levels; considerable reduction of the 

seminiferous epithelium and consequent 

widening of the lumen (star); the basal lamina is 

damaged, although the ST is close to the IT and 

Leydig cells (400X).                 
 

The greatest damage to the seminiferous 

tubules was observed at 12 days post-treatment.  
 

The effects of haloperidol injection 

include detachment of different germ cells into 

the lumen of the tubule, multiple vacuolisations 
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of immature cells and marked changes in the 

nuclei of these same cells. 

 Sertoli cells were hyperplastic and 

accompanied by extravasations; also, changes 

were observed in the interstitium, which was 

broken and folded in its contours, and there were 

signs of loss of continuity of the tubule basement 

membrane and enlargement of the lumen (Figure 

8). 

 

Statistical analysis showed a clear effect 

of haloperidol on the structure and length of the 

seminiferous epithelium, which is gradually 

reduced from day 4 to day 16, with no signs of 

recovery (Figure 9). 

 

Box 9 
 

 
Figure 9 

Mean ± s.e.m. of seminiferous epithelium 

(SE) length at days 4, 8, 12 and 16 post-

injection. A: SHAM, B: DMSO and C: 

haloperidol.  Differences in the length of the 

seminiferous epithelium are observed on 

different days of the analysis with respect to 

the control (*p<0.001) although it is 

particularly severe in the haloperidol group on 

day 16 compared to the other days with the 

same treatment (**p<0.001). This is due to the 

loss of seminiferous epithelium. 

 

Although histological analysis of the 

testicular tissues in the DMSO-treated groups 

showed no remarkable alterations in the 

testicular structure, the length of the 

seminiferous tubule did show some changes; for 

example, the length of the seminiferous 

epithelium increased at day 8 but gradually falls 

at day16, being even shorter than the control 

group and with respect to the other days of the 

same treatment (Figure 9). 

On the other hand, it is interesting to note 

that also in the SHAM group changes in 

seminiferous epithelium length were observed 

from day 4 to day 16, where surgery apparently 

stimulated the development of the epithelium 

(Figure 9). 

In the overall analysis of seminiferous 

epithelium length, with the exception of day 16 

post-treatment, it is very similar between the 

SHAM and DMSO groups, but significantly 

shorter in the groups that received the 

intratesticular injection of haloperidol. 

Quantitative analysis of seminiferous 

epithelium length, without considering the day 

of histological analysis, showed significant 

changes in this parameter only in the haloperidol 

group, where a clear decrease in the length of the 

seminiferous tubule epithelium could be 

observed with respect to the other treatments 

(Haloperidol 18.9±0.3µm vs. DMSO: 

26.4±0.4µm and SHAM: 27.2±0.4µm; p<0.001, 

simple ANDEVA followed by Tukey-Kramer 

multiple comparisons test) (Figure 10) 

Box 10 
 

 
Figure 10 

Mean ± s.e.m. of seminiferous tubule 

epithelium length considering total days post-

treatment of males subjected to intratesticular 

injection of haloperidol (HLP). There was a 

significant decrease in seminiferous tubule 

epithelium length in the HLP treated group 

compared to the Control, SHAM and DMSO 

groups, *p<0.001 

 

A notable feature is that the seminiferous 

tubules of haloperidol-treated animals are found 

to have multiple structural damage; for example, 

fractures in the interstitial tissue and detachment 
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of immature cells into the lumen are common 

(Figure 11). 

 

Box 11 
 

 
Figure 11 

Microphotographs of histological sections of 

testis. Structural damage to testicular tissue by 

haloperidol administration is shown, A: 

seminiferous tubule (ST) with increased 

lumen diameter in the tubule (star) and 

migration of immature cells into the lumen 

(arrow), 400X. B: In many STs there was a 

marked increase in tubule lumen diameter 

(star) and fracture in the basal lamina (arrows) 

along the seminiferous epithelium until 

reaching the lumen, 100X  

 

Compared to the seminiferous tubules of 

the DMSO-treated groups, microinjection with 

haloperidol on day 16 showed that damage 

persisted only in the testis of the antagonist-

treated animals. In the testicular histology of this 

group, there was apparent contact of the 

seminiferous tubule with the interstitial tissue, so 

much so that the tubules appeared to contact 

each other (Figures 12, 13 and 14). 

 

Box 12 
 

 
Figure 12 

Photomicrographs of histological sections of 

testis at day 16 post-injection. A: 

Seminiferous tubule (ST) of the DMSO group 

showing an organised structure. B: ST from a 

haloperidol-treated animal still showing 

decreased lumen in many tubules (star) and 

damage to the basal lamina (arrow), 400X 

 

 

 

 

 

Intratesticular injection with DMSO 

evaluated from day 4 showed no significant 

alterations in the organisation of the germinal 

epithelium, but in all groups treated with 

haloperidol caused a clear disorganisation of the 

seminiferous tubule epithelium, characterised by 

scaling or migration of immature cells, as can be 

seen in the microphotographs above (Figures 6-

8, 11 and 12) and widening of the lumen, with 

decreased thickness and structure of the 

seminiferous epithelium in most of the tubules 

analysed (Figure 14). 

 

Box 13 
 

 
Figure 13 
Mean ± s.e.m. of seminiferous tubule (ST) lumen 

diameter at different days after intratesticular 
injection of DMSO or haloperidol (HLP). A: 

SHAM, B: DMSO and C: Haloperidol  
 

There were differences in lumen 

diameter in STs in virtually all groups with 

respect to the intact Control (*p<0.001); this 

increase is significantly greater in the HLP-

treated groups, particularly at day 12 

(**p<0.001). 
 

Box 14 
 

 
Figure 14 
Mean ± s.e.m. of seminiferous tubule (ST) lumen 

diameter of animals that received an intratesticular 
injection of DMSO or haloperidol (HLP). The increase 

in ST luminal diameter in the HLP-treated groups is 
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greater than in all groups (*p<0.001); also the DMSO-

treated group showed an increase in the parameter over 

the Control and SHAM groups, but less than the HLP 

group (**p<0.001). 

The overall evaluation of the effects of an 

intratesticular microinjection of the 

dopaminergic antagonist haloperidol on testis 

tissues over 16 days are clear and caused 

changes in the structure of the seminiferous 

tubule (Figures 9, 10, 13 and 14) and, apparently, 

in the interstitial tissue, which did not occur with 

the intratesticular injection of DMSO. In 

addition to the deterioration of seminiferous 

epithelium, abnormal growth of Leydig cells 

was observed in the haloperidol-treated groups 

(Figure 15). 

 

Box 15 
 

 
Figure 12 
Photomicrograph of two Leydig cells from the testis of 

animals tested at day 12 post-injection. There is a 

marked difference between a hyperplastic Leydig cell 

with increased separation from the seminiferous tubules 

and interstitial tissue in the haloperidol-treated group 

(A) compared to the DMSO-treated group (B) (1000X). 
 

The parameters analysed to determine 

the histopathological index reveal severe 

abnormalities in the haloperidol-treated animals 

on the different days post-injection. Numerical 

analysis at days 12 and 16 are the most affected 

by the dopaminergic antagonist. The sum of the 

histopathological index shows severe results in 

the haloperidol treated groups, with 28 being the 

highest number (Table 1). 

 

Box 1 

Table 1 

Media±e.e.m. Johnsen Index and 

histopathological index of the testes on different 

treatment days between the haloperidol (HLP), 

vehicle (DMSO) and sham-operated (SHAM) 
groups 

 
Johnsen Index 

4 days 8 days 12 days 16 days 

SHAM 10±1 10±1 10±1 10±1 

DMSO 10±1 10±1 10±1 10±1 

HLP 10±2 6±2 4±1* 3±1* 

 Histopathological index 

 

4 days 8 days 12 days 16 days 

SHAM 3 2 4 3 

DMSO 6 8 4 14# 

HLP 28** 21** 28** 21** 

*p<0.05 compared to SHAM and DMSO groups 

and the same treatment on day 4 (Kruskal-Wallis 

followed by Dunn's multiple comparisons test). 

**p<0.01 compared to SHAM and DMSO 

groups; # p<0.05 compared to all SHAM groups 

and the other days within the same group (Chi-

Square). 

 

The decrease in the number of 

spermatocytes, spermatids and spermatozoa 

revealed by the Johnsen Index is indicative of 

altered spermatogenesis processes. However, it 

is important to note that the Johnsen Index 

showed lower values in the haloperidol group 

(Table 1). Analysis of testicular weight and 

length showed no significant differences 

between the groups (Table 2). 

 

Box 2 

Table 2 

Mean±e.e.m. of weight (g) and testicular size (cm) 

on different days of treatment between haloperidol 

(HLP), vehicle (DMSO) and sham operation 
(SHAM) treated groups  
 

 
Testicular weight (g) 

4 days 8 days 12 days 16 days 

SHAM 1.5±0.3 1.6±0.4 1.6±0.2 1.7±0.3 

DMSO 1.5±0.4 1.4±0.2 1.5±0.2 1.5±0.2 

HLP 1.5±0.3 1.5±0.2 1.8±0.3 1.6±0.2 

 
Testicle length (cm) 

4 days 8 days 12 days 16 days 

SHAM 1.1±0.2 1.4±0.1 1.3±0.1 1.3±0.2 

DMSO 1.1±0.2 1.3±0.1 1.4±0.2 1.3±0.1 

HLP 1.1±0.3 1.4±0.2 1.4±0.3 1.4±0.2 
 

8. Discussion of Results 
 

The results of the present work indicate that 

DMSO is a reliable vehicle for the infiltration of 

active drugs with very low water solubility. 

When tested to dissolve haloperidol, a 

dopaminergic antagonist with a water solubility 

of only 0.02mg/ml (Merck Index, 12th Ed; No. 

4629), it proved to be a very effective infiltration 

medium. 
 

Although DMSO produced some effects 

on the structural integrity of the seminiferous 

tubule, these are apparently reversible. Between 

days 8-12 DMSO induced an increase in 

thickness of the seminiferous epithelium, but it 

returns to normal thickness by day 16. It should 

be noted that, in the seminiferous tubules of all 
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animals injected intratesticularly with DMSO, 

seminiferous tubules with all spermatogenic 

phases and normal appearance could be 

observed. 

In these animals, the interstitial tissue 

was also similar in appearance to that of the 

SHAM groups and the intact control. However, 

it remains to be analysed what tissue responses 

are triggered by the presence of DMSO in the 

intratesticular medium. For example, it would be 

interesting to look for indicators of inflammation, 

intracellular communication cascades, 

expression of interleukins or pro-apoptotic 

proteins, to mention a few, and thus rule out 

possible serious alterations in the function of 

Sertoli cells in the tubules or in the interstitial 

tissue where Leydig cells control 

steroidogenesis, a determining function for the 

Sertoli cell to fulfil its spermatogenic functions. 

 

We have recently shown that 

microinjection of DMSO, performed on 

different days of the rat oestrous cycle through 

the ovarian bursae, does not affect spontaneous 

ovulation or the duration of the oestrous cycle, 

but the use of specific dopamine antagonists 

does modify the duration of the oestrous cycle 

by altering oestrogen and progesterone 

production (Morán-Perales et al. 2023). 

 

In the present study, we tested the effect 

of a dopaminergic antagonist such as haloperidol 

and analysed whether the interruption of 

dopaminergic information modifies 

spermatogenesis, a cycle that is preponderant for 

the generation of mature sex cells with fertilising 

capacity. Spermatogenesis is, in turn, a product 

of the action of gonadotropins acting on their 

target testicular cells. Thus, impaired androgen 

production would suppress Sertoli cell activity 

and thus loss of control of the sperm cycle. 

 

Our preliminary findings are very 

interesting, as it was found that dopamine plays 

an important role in maintaining the structure 

and thus the function of testicular tissues, where 

its apparent function is to act as an important 

signal between Leydig cells and Sertoli cells. 

 

The discovery of dopamine receptors in 

different peripheral tissues has sparked interest 

in understanding the possible functions that 

dopamine exerts on these tissues, including the 

male rat gonad. It is of particular interest to 

understand the interactions that dopamine 

receptors perform, either when activated or 

inhibited in the testis, with the possibility that 

their actions promote multiple effects including 

hormonal regulation and the deployment of 

specific cellular responses. 

There is biochemical evidence for the 

presence of cellular systems for dopaminergic 

synthesis in the testis and also for the presence 

of dopamine in the testis, although these have 

not been fully explained (Campos et al. 1990).  

 

The existence of neuron-like cell types in 

the testis, with the capacity to synthesise their 

own catecholamines, has been proposed 

(Frungiere et al. 2000, Mayerhofer et al. 1996, 

Mayerhofer et al. 1999). 

 

 Indeed, Romeo et al. (2004) showed the 

catecholaminergic phenotype of Leydig cells. 

Several authors describe the expression of the 

enzyme tyrosine hydroxylase in the testis.  

 

This enzyme is involved in the synthesis 

of catecholamines, suggesting that the testis has 

the substrate and enzymes necessary for 

intratesticular catecholaminergic synthesis and 

production that could control the regulation of 

spermatogenesis (Frungieri et al. 2004, Lakomy 

et al. 1997, Romeo et al 2004). 

 

Urra in 2014 evidenced the presence of 

dopamine, noradrenaline and serotonin 

transporters, revealing a dopaminergic system 

with direct influences on sperm cells, suggesting 

that male gametes contain modulators or signal-

capturing molecules.  

 

This indicates that these 

catecholaminergic receptors are capable of 

receiving and generating modulatory effects on 

sperm viability, capacity and motility.  

 

With regard to the present study, in the 

different groups treated with haloperidol, the 

loss of cells in the germinative epithelium of the 

seminiferous tubules was observed, which is 

associated with the poor interaction between the 

testosterone produced by the Leydig cell and the 

communication of this hormone with the Sertoli 

cell.  Several authors mention that testosterone is 

indispensable for the maintenance and 

completion of spermatogenesis, as well as being 

indispensable for male fertility (De Gendt et al. 

2004, Haywood et al. 2003). 

 

 Some authors agree that low testosterone 

levels result in the disruption of the seminiferous 
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epithelium, interrupting the meiosis phase of 

spermatogenesis, thus affecting the maintenance 

of testicular structures (De Gendt et al. 2004, 

Holdcraft and Braun 2004, Meng et al. 2005). 

Lack of testosterone stimulation of 

Sertoli cells alters the metabolic and structural 

interaction of these cells in immature gametes in 

the seminiferous epithelium. Testosterone 

signals can be directly translated into changes in 

gene expression or can activate kinases that 

regulate processes necessary to maintain 

spermatogenesis. 

 

 The DMSO-treated control groups show 

no significant differences when compared to 

testes from animals without any manipulation. 

This indicates that dopaminergic stimuli in the 

testis are required for the maintenance of testis 

structures, and intratesticular dopamine plays 

stimulatory actions to fulfil the complete cycle 

of spermatogenesis. 

 

In the 4-day groups following 

haloperidol administration, scaling of immature 

cells and widening of the lumen in multiple 

seminiferous tubes is observed. This response is 

associated with impaired Sertoli cell function 

leading to functional changes in support of 

immature gametes and in the transport of 

nutrients from the blood plasma into the 

seminiferous tubule, as well as disruption of the 

cell's own metabolism and metabolic 

maintenance of developing gametes.  

 

Testosterone deprivation studies in rats 

have established that testosterone is required for 

germ cells to progress beyond meiosis and that, 

in addition, testosterone is required for the 

release of mature spermatids during stage VIII 

(Sharpe 1994). 

 

In the 8-day groups, multiple 

vacuolisations of immature cells were found, in 

addition to cell pyknosis. It is likely that the 

hyperplastic alterations in the Sertoli cells cause 

low testosterone biosynthesis, affecting and 

preventing the full development of 

spermatogenesis. 

 

Day 12 groups showed the greatest 

changes in seminiferous epithelium and 

seminiferous tubule structure. Dopaminergic 

blockade in the testis appears to increase 

gradually, as numerous tubules without 

seminiferous epithelium and Sertoli cells were 

found in these groups, and loss of all cell lines in 

the seminiferous epithelium could be observed.  

 

 

Higher counts of hyperplastic Leydig 

cells were also recorded in these groups. These 

results suggest that the changes are due to the 

lack of secretion of androgen binding protein 

(ABP), which is produced in Sertoli cells and is 

responsible for concentrating testosterone within 

the seminiferous tubule. 

 

 Testosterone is used by the developing 

gametes to complete the different stages within 

the testis, but without ABP and the altered 

Leydig cells, testosterone has no influence on 

spermatogenesis and structural maintenance of 

the seminiferous tubules. 

 

The absence of testosterone in Sertoli 

cells results in three major impairments. It 

damages the integrity of the blood-testicular 

barrier, exposing post-meiotic germ cells to 

autoimmune attack and cytotoxic factors 

(Willems et al. 2010; Meng et al. 2011). 

 

 In addition, there is a block in the 

conversion of round to elongated spermatids due 

to a defect in cell adhesion, which causes 

detachment of round spermatids (Holdcraft and 

Braun 2004, O'Donell et al 1994, O'Donell et al 

1996). 

 Finally, Sertoli cells do not release 

spermatozoa and the germ cells are 

phagocytosed by Sertoli cells (Holdcraft and 

Braun, 2004). 

 

Studies in transgenic mouse models have 

shown that stimulation of spermatogenesis by 

androgens requires direct action on androgen 

receptors on Sertoli cells (De Gendt et al 2004, 

O'Shaughnessy 2014, O'Shaughnessy et al. 

2010). They also exert action on other testicular 

somatic cells, including myoid-peritubular cells 

and Leydig cells.  

 

This action may be regulated by 

dopamine, but Smith and Walker (2014) 

concluded that the molecular mechanisms by 

which testosterone exerts action and acts on 

spermatogenesis are still being elucidated. The 

identification of testosterone-regulated genes in 

Sertoli cells has led to the discovery of their 

actions and a better understanding of how this 

hormone regulates the process of 

spermatogenesis. 
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Animals in the 16-day haloperidol-

treated group showed similar alterations to the 

previous days, although the repeat and count of 

alterations were decreased. This result suggests 

that dopaminergic stimuli are reactivated at a 

certain time restoring testicular structures and 

communications. 

 

The above findings indicate that it is 

possible to show that the changes in the 

structures and cellularity of the functional parts 

of the testis are not due to the absence of 

testosterone as the changes and alterations go 

hand in hand with the blockade of dopaminergic 

receptors.  

 

This allows us to suggest that one of the 

actions of intratesticular dopamine is to maintain 

the paracrine interaction between Leydig cells 

and Sertoli cells. 
 

On the other hand, there is speculation in 

the literature as to whether the absence or 

decrease in testosterone concentration affects the 

display of male sexual behaviour (Janowsky 

2006, Meisel and Sanchs 1994). 
 

Based on the above, the proposed model 

for the study of testicular dopaminergic function 

leads us to analyse whether direct blockade of 

dopaminergic receptors is able to induce changes 

in testosterone secretion that may alter male rat 

sexual behaviour. 
 

 We are interested in exploring how the 

sexual behaviour of males treated with 

haloperidol or other dopamine antagonists 

unfolds, and whether there are alterations in 

semen fertilising capacity and/or sperm count 

and viability. In that sense, the proposed model 

is of undoubted interest. 
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Conclusions 

 

DMSO is a reliable vehicle for the infiltration of 

active drugs directly into the testis and its tissues. 

 

The use of the dopaminergic antagonist 

haloperidol applied directly into the testis 

disrupts spermatogenesis as a consequence of 

damage or altered signalling between Leydig 

and Sertoli cells, suggesting that testicular 

dopamine is involved in the mechanisms of 

cellular communication in testicular tissues. 
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Abstract 

 
The Natural Protected Areas, are considered highly efficient, given their natural 

vocation and the objectives which are to keep their forests and meadows in perfect 

condition The objective of this work was to generate allometric equations to 

estimate biomass and carbon from Pinus hartwegii and Muhlenbergia macroura, in 

addition to the carbon content in the soil, considered as carbon reservoirs. A 

destructive sampling of 94 trees from one to ten years old and 55 grass samples was 

carried out. The study was conducted in the Iztaccíhuatl-Popocatépetl National Park. 

Carbon from aerial biomass in reforestation and natural grassland was calculated 

using the generated equations and data obtained from 234 sampling sites. For the 

organic carbon determination in the soil, 35 samples were extracted at two depths 

(0-15 and 15-30 cm). The resulting equation for the estimation of the Pinus 

hartwegii biomass was B=0.0092Db2.7303 and for Muhlenbergia macroura the 

equation were B=0.075+0.00001393Db2h. The average carbon content was 50.3 

and 42.1% for trees and pastures, respectively. In order of magnitude the total 

carbon storage in the 750 hectares was 76,566.7 Mg of C in the soil, 2,249.50 Mg 

of C in pastures and 37.12 Mg of C in reforestation.  

 

 
Biomasa, Destructivo, Muestreo, Reforestación, Reservorio   

 

 

Resumen 
 

Las Áreas Naturales Protegidas, se consideran altamente eficientes para 

secuestrar carbono porque fueron creados para mantener su vegetación en 

perfecto estado. El objetivo de este trabajo fue generar ecuaciones alométricas 

para estimar biomasa y carbono de Pinus hartwegii, Muhlenbergia macroura y en 

el suelo, para plantaciones de 750 ha del Parque Nacional Iztaccíhuatl-

Popocatépetl. Se muestrearon 94 árboles de uno a diez años y 55 muestras de 

pasto. El carbono de la biomasa aérea en reforestaciones y pastizal natural se calculó 

mediante las ecuaciones generadas en este estudio y con datos obtenidos de 234 

sitios de muestreo. Para la determinación de carbono orgánico en el suelo se 

extrajeron 35 muestras a dos profundidades (0-15 y 15-30 cm). La ecuación 

resultante para la estimación de la biomasa en arbolado menor a 7.5 cm de 

diámetro normal de Pinus hartwegii fue B=0.0092Db
2.7303 

y para Muhlenbergia 

macroura fue: B=0.075+0.00001393Db
2

h. El contenido de carbono promedio fue 

de 50.3% para árboles y 42.1% para pastos. En orden de magnitud, el 

almacenamiento de carbono total en las 750 ha fue de 76,566.7 Mg de C en el suelo, 

2,249.50 Mg de C en pastos y 37.12 Mg de C en reforestaciones de diez años. 

 
 

Biomass, Destructive, Sampling, Reforestation, Reservoirs 
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Introduction 

 

One of the most important reservoirs of carbon 

(C) in the biosphere is found in terrestrial 

ecosystems, i.e. in living plant organic matter, 

necromass (dead plant matter) and soil organic 

matter (Ruíz et al., 2014).  

 

Forest ecosystems are particularly 

important as C reservoirs; they assimilate and 

store large amounts of carbon throughout their 

lifetime (De Jong et al. 2004).  

 

According to Gargaglione et al. (2010), 

this capacity varies according to floristic 

composition, age and stocking density, 

information that coincides with that reported by 

Aalde et al. (2006) and Estrada (2007), who 

also highlight the participation of climate and 

forest management to which the ecosystem is 

subject, which indicates that secondary forests 

and young plantations fix a greater amount of 

carbon per unit of time (Estrada, 2007).  

 

On the other hand, Barnes et al. 2024, 

found links between reforestation and surface 

and air temperature response in the eastern 

United States and found that forests cool the 

land surface by 1 to 2°C per year compared to 

nearby grasslands and croplands.  

 

Trexler and Haugen (1995) state that 

Mexico's potential to store carbon through 

forest plantations is 30 to 85 x106 Mg C, where 

vegetation cover plays an important role, 

showing that higher cover corresponds to higher 

carbon sequestration (Schneider et al. 2024).  

 

According to SEMARNAT (2012) 

Mexico does not have a direct commitment to 

abate itsCO2 emissions to a specific level, but it 

does have the possibility of accessing carbon 

sequestration credits through the Clean 

Development Mechanisms (CDM) defined in 

the Kyoto Protocol.  

 

It is for this reason that the quantification 

of carbon absorption by tree vegetation is more 

relevant, in this sense, biomass is the parameter 

at tree or forest level, which allows estimating 

carbon stores, understanding the term biomass 

as the amount of aerial organic matter present in 

the tree components: trunk, branches, leaves, 

fruits and roots. 

 

The most commonly used methodologies 

in Mexico for estimating biomass and carbon in 

forest species are classified into indirect 

methods (generation of allometric equations, 

biomass or carbon expansion factors and using 

remote sensing images) and direct methods that 

consist of a destructive process to obtain 

samples of tree components (Díaz et al., 2007).  

 

Therefore, the objective of the present 

work was to estimate the amount of biomass in 

young Pinus hartwegii Lindl. trees and in the 

Muhlenbergia macroura (Kunth) Hitchc. 

( Muhlenbergia macroura ) (Kunth) Hitchc. and 

then measure the carbon in the above 

components and in the soil, in an area of 750 ha 

reforested in ten years by the Volkswagen de 

México company in four plots of the 

Iztaccíhuatl Popocatépetl National Park.  

 

Materials and Methods 

 

The study was carried out in an area of 750 ha, 

annexed to the programme on restoration, 

protection and conservation of natural 

resources of the Iztaccíhuatl Popocatépetl 

National Park (Izta-Popo NP). The area is 

made up of four properties located to the south 

of the Iztaccíhuatl volcano near the mountain 

pass called Paso de Cortés, with surfaces of 

150, 100, 300 and 200 ha each (Figure 1), 

where ecological restoration work has been 

carried out since 2008, consisting of good soil 

management practices for water retention in 

ravines, barriers with dead plant material, 

infiltration pits and reforestation with the 

Pinus hartwegii species, in charge of the 

Volkswagen de México car company.  

 

The area is located at the coordinates 21º 

11‘ 58.00’ North Latitude and 53º 60‘ 14.83’ 

West Longitude. The predominant climate is 

cold and humid high mountain, with average 

annual temperatures between 5 and 12 °C 

(CONANP, 2013). 

 

 The soil units present are Lithosols now 

Leptosol, coarse-textured and medium-

textured distric Regosol. Vegetation consists 

mainly of pine forest and zacatonal (CONANP, 

2013). The area that includes the four 

properties is located in an altitudinal range 

from 3670 to 3885 m asl.  
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Box 1 

 

 
Figure 1 

Location of the reforested properties studied, 

close to the Paso de Cortés valley in the 

Iztaccíhuatl-Popocatépetl National Park 
 

To obtain information on the planted 

trees in terms of density (number of trees per 

unit area) and size (dimensions in basal 

diameter and height) of the four properties, 

systematic sampling was applied with a 

distance between rows and rows of 180 x 180 m 

due to the homogeneity of the properties in 

terms of type of vegetation and topography. In 

this way, 234 circular sites of 500m2 were 

surveyed and the geographical coordinates were 

taken at each sampling point. 

 

Determination of biomass in saplings 

 

A methodology similar to that reported by 

Acosta et al. (2002), Avendaño et al. (2009) and 

Carrillo et al. (2016), used in different forest 

species in Mexico, was used to estimate the 

biomass in the saplings.  

 

A representative sample of 94 Pinus 

hartwegii trees planted in the reforestations was 

taken, which showed no evidence of damage or 

phytosanitary problems and ranged in age from 

newly planted to 10 years old. Care was taken 

to include in the sample all sizes present by 

diameter category. 

 

Prior to the extraction of the trees, the 

height at the first live branch (hL) and the total 

height (hT) were measured; useful data to 

generate the allometric model to estimate the 

biomass and carbon content.  

 

Both variables were measured with a 3 

m long ‘ameritape’ tape measure; the diameter 

of the base (Db) was also measured with a 

Surtek steel analogue vernier caliper, and when 

the base exceeded 20 cm in diameter, a 5 m long 

‘David Ominicus’ tape measure was used.  

 

 

In all cases, the centimetre was used as 

the unit of measurement. Using picks and 

shovels, the selected trees were extracted from 

the ground in their entirety, including their roots 

(thick, medium and thin); they were sectioned, 

labelled and transferred to be placed in a tunnel-

type greenhouse to accelerate the loss of 

humidity, in order to finally obtain the dry 

weight of each of their components.  

 

Before the material entered the 

greenhouse, the trees were separated into their 

root, stem, branches and foliage components, 

and their weight was constantly obtained until it 

was ensured that there was no longer any loss of 

moisture or until the constant weight of each 

component was obtained using a Mercurio 

digital scale with a capacity of 30 kg and 10 g 

of precision.  

 

Components weighing less than 200 g 

were weighed on a Scout® Pro portable 

precision balance. Once moisture loss was no 

longer recorded in the greenhouse for all 

samples and all components, sub-samples were 

taken for complete drying and dry weight 

determination.  

 

Once the parts of each tree were 

separated, a total of 376 subsamples were 

obtained, which were placed in paper envelopes 

and coded with the corresponding number of the 

tree and the part of the component to which they 

belonged (root, stem, branch or foliage). 

 

 Each subsample was weighed on a 

portable precision balance before being placed 

in a drying oven, so that information on the 

moisture content still contained in the 

subsamples could be obtained using the ratio: 

(initial weight-final weight/initial weight) and 

then this ratio of moisture loss could be applied 

to the greenhouse samples. Smaller subsamples 

were used in order to dry them completely and 

were placed in a Blue M Stabil-Therm drying 

oven at 75 °C for 72 hours until a constant 

weight was achieved, with the information on 

the moisture lost from the subsamples in the 

oven. This amount was applied to the total tree 

component that had been previously dried and 

weighed in the greenhouse, thus determining 

the dry weight or biomass of each component of 

all the trees sampled, and the sum of the 

biomass of the four components constituted the 

total biomass of each tree. 
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A potential model (Acosta et al., 2002) 

was used to estimate total biomass as a function 

of Db, height at first branch (hL) or total height 

(hT). The fit parameters were obtained using the 

least squares statistical procedure using the SAS 

package (2011). The general form of the model 

is presented in equation 1 (Acosta et al., 2002).       

                                                   

𝑌 = 𝑏𝑋𝑘                 (1) 

 

where Y is the tree-level biomass (kg), X 

is an easily measured tree variable (cm), in this 

case it could be hL, hT or Db; b and k are the 

model parameters.  

 

Once the data on biomass content per 

tree (kg) were obtained, equation 1 was used to 

estimate it as a function of Db and the hL and 

hT variables for each tree were also tested with 

this model. 
 

Determination of carbon in saplings 
 

Of the 94 trees measured for biomass estimation, 

13 trees were selected, covering all size ranges, 

used to determine the percentage of carbon per 

component. 
 

  It was decided to use only 13 trees since 

the variability of carbon content in the different 

components of a plant sample of the same 

species has been found to be low (Carrillo et al., 

2016), such content being reported to be 

approximately 50% (IPCC, 2003).  
 

The subsamples were prepared and 

analysed in the laboratory, ground and sieved 

with a No.60 mesh. To obtain each subsample, 

we proceeded as follows: from each of the 13 

trees we took a portion of material from each 

component (root, stem, branch or foliage) of 

approximately 5.0 g and placed it in a Blue M 

ov-490A-2 oven for two hours at 65 °C; then we 

took 30.0 to 30.9 mg and determined its carbon 

content by the dry combustion method in the 

Shimadzu TOC 5050-A carbon analyser. 
 

Once the carbon content per component 

was determined, an average was obtained, 

which can be applied to the biomass content of 

each tree to determine the amount of carbon 

contained in each of the trees sampled. To 

obtain the carbon content of each component of 

the whole tree, the total biomass of each 

component was multiplied by the average of the 

fraction of carbon content obtained from the 

sub-samples.  

Determination of biomass and carbon in 

grasses 

 

To measure the amount of biomass in 

Muhlenbergia macroura, 65 plants were 

selected to cover all sizes of grasses, prior to 

obtaining the samples in grasses, the following 

measurements were taken for each one: 

diameter at the base (Db) in cm with a 5 m 

diameter tape ‘David Ominicus’, the diameter 

measured included all the tillers at ground level; 

total height (H) in cm with a 3 m tape measure 

‘ameritape’ and refers to the height at which the 

last leaf of the tiller is naturally located; The 

crown diameter (dc) in cm was also measured 

with the same tape used to measure ‘H’ and 

refers to the coverage of the leaves of all the 

naturally growing canes.  

 

The inclusion of these three variables 

was intended to test one or more variables 

(combined variables) in the statistical model and 

determine which one(s) had the best fit. 

Subsequently, each specimen was extracted 

with all its roots, taking care not to lose leaves 

or roots. Each of the 65 plants were placed in 

paper bags and transported to a tunnel 

greenhouse to accelerate the loss of humidity. 

 

Once in the greenhouse and once they 

were considered sufficiently dry, the aerial part 

and the roots were weighed separately on a 

Mercurio model digital scale with a capacity of 

30 kg and 10 g of precision; this procedure was 

carried out until there was no longer any loss of 

moisture in the components of each plant or 

when their weight was constant.  

 

Since the total dry weight of the 

components was not obtained in the greenhouse, 

aliquots of each component were taken to bring 

them to dry weight, before being placed in a 

Blue M ov-490A-2 drying oven in small 

envelopes, their weight was recorded on a 

Scout® Pro model portable precision balance as 

the initial weight and after 72 hours had passed 

and to ensure that there was no decrease in 

weight of each aliquot, their weight was 

recorded as the final weight to obtain the 

proportion of moisture loss using the ratio: 

initial weight-final weight/initial weight, which 

was applied to the material that remained in the 

greenhouse. 

 

 



5 

Journal Simulation and Laboratory                                                                  11[30]1-10: e31130110 

Article 
 

 

ISSN: 2410-3462. 

RENIECYT-CONAHCYT: 1702902 

ECORFAN® All rights reserved. 

Carrillo-Anzures, Fernando, Acosta-Mireles Miguel, Martínez-Ramírez 

Mayra and Flores-Ayala Eulogio. [2024].  Determination of total carbon 
stored in reforestations established in the National Park Iztaccíhuatl 

Popocatépetl. Journal Simulation and Laboratory. 11[30]1-10: e31130110. 

https://doi.org/10.35429/JSL.2024.11.30.1.10 
 

From the 65 plants, eight plants covering 

the whole size range were chosen to determine 

the percentage of carbon in each of their 

components (foliage and root), the eight plants 

were placed separately in a manila paper 

envelope and coded with the number of the 

specimen and the type of component. To 

determine carbon, the same procedure was used 

as for measuring carbon in trees. 

 

The allometric model tested to 

determine the biomass and carbon in grasses 

was model 1: Y=bX +a 

For both models the highest value of the 

coefficient of determination was considered as 

the best fit criterion. 
 

Due to the high amount of grasses 

present in each sampling site, to define the 

amount of biomass per unit area expressed in 

Mg ha-1 per grass concept, each site was divided 

into four sections and in each section the 

percentage covered by large grasses (> 10 cm 

diameter at the base) and small grasses (< 10 cm 

diameter at the base) was determined. 
 

Measuring soil carbon 
 

To measure soil carbon, out of the 234 sampling 

sites in the four farms, 35 were randomly 

selected in proportion to the size of the farm. At 

these, soil samples were obtained based on the 

methodology described in the National Forest 

and Soil Inventory (CONAFOR, 2011). 
 

 Soil samples were collected at two 

depths: 0-15 and 15-30 cm located in the centre 

of each plot, using two stainless steel augers 

with collection tubes of 4.1 and 2.17 cm in 

diameter, respectively. A total of 70 samples 

were obtained, labelled and placed in a tunnel 

greenhouse to accelerate drying. 
 

After removing roots and stones, the soil 

samples were broken up with a hammer. Once 

homogenised, a subsample of approximately 5 g 

per sample was taken and dried in a Blue M ov-

490A-2 oven at 105 ºC for two hours, after 

which they were ground in a SPECK 8000 

MIXER/MILL for three minutes (Acosta et al., 

2002); this ensures that at least 90% of the 

material passes through a 100 mesh mesh screen. 

After grinding, they were dried a second time at 

105 ºC for two hours; finally, to measure the 

organic carbon content, they were placed in a 

Shimadzu TOC 5000-A automatic total carbon 

analyser (Shimadzu TOC 5000-A).  

To estimate the amount of carbon in the 

soil, an accurate measurement of the bulk 

density of the soil is required. Although the dry 

soil volume did not take into account the weight 

of stones and roots, it was corrected for the 

volume of stones, using the density value of 2.4 
g-cm3 calculated by Monreal et al. (2005).  

 

On the other hand, the volume occupied 

by the roots in each soil sample was negligible, 

so it was not considered in the subsequent 

calculations. All results are presented in Mg 

(Megagrams, which is equivalent to tonnes).  

 

Results and discussion 

 

The distribution of biomass in planted trees and 

grasses was as follows: the highest 

accumulation in Pinus hartwegii was 

concentrated in the root with a mean of 37.36 %, 

followed by the foliage with 30.44 % of the total; 

the rest was contained in the stem and branches, 

with 24.06 and 8.14 %, respectively; these 

results are possibly due to the fact that the 

sampled plants were saplings of no more than 8 

to 10 years of age and therefore, the highest 

biomass concentration was in the root and 

foliage.  

 

Quite different from when measuring 

biomass concentration in adult trees, where the 

highest concentration is in the stem; for example, 

Carrillo et al, (2016) in a study for Pinus 

hartwegii, found that the biomass distribution 

was as follows: in the stem it varied from 45.5 

to 84.6 % with an average of 65 %; in the 

branches, from 11.4 to 37.4, with an average of 

23.8 % and in the foliage from 2.0 to 29.2, with 

an average of 10.9 %; for this study, the biomass 

content in the roots is not indicated because they 

were not included. 

 

For the case of Muhlenbergia macroura 

the highest biomass concentration was in the 

aerial part, with an average of 78.34 % and the 

rest in the root (21.66 %).  

 

This type of grass has a very shallow 

root, perhaps due to the moisture content and the 

type of soil that always prevails in the 

conditions where it grows and perhaps that is the 

reason for the distribution of carbon in these two 

components. 
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Biomass equations 

 

Equation (1) to determine the total aboveground 

biomass of Pinus hartwegii as a function of 

diameter at base is as follows: 

B=0.0092Db2.7303, where B is biomass in kg and 

Db is diameter at base in cm, with a coefficient 

of determination R2=0.9645 and root mean 

square error=0.7696, considered acceptable 

(Figure 3a).  

 

For Muhlenbergia macroura, although 

several mathematical models were tested to 

relate the amount of biomass as a function of Db, 

canopy height (H) and dc, the equation that 

provided the best fit was the linear equation 

relating the square of the diameter at base (Db) 

by height (H), the model is as follows: 
B=00001393Db2H+0.075 where B is the biomass in 

kg, Db is the diameter at base in cm and H the 

height in cm, with R2=0.9402 and root mean 

square error=0.3543 (Figure 3b). 

 

Box 3 
(a) 

 
 

(b) 

 

 
Figure 3 
Dispersion of data and trend line of biomass values; a) 

Pinus hartwegii; b) Muhlenbergia macroura 
 

The biomass values generated for the 

root, stem, branches and foliage of Pinus 

hartwegii, were within the range of percentages 

found for the same species in different sites 

(Ortíz-Rodríguez and Rodríguez-Trejo, 2008; 

Méndez et al., 2011; Cortés et al., 2019).  

 

The values obtained indicate that at 

younger ages or in the smallest trees, the highest 

biomass concentration occurred in the root and 

foliage, in contrast to adult trees where it 

accumulates in the stem and branches (Carrillo 

et al., 2014; Carrillo et al., 2016; Ruíz et al., 

2014). For Mexico, studies on the biomass 

storage potential of grass species are limited. 

However, foreign works, using more complex 

models, have limited this type of analysis 

(Burrell, et al.2024), finding that they have used 

species that are distributed in altitudinal 

gradients (3500-4000 masl) comparable to the 

species under study. The percentage of biomass 

of the aerial and root part of Muhlenbergia 

macroura determined were found to be within 

the ranges obtained for Peruvian zacatonal in 

the species Calamagrostis vicunarum, Festuca 

dolichophylla and Muhlenbergia ligularis 

(Quispe et al., 2015). 
 

Carbon concentration 
 

The carbon determined in the laboratory of the 

different components of the biomass of the 

Pinus hartwegii samples that were analysed was 

on average: 50.3 % in the root, 51.7 % in the 

stem, 50.7 % in the branches and 50.6 % in the 

foliage. 
 

 Therefore, in general, the average 

percentage of carbon with respect to the total 

biomass of each tree was 50.9 %, which is very 

similar to the percentage of carbon 

recommended for the biomass of different 

species (IPCC 1994).  
 

For Muhlenbergia macroura the carbon 

was distributed in 42.0 % for the root and 42.2 

% in the aerial part, with an overall average of 

42.1 %, which differs considerably from the 

IPCC recommendation that 50 % of the biomass 

is carbon. 
 

Carbon determination 
 

To determine the carbon content for the Pinus 

hartwegii saplings, it is sufficient to apply the 

model to estimate the biomass and apply the 

percentage of carbon, which was 50.9, the 

average resulting from analysing the different 

components of the plant. There are studies that 

determine the biomass per plant component 

(Cortés et al. 2019), however, the objective in 

this study was to determine the total carbon 

store, both above and below ground, without 

considering the plant components. 

B = 0.0092Db2.7315
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For this study, the variable diameter at 

the base was used because the objective was to 

determine the amount of carbon present in the 

reforested trees and more than 90% of the 

sample used was trees smaller than 7.5 cm 

normal diameter, whereas for other studies, the 

most important thing is to measure the total 

carbon in the adult trees, without considering 

the carbon present in small trees or herbs and 

shrubs (Avendaño, et al., 2009, Acosta et al., 

2002). 

 

The equations are restricted to the range 

of variation in the dimensions of the sampled 

trees, whose diameter at the base ranged from 

0.95 to 14.1 cm, which implies that they can be 

applied to the same species in different sites or 

regions, as long as they present similar 

environmental conditions and growth pattern.  

 

In a plantation in China with Pinus 

messoniana , a result of 13.7 t ha-1 of carbon 

was obtained at 10 years of age, and in 

plantations of 15, 20 and 25 years of age, 

maximum accumulated values of 50.14, 85.86 

and 115.17 t ha-1, respectively, were obtained 

(Bai & Ding, 2024), which were much higher 

than those obtained in the present study. 

 

On the other hand, the determination of 

carbon in Muhlenbergia macroura, as for the 

reforestation trees, once the amount of biomass 

is determined, the average percentage of carbon 

obtained for this species is applied, which was 

42 %. 

 

Soil carbon 

 

The content in the top layer (0-15 cm) was 

higher than that found in the second layer (15-

30 cm) by approximately 15 %, only in the 200 

ha plot, it was slightly higher in the depth of 15 

to 30 cm; this result may be due to two factors; 

first, sampling was only carried out in four sites 

of the plot and this could generate uncertainty 

because a very low number of samples were 

used; the second factor that influenced and is 

considered the most reliable, is that the bulk 

density of the soil in the layer from 0 to 15 cm 

depth was 0. 91 gr cm-3, while in the soil layer 

from 15.1 to 30 cm depth, the bulk density was 

1.19 gr cm-3, however, the percentage of 

carbon in the shallowest layer was 4.07, while 

in the deepest layer it was 3.14, which confirms 

that the shallowest soil layer does contain a 

higher percentage of carbon. 

The average organic carbon at the depth 

of 0 to 15 cm ranged from 48.29 to 67.06 Mg-

ha-1 and from 15 to 30 cm ranged from 38.23 

to 57.8 Mg-ha-1 (Table 1). Soil carbon values 

were found to be within the ranges (42.567- 

103.08 Mg ha-1) cited by Madrigal et. al. (2019) 

for soils where Pinus hartwegii is distributed ; 

although they are low compared to pine forest, 

pine-oyamel and grassland soils (145.5 Mg ha-

1) (Vela et al., 2012) and lithosol soils (137.0 

Mg ha-1) (Food and Agriculture Organization 

of the United Nations [FAO] 2002). 

 

Box 4 

Table 1 

Organic carbon stored in soil at two depths 

(0-15 y 15-30 cm) Mg·ּha-1. 

Statis

tics 

150 ha 100 ha 300 ha 200 ha 

0-

15 

15-

30 

0-

15 

15-

30 

0-

15 

15-

30 

0-

15 

15-

30 

Mini

mum 
35.
35 

23.
06 

47.
62 

44.
82 

39.
80 

30.
41 

45.
31 

43.
82 

Mean 48.
29 

38.
23 

67.
06 

57.
80 

55.
38 

40.
51 

55.
66 

56.
01 

Maxi

mum 

57.

99 

48.

93 

86.

62 

73.

59 

71.

68 

57.

29 

70.

80 

89.

44 
Devia

tion 
7.0 7.9 

13.
2 

11.
1 

12.
2 

8.1 
11.
7 

22.
3 

 

 

Carbon in reforestations and natural 

grasslands 

 

The average carbon accumulated in Pinus 

hartwegii reforestations ranged from 0.026 to 

0.74 Mg-ha-1, a relatively low value compared 

to 19.68 Mg C ha-1 for twelve-year-old mixed 

plantations of Pinus devoniana Lindl. and P. 

pseudostrobus Lindl. in Guanajuato Mexico 

(Méndez et al. 2011).  

 

However, it is convenient to consider that 

the conditions where Pinus hartwegii develops 

with those of Pinus devoniana and P. 

pseudostrobus are different. The average carbon 

stock obtained for the eight grassland samples 

was 42.1 % with a standard deviation of 2.131 

and varied from 2.85 to 3.04 Mg-ha-1, which is 

well below the 21.4 Mg-ha-1 reported by Segura 

et al. (2005) for grasslands in Mexico.The total 

carbon stored in the 750 ha was 78,853.39 Mg, 

of which 37.12 Mg corresponds to the Pinus 

hartwegii plantations, 2,249.50 Mg to natural 

Muhlenbergia macroura grass and 76,566.77 Mg 

in the mineral soil at a depth of 0 to 30 cm. Table 

2 shows the distribution of carbon content by 

plot. 
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Box 5 

Table 2 

Total carbon stored in 750 ha of Iztaccíhuatl-

Popocatépetl NP 

 

Reservorio 

Total carbon in Mg per site 

Total 
150 

ha 

100 

ha 

300 

ha 

200 

ha 

Reforestation 4.08 5.55 22.26 5.24 37.13 

Natural 

grassland 

  

446.76 

  

285.33 

    

913.67 

     

603.74 

  

2,249.

50 

   

Soil 

0-15 

cm 

7,243.

30 

6,706.

06 

16,615

.36 

11,131

.06 

41,695

.78 

15-30 

cm 

5,735.

15 

5,780.

26 

12,154

.12 

11,201

.47 

34,870

.99 

Total 
13,429

.29 

12,777

.20 

29,705

.41 

22,941

.50 

78,853

.39 
 

 

The carbon content in each plot studied 

will depend on the surface area of the plot, as 

well as the vegetation present at the time of the 

study. 

 

Similar results regarding soil carbon 

content were found by Cruz et al (2019) in 

riparian soils of the Izta-popo National Park at 

a depth of 20 cm with a carbon content of 80.6 

Mg C ha-1.  

 

Gómez et al (2012) found that, in a low 

deciduous forest ecosystem, the amount of total 

soil organic carbon ranged from 78.12 to 93.68 

Mg C ha-1, where the carbon included that of the 

forest floor, fine roots, coarse roots and medium 

roots, in addition to the soil organic C.  

 

Conclusions  

 

In this study it was possible to adjust two 

allometric equations, one of potential type to 

determine the biomass in trees smaller than 7.5 

cm of normal diameter in Pinus hartwegii; the 

other is a linear equation to quantify the 

biomass in Muhlenbergia macroura by simply 

multiplying the square of its diameter at the 

base by the height.  

 

At the same time, in the planted plots, 

carbon storage was determined at two depths of 

the mineral soil, and this showed the highest 

amounts (97.1%) of the total carbon stored in 

the four plots. Finally, it is concluded that there 

is a total of 78,853.39 Mg of carbon stored in 

the four plots of the ten-year old plantations 

established by Volkswagen de  

 

México in the Paso de Cortés of the 

Iztaccíhuatl-Popocatépetl National Park. 
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Abstract 
 

Introduction The daily consumption of soft and sports drinks has a 

certain impact on dental tissues, causing a decrease in the pH of the oral 

cavity and demineralization of enamel and dentin. Objective. The 

objective was to evaluate the effect of carbonated and isotonic 

rehydrating beverages on dentin enamel microhardness in extracted 

permanent teeth. Methodology. Longitudinal, experimental, prospective, 

invitro study carried out at the Micro and Nanotechnology Research 

Center of the U.V. Contribution. A significant decrease in the enamel 

microhardness values was found in all groups when subjected to the 

acidic action of the beverages, and the loss of surface microhardness 

was evidenced. It was demonstrated that all the industrialized beverages 

used produced a decrease in the microhardness of the dental enamel, but 

not in the same intensity, with Coca-Cola having a greater decrease 

followed by Sidral Mundet, then Powerade and finally Gatorade. 

Discussion The results agree with Sandra Vargas Casana, who found 

that Coca-Cola had the greatest decrease in microhardness. 

 

 
 

Carbonated Beverages, Isotonic Beverages, Dental Erosion 
 

 

Resumen  
 

Introducción El consumo diario de bebidas gaseosas y deportivas ejerce 

cierto impacto sobre los tejidos dentales, provocando la disminución del 

ph de la cavidad oral y la desmineralización del esmalte y la dentina. 

Objetivo. El objetivo fue Evaluar el efecto de las bebidas carbonatadas 

y rehidratantes isotonicas sobre la microdureza del esmalte dentral en 

dientes extraídos permanentes. Métodología. Estudio longitudinal, 

experimental, prospectivo invitro realizado en el Centro de 

Investigación en Micro y Nanotecnología de la U.V.  Contribución. 

Encontrando en todos los grupos una disminución significativa de los 

valores de microdureza del esmalte al someterlas a la acción ácida de 

las bebidas, se evidenció la pérdida de la microdureza superficial. Se 

demostró que todas las bebidas industrializadas usadas producen una 

disminución de la microdureza del esmalte dental, pero no en la misma 

intensidad, siendo Coca-Cola quien tuvo una disminución mayor 

seguido Sidral Mundet, luego Powerade y finalmente Gatorade. 

Discusión Los resultados concuerdan con Sandra Vargas Casana, que 

encontró que la Coca-Cola tuvo la disminución de microdureza. 
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Citation: Capetillo-Hernández, Guadalupe Rosalía, Torres-Capetillo, Evelyn Guadalupe, Roesch-Ramos, Laura and Mora-

Sánchez Aura Leonora. [2024].  Effect of enamel after immersion in carbonated and rehydrating beverages. Journal 

Simulation and Laboratory. 11[30]1-8: e41130108. 
 
 
 

 
 

 

 

ISSN: 2410-3462 / © 2009 The Author[s]. Published by ECORFAN-Mexico, S.C. for its 

Holding Bolivia on behalf of Journal Simulation and Laboratory. This is an open access 

article under the CC BY-NC-ND license [http://creativecommons.org/licenses/by-nc-

nd/4.0/] 
 

Peer review under the responsibility of the Scientific Committee MARVID
®

- in the 

contribution to the scientific, technological and innovation Peer Review Process through 

the training of Human Resources for continuity in the Critical Analysis of International 

Research. 

 

 

https://ror.org/03efxn362
https://orcid.org/0000-0002-2033-4660
https://www.webofscience.com/wos/author/record/S-7875-2018
https://ror.org/03efxn362
https://orcid.org/0000-0003-0576-0327
https://www.webofscience.com/wos/author/record/T-1680-2018
https://ror.org/03efxn362
https://orcid.org/0000-0003-0188-797X
https://www.webofscience.com/wos/author/record/Q-8349-2016
https://ror.org/03efxn362
https://orcid.org/0000-0002-6356-7720
https://www.webofscience.com/wos/author/record/GZL-8656
https://doi.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.marvid.org/
https://crossmark.crossref.org/dialog/?doi=10.35429/JSL.2024.11.30.1.8&domain=pdf&date_stamp=2024-12-30


2 

Journal Simulation and Laboratory                                                                  11[30]1-8: e41130108 

Article 
 

 

ISSN: 2410-3462. 

RENIECYT-CONAHCYT: 1702902 

ECORFAN® All rights reserved. 

Capetillo-Hernández, Guadalupe Rosalía, Torres-Capetillo, Evelyn 

Guadalupe, Roesch-Ramos, Laura and Mora-Sánchez Aura Leonora. [2024].  
Effect of enamel after immersion in carbonated and rehydrating beverages. 

Journal Simulation and Laboratory. 11[30]1-08: e41130108. 

https://doi.org/10.35429/JSL.2024.11.30.1.8 

 

Introduction 

 

Dental enamel is the hardest tissue in the human 

body and serves as the wear-resistant outer layer 

of the dental crown. It forms an insulating 

barrier that protects the tooth from physical, 

thermal and chemical forces that would 

otherwise be detrimental to the vital underlying 

dental pulp tissue.  

 

  Because the optical properties of enamel 

are also derived from its structure and 

composition, developmental defects or 

environmental influences affecting the structure 

of enamel are typically visualised as changes in 

its opacity and/or colour. 

 

   The impact of developmental stresses 

on enamel is critical because, unlike bone, once 

mineralised, enamel tissue is acellular and 

therefore does not remodel (Lacruz RS et 

al.,2017). 

 

  Enamel is the tissue that covers the 

dental crown. Depending on the location where 

the enamel is found, it will be thicker at the 

incisal edges and cusps, while its thickness 

decreases as it moves towards the cervical line. 

(Sánchez Sánchez M, 2018) 

 

  It is increasingly common to find 

patients with non-carious dental lesions such as 

dental erosion, which is characterised by the 

loss of dental tissue through a chemical process 

that does not involve bacteria; the main cause of 

dental erosion is acid and chelating chemical 

processes. (Ruilova Carrión, 2018) 

 

  In Mexico there is a high level of 

consumption of industrialised beverages, it is 

one of the countries with the highest 

consumption of carbonated soft drinks, as well 

as an increasing frequency in the consumption 

of energy drinks. This makes a large part of the 

population susceptible to non-carious lesions 

such as dental erosion. (Nájera, 2018) 

 

  Dental erosion is defined as a process 

that affects the hard tissues of the tooth through 

chemical substances where bacteria are not 

involved.  

 

  It is characterised by intrinsic and 

extrinsic factors.  

 

  The most common factor is the extrinsic 

factor caused by food or drink. (Liska et al., 

2019) and is characterised by the loss of the 

natural surface morphology and contour of the 

teeth. 

 

  The primary aetiology of dental erosion 

is acid, as this acid acts on the enamel in a way 

that breaks the hydroxyapatite bonds causing 

demineralisation of the enamel affecting the 

microhardness of the enamel ( Jameel RA, 

2016). 

  The purpose of this study was to 

demonstrate the effect that substances currently 

ingested such as carbonated drinks and isotonic 

rehydration drinks have on the microhardness 

of dental enamel, in order to raise awareness in 

the population so that they have a moderate 

consumption of these substances. 

 

  The results of this study will be 

disseminated to health care providers so that 

they can give talks to educate patients about 

the effect of the consumption of carbonated 

beverages and isotonic rehydration drinks on 

the microhardness of tooth enamel. 

 

Conceptual framework 

 

We can define microhardness as the resistance 

of a body or material to withstand cuts, 

scratches, abrasion or constant penetration of its 

surface, the objective of this measure is to know 

the resistance of a body or material to 

deformation. ( Angulo B, 2017; Flores Ricardi, 

2018 ) 

 

  All materials or bodies have a degree of 

hardness, in the dental field this property is 

known as surface resistance, to measure 

microhardness different methods can be used, 

the most commonly used of which are the 

Vickers and Knoop methods. (Flores Ricardi, 

2018 ). 

 

  The Vickers method is used to measure 

the microhardness of the tooth enamel structure, 

as it is applied to determine the hardness of 

brittle materials. (Jima C, 2016) 

 

  This method consists of making, on the 

surface of a specimen, an indentation with an 

indenter in the form of a straight pyramid with 

a square base, with a certain angle at the vertex, 

and measuring the diagonal of this indentation 

after removing the load.  
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  The Vickers hardness is defined as the 

ratio of the test load to the area of the indent, 

which is considered as a straight pyramid with 

a square base and the same angle at the apex as 

the indenter. The Vickers hardness test type is 

very similar to the Brinell type, although the 

Vickers test uses a pyramidal diamond indenter 

with a 130° angle between its faces and a square 

base. The Vickers hardness number HV is given 

by the ratio between the applied force and the 

surface of the indent ( Ramírez AE, 1998 ). 

 

  The enamel is the tissue that covers the 

dental crown. Depending on the location where 

the enamel is found, it will be thicker at the 

incisal edges and cusps, while its thickness 

decreases as it moves towards the cervical line. 

( Sánchez Sánchez M, 2018 ) 

 

  The dental organs are made up of 

structures that together perform the functions of 

the teeth such as mastication, phonation and 

aesthetics. All teeth are composed of tissues: 

pulp, dentine, enamel and cementum.  

 

  The tooth is divided into two parts, the 

crown and the root. Tooth enamel is the 

outermost layer of the crown and corresponds to 

the hardest tissue in the human body, which is 

why teeth resist both mechanical and thermal 

forces and protect against infection. Dentine is 

the largest portion of the tooth structure below 

the enamel.  

   

  The innermost part is the pulp, this 

tissue gives vitality to the tooth as it is made up 

of nerves and blood vessels, the teeth are held 

to the bones by cementum, this structure 

encases the root of the tooth. (Clark MB, 2018) 

 

  Tooth wear is a multifactorial condition 

and the term is used to describe all types of non-

carious tooth substance loss: abrasion 

(produced by interaction between teeth and 

other substances), attrition (produced during 

tooth-to-tooth contact), erosion (produced by a 

chemical process) and abfraction (produced by 

abnormal occlusal loading that predisposes 

tooth substance to mechanical and chemical 

wear). (Green JI, 2016 ) 

 

  Both young and elderly patients can be 

affected, with a higher incidence in the lower 

posterior teeth, being more common in the 

cervical third of the buccal surface of all teeth. 

(Cruz da Silva ET, et al., 2019) 

  Erosion is not a new disease, it has been 

recognised for decades and its prevalence has 

increased over the years (Mafla AC, 2017). 

 

  Tooth erosion is defined as the 

irrevocable loss of tooth structure caused by the 

direct effect of acid on the tooth surface. In the 

initial stage, the effect is only limited to the 

enamel, but may extend further to the dentin. 

(Cuniberti, Nerida et al., 2017) 

 

  Dental erosion is an entity that impacts 

oral health and function. The loss of hard tissues 

can lead to dentin hypersensitivity, as well as 

poor appearance due to the loss of tooth enamel 

and dentin.  (Mafla AC, 2017) 

 

  Dental organs are composed of organic 

matrix mainly collagen in dentin and an 

inorganic matrix by the phosphate-based 

mineral PAH. These elements come into 

contact with food, beverages and microbiota.  

 

  Unlike other mineralised structures, 

teeth have developed resistance to the oral 

environment. This resistance is due to the 

enamel layer covering the crown of the tooth 

organ. The acid that is produced in the oral 

cavity, either by extrinsic factors through food 

and drink or intrinsic factors due to acids 

produced in the stomach and reaching the oral 

cavity.  

 

  The acidic environment leads to 

dissolution of the organismal matrix and the 

inorganic matrix. ( Abou Neel EA, et al., 2016) 

 

  The main acids involved in the 

demineralisation process of the tooth, lactic 

acid and acetic acid, enter the space between 

enamel prisms as neutral ions. This has an 

impact on the pH of the liquid in these spaces, 

resulting in the production of + ions that 

dissolve the hydroxyapatite crystals. (Skucha-

Nowak M et al, 2015) 

 

  The hydrogen potential or better known 

as pH, this is used for the concentration of 

hydrogens in a solution, in this case saliva.  

   

  High concentrations are characterised as 

expressing a low or acidic pH and low 

concentrations of hydrogens in saliva reflect a 

high or alkaline pH.  

 



4 

Journal Simulation and Laboratory                                                                  11[30]1-8: e41130108 

Article 
 

 

ISSN: 2410-3462. 

RENIECYT-CONAHCYT: 1702902 

ECORFAN® All rights reserved. 

Capetillo-Hernández, Guadalupe Rosalía, Torres-Capetillo, Evelyn 

Guadalupe, Roesch-Ramos, Laura and Mora-Sánchez Aura Leonora. [2024].  
Effect of enamel after immersion in carbonated and rehydrating beverages. 

Journal Simulation and Laboratory. 11[30]1-08: e41130108. 

https://doi.org/10.35429/JSL.2024.11.30.1.8 

 

  The scale of pH measurement using 

potentiometric units is from 0 to 14. (Barrios CE 

et al., 2015). The pH is considered a very 

important aspect in the formation of both 

carious and non-carious lesions, in this case the 

demineralisation of enamel, if the pH is not 

within normal values, it can have consequences 

in the oral environment, making it more 

susceptible and giving rise to oral diseases. The 

salivary pH range is 5.7 to 6.2, this range 

indicates normal salivary flow conditions, 

although there are some variations in basal pH 

and when saliva is stimulated. (Barrios CE et al., 

2015) 
 

  Different studies over time have shown 

the negative effects caused by carbonated 

beverages, the consumption of this type of 

beverages is increasing, in the United States, 

there is a very marked increase in the last 35 

years and the populations that are most affected 

are children, youth and young adults.  
 

  This has created a field of study for 

dentists. (Reddy A et al., 2016) Carbonated 

beverages are commonly flavoured with 

flavourings, sweeteners and acids, as well as 

CO2, and were given the name carbonated 

beverages because of the mixture of water and 

carbon dioxide that they contain, which when 

mixed together form sodium bicarbonate or 

carbonate. (Castro Acosta GA, 2015). A 

lifestyle that emphasises a ‘healthy’ diet and 

exercise with regular and continuous use of 

isotonic beverages could potentially lead to 

increased dental erosion (Antunes LS et 

al.,2017). 
 

  The name is given to isotonic drinks or 

sports drinks due to the concentration of 

elements found within them, such as sugars and 

minerals, which are dissolved in water, which 

together form a compound similar to that of 

blood, which is why the consumption of these 

drinks is beneficial, as their composition means 

that they are absorbed and pass into the blood 

more quickly, resulting in better hydration, 

However, although they may be beneficial in 

this way, consuming them in an inappropriate 

manner and without knowing what our body is 

ingesting can be counterproductive for our 

health, as not all people can make use of these 

types of drinks, nor can they be consumed at any 

time, so it is essential to be aware that the 

irresponsible use of these types of drinks can 

cause problems for our health. (Cruces L. et al., 

2017) 

   Extrinsic sources of low pH include 

fresh citrus fruits and their juices, acidified 

carbonated beverages and sports supplement 

drinks, many of which contain citric acid. 

 

    In addition, high beverage consumption 

by athletes during exercise, coupled with 

transient xerostomia resulting from inadequate 

rinsing and subsequent acid demineralisation of 

the tooth surface, can lead to erosive lesions of 

the teeth. 

 

    Dental erosion in athletes is a growing 

concern, and several studies have investigated 

the occurrence of dental erosion in relation to 

the consumption of isotonic beverages during 

swimming, collegiate sports and cycling 

(Antunes LS et al.,2017) 

 

Methodology to be developed: 

 

The objective was to Evaluate the effect of 

carbonated and isotonic rehydrating beverages 

on dentral enamel microhardness in extracted 

permanent teeth. Longitudinal, experimental, 

prospective, invitro study carried out at the 

Micro and Nanotechnology Research Centre of 

the University of Veracruz. 

   

 The sample consisted of 12 blocks and 

was classified into 4 groups for study, 

corresponding to 3 blocks of tooth enamel per 

beverage. 

 

- Group A had 3 enamel blocks exposed 

to Coca-Cola®. 

- Group B had 3 enamel blocks exposed 

to Sidral Mundet®. 

- Group C had 3 enamel blocks exposed 

to Powerade®. 

- Group D had 3 enamel blocks exposed 

to Getorade®. 

 

pH measurement of industrialised beverages 

 

The pH of each substance was measured in 

sterilised beakers and the beakers were labelled 

with the name of each beverage. Each beaker 

was filled with 250 ml of the substance. CIVEQ 

test strips were used to measure the pH of each 

substance, placing one strip in each beverage 

and following the manufacturer's instructions 

until the result was obtained for each substance. 
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Initial microhardness measurement. 

 

The first measurement was carried out at the 

Micro and Nanotechnology Research Centre of 

the University of Veracruz using a Mitutoyo 

HM-125 vickers microhardness tester, with 

which 3 identations were carried out with a load 

of 100g force in a time of 15 seconds. The 

average measurement of the microhardness in 
kg/mm2 was obtained. After the first measurement, 

the samples were stored in physiological saline 

solution. 

 

Exposure of the sample to the substances. 

 

The enamel samples were dried and placed in 

containers where they were exposed to 100 ml 

of each substance, each group was labelled. 

Each sample was immersed in the beverage for 

10 seconds. After the 10 seconds exposure to 

the beverages, the samples were removed and 

immersed in artificial saliva for 30 seconds, the 

process was repeated 10 times, in order to 

resemble the process that would be carried out 

in the oral cavity when taking the different 

beverages. At the end, the samples were left 

immersed in artificial saliva at room 

temperature until the next day, this was done for 

7 days, repeating the process in each group. 

 

Measurement of the final microhardness. 

 

At the end of the process of exposing the 

samples to the substances for 7 days, the final 

microhardness was measured for each specimen 

in each group. 

 

Results 

 

The present study was based on the evaluation 

of the initial and final microhardness of 

permanent extracted tooth enamel specimens 

exposed to 2 carbonated beverages (Coca-

Cola®, Sidral Mundet®) and 2 isotonic 

rehydrating beverages (Powerade®, 

Gatorade®).  

  

 For this study, 12 specimens distributed 

in 4 groups (n=3) were selected and exposed to 

the acid action of the carbonated beverages and 

isotonic rehydrating beverages, and it was 

found that there was a decrease in the surface 

microhardness of the samples after the erosive 

challenge. 

 

 Univariate analysis was performed to 

evaluate the initial and final microhardness of 

the enamel specimens.  

 

  An initial mean of 295.7555557 HV was 

found for the Coca-Cola® beverage and, after 

the erosive challenge, a final mean of 

124.4222222 HV was found. Likewise, for the 

Sidral Mundet® drink, an initial mean of 

250.922222 HV and a final mean of 

109.5777776 HV were found.  

 

  On the other hand, for the Powerade® 

drink, an initial mean of 270.5000003 HV and a 

final mean of 119.7000002 HV were found. 

Finally, for the Gatorade® drink, an initial 

mean of 264.5 HV and a final mean of 

124.9999997 HV were found (Table 1). 

 

  Univariate analysis was also performed 

for the differences between the initial and final 

microhardnesses in order to obtain 

microhardness loss of the enamel specimens. In 

them, it was found that the mean, for the Coca-

Cola® beverage, was 171.3333334 HV, for the 

Sidral Mundet® group, 171.3333334 HV, and 

for the Sidral Mundet® group, 171.3333334 

HV. 

 

  Sidral Mundet® group, the mean was 

141.3444444 HV, for the Powerade® group, 

the mean was 150.8000001 HV and, finally, 

for the Gatorade® drink, a mean of 

139.5000003 HV was found (Table 1) (Table 

1). 

 

  For each group, the initial and final 

microhardness of each sample was evaluated. In 

the Cola-Cola® group, the GA-1 sample had an 

initial microhardness of 379.466667 HV and a 

final microhardness of 205.833333 HV, the 

GA-2 sample had an initial microhardness of 

269.4 HV and a final microhardness of 

101.566667 HV, while the GA-3 sample had an 

initial microhardness of 238.4 HV and a final 

microhardness of 65.8666667 HV. 

   

 

  In the Sidral® group, sample GB-1 had 

an initial microhardness of 203.733333 HV and 

a final of 64.566666667 HV, sample GB-2 had 

an initial microhardness of 252.933333 HV and 

a final of 106.73333333 HV, while sample GB-

3 had an initial microhardness of 296.1 HV and 

a final of 157.43333333HV. 
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 In the Powerade® group, sample GC-1 

had an initial microhardness of 357.766667 

HVHV and a final of 203.966667 HV, sample 

GC-2 had an initial microhardness of 

254.366667 HV and a final of 102.46666667 

HV, while sample GC-3 had an initial 

microhardness of 199.36666667 HV and a final 

of 52.666666667 HV. 

 

 In the last group, which is the 

Gatoradel® group, sample GD-1 had an initial 

microhardness of 283.46666667 HV and a final 

of 144.533333 HV, sample GD-2 had an initial 

microhardness of 252.3 HV and a final of 

114.833333 HV, while sample GD-3 had an 

initial microhardness of 257.73333333 HV and 

a final of 115.63333333 HV. 

 

 On the other hand, the percentage loss of 

surface microhardness after the erosive 

challenge on the enamel was evaluated.  

 

 It was found that, for the Coca-Cola® 

Perform2 drink, the loss was 57.94%; for the 

Sidral Mundet® drink, the loss was 56.34%; for 

the Powerade® drink, the loss was 55.75%; and, 

finally, for the Gatorade® drink, the loss of 

surface microhardness was 52.75%. 

 

 Finally, the pH level of each of the 

beverages was measured using pH test strips for 

CIVEQ brand water, and it was found that the 

pH level for the Coca-Cola® beverage was 2, 

for the Sidral Mundet® group the pH level was 

3, for the Powerade® group the pH level was 3, 

and finally for the Gatorade® group the pH 

level was 3.  

 

Box 1 

Table 1 

Comparison of the initial microhardness, final 

microhardness and microhardness difference of 

each study group 
 

 

GROUP AVERAGE 

INITIAL 

MICROHARD

NESS (MI) 

AVERAGE 

FINAL 

MICROHAR

DNESS (MF) 

MICROHAR

DNESS 

DIFFERENC

E (MI-MF) 

GROUP  

“A” 

COCA-

COLA ® 

295.7555557 

HV 

124.4222222 

HV 

171.3333334 

HV 

GROUP  

“B” 

SIDRAL 

MUNDET ® 

250.922222 

HV 

  

109.577777

6 HV  

141.3444444

HV 

GROUP  

“C” 

POWERA

DE ® 

270.5000003 

HV 

119.7000002 

HV 

150.8000001 

HV 

GROUP  

“D” 

GATORA

DE ® 

264.5 HV 124.9999997 

HV 

139.5000003 

HV 

Discussion 

 

The present study aimed to evaluate in vitro the 

initial and final microhardness of enamel 

specimens from extracted permanent teeth after 

exposure to two carbonated beverages (Coca-

Cola®, Sidral Mundet®) and two isotonic 

rehydrating beverages (Powerade®, 

Gatorade®). 

 

   An experimental study was carried out, 

in which 4 groups (n=3) were divided. In the 

present study, it was found that in all groups 

there was a significant decrease in the enamel 

microhardness values after being subjected to 

the acid action of the isotonic beverages, which 

showed a loss of surface microhardness.  

 

  It was shown that all the industrialised 

beverages used produced a decrease in the 

microhardness of the dental enamel, but not in 

the same intensity, with the Coca-Cola® group 

having a greater decrease, followed by the 

Sidral Mundet® group, then the Powerade® 

group and finally the Gatorade® group. 

 

   All the industrialised beverages 

analysed in this study had a pH lower than 5, 

and the demineralisation processes begin when 

the pH is lower than 5.5, this being the critical 

pH of hydroxyapatite, thus having the capacity 

to produce an erosive effect on the surface of the 

dental enamel, which affects its microhardness. 

 

  Coca-Cola® was the beverage with the 

lowest pH, and the one with the greatest 

decrease in microhardness, this can be 

explained because it contains phosphoric acid in 

its composition, which is an acidifier that 

interferes with the absorption of calcium and 

contributes to the imbalance that leads to an 

additional loss of calcium. 

 

  The results of the research agree with 

Sandra Vargas Casana, who found that Coca-

Cola® had decreased microhardness, however, 

this author compared two isotonic drinks with 

one carbonated beverage and one alcoholic 

beverage, while this study compared two 

carbonated beverages with two isotonic 

beverages. Both studies evaluated the pH of the 

beverages, with Coca-Cola® being the 

beverage with the lower pH, probably the 

demineralising effect of the acid pH explains 

the greater erosive effect of Coca-Cola®. 

(Vargas Casana ST, 2018) 
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  And Hasita Manaswini et al. conducted 

a study (in vitro) The aim of this study was to 

evaluate the surface microhardness and mineral 

loss of enamel exposed to carbonated beverages 

supplemented with and without calcium 

glycerophosphate (CaGP). Although the main 

objective was different from that of Hasita's 

study, they also concluded that microhardness 

is decreased when in contact with carbonated 

beverages. (Manaswini YH, 2020) 
 

Conclusions 
 

The results obtained in this research suggest that 

the greater the frequency of exposure to both 

carbonated and isotonic beverages, the greater 

the demineralisation of tooth enamel, therefore 

the surface microhardness of the enamel 

decreases significantly, due to the composition 

and pH of the beverages. The results also 

suggest that the two types of beverages 

evaluated are potentially erosive on dental 

tissues due to their acidity, causing considerable 

enamel demineralisation. 
 

Recommendations 
 

- Carry out information campaigns among 

university students in order to promote 

oral health care and prevent further 

damage at an early age, considering that 

this is a highly vulnerable population 

due to the consumption of these 

beverages. 

- Reduce the consumption of 

industrialised beverages with high sugar 

content and high acidity, bearing in 

mind the erosive effect they cause. 

- It is recommended not to keep or play 

for long periods of time with acidic 

drinks in the mouth, and the use of 

straws is suggested in order to avoid 

contact with the teeth. 
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