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INTRODUCTION  

The chili peppers contain capsaicin, which gives them 

their characteristic strong flavor. Capsaicin is unique 

among naturally occurring irritating chemicals (Sharma 

et al., 2013). It is a waxy, colorless material that is 

hydrophobic. Pure capsaicin irritates whatever surface it 

comes into touch with. Because this receptor is located 

on critical sensory afferents, the use of capsaicin to 

selectively activate pain afferents has been investigated 

in animal and human models for a variety of 

applications. Its ability to bind to taste and vanilloid 

receptors in the mouth, leading to a burning sensation, 

renders capsaicin toxic to numerous mammals (Talk of 

the Nation, 2008). However, birds remain unaffected by 

capsaicin as they enable seeds to pass through 

undisturbed, in contrast to mammals whose teeth could 

potentially destroy them. (O'Neil et al., 2012). 

Understanding the activities of capsaicin resulted in the 

identification of its receptor, transient receptor potential 

vanilloid subfamily member 1. According to Johnson 

and Wilbur (2007), it has an LD50 of 47.2 mg/kg in mice. 

However, the toxicity in humans has not been 

established. While capsaicin's impact on isolated neurons 

has been investigated, there is a lack of in-depth 

exploration into its effects at various doses on the overall 

development of chick embryos (Akiro et al., 1987). 

Caffeine is the most popular psychoactive substance in 

the world, more than 80% of persons routinely drink 

caffeine. (Caffeine, n.d.) It can be present in common 

consumer beverages and food, including coffee, tea, soft 

drinks, cocoa, chocolate, and several pharmaceuticals. 

(Li et al., 2012) Caffeine stimulates the brain, lifts the 

mood, and delays exhaustion. It also improves 

performance on easy intellectual tasks and physical work 

that requires endurance but not fine motor coordination. 

(Caffeine, n.d., loc. cit.) Neurodevelopment is governed 

not only by spatiotemporal gene expression but also by 

the embryo's external environment, which has the 

greatest influence during cranial neural crest cell 

delamination. (Ma et al., 2012b) Caffeine also has 

observed effects on neurotransmitters as well as the 

inability to get metabolized in the embryonic brain (Li, 

loc. cit.). Studies have shown a relationship between 

coffee use and neural tube abnormalities (Schmidt et al., 

2009, Schmidt et al., 2010, Ma, loc. cit.). Previous 

research (Ma, loc. cit., 2012, Kimmel et al., 1984, Galli 

et al., 1975, Tanaka et al., 1987) has demonstrated that 

caffeine can enter the embryo from the external 

environment and accumulate in the fetal brain. As a 

result, it is possible that maternal caffeine consumption 

can disturb normal neurodevelopmental processes, so 

acting as a teratogen. This information raises concerns, 
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especially since pregnant mothers often consume coffee 

and other caffeinated beverages, potentially affecting the 

development of the fetus as mentioned by Fakhr El-Din 

M. Lashein and Amin Abdou Seleem, 2012. It is possible 

that maternal caffeine consumption can impair normal 

neurodevelopmental processes, so acting as a teratogen. 

(Ma, loc. cit.) 

 

Nicotine accelerates message transmission between the 

brain and body. Cigarettes, cigars, pipe tobacco, chewing 

tobacco, wet and dry snuff, and dried tobacco leaves all 

contain nicotine. Electronic cigarettes (sometimes called 

vapes) do not include dried tobacco leaves, although they 

may contain nicotine. (Nicotine - Alcohol and Drug 

Foundation, n.d., 2024) Notably, nicotine is a potent 

stimulant of the parasympathetic nervous system, as 

indicated by Haas and Kubler in 1997, leading to 

sensations of tranquility, alertness, and overall 

relaxation. (Lagrue et al., 2001). Given that nicotine is 

derived from plants in the Nightshade family, which also 

includes the notorious Deadly Nightshade (Attropa 

belladona), nicotine's status as a lethal toxin is not 

surprising (Brandon et al., 2015). It has an LD50 of 50 

mg/kg for rats (In chem, 2012)
 
and 30–60 mg (0.5–1.0 

mg/kg) in humans (Okamoto, et. al., 1994). Despite the 

absence of conclusive evidence categorizing nicotine as a 

carcinogen, it is frequently regarded as a promoter. 

(Cardinale et. al., 2012). This makes it the most studied 

drug. 

 

Common knowledge emphasizes that no amount of 

nicotine is considered safe during pregnancy. The 

Surgeon General in the United States in 2014 highlighted 

that nicotine exposure can impact brain development, 

lead to fetal death (Wilder et al., 2016), and increase the 

risk of various health conditions in the child, including 

obesity, hypertension, neurobehavioral defects, 

respiratory dysfunction, and infertility (Schraufnagel et 

al., 2014). Nicotine rapidly crosses the placenta, and 

levels in fetal serum and amniotic fluid are higher than 

those in maternal serum. (Suter & Aagaard, 2020). 

Moreover, nicotine has been found to influence the 

development of cardiovascular systems and the liver 

(Rosenbruch et al., 1993). Extensive studies, such as 

those by England et al. in 2017, have explored the effects 

of nicotine on the brain development of different fetuses. 

 

The chick embryo has revolutionized toxicological 

studies in recent years. Chick embryos prove to be an 

excellent alternative to live animal subjects, minimizing 

the loss of life. Given the similarity in embryos among 

chordates, the impact of toxins on chick embryos is 

likely indicative of effects on other animals, as noted by 

(Gilbert, loc. cit.). This extends to humans as well. Chick 

embryos are relatively easy to care for and develop in a 

laboratory environment, making observations 

straightforward, especially when there are alterations in 

developmental characteristics. 

 

 

MATERIALS AND METHODS 

Capsaicin- Capsaicin was extracted using a Soxhlet 

Extractor, with methanol as solvent (Ashwini et al., 

2015). Thai bird eye chilies (Capsicum annuum) were 

bought from the nearest supermarket. The chilies were 

de-stemmed and subsequently dried in an oven for two 

days at 90°C to remove any remaining moisture. After, 

the de-stemmed and oven-drying, chilies were finely 

ground into a powder which was then combined with 300 

mL of methanol using a Soxhlet extractor, resulting in 

the extraction of a viscous, oily substance. This extracted 

form of capsaicin was further used for analysis. 

 

Caffeine- Caffeine was extracted from Instant coffee 

readily available in the market using a Soxhlet extractor 

and separated using Chloroform (Schaber et al., 2012). 

The resulting dark brown liquid was extracted and 

transferred into a beaker, where it was left to reach room 

temperature. Subsequently, the Methanol-Caffeine 

solution was combined with 10g of Magnesium Oxide 

dissolved in 70 mL of distilled water, as described by 

Tumimbang et al. in 2014. The heated solution was then 

mixed with concentrated sulfuric acid (2M) and was 

further evaporated. The mixture was then allowed to cool 

at room temperature. After cooling the mixture was 

treated with chloroform. To eliminate the distinct yellow 

color, 2mL of sodium hydroxide and 2mL of distilled 

water were added. The evaporation of the chloroform 

yielded a white powder, and this unprocessed form of 

caffeine was used for the injection. 

 

Nicotine- Nicotine was extracted using commercially 

available chewing tobacco, Sodium hydroxide, and 

diethyl ether. The method employs the utilization of a 

separating funnel (Pavia et. al., 1976). Tobacco leaves, 

obtained from a street vendor in 10 packs of 8g each, 

were used for the experiment. 20g of the leaves were 

weighed, which was dissolved in 200 mL of 10% sodium 

hydroxide. This process was repeated four times and 

each suspension of nicotine and sodium hydroxide was 

then left overnight in a 250 mL conical flask. After 24 

hours, leaves were filtered with muslin cloth and soaked 

in water for another 30mins and later, sodium hydroxide 

was mixed with the water. Using a vacuum pump, a 

Buchner Funnel, and Glass Wool, the residual liquid was 

drawn from the leaves and allowed to sit for 30 minutes. 

The supernatant was then decanted into a separate flask 

and 200mL of the dark brown liquid was then poured 

with 20mL of Diethyl Ether.  

 

The separation takes place as Nicotine is more soluble in 

Ether as compared to Sodium Hydroxide or water 

(Gonçalves and Minas da Piedade, 2012). The 

supernatant layer was removed, dried with anhydrous 

potassium carbonate, and filtered. The solution was then 

placed in a beaker, covered with perforated tin foil, and 

allowed to rest overnight. Once the ether is evaporated 

the dark yellow, oily residue left behind is nicotine. 
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Inoculation 
Each of the prepared samples was poured into sterile 

plastic containers. The samples were to be used in three 

varying concentrations. They are as follows: 

● Pure toxin, i.e., 1X or 100% 

● One part toxin plus ten parts Distilled water, i.e., 

0.1X or 10% 

● One part toxin plus twenty parts Distilled water, i.e., 

0.05X or 5% 

 

Nicotine and Capsaicin were directly injected into the 

chick embryo. The immobilization of caffeine involved 

using a single drop of distilled water with a substantial 

amount of caffeine powder to maximize the 

concentration.  

 

The 24-hour fertilized eggs were collected from Aarey 

Colony in Mumbai and were kept in an incubator for 72 

hours at a temperature of 37 °C. A modified version of 

the window approach was then used to inoculate the eggs 

(Korn and Cramer, 2007).  

 

The embryo was spotted in the eggs using the candling 

method. Once the embryo was spotted, a small window 

of 1cm X 0.5cm was created using a No. 11 sterile 

surgical scalpel. The shell over the window was carefully 

removed and the inner membrane was delicately sliced 

with the scalpel. Samples were now injected into the 

embryo using a sterile syringe. The removed shell was 

accurately placed in the original place and secured using 

scotch tape. The embryos were then incubated at 37℃ 

for 144 hours. For each concentration of each toxin, three 

eggs were inoculated. The eggs were opened and closed 

without any injections, aiming to eliminate any errors in 

technique serving as negative control. After 144 hours, 

the embryos were gently removed, washed in distilled 

water, and placed on a sterile slide in a petri dish for 

preliminary observations. 

 

The developed embryos were subsequently transferred to 

sterile glass bottles containing the 10% neutral buffered 

formalin. These bottles were labeled with their respective 

concentrations and stored in the refrigerator for further 

analysis. 

 

RESULTS AND DISCUSSION 

The embryos were observed using a Single Lens 

Dissecting Microscope with magnification of 10X. The 

results were as follows: 

 

Control (Negative and Positive) 
The embryos from both control groups exhibited normal 

development as shown in Figures 1.1 and 1.2. Following 

the accepted model of chick embryological development, 

as outlined by Navis and Adam in 1951, the formation of 

the eye, brain, limbs, and other structures occurred 

simultaneously. 

 

   
Image 1.1: 144-hour-old Chick Embryo 

in the Egg (Healthy). 

Image 1.2: 144-hour-old Embryo in a petri 

dish (Healthy). 

 

          
Image 1.3: Negative Control Chick Embryo. Image 1.4: Positive Control Chick Embryo. 
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Image 1.5: Embryo inoculated with 5% Capsaicin. Image 1.6: Embryo inoculated with 10% Capsaicin. 

 

Capsaicin 

Death was observed at all three concentrations of 

capsaicin. Blood vessels were well developed but the 

neural and organ development was hampered showing a 

limited amount of growth in the embryos.  

1. 5%: Growth was slowed in embryos injected with 

0.05X capsaicin. The eye and brain were only 

partially grown, and a reddish material had been 

deposited in the head and abdomen showing the 

presence of capsaicin. Limbs and skeletal structures 

were smaller than in the positive control group, and 

they appeared to be underdeveloped 

2. 10%: The chick embryo injected with 0.1X 

capsaicin showed considerably slower growth. The 

eyes, brain, and body appeared smaller, and the eye 

was not prominent through the membrane making it 

less noticeable. Abnormal body curling was noticed, 

and the reddish deposits of capsaicin were more 

visible in the abdominal region than in the head. 

3. 100%: The embryos injected with 1X were the most 

severely damaged and had the smallest size as 

compared to other concentrations. There was no 

organ differentiation, and the brain, eyes, organs, 

and other tissues did not appear to have evolved. 

The shape showed modest growth, and a noticeable 

reddish color was seen throughout the body. 

 

The reddish deposition in the abdominal region of the 

embryo was observed suggesting that the capsaicin was 

directly absorbed by the embryo but possibly 

metabolized improperly or incompletely. The Embryo 

with 100% concentration of capsaicin showed no 

differentiation and retarded growth. This could be 

attributed to the hypothesis that capsaicin metabolism 

might not be feasible in undeveloped chicks. Capsaicin 

inhibited the activation of extracellular signal-regulated 

kinases (ERK) without significantly impacting p38 

kinases. In young adult mice, capsaicin reduced the 

amount of newly produced cells in the dentate gyrus of 

the hippocampus but had no significant effect on 

learning and memory function. (Kong et al., 2010,). The 

observed effects on the brain imply that capsaicin may 

influence the neural development of chick embryos 

which aligns with the results observed by Kong 2010 loc. 

cit. 

Caffeine 

The embryos inoculated with caffeine all showed 

retarded growth. The effects were different from that of 

capsaicin. However, like capsaicin, the development of 

the surrounding blood vessels and consistency of the 

yolk was maintained. 

1. 5%: The embryos infected with 5% caffeine were 

the least damaged, demonstrating some brain and 

ocular development. Nonetheless, no more 

structures were clearly apparent. The head showed 

more development, resulting in a bigger size than 

the rest of the body and the body appeared to be 

somewhat translucent. 

2. 10%: The embryos inoculated with 10% Caffeine 

exhibited a more pronounced effect of the toxin as 

the size was significantly smaller compared to the 

control and the 5% Caffeine-inoculated embryos. 

While all the organs showed retarded growth, their 

differentiation was unaffected. The brain, eye, and 

other organs were visible but smaller in size and 

underdeveloped. 

 

 
Image 1.7: Embryo inoculated with 10% Caffeine. 

 

3. 100%: Caffeine had a severe effect on embryos, 

causing incomplete differentiating and preventing 

the development of any organ. The eye, brain, and 

other organs were invisible. The embryo maintained 

a roughly similar shape to that of the control, but it 

was significantly smaller in size. 

 

Caffeine's impact on neural development in chick 

embryos has been demonstrated, specifically by 
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selectively inhibiting the uplifting of neural folds, 

preventing the complete closure of the neural tube (Lee, 

loc. cit.). Furthermore, caffeine exhibits an effect on 

neurotransmitters and shows a marked inability to be 

metabolized in the embryonic brain (Li, loc. cit.). The 

observed outcomes, particularly at higher concentrations 

(10% and 100%), align with these findings by Gilani et 

al. in 1993, whereas samples with 5% caffeine 

inoculation did not exhibit similar effects. This supports 

the idea that caffeine, especially at higher concentrations, 

can induce significant morphological and developmental 

flaws in examined embryos.  

 

Nicotine 

Nicotine exposure had a significant and negative impact 

on embryo development. At both 10% and 100%, the 

eggs showed no indications of growth and semi-solid 

yolks. In the presence of 10% nicotine, embryo 

development was modest, and the yolk was slightly 

watery as observed in Figure 1.8. As shown in Figure 1.9 

at 100% nicotine, there was no discernible growth, and 

the yolk had entirely solidified. The lack of visible 

embryos in these samples made it impossible to measure 

their development. In the case of the eggs inoculated 

with 5% Nicotine, both growth and development had 

come to a complete halt. However, the yolk remained in 

a liquid state, and some blood vessels were somewhat 

developed. Despite these observations, no embryo was 

visible. 

 

 

 

           
Figure 1.8: Embryo Inoculated with 10% Nicotine. Figure 1.9: Embryo Inoculated with 100% Nicotine. 

 

The embryos displayed high toxicity levels across all 

three nicotine doses, evident from the solidified yolk, 

suggesting that the addition of nicotine caused a certain 

degree of heat. A previous experiment by Rosenbruch, 

loc. cit. indicates that nicotine influences the growth of 

the liver and cardiovascular systems. Nicotine has a 

significant effect on embryo axial rotation. Atypical axial 

rotation was linked to partial closure of the embryonic 

neural tube in the cervical region, but not in other parts 

of the tube resulting in the brain development of the 

embryo. (England et al., 2017, Bohn et al., 2017) 

 

CONCLUSION 

Capsaicin seemed to affect neural and internal 

development concerning various organs. This 

determination was made based on the visibly reduced 

size and distinct red deposition within the chick embryo. 

Future research could delve into the uptake mechanism 

of capsaicin by a developing chick embryo, considering 

that the toxin used was a crude extract with potential 

impurities. Employing more efficient purification 

techniques in subsequent studies would be beneficial. 

Further investigations can aim to improve the 

understanding of these factors and refine experimental 

conditions for a more accurate assessment of capsaicin's 

effects on developing chick embryos. 

 

The effects of caffeine showed a slight variation when 

compared to the previously conducted experiments (Li, 

loc cit.). Although the growth was significantly 

hampered, there was no visible neurological damage. 

Further research with a wider range of concentrations 

would be required. Caffeine has been shown in studies to 

reduce calcium uptake loss. Caffeine quickly became one 

of the most well-known risk factors for osteoporosis. 

(Heaney, 2002) and Caffeine has also been linked to 

bone damage through calcium metabolism disruption, 

altered vitamin D responses, and other pathways. In 

clinical and population-based investigations, the effect of 

coffee consumption on bone metabolism. (Berman et al., 

2022) Additionally, histopathological analysis of 

individual organs at each stage can be carried out to 

study and observe the effects of the toxin on each organ.  

 

The concentrations of nicotine utilized in the experiment 

were uniformly highly toxic to the embryos. To gain a 

deeper understanding of the heating effect lower nicotine 

concentrations, specifically below 5% nicotine have to 

be established. The inconclusive results from nicotine in 

the current study, where higher concentrations showed 

no growth at all and the 5% concentration showed only 

partial development of blood vessels, indicate the need 

for additional investigations at lower concentrations to 

establish more definitive conclusions. 

 

This project lays the groundwork for potential future 

research into the toxic effects of Caffeine, capsaicin, and 

nicotine. The experiment can serve as a foundation for 
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exploring further the effects of capsaicin. It is worth 

noting that the capsaicin used in this study was a crude 

extract, containing impurities that might have had 

synergistic effects on its toxicity. Investigating these 

impurities could be a focus of future research. 

Additionally, future studies might explore the use of 

solvents other than water. Caffeine, though extensively 

studied in embryonic toxicology, yielded results in this 

experiment that deviated from previous research. (Li, 

loc. cit.,) This discrepancy could be explored further in 

subsequent research endeavors. Overall, this project 

serves as a starting point for furthering our understanding 

of the effects of these substances on embryonic 

development, potentially revealing new insights and 

applications that provide a foundation for toxicological 

effects in humans, as these toxins are commonly used in 

our daily lives. 
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