
 

 
 

 
 

Iranian Journal of Pharmaceutical Sciences 
2022: 18 (2): 87-94 

www.ijps.ir 

Original Article 

 

Effect of intraductal drug delivery of orexin receptor antagonists into rat 

mammary gland on milk triacylglycerol level: Possible molecular interaction 

with Gpat1 and Gpat4 genes 

 

Shima Jafari Zandieha, Homayoun Khazalia,* 

 

a Department of Animal Sciences and Marine Biology, Faculty of Life Sciences and Biotechnology, Shahid Beheshti 

University, Tehran, Iran. 

 

Abstract 

Although previous studies have demonstrated the importance of the orexin system in regulating enzymes 

involved in lipogenesis, its exact mechanism and the extent of this effect on different enzymes have remained 

unexplored. In this regard, this study is aimed at investigating the intra-duct injection of orexin receptor 1 and 2 

antagonists (OX1RA and OX2RA) into the mammary glands. More specifically, the study probes the effect of this 

injection on glycerol 3-phosphate acyl transferase (Gpat1 and Gpat4) genes as well as the milk's triacylglycerol 

(TAG) level in lactating Wistar rats. Twenty four lactating Wistar rats were randomly divided into different 

experimental groups including the control group, the group receiving OX1RA and OX2RA intraductally (at doses of 

5, 10, and 20 µg/kg of B.W.). Six hours after injection, the collection of milk samples were done using rat milking 

device, and TAG measurements were carried out. Moreover, using real time PCR, we measured target genes by a 

specific primer for each gene. One-way ANOVA with Tukey’s post hoc tests were used to analyze the results and 

the level of significance was considered P<0.05. The findings of the present study showed that the injection of orexin 

antagonists at a dose of 10 μg/kg resulted in a significant reduction in Gpat1 and Gpat4 gene expressions. In addition, 

the injection of antagonists with the same dose caused a significant decrease in TAG levels. Intra-ductal injection of 

orexin antagonists into the mammary gland decreases milk TAG levels and decreases the expression of Gpat1 and 

Gpat4 genes. 
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1. Introduction  

Milk is a quintessential component on which all 

the nutritional needs of the baby are dependent [1]. 

Milk contains a high degree of nutrients such as 

proteins, fatty acids, etc [2]. Milk fat plays an 

important role in determining the quality and energy 

of dairy products [3]. Mammalian epithelial cells of 

lactating animals are highly active in the synthesis 

of the triacylglycerol (TAG) center [4]. In mammals, 

there are 4 isoforms of the enzyme glycerol 3-

phosphate acyl transferase (GPAT) and they are 

divided into two categories [5]: mitochondria, in the 

outer membrane of the mitochondria containing
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GPAT1, and microsomal, in the endoplasmic 

reticulum containing GPAT4 [6, 7]. Transferase is 

converted to phosphatidic acid,phosphatidic acid is 

converted to diacylglycerol (DAG) and finally, 

DAG is converted by diglyceride acyltransferase 

(DGAT) to TAG [8]. GPAT4 enzyme is found in 

brown adipose tissue and rat’s testicles with high 

expression, and in white adipose tissue and liver 

with moderate expression [9, 10]. During lactation, 

Gpat4 mRNA is highly expressed in the mammary 

gland of the rats [11]. GPAT4 plays a very important 

role in TAG synthesis and the maintenance of the 

energy balance in tissues during lactation [12]. It has 

been also found that by isolating adipocytes, 

oxytocin raises lipogenesis [13]. GPAT1 activity has 

a major effect on TAG regulation. In addition to the 

synthesis of glycerolipids, this enzyme is also 

involved in regulatory physiological function in 

adipose tissue and liver [14, 15].  

Orexin, or hypocretin, is a neuropeptide 

produced in the lateral hypothalamus and is derived 

from prepro-orexin (PPO) 130 amino acid peptide in 

rats with a 33-amino acid peptide, orexin A (OXA), 

along with a 28-amino acid peptide, orexin B (OXB) 

[16]. These two peptides have two types of receptors 

called orexin-1 (OX1R) and arexin-2 (OX2R) bound 

to G-protein [17]. Orexin decreased oxytocin and the 

effect of a specific OX1RA receptor antagonist was 

reported to have antagonized oxytocin secretion and 

increased oxytocin [18]. The high distribution of 

orexinergic neurons and orexin receptors in various 

tissues and regions have shown its role in regulating 

neuroendocrine functions such as nutrition, 

metabolism, sleep and wakefulness, and controlling 

reproductive processes [19]. Orexins have different 

affinity for these two receptors; while OX1R binds 

to OXA with more specificity, OX2R shows the 

same inclination to both OXs. For this reason, the 

antagonists that have been designed and developed 

for OXRs to date also have such properties [20]. 

These antagonists include antagonists that act 

selectively like OX1R (such as SB-334867 

compound) or OX2R (such as JNJ-10397049 

compound) and those that act dually, non-selectively 

(such as ACT-078573 compound) [21]. Studies have 

shown that orexin reduces prolactin through 

dopamine [22]. The decline in the expression of 

orexin during pregnancy and lactation increases 

prolactin and after 48 to 72 h of starvation during 

lactation, the NPY mRNA levels decrease and MCH 

mRNA and PPO increase, resulting in increased 

appetite and decreased prolactin and lactation [23]. 

Given the importance of milk availability during 

lactation and proper nutrition of infants, as well as 

the prominent role of two enzymes, namely Gpat1 

and Gpat4 in the milk lipid synthesis of the 

mammary gland, this study is aimed at investigating 

the effect of OX1R and OX2R antagonists on the 

milk levels of TAG as well as the expression of 

Gpat1 and Gpat4 genes in the mammary gland. 

2. Materials and Methods 

2.1. Animals 

In this study, 24 lactating Wistar rats that were 

having their second pregnancy [24] and weighed 

200 to 250 g were randomly selected and used. 

These rodents were maintained at a temperature of 

22 ± 2 °C under twelve-hour dark/light period 

conditions with relative humidity of 50%. At this 

stage, the animals had free, unlimited access to water 

and food and were transferred to this place one week 

prior to the experiments to acclimate to the 

laboratory environment. The animals were treated 

according to the international standards of working 

with animals. Moreover, the ethics committee of 

Shahid Beheshti University supervised the whole 

process and approved it with the code IR.SBU.REC 

1399.043. 
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2.2. Materials 

The materials used in this study included SB-

334867 antagonist (Orexin1 receptor antagonist, 

purchased from Tocris) and JNJ-10397049 (Orexin2 

receptor antagonist, purchased from Tocris) which 

were diluted in a volume ratio of 1:1 (v/v).  

2.3. General Procedure, Milking, and Surgical 

Methods 

Rats were randomly divided into one control 

group and six groups receiving intraductal OX1R 

and OX2R antagonists at doses of 5, 10, and 20 

µg/kg of B.W.. The doses were selected based on our 

previous experience and further optimized using 

pilot studies [25, 26]. In order to inject into the 

mammary gland, all the 12 pairs of mammary glands 

received injection [27]. Anesthesia control of the 

animal was performed using isoflurane by the 

inhalation of 2-4% of the concentration of this 

substance through the nasal passage. Meanwhile, 

their eyes were oily and closed; subcutaneously, 

meloxicam (5-10 mg/kg) was used to anesthetize the 

animals. The hair around the nipple was removed 

with a cream and the nipple was cleansed with 

alcohol. Using a pair of micro-dissecting tweezers, 

we lifted the skin around the nipple to open the 

nipple. Then, a 20 µL insulin syringe with a gauge 

of 31, containing OX1R and OX2R antagonists was 

gently injected into the nipple duct. After the 

injection, the animals were isolated from isoflurane 

to regain consciousness. Six hours after the 

injection, rat milking was performed with Rat 

milking device (WAT-2006, Tokyo, Japan) and 

fresh milk samples were collected and stored in -20 

°C until TAG measurement [28]. Then the animals 

went to deep anesthesia and subsequently the 

mammary gland tissue was removed and kept at -80 

°C for later analysis [29]. The rats were euthanized 

after the experiment using a chamber prefilled with 

carbon dioxide (CO2) gas with a concentration of 

70%, which is a common and safe method for 

euthanizing [30]. 

2.4. Measurement of TAG 

Using Rat EnzyChrom Triglyceride Assay Kit 

(Cat# ETGA-200- BioAssay System, USA), 

according to company’s instructions with ELISA 

Leader BioTek 800TS (USA). The TAG assay was 

run in three replicates for each sample and it was 

measured at 570 nm. 

2.5. RNA Extraction and Gene Expression 

RNA breast tissue was extracted using the Gene 

JET RNA Purification Kit (Thermo Scientific, 

USA). To remove possible DNA contamination, the 

whole RNA was treated with DNase (Thermo 

Scientific, USA) and then used for the cDNA 

synthesis using the Revert Aid First Strand cDNA 

Synthesis Kit (Thermo Scientific, USA). All steps 

were performed according to factory instructions. 

Real Time PCR was used to measure target genes 

using specific primers for each gene (Table 1). 

 

Table 1. Primers used in this study (From left to right 5´  3´). 

Reverse Forward Gene 

GTCCTTAATGTCACGCACGATTTC GTGGGGCGCCCCAGGCACCA β actin 

GAAACAAGAGCGGCAGATTC GTCCAAAGCCATCCAGAAAG GPAT1 

GGTTCTTCTCCTTGGCTC CT ATGTTCCTGTTGCTGCCTTT GPAT4 

β actin= beta actin, Gpat1= glycerol-3-phosphate acyltransferase1, Gpat4= glycerol-3-phosphate acyltransferase4. 
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Relative gene expression for each sample was 

performed by the SYBR Premix Ex TaqTM II kit 

(TakaRa, Japan) using the Corbett-RG 6000X device 

(Corbett Research, Australia). In each sample in the 

strips, the samples are duplicated and their volume is 

20 µL. Cycle threshold (CT) then recognized the 

reaction and calculated the CT genes based on it. 

Finally, the target genes are calculated relative to the 

reference gene using the formula 2-ΔΔCT [25]. 

2.6. Data Analysis  

Findings were analyzed using GraphpadPrism 

software, the results were analyzed as median (min, 

max) from the mean of the evaluation. The data 

normality condition was assessed by Shapiro Wilk test; 

then, the data were measured by one-way test of 

ANOVA and the Tukey post hoc. Data differences 

were considered significant at P <0.05 and graphs were 

plotted using GraphpadPrism 8 software. 

3. Results and Discussion 

The results of this study revealed that the 

injection of OX1RA at doses of 5, 10, and 20 µg/kg 

compared to the control group had a significant 

difference in terms of decreased TAG milk level (P 

<0.001, P <0.01, P <0.001, respectively) (Figure 1). 

 

Figure 1. TAG level in the groups of control, OX1RA5, 

OX1RA10, and OX1RA20. ** P <0.01, *** P <0.01 

compared to that of the control group. Data were presented 

as median (min, max) (n = 6). 

The injection of OX2RA at a dose of 10 µg/kg 

compared to a dose of 20 µg/kg showed a significant 

difference in terms of decreased TAG milk level (P 

<0.002) (Figure 2).  

 

 

Figure 2. TAG level in the groups of control, OX2RA5, 

OX2RA10, and OX2RA20. ** P <0.01, *** P <0.01 

compared to that of the control group, ## P <0.01 

compared to OX2RA2. Data were presented as median 

(min, max) (n = 6). 

 

The results of this study show that the injection 

of OX1RA at doses of 5 µg/kg and 10 µg/kg showed 

a significant difference in terms of reduced 

expression of Gpat1 gene compared to the control 

group (P <0.001, P = 0.024) (Figure 3).  

 

Figure 3. Gpat1 gene expression in the groups of control, 

OX1RA5, OX1RA10, and OX1RA20. * P <0.05 

compared with the control group, *** P <0.001 compared 

with the control group. Data were presented as median 

(min, max) (n = 6). 
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Injection of OX2RA at a dose of 10 µg/kg 

compared to the control group showed a significant 

difference in terms of decreased expression of Gpat1 

gene (P <0.001) (Figure 4).  

 

Figure 4. Gpat1 gene expression in the groups of control, 

OX2RA5, OX2RA10, and OX2RA20. *** P <0.001 

compared with the control group. Data were presented as 

median (min, max) (n = 6). 

 

The results of this study show that the injection 

of OX1RA at a dose of 10 µg/kg compared to the 

control group showed a significant difference in 

terms of decreased expression of Gpat4 gene (P 

<0.001). Moreover, injection of OX1RA with a dose 

of 5 µg/kg compared to a dose of 10 µg/kg and a 

dose of 10 µg/kg compared to a dose of 20 µg/kg 

showed a significant decrease of Gpat4 gene 

(P<0.001) (Figure 5).  

 

Figure 5. Gpat4 gene expression the groups of control, 

OX1RA5, OX1RA10, and OX1RA20. ** P <0.01 

compared to control group, ### P <0.001 compared to 

OX1RA5, †† P <0.01 compared to OX1RA10. Data were 

presented as median (min, max) (n = 6). 

The injection of OX2RA at a dose of 10 µg/kg 

showed a significant difference in terms of 

decreased expression of Gpat4 gene (P <0.001). 

Likewise, compared to the control group also, 

injection of OX2RA with a dose of 1µg/kg 

compared to a dose of 10 µg/kg and a dose of 10 

µg/kg compared to a dose of 20 µg/kg resulted in a 

significant decrease expression of Gpat4 gene 

(respectively P = 0.044, P <0.001) (Figure 6). 

 

 

Figure 6. Gpat4 gene expression in the groups of control, 

OX2RA5, OX2RA10, and OX2RA20. *** P <0.001 

compared to control group, ### P <0.001 compared to 

OX2RA5, † P <0.05 compared to OX2RA10. Data were 

presented as median (min, max) (n = 6). 

 

The present study was the first scrutiny in the 

literature on the intra-ductal injection of OX1RA 

and OX2RA into the mammary gland and the effects 

of their interaction on gene expression of some 

important enzymes in lipid synthesis such as GPAT1 

and GPAT4. The impacts of this injection on TAG 

measurements were also discussed. The results of 

the current study reveal that these injections reduce 

the expression of Gpat1 and Gpat4 genes, and also 

decrease TAG. 

In the present study, the effects of intra-ductal 

injection of OX1RA and OX2RA antagonists on 

some lipid synthesis enzymes were investigated and 

the results showed that these enzymes are reduced 

by injection. The paucity of research into the effect 

of OXS on lipid synthesis enzymes is witnessed in 
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the literature. Digby et al. demonstrated the role of 

orexin in fat metabolism by isolating adipocytes and 

treated with OXA and OXB [31]. Another study by 

Wortley et al. show that there is the relationship 

between orexin and fat metabolism and discovered 

that a high-fat diet with high triglycerides stimulates 

the expression of the orexin gene [32]. Skrzypski et 

al. showed that isolating rats’ OXA fat cells 

increased TAG and lipogenesis and decreased 

lipolysis [33]. Pruszynska-Oszmalek et al. also 

observed that the isolation of pigs’ OXA adipocytes, 

rather than OXB, is associated with the regulation of 

porcine lipid metabolism [34]. These resulting 

discrepancies regarding OXB effect can be 

interpreted as such that injecting OXA and OXB 

antagonists into rats’ mammary glands bring about a 

different result in comparison to the time when the 

fat cells of the pigs’ uterus becomes isolated. 

In the present study, the effect of injections of 

OX1RA and OX2RA antagonists on Gpat4 gene 

expression was investigated and the results showed 

that these injections reduce Gpat4 gene expression. 

Beigneux et al. demonstrated the isoforms of this 

enzyme and also showed that the enzyme is highly 

expressed in the mammary gland during lactation 

and plays an important role in the synthesis of 

triacylglycerol [11].  

The effect of injections of OX1RA and OX2RA 

antagonists on Gpat1 gene expression was 

investigated and the results showed that these 

injections reduce the expression of Gpat1 gene. 

Collison et al. identified the isoform of the enzyme 

[35], and years later, Coleman and Lee contended 

that this enzyme is highly expressed in adipose 

tissue [15].  

This is the first study to be conducted on the 

above mentioned gap and has a number of 

limitations including financial limitations. Further 

research avenues are warranted for testing more 

genes and paving the way for a more vivid picture, 

especially in the immunohistochemical areas. 

4. Conclusion 

Overall, our results exhibited that the intra-ductal 

injection of antagonists into the mammary gland 

decrease TAG levels. Moreover, the final result of 

the injection of OX1RA and OX2RA was found to 

decrease the expressions of GPAT1 and GPAT4 

genes. 
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