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Abstract 

 
This research deals with the organic extracts impact of Bunium 

incrassatum on the immune expression of estrogen receptors that 

is the assessment of the effect of organic extracts from the seeds of 

Bunium incrassatum (Apiaceae) on the immune labelling of 

estrogen receptors in the adrenal gland of pregnant rabbits from the 

local population (Oryctolagus cuniculus). The work was carried 

out on pregnant rabbits during the last third of gestation (from day 

17 to day 27 of gestation). The animals were divided into four 

groups which received daily oral doses: 50, 100, and 200 

mg/kg/day, respectively. The group with dose 0 was taken as a 

control. After treatment, the rabbits were sacrificed (28th day of 

gestation). Their organs were removed, defatted, and weighed then 

fixed in 10% formalin and the blood was collected in tubes with 

heparin. For immunohistochemistry, mouse monoclonal 

antibodies were used to determine the ER presence in the adrenal 

gland of rabbits. Theresults indicated that treatment with organic 

extract of Bunium incrassatum induced an increased rate of change 

in the thickness of the adrenal cortex in the treated groups 

compared to the control. A strong immune expression of estrogen 

receptors was observed in the groups treated with 50 and 100 mg / 

kg / day compared to the group treated with 200 mg/ kg/day. It can 

be concluded that estradiol has a direct effect on adrenal function 

in pregnant rabbits. Likewise, the components of the organic 

extract from the roots of Bunium incrassatum have modulatory 

activities for ER.  
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Introduction  

The adrenal glands are considered to be the most important 

endocrine glands due to their involvement in the main biological 

functions in animals (Hussein, 2015). They are composed of two 

embryologically distinct parts: the outer adrenal cortex and the 

inner adrenal medulla (St-Jean et al.,2020). The adrenal cortex is 

made up of three areas of cells that synthesize, through multiple 

enzymatic steps, and different steroid hormones (Arlt & Stewart, 

2005). 

The structure of this gland depends on the species, age, sex, season, 

and condition of the organism including gestation (Sofia et al., 

2021). Pregnancy is a physiological condition that causes changes 

in the maternal body, such as adrenal hypertrophy. In rabbits, 

adrenal hypertrophy is confined to late gestation and the 

intermediate postpartum period (Dumontet et al., 2018; Aboud et 

al., 2019; Al-Shakhshir et al., 2019). This structure is generally 

sensitive to external and internal factors such as phytoestrogens 

(Russel et al., 2017). Phytoestrogens are food compounds of plant 

origin showing structural similarity to 17-β-estradiol (E2). This 

structural similarity allows them to directly interfere with steroid 

biosynthesis, intracellular signaling, cell proliferation, and gene 

expression (Toyohira et al., 2010; Polluzi et al., 2014). 

Bayala et al. (2006) demonstrated that the administration of 

extracts 100, 200 mg.kg-1 of Holarrhena floribunda in 

oophorectomy rats induces an increase in the fresh weights of the 

adrenal glands and that the aqueous extract of the leaves of 

Holarrhena floribunda contains phytoestrogens which behave like 

partial agonists. Similarly, Hammoudi et al. (2020), found that the 

relative adrenal weights showed a statistically insignificant 

decrease (p> 0.05) in pregnant rabbits treated with the organic 

extract of Bunium incrassatum compared to the control. 

B. incrassatum is a widely used medicinal plant in eastern Algeria, 

especially in the region of Oum El Bouaghi, which belongs to the 

Apiaceae family. According to traditional healers in this region, it 

is used to increase the weight and milk secretion of some farm 

animals. The study of the chemical composition of seeds of B. 

incrassatum revealed the presence of coumarins scopoletin, Beta-

Sitosterol, sucrose, and oleic acid (Bousetla et al., 2015). 
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Previous phytochemical studies of this species have shown that its 

essential oil involves more than 45 compounds (Bousetla et al., 

2014). Our objective is to endure the work undertaken in our 

laboratory on the impact of the organic extracts of this plant on the 

immune expression of estrogen receptors. 

Materials and Methods 

Biological Material 

The roots of Bunium incrassatum roots were grabbed in September 

2015 from Bir Rogaa Oum El Bouaghi region. The identification 

of the plant was carried out in the "Laboratory of Plant 

Biomolecules and Plant Breeding " by a botanist. The roots were 

separated from the aerial parts of the plant, then well cleaned with 

water, cut and dried at room temperature in the shade, and 

protected from dust for a few days before being crushed into a fine 

powder using a mortar. 

The extraction was carried out according to the protocol of 

reference (Bousetla et al., 2015). One hundred grams (100g) of 

powder were macerated in 100 ml of ethanol and 100 ml of 

chloroform for 24 hours in the shade. The whole mixture was then 

filtered on Whatman paper (3 MM). The solvent was recovered by 

evaporation and about 3 ml of a brown liquid was obtained serving 

as the crude organic extract of B. incrassatum. This liquid is then 

diluted in distilled water to prepare the doses. 

Animal Materiel 

For this study, 24 multiparous pregnant rabbits of the local breed 

(Oryctolagus cuniculus), weighing between 2.66 and 3.66 Kg, 

were used. 

Experimental Protocol 

The experimental protocol is carried out in the autumn in the 

animal facility of the Hamma Bouziane Constantine Technical 

Institute for Breeding under natural conditions (temperature, 

photoperiod, and humidity). The rabbits were fed daily with a 

forage, in the form of pellets, supplied by the National Cattle Feed 

Board (O.N.A.B.) and were given water "ad libitum". 

The first step is to put the does in the cages of the males for mating. 

After 12 days of mating, delicate palpation of the abdomen of the 

doe is done to confirm gestation. The number of 24 pregnant 

rabbits were divided into 4 groups of 6. The doses of the organic 

extract are diluted in distilled water and administered daily by 

gavage. Group 1 servingas the control also receives distilled water 

to remain under the same experimental conditions, and groups 2, 

3, and 4, respectively receive doses of 50, 100, 200 mg/kg/day. 

Sacrifice and Blood Collection 

The treatment lasted for 10 days from the 17th day to the 27th day 

of gestation, the rabbits were sacrificed the day after the last 

gavage, the blood samples were taken from all the treated and 

control animals. Blood was collected in polyethylene tubes contain 

in gheparin. The samples were taken, immediately after slaughter, 

at the Ibn Sina laboratory in Constantine to carry out an analysis of 

hormonal parameters.  

Parameters of Gland Weight 

After the animal is sacrificed, the adrenal glands are defatted and 

weighed. They were fixed in 10% Formol for histological and 

immune histochemical studies. The relative weights of the glands 

were determined by the following formula. 

Relative organ weight = (Absolute organ weight (g) × 

100) / (Bodyweight of animal on the day of sacrifice (g) 
(1) 

 

Immunohistochemistry Protocol 

Deparaffinization and Hydration 

Put the sections in an oven at 37 ° overnight 

Two xylene baths of 10 min 

Two 10-minute 100 ° and 90 ° alcohol baths 

Two one-minute 70 ° and 50 ° alcohol baths 

Rinse with distilled water 5 min 

Unmasking 

Prepare a 1/10 dilution with DAKO Cytomation Target 

Retrieval Solution Citrate Ph6 

Place in the water bath at 92-98 ° 

Put the blades 40-45 min 

Cool the slides with water 

Rinse 2-3 times with TBS 

From this stage, the technique is carried out in a humid 

environment (on a plate with humidified gases below). The 

sample is circled using a Dako Pen; hydrophobic pencil to 

prevent runoff. 

We used the NovocastraLeica kit 

Blockage of Endogenous Peroxidases 

Incubate the slides for 10 minutes with two drops of oxygenate 

(DAKO Peroxidase Blocking Reagent). Two TBS rinses (1/10) 

of 05 minutes 

Protein Block 

Incubate slides for 5 minutes with two drops of the Protein Blok 

solution. Two rinses with TBS diluted 1/10 for 05 minutes. 

Application of the Primary Antibody 

Incubate the slides for 30 minutes with the primary antibody 

(Dako) 100 µl 30min. Two rinses with TBS for 05 minutes. 

Application of the Secondary Antibody 

Incubate the slides for 30 minutes with the secondary antibody. 

Two rinses with TBS for 05 minutes. 

Incubate the slides for 30 minutes with two drops of the 

polymer. Two rinses with TBS for 05 minutes. 

The Revelation by Diaminobenzidine (DAB) 
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The secondary antibody is coupled to a peroxidase, which 

transforms DAB into a colored product with the following 

relationship: 

Preparation of the DAB solution: 50µl DAB Chromogen + 1ml 

DAB Substrate Buffer 

Incubate the slides for 03 minutes with 200 μl of the DAB 

solution. 

Three rinses with TBS for 05 minutes 

Counterstaining with hematoxylin 

Montage aqueux: DakoGlycergel ™ Mounting Medium 

(C0563) 

 

The Statistical Study 

The statistical evaluation in histology is carried out by the 

parametric test of Student and for oestradiol the nonparametric 

test Mann Whitney was used, using software XLSTAT, version 

2014 and Excel 2015. 

Microscopic Photograph 

The photomicrographs were performed with an optical 

microscope (B-150 OPTIKA) equipped with a digital camera. 

The thickness of the histological layers of the adrenal gland was 

measured using Image J Fuji software from micrographs under 

a 10x objective of the control and processed adrenal gland 

sections. Eight measurements were taken around each adrenal 

section first for total cortical thickness and then for each zone 

thickness. The measurements were averaged for each group. 

Immunohistochemical reading was also performed using Image 

J Fuji software with the IHC Profiler option. 

Results and Discussion 

The results obtained on the effects of the organic extract of B. 

incrassatum in pregnant rabbits from the local population will 

focus on the histomorphometric parameters of the adrenal cortex 

areas, estradiol levels, and the immune expression of estrogen 

receptors in the adrenal cortex. 

Results of the Histomorphometric Study of the Cortical Areas 

 
Figure 1. Rate of Change in Adrenal Cortex Thickness in 

Experimental Animals 

An increase is observed in the rate of change in the thickness of the 

cortical zone of the treated rabbits compared to the control group. 

This increase is in the order of 1.64%, 7.88%, and 8.68% in the 

animals treated with 50, 100, and 200 mg/kg / day, respectively 

(Figure 1). 

 

Figure 2. Rate of Change in Cortical Layer Thickness in 

Experimental Animals 

The thickness of the glomerulosa area increased by 3.87% and 

6.09% in the G2 and G3 groups, respectively, compared to that of 

the control and G1 groups. The thickness of the fasciculata area 

also increased with all doses of 50, 100, and 200 mg/kg / day with 

14.69%, 46.75%, and 49.34%, respectively. In contrast, the 

thickness of the reticularis zone decreased by 33.90% and 31.10% 

in groups G2 and G3 compared to the control group and G1 

(Figure 2). 

Estradiol Results 

The organic extract from the roots of B. incrassatum has no 

significant effect on the level of estradiol. The percentage change 

increased in the order of 25.80% in the group treated with 50 

mg/kg/day and a decrease in the order of 2.20% and 27.24% in the 

groups treated with 100 and 200mg/kg/day, respectively, 

compared to the control group (Figure 3).  

 
Figure 3. Rate of Change in Estradiol in Experimental 

Animals 
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In our study, we have localized by immunohistochemistry of the 

estrogen receptors in the three layers of the cortical and medullary 

zone of the adrenals of pregnant rabbits (Figure 4). 

In addition, a statistical analysis in the present study revealed a 

very significant decrease in the percentage of positive immune 

response zone in the adrenal glands of pregnant rabbits treated with 

organic extract of B. incrassatum (Tables 2 and 3). 

Marking Intensity 

Table 1. IHC DAB Concentration in Each Area of the Adrenal 

Gland 

 control G1 G2 G3 

Glomerulus ++ ++ + + 

Fasciculated + + + 0 

Reticle ++ +++ ++ 0 

Medulla ++ +++ ++ + 

High positive (3+), positive (2+), low positive (1+), negative (0+) 

Marking Surface 

Table 2. The Percentage of the Area Stained by IHC DAB (x10 

image) of the Cortex 

 control G1 G2 G3 

Cortex 18.51% 23.64% 3.16% 0.06% 
 

Table 3. The Percentage of Area Stained by IHC DAB (x40 image) 

in Each Area of the Adrenal Gland 

 control G1 G2 G3 

Glomerulus 14.80% 22.99% 16.73% 27.50% 

Fasciculated 3.74% 9.19% 14.01% 0.66% 

Reticle 51.92% 42.96% 58.22% 5.30% 

Medulla 40.89% 70.28% 78.01% 3.37% 

 

Estrogen receptor immuno histochemical staining was performed 

to detect the distribution of the estrogen receptor in the adrenal 

gland of the four groups. The immuno-positive reaction appeared 

as dark brown dots. The control group showed a slightly positive 

brown staining with a uniform distribution of activity in both the 

cortex and the medullary zone (Image a). In the adrenal glands of 

pregnant rabbits treated with the organic extract of B. incrassatum 

by the dose 50 and 100, the brownish discoloration was increased 

compared to the control, indicating increased estradiol activity in 

the adrenal cortex (Images b & c) while in the adrenal glands of 

the 200-treated group the brownish discoloration was decreased 

(Image d). 

 

 

 

 
Adrenal Gland Control (x10) 

Image a 

 

Glomerulus Area (x40) 
 

Fasciculated Area (x40) 

 

Reticle Area (x40) 
 

Medulla (x40) 

 

 

Glomerulus Area (x40) 
 

Fasciculated Area (x40) 
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Adrenal Gland G01 (x4) 

Image b 

 

 

Reticle Area (x40) 
 

Medulla (x40) 

 

 

Adrenal Gland G02 (x10) 

Image c 
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Medulla (x40) 
 

 

Adrenal Gland G03 (x10) 

Image d 
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Figure 4. Immunolocalization of ERs in the Adrenal Gland 
 

The objective of this work is to evaluate the effect of treatment of 

pregnant rabbits with the organic extract of B. incrassatum on the 

immuno expression of estrogen receptors in the adrenal gland. The 

animals were divided into 4 groups which received daily doses of 

50, 100, 200 mg/kg/day. The group with dose 0 was taken as a 

control. It is well known that adrenal cortex activity in mammals 

is sensitive to androgens and estrogen and undergoes minimal 

changes in weight and size (Goel et al., 2014; Trijter et al., 2015; 

Gannon et al., 2019). 

Our results indicate an increased rate of change in the thickness of 

the cortical zone of the treated rabbits compared to the control 

group. This increase is in the order of 1.64%, 7.88%, and 8.68% in 

animals treated with 50, 100, and 200 mg/kg/day, respectively. We 

also noticed that the thickness of ZG increased by 3.87% and 
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6.09% in the G1 and G2 groups, respectively, compared to that of 

the control group. 

ZF thickness increased by 14.69%, 46.75%, and 49.43% in groups 

G1, G2, and G3, respectively. In contrast, the thickness of ZR 

decreased by 33.90%, 31.10% in the G2 and G3 groups compared 

to the control and G1 group. These results agree with those of Zatra 

(Zatra, 2008), who found in Gerbilus, clear hypertrophy of the 

cortex mainly due to the fascicular area. These morphometric 

changes can be explained by the presence of β-Sitosterol in the 

extract of this plant. 

This component belongs to the family of plant sterols or 

Phytosterols (Brown et al., 2014). It is well documented that 

phytoestrogens are naturally occurring chemicals that can directly 

interfere with steroid biosynthesis, intracellular signaling, cell 

proliferation, and gene expression (Giraldi et al., 2010; Lecomte et 

al., 2017). Many studies (Rosol et al. 2001; Miller et al., 2021; 

Pignatti & Flück, 2021) reported that exogenous steroids can 

disrupt the function and normal structure of the adrenal cortex. 

Rosol et al. (2001) have observed that exogenous agonists induce 

negative feedback inhibition of ACTH secretion by the pituitary 

gland and lead to atrophy of the Fasciculated and reticular zone, 

while exogenous steroid antagonists block the action of steroid 

hormones, causing an increased secretion of ACTH and a cortex 

hyperplasia diffusion. 

In our study, we showed that the absence of the significant effect 

of the organic extract of the roots of B. incrassatum on the estradiol 

level is due to the presence of β-Sitosterol and that the rate of 

change experienced an increase of around 25.80% in the group 

treated with 50 mg/kg/day and a decrease of around 2.20% and 

27.24% in the groups treated with 100 and 200 mg/kg/day, 

respectively, in comparison with the control group. 

Several studies showed that treatment with β-Sitosterol induces a 

decrease in circulating steroids (Moghadasian, 2000). Maclatchy 

and Vanderkraak (1995) reported that intraperitoneal injections of 

β-Sitosterol significantly reduced testosterone and 11 -

ketotestosterone in males and levels of testosterone and 17β-

estradiol in female goldfish. They also reported that pregnenolone 

levels were significantly reduced compared to beta-Sitosterol. 

The same researchers showed that fish exposed to β-Sitosterol 

showed a decrease in circulating steroid levels. This drop is due to 

the inhibition of the enzyme P450 aromatase by the scopoletin 

found in the extract. This inhibitory action is enhanced by β-

Sitosterol (Balunas et al., 2008). 

The aromatization of androgens into estrogen is mediated by this 

key enzyme, located in the endoplasmic reticulum in various 

tissues, including the adrenal cortex (Conley et al., 1996). Besides, 

Meemak et al., (2016) and Lecompte et al., (2017) showed that 

phytoestrogens, when given in high doses, can cause hormonal 

imbalance that can even compete with estrogen and behave like 

antiestrogens. 

We noticed that the reduction recorded in our results is not 

significant. We can explain this by the presence of β-caryophyllene 

(BCP) in the organic extract of this plant which corrected the 

negative effect of β-Sitosterol on steroid secretion. According to 

studies by Fiorenzani et al. (2014), the administration of BCP 

alone increases the level of testosterone and estradiol. These 

hormones can affect the growth and function of the adrenal cortex, 

either via central pathways (hypothalamic CRH and Adeno 

hypophyseal ACTH) or directly, with great probability, via 

specific receptors expressed in the cortex and/or by interfering with 

adrenal cortex enzymes including those involved in 

steroidogenesis (Kling, 2016). 

The results of the immuno histochemical study of the adrenal gland 

of pregnant rabbits treated with the organic extract of B. 

incrassatum and control, allowed us to collect data usable in 

research to demonstrate the immuno localization and the intensity 

of labeling of biomarkers in different parts of a tissue such as 

estrogen receptors (Table 1). 17β-Estradiol, as the main circulating 

estrogen hormone, regulates many tissue and organ functions in 

physiology. Estrogens exhibit various effects throughout the body 

by binding to one of the two variants of estrogen receptor (ER)α 

and ERβ that are encoded by distinct genes (Van Pelt et al.,2015; 

Yasar et al., 2016) and which are members of the nuclear receptor 

superfamily of transcription factors (Hua et al., 2018). The 

identification of these receptors in mammals was made by Kuiper 

et al. (1996). 

Our results showed that estrogen receptor expression was detected 

in fat cells, connective tissue fibroblast cells as well as cells of the 

glomerular, fascicular, and reticular layer and the medullary area. 

The results of this study are consistent with those carried out on 

other species. For example, ER staining has been found in all areas 

of the adrenal cortex in rhesus monkeys (Goel et al., 2014) and 

sheep (ER α) (Henley & Korach, 2010). Likewise, since molecular 

studies became available, ER has been identified in adrenal tissue 

in several species such as rodents and primates (Calandra et al., 

1980). 

The presence of ERs was detected by a brown stain (positive 

immune stain) in different parts of the adrenal gland with varying 

intensity. The adrenal glands of the rabbits treated with the 200 

mg/kg/day dose showed a lower intensity of ER staining (weak) 

compared to the other groups treated with 50 and 100 mg/kg/day 

and control (Table 1). 

However, rabbits treated with the 100 mg/kg/day dose showed 

stronger ER staining in the adrenal cortex than the other groups. 

The variability in estrogen receptor expression observed in our 

results is due to different components of B. incrassatum such as β-

Sitosterol, sucrose, and oleic acid. We can explain this drop in ER 

concentration in rabbits by the decrease in estradiol levels. It is well 

recognized that there is an inverse relationship between the 

abundance of sex steroid receptors and circulating hormone levels 

(Watts, 2020). 
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This was proved by Van Lier et al. (2003) who demonstrated that 

gonadectomy in both sexes of sheep increased adrenal ER 

observed in comparison with their intact counterparts, confirming 

that the regulation of the adrenal gland is under the control of sex 

steroids. Gaya et al. (2018) have proven by studies on small 

animals that the consumption of sucrose is sufficient to induce 

metabolic changes in the body which lead to deleterious 

consequences and induce a significant decrease in the expression 

of ERα. 

Conclusion  

Our results show the presence of estrogen receptorsin the adrenal 

cortex, indicating that estradiol has a direct effect on adrenal 

function in pregnant rabbits. Likewise, the components of the 

organic extract from the roots of Bunium incrassatum have 

modulatory activities for estrogen receptors. 
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