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Abstract 

Tianeptine is an atypical antidepressant used to treat disorders like Major Depressive Disorder (MDD), anxiety, 
Parkinson’s disease, Post-Traumatic Stress Disorder (PTSD), erectile dysfunction, asthma, and Irritable Bowel 
Syndrome (IBS). Tianeptine is not globally accepted in the treatment of MDD and anxiety as some countries have 
restricted its prescription or have revised the warning labels and stated its abuse potential. The aim of this study was 
to assess the potential teratogenic effect of Tianeptine on developing 3-4 day old Gallus gallus domesticus embryos. 
Treated embryos were divided into two groups based on dosage viz. 10ppm and 100ppm Tianeptine. The results of our 
study showed that Tianeptine induces mild to severe teratogenesis for the selected doses. Embryos treated with 
Tianeptine showed teratogenic defects like neural tube defects (NTDs), abnormal neurogenesis, anomalous lumbar 
flexure and torsion, formation of haematomas and ophthalmic defects. Tianeptine treatment also negatively affected 
angiogenesis by decreasing the vessel density, total vessel network length, total segments and total branching points of 
the blood vessels on the Yolk-sac membrane (YSM). Biochemical studies showed that Tianeptine treatment increased 
the total protein content, increased the Acetylcholinesterase (AChE) level and decreased the Alkaline Phosphatase 
(ALP) level in the treated embryos. This study sheds light on the potential detrimental effects Tianeptine may have on 
other embryonic models. More studies on atypical antidepressants like Tianeptine need to be carried out to assess its 
impact on embryonic development and developmentally regulated gene expression.  
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1. Introduction

Tianeptine (7-[(3-Chloro-6-methyl-5,5-dioxo-11H-benzo[c] [2,1] benzothiazepin-11-yl) amino] heptanoic acid) is 
commercially sold under the brand names Stablon, Tatinol, and Coaxil[1]. It is an atypical antidepressant used to treat 
Major Depressive Disorder, anxiety, Parkinson’s disease, Post-Traumatic Stress Disorder and panic disorder [2,3]. It is 
structurally similar to tricyclic antidepressants, but is no longer classified as a tricyclic antidepressant. It is also effective 
against asthma, erectile dysfunction and irritable bowel syndrome [2,4,5,6]. Tianeptine has been shown to have anxiolytic 
and antidepressant effects, without many sedative, anticholinergic and cardiovascular side-effects at therapeutic doses 
[7]. It is also an anticonvulsant, analgesic, and has even shown its use in the effective treatment of attention-deficit 
hyperactivity disorder (ADHD) [2,8,9]. Tianeptine has also been shown to counteract depression-induced cognitive 
dysfunction [10]. 
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Figure 1 Molecular structure of Tianeptine [11] 

The U.S. Food and Drug Administration (FDA) has not approved Tianeptine for any medical use and warned consumers 
about its exploitation as an opioid agonist used to induce euphoric high with a risk of overdose. As Tianeptine is a 
complete agonist of µ-opioid receptor and weak δ-opioid receptor agonist, it enhances mesolimbic release of dopamine. 
This leads to a euphoric effect if consumed in high doses, which can lead to exploitation as recreational “gas station” 
drug. It has high potential for abuse and dependence as it is readily available in pharmacies, convenience stores and 
independent vendors without prescription and even illegally on the internet [2]. 

The link between the modulation of glutamatergic functionality and antidepressant effect has been documented. 
Tianeptine is an atypical agonist of µ-opioid receptors, but does not show a significant effect on δ-opioid receptors and 
κ-opioid receptors [2,12]. It has demonstrated the ability to indirectly alter and inhibit glutamate receptors. Treatment of 
Tianeptine normalizes the stress-altered glutamatergic neurotransmission by acting as a NMDA receptor antagonist. 
This might protect against stress-induced structural or cellular changes in the brain. There is evidence that Tianeptine 
enhances the activity and sensitivity of the AMPA receptor by enabling phosphorylation of GluA1 subunit and increasing 
the traffic and synthesis of AMPA receptors towards the membrane [10].  

 

Figure 2 Distribution of GABAergic and glutamatergic neurons in the brain [13] 

Tianeptine works well in mitigating the negative effects of stress on behaviour and physiology. It prevents acute stress 
from altering synaptic plasticity in the hippocampus and prefrontal cortex (PFC) and prevents chronic stress from 
causing morphological abnormalities in the hippocampus and amygdala. Furthermore, it has been discovered that 
Tianeptine has pro-cognitive benefits, improving learning and memory that are dependent on the hippocampal region 
while guarding against stress-related deficits in these functions [14].  

Gallus gallus domesticus is a scientific model organism that plays a vital role in the fields of developmental biology, 
toxicology, reproductive biology, etc. G. domesticus has a well-distinguished body plan and it is also amenable to genetic 
and physiological modifications. It is sensitive to manipulations and has rapid response to treatment of xenobiotics and 
toxicants. Fertilized chicken eggs are affordable to purchase in bulk and are easy to culture in a laboratory environment 
[15]. There is about 60% similarity between the corresponding genes of G. domesticus and humans. This makes them a 
dependable organism to study and draw relevant conclusions [16].  

The yolk-sac membrane (YSM) is a complex structure responsible for nutrient and gaseous exchange along with it being 
implicated in immune function by transfer of maternal antibodies to the embryo. It has a network of blood vessels that 
gives rise to the vasculature of the chick embryo and is a site of haematopoiesis till about day 15 of embryogenesis [17]. 
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The chorioallantoic membrane (CAM) is a conventional model for angiogenesis, but the YSM is a cost-effective, simple 
and replicable assay to study the anti-angiogenic effect of external agents in the chick embryo [18].  

Acetylcholinesterase is an enzyme found at neuromuscular junctions and is responsible for the hydrolysis of the 
neurotransmitter acetylcholine into acetic acid and choline [19]. It has also been shown to be involved in neuritogenesis, 
synaptogenesis, cell adhesion, activation of dopaminergic neurons, haematopoiesis and thrombopoiesis and amyloid 
fibre assembly [22].  

Alkaline phosphatases are isoenzymes that catalyse the hydrolysis of extracellular organic phosphate esters. They are 
found primarily in liver and bone tissues, but they are also found throughout the body. Alkaline Phosphatases are 
involved in processes like calcification of cartilage, metabolism in the liver, normal skeletal development, nutrient 
absorption in the intestine, etc. [21, 22] 

2. Materials and Methods 

Fertilized and pre-incubated eggs of 72hrs (HH 20-21) [23] of Gallus gallus domesticus (White-Leghorn strain) were 
procured from Venkateshwara Hatcheries Pvt Ltd Pune. Eggs were cleaned with 70% ethanol, labelled and incubated 
in BOD incubator (REMI®) at 37.5 ℃ at 70-80% relative humidity (Rh). Working solution of Tianeptine (Stablon™, 
Servier India Pvt. Ltd.) of concentrations 10ppm (22.9µM) and 100ppm (229µM) were prepared using the stock solution 
and filter sterilized (0.22micron pore size, 25mm diameter) before treatment.  

• Teratogenesis: Chick embryos were treated with Tianeptine (10ppm and 100ppm) by air-sac route (in ovo) 
window technique [24]. Eggs were sealed with Parafilm M and were incubated at 37.5 ℃ for 24 hours at 70-80% 
relative humidity. The embryos were harvested 24 hours later and transferred into sterile, chilled 1X PBS (pH 
7.4) and were analysed for drug induced deformities.  

• YSM analysis: Photographs of the YSM vasculature of the control and treated embryos were taken after opening 
the eggshell and were analysed using WimCAM (Wimasis) software [25].  

• Biochemical studies: Control and treated embryos were harvested and homogenized (Potter-Elvehjem PTFE 
pestle) in sterile chilled 1X protein extraction buffer (PEB). Protein quantification in treated and control 
embryos was performed using Bradford’s method [26]. Optical density (OD) was measured (Systronics µC 
colorimeter 115) at absorbance 595 nm for control and treated protein extracts. Enzyme assays for Alkaline 
Phosphatase (ALP) and Acetylcholinesterase (AChE) were performed using Meril Diagnostics AutoQuant 100 
Amara- Alkaline phosphatase kit and AChE assay was performed using Delta Cholinesterase, Delta lab. Both the 
assays were analysed using HORIBA Yumizen, CA60 semi-automatic analyser. 

3. Results 

3.1. Teratogenesis and embryonic malformations 

Our study showed that Tianeptine induces teratogenic defects in 3-4 day old (HH stage 20-21) Gallus gallus domesticus 
embryos for the selected doses. The embryos exhibited developmental anomalies, including neural tube defects (NTDs) 
alterations in neuromere morphogenesis, craniofacial abnormalities, haematoma in the heart, compression of antero-
posterior axis, abnormal torsion and flexure throughout the embryonic axis, ophthalmic defects like absence of 
pigmentation, deformed lens and optic cup.  

3.2. Degeneration of YSM vasculature:  

Tianeptine treatment resulted in severe degeneration in the vessel density, total vessel network length, total branching 
points and total segments of the blood vessels on the YSM of 3-4 day old chick embryos as revealed by analysis using 
WimCAM software.  
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Figure 3 Control embryo HH 20-21 Figure 4 Control embryo HH 20-21 

    

Figure 5 Tianeptine 
10ppm HH 20-21 

A: Brain vesicles severely 
malformed. 

B: Severe torsion of the 
embryonic axis. 

Figure 6 Tianeptine 
10ppm HH 20-21 

A: Severe haematoma in 
the heart. 

B: Abnormal torsion of the 
embryonic axis. 

Figure 7 Tianeptine 
100ppm HH 20-21 

A: Enlargement of brain 
vesicles and craniofacial 

abnormalities. 

B: Eye pigmentation 
absent, optic cup 

deformed. 

C: Haemorrhaging in 
thoracic region 

Figure 8 Tianeptine 
100ppm HH 20-21 

A: Haematomas in the 
heart and cervical region. 

B: Enlargement of brain 
vesicles and craniofacial 

abnormalities. 

 

 

   

Figure 9 Control YSM vasculature 
HH 20-21 Vessel density= 20.2%, 

Total vessel network length= 
17446.6px, Total branching 

points=116, Total segments= 223. 

Figure 10 Tianeptine 10ppm YSM 
vasculature HH 20-21. Vessel 

density= 6.3%, Total vessel network 
length= 7165.9px, Total branching 

points= 30, Total segments= 67. 

Figure 11 Tianeptine 100ppm YSM 
vasculature HH 20-21. Vessel 

density= 7.2%, Total vessel network 
length= 6622.1px, Total branching 

points= 20 Total segments= 44. 
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Figure 12 Vessel density of YSM in 3-4 day old chick 

embryos treated with 10ppm and 100ppm Tianeptine 
Figure 13 Total vessel network length of YSM in 3-4 day 

old chick embryos treated with 10ppm and 100ppm 
Tianeptine 

  
Figure 14 Total branching points of YSM in 3-4 day old 

chick embryos treated with 10ppm and 100ppm 
Tianeptine 

Figure 15 Total segments of YSM in 3-4 day old chick 
embryos treated with 10ppm and 100ppm Tianeptine 

3.3. Biochemical studies           

  

Figure 16 Protein quantification of 3-4 day old chick 
embryos treated with 10ppm and 100ppm Tianeptine by 

Bradford’s method 

Figure 17 Alkaline Phosphatase levels of 3-4 day old 
chick embryos treated with 10ppm and 100ppm 

tianeptine 

Biochemical studies revealed that Tianeptine treatment altered the total protein content and AChE and ALP levels of 
treated embryos as compared to control embryos. Total protein content was found to be increased in Tianeptine treated 
embryos (10 ppm:19.6µg/ml and 100 ppm: 24.56µg/ml) as compared to control embryos (12.6 µg/ml). Alkaline 
phosphatase levels in the control embryo were 133.02 IU/L and they were found to be reduced in the treated embryos 
(10 ppm: 89.25 IU/L and 100 ppm: 82.41 IU/L). Tianeptine treated embryos showed an increase in 
Acetylcholinesterase levels at 10ppm: 178 IU/L but the concentration did not increase significantly in 100 ppm:179 
IU/L while the level in the control embryo was 105 IU/L.  
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Figure 18 Acetylcholinesterase levels of 3-4 day old chick embryos treated with 10ppm and 100ppm tianeptine 

4. Discussion 

From the above studies it is apparent that Tianeptine concentrations of 10ppm and 100ppm are teratogenic to early 
stages of chick embryos (3-4 day old). Tianeptine showed neuroteratogenic activity as treated embryos showed 
abnormal neuromere morphogenesis, malformed brain vesicles and craniofacial defects. Along with this, the Tianeptine 
treated embryos showed ocular abnormalities like deformities in the optic cup and pigmentation anomalies. 
Biochemical studies revealed that Tianeptine elevated the total protein content (10 ppm: 19.6µg/ml, 100 ppm: 
24.56µg/ml) as compared to control embryos (12.6 µg/ml). Similarly, Acetylcholinesterase levels (10ppm: 178 IU/L, 100 
ppm: 179 IU/L) were elevated with respect to the treated embryos (105 IU/L) while the level of Alkaline Phosphatase 
was found to be reduced (10 ppm: 89.25 IU/L, 100 ppm: 82.41 IU/L) as compared to 133.02 IU/L in the control embryos. 
Both concentrations of Tianeptine-treated embryos resulted in marked degeneration of blood vessels as compared to 
the YSM vasculature of the control embryos, as seen by the decline in vessel density (%), total vessel network length, 
total branching points and total segments. This suggests that Tianeptine may have anti-angiogenic properties in early-
stage chick embryos.  

It is well established that most antidepressants cross the placental barrier and can also be passed through breast milk. 
Antidepressants taken during gestation or while breastfeeding can cause many complications like birth defects, 
withdrawal symptoms, neurodevelopmental concerns etc. in the foetus [27]. The results of this study may perhaps help 
to shed light on the potential correlation of prenatal exposure to antidepressants and teratogenicity in human foetuses. 
However, more studies on the effect of Tianeptine exposure on embryonic development in mammalian models need to 
be carried out to comment on the potential effect of Tianeptine in human foetuses and to assess if the benefits outweigh 
the risks of antidepressant prescription in depressed pregnant women. 

Previous studies have shown that treatment of Tianeptine decreased the MMP-9 activity by regulating NF-κB 
expression. NF-κB is a transcription factor for the regulation of many genes like MMPs and it is activated by TNF-α [28]. 
There is a correlation of MMP inhibitors and anti-angiogenic effects by generation of angiogenesis inhibitors [29]. 
Microglial cells are derived from progenitors originating from the yolk sac [30]. As microglia are a major source of TNF-
α [31], tianeptine-induced inhibition of MMPs may perhaps explain the anti-angiogenic effect observed in our study, but 
definitive evidence supporting this hypothesis needs to be investigated. 

Tricyclic antidepressants have been found to cause hepatotoxicity which can induce change in Alkaline phosphatase 
levels [32]. Our observations show a consistent decrease in ALP level with respect to the dose of treatment. In contrast to 
our findings, a case study reporting a rare acute hepatotoxicity induced by Tianeptine showed elevated levels of ALP 
[33]. Another contrasting finding showed elevated ALP in rats (but still within normal range) [34]. In a study on 
ovariectomized rats showing elevated Bone-specific ALP (BAP) level, Tianeptine treatment reduced these elevated BAP 
level and inhibited subsequent osteoporosis [35]. Our findings show there is decrease in the level of Acetylcholinesterase 
(AChE) after treatment of Tianeptine. Previous studies found no significant change in the enzyme activity of AChE. 
However, a decrease in the acetylcholine level was found, suggesting that Tianeptine may affect the cholinergic system 
indirectly [36]. According to another documentation, Tianeptine did not show inhibitory effect on AChE or BuChE 
(Butyrylcholinesterase) based on IC50 values [37]  
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5. Conclusion 

The consensus of this study was that Tianeptine induces teratogenic defects in early-stage (3-4 day old) chick embryos. 
The embryos treated with Tianeptine showed alterations in neuromorphogenesis, ophthalmic defects, abnormal torsion 
and flexure of the embryonic axis and degeneration of the YSM vasculature as seen by reduced vessel density, total 
vessel network length, total segments and total branching points. The treated embryos showed elevated total protein 
content and Acetylcholinesterase (AChE) levels while Alkaline phosphatase (ALP) levels were found to be decreased as 
compared with control embryos. More studies need to be done to understand the effect of Tianeptine on 
developmentally regulated gene expression and its interactions with neurotransmitters and their receptors in the 
Central Nervous System (CNS).  
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