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Abstract: Castela texana (Torr. & A. Gray) Rose is a native plant to the arid regions of northern Mexico, whose medicinal 

properties includes antipyretic, antiparasitic, antibacterial and immunomodulatory activity. The objective of this work was to 

evaluate the immunomodulatory activity of the methanolic-extract of Castela texana leaf on the production of nitric oxide in 

murine peritoneal macrophages, since these cells are the major players of the first line of defense of the immune response. 

The citotoxicity of Castela texana methanolic-extracts (10, 100 and 1000 μg/mL) was evaluated with a haemolytic activity 

model. Then thioglycollate-elicited peritoneal cells were cultured and tested for nitric oxide production, which was 

determined by Griess method at 6, 12 and 24 h post-treatment within the following experimental groups 1) Negative control 

supplemented with 2% PBS, 2) Positive control supplemented with 2% LPS extract, 3) Positive control supplemented with 

2% complete Freund´s adjuvant, and 4) Castela texana supplemented with 2% methanolic-extract 10 µg/mL. The Castela 

texana methanolic-extract showed a high cytotoxic activity so only the lowest concentration (10 μg/mL) was evaluated on 

the production of nitric oxide in murine macrophages. The Castela texana extract triggered a high production of nitric oxide 

at short times (6 and 12 h) compared to the concentration of nitric oxide induced by the positive controls with LPS and 

complete Freund's adjuvant. It can be concluded that this extract may act as an acute activator of nitric oxide production in 

macrophages, settling an antecedent to study the use of Castela texana compounds as immunological adjuvants. 
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INTRODUCTION 

 

astela texana (Torr. & A. Gray) Rose; is known 

in Mexico with the following spanish common 

names: “Chaparro amargoso”, “bisbirinda” and 

“amargoso”. Other english common names are: 

“Crucifixion thorn”, “Crown-of thorns”, “Goat 

bush”, “Holacantha” and “Bitter bark” (Gonzalez-

Stuart, 2019). This plant belongs to the 

Simaroubaceae family and is native to the arid 

regions of northern Mexico, its habitat is distributed 

in the Mexican states of Chihuahua, Durango, 

Tamaulipas, San Luis Potosi and Nuevo Leon 

(Standley, 1923; Uphof, 1968; Martínez, 1959; 

Canell & Johnson, 1970).  

A large variety of secondary compounds derived 

from the primary metabolism of plants have been 

reported in their leaves, flowers and fruits; 

highlighting, alkaloids, phenols, flavonoids, tannins, 

terpenes such as the quasinoids e.g. chaparrin, and 

glycosides e.g. castelin, castelagenin and amargosin, 

they all are compounds to which the bitter flavor of 

this plant is attributed to. Among the medicinal 

properties of the Castela texana it can be mentioned 

the antipyretic, antiparasitic, antibacterial and 

immunomodulatory activity (Calzado-Flores et al., 

1991, 1995, 1998).It is worth mentioning that its 

medicinal use must be dosed with caution since some 

authors have reported intoxication cases (Calzado-

Flores et al., 2007). 

Immune response and macrophages 

The immune response is divided into 1) innate and 2) 

adaptive. Some cells that belong to the innate 

immune response are macrophages, neutrophils and 

eosinophils. In the case of the adaptive immune 

response, some cells are B and T lymphocytes. The 

innate immune response represents the first line of 

defense of the organism, which is characterized by 

being non-specific and fast to occur. On the other 

hand, the adaptive immune response consists of a 

complex process of recognition, antigenic 

presentation, activation and cell differentiation 

whose response time is slower compared to the 

innate immune response (Nathan, 1987; Riera et al., 

2016). 
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Macrophages are a type of white blood cell and are 

the major players in the innate immune response. 

These cells are able to cross the epithelium of the 

capillaries and penetrate the connective tissue. They 

can ingest bacteria, damaged cells and foreign 

substances through a process called phagocytosis 

(Abbas et al., 2003; Celada & Nathan, 1994) and 

later they can destroy these agents due to the 

secretion of certain enzymes and some chemical 

compounds such as nitric oxide and reactive oxygen 

species (Aliprantis et al., 1996; Martínez & Bordon, 

2014). The immunomodulatory functions of the 

macrophage depend on its activation by sensitization 

signals, mainly induced by cytokines, and some 

molecules called Pathogen-associated molecular 

patterns (PAMPs) as lipopolysaccharide (LPS) 

(Pedroza-Escobar, 2016; Mac Micking et al., 1997; 

Gorocica et al., 1999). 

The objective of this work was to evaluate the 

immunomodulatory activity of the methanolic-

extract of Castela texana leaf on the production of 

nitric oxide (NO) in murine peritoneal macrophages. 

Since, as already mentioned, these cells are the major 

players of the first line of defense of the immune 

response, and the mechanisms of action of the active 

compound, of this plant that could be associated with 

their medicinal effects are not known. 

 

MATERIALS AND METHODS 
 

Biological material 

All protocols used in this study were approved by the 

Bioethics committee of the Faculty of Medicine, 

Universidad Autonoma de Coahuila Unidad Torreon 

(reference number CB071117). 

The aerial part (leaves and stem) of the Castela 

texana plant was collected in the town of Pedriceña 

Durango, in the month of April of the year 2015 on 

the Pedriceña-Nazas road, coordinates 25°, 07'44.60¨ 

N 103° 48' 24 .22¨ W. A voucher specimen 

(Ct071117) was deposited and identified in the 

Phytopharmacology laboratory of the Departamento 

de Bioquimica of the Facultad de Medicina (UA de 

C). After being collected, the leaves were rinsed 

several times with tap water, after washing they were 

separated and allowed to dry at room temperature on 

brown paper for a week. After drying, grinding was 

carried out with a manual mill, then they obtained 

powder was weighed 100 g and mixed with 900 mL 

of methanol and kept in a shaking incubator at room 

temperature for 3 days. Subsequently the supernatant 

was filtered on Whatman No. 2 filter paper and the 

filtered solution was concentrated in a rotary 

evaporator at 60° C. The remnant humidity was 

eliminated for 72 hours in a hot air oven at 40° C. 

The extract was stored until use at a temperature of -

20° C. 

A group of five Long-evans black female rats with an 

age of 12 weeks old, weighing 150 to 200 grams 

were used. The animals were housed in plastic boxes 

using sawdust as bedding with stainless steel grill 

covers. Water and food were offered ad libitum. The 

environmental parameters were monitored by means 

of a temperature and relative humidity meter. The 

photoperiod was 12 hours of light and 12 hours of 

dark. 

Citotoxicity assay with the haemolytic activity model 

An aliquot of 50 μL of rat’s blood with EDTA 

anticoagulant was washed 3 times with 950 μL of 

0.89% NaCl sterile saline solution with 

centrifugation at 3500 rpm for 5 minutes. After the 

third wash, the cell pellet was re-suspended in a final 

volume of 50 μL of saline solution. Next, 950 μL of 

the extract to be evaluated was added in the saline 

solution at 10, 100 and 1000 μg/mL concentrations. 

The samples were incubated for 30 minutes at 37° C, 

then the sample was centrifuged again at 3500 rpm 

for 5 minutes, and the free hemoglobin was measured 

to the supernatant with a spectrophotometer at 412 

nm. Saline solution (0 μg/mL of the extract) and 

distilled water were used as negative and positive 

haemolytic controls, respectively.   

Thioglycollate-elicited peritoneal cells 

Peritoneal macrophages were recruited with 1 mL of 

sterile thiogliocolate solution applied 

intraperitoneally at a concentration of 15 μg/mL with 

a 20 G needle. After 3 days, 5 mL of sterile 

phosphate buffered saline (PBS) was injected at 4 °C 

into the peritoneal cavity and the abdomen of the rat 

was massaged for 15 seconds. Then the largest 

possible amount of PBS was collected 

(approximately 4 mL). The recovered fluid was 

placed in 15 mL conical tubes and the sample was 

centrifuged at 3500 rpm for 5 minutes. The cell pellet 

was re-suspended in 5 mL of Hank's Balanced Salt 

Solution (HBSS). The recovered cells were counted 

with 20 μL of Tripan Blue Solution 1: 1. 

Purification of LPS from E-coli by hot aqueous-

phenol extraction 

An overnight culture of E-coli (DH5α) in 5 mL of 

Luria Broth (LB) incubated at 37 °C, was employed 

to prepare 1.5 mL of dilution based on Optic Density 

600 nm until reaching a  value of 0.5 (McFarland 

Standard No 3, i.e. approximately  a cell density of 9 

x 10
8
 CFU/mL) The sample was centrifuged 5 

minutes at 10,000 rpm and the pellet was re-

suspended in 200 µL of SDS Buffer (50 mM DTT, 

2% SDS, 10% glycerol, 0.05M Tris-HCl (pH 6.8), 

0.01% Bromophenol Blue). The sample was boiled 

15 minutes and once cold, 20 µL of Proteinase K (20 

mg/mL) were added. The sample was incubated 

overnight at 59 °C. The following washes were done 

twice; first 200 µL of Tris-HCl-Saturated phenol 

were added, the sample was vortexed and incubated 

15 minutes at 65 °C, once cold 1 mL of diethyl ether 
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was added and vortexed, the sample was centrifuged 

at full speed for 10 minutes and the bottom blue layer 

transferred to a new tube. Finally the LPS extract 

was re-suspended in 1.5 mL of sterile water.       

NO quantification by the Griess method 

A serial two-fold dilution curve was prepared from a 

100 µM NaNO2 solution. The final concentrations of 

the curve were 100, 50, 25, 12.5, 6.25, 3.13, 1.56, 

and 0 µM in a volume of 500 µL. in the case of the 

samples an aliquot of 500 µL was used. Then 500 µL 

of 1% sulfanilamide in 5% phosphoric acid, and 500 

µL of 0.1% N-(1-Naphthyl)ethylenediamine 

dihydrochloride solution were added. The curve and 

samples were incubated for 5 minutes and the 

absorbance was read at 550 nm.    

Experimental procedures 

Peritoneal cells were cultured in 50 mm petri dishes, 

at a concentration of 2 million on each dish in 3 mL 

HBSS at 37 °C with 5% CO2 for 24 h. The 

experimental groups included were 1) Negative 

control supplemented with 2% PBS, 2) Positive 

control supplemented with 2% LPS extract, 3) 

Positive control supplemented with 2% complete 

Freund´s adjuvant, and 4) Castela texana 

supplemented with 2% methanolic-extract 10 µg/mL. 

NO production was determined by Griess method at 

6, 12 and 24 h post-treatment. After each time point, 

500μL of HBSS from the corresponding petri dish 

were recovered and processed as samples.  

 

RESULTS AND DISCUSSION 

 

Citotoxicity assay with the haemolytic activity model 

The cytotoxicity assay of the Castela texana 

methanolic-extract showed hemolytic proportions of 

4.52, 7.24 and 38.09% for the concentrations at 10, 

100 and 1000 μg/mL, respectively. Based on these 

results, only the Castela texana extract at a 

concentration of 10 μg/mL was evaluated, since these 

results showed a cytotoxicity less than 5%, as shown 

in Figure 1. 

 

 
Figure 1. Citotoxicity assay with the haemolytic activity model. The experimental groups were prepared with 

Castela texana methanolic-extract at 10, 100 and 1000 μg/mL concentrations in saline solution; the positive and 

negative controls were distilled water and saline solution (0 μg/mL of the extract), respectively. *Statistically 

significant differences (p < 0.05). 

 

NO quantification by the Griess method 

According to the kinetics of nitric oxide production 

among experimental groups, no statistically 

significant differences (p>0.05) were observed 

between the baseline measurements (0 h) and the 

PBS negative control (6, 12 and 24 h); however, the 

differences between the positive controls and the 

Castela texana methanolic-extract group were 

statistically significant (p<0.05) in all time point 

determinations (6, 12 and 24 h), as shown in Figure 

2.
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Figure 2. Nitric oxide quantification by the Griess method. Nitric oxide production was determined by nitrite 

quantification with Griess reagent at 6, 12 and 24 h post-infection. Values represent means and standard 

deviations from three experiments.*Statistically significant differences (p < 0.05). 

 

The peritoneal cavity is an abdominal cavity of 

mammals that contains the liver, spleen, most of the 

gastrointestinal tract and other viscera. It hosts a 

series of immune cells, including macrophages, B 

and T lymphocytes. The presence of a high number 

of naïve macrophages in the peritoneal cavity makes 

it a good site for the collection of these cells reaching 

multiples of 1-2 x 10
6
cells (Lu & Varley, 2008; 

Zhang et al., 2010). However, the number of 

macrophages present in the peritoneum may be 

insufficient for an extensive experiment. Therefore, 

in this work, a thioglycollate solution was used as a 

stimulating agent to increase the migration of 

macrophages within the peritoneum, thus increasing 

performance and reaching multiples of up to 1 x 

10
7
cells (Hoover & Nancy, 1984). 

Macrophages are a population of mononuclear 

phagocytes, present in almost all tissues; these cells 

are important regulators of inflammation and the 

innate immune response. They are dedicated to 

phagocytosis and therefore are effective in 

eliminating microbes and necrotic debris (Rico-

Rosillo & Vega-Robledo, 2012). Macrophages 

secrete a large number of molecules that participate 

in the immune response (innate and adaptive) 

(Celada & Nathan, 1994; Hernández-Urzúa & 

Alvarado-Navarro, 2001). In the case of the innate 

immune response, molecules such as nitric oxide and 

reactive oxygen species can be mentioned; whereas, 

in the case of the adaptive immune response, various 

cytokines can be mentioned that lead to the 

polarization of the immune response towards a 

differential Th profile, thus favoring the optimal 

response of the host immune system (Cuellar et al., 

2010). 

Some authors have reported that endotoxin levels 

around 0.5 ng/mL can significantly increase the 

production of cytokines and nitric oxide in peritoneal 

macrophages after only 6 hours of exposure (Herrera, 

2014; Mac Micking et al., 1997; Tamez et al., 

2001).The concentrations of endotoxin used in the 

control groups in this study were higher than this 

reference point (0.5 ng/mL) since, for example, each 

mL of Freund's complete adjuvant contains 1 mg of 

Mycobacterium tuberculosis (H37Ra, ATCC 25177), 

heat killed and dried, equivalent to an endotoxin 

concentration of 20 μg/mL in the positive control 

supplemented with 2% complete Freund's adjuvant. 

Nitric oxide is a free radical in the gaseous state 

whose biological functions, in general, can be 

divided into two broad categories. First, NO acts as 

an intercellular messenger: by regulating vascular 

tone, activating platelets and acting as a 

neurotransmitter in the central nervous system. And 

second, when it is synthesized in large quantities by 

activated macrophages is a cytotoxic molecule 

involved in the elimination of bacteria, viruses and 

protozoa, as well as tumor cells (Gorocica et al., 

1999; López-Urrutia, 1999). 

NO is synthesized from the amino acid L-arginine 

and molecular oxygen in a reaction catalyzed by 

nitric oxide synthetase (NOS). There are at least two 

types of NOS: 1) The calcium-dependent form that is 

constitutively present in a wide variety of tissues and 

produces physiological concentrations of NO. and 2) 

The calcium-independent form that is inducible by 

various immune stimuli such as interferon gamma 

(IFN ɣ), TNFα and bacterial lipopolysaccharide in 

various cell types such as macrophages, hepatocytes, 

neutrophils and endothelial cells. Once activated, 

these cells produce, for a long time, a large amount 

of NO in order to fight infectious agents (Abdala et 

al., 2010; López-Urrutia, 1999). And for these 

reasons, the immunomodulatory activity of the 
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methanolic-extract of Castela texana leaf on the 

production of nitric oxide  in murine peritoneal 

macrophages was evaluated. Since, as already 

mentioned, these cells are the major players of the 

first line of defense of the immune response, and the 

NO is synthesized as an immunomodulatory 

molecule in large quantities by activated 

macrophages.  

 

CONCLUSION  

 

The Castela texana methanolic-extract showed a 

high cytotoxic activity so only the lowest 

concentration at 10 μg/mL was evaluated on the 

production of nitric oxide in murine macrophages. 

The Castela texana extract triggered a high 

production of NO at short times (6 and 12 h) 

compared to the concentration of NO induced by the 

controls with LPS and complete Freund's adjuvant. 

However, at 24 h the induction of NO with the 

Castela texana extract began to decrease in contrast 

to the positive controls. Thus, it can be concluded 

that this extract may act as an acute activator of NO 

production in macrophages. Although in this work 

the molecular mechanisms involved were not 

elucidated, we believe that the phytochemical 

compounds of Castela texana could interact with 

molecules of the cell membrane, mimicking cellular 

activation signals. Therefore, this work represents an 

antecedent to study the use of Castela texana 

compounds as immunological adjuvants. 
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