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Abstract 

 

Objetive: Analyze the antiparasitic activity of marine 

invertebrate Ophiocomina nigra in Entamoeba invadens. 

Methodology. In O. nigra, an analysis of the quantitative 

proximal chemical composition (moisture, ash, protein, 

lipids and nitrogen-free extract) was performed. In 

addition, the determination of the total protein pattern 

(SDS-PAGE 10%). On the other hand, the antiparasitic 

activity of E. invadens trophozoites was determined, 

which were grown in TYI medium at 28 ° C and exposed 

to the aqueous extract of O. nigra for 24 hours. 

Subsequently, metabolic activity (XTT assay) was 

determined and morphology was analyzed. Cytotoxicity 

tests were performed on human liver cells (Hep G2) 

exposed for 24 hours to O. nigra (XTT test) and the 

biomass was determined (violet crystal staining). 

Contribution. The antiparasitic activity of O. nigra in E. 

invadens and the cytotoxic effect in human liver cells was 

determined. There are few scientific studies of this marine 

invertebrate on its use in traditional medicine, so it is 

important to analyze its effects and therapeutic value. 

 

 

Ophiocomina nigra, Entamoeba invadens, Trophozoites 

 

 

 

Resumen 

 

Objetivo: Analizar la actividad antiparasitaria del 

invertebrado marino Ophiocomina nigra en Entamoeba 

invadens. Metodología: En O. nigra, se realizó un análisis 

de la composición química proximal cuantitativa 

(humedad, cenizas, proteína, lípidos y extracto libre de 

nitrógeno). Además, la determinación del patrón total de 

proteínas (SDS-PAGE 10%). Por otra parte, se determinó 

la actividad antiparasitaria de trofozoítos de E. invadens 

los cuales fueron cultivados en medio TYI a 28°C y 

expuestos al extracto acuoso de O. nigra por 24h.  

Posteriormente, se determinó la actividad metabólica 

(ensayo de XTT) y se analizó la morfología. Ensayos de 

citotoxicidad se realizaron en células hepáticas de humano 

(Hep G2) expuestas por 24h a O. nigra (ensayo de XTT) 

y se determino la biomasa (tinción con cristal violeta). 

Contribución. Se determinó la actividad antiparasitaria de 

O. nigra en E. invadens y el efecto citotóxico en células 

hepáticas humanas. Existen pocos estudios científicos de 

este invertebrado marino sobre su uso en la medicina 

tradicional, por lo que es importante analizar sus efectos y 

el valor terapéutico.   

 

Ophiocomina nigra, Entamoeba invadens, Trofozoítos  
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Introduction  

 

The fragile stars (Ophiuroidea) are marine 

invertebrates belonging to the Equinodermata 

edge, within this class of the Echinoderms is 

Ophiocomina nigra, which is a dark colored star, 

with a round, flat central disk up to 2.5 cm in 

diameter. The five thin and flexible arms are 

approximately five times the diameter of the disc 

in length (Baharara & Amini, 2015). 

 

Marine invertebrates have evolved in 

complex ways, to overcome these challenges 

they have a defense system that is based on an 

innate immune system that includes humoral and 

cellular responses (Nam, et al., 2015), but like all 

other invertebrates they lack a vertebrate 

adaptive immune system (Li, Blencke, Haug, & 

Stensvåg, 2014). Echinoderm lectins have been 

attributed the function of agglutinating 

erythrocytes and inhibiting the adhesion of 

bacteria. In addition, the presence of 

antimicrobial peptides (AMP’s) which have 

cytotoxic, antibacterial, antifungal and 

antiparasitic activity.  

 

The innate immune system of 

echinoderms also has several antimicrobial 

components, such as lysozyme (Li, Blencke, 

Haug, & Stensvåg, 2014). For all the above, 

marine invertebrates have been studied during 

the last years and bioactive molecules with 

potential therapeutic use have been isolated.   

 

This research aims to analyze the 

composition of the marine invertebrate O. nigra 

and evaluate its antiparasitic activity in 

Entamoeba invadens. E. parasdens reptile 

invadens, has been used as a study model as it 

presents similarity with Entamoeba histolytica 

(causative agent of human amebiasis) with 

respect to its morphology, life cycle, physiology 

and pathogenesis (Geiman and Ratcliffe., 1936; 

Mc Connachie, 1995; Diamond et al., 1978).  

 

Material and methods 

 

Aqueous extract of O. nigra 

 

The dried starfish was obtained from an herbal 

shop, subsequently its size was measured and 

pulverized. A stock of aqueous extract was 

prepared with the powdered sample and to 

remove undissolved material it was centrifuged 

at 15294 rcf for 10 min.  

 

Electrophoresis in denaturing conditions 

10%  

 

To obtain the total O. nigra proteins, a total 

homogenate in 2% SDS was performed in 

phosphate buffer at pH 7.0 plus a mixture of 

protease inhibitors (Complete Mini-Roche), then 

the separation of the proteins in 10% 

polyacrylamide gels under denaturing conditions 

(SDS-PAGE), using the technique described by 

Laemmli (1970). The gel was stained with silver 

for protein visualization, image acquisition was 

performed on a ChemiDoc MP System-

BIORAD using Image LabTM software 

(BIORAD). 

 

Quantitative proximal chemical composition 

 

The chemical composition was performed 

according to Kirk R.S. et al. (nineteen ninety 

six). 

 

Determination of humidity. The sample 

(1 g) was placed in an oven (Novatech E145-

AIA) at 100 - 105 ° C for 8h, then it was weighed 

to determine the% humidity using the following 

equation: 

 

% Humidity = initial sample weight - dry sample 

weight / initial sample weight x 100 

 

Total dry ash method. The dehydrated 

sample (1 g) was calcined in a flask (Terlab 

MA12D) at 550 ° C for 2h, then the weight was 

recorded and determined: 

 

% Ash on dry basis = ash weight / sample weight 

x 100 

 

Direct extraction method with organic 

solvent for lipid determination. The dehydrated 

sample (1 g) placed in a cellulose thimble was 

placed in a leach. 110 mL of petroleum ether 

were placed in a flat-bottomed ball flask and 

assembled with a soxhlet and placed in an 

extraction equipment (Novatech VH-6) at a 

temperature of 100 ° C adapted to a recirculator 

(ECO 30) at 7 ° C for 8 h. The condensation rate 

was 3-6 drops / sec. After extraction, the thimble 

was removed, the solvent was evaporated from 

the flasks and placed in an oven (NovatechE145-

AIA) at 100 ° C for 30 min, cooled in a 

desiccator and the weight recorded.  
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The determination was made using the 

equation: 

 

% Crude fat = weight of the flask with fat - 

weight of the flask / sample weight x 100 

 

Quantification of raw fiber. The sample 

(1 g) previously dehydrated and degreased was 

digested with two drops of octyl alcohol and 200 

mL hot 0.255 N sulfuric acid and boiled for 30 

min (Craft FC-600). Subsequently, it was 

filtered on linen cloth and washed with boiling 

distilled water, at the end 200 mL of hot 0.313 N 

sodium hydroxide was added and boiled for 30 

min. The samples were filtered by suction 

through a gooch crucible with thin layers of 

asbestos in the bottom. Finally, they were 

washed with 15 mL 95% ethyl alcohol and dried 

at 105 ° C for 12 h and weighed. Then, they were 

incinerated at 600 ° C for 1h in a flask (Terlab 

MA12D) and the sample was weighed. 

 

% Crude fiber = incinerated sample weight / 

sample weight x 100 

 

Protein Determination The Kjeldahl 

micrometer (Novatech RJR0549F2) was used, 

which was based on wet combustion of the 

sample by heating with concentrated sulfuric 

acid in the presence of metal catalysts, reducing 

organic nitrogen to ammonia. The ammonia was 

titrated with 0.05 N hydrochloric acid and the 

protein percentage was calculated by the 

following equation, using the conversion factor 

(6.25) of nitrogen to protein. 

 

% Protein = (mL HCl) (N) (0.01401) (Factor) 

(100) / g sample 

 

Determination of the nitrogen free 

extract (ELN). It was determined with the 

equation: 

 

% ELN = 100% - [(% ash) + (% protein) + (% 

lipids) + (% fiber)] 

 

Cultivation of Entamoeba invadens and liver 

cells and exposure to O. nigra 

 

The maintenance of E. invadens trophozoites 

was performed in TYI-S-33 medium at 28 ° C. 

HepG2 human liver cells (ATCC® HB-8065 ™) 

were cultured in DMEM medium supplemented 

with 10% fetal bovine serum and maintained at 

37 ° C with an atmosphere of 5% CO2. The cell 

line was manipulated with the type 1 biosafety 

level requirements to which it corresponds. 

The amoebas or liver cells were exposed 

to the aqueous extract of O nigra for 24 hours at 

different concentrations: 31.25, 62.5, 125, 250 

and 500 mg / mL, at the end of the incubation 

time the mitochondrial metabolic activity and 

biomass were determined. 

 

Mitochondrial metabolic activity 

 

XTT (2,3-bis (2-methoxy-4-nitro-5-

sulfophenyl) -2-h-tetrazolium-5-carboxanilide) 

was added to the amoebas or liver cells exposed 

to O. nigra at a concentration of 0.25 mg / mL in 

Menadiona (Sigma) at 0.1 mM and will be 

incubated for 90 min at 37 ° C in the dark. The 

reduction of salt to water-soluble formazan 

crystals, a biochemical process performed by 

mitochondrial dehydrogenases of viable cells, 

will be measured at 490 nm in a microplate 

spectrophotometer (Epoch ™ BioTek). 

 

Biomass Determination 

 

Samples were fixed with 99% methanol for 15 

min at room temperature. The methanol was 

washed with PBS (Phosphate buffer solution pH 

7.2) and the 0.001% violet crystal was added for 

5 min. Staining with the violet crystal allowed 

the interaction of the cationic dye with the 

negatively charged cell components. 

Subsequently, 33% acetic acid was added for 10 

min for dye dissolution. The absorbance at 570 

nm was measured at a recovered supernatant in 

a microplate spectrometer (Epoch ™ Biotek). 

 

Results 

 

Ophiocomina nigra is a marine star with thin and 

flexible arms, its coloration is homogeneous 

from dark brown to black; It is a species of 

marine invertebrate and dry specimens of an 

average size of 20 cm used in this study were 

purchased from a herbalist's shop (Fig. 1). 

 

 
 
Figure 1 Ophiocomina nigra 
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O. nigra has been used in traditional 

medicine by oral consumption, previously 

pulverized and added to food. Therefore, a 

bromatological analysis was performed 

observing that the proximal chemical 

composition that makes up this organism 

corresponds to 7.8% proteins, 4.2% lipids, 

2.57% crude fiber, 1.2% nitrogen free extract 

(ELN), 82.25% ashes and moisture 1.59 % (Fig. 

2). 

 

 
 
Figure 2 Proximal chemical composition of O. nigra 

 

At the different parameters a comparison 

of means (n = 3) was performed by the Tukey 

method (* p ≤ 0.05), the different letters indicate 

a significant difference. ELN, nitrogen free 

extract.  

 

The analysis of the total protein profile of 

O. nigra indicates a wide range of proteins with 

a Mr ≥ 200-16 kDa (Fig. 3), where it can be 

observed that there are some proteins with 

greater intensity. 

 

 
 
Figure 3 Total O. nigra proteins 

 

 

 

 

 

The antiparasitic activity attributed to O. 

nigra was tested using E. invadens as an in vitro 

model. Therefore, E. invadens trophozoites were 

exposed with the aqueous extract of O. nigra, 

observing that the antiparasitic activity was 

50.29% at the concentration of 31.25 mg / mL. 

In contrast, it was observed that at a higher 

concentration of O. nigra the antiparasitic 

activity was less than 27% (Fig. 4), however, it 

should be mentioned that from the concentration 

of 62.5 mg / mL a cellular damage was observed 

therefore a change in the morphology of the 

trophozoite, loss of adhesion and cellular debris 

(Fig. 5A). It is suggested that the damage caused 

to trophozoites caused the release of reducing 

agents of E. invadens and as a consequence the 

increase in the determination of metabolic 

activity was observed, a method based on the 

reduction of XTT to formazan (Fig. 5B). 

 

 
 
Figure 4 Determination of the antiparasitic activity of O. 

nigra in trophozoites of E. invadens 

 

 
 
Figure 5 Morphology of E. invadens after 24h of exposure 

with the aqueous extract of O. nigra 

 

A. The loss of the cell monolayer, the 

formation of trophozoite clusters, cell debris and 

loss of morphology (A) are observed, later when 

washing with phosphate buffer solution (pH 

7.2), the O fragments are observed nigra and 

some trophozoites at the bottom of the culture 

plate (B). 20X 
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On the other hand, the cytotoxic activity 

of the aqueous extract of O. nigra was 

determined in a culture of human liver cells, 

observing that regardless of the concentration of 

O. nigra, the mitochondrial metabolic activity 

was higher than the liver cells that were not 

exposed ( Fig. 6), due to cell damage and the 

release of reducing compounds. This cellular 

damage was also observed when analyzing the 

decrease in biomass dependent on the 

concentration of O. nigra; at the highest 

concentration (500 mg / mL) a 59.26% loss of 

biomass was obtained, indicating the loss of 

adhesion and cell junctions, therefore, the lack of 

maintenance of the cell monolayer (Fig. 7) . 

These results indicate a cytotoxic effect caused 

by O. nigra in liver cells. 

 

 
 
Figure 6 Determination of the cytotoxic activity of O. 

nigra in human liver cells 

 

 
 
Figure 7 Biomass of liver cells exposed to O. nigra 

 

Discussion 

 

In traditional medicine, echinoderms such as 

Oreaster reticulate, Echinaster echinophorus, 

Luidia senegalensis, Mellita quinquiesperforata, 

Echinometra lucunter and Echinaster brasiliensis 

are used in Brazil against asthma, alcoholism, 

bronchitis, diabetes and heart disease.  

 

This therapeutic potential is due to the 

ethnopharmacological information of natural 

products (Marmouzi, et al., 2017). The route of 

administration reported is oral, by preparing an 

infusion or direct addition to powdered roasted 

echinoderm foods. In this sense, it was relevant 

to perform an analysis of the proximal chemical 

composition which indicated a higher 

percentage of proteins (7.8%) compared to 

lipids, crude fiber and nitrogen free extract. 

 

In traditional medicine, echinoderms 

such as On the other hand, there are the presence 

of some bioactive substances in fragile stars and 

it has been shown that they can play an important 

role in cancer therapy (Baharara & Amini, 

2015), another invertebrate with activity 

Antitumor is the sea cucumber Holothuria 

nobilis attributing a more potent anticancer 

activity compared to drugs used in the treatment 

of cancer such as Taxol, Etoposide and Ara-C 

(Layson, Rodil, Mojica, & Deocaris, 2014).  

 

In O. nigra, the anticoagulant activity of 

acid mucopolysaccharides in the mucous 

secretions has been demonstrated, in addition to 

the glycoproteins present in the secretion and the 

cell surface it has been reported to inhibit the 

adhesion of human neutrophils to endothelial 

cells, proposing a mechanism of Competitive 

inhibition of this interaction Oreaster reticulate, 

Echinaster echinophorus, Luidia senegalensis, 

Mellita quinquiesperforata, Echinometra 

lucunter and Echinaster brasiliensis are used in 

Brazil against asthma, alcoholism, bronchitis, 

diabetes and heart disease.  

 

This therapeutic potential is due to the 

ethnopharmacological information of natural 

products (Marmouzi, et al., 2017). The route of 

administration reported is oral, by preparing an 

infusion or direct addition to powdered roasted 

echinoderm foods. In this sense, it was relevant 

to perform an analysis of the proximal chemical 

composition which indicated a higher 

percentage of proteins (7.8%) compared to 

lipids, crude fiber and nitrogen free extract. In 

this study, exposure of liver cells to O. nigra 

indicated a cytotoxic effect, although it should 

be noted that a total aqueous extract of O. nigra 

was used, where other bioactive molecules of 

this echinoderm were probably present. In the 

case of inhibition of the adhesion of bacteria to 

the substrate, the formation of large aggregates 

has been observed suggesting adhesion to the O. 

nigra glycoprotein molecule (Bavington C. et 

al., 2004).  
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Similar results were obtained in the E. 

invadens exposure test to O. nigra, where 

trophozoite aggregates and loss of substrate 

adhesion were observed. Various bioactive 

molecules have been isolated from marine 

invertebrates, such as glycoside steroids 

consisting of saponins, cyclic steroidal 

glycosides, monoglycosides and steroidal 

diglycosides (Sumithaa, Banu, & Parvathi, 

2017), terpenes, sulfated sterols, carotnoid 

sulfate, phenylpropaides , naphthoquinones, 

(Baharara & Amini, 2015), ketones and 

aldehydes (Thao, et al., 2014) and AMP's (Li, 

Blencke, Haug, & Stensvåg, 2014). In the case 

of saponins, it is considered one of the main 

constituents of some herbal drugs, research 

related to its existence in the marine 

environment has been attractive to scientists 

(Amini, Nabiuni, Baharara, Parivar, & Asili, 

2014 ). Thanks to this interest, a steroidal 

saponin called ophiurosaponin has been 

identified in Ophiopholis mirabilis extracts 

(Wnag, Xue, Zhen, & Guo, 2014). Therefore, the 

use of bioactive molecules of echinoderms with 

a therapeutic value is attractive. 

 

Conclusion 

 

The antiparasitic activity of O. nigra was 

determined in E. invadens and a cytotoxic effect 

in human liver cells. 
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Abstract  

 

Objectives: Sodium/proton (Na+/H+) antiporters NuoL/MrpA-

like proteins are important in monovalent cations homeostasis, 

ATP synthesis, are involved in growth using low concentrations 

of acetate, and in management of protons during methane 

production. To learn more about the evolutive origin and 

biological relevance of this protein, in this work a phylogenetic 

analysis of the NuoL/MrpA superfamily of proteins was done. 

Methodology: Phylogeny reconstruction was done with 596 

NuoL/MrpA proteins and 39 MrpD-NuoM/N proteins. The 

algorithms used were minimum evolution and maximum 

likelihood, using MEGA program. Additionally, a conserved 

domain analysis was done. Contribution: NuoL/MrpA 

superfamily and their homologous proteins, MrpD-NuoM/N, 

form two paralogous groups. The NuoL/MrpA superfamily 

consists of two families. Family NuoL consist of arqueal, 

bacterial and eukaryotic proteins of around 600 aa in size. Family 

MrpA are formed by proteins from bacteria and archaea, with a 

600 to 850 aa in size. Using the phylogenetic analysis and 

conserved domain analysis, a superfamily NuoL/MrpA evolution 

model was proposed. 

 

 

Phylogeny, antiporters Na+/H+, NuoL/MrpA 

 

Resumen 

 

Objetivos: Las proteínas antiportadores de Na+/H+ similares a 

NuoL/MrpA son importantes para la homeostasis de cationes 

monovalentes, la correcta síntesis de ATP, el crecimiento a bajas 

concentraciones de acetato, y se piensa que es importante el 

manejo de los protones durante la producción de metano. Para 

conocer más sobre origen evolutivo y relevancia biológica de 

estas proteínas, en este trabajo se llevó a cabo un análisis 

filogenético de la superfamilia de proteínas NuoL/MrpA. 

Metodología: La filogenia se efectuó usando 596 proteínas 

NuoL/MrpA y 39 MrpD-NuoM/N. Los algoritmos de 

reconstrucción usados fueron el de mínima evolución y máxima 

verosimilitud, en el programa MEGA. Además, se llevó a cabo 

un análisis de dominios conservados (CDD). Contribución: Las 

proteínas NuoL/MrpA y sus homólogos, MrpD-NuoM/N, 

forman dos grupos parálogos. La superfamilia NuoL/MrpA 

consta de dos familias. La familia NuoL que está formada por 

proteínas de arqueas, bacterias y eucarióticas de alrededor de 

600. La familia MrpD, formada por proteínas de 600 a 850 aa de 

bacterias y arqueas. Mediante el análisis filogenético y de 

dominios conservados, se propone el modelo evolutivo que dio 

origen a la superfamilia antiportadores NuoL/MrpA. 

 

Filogenia, antiportadores Na+/H+, NuoL/MrpA 
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Introduction 

 

The Na + / H + antiporters similar to NuoL / 

MrpA are a group of secondary transporters that 

use the motive force of the proton gradient to 

displace positive cations such as sodium, which 

are widely distributed in organisms in the three 

phylogenetic domains of life, Bacteria, Archaea 

and Eukarya (Masahiro Ito, Morino, & 

Krulwich, 2017; Jasso-Chávez, Diaz-Perez, 

Rodríguez-Zavala, & Ferry, 2017).  

 

The main physiological role of these 

transporters is the maintenance of intracellular 

pH homeostasis and the flow of cations such as 

Na +, K + and Li +, in addition these proteins 

play an important physiological role in bacteria 

regulating cation homeostasis by means of Na + 

/ H + (Morino, Suzuki, Ito, & Krulwich, 2014), 

of K + / H + anti-support (Putnoky et al., 1998), 

pH homeostasis (Blanco-Rivero, Leganes, 

Fernandez-Valiente, Calle, & Fernandez-Pinas, 

2005 ), resistance to bile salts (J. Dzioba-

Winogrodzki et al., 2008), arsenite oxidation 

(Kashyap, Botero, Lehr, Hassett, & McDermott, 

2006), pathogenesis (J. Dzioba-Winogrodzki et 

al., 2008) and energy conservation (Blanco-

Rivero, Leganes, Fernandez-Valiente, & 

Fernandez-Pinas, 2009). The majority of cation / 

proton anti-carriers are monomers, however, 

NuoL / MrpA anti-carriers are complexes of 

several subunits and have been classified as an 

independent family in the carrier classification 

system called cation: proton antiporter-3, or 

CPA3 (Masahiro Ito et al., 2017).  

 

NuoL is part of the respiratory complex 

I, which is the main proton entrance into the 

respiratory chains of mitochondria of most 

eukaryotes and some bacteria (Steimle et al., 

2011). The resolved crystal structure of complex 

I shows that NuoL helps in the translocation of 

protons (Baradaran, Berrisford, Minhas, & 

Sazanov, 2013; Efremov & Sazanov, 2011), 

interacting with the NuoM, NuoN and NuoJ 

subunits through one arm formed by its C-

terminal (Figure 1A). In the genomes of Bacillus 

and methanogenic archaea Methanosarcina 

acetivorans, Mrp complexes have been found, 

formed by the MrpABCDEFG subunits (Jasso-

Chávez et al., 2017; TH Swartz, S. Ikewada, O. 

 

 

 

 

 

Ishikawa, M. Ito, & TA Krulwich , 

2005), while in Vibrio cholerae the Mrp system 

is formed by the MrpABCDEFG subunits, since 

the MrpA and MrpB subunits are merged (Judith 

Dzioba-Winogrodzki, Winogrodzki, Krulwich, 

Boin, & Dibrov, 2009). The MrpA protein is the 

A subunit of the Mrp complex, which has the 

function of translocating Na + / H +, is involved 

in the synthesis of ATP and cell growth by 

converting acetate into methane and carbon 

dioxide (Jasso-Chavez, Apolinario, Sowers, & 

Ferry, 2013), it has also been seen that this 

protein is functional independently of the 

MrpABCDEFG complex in M. acetivorans 

(Jasso-Chavez et al., 2017).  

 

MrpA is a membrane protein formed by 

20 transmembrane segments (STM), which has 

a conserved structure with the anti-carrier 

subunit, NuoL. The N-terminal end of MrpA 

contains the anti-support domain, in addition to 

a protruding alpha helix that forms an arm that 

interacts with the MrpA subunit. The structure 

model of MrpA predicts that the mechanism of 

proton translocation is through STM 5, 7, 8 and 

12, in addition to the fact that transport-related 

amino acids are conserved (Jasso-Chavez et al., 

2017). The C-terminal end of MrpA contains 

another domain that is similar to the NuoJ 

subunit (Figure 1B), and possibly is part of the 

proton transport channel (Baradaran et al., 2013; 

Kao et al., 2005).  

 

It is widely known that the subunits of the 

I NuoL, NuoM and NuoN complex are 

homologous to each other, as are the MrpA and 

MrpD subunits, suggesting a common origin for 

these proteins, in addition, there is a greater 

similarity between MrpA and NuoL, and 

between MrpD and NuoM / N, which between 

the subunits of its same complex, suggesting that 

a functional difference between them, which has 

been tested experimentally (Sperling, Górecki, 

Drakenberg, & Hägerhäll, 2016). It has also been 

proposed that the subunits of the Mrp complex 

arose from an ancestor similar to Complex I 

(Mathiesen & Hagerhall, 2003), however, an 

exhaustive analysis has not been carried out in 

this superfamily of transporters to know the 

evolutionary origin of these proteins. This is why 

in this work the reconstruction of the phylogeny 

of the Na + / H + anti-carrier superfamily similar 

to NuoL / MrpA was carried out and an analysis 

of its members to elucidate its evolutionary 

history. 
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Methodology to be developed 

 

Obtaining the working group 

 

First, a sequence search was carried out using the 

NuoL proteins of Escherichia coli (accession 

number: P33607) and MrpA of M. acetivorans 

(accession number: AAM07911) on the 

GenBank platform using the Blastp program 

(Altschul et al., 1997) against the nr and swiss-

prot protein bases, the BLOSUM 62 substitution 

matrix was used, and an expectation cut-off 

value (e) of 5x10-10 was taken. To narrow down 

the search, only nr database proteins that had the 

complete NADH-Ubiquinone / plastoquinone 

(pfam00361) domains were taken into account. 

Redundant proteins and fragments were 

removed using the guide trees generated by 

Clustalw (Thompson, Gibson, & Higgins, 2002). 

After five debug iterations, a working group of 

635 sequences was obtained (39 MrpD and 596 

MrpA). 

 

Reconstruction of phylogeny  

 

The 635 work group sequences were aligned 

using the Clustalw program. The alignment 

obtained was corrected by hand using the 

alignments generated with Blastp of each 

sequence as a reference. The correction was 

carried out using the Seaview program (Gouy, 

Guindon, & Gascuel, 2009). The MEGA version 

6 program (Tamura, Stecher, Peterson, Filipski, 

& Kumar, 2013) was used for the reconstruction 

of phylogeny. Phylogenetic trees were 

reconstructed with the Minimum Evolution 

(ME) and Maximum Likelihood (ML) 

algorithms using the JTT matrix and the LG 

model plus 2.0 range as methods for estimating 

evolutionary distance. As a statistical test, a 

Bootstrap analysis of 1000 repetitions was 

performed for each tree. The taxonomy of the 

organism from which each sequence came from 

to verify the phyllogenetic data was verified. To 

place the root of the tree was used as an external 

group to MrpD proteins. 

 

Domain Analysis 

 

The analysis of the domains that make up the 635 

sequences was carried out using the CDD 

conserved domain search platform (Marchler-

Bauer et al., 2014), using the standard values.  

 

 

 

To facilitate the analysis, scripts were 

generated in Perl 5.0 to generate images of the 

location of the domains from the results table of 

the CDD platform. 

 

Results 

 

Reconstruction of the phylogeny of the MrpA 

family 

 

To know the evolutionary relationships and the 

origin of MrpA proteins, a phylogenetic analysis 

was carried out using the NuoL protein of 

Escherichia coli and MrpA of M. acetivorans as 

model proteins.  

 

After the search and purification process, 

a working group of 635 sequences similar to 

NuoL / MrpA was obtained, within this group it 

was observed that there was a small subgroup of 

39 sequences that were 300 amino acids smaller 

than the model protein, in In this subgroup, 

MrpD-NuoM / N proteins were identified, as 

already mentioned, MrpD-NuoM / N proteins 

are homologous to NuoL / MrpA proteins, which 

do not have a domain at the C-terminal end, so 

these proteins were not excluded from the 

analysis, since they can be used as an external 

group to root the phylogenetic tree. Excluding 

MrpD-NuoM / N proteins, a group of 596 

proteins belonging to the Na + / H + (NuoL / 

MrpA) anti-carrier superfamily were found, of 

which 47 come from archaea, 376 from bacteria 

and 173 from eukaryotes, confirming that this is 

an ancestral family. 

 

The phylogenetic tree shows three main 

groups well supported by high Bootstrap values 

(> 96). One of the groups consists exclusively of 

the proteins identified as MrpD-NuoM / N, none 

of these is mixed in any group of NuoL / MrpA 

proteins, which leads us to conclude that, 

although they are homologous proteins, they 

form a paralogue group to the NuoL / MrpA 

superfamily, as previously suggested (Mathiesen 

& Hagerhall, 2002; Moparthi et al., 2014). The 

other two groups, which form the family of 

cation / proton anti-carriers (Figure 2), were 

named group I (NuoL Family) and group II 

(MrpD Family).  

 

The NuoL family consists of 196 

members, mainly eukaryotic; It is divided into 

two subgroups, called IA and IB.  
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In subgroup IA are eukaryotic proteins 

encoded in mitochondria of NuoL metazoans 

(ND5, NADH dehydrogenase 5), including 

human NuoL (P03915). It has been found that 

certain mutations in the NuoL protein have been 

related to various diseases, since they affect 

oxidative metabolism (Lodi et al., 2000; Pulkes 

et al., 1999; Talia H Swartz, Sayuri Ikewada, 

Osamu Ishikawa, Masahiro Ito, & Terry Ann 

Krulwich, 2005). Subgroup IB contains mainly 

eukaryotic proteins from chloroplasts, and from 

fungal mitochondria, although there is also a 

small group of 16 bacterial proteins and one 

archaea protein.  

 

Within the bacterial proteins, the 

Escherichia coli NuoL protein (P33607) is 

located, whose three-dimensional structure has 

been resolved (PDB: 3RKO, subunit L), from 

which the proton expulsion mechanism has been 

better understood in the respiratory complex I 

(Efremov & Sazanov, 2011). The archaeological 

protein in this group is about the FpoL subunit of 

the Methanosarcina mazei Gö1 oxido-reductase 

F420 (Baumer et al., 2000), this result shows that 

the F420H2 oxido-reductases proteins are 

orthologs of the NADH dehydrogenases and 

paralogs of the MrpD proteins. 

 

The MrpA family, consisting of 400 

members, is divided into four subgroups, named 

IIA-D (Figure 2). Subgroups IIA, IIB and IIC are 

formed exclusively by bacterial proteins, while 

the IID group only contains archaea proteins 

(Figure 2). The Vibrio cholera MrpA protein 

(WP_001911623) is located in subgroup IIB, the 

Bacillus subtilis MrpA protein (Q9K2S2) is in 

the IIC group, and the M. acetivorans archaeus 

MrpA protein is in the IID group, these three 

proteins they have been associated with the 

resistance of these organisms to salts (J. Dzioba-

Winogrodzki et al., 2009; M. Ito, Guffanti, 

Oudega, & Krulwich, 1999; Jasso-Chavez et al., 

2013).  

 

The fact that these proteins are in 

different groups suggests that members of this 

family have these same physiological 

functionalities. The M. acetivorans MrpA 

protein has also been associated with methanol 

metabolism and ATP synthesis (Jasso-Chavez et 

al., 2013; Rohlin & Gunsalus, 2010), so it is 

feasible that more members of the archaea MrpD 

family also have this functionality.  

 

 

 

Analysis of the domains of MrpA proteins 

 

It was observed that the distribution of the MrpA 

family tree shows a metabolic distribution, 

suggesting duplication events and subsequent 

divergence of the family. The MrpD-NuoM / N 

and NuoL / MrpA proteins vary in size due to an 

extension of the carboxyl end in the NuoL / 

MrpA family. To obtain more information about 

the evolutionary events in this superfamily, an 

analysis of the domains of the 635 sequences 

obtained in the search for homologues was 

carried out. 

 

When analyzing the domains that make 

up this protein superfamily, it was observed that 

all members, both MrpD-NuoM / N and NuoL / 

MrpA, share the NADH-Ubiquinone / 

plastoquinone domain (pfam00361), and that the 

extension in the carboxyl terminal of NuoL / 

MrpA proteins range from 50 to 350 amino acids 

(Figure 3). It was observed that NuoL / MrpA 

proteins could be divided into two groups 

according to their size, which coincide with the 

families found in the phylogenetic tree. Group I 

(NuoL Family) contains proteins from 550 to 

750 amino acids, Group II (MrpD Family), 

encompasses members that vary from 700 to 850 

amino acids.  

 

Group I contains the NuoL-1 subgroups, 

which is made up of proteins that have the 

pfam06455 domain (called C-terminal of the 

NADH dehydrogenase subunit 5), the NuoL-2 

subgroup, which contains a F subunit domain of 

the NADH dehydrogenase (pfam01010), and 

finally subgroup I-3, whose carboxyl terminus 

contains another uncharacterized domain of 

about 100 to 200 amino acids (Figure 3). Group 

II contains only one type of protein whose 

terminal carboxyl end is similar to the proteins 

of the NuoL-3 subgroup, but also contains an 

mnhB domain (COG2111) (Figure 2).  

 

Evolutionary model of the Na + / H + family 

of anti-carriers 

 

The phylogenetic tree topology suggests that the 

MrpD-NuoM / N and NuoL / MrpA proteins 

arose from a duplication event from a single, 

small ancestral protein, with a NADH-

Ubiquinone / plastoquinone domain 

(pfam00361).  
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A primitive NuoL / MrpA protein lineage 

was generated that gave rise, after a fusion event 

with the mnhB domain (COG2111) to the larger 

archaea and bacteria MrpA-1 proteins. In the 

same way, the original lineage in a first 

diversification gave rise to the NuoL-3 group 

proteins, which are found in archaea and 

bacteria. Subsequently, this lineage, through a 

specialization event, gave rise to the NuoJ 

proteins present in eukaryotic organelles, 

suggesting that they arose before the symbiosis 

phenomena that gave rise to the mitochondria 

and chloroplasts of eukaryotic cells (Figure 4). 
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Conclusions 

 

The phylogenetic analysis of the Na + / H + 

(NuoL / MrpA) anti-carrier superfamily showed 

us that this is an ancestral superfamily, 

composed of at least 596 members, forming a 

group of paralogs with the MrpD-NuoM / N 

family. The phylogenetic tree shows a clear 

division of the NuoJ and MrpA families, which 

probably arose from a diversification event. 

NuoL proteins have formed specialized groups, 

highlighting the NuoL proteins of mitochondria 

and chloroplasts, which have a bacterial origin. 

MrpA proteins were also fused with an mnhB 

protein, to give rise to current MrpA.  
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Figure 1 Three-dimensional structure of MrpAD and 

NuoLMNJ proteins. A) NuoLMNJ subunits of E. coli 

respiratory complex I (PDB: 3RKO). The anti-carrier 

proteins are linked by the arm that is part of the NuoL 

subunit. You can see the similarity between the LMN 

subunits. B) Molecular model of Mrp proteins of M. 

acetilovorans. The anti-carrier proteins, MrpA and MrpD, 

are similar to NuoL and NuoMN proteins respectively. 

MrpA contains an extra domain, which is similar to the 

NuoJ subunit 
 

 

Figure 2 Phylogeny of the anti-carrier superfamily Na + / 

H + NuoL / MrpD. The NuoL / MrpD superfamily consists 

of two main groups. The NuoL family is marked as group 

I and the MrpD family is indicated as group II. Bootstrap 

values are shown in the main groups. The scale represents 

0.5 amino acid substitutions per site. The tree was rebuilt 

using the ML method with a 1000-repetition Bootstrap 

 

 
 

 

Figure 3 Arrangement of domains in the superfamily of 

anti-carriers Na + / H + NuoL / MrpD. The distribution of 

superfamily domains reflects the phylogenetic 

distribution. The domain of NADH-Ubiquinone / 

plastoquinone (pfam00361, red) is observed, conserved in 

the superfamily, as well as the different domains that form 

the extension of the C-terminal, and that generate a 

difference in the size of the family proteins 
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Figure 4 Evolutionary model of the origin of the 

superfamily of the anti-carriers Na + / H + NuoL / MrpD. 

The events of diversification, fusion and specialization 

that possibly gave this superfamily and that are proposed 

from the phylogenetic tree topology and the distribution of 

conserved domains are shown 
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Resumen 

 

El objetivo del presente trabajo fue determinar la carga 

microbiológica en huevo de traspatio, tipo orgánico e industrial 

de la región centro-occidente del estado de Veracruz. Se evaluó 

la presencia de microorganismos patógenos en los tres sistemas 

de producción y se determinó la calidad microbiológica de cada 

uno de estos sistemas. Lo cual es de suma importancia 

considerando que en huevo con alta carga microbiológica, 

pueden estar presentes microorganismos como Salmonella spp S. 

enteritidis, etc., los cuales son considerados agentes causales de 

infecciones entéricas en la población. Aunado a lo anterior, los 

sistemas de explotación antes mencionados, representan una 

fuente de ingreso económico relevante para las familias que 

habitan esta región.  Para el análisis microbiológico, se tomaron 

diferentes muestras de cascaron y de la parte interna (clara y 

yema). Se evaluó la presencia de Salmonella spp aplicando el 

procedimiento establecido en la Norma Oficial Mexicana NOM-

114-SSA1-1994. Además se realizaron pruebas físicas para 

evaluar si los defectos físicos en huevo pueden correlacionarse 

con la presencia de Salmonella spp u otras bacterias. 

Contribución: Actualmente es poca la información que existe 

sobre la calidad microbiológica, en huevo proveniente de los 

diferentes sistemas de explotación que se consumen en la región 

centro-occidente del estado de Veracruz, particularmente para el 

sistema orgánico y de traspatio. 

 

Salmonella spp. Huevo de Traspatio, Huevo Tipo Orgánico 

 

Abstract 

 

The objective of this work was to determine the microbiological 

load in backyard egg, organic and industrial type of the central-

western region of the state of Veracruz. The presence of 

pathogenic microorganisms in the three production systems was 

evaluated and the microbiological quality of each of these 

systems was determined. Which is of the up most importance 

considering that in eggs with high microbiological load, 

microorganisms such as Salmonella spp, S. enteritidis, etc., may 

be present, which are considered causal agents of enteric 

infections in the population. In addition to the above, the 

aforementioned exploitation systems represent a source of 

economic income relevant to the families that inhabit this region. 

For microbiological analysis, different samples of shell and the 

internal part (white and yolk) were taken. The presence of 

Salmonella spp was evaluated by applying the procedure 

established in the Official Mexican Standard NOM-114-SSA1-

1994. In addition, physical tests were performed to assess 

whether physical defects in eggs can be correlated with the 

presence of Salmonella spp or other bacteria. Contribution: 

Currently, there is little information on microbiological quality, 

in eggs from the different exploitation systems consumed in the 

central-western region of the state of Veracruz, particularly for 

the organic and backyard system. 

 

 

Salmonella spp, Backyard egg, Organic type egg 
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Introduction 

 

In 2017, Mexico ranked the first place of 

consumption per capita of the Mexican is 22.7 

Kg, almost one egg a day. (National Poultry 

Farmers Union, 2018). Mexico ranks as the 

fourth largest egg producer worldwide, after 

China (National Poultry Farmers Union, 2018). 

Eggs that are produced industrially or 

traditionally can be contaminated internally or 

externally (Minorl et al 1984). Enterobacteria of 

the genus Salmonella spp. They have been 

reported as pathogens for humans and in wild 

and domestic animals, poultry such as chickens. 

There are more than 2,500 enteric Salmonella 

serovars of which approximately 250 have been 

isolated from poultry, and around 40 serovars are 

the most commonly found (World Health 

Organization, 2017). 

 

In eggs, Salmonella species can be found 

in the shell, but they can penetrate inside if 

adequate conservation conditions are not 

maintained, (Carbajal, 2006). To reach this food 

these bacteria use different routes, one of them is 

when they are present in the chicken where the 

egg comes from, here the contamination occurs 

internally, (Suárez M.et al., 2000). The other 

possibility is that the microorganism is present in 

the shell and its origins can be: animals, people 

who handle, distribute or are in contact with eggs, 

(Méndez, et al., 2011). 

 

In this work the microbiological load of 

different egg production systems was determined, 

such as, backyard, organic and industrial type, in 

order to know the importance of each of them, as 

well as the health risks that may arise. This will 

improve their production, applying Good Poultry 

Practices (BPA), raising the quality of the egg 

produced in each of the aforementioned systems. 

The different samples used for the analysis were 

taken from the internal and external part of the 

different egg batches. (hull, white and yolk).  

 

The presence of Salmonella spp was 

evaluated by applying the procedure established 

in Standard NOM-114-SSA1-1994. On the other 

hand, physical tests were carried out to assess 

whether the presence of physical defects in 

organic, industrial and backyard eggs can be 

correlated with the presence of Salmonella spp. or 

other bacteria. 

 

 

 

The risk in backyard egg production, 

without BPA and without proper management in 

bird feeding, can present a high microbial load 

including pathogenic bacteria, as is the case in 

production systems that develop in the target 

region. study. In addition to the above, this 

system represents an economic income for the 

families that are engaged in this activity, so it is 

important to evaluate its microbiological quality. 

 

Materials and methods 

 

The experimental phase began with the 

collection of organic, industrial and backyard 

eggs that are produced or marketed in the 

central-western region of the state of Veracruz. 

Egg collection was carried out in different parts 

of the area, for example: backyard were 

collected in Atlanca, Tenexcalco, Tehuipango, 

Acatepec Chalchiltepec, all these locations 

belong to the Municipality of Huatusco, 

Coauixtlauac, belonging to the municipality of 

Zongolica, Potrerillo market , from the 

municipality of Orizaba. While the organic type 

egg was found in the Costco super market, the 

brands that were purchased were Vegetatarian 

from the state of Jalisco, certified organic egg 

(Finca Guayacán) certified by bio-agricet, the 

closest market to this region is located in Xalapa, 

other organic type eggs were obtained at the 

Chilcuahutla Farm, the industrial egg was 

purchased at the Aurrera supermarket of the 

commercial chain belonging to the municipality 

of Tomatlán and at the municipal capital of 

Huatusco.  

 

On each collection point, a batch of 12 

eggs was analyzed, from this, 3 samples were 

obtained per batch, each sample contained 4 

eggs. The analysis that was elaborated to the egg 

included two stages that began with the 

measurement of external variables (shell) later 

internal variables were measured (white and 

yolk). To determine the presence of salmonella 

spp, the procedure established by Standard 

NOM-114-SSA1-1994 was used. Method for the 

determination of Salmonella spp in food. 

 

The analysis that was elaborated to the 

egg included two stages that began with the 

measurement of external variables (shell) later 

internal variables were measured (white and 

yolk). To determine the presence of salmonella 

spp, the procedure established by Standard 

NOM-114-SSA1-1994 was used. Method for the 

determination of Salmonella spp in food 



18 

Article                                                                        ECORFAN Journal Republic of Guatemala                    
                                                                              June 2019 Vol.5 No.8 16-26 

 

 
JIMENEZ-HERNANDEZ, Magdalena, NAVA-VALENTE, Noemi, 
DEL ANGEL-CORONEL, Oscar Andrés and FRIAS-FRIAS, Rocío. 

Determination of the microbiological load in organic, industrial and 

transfer type eggs in the central-west region of the State of Veracruz. 

ECORFAN Journal-Republic of Guatemala. 2019 

ISSN-On line: 2414-8849 

ECORFAN® All rights reserved. 

 

Physical analysis 

 

As part of the physicochemical analyzes, each 

egg was weighed with an analytical balance 

(Electronic Analytical Balance Mod. 20002). 

Subsequently, the diameters of each egg, larger 

diameter (polar diameter) and smaller diameter 

(equatorial diameter) were measured for this 

purpose a vernier (Truper) was used, these data 

serve to know the size of the egg. Egg diameter 

data were used to determine the volume and 

surface area of each egg according to the 

methodology and equation proposed by 

Narushin (2005) 

 

The response variables were: egg weight, 

larger diameter (DMa), smaller diameter (DMe). 

DMa and DMe measurements were used to 

determine the theoretical volume coefficient 

(Kv) and surface coefficient (Ks), according to 

the Narushin methodology (2005) with 

expressions: 

 

Kv = 0,6057 - 0,0018 * (DMe) 

 

Ovoscopy: The technique used to 

observe the state of eggs is ovoscopy, which 

consists of keeping the egg backlit for study in a 

dark room or box. With the present technique, 

the internal state of each egg was observed, 

obtaining corresponding data: 

 

Air chamber: With the air chamber we 

can know the freshness of the egg if the air 

chamber is larger, its freshness is lower and vice 

versa. This variable was measured by placing a 

ruler on the upper left, with which the diameter 

of the air chamber was obtained and its size 

determined. 

 

Position of the yolk: it was obtained with 

the observation of its position, by means of the 

ovoscope that allows visualizing the internal part 

of the egg without reaching its destruction. 

Fractures: Fractures with greater size and 

thickness were observed with the naked eye, 

through the ovoscope the smallest ones were 

visualized by placing the egg against the light 

and turning at the same time to observe possible 

fractures. 

 

 

 

 

 

 

Determination of the microbiological load for 

shell, white and egg yolk. 

 

The microbiological analysis of the egg samples 

was performed according to NOM 114-SSA1-

1994, in which 25.0 g sample is considered as an 

analytical unit, in a 1: 9 proportion of sample / 

broth. This amount can be varied as long as the 

same 1: 9 ratio is maintained in the pre-

enrichment medium. The work was carried out 

under a laminar flow hood (Figursa Industry 

Mod.CFH-90).  

 

Lactose broth was prepared as a pre-

enrichment medium for culturing bacteria, to 

achieve a stable physiological condition in 

Salmonella spp. present in the samples. 

 

For the pre-enrichment of the shell in 

lactose broth, sterile bags were used, placing in 

each bag 4 eggs without breaking them and 

pouring the amount of 36ml of lactose broth, 

maintaining the same 1: 9 ratio (4:36) of sample 

/ broth. 

 

The eggs remained 5 minutes in the bag 

promoting so that the impurities of the shell 

remain in the lactose broth. It was left to incubate 

(Memmert Incubator Mod. 30-1060) for 24 

hours at a temperature of 37 ° C 

After 24 hours of incubation the samples were 

observed to detect the possible growth of 

bacteria 

 

Análisis de la clara y yema 
 

For this step a batch of 12 eggs was used from 

which 4 eggs were taken from each sample in 

triplicate. They were poured into test tubes, to 

which numbers 1-4, 5-8 and 9-12 were assigned, 

according to the number of eggs contained in 

each sample.  

 

4 eggs were poured into a beaker and 

perfectly homogenized. 

 

15 ml were taken, to make a proportional 

analysis, for which 135 ml of lactose broth were 

taken, this proportion remained 15: 135 sample / 

broth. 

150 ml flasks previously sterilized were 

used for this phase. 

 

The sample was seeded in the lactose 

broth and incubated for 24 hours at a temperature 

of 37 ° C / 24 hours.  (Memmert Incubator Mod. 

30-1060). 
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Differential Staining (Gram Staining) 

 

Samples from each of the bags previously 

incubated by the Gram stain technique were 

analyzed in triplicate and determined whether 

they corresponded to Salmonella spp.  

 

Selective enrichment for clear and yolk shell 

 

After 24 hours of incubation of the analysis of 

the shell, white and yolk in medium lactose pre-

enrichment broth, a selective enrichment was 

prepared, the selective sterile cystine selenite 

medium was prepared which is specific for the 

growth of Salmonella spp, It is used to increase 

populations of Salmonella spp and inhibit other 

microorganisms. 

 

Subsequently, 9 ml of selective medium 

(selenite cystine) were taken per sample and 

added to each test tube. 

 

Subsequently, from each bag, a 1 ml 

sample was taken with a micropipette. 

 

It was poured into test tubes containing 9 

ml of the cystine selenite medium. 

 

The thread of the tubes was perfectly 

closed, sealing them with tape to prevent the 

substance from spilling and each tube was 

labeled. Subsequently, it was stirred to properly 

homogenize the sample to the selective medium. 

Finally, the tubes were incubated at 37 ° C for 24 

hours. 

 

 
 
Figure 1 Comparison of tubes in different phases, 

Witness, Pre enrichment and Selective enrichment 

Source: Self Made 

 

Finishing the microbiological study in 

the shell, it is destroyed, its thickness is 

measured and the same procedure is repeated 

with the samples of white and yolk. 

 

 

Multiple tubes for shell, white and yolk 

 

To perform this method, a phosphate buffer was 

prepared, according to NMX-F-286-1992, which 

was sterilized at 120 ° C. Three test tubes were 

prepared with 9 ml of phosphate buffer, a 1000 

µl aliquot of the sample previously incubated 

with cystine selenite was added. Subsequently, 

the same procedure was repeated with the tube 

already homogenized, taking an aliquot of 1000 

µl of the tube and poured into a new test tube 

with 9 ml phosphate buffer, serial dilutions 0.1, 

0.01 and 0.001 were prepared. Subsequently, 

they were incubated at 37 ° C for 24 hours. The 

optical density (OD) of each suspension at a 

wavelength of 620 nm was determined. 

Calibrating the device with a phosphate buffer 

blank. The measurements were taken every hour, 

being a total of 4 readings. 

 

Pouring on plate 

 

The solid medium (bright green agar) was 

prepared and sterilized at 121 ° C. The plates 

were subsequently prepared under laminar flow 

hood (Figurine Industry Mod. CFH-90). 

Samples with selenite were diluted 0.1 ml in 

phosphate buffer tubes.  

 

This dilution allowed to obtain a better 

concentration of the sample and to observe 

quantifiable colonies. Once the bright green bile 

agar solidified, a 10 µl aliquot of the previously 

diluted sample was taken and poured into the 

Petri dishes. The cultures were incubated at 37 ° 

C for 24 hours.  

 

If after 24 hours of incubation, no growth 

is observed, another 24 hours are expected, 

according to NOM-210-SSA1-2014. After the 

growth of the plaque bacteria, the colonies that 

were grown were counted, then the colonies that 

developed on the plates were counted; The 

following equation was used to determine the 

UFC Colony Formation Units / ml: 

 
𝑢𝑓𝑐

𝑚𝑙
=

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑎𝑞𝑢𝑒 𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠

𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑥 𝑝𝑙𝑎𝑡𝑒 𝑣𝑜𝑙𝑢𝑚𝑒
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Figure 2 Plate incubated for 24 hours, in which colonies 

are observed 

Source: Self Made 

 

Results and Discussion 

 

Physical analysis of organic, industrial and 

backyard type eggs 

 

The results of the variance analysis did not show 

significant statistical differences (P≤0.05) in the 

volume, surface and weight parameters. The 

volume of the three types of eggs is statistically 

similar, but in the backyard egg there is a notable 

variability in the standard deviation, the same 

happens in the surface parameter. Regarding the 

recorded weight of the different types of eggs, it 

is observed that they are not significantly 

different, according to the Tukey mean 

comparison test (P≤0.05). 

 

The thickness of the shell in the three 

types of egg production systems showed 

significant statistical differences (P≤0.05). The 

backyard eggs showed a greater thickness of the 

shell, while the organic eggs showed a lower 

thickness, those that presented an intermediate 

value were the eggs from the industrial 

production system. 

 

In a study conducted by Hernández-

Bautista et al., (2013) the properties of physical 

parameters of the eggs of 4 lines of hybrid hens 

were evaluated, of which 40 were housed in 

individual cages where food was provided and 

80 were raised When fully grazing, a similar 

behavior in the parameters of egg weight and egg 

diameter was observed in these two systems, 

which may be due to the age of the birds. This 

explains the data that were obtained in the 

analysis of variance and the variability that is 

observed in the backyard eggs when not 

knowing exactly the age of the hen. 

 

The aforementioned study also points out 

that the eggs of grazing chickens showed a better 

shell thickness, possibly due to the lower laying 

rate of grazing hens favors the increase in shell 

thickness. 

 

In the analysis of variance with respect to 

the thickness of the shell of the organic type egg 

reflects a smaller thickness of the shell according 

to Muriuri and Harrison (1991). The high 

ambient temperature increases the chicken's 

body temperature by reducing the quality of the 

shell (shell thickness). According to Roland 

(1977) in the United States, the total egg 

produced by shell problems (thin shell and 

fractured) is not collected mainly in the southern 

states. The organic type eggs that were 

manipulated in the experimental phase are from 

organic farms in Mexico located in the north of 

the country with a warm climate that reduces the 

quality of the shell, which produces a smaller 

thickness. 

 

According to Muriuri and Harrison 

(1991), the high ambient temperature reduces 

the quality of the shell. The organic type eggs 

manipulated for the experimental phase are from 

ecological farms in northern Mexico with a 

warm climate that reduces the quality of the shell 

that produces a smaller thickness of it. 

 

Egg ovoscopy of three production 

systems 

The technique used to observe the state 

of eggs is ovoscopy. 

 

The results obtained in the analysis of 

variance in table 1, showed no statistically 

significant differences (P≤0.05). The air 

chamber in the three types of production systems 

is statistically equal, only a notable variability in 

the standard deviation in the backyard egg is 

observed. 

 
Type of egg Air chamber 

(cm) 

Industrial 2.492±0.373 a 

Organic 2.584±0.719 a 

Backyard 2.474±2.479 a 

   * Means with the same letter in each row are not 

significantly different according to the Tukey mean 

comparison test (P≤0.05) 

 
Table 1 Determination of the air chamber in industrial 

egg, organic type and backyard 
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According to the previous data, no 

statistically significant differences were shown 

(P≤0.05) but with a wide variability. The 

variability observed in the backyard egg can be 

due to or attributed to the fact that they have a 

lower laying rate and therefore, the way in which 

the eggs are collected is different compared to 

the industrial eggs Juárez and Ochoa (1995). 

 

Regarding the fractures in the ovoscopy 

of the industrial and backyard eggs, no fractures 

were observed while in the organic type eggs 

there was a percentage of 9.37% of fractures, this 

is consistent with the previous results in the 

physical tests. of the shell thickness where a 

smaller thickness is observed with respect to the 

other egg production systems, consequently a 

greater fragility. 

 

Microbiological analysis in eggshell 

 

To determine the microbiological load in 

eggshell, first a pre-enrichment was previously 

described in the methodology. The results of the 

analysis of variance showed significant 

statistical differences (P≤0.05) between the 

microbiological load observed in the different 

types of eggs evaluated. Table 2. 

 

For the 0.1ml dilution it was observed 

that the industrial eggs were the ones with the 

lowest microbiology load (0.117 absorbance 

units), while in the backyard eggs and organic 

eggs the highest values of this variable were 

recorded (0.421 and 0.368 units , respectively). 

 

With respect to the 0.01 dilution, 

significant differences were also observed 

(P≤0.05) between the three types of eggs, the 

industrial type again being the one with the 

lowest microbiological load value, while the 

backyard eggs maintained the highest 

concentration for this treatment; in the case of 

organic type eggs, these recorded an 

intermediate microbiological load in relation to 

the previous types. 

 

Finally, for the dilution to 0.001 the 

industrial type eggs showed the highest values of 

microbiological load with respect to the organic 

and backyard types that were statistically equal 

according to the Tukey test (P≤0.05).  

 

 

 

 

 

Dilution 

(ml) 

Type of Egg * (Absorbance Units) 

Backyard Organic Industrial 

0.1 0.421±0.148 
a 

0.368±0.078 
a 

0.117±0.0155 
b 

0.01 0.053±0.014 
a 

0.048±0.010 
ab 

0.028±0.0051 
b 

0.001 0.011±0.004 
b 

0.012±0.006 
b 

0.038±0.0275 
a 

    * Means with the same letter in each row are not 

significantly different according to the Tukey mean 

comparison test (P≤0.05). 
 
Table 2 Determination of the microbiological load by 

DO620 spectrophotometry for organic, industrial and 

backyard eggs 

 

According to the previous results, the 

lower concentration of microorganisms in 

industrial-type eggs can be attributed to the 

hygiene conditions with which this type of 

production system is managed, since it is 

characterized by a total control of food, health 

and cage care, as well as the handling of bird 

times and movements to avoid stress during the 

laying season (SAGARPA., 2009). 

 

On the other hand, the management and 

control in the production of organic type egg and 

backyard is less strict, since in both cases the 

flocks of hens are freely grazed and there is little 

control over the laying sites. According to Cuca-

García et al., (2011). 

 

Microbiological analysis in egg white and yolk 

 

The determination of the microbiological load of 

the white and yolk was made starting with a pre-

enrichment of the sample, following with an 

enrichment in a selective medium such as 

selenite cystine incubated for 24 hours and 

consequently the realization of multiple tubes to 

determine the optical density at a wavelength of 

620nm. 

 

Table 3 shows the results of the analysis 

of variance showed significant statistical 

differences (P≤0.05) between the 

microbiological load observed in the white and 

yolk of the different types of eggs evaluated. For 

dilution 0.1 the analysis of variance showed no 

statistically significant differences (P≤0.05) 

between the three types of egg, the 

microbiological load of the backyard egg and 

organic type showed great variability. 

 

In the 0.01 dilution, statistically equal 

results were observed according to the Tukey 

test (P≤0.05).  
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Finally, in the 0.001 dilution, statistically 

significant results were shown (P≤0.05), the 

highest microbiological load in this dilution was 

the industrial one (0.0490 ± 0.034 a), the one 

with the lowest microbiological load was the 

organic one (0.0122 ± 0.005 b) while the 

backyard was at an intermediate point (0.0168 ± 

0.031 ab) 

 

 
Type of Egg * Absorbance 

Units 
 

Dilution Backyard Organic Industrial 

0.1 
0.3229±0.283 

a 

0.2274±0.156 
a 

0.0626±0.023 
a 

0.01 
0.0416±0.033 

a 

0.0639±0.090 
a 

0.0306±0.006 
a 

0.001 
0.0168±0.031 

ab 

0.0122± 

0.005 b 
0.0490±0.034ª 

   * Means with the same letter are not significantly 

different according to the Tukey mean comparison test 

(P≤0.05) 

 
Table 3 Determination of the microbiological load in egg 

white and yolk by DO620 spectrophotometry for 

backyard, industrial and organic type eggs 

 

According to the results discussed above; 

no statistically significant differences were 

shown (P≤0.05) but it was observed in the 

backyard egg and organic type there is great 

variability in the standard deviation. According 

to Mancera (2005) in a study conducted in 

Mexico City to identify Salmonella enteritidis in 

eggs for consumption. 131 isolates considered in 

12 different bacterial genera were obtained:  

 

Acinetobacter spp., Alcaligene spp., 

Bacillus spp., Branhamella spp., Edwardsiella 

spp., Hafnia spp., Klebsiella spp., Serratia spp., 

Shigella spp., Staphylococcus spp., Yersinia 

spp., obtaining a strain of Salmonella enteritidis, 

which was classified as not typifiable. This 

would partially explain the results obtained in 

Table 3 where similar microbiological loads 

were observed in the 0.1ml and 0.01ml dilutions 

of the three egg production systems, which does 

not mean that the inside of the egg is 

contaminated with Salmonella spp, it is possible 

There are also other types of bacteria that are not 

pathogenic. In this regard, the results of the 

analysis of variance of the microbiological load 

of the exterior and interior of organic type eggs 

did not show significant statistical differences 

(P≤0.05), in the results of the microbiological 

load of the shell. In the results of the white and 

yolk the results of the analysis of variance 

showed significant statistical differences 

(P≤0.05), the lowest microbiology load was 

found in dilution 0.1 (0.2274 ± 0.15 b). 

 

 Dilution 

 0.1 0.01 0.001 

Shell 0.3679±0.07 
a 

0.0476±0.01 
a 

0.0.117±0.006 
a 

Clara and 

Yema 

0.2274±0.15 
b 

0.0639±0.09 
a 

0.0122±0.005 
a 

   * Means with the same letter are significantly different 

according to the Tukey mean comparison test (P≤0.05) 

 
Table 4 Microbiological load outside and inside of organic 

egg by spectrophotometry DO620 

 

 This can be attributed to the fact that hens 

that are raised in this type of production have 

access to the outside. Access to pasture, despite 

not being specifically required for organic birds, 

allows birds to forage in search of plants, insects, 

and generally results in better health (Baier, 

2015). Preventive practices and healthy living 

conditions, such as keeping feeding systems and 

drinking fountains clean, are critical for reducing 

diseases and the presence of pathogenic 

organisms such as Salmonella spp and E. coli 

(Baier, 2015). 

 
 Dilution 

 0.1 0.01 0.001 

Shell 0.4207±0.14 
a 

0.0532±0.01 
a 

0.0115±0.004 
a 

Clara and 

Yema 

0.3229±0.28 
a 

0.0416±0.03 
a 

0.0168±0.031 
a 

   * Means with the same letter are not significantly 

different according to the Tukey mean comparison test 

(P≤0.05) 

 
Table 5 Microbiological load outside and inside backyard 

egg by spectrophotometry DO620 

 

The comparison of the internal and 

external bacterial growth of the backyard eggs 

was made from the dilutions shown in Table 5. 

The optical density was determined by 

spectrophotometry at a wavelength of 620 nm. 

The results of the analysis of variance did not 

show significant statistical differences (P≤0.05) 

between the microbiological load inside and 

outside the backyard egg and the corresponding 

dilutions. The above data can be attributed to the 

fact that under backyard conditions there is little 

or no sanitary management, the backyard bird 

feeding consists of what the birds can collect as 

leaves, tender herbs, fodder, insects, food 

leftovers, fruits and tortilla which should be the 

day to avoid digestive diseases (Cuca-García et 

al., 2011). According to a study conducted in 

Ecuador in the city of Loja, the presence of 

salmonella spp. In backyard chicken eggs 

marketed in different parts of that city, the 

presence of Salmonella spp.  
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In the microbiological analysis of 

suspicious samples, the confirmation disc was 

applied, its result being negative, despite this the 

egg if it contains a microbiological load in this 

study and genotyping was no longer continued.  

The results shown in table 5 present a 

microbiological load, this does not mean that it 

is salmonella spp. if there are other 

microorganisms present in the sample, which 

can cause interference, for example, between 

gram negative and positive species, multiple 

forms of the O chain or O antigen can be found, 

it is very variable in its composition between 

different families, species and even within the 

same species of gram-negative bacteria. 

However, despite the specificity of the 

antibodies (responsible for recognizing the 

component of interest) for a particular antigen 

(component of interest), nonspecific binding 

with other bacteria can occur.  

 

There are studies that indicate that this 

phenomenon in gram-negative bacteria may be 

due to the antigenic similarity of lipid A among 

gram-negative bacterial species (Mutharia, 

1984). The microbiological load of the exterior 

and interior of the industrial egg was determined 

by spectrophotometry, whose optical density 

was measured at a wavelength of 620 nm.  

 

The results of the analysis of variance 

showed significant statistical differences 

(P≤0.05) in the microbiological load of the shell 

in the 0.1ml dilution (0.1170 ± 0.015 a) the 

highest microbiological load was shown while in 

the others they were of lesser load and similar . 

In the interior of the industrial egg in the white 

and yolk, no significant differences were found 

according to the Tukey mean comparison test 

(P≤0.05). 

 
 Dilution 

 0.1 0.01 0.001 

Shell 0.1170±0.015 
a 

0.0285±0.005 
b 

0.0382±0.027 
b 

Clara 

and 

Yema 

0.0626±0.023 
a 

0.0306±0.006 
a 

0.0489±0.034 
a 

   * Means with the same letter are not significantly 

different according to the Tukey mean comparison test 

(P≤0.05). 

 
Table 6 Microbiological load outside and inside of 

industrial egg by spectrophotometry DO620. 

 

Table 6 of the microbiological load of the 

industrial egg showed statistically significant 

differences in the shell according to the Tukey 

mean comparison test (P≤0.05). 

In a study carried out in Mexico City on 

consumption eggs (Industrial) Of the 400 

samples taken from different companies, 131 

bacterial isolates were obtained, 88 being yolk 

(67%), 26 of white (20%) and 17 of shell with 

membranes (13%). 

 

Comparison of the number of colonies 

present in plaque by the method of pouring in 

plaque inside and outside the egg 

 

The present comparison was obtained from the 

realization of multiple tubes using only the 0.1 

ml dilution. This dilution was made to have a 

better concentration of the culture, obtaining 

isolated colonies that can be quantified and 

proportional to the start culture, consequently a 

medium of solid culture (bright green agar) to 

manipulate it in the plate pouring process 

according to NOM-114-SSA1-1994, this bright 

green agar allows quantifying the colonies 

present in the culture. The entire procedure was 

handled in the laminar flow hood to avoid cross 

contamination. The results presented in table 7 

did not show statistically significant differences 

(P≤0.05). The three types of eggs have a 

statistically equal number of colonies, but a 

standard deviation with a wide variability in the 

two internal and external variables (shell, white 

and yolk) in backyard eggs. 

 
 Type of egg 

 Organic type Backyard Industrial 

Shell 96.28±85.79 a 112.09±85.09 a 18.33±9.46 a 

Yolk 

and 

whit

e 

105.96±64.0

6 a 

114.00±105.8

2 a 

22.50±23.8

5 a 

   * Means with the same letter per row are not 

significantly different according to the Tukey mean 

comparison test (P≤0.05). 

 

Table 7 Determination of the number of colonies present 

in each production system 

 

The results showed no statistically 

significant differences (P≤0.05). All three types 

of eggs have a statistically equal number of 

colonies. About industrial eggs, work was found 

on the type of microorganisms present in the 

interior and exterior (shell, white and yolk) while 

in the organic types no work was found on 

microorganisms present in them, only their 

physical and sensory properties.  In a study by 

Neira Solís (2016) About the microbiota in eggs 

and derivatives: identification and development, 

in this work we studied two production systems 

the backyard and the industrial.  
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Commercial eggs showed great 

variability in the shell microbiota, being higher 

in backyard eggs than in industrial eggs, in no 

case was a genus of salmonella spp found, with 

respect to transport through the shell it was 

observed that microorganisms tend to adhere to 

the surface of the egg and can easily cross the 

natural protective barriers and thus multiply 

inside the egg, in the yolk the microorganisms 

find a liquid medium where they multiply easily, 

for this reason in the white and yolk there is a 

greater number of colonies than in the shell 

 

Comparison of the number of colonies per 

plate discharge at different collection points 

 

The present comparison of numbers of colonies 

in organic eggs from different collection points 

was obtained from the 0.1 ml dilution. This 

dilution was made to have a lower and better 

concentration of the culture, then a solid culture 

medium was made to analyze the samples on 

account. viable (plate pouring technique) 

according to NOM-114-SSA1-1994, the bright 

green agar (solid medium) allows quantifying 

the colonies present in the culture. All the 

analysis was performed under laminar flow hood 

to avoid cross contamination. This comparison 

was made to identify the collection point with 

the highest risk of contamination. 

 

The results of the analysis of variance 

showed statistically significant differences in the 

eggshell, the highest value of the number of 

colonies occurred in the Finca de Chilcuahutla4 

(202.50 ± 3.54 a) and the lowest in the Finca de 

Guayacán (10b). Regarding Clara and yolk, the 

analysis of variance did not show statistically 

significant differences, but with a notable 

variability in the Chilcuahutla Estate (125 ± 

141.42 a). 

 
 Collection Points 

Variable

s 
Chilcuautl

a Farm 
Jalisco Huatusco 

Guayacá

n Estate 

SHELL 202.50±3.5

4 a 
186±91.5 a 

48.38±27.9
b 

10 b 

WITHE  
AND 

YEMA 

125±141.4

2 a 

124.4±50.4

3 a 

105.0±67.6

4 a 

78.75±49.

8 a 

 
   * Means with the same letter per row are not significantly 

different according to the Tukey mean comparison test 

(P≤0.05). 

 

Table 8 Comparison of the number of organic type colonies 

in the differentcollection points 

 

In the organic type system of the shell 

variable there is variability between the 

collection points as it has a high value and a very 

low value, the Guayacán Estate has an organic 

certification provided by bio-agricert Annex1.as 

well as the Jalisco for the certification of cage 

free hen. The Finca Chilcuahutla is certified by 

Rainforest and Amsa Starbooks despite this it 

has a high number of colonies. 

In the backyard eggs there was great variability 

in the different collection points. In the case of 

the shell, it did not show statistically significant 

differences (P≤0.05). The data are statistically 

equal, the collection point of Atlanca presented 

a greater number of colonies (238.50 ± 54.45 a) 

but at the same time the various points presented 

very high standard deviations. 

In the case of the white and yolk the results of 

the analysis of variance showed significant 

statistical differences (P≤0.05). The one with the 

highest number of colonies was Tehuipango 

(242.50 ± 10.61 a), the ones that indicated the 

lowest number of colonies were Mercado de 

Potrerillo (10 bc) and Chalchiltepec (20.00 ± 

7.07 c). The results obtained in table 9 show 

collection points with a number of colonies that 

are too high and others that are too low or zero, 

this variability was presented in the clear and 

yolk of the different collection points, this can be 

attributed to the care that each place gives birds 

including feeding and laying sites. 

 
Collection points (Number of colonies) 

Variabl

es 

Atlanc

a 

Tenexcal

co 

Tehuipan

go 

Potreril

lo 

Market 

Coauixtla

hua 

Chalchilte

pec 

Acatepec 

Shell 238.50

± 

54.45 a 

187.50± 

17.68 a 

112.17± 

99.41 a 

99.00 a 83.33± 

80.36 a 

56.25±58.3

4 a 

47.83± 

48.18 a 

Clara 

and yolk 

  242.50±10

.61 a 

10.00 bc 212.50± 

88.39 ab 

20.00±  

7.07 c 

60.00±39.

69 bc 

 

* Means with the same letter per row are not significantly 

different according to the Tukey mean comparison test 

(P≤0.05). 

 

Table 9 Comparison of the number of backyard egg 

colonies  

 

Conclusions 

 

The three egg production systems that were 

compared showed statistically equal physical 

parameters, such as volume, surface and weight. 

Only the shell thickness parameter was different, 

the one with the smallest shell thickness was the 

organic type egg. In the microbiological analysis 

of the shell of these egg production systems, a 

lower microbiological load was observed in the 

industrial eggs, while in the backyard and 

organic type eggs the microbiological loads were 

similar. Backyard eggs showed great variability 

in the standard deviation. 
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In the case of the microbiological 

analysis of the yolk of the three production 

systems, no statistically significant differences 

were shown. The three production systems 

indicated similarities in the microbial load. 

Organic and backyard type eggs recorded a wide 

variability in the standard deviation, this 

happened because they had too many values 

dispersed with respect to the average, they 

included quite low and very high values. 

 

In the comparison of the number of 

colonies present in plaque by the method of 

pouring in plaque of the interior and exterior 

(shell, white and yolk) of the egg the results that 

were observed in the production systems were 

statistically equal, with a notable variability in 

egg Backyard and Organic this is attributed to 

the fact that in some collection points no 

colonies were found, in others low values were 

located while some had very high values. The 

white and yolk in the different production 

systems presented a higher value of the 

microbial load than the shell, the yolk is a 

nutrient rich medium where microorganisms 

multiply easily. 

 

Organic type eggs have a low microbial 

load, the birds are cared for so that the eggs have 

a lower load or there is no microbial load, there 

are rules to take care of this type of system but 

not all ecological farms meet these requirements, 

for For this reason, farms were found where 

there were eggs with a high number of colonies 

and with a low or zero value, another factor that 

affects this type of egg was the fractures that 

were observed as it could be attributed to the 

presence of microorganisms. 

 

Something similar happened with the 

Traspatio eggs, although they are higher than the 

organic ones, they are statistically equal, since 

they show variability between the collection 

points. This helps us to know the state of each 

production system, with this we can conclude 

that the Traspatio system can be improved, to 

reduce the microbiological load since at several 

collection points there was no microbial load or 

it was low everything depends on the care and 

Chicken feed. With the aforementioned we can 

improve the Backyard system to help the 

economy of families that depend on this practice. 

Until now, the amount of microorganisms 

present in the types of eggs consumed in the state 

of Veracruz had not been determined, 

particularly for organic and backyard production 

systems. 
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Abstract 

 

We evaluated the function of dopaminergic receptors (DAR) of 

the anterior hypothalamus (AH) on the estral cycle (EC) 

regulation and spontaneous ovulation by a single microinjection 

(MI) with the dopaminergic antagonist haloperidol (HLP) in 

adult rats. One hundred thirty nine rats that exhibit forth-day 

estral cycles (cyclic animals: CA) received a stereotaxic surgery 

(STXS) on the right, left or both AH sides and were distributed 

in three different groups with a MI of 1 µL of: HLP (15 µg) or 

dimethyl-sulfoxide (vehicle) or other false MI group. All the 

animals with STXS were sacrificed in next vaginal estrus (VE) 

exhibited and the ova shed (OS) counted. In sixteen AC, the OS 

were counted at VE and forming a control group. The STXS 

affected the animals EC: just 59/139 exhibited a short EC (SEC) 

with 4.6±0.1 days compared with 80/139 that exhibited a long 

EC (LEC) of 13.6±0.2 days. False or HLP MI diminished OS just 

in animals exhibiting a SEC. STXS affects neuroendocrine 

processes controlling EC length when cutting dorsal connections 

to AH. The DAR of the AH participate on ovarian mechanisms 

of follicular selection. 

  

 

Anterior hypothalamus, Stereotaxic Surgery, Hypothalamic 

dopaminergic system 

 

Resumen 

 

Se evaluó el antagonismo de los receptores a dopamina (RDA) 

en el hipotálamo anterior (HA) en la regulación del ciclo estral 

(CE) y la ovulación espontánea mediante la microinyección (MI) 

de haloperidol (HLP) en ratas adultas. Ciento treintainueve ratas 

con CE regular de cuatro días (animales cíclicos: AC), recibieron 

cirugía estereotáxica (CETX) en el lado derecho, izquierdo o en 

ambos lados del HA y se distribuyeron en tres grupos con: 1μL 

MI de HLP (15µg) o dimetilsulfóxido puro (vehículo) y otro 

grupo con MI falsa. Todos los animales con CETX se 

sacrificaron en el siguiente estro vaginal (EV) y se contó el 

número de ovocitos liberados (NOL). Como grupo control, en 16 

AC se les contó el NOL al EV. La CETX afectó el CE de los 

animales: solo en 59/139 se presentó un CE Corto (CEC) de 

4.6±0.1 días, pero en 80/139 la duración del CE Largo (CEL) fue 

de 13.6±0.2 días. Las MI falsas y con HLP disminuyeron el NOL 

únicamente en los animales que presentaron CEC. La CETX 

afecta procesos neuroendocrinos que controlan la duración del 

CE cuando se seccionan vías de conexión dorsales al HA. Los 

RDA del HA inciden en mecanismos ováricos de selección 

folicular.  

 

Hipotálamo anterior, Cirugía Estereotáxica, Sistema 

dopaminérgico del hipotálamo 
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Introduction 

 

The reproductive functions are the result of the 

integration of multiple phenomena in which the 

organs and systems of the body participate, 

where the nervous system is the main leader of 

the organism. Its role is essential because the 

application or suppression of various stimuli: 

surgical, pharmacological, mechanical, 

electrical or even biological, in organisms, 

invariably affect the nervous information and the 

ability of the organs to respond to them. Thus, it 

has been widely shown that the nervous system 

plays a crucial role in the control of reproductive 

function. In the female, the release of viable 

gametes is a cyclic event that is subject to 

nervous control and in turn, immersed in a 

sequence of immune, neuroendocrine and 

endocrine phenomena that lead to ovulation 

(Erickson, 1995). 

 

Gonadotropin secretion is regulated by 

gonadotropin-releasing hypothalamic hormone: 

GnRH, whose secretion is controlled by 

different neurotransmitter systems: amino acids 

-

butyrate), amines biogenic (adrena-lina, 

norepinephrine, serotonin, dopamine and 

histamine), acetylcholine and various neuro-

peptides (opioids, encephalin, substance P, 

neuropeptide Y, vasoactive intestinal peptide, 

angiotensin II, among many others) (Kordon et 

al, 1994) . It has been widely documented that 

these neuronal communication systems are 

modulated by the action of sex steroids produced 

in the gonads (Fink, 1988).  

 

In rodents, the neurons that secrete 

GnRH are preferentially located in the septal-

preoptic-suprachiasmatic region and in the 

medial-basal hypothalamus (McCann et al, 

1978). According to the information available, 

the participation of the various 

neurotransmission systems in the regulation of 

GnRH secretion varies during the estrous cycle 

because during this cycle the production of 

sexual steroids is also variable (Miyake, 1988). 

 

We have shown that dopamine is a key 

signal for the regulation of the rat estrous cycle, 

since the antagonism of its receptors, at the 

systemic level (Domínguez et al, 1987), locally 

within the anterior hypothalamus (Morán & 

Domínguez, 1995) or within the ovary (Venegas 

et al, 2015), it is able to offset the estrous cycle 

and induce a delay in the spontaneous ovulation 

of the rat. 

Justification     
 

Although, our group has worked in recent years 

analyzing the role of the ovarian dopaminergic 

signal (Letras et al, 2016; González et al, 2016; 

Guzmán Herrera, 2018; Venegas Meneses et al, 

2017) it remains to be clarified what it is the 

functional role of dopamine that projects 

towards the rostral areas of the rat's 

hypothalamus and that probably participates in 

the control of gonadotropin secretion and 

ovarian function at different times of the estrous 

or ovarian cycle. Therefore, the present work 

shows the effects of the surgical approach to the 

anterior hypothalamus in order to analyze the 

role of dopamine through the pharmacological 

antagonism of its receptors in this brain region, 

where the phasic discharge of GnRH is 

controlled. The works of our group mentioned 

above, show the important participation of this 

chemical signal in the control of reproductive 

function and indicate that attention should be 

paid to the hormonal status of the female, since 

it is clear that the function of dopamine is 

variable throughout the reproductive cycle. 

Experimental evidence leads us to the reflection 

of taking into account that when the role of 

central and peripheral dopaminergic systems in 

reproductive function is analyzed, attention is 

required at the moment in which the function of 

dopamine will be studied. Thus, in the present 

study we sought to carry out a research work 

focused on the analysis of dopaminergic 

antagonism in the anterior hypothalamus on each 

day of the rat estrous cycle. 

 

Problem     

 

The surgical technique used in our experimental 

models to place implants (Morán & Domínguez, 

1995; Morán & Domínguez, 1997) or to perform 

micro-injections of dopamine antagonists in the 

anterior hypothalamus (Méndez & Morán, 

2001b), poses the methodological difficulty for 

to ensure that the animals managed to maintain 

an intracerebral guide cannula that had to remain 

in the skull throughout the experiment and in 

addition to taking into account a period of 

several days for the adaptation of the animals to 

said cannula, in this work it was decided to 

reevaluate the Role of dopamine more simply, 

supported by a high-precision microinjection 

technique to administer the dopamine antagonist 

haloperidol on the right and / or left side of the 

anterior hypothalamus of adult rats that 

exhibited regular four-day estrous cycles (cyclic 

animals) . 
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The purpose of the present work was to 

induce the blocking of dopaminergic receptors 

one or both sides of the anterior hypothalamus 

and analyze how spontaneous ovulation is 

affected and the duration of the estrous cycle, as 

an indirect indicator of gonadotropin secretion 

and thus, confirm whether the dopaminergic 

system of the anterior hypothalamus has a 

lateralized involvement on the day of estrus.   

 

Objectives 

 

General objective 

 

To analyze the effects of local microinjection on 

the right, left, or both sides of the anterior 

hypothalamus of the dopamine receptor 

antagonist haloperidol on gonadotropin 

secretion, estimated by the duration of the 

estrous cycle, and spontaneous ovulation of the 

adult rat. 

 

Specific objectives 

 

To analyze the effects of local haloperidol 

microinjection on the right, left or both sides of 

the anterior hypothalamus at 1:00 p.m. on estrus 

on the duration of the estrous cycle in adult rats 

with regular cycles of four days duration. 

 

 To analyze the effects of local haloperidol 

microinjection on the right, left or both sides of 

the anterior hypothalamus on spontaneous 

ovulation in the same animals.  

 

Theoretical framework  
 

In the rat, the hypothalamus occupies the ventral 

half of the diencephalon; It constitutes about 

10% of the volume of the brain and contains a 

large number of circuits that contribute to the 

maintenance of body homeostasis (Kupfermann, 

1985). It extends laterally from the walls of the 

third ventricle to the lateral hypothalamic 

grooves. It is delimited face-caudally by the 

optic chiasma (anterior limit) and by the 

mammillary bodies (posterior limit) (Simerly, 

1995). 

 

Taking the third ventricle as a reference, 

three regions have been described: 

periventricular, lateral and medial. The 

periventricular region is that which surrounds 

the third ventricle.  

 

 

 

The lateral one extends from the 

descending columns of the fornix to the 

prosencephalic medial fascicle, the medial is 

located in the middle of the other two regions 

and contains most of the neuronal clusters called 

nuclei (Simerly, 1995). 

 

Based on the distribution of its nuclei, the 

hypothalamus is divided into three areas: 

anterior, middle and posterior. The anterior 

hypothalamus contains the preoptic (medial and 

lateral), suprachiasmatic, supraoptic and anterior 

nuclei. The middle hypothalamus is formed by 

the medial, ventromedial, arcuate, tuberal and 

periventricular nuclei. The posterior 

hypothalamus contains the mammary nuclei 

(premamillary, lateral, medial, supramamilar, 

and intercalated and posterior) (Simerly, 1995). 

 

GnRH is a decapeptide whose primary 

structure is: PiroGlu-His-Trp-Ser-Tyr-Gly-Leu-

Arg-Pro-Gly-NH2; It is stored in the nerve 

terminals that converge in the middle eminence. 

Under the action of certain stimuli, the 

neurohormone is released into the blood 

capillaries of the primary plexus of the 

hypothalamic-pituitary portal system (Barry et 

al, 1985; Palkovits, 1980). Its release is given in 

response to action potentials that culminate with 

the entry of extracellular calcium through 

voltage-regulated and ligand-regulated Ca ++ 

channels (Fink, 1979 and 1988). 

 

 Once GnRH is released into the 

hypothalamic-pituitary portal system, the 

decapeptide binds to specific receptors in the 

gonadotropic membrane (Silverman, 1988). This 

hormone-receptor complex triggers the synthesis 

of second messengers that promote the synthesis 

and secretion of gonadotropins: follicle 

stimulating hormone (FSH) and luteinizing 

hormone (LH) (Conn) , 1994; Feder, 1981; Fink 

et al, 1983). 

 

  In the rat and other small mammals, 

GnRH is synthesized by specialized 

hypothalamic neurons (GnRH-ergic neurons) 

that are predominantly located in the preoptic, 

anterior hypothalamus and middle hypothalamus 

regions (McCann et al, 1978). The axons of these 

GnRH-ergic neurons project towards the middle 

eminence where the peptide is stored and 

released under the indirect action of sex steroids 

that influence different neurotransmitter systems 

(Kordon et al, 1994).  

 



30 

Article                                                                        ECORFAN Journal Republic of Guatemala                    
                                                                              June 2019 Vol.5 No.8 27-50 

 

 
MORÁN-PERALES, José Luis, SÁNCHEZ-GARCÍA, Octavio, GARCÍA-

SUÁSTEGUI, Wendy Argelia and HANDAL-SILVA, Anabella. Effects of 

stereotactic surgery on the anterior hypothalamus (HA) on the estrous cycle: role 

of the dopaminergic system in spontaneous ovulation in the rat. ECORFAN 

Journal-Republic of Guatemala. 2019  

ISSN-On line: 2414-8849 

ECORFAN® All rights reserved. 

 

  The hormone is released into the primary 

plexus vessels of the hypothalamic-pituitary 

portal system and transported by blood to the 

adenohypophysis (Pierce, 1988). In the female 

rat, the pattern of GnRH secretion varies during 

the estrous cycle as does the population of its 

receptors (Miyake, 1988). 

 

  The synthesis and release of GnRH is 

modulated by the action of steroid hormones 

(estrogens, progestogens and androgens) and 

regulated by different neurotransmitters (amino 

acids, biogenic amines, acetylcholine and 

neuropeptides) (Fink, 1979; Kordon et al. 1994). 

 

  Numerous experimental evidence has 

shown the importance of the preoptic and 

hypothalamic anterior areas (generically referred 

to as the anterior hypothalamus hereafter) in the 

regulation of mammalian reproductive function 

(Barraclough & Wise, 1982; Barraclough, 1983; 

Clemens et al, 1976; Kalra, 1974; McCann et al, 

1978).  

 

  In the rat, the electrolytic destruction of 

the anterior hypothalamus, covering the 

suprachiasmatic region, results in a lack of 

ovulation, the development of a polycystic ovary 

without luteal bodies and persistent vaginal 

estrus. This allowed us to suggest that the neural 

centers that regulate follicular development and 

ovulation are found in the anterior hypothalamus 

(Everett, 1939; Hillarp, 1949). 

 

  In another experiment, rats were used 

which were induced to block ovulation with an 

injection of sodium pentobarbital on the day of 

the proestrus. The electrical stimulation in the 

anterior hypothalamus of these animals resulted 

in the pre-ovulation gonadotropin release and 

induction of ovulation, an effect that was not 

observed in animals with pre-optic-tube section 

(Everett & Radford, 1961; Tajasen & Everett , 

1967). These results suggest that the neural 

centers that regulate the release of LH, essential 

for ovulation to occur, are possibly located in the 

anterior hypothalamus.  

 

  In the hemiatrated animal, bilateral 

lesions of the anterior hypothalamic area or 

frontal deafferentation between the anterior 

pituitary and hypothalamic areas blocked 

compensatory ovarian hypertrophy (D'Angelo & 

Kravats, 1960; Hàlasz & Gorski, 1967).  

 

 

  These evidences suggest that the neural 

structures related to the increase in the plasma 

concentration of FSH, which would occur after 

hemicraction, are located outside the pituitary 

area and are probably located in the anterior 

hypothalamic area. 

  

In the castrated female rat, 

deafferentation between the anterior 

hypothalamus and the arcuate nucleus results in 

the decrease in the plasma concentrations of 

FSH and LH, while in the intact animal said 

deaferentation does not block ovulation on the 

morning of estrus. vaginal, even when there are 

prolonged periods of right-handed. These results 

were accompanied by the decrease in GnRH 

content in the middle eminence (Kalra, 1974). 

Based on these studies, it has been postulated 

that the anterior hypothalamus is closely related 

to the tonic and cyclic release of gonadotropins 

and that the integrity of the nerve pathways that 

arrive at the hypothalamus from the anterior part 

is essential for normal estrales cycle regulation.  

 

These results were corroborated in 

animals with bilateral lesions of the preoptic area 

(Clemens et al, 1976). In that study, the ovaries 

showed fresh luteal bodies as a sign of recent 

ovulation. When the lesion covered the anterior 

hypothalamic area, a state of persistent vaginal 

estrus was observed, with ovulation block and 

polycystic ovarian formation. Based on these 

results, it was suggested that nerve connections 

located in the anterior hypothalamus are 

necessary for the animal to have normal vaginal 

cycles and for ovulation to occur. 

 

On the other hand, several studies have 

shown that the participation of the cholinergic 

and catecholaminergic systems in the regulation 

of endocrine and neuroendocrine mechanisms 

that culminate with ovulation varies during the 

rat's estrous cycle, which depend on the time and 

day of the estrous cycle in which these 

neurotransmission systems are disrupted 

(Dominguez et al, 1982, 1985 and 1987). 

 

The doses of reserpine (inhibitor of the 

catecholamine recapture system) necessary to 

block ovulation are minimal during the days of 

estrus and right-handed 1; these doses must be 

doubled to obtain the same effect during the days 

of right-handed and pro-atrial (Dominguez et al, 

1985).  
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Likewise, the blockage of cholinergic 

systems with atropine (Dominguez et al, 1982), 

of the noradrenergic receptors with propranolol 

and dopaminergic with haloperidol (Dominguez 

et al, 1987) also produce differential effects on 

the processes that culminate with ovulation that 

depend on the phases of the estrous cycle in 

which neurotransmission is interrupted; In 

general, the effect of the drugs was more severe 

when they were administered during the first 

half of the estrous cycle. 

 

  Dopamine is an endogenous 

catecholamine whose role as peripheral and 

central neurotransmitter has been widely 

described (Tohyama & Takatsuji, 1998). 

Dopamine, at the peripheral level has great 

importance in the carotid body. Small, highly 

fluorescent cells are found along the 

paravertebral spine and regulate some of the 

cardiovascular functions of dopaminergic drugs. 

For example, the activation of dopamine 

receptors induces a positive ionotropic effect. 

Dopaminergic neurons also innervate the renal 

and gastrointestinal arteries where dopamine 

induces vasodilation. This action is coupled with 

the positive ionotropic action in the heart 

(Carvey, 1998; Litter, 1988). 

 

Dopaminergic neurons that project 

towards the hypothalamus have their somas 

concentrated in four regions: A11, A12, A13, 

A14 (Bjöurklound & Nobin, 1973): 

 

1) A11: somas located in the posterior 

hypothalamus and the ventral thalamus; 

these somas are the main source of spinal 

dopaminergic innervation. 

2) A12: somas located in the arcuate nucleus 

(TIDA) and in the periventricular 

nucleus (THDA); project their axons to 

the outer line of the middle eminence and 

to the intermediate lobe of the pituitary 

gland. 

3) A13: somas located in the medial 

uncertain area; project their axons to the 

anterior hypothalamus, the dorsomedial 

nucleus of the hypothalamus and the 

posterior nucleus. 

4) A14: somas located in the rostral portion 

of the periventricular nucleus; project 

their axons to the preoptic, 

periventricular, suprachiasmatic and 

lateral septal nuclei. 

 

 

 

The dopaminergic soma A11, A13 and 

A14 are generically referred to as 

incertohyotothalamic system (Bjöurkloud & 

Nobin, 1973; Bjöurkloud et al, 1975). 

Dopaminergic soma A13 and A14 reach areas of 

the hypothalamus that contain GnRH-ergic 

somas, so their functions could be involved with 

the control of the secretion of FSH and LH 

(Sanhera et al, 1991b). 

 

  There is a great diversity of dopamine 

agonist and antagonist drugs that can act more or 

less selectively on a type or subtype of receptor. 

Haloperidol is a drug belonging to the group of 

butyrophenones widely used as a neuroleptic 

agent in the treatment of some mental illnesses 

(Baldessarini, 1989). They are synthetic 

compounds whose fundamental structure 

consists of a chain of three carbon atoms 

attached to a ketone group which in turn is linked 

to a benzene group; This fundamental structure 

is called butyrophenone and in this there is a 

fluorine atom in the para position of the 

phenylketonic group (Figure 1). 

 

 
Figure 1. Structure of haloperidol, an antagonist of 

dopamine receptors. It binds to D1 and D2 receptors, 

although with greater affinity to the latter. 

 

  The action of butyrophenones in 

experimental animals causes a decrease in motor 

activity and at high doses produces a state of 

immobility and catalepsy. In the autonomic 

nervous system, butyrophenones have an α-

adrenergic or sympatholytic blocking action and 

cause the relaxation of the nictitating membranes 

in the cat, decrease in blood pressure in rats and 

antagonize the pressor effect of adrenaline and 

norepinephrine. They also have anticholinergic 

action (Litter, 1988). 

 

  Its main physical characteristics are: 

white crystalline powder, odorless; slightly 

bitter; molecular weight of 375.88 g / mol; 

practically insoluble in water (0.02 mg / ml); 

soluble in acidic solutions (eg 3 mg / ml in 0.1N 

HCl) and in non-polar solvents (chloroform, 

ketone and benzene); completely soluble in 

ethanol, methanol and dimethylsulfoxide. 
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  Given its non-polar characteristics, it 

easily crosses the biological membrane so it can 

be easily absorbed through the skin. Haloperidol 

works by blocking dopamine receptors in the 

hypothalamus and especially in the pituitary 

gland at the level of the limbic system and the 

striatum (Litter, 1988). 

 

  Based on different pharmacological 

studies, haloperidol has been shown to interact 

antagonistically with both the receptors of the 

DA1 subtypes (with a relative potency in the 

order of µM) and those of the DA2 subtype (with 

a relative potency in the order of the nM).  

 

Dominguez et al. (1987) evaluated the 

effects of a dopamine blocker at different stages 

of the estrous cycle on ovulation and the 

distribution of the follicular population of the 

ovaries of the adult rat. In this experiment, rats 

with regular four-day estrous cycles were used, 

which were injected with the haloperidol 

dopamine receptor antagonist (2.5 mg / kg 

weight; i.m.). Groups of animals received a 

single dose of the drug at 1:00 p.m. of estrus, 

right-handed, right-handed or proestro and all of 

them were sacrificed on the morning of the 

expected estrus.  

 

Haloperidol blocked ovulation 

significantly when it was administered in estrus 

and right-handed but was less effective when 

applied in right-handed and 2-proestro; the 

follicular population of the ovaries showed a 

delay in their development and growth that 

depended on the day of the estrous cycle in 

which the pharmacological blockade of the 

dopamine receptors was performed, being more 

serious these alterations in the animals that 

received treatment in the first half of the estrous 

cycle.  

 

These results allowed us to suggest that 

the dopaminergic information in the first half of 

the estrous cycle is essential for the sequence of 

neuroendocrine and endocrine events that 

culminate in ovulation to be carried out in a 

normal way. On the other hand, apparently in the 

second half of the estrous cycle the participation 

of this system is unclear, since only in half of the 

animals treated with the drug was ovulation 

blocked. These results were confirmed in a 

recent reevaluation, using a novel model of local 

ovarian antagonism (Venegas et al, 2015). 

 

 

Morán & Domínguez (1995) showed that 

the unilateral blockade of dopaminergic 

receptors in the anterior hypothalamus on 

different days of the estrous cycle produces 

effects that depend on the phase of the cycle in 

which the pharmacological blockade of 

dopamine receptors is performed with 

haloperidol crystals In this experimental model, 

also the implant with haloperidol on the right or 

left side of the anterior hypothalamus performed 

at 1:00 p.m. of the estrus and right-handed was 

absolutely effective in blocking ovulation; The 

implant of the drug at 13:00 h of the right-handed 

2 produced unclear results, since only 40% of the 

animals managed to ovulate, but unlike the study 

by Dominguez et al. (1987) described in 

previous lines, the implant Unilateral with 

haloperidol in the anterior hypothalamus 

performed at 1:00 p.m. of the proestro was 

ineffective in preventing ovulation.  

 

These results allowed us to suggest that 

the dopaminergic information generated in this 

region of the hypothalamus during the first half 

of the estrous cycle is necessary for 

neuroendocrine and endocrine events that 

culminate with ovulation to be carried out 

properly and that there is a possibility that 

different dopaminergic systems are associated in 

the regulation of the estrous cycle and ovulation, 

since the effects of the central block in the 

second half of the rat estrous cycle are different 

from those of the systemic block. 

 

Based on other experimental evidence, 

there is controversy about the involvement of the 

dopaminergic system in the neuronal activity of 

the hypothalamus nuclei directly related to the 

regulation of gonadotropin secretion. According 

to some authors, hypothalamic dopaminergic 

systems would exert an inhibitory effect on 

gonadotropic secretion (Choudhury et al, 1974; 

Ramírez et al, 1984; Tasaka et al, 1985), while 

for others it would be stimulant (Clemens et al, 

1976; MacKenzie et al, 1988 and 1989; Sanhera 

et al, 1991; Schneider & McCann, 1970; Vijayan 

& McCann, 1978; Weiner & Ganong, 1978), or 

who do not participate significantly in this 

function (Sawyer & Clifton , 1980).  From the 

results obtained in our laboratory it can be 

suggested that the differences observed in these 

studies are based on peculiarities of the 

experimental models used, since it has been 

commented that the functions of dopaminergic 

systems in ovulation control vary during the 

cycle estral (Domínguez et al, 1987; Morán and 

Domínguez, 1995). 
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All these antecedents allow us to suggest 

that dopamine is a fundamental chemical signal 

for the control of various brain functions, 

however there is some controversy about its role 

in neuroendocrine mechanisms that are coupled 

to the functioning of the Hypothalamus-

Pituitary-Ovary axis, particularly as regards its 

effect on the control of the secretion of GnRH, 

gonadotropins: FSH and LH, and ultimately on 

the ovarian mechanisms that lead to ovulation. 

We have mentioned in previous lines that much 

of the dopaminergic information related to the 

anterior hypothalamus comes from the medial 

uncertain area of the thalamus. Their somas are 

located in areas A11, A13 and A14 and express 

ovarian steroid receptors that regulate the 

synthesis of dopamine (Sanhera et al, 1991a). 

 

Based on these studies, it is suggested 

that dopaminergic symptoms of the medial 

uncertain area could be involved in the 

mechanisms of retrocontrol of sexual steroids on 

the central nervous system that participates in 

the control of gonadotropin release and sexual 

behavior of the female rat (MacKenzie et al, 

1988; MacKenzie et al, 1989; Wilson et al, 

1991). The electrolytic destruction of the somas 

of areas A11, A13 and A14 inhibits the pre-

release of LH and prolactin, without affecting 

the discharge of FSH (Sanhera et al, 1991b). 

 

We have also mentioned that the 

dopaminergic system participates differentially 

in the neuroendocrine and endocrine 

mechanisms that culminate with ovulation, since 

its variable participation throughout the estrous 

cycle of the adult rat depends on the time of day 

when the blockage is performed. 

Pharmacological of dopamine receptors. 

Systemic blockade of dopaminergic receptors 

during estrus and right-handed 1 inhibited 

ovulation of animals by suppressing the pre-

release of LH in 100% of animals; in right-

handed 2, a partial ovulation block was 

observed, which depended on the time the 

antagonist was injected; while its administration 

at 13:00 h of the proestro reduced the ovulatory 

response of the animals to 50% without 

modifying it when it was administered in the 

morning or at night (Domínguez et al, 1987). 

The unilateral implant with haloperidol crystals 

at the level of the suprachiasmatic region of the 

anterior hypothalamus produced similar results, 

with the difference that the implant at 13:00 h on 

the day of the proestrus did not prevent the 

ovulation of the animals (Morán & Domínguez; 

1995 ).  

These results allow us to suggest that the 

participation of dopaminergic systems in the 

control of spontaneous ovulation is different and 

that the generalized systemic blockade of these 

systems affects the discharge of gonadotropins 

by different mechanisms than that regulated by 

the previous hypothalamus. In another study, it 

was shown that there is also some degree of 

lateralization of the dopaminergic system of the 

anterior hypothalamus on the day of estrus. 

Implantation of a 1: 1 mixture of haloperidol and 

cholesterol crystals at 1:00 p.m. from the estrus 

on the right side of the anterior hypothalamus 

blocked ovulation on the morning of the 

expected estrus, but did not do so in animals with 

implants in the left side (Morán & Domínguez; 

1997). The results of our working group using 

the experimental model with permanent 

cannulas inserted in the skull of the animal 

throughout the experiment, through which 

implants or micro-injections of the dopamine 

antagonist were deposited, have opened new 

paradigms in the study of neuroendocrine 

regulation of ovulation, since surgical methods 

and techniques for addressing the anterior 

hypothalamus invariably lead us to mechanically 

section the dorsal pathways to this CNS 

structure. 

 

In these experimental models, the 

implantation of the cholesterol and haloperidol 

crystals was performed using an internal cannula 

of greater length (7.8 mm long) than the 

permanent cannula (4 mm long) used as a guide 

for the final implant (Morán & Domínguez ; 

1995 and 1997). Since unilateral implants with 

pure cholesterol crystals in both studies 

significantly affected ovulation in the morning 

of the expected estrus, the possibility was raised 

that the dorsal thalamic pathways to the anterior 

hypothalamus that were sectioned by the passage 

of the internal cannula could be involved in the 

regulation of the estrous cycle and participate in 

the mechanisms that control ovulation (Morán & 

Domínguez; 1995 and 1997).  

 

In order to analyze the role of the dorsal 

thalamic pathways to the anterior hypothalamus, 

we have recently replaced the intracerebral 

implant technique with crystals with 

intracerebral microinjection techniques using 

permanent cannulas of greater length and it was 

observed that ovulation was blocked in 100% in 

animals that received a unilateral microinjection 

of haloperidol (15 µg; 0.3 µg / min; ic)  
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On the right or left side of the anterior 

hypothalamus through a permanent 4 mm long 

cannula compared to 60% ovulation in animals 

who received said microinjection through a 

permanent 6 mm cannula (Méndez Bermúdez & 

Morán Perales, 2001; Méndez & Morán, 2001b; 

Morán, 2003; Morán et al, 2004). These results 

allowed us to confirm that the integrity of the 

dorsal pathways to the anterior hypothalamus is 

necessary for the proper integration of the 

neuroendocrine signals that regulate the estrous 

cycle and ovulation. 

 

In summary and according to our 

background, we can affirm that at the beginning 

of the estrous cycle the participation of 

dopamine systems in the control of gonadotropin 

secretion and the estrous cycle plays a crucial 

role and presents a certain degree of laterality. 

 

The purpose of this work was to test 

whether the pharmacological blockade of 

dopamine receptors on one or both sides of the 

anterior hypothalamus on the afternoon of estrus 

day will cause different effects on the duration 

of the estrous cycle and on the ovarian function 

of the adult rat , which will be reflected in 

differences in the ovulatory capacity of each 

ovary.  
 

Research Methodology 

 

Biological Material 

 

Adult female rats of the CII-ZV strain, with a 

body weight of 200-250 grams, were maintained 

under controlled lighting conditions (14 h light / 

10 h dark; lights from 05:00 to 19:00 h) and with 

free access to water and balanced food. All the 

animals used in this work, as well as the 

experimental methodologies in relation to 

animal welfare, conformed to the Official 

Mexican Standard NOM-062-ZOO-1999. 

 

General Procedures 

 

In order to record the estrous cycle in each 

animal, all of them were taken vaginal smears 

daily between 09:00 and 10:00 h. Vaginal 

smears were placed on a glass slide and stained 

using the hematoxylin-eosin technique to 

determine the stage of the estrous cycle in each 

animal and its vaginal cyclic pattern (Luna, 

1975) (Figures 2 and 3).  

 

 

 

In all experiments, only those animals 

that had at least three consecutive four-day 

cycles (cyclic animals) were used: estrus, right-

handed, right-handed and proestrous. These 

animals of regular estrous cycle were assigned to 

the different experiments.   

 

Stereotactic Surgery 

 

Between 11:30 and 12:30 h animals with regular 

estrous cycles and vaginal estrus were sedated 

with ketamine (25 mg / kg weight, im; Anesket, 

Agropecuaria SA de CV) and three minutes later 

anesthetized with sodium pentobarbital (40 mg / 

kg, ip; Anesthesia; Smith Kline Norden of 

Mexico). Once immobile, the animals were 

mounted on a SAS 4100 stereotactic device (ASI 

Instruments Inc.) (Figure 4). 

 

 
 
Figure 2 Subjection of the adult rats used in the 

experiments to obtain samples of vaginal epithelial cells 

and perform the estrous cycle recording (2.a and 2.b). The 

sample of cells is obtained with a stainless steel handle that 

is gently rubbed into the skin of the vagina (2.b and 2.c). 

The samples are placed on glass slides (smears) and 

allowed to dry at room temperature before they are stained 

by the hematoxylin-eosin technique (2.d) 
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Figure 3 Characterization of the estrous cycle in an adult rat 

estimated by the appearance of vaginal Cytology A and B) 

Right, it is distinguished by the relatively high presence of 

leukocytes, few cubic epithelial cells with well-defined nuclei 

and some cells of defoliation of the vaginal epithelium; C) 

Proestro, is distinguished by the predominance of cubic 

epithelial cells with well-defined nuclei, some defoliation 

cells but virtual absence of leukocytes; D) Estrol, is 

distinguished by the abundant presence of nucleus-free cells 

- cornified - product of the defoliation of the vaginal 

epithelium, few epithelial cells with well-defined nuclei and 

occasionally some leukocytes. 

 

 
 

Figure 4 Mounting the animal on a standard stereotactic 

device. The animal remains attached to the ear bars by the 

auditory meatus and the muzzle by the bar of the incisors 

 

At 13:00 on the day of estrus, the 

experimental groups of cyclic animals were 

treated as follows: 

 

 Each animal was shaved the skin of the 

head and a 1 cm long incision was made on the 

scalp with a scalpel. 

 

 The muscle layers of the skull were 

removed by scraping with fine-pointed tweezers. 

The wound was rubbed with gauze impregnated 

with 2% chlorhexidine antiseptic solution, 

followed by rubbing with 1% hydrogen peroxide 

solution in order to cauterize the blood vessels, 

to locate the anterior (bregma) and posterior 

(lambda) bone commissures ) of the skull and 

mark the stereotactic coordinates. 

 

 
Figure 5 Coronal section of the brain of the adult rat showing 

the site of the unilateral or bilateral microinjection (MI) of 

haloperidol. The needle (A) of the microinjector passed 

through the thalamus and was placed just above the anterior 

hypothalamus. CC: cerebral cortex; HPC: hippocampus; Tm: 

thalamus; QO: optical chiasma; HA: anterior hypothalamus 

(Modified from the Stereotactic Atlas of Paxinos & Watson, 

1998) 

 

 The calculation of the coordinates for the 

realization of the microinjections was made 

based on the atlas of Paxinos and Watson (1998): 

Antero-Posterior = + 0.77 mm; Lateral = ± 0.05 

mm, with respect to the lambda commissure 

(Figure 5). 

 

 Once the Antero-Posterior and Lateral 

coordinates were located, the right and / or left 

side of the skull was perforated with Foredom 

73B (Foredom Electric Co.) surgical drill and a 

stainless steel trepan (Figure 6). 

 

 
 
Figure 6. 6.a) Image showing the incision on the scalp of the 

animals and the location of the trepan. 6.b) When the 

meninges were exposed, the dura was cut in a cross so that 

the needle of the microinjector freely enters the brain of the 

animal 

 

Microinjection technique 
 

Once the trepane was performed, the meninges 

were visualized; The dura was cut crosswise and 

the microinjector needle (hypodermic needle 

No. 25; 0.05 mm internal diameter) was inserted 

connected to a nanomolar perfusion pump 

(Model 310; Steolting Co.) to the Vertical 

coordinate = - 0.72, microinjection site (Figures 

5 and 7). 
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Each animal received an intracerebral 

microinjection of 1μL of haloperidol solution 

(15 μg / μL; 5 μg / min) in dimethylsulfoxide 

(DMSO) on the right, left or both sides of the 

anterior hypothalamus. As a control group, 

cyclic animals were used to which a unilateral 

microinjection of 1μL of pure DMSO (0.33 μL / 

min) was applied. The total time of each 

microinjection covered a period of six minutes: 

three minutes of infusion followed by three 

minutes of rest, before removing the needle from 

the microinjector. All animals received a dose of 

8000 units of penicillin i.m. during the three days 

following stereotactic surgery (Figure 8).  

 

 
 
Figure 7. 7.a) Image showing the way in which the 

microinjection was performed by means of the nanomolar 

infusion pump mounted on the stereotactic apparatus. 7.b) The 

needle of the microinjector freely crosses the cerebral cortex and 

the thalamus of the animal until it reaches the anterior 

hypothalamus. 

 

 
 
Figure 8. Photograph showing the equipment used to 

perform intracerebral microinjection of the haloperidol 

solution dissolved in dimethylsulfoxide in the anterior 

hypothalamus 

 

 

 

 

 

 

 

 

Euthanasia and General Autopsy 

 

The day after the unilateral bilateral 

injection, the vaginal smears were resumed and 

all animals were sacrificed between 09: 00-10: 

00 h of the next vaginal estrus, preceded by 

proestrus (euthanasia was performed after a 

complete estrous cycle). 

 

As a control group, cyclic animals were 

used that were not subjected to any surgical 

manipulation or experimental treatment (intact 

animals) and were sacrificed in the morning of 

estrus after four consecutive four-day estrous 

cycles. 

 

Data analysis 

 

With the data from the estrous cycle record, the 

relative duration of the estrous cycle was 

estimated and the rate of animals that presented 

a Short Estral Cycle (TCEC: from 4 to 6 days) or 

Long (TCEL: greater than 8 days) was 

estimated.: 

 

TCEC = 
Number of Animals that presented Short CE 

Number of Animals Treated in the Group 

  

TCEL = 
Number of Animals that presented CE Largo 

Number of Animals Treated in the Group 

 

All animals were sacrificed between 

09:00 and 10:00 in the morning of the next 

vaginal estrus in a carbon dioxide chamber. 

 

At autopsy, the uterine tubes were 

dissected where the presence of oocytes was 

sought, which in their case were counted on a 

Stemi 2000-C stereomicroscope (Zeiss Co.). In 

those cases in which no fresh oocytes were 

observed, the ovaries were fixed in böuin 

solution for 24 hours and then progressively 

dehydrated in 70% ethanol, 96% ethanol and 

100% ethanol (periods of 3 to 24, 3 and 3 hours 

respectively), to then place them in 2 chloroform 

changes (periods of 24 and 3 hours, respectively) 

and finally included in paraffin blocks; they 

were cut in series at 10 µm thick and colored 

according to the hematoxylin-eosin technique 

(Luna, 1975) and the thorough count of the fresh 

luteal bodies or healthy pre-follicle follicles was 

carried out, depending on the case. The ovaries 

and uterus were also dissected, and weighed on 

a 0.1 mg precision balance (Scientech SP-250; 

Scientech Co.).  
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The weight of the organs was expressed 

in milligrams per 100 grams of body weight (mg 

/ 100g weight). The presence or absence of 

extravasation fluid in the uterine lumen was 

recorded from the uterus to estimate the rate of 

distended uterus (TUD) as an index of estrogen 

or progesterone secretion (Sánchez & 

Domínguez, 1995): 

 

TUD= 
Number of Animals with Uterus Distant 

Number of Animals Treated in the Group 

 

The brains of all animals with cerebral 

microinjection were fixed in 10% formalin 

solution for 48 h and then cut in the frontal plane 

at 40 µm thickness. These cuts were mounted in 

2% jelly and then stained with 0.1% cresyl violet 

in order to locate the correct microinjection site 

(Luna, 1975) (Figure 9). 

 

Statistic analysis 

 

The TCEC, TCEL and TUD data were analyzed 

with Fisher's Exact Probability test. Data on the 

number of oocytes released and the days of the 

estrous cycle were analyzed by the Kruskall-

Wallis test, followed by the Dunn multiple 

comparison test or with Mann-Whitney U. The 

relative weights of the ovaries and uterus were 

analyzed with simple ANDEVA followed by the 

Tukey-Kramer multiple comparisons test or with 

Student's t test, as appropriate. In all tests, those 

differences in which the probability is equal to 

or less than 5% were accepted as significant.  

 

 
 
Figure 9 Coronal section of the suprachiasmatic area of 

the brain of the adult rat showing the area of 

microinjection with the haloperidol solution on the right 

side of the anterior hypothalamus. TS: triangular septal 

nucleus; BAC: bed nucleus of the previous commissure; 

VIII: third ventricle; HA: anterior hypothalamus; QO: 

optical chiasma. 

Results 

 

Effects of Stereotactic Surgery on the Estral 

Cycle 

 

Surgical manipulation to perform bi-or unilateral 

microinjection in the anterior hypothalamus 

affected the animal's estrous cycle, since of the 

total of the animals that underwent stereotactic 

surgery 58% (80/139) of them significantly 

lengthened the cycle (Figure 10). 

 

 
 
Figure 10 Percentage of animals undergoing stereotactic 

surgery that presented a short (CE) estrous cycle (Average 

Duration: 4.6 ± 0.1 days) or long (Average Duration: 13.6 

± 1.2) 
 

Compared to the group of intact animals 

(absolute control), stereotactic surgery 

performed on one side of the animals' brains, 

which before the intervention fulfilled at least 

three consecutive four-day estrous cycles, can 

cause elongation. of the estrous cycle 

significantly (43/88). But if brain surgery is 

performed on both sides of the brain, the 

probability that the estrous cycle will be 

prolonged is greater (37/51).  

 

That is, when the effect of bilateral brain 

surgery was analyzed compared to unilateral, it 

resulted in that 73% of animals with surgical 

manipulation in both cerebral hemispheres had 

an estrous cycle greater than 8 days compared to 

49% of the animals with unilateral stereotactic 

surgery (Figure 11).  
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Figure 11 Comparison of the percentages of animals 

undergoing unilateral or bilateral stereotactic surgery in 

the brain of animals that presented a short (CE) estrous 

cycle (Average Duration: 4.6 ± 0.1 days) or long (Average 

Duration: 13.6 ± 1.2) ( * p <0.01 compared to unilateral 

stereotactic surgery; Fisher's Exact Probability test) 

 

These results indicate that surgical 

manipulation in both hemispheres induces more 

likely the increase in the duration of the estrous 

cycle than manipulation on only one side of the 

brain (Table 1). 

 
Group 

TCEC (%) 
DCE 

(days) 

TCEL 

(%) 

DCE 

(days) 

Absolute 

Control 

26/26 

(100%) 
4.0±0.0 

0/26 

(0%) 
 - - - - - 

MI-False     

HA-Right 7/17 

(41%) 
4.4±0.2 

10/17 

(59%)  
13.3±0.3 

HA-Left 8/16 

(50%) 
5.0±0.3 

8/16 

(50%)   
13.3±0.5 

HA-

Bilateral 

11/23 

(47%) 
4.0±0.1 

12/23 

(53%)   
14.0±0.6 

MI-Dmso     

HA-Right 5/13 

(38%) 
4.5±0.3 

8/13 

(62%)   
14.2±1.3 

HA-Left 8/11 

(72%) 
5.0±0.6 

3/11 

(28%)  
12.0±2.3 

HA-

Bilateral 

     1/11 

(10%) *, β  
5.0±0.6 

    10/11 

(90%) *, β  
13.2±0.4 

MI-HLP     

HA-Right 10/17 

(58%) 
4.4±0.2 

7/17 

(42%) 
13.4±0.7 

HA-Left 7/14 

(50%) 
4.4±0.2 

7/14 

(50%)  
13.4±0.6 

HA-

Bilateral 

      2/17 

(11%) *, α   
6.0±0.0 

    15/17 

(89%) *, α   
14.2±0.5 

* p <0.05 compared to all groups with false microinjection; α 

p <0.05 compared to unilateral microinjections in HA of the 

same group; β p <0.01 compared to microinjection in HA-Left 

of the same group (Fisher's Exact Probability Tests). 

 
Table 1 Short and long-term (TCEL) and half-day (TCEL) 

estrous cycle rates ± eem of the estrous cycle duration 

(DCE) in animals undergoing intracerebral microinjection 

(MI) of a solution of haloperidol (HLP; 10 µg / µL; 0.2 µg 

/ min) in dimethylsulfoxide (Dmso) on the right, left side 

or on both sides of the anterior hypothalamus (HA) at 1:00 

p.m. on the day of estrus. False MI consisted of needle 

insertion without touching the HA 

 

 

 

Effects of Intra-Cerebral Microinjection on 

the Duration of the Estral Cycle 

 

The global analysis of the groups indicated that 

the average duration of a Short Estral Cycle was 

4.6 ± 0.1 days (N = 59), while the average 

duration of a Long Estral Cycle was 13.6 ± 0.2 

(N = 80). In Table 1 it can be seen that there were 

no differences in the cycle duration between the 

groups of animals with Short Estral Cycle or 

with Long Estral Cycle. 

 

In the control groups with False 

Microinjection no differences were observed in 

the rates of animals that presented a Short Estral 

Cycle or a Long Estral Cycle. Neither were 

differences observed in the groups with 

Unilateral Microinjection with DMSO or with 

haloperidol with respect to the groups with False 

Microinjection (Table 1). 

 

On the other hand, in Table 1 it can be 

observed that in the groups with Bilateral 

Microinjection with DMSO or with haloperidol 

it caused that the rate of animals that presented 

Long Estral Cycle was significantly higher 

compared with the groups with False or 

Unilateral Microinjections (Bilateral 

Microinjection: 25 / 28 vs. False Microinjection: 

30/56 or Unilateral Microinjection: 25/54, p 

<0.001; Fisher's Exact Probability Test). 

 

Since the surgical manipulation affected 

the duration of the estrous cycle, in the analysis 

of the data described below it was decided to 

group the data in animals with Short Estral Cycle 

(Observed Range: from 4 to 6 days of duration) 

and in animals with Long Estral Cycle 

(Observed Range: 8 to 17 days long). 

 

Effects of Haloperidol Brain Microinjection 

on the Ovulation of Animals with Short Estral 

Cycle 

 

The global analysis of the effects of surgical 

manipulations in animals that presented a Short 

Estral Cycle, allow to visualize the tendency to 

reduce ovulation with respect to the group of 

intact animals (Absolute Control (N = 26): 11.7 

± 0.3 vs. False Microinjections and with DMSO 

(N = 40): 10.8 ± 0.5 or Microinjections with 

Haloperidol (N = 19): 9.7 ± 0.9; p <0.05; 

Kruskall-Wallis followed by Dunn's multiple 

comparisons test) (Figure 12). 
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Figure 12 Mean ± E.E. of the number of oocytes released 

by the ovaries of intact animals and to which they were 

given an intracerebral microinjection of a solution of 

haloperidol in dimethylsulfoxide (10 µg / µL; 0.2 µg / min) 

or a false microinjection on the right, left or right side both 

sides of the anterior hypothalamus at 1:00 p.m. on estrus 

day (* p <0.01 with intact animal groups; Mann-Whitney 

U test) 

 

Compared to the group of intact animals, 

Unilateral False Microinjection induced the drop 

in the number of oocytes released by the left 

ovary (Absolute Control (N = 26): 6.2 ± 0.3 vs. 

Unilateral False Microinjection (N = 15): 2.8 ± 

0.5 ; p <0.005; Mann-Whitney U) without 

modifying those of the right ovary (Table 2). 

 
Animals That Presented Short Estral Cycle 

Group NOL Left 

Side 

NOL Side 

Right 

NOL Totals 

(N) 6.2±0.3 5.5±0.2 11.7±0.3  

Absolute Control 

(26) 
   

MI-False  3.9±0.9 * 5.1±0.7 9.0±1.3 

HA-Law (7)    1.9±0.4 *, α 5.9±0.8  7.8±0.8 * 

HA-Left (8)      6.0±0.6 6.1±0.7 12.1±0.7 

HA-Bilateral 

(11) 
   

MI-Dmso 5.2±0.8 5.6±0.5 10.8±0.9 

HA-Right (5) 4.5±0.6 α 6.5±0.6 11.0±0.6 δ 

HA-Left (8) 4 5 9 

HA-Bilateral (1)        

MI-HLP    3.7±0.4 *, α 6.0±0.4 9.7±0.5 β 

HA-Right (10) 5.9±0.7 α 3.9±0.5 9.8±0.6 β 

HA-Left (7) (2,4) (7,6) (9,10) 

* p <0.05 compared to the Absolute Control and Bilateral False 

Microinjection (Kruskall-Wallis test followed by Dunn's 

multiple comparisons test); α p <0.005 compared to the 

contralateral ovary; β p <0.05 compared to the Absolute 

Control; δ p <0.05 compared to its group with False 

Microinjection (Tests with Mann-Whitney U). 

 
Table 2 Mean ± e.e.m. of the number of oocytes released 

(NOL) by the ovaries of the animals that underwent an 

intracerebral microinjection (MI) of a haloperidol solution 

(HLP) in dimethylsulfoxide (Dmso) (10 µg / µL; 0.2 µg / 

min) in the right, left or both sides of the anterior 

hypothalamus (HA) at 1:00 p.m. on the day of estrus. All 

animals were sacrificed on the morning of the next vaginal 

estrus after microinjection and after presenting a short-

term estrous cycle (4 to 6 days). False MI consisted of 

needle insertion without touching the HA 
 

 

This drop is such that it is reflected in the 

total number of oocytes released in the groups 

with False Microinjection on the right or left side 

of the anterior hypothalamus (Absolute Control 

(N = 26): 11.7 ± 0.3 vs. Unilateral False 

Microinjection (N = 15 ): 8.3 ± 0.7; p <0.01; 

Mann-Whitney U). This did not occur in the 

groups with False Microinjection on both sides 

of the anterior hypothalamus (Figure 13). There 

was a similar trend in the groups with Unilateral 

Microinjection with DMSO, in which the left 

ovary also decreased its ovulatory quota 

(Absolute Control (N = 26): 6.2 ± 0.3 vs. DMSO 

Unilateral Microinjection: 4.8 ± 0.5 (N = 13) ; p 

<0.05; Mann-Whitney U) but not reflected in the 

total number of oocytes (Table 2) (Figure 13). 

 

 
 
Figure 13 Mean ± E.E. of the number of oocytes released 

by the ovaries of animals that underwent intracerebral 

microinjection with dimethylsulfoxide (DMSO) (1 µL; 0.2 

µL / min) on the right (-D), left (-I) side or both sides (-B) 

of the anterior hypothalamus at 1:00 p.m. on the day of 

estrus (* p <0.05 compared to the contralateral ovary and 

with the same ovary from the group of intact animals; 

Kruskall-Wallis test followed by the comparison test Dunn 

multiple) 

 

Unilateral Microinjection with 

Haloperidol induced changes in ovulation of the 

ovaries that depended on the side on which 

dopamine receptors were blocked. 

Microinjection of the dopamine antagonist on 

the right side of the anterior hypothalamus 

inhibited ovulation of the left ovary, while 

microinjection of the drug on the left side 

inhibited that of the right. Both drops tend to 

decrease the total oocyte quota (Absolute 

Control (N = 26): 11.7 ± 0.3 vs. Unilateral 

Microinjections with Haloperidol (N = 17): 9.8 

± 0.4; p <0.05; U of Mann-Whitney) (Table 2) 

(Figure 14). There were no significant changes 

in the weight of the ovaries in the groups of 

animals that presented Short Estral Cycle. 

However, False or DMSO Unilateral 

Microinjection on the left side of the anterior 

hypothalamus tend to increase the weight of the 

uterus (Absolute Control (N = 26): 
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 182 ± 8 mg / 100 g weight or Right Side 

Microinjections (N = 12) : 188 ± 10 mg / 100 g 

weight vs. Microinjection Left Side (N = 16): 

223 ± 11 mg / 100 g weight, p <0.05; Tests with 

Student's t), which correlated with the Uterus 

Distenced Rate In these groups. False or DMSO 

Bilateral Microinjections, like Haloperidol 

Microinjections, did not modify the weight of 

the uterus (Table 3). 

 

 
 
Figure 14. Mean ± E.E. of the number of oocytes released 

by the ovaries of animals that underwent intracerebral 

microinjection with haloperidol (HLP) (15 μg / μL; 3 μg / 

min) or with DMSO (vehicle; 1 μL; 0.2 μg / min) in the 

right (-D), left (-I) or both sides (-B) of the anterior 

hypothalamus at 1:00 p.m. on the day of estrus (* p <0.05 

with the contralateral ovary Kruskall-Wallis test followed 

by Dunn's multiple comparison test) 

 
Animals That Presented Short Estral Cycle 

Group 
(N) 

OI OD MO Uterus TUD 

Absolute 

Control 
(26) 

12.9±0.5 12.8±0.6 25.7±0.9 182±8 5/26 

MI-False      

HA-D (7) 12.8±0.8 11.9±0.6 24.7±1.4 177±12 1/7 

HA-I (8) 12.9±1.3 14.6±1.6 27.5±2.7 223±16  6/8 

HA-B 

(11) 
11.6±0.7 11.5±0.5 23.1±1.0 177±9 3/11 

MI-
Dmso 

     

HA-D (5) 11.3±0.9 11.4±0.7 22.7±1.5 203±15 1/5 

HA-I (8) 11.3±0.3 11.4±0.5 22.7±0.7 222±15  5/8* 

HA-B (1) (9.1) (10.4) (19.5) (187) 0/1 

MI-HLP      

HA-D 

(10) 
13.7±0.6 12.9±0.7 26.6±1.1 179±8 2/10 

HA-I (7) 12.9±0.-8 12.4±1.0 25.3±1.7 188±13 1/7 

HA-B (2) (12.1,11.3) (14.1,12.8) (26.2,24.1) (244,182) 1/2 

* p <0.05 compared to the Absolute Control and the group with MI-

HLP in HA-I; ** p <0.05 compared to the other False Operations 

(Fisher's Exact Probability Test). 

 
Table 3 Mean ± e.e.m. of the relative weight of the left 

ovary (OI), right (OD) or ovarian mass (MO) and uterus 

(mg / 100g body weight) and distended uterus rate (TUD) 

of animals that underwent Intracerebral microinjection 

(MI) of a solution of haloperidol (HLP) in 

dimethylsulfoxide (Dmso; 10µg / µL; 0.2 µg / min) on the 

right (-D), left (-I) or both sides (-B) of the anterior 

hypothalamus (HA) at 1:00 p.m. on the day of estrus. All 

animals were sacrificed on the morning of the next vaginal 

estrus after microinjection and after presenting a short-

term estrous cycle (4 to 6 days). False MI consisted of 

needle insertion without touching the HA 

Effects of Haloperidol Brain Microinjection 

on the Ovulation of Animals with Long Estral 

Cycle 

 

False Microinjections did not modify the 

individual ovulation of each ovary in animals 

that had a Long Estral Cycle, but a relative drop 

in total ovulation was observed in the group with 

Bilateral False Microinjection (Table 4).  

 

Bilateral Microinjection of DMSO 

reduced the number of oocytes released by the 

left ovary, but increased it in those released by 

the right ovary. Compared to the group with 

Bilateral False Microinjection, DMSO Bilateral 

Microinjection tends to increase the total number 

of oocytes released (Table 4) (Figure 15). 
 

 
 
Figure 15. Mean ± E.E. of the number of oocytes released 

by the ovaries of the animals who underwent a false 

intracerebral microinjection (MIF) or with DMSO 

(vehicle; 1µL; 0.2 µg / min) on the right (-D), left (-I) ) or 

on both sides (-B) of the anterior hypothalamus at 1:00 

p.m. on the day of estrus (* p <0.05 compared to the 

contralateral ovary; ** p <0.01 compared to bilateral 

your group with MIF (Mann-Whitney U test). 

 

It was observed that the number of 

oocytes released by the left ovary tends to 

decrease and increase those of the right ovary in 

the groups with Unilateral Microinjection with 

Haloperidol (Left Ovary (N = 14): 4.6 ± 0.2 vs. 

Right Ovary (N = 14) : 6.3 ± 0.3, p <0.001; 

Mann-Whitney U test), unchanged in the group 

with Bilateral Microinjection of the drug (Table 

4) (Figure 16). 

 

No significant changes were observed in 

the weight of the ovaries or in the Uterus Dysted 

Rates among the groups of animals that 

presented the Long Estral Cycle (Table 5). 
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Discussion of results  

 

After stereotactic surgery, the probability that an 

animal with regular four-day estrous cycles loses 

the pattern of regularity in its subsequent cycles 

is very high, since 58% of cyclic animals 

undergoing brain surgery (80/139 ) significantly 

extend the next estrous cycle to an average of 14 

days. 

 

 
 
Figure 16 Mean ± E.E. of the number of oocytes released 

by the ovaries of animals that underwent intracerebral 

microinjection with haloperidol (HLP) (15 μg / μL; 3 μg / 

min) or with DMSO (vehicle; 1 μL; 0.2 μg / min) in the 

right (-D), left (-I) or both sides (-B) of the anterior 

hypothalamus at 1:00 p.m. on the day of estrus (* p <0.05 

with the contralateral ovary; ** p <0.01 compared to 

compared to its group with DMSO (Mann-Whitney U test) 

 

The registration of vaginal smears in 

these animals showed that the entire cycle was 

characterized by the presence of leukocytes 

(vaginal right-handed) before observing the 

presence of the proestrus and vaginal estrus. This 

suggests that surgical manipulation is capable of 

significantly altering the neuroendocrine and 

endocrine mechanisms that regulate 

gonadotropin secretion and therefore the estrous 

cycle. It is feasible that the presence of the 

vaginal right-hand sign is a reflection of the 

secretion of prolactin capable of sustaining the 

progestogenic activity of the luteal bodies that 

for some reason do not return.  

 

It is widely documented that prolactin 

maintains a relatively high secretion during the 

early stages of pseudopregnancy and pregnancy 

and prior to the formation of the placenta 

(Freeman, 1988). Prolactin indirectly inhibits the 

secretion of FSH and LH by prolonging the life 

of the corpus luteum (Smith et al, 1975 and 

1976).  

 

 

 

 

When estrogen concentrations have 

declined and remain relatively low, the 

increasing concentration of progesterone acts 

with a negative feedback effect on the anterior 

hypothalamus and inhibits the secretion of 

GnRH and thereby the secretion of 

gonadotropins is interrupted (Fink, 1979 and 

1988 ; Fink et al, 1983). For years, it has been 

known that stress induces the sudden discharge 

of prolactin in the rat, accompanied by the 

suppression of the prevolvulatory peak of LH 

(Neill, 1970; Neill et al, 1971). This evidence is 

totally consistent with our observations, since 

more than half of the animals subject to 

stereotactic surgery lengthened the estrous cycle. 

 
Animals That Presented Long Estral Cycle 

Group 

(N) 

NOL Left 

Side 

NOL Right 

Side 

NOL Totals 

Absolute 

Control (26) 
6.2±0.3 5.5±0.2 11.7±0.3 

MI-False    

HA-Right (10) 5.4±0.9 4.9±0.7 10.3±0.7 

HA-Left (8) 5.3±0.6 6.8±0.5  12.1±0.6 

HA-Bilateral 

(12) 
4.8±0.7 5.0±0.5 9.8±0.4  

MI-Dmso    

HA-Right (8) 5.3±0.7 5.3±0.3  10.6±0.7 

HA-Left (3) 7.3±0.3 β 4.0±0.6 β, 11.3±0.7 

HA-Bilateral 

(10) 
4.9±0.5 α 7.0±0.4 β 11.9±0.5 

MI-HLP    

HA-Law (7) 4.7±0.3 α 6.6±0.5 11.3±0.5 

HA-Left (7) 4.6±0.3 α 6.0±0.4 10.6±0.6 

HA-Bilateral 

(15) 
5.1±0.2 5.8±0.3 10.9±0.3 

* p <0.05 compared to the Absolute Control (Kruskall-Wallis 

test followed by Dunn's multiple comparisons test); ** p <0.01 

compared to the same group with DMSO and with 

Haloperidol; α p <0.05 compared to the contralateral ovary; 

β p <0.05 compared to the other groups with microinjection in 

HA on the same 

manipulation with the same treatment (Mann-Whitney U tests). 

 
Table 4 Mean ± e.e.m. of the number of oocytes released 

(NOL) by the ovaries of the animals that underwent an 

intracerebral microinjection (MI) of a solution of 

haloperidol (HLP) in dimethylsulfoxide (Dmso; 10µg / 

µL; 0.2 µg / min) in the right side (-D), left (-I) or on both 

sides (-B) of the anterior hypothalamus (HA) at 1:00 p.m. 

on the day of estrus. All animals were sacrificed on the 

morning of the next vaginal estrus after microinjection and 

after presenting a prolonged estrous cycle of 12 to 17 days. 

False MI consisted of needle insertion without touching 

the HA 
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It is also feasible that surgical stress 

helped increase the likelihood that the animal 

will lose the estrous cycle by inducing the 

discharge of glucocorticoids. It is a known fact 

that CRH produced in the hypothalamus directly 

stimulates the adenohypophyseal corticotrope 

and induces the release of ACTH and β-

Endorphin, followed by the secretion of cortisol 

and corticosterone in the adrenal cortex 

(Arimura, 2000; Welsh & Johnson, 1981) 

 

CRH is rapidly released in response to a 

wide variety of stressors, but it is particularly 

important to note that CRH stimulates its own 

secretion in the hypothalamus by means of a 

mechanism for increasing regulation of a short-

loop paracrine type. It is known that CRH 

interrupts the release of GHRH and GnRH 

(Arimura 2000; McCann et al, 1983) so it is 

feasible that the alteration of the estrous cycle is 

the reflection of the interruption of the 

hypothalamic signal that determines secretion of 

gonadotropins and changes in ovulation (Kamel 

& Kubajak, 1987; Peppler & Jacobs, 1976; 

Welsh & Jonson, 1981). In addition, 

glucocorticoids are shown to be able to stimulate 

progesterone secretion in follicular cell cultures 

(Adshi et al, 1981). 

 
Animals That Presented Long Estral Cycle 

Group OI OD MO Uterus TUD 

(N) 12.9±0.4 12.8±0.5 25.7±0.9 182±8 5/26 

Absolute 

Control (26) 
     

MI-False 14.5±0.9 12.9±0.7 27.4±1.5 163±8 1/10 

HA-D (10) 12.7±1.2 12.2±1.1 24.9±2.0 171±15 2/8 

HA-I (8) 13.2±0.8 11.7±0.6 24.9±0.9 182±10 1/12 

HA-B (12)      

MI-Dmso 11.9±0.4 12.6±0.5 24.5±0.7 187±10 4/8 

HA-D (8) 11.1±1.4 13.7±1.4 24.8±1.6 191±10 2/3 

HA-I (3) 11.4±0.6 11.5±0.6 22.9±1.0 187±7 4/10 

HA-B (10)      

MI-HLP 12.7±0.5 13.7±0.9 26.4±1.2 189±14 3/7 

HA-D (7) 13.5±0.8 13.7±0.7 27.2±1.0 177±14 2/7 

HA-I (7) 11.6±0.4 12.2±0.5 23.8±0.8 167±9 4/15 

 
Table 5 Mean ± e.e.m. of the relative weight of the right 

(OD), left (OI) ovaries, ovarian mass (MO) and uterus (mg 

/ 100g body weight) by animals that underwent 

microinjection (MI) of a dissolution of haloperidol (HLP) 

in dimethylsulfoxide (Dmso; 10 µg / µL; 0.2 µg / min) on 

the right (-D), left (-I) or on both sides (-B) of the anterior 

hypothalamus (HA) at 1:00 p.m. on the day of estrus. All 

animals were sacrificed on the morning of the next vaginal 

estrus after microinjection and after presenting a 

prolonged estrous cycle (12 to 17 days). False MI 

consisted of needle insertion without touching the HA 
 

 

 

 

On the other hand, when the dopamine 

antagonist vehicle or drug was infiltrated 

directly on both sides of the anterior 

hypothalamus, significant differences were 

observed depending on whether the 

microinjection was performed on one or both 

sides of the hypothalamus, since the frequency at 

which they occurred estrous cycle of more than 

twelve days duration was significantly longer in 

animals with bilateral microinjection than in 

those with unilateral microinjection. It has been 

shown that surgical manipulation in any of the 

cerebral hemispheres is able to significantly 

block spontaneous ovulation by inhibiting the 

normal pattern of GnRH secretion and 

consequently that of gonadotropins (Morán & 

Domínguez, 1995 and 1997).  

 

Our results confirm that the dorsal 

pathways to the anterior hypothalamus carry 

information that participates in the 

neuroendocrine and endocrine mechanisms that 

lead to ovulation after an estrous cycle and allow 

us to suggest that the section of these pathways 

is capable of modifying the normal pattern of the 

GnRH secretion and thus the secretion of 

gonadotropins, necessary for the estrous cycle to 

develop properly. 

 

The results in the experimental groups 

with false unilateral microinjection referring to 

ovulation lead us to affirm that the inhibition of 

the ovulatory capacity of the left ovary is 

necessarily the result of the alteration of nerve 

signals coming from one of the sides of the brain 

and that hypothetically they participate critically 

in the mechanisms that regulate the recruitment 

and follicular development of the left ovary 

without affecting the right ovary. There is very 

consistent evidence that proposes the existence 

of a direct nervous connection between the ovary 

and the CNS, particularly the hypothalamus 

(Advis et al, 1989; Domínguez et al, 1971; 

Domínguez et al, 1989; Fukuda et al, 1984; 

Mizunuma et al, 1983). 

 

Recently, we have used 

intrahypothalamic microinjection techniques 

through a stainless steel cannula that remains 

embedded in one of the cerebral hemispheres for 

at least four complete estrous cycles. The results 

in the control groups with microinjection or false 

implant are opposite to our observations, since it 

is the right ovary that reduces its ovulatory 

capacity and the left one apparently compensates 

for it (Méndez & Morán, 2001b; Morán, 2003; 

Morán et al, 2004).  
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These observations allowed us to suggest 

that the chronic effect caused by the presence of 

the permanent cannula induces a reorganization 

in the mechanisms that regulate ovarian 

function, that is, the system tends to readjust the 

nervous nature signals that reach the ovaries. 

This CNS plasticity phenomenon is evident in 

our group with false bilateral microinjection, 

since the ovulatory quota decreased significantly 

and it was because the left ovary also reduced its 

ovulant capacity. 

 

The insertion of an empty cannula or the 

manipulation produced by the implantation of 

crystals of pure cholesterol on one side of the 

anterior hypothalamus is able to decrease the 

ovulatory rate (Morán & Domínguez, 1995 and 

1997). In these experiments, the administration 

of GnRH or estrogen restored ovulation in 100% 

of the cases, which suggested that the section of 

the thalamus pathways would lengthen the 

duration of the estrous cycle by affecting 

gonadotropin secretion by delaying the 

discharge GVR preoccupation. In our animals, 

the section of these thalamic pathways 

reproduces the observations of Morán and 

Domínguez (1995 and 1997), which seems to 

confirm that the thalamic structures dorsal to the 

anterior hypothalamus play a significant role in 

the integration of neuroendocrine signals that 

lead to proper discharge of GnRH. 

 

The blockade of the dopamine receptors 

induced by microinjection of 15 µg haloperidol 

on the right or left side of the anterior 

hypothalamus affected the development of the 

estrous cycle and the ovulatory response in the 

animals, regardless of the side on which the 

microinjection was performed, which suggests 

that dopaminergic information regarding either 

side of the anterior hypothalamus is important 

for endocrine and neuroendocrine mechanisms 

that culminate in rat ovulation to develop 

properly.  

 

The microinjection of haloperidol on one 

side of the anterior hypothalamus is capable of 

affecting gonadotropin secretion and thereby 

ovarian function (Morán & Domínguez, 1995 

and 1997). It is known that dopamine antagonists 

decisively inhibit the adenohypophyseal 

discharge of prolactin (Neill, 1988). Our 

experimental model seeks to be adequate to 

study the influence of the dopaminergic system 

on the secretion of FSH and LH without directly 

involving the tuberoinfundibular system that 

controls the provulatory discharge of prolactin. 

The predominance of a typical right-

handed vaginal smear in animals with micro-

injection of the dopamine antagonist suggests 

the prolongation of the life of the corpus luteum, 

most likely maintained by the uncontrolled 

discharge of prolactin (Smith et al, 1975 and 

1976). Thus, the high plasma concentrations of 

progesterone combined with low estrogen 

production, conditioned by low gonadotropin 

profiles, would prolong the negative feedback 

effect of sex steroids at the level of the 

hypothalamus, suppressing the pre-discharge of 

GnRH and therefore of gonadotropins (Keyes & 

Wiltbank, 1988; McNelly, 1980). 

 

In a previous study, Morán and 

Domínguez (1995) showed that when a 

unilateral implant with 10.0 ± 0.3 µg of 

haloperidol crystals is placed on the right or left 

side of the anterior hypothalamus in four-day 

regular estrous cycle rats, a Effective ovulation 

block, which can be partially reversed at 80% 

efficiency when GnRH is administered in 

animals. The results of this study allowed us to 

suggest that apparently the absence of ovulation 

is caused by the interruption of the mechanisms 

that control the tonic and phasic discharge of 

GnRH, in which estrogens play a crucial role. 

Consequently, blocking the dopaminergic 

receptors of the anterior hypothalamus affects 

the discharge of gonadotropins and therefore not 

enough estrogen would be produced.  

 

This added to the lack of control of the 

prolactin discharge would cause the follicular 

development to stop, in a similar way to what 

happens during pregnancy, fall in the production 

of ovarian estrogens and therefore, absence of 

the signs of ovulation in the morning. of the 

expected estrus. 

 

In another study, Morán and Domínguez 

(1997) showed that particularly on the day of 

estrus, the dopaminergic system of the anterior 

hypothalamus presents laterality in the control of 

spontaneous ovulation, as is the case with the 

cholinergic system (Cruz et al, 1989). The 10.0 

± 0.4 µg implant of a 1: 1 mixture of haloperidol 

and cholesterol crystals on the right side of the 

anterior hypothalamus effectively blocked 

ovulation in the morning of the expected estrus 

but the implant placed on the left side did not. 
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This functional laterality could possibly 

be related to the positive feedback effect of 

estrogen that requires that the right side of the 

anterior hypothalamus remain intact (Morán & 

Domínguez, 1995 and 1997) or with the 

asymmetric distribution of GnRH in the basal 

medial hypothalamus (Bakalkin et al, 1984; 

Gerendai et al, 1979). 

  

In the present work, it was not considered 

to sacrifice the animals on the day of the 

expected estrus but to sacrifice them until the 

sign of the evident vaginal estrus (that is, the first 

estrus observed after the surgical interventions). 

In 98.6% (137/139) of the cases oocytes were 

found in the tubes (only two animals had to be 

counted the number of fresh luteal bodies). 

However, our observations also report changes 

that depend on the side of the hypothalamus in 

which the dopamine receptor blockade was 

performed. Apparently, in the animals they 

presented a Short Estral Cycle, a greater 

sensitivity to the pharmacological blockade of 

the right side of the anterior hypothalamus was 

observed that negatively affects the ovulant 

capacity of the left ovary accompanied by an 

increase in that of the right, but if the blockade 

of the receptors Dopamine was performed on the 

left side of the anterior hypothalamus, the result 

is the other way around. In animals with Long 

Estral Cycle, this cross laterality does not occur, 

however, the decrease in the ovulant capacity of 

the left ovary and increase in the right one occurs 

independently of the side of the hypothalamus 

on which the microinjection of haloperidol was 

performed. 

 

Different studies have reported that for 

our animal strain the left ovary releases more 

oocytes than the right one (Domínguez et al, 

1989) and that this difference is modified when 

the innervation of the ovaries is 

pharmacologically or surgically interrupted 

(Chávez et al, 1987; Cruz et al, 1986; 

Domínguez et al, 1989).  

 

These results have postulated that the 

nervous information related to the ovaries 

participates in the modulation of the response to 

gonadotropins and in the control of follicular 

recruitment that leads to ovulation of each ovary. 

Our results support this hypothesis, since if 

changes in the ovulatory capacity of each ovary 

were observed as a result of anti-dopaminergic 

manipulations on one side of the anterior 

hypothalamus. 

 

There are other studies that support our 

observations regarding the prolongation of the 

estrous cycle that follows intracerebral 

microinjection. In an experimental model similar 

to that used in the present work, we show that the 

first estrous cycle that follows brain surgery was 

significantly prolonged, but was particularly 

long in a group with bilateral microinjection of 

the EEDQ (selective antagonist of DA-1 

receptors) , although subsequent estrous cycles 

tended to normalize with respect to the group of 

adult rats with four-day cycles (Meléndez and 

Morán, 2002). Our results agree with this 

background and allow us to suggest that 

dopamine is a necessary signal for normal 

estrous cycles to develop. 

 

The results of this work support the idea 

that the dopaminergic system of the anterior 

hypothalamus participates significantly in the 

integration of the neural and neuroendocrine 

signals that regulate the estrous cycle. Clemens 

et al. (1976) described the effects of electrolytic 

destruction of the rat's anterior hypothalamus. 

Bilateral lesion of the medial preoptic nucleus 

induced the prolongation of the estrous cycle, 

which showed prolonged periods of vaginal 

right-handedness in the animals. In this same 

study, the dicidoma test in the uterus of other 

animals, proved that this lesion induces the 

spontaneous appearance of pseudopregnancy 

stages.  

 

The ovaries of the animals showed the 

presence of fresh luteal bodies at the end of each 

period of pseudopregnancy, which covered a 

period of 12 to 14 days. Daily administration of 

the dopamine agonist lergotril mesylate in 

animals with bilateral lesion of the preoptic area 

causes periods of pseudopregnancy to be 

reduced to four or five days, similar to a normal 

estrous cycle and presence of fresh luteal bodies 

in the ovaries of the animals. 

  

Kalra (1974) showed that the 

disconnection of the pathways that separate the 

anterior hypothalamus from the middle 

eminence also induces the appearance of long 

estrous cycles in the rat, without affecting 

ovulation in the morning of the vaginal estrus. In 

these animals, the loss of the estrous cycle 

correlates with the decrease of the GnRH content 

in the middle eminence, which suggested that the 

control of the phasic discharge of the 

decapeptide comes from the rostral structures of 

the diencephalon.  



45 

Article                                                                        ECORFAN Journal Republic of Guatemala                    
                                                                              June 2019 Vol.5 No.8 27-50 

 

 
MORÁN-PERALES, José Luis, SÁNCHEZ-GARCÍA, Octavio, GARCÍA-

SUÁSTEGUI, Wendy Argelia and HANDAL-SILVA, Anabella. Effects of 

stereotactic surgery on the anterior hypothalamus (HA) on the estrous cycle: role 

of the dopaminergic system in spontaneous ovulation in the rat. ECORFAN 

Journal-Republic of Guatemala. 2019  

ISSN-On line: 2414-8849 

ECORFAN® All rights reserved. 

 

These results as a whole allowed us to 

suggest that the structures that control the tonic 

and phasic discharge of gonadotropins are 

located in the preoptic area and that dopamine is 

apparently the necessary signal for the 

synchronization of the estrous cycle with ovarian 

function. 

 

Other results of our laboratory have 

shown that the systemic administration of 

haloperidol (2.5 mg / kg body weight) during the 

first half of the estrous cycle in four-day regular 

cycle rats induces changes in the secretion of 

gonadotropins that cause ovulation delay. , that 

is, the estrous cycle extends significantly to 16.8 

± 0.6 days (Morán et al, 2001; Ramírez-Ávila, 

2001; Vargas-Torres, 2002). 

 

Conclusions 

 

The results of this study allow us to conclude 

that: 

 

Stereotactic surgery performed in rats 

with regular four-day estrous cycles is capable of 

inducing the loss of the normal pattern of vaginal 

cytology expression. 

 

In a short estrous cycle, the mechanical 

section of the neural connections that occurs 

when the needle of the microinjector is 

introduced into only one of the cerebral 

hemispheres of rats with regular four-day estrous 

cycles induces alteration of the nerve signals that 

reach the ovaries. inhibit ovulation of the left 

ovary. 

  

In a long estrous cycle, the mechanical 

section of the neural connections of both 

cerebral hemispheres of rats with regular four-

day estrous cycles induces alteration of nerve 

signals that reach the ovaries and result in 

decreased ovulatory capacity. 

 

In a short estrous cycle, the effect of 

unilateral blockade of dopamine receptors in the 

anterior hypothalamus inhibits ovulation of the 

contralateral ovary, which is reflected in the fall 

in the total ovulatory quota in these animals.  

 

In a long estrous cycle, the effect of 

unilateral blockade of dopamine receptors in the 

anterior hypothalamus results in the inhibition of 

ovulation of the left ovary, but stimulates that of 

the right, which compensates for the total 

ovulatory quota.  
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