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Amitriptyline increases food intake
via prdx-2 without altering other
physiological parameters in C.
elegans under a modified bacterial
diet
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2. Amitriptyline, a tricyclic antidepressant, is associated with various metabolic side effects, including
increased appetite and weight gain. In this study, we used the nematode C. elegans to investigate

the drug’s effects on food intake, fat content, lifespan, and several genetic pathways. Amitriptyline
increased food intake in a dose-responsive manner. It increased the food intake primarily through
elevated on-food pharyngeal pumping. Supplementation with glucose exacerbated these effects and
significantly shortened lifespan, mimicking metabolic risks seen in humans. Despite increased feeding,
no changes in fat content were observed, reflecting distinct mechanisms regulating feeding and fat
storage. The critical function of prdx-2 in the drug’s effect on food intake was revealed through genetic
analyses. In contrast, several receptors and signaling components in the serotonergic, dopaminergic,
and insulin-like pathways were not implicated. These results underscore the potential of C. elegans as a
model for investigating antidepressant-induced metabolic alterations and establish the foundation for
strategies to mitigate these effects.
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Amitriptyline is a tricyclic antidepressant (TCA) that acts primarily as a reuptake inhibitor for the
neurotransmitters serotonin and norepinephrine!. In clinical practices, prescribing amitriptyline is not only
limited to mood disorders but is also used in patients suffering from neuropathic pain?. Interestingly, several
studies have linked the use of TCAs, including amitriptyline, to serious adverse effects such as an increased risk
of diabetes, cardiovascular diseases, and overall mortality*~>. Additionally, weight gain and various alterations in
glucose metabolism are two of the main metabolic complaints®’. As reported in previous clinical trials, patients
treated with TCAs such as amitriptyline showed significant increases in their weight. This increase in patients’
weight was observed mostly during the first few months of treatment®-8. In addition, many patients on TCAs
reported increased cravings for carbohydrates and sweets. These macronutrients can significantly increase fat
storage due to the insulin spikes they induce’. Therefore, long-term use of the drug raises concerns about the
development of obesity and type 2 diabetes®!°. This strongly indicates that modifications to the diet should be
considered to mitigate the adverse metabolic effects of amitriptyline.

One of the mechanisms that might be involved in the increased appetite and weight gain induced by TCAs
is their impact on neurotransmitter systems!!. These drugs are known to elevate serotonin levels in the brain by
blocking the reuptake of both serotonin and norepinephrine. Elevated levels of serotonin have been linked to
increased appetite and carbohydrate cravings'!-1*. Additionally, TCAs may lead to increased appetite and weight
gain by elevating cortisol levels through disruption of the hypothalamic-pituitary-adrenal (HPA) axis'>!'.
Furthermore, TCAs can cause weight gain and metabolic disturbance by impairing insulin sensitivity leading to
insulin resistance and diabetes. TCAs can also influence the dopaminergic signaling pathway, potentially leading
to increased food intake and reward-seeking behaviors'®. Furthermore, TCAs may contribute to oxidative
stress'®which can further exacerbate weight gain!’. While the precise mechanisms underlying the increased
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appetite and weight gain induced by TCAs such as amitriptyline are complex, understanding these pathways is
essential for developing strategies to mitigate this adverse effect and improve patient outcomes.

In order to gain a deeper insight into the mechanisms responsible for the metabolic alterations caused by
drugs such as TCAs, the nematode Caenorhabditis elegans (C. elegans) has become an effective model for testing
drugs and assessing their toxicity'®!°. C. elegans, with its remarkably short lifespan, serves as an excellent model
for studying the effects of drugs across various stages of life. In addition, the genome of this nematode is simple,
fully sequenced, and homologous to humans, which forms an excellent model for studying human diseases?.
As aresult, C. elegans has gained attention recently in studying the adverse effects of Psychotropic Drugs (PDs),
mainly concerning feeding behavior and fat metabolism?!~23. It provides valuable insight into the role of certain
pathways in the regulation of food consumption and fat synthesis. Interestingly, previous studies in C. elegans
showed that serotonin, dopamine, and insulin signaling pathways play an important role in regulating food
intake?*~2°reflecting similar regulation of food intake in humans'. All of these characteristics make this model
ideal for examining the metabolic effects of medications utilized in humans.

In this research, we aimed to assess the impact of amitriptyline on C. elegans to better understand the
mechanisms underlying its effects on humans. Therefore, we used wild-type C. elegans and certain mutants
that have defects in certain signaling pathways. The main goal was to understand the drug’s effects on several
physiological parameters including food intake, fat storage, lifespan, and general metabolic health in C. elegans.
Moreover, we modified the standard OP50 bacterial diet by supplementing it with glucose to establish a high-
carb diet that emulates the dietary conditions associated with human metabolic disorders.

Methods

Strains and media

The reference strain used throughout the study was wild-type Bristol N2, along with additional strains including
daf-2(e1370) [CB1370], daf-16(mu86) [CF1038], ser-1(0k345) [DA1814], ser-2(0k2103) [RB1690], ser-7(ok1944)
[RB1585], prdx-2(gk169) [VC289], and dop-1(vs101) [LX636]. Worms were obtained from the Caenorhabditis
Genetics Center (CGC). The worms are also incubated at 20 °C and maintained on standard Nematode Growth
Medium (NGM) plates as previously described by Brenner (1974)?’. To prevent contamination, antifungals
(0.5 ml of Nystatin suspension 10,000 U/mL) and antibiotics (100 uL of 100 mg/mL Ampicillin) were added to
100 mL of NGM. All feeding-related experiments, including pharyngeal pumping, bacterial consumption, and
fat staining, were conducted using live E. coli OP50 on standard NGM plates without ampicillin or antifungal
agents. Antibiotics and antifungals were limited to general worm maintenance and lifespan experiments only.
Worms were cultured by feeding on Escherichia coli OP50, as described by Brenner (1974)%".

Drug treatments and Bacterial-Modified diet

Amitriptyline was obtained from a local pharmacy (amitriptyline hydrochloride 50 mg) and used in different
concentrations (50 pM, 200 puM, 500 uM, and 1000 pM). Stock solutions of the drug were prepared for each
replicate by dissolving it in distilled water containing 2% DMSO. The stock solutions were then diluted to the
desired concentrations in distilled water with 2% DMSO. High-Glucose Diet (HGD) treatments were prepared
by adding glucose as a 73 mM solution to the NGM plates. The treatments were introduced to the worms by
spotting the solution onto the surface of the NGM plates with an OP50 lawn, in a ratio of 1:3 (OP50:treatment).
Control groups received only distilled water with 2% DMSO, while HGD-only groups received distilled water
with 2% DMSO and glucose supplementation.

Fat staining

Fat staining was conducted with minor modifications following a common protocol?. using 0.5% Oil-Red O
(ORO). ORO stock solution was prepared by dissolving 500 mg of ORO powder in 100 mL of 100% isopropanol.
Before the experiment, ORO working solution was then prepared by diluting the stock solution with water
(3:2 ratio) to make 60% isopropanol. The working solution was filtered with a 0.2 um syringe filter. Worms
were treated from the L1 larval stage with various concentrations of the drugs and then stained at the L4 stage
to measure body fat. Color density of the stained worms was quantified using ImageJ software (version 1.54),
which was downloaded from the official Image] website (https://imagej.net/ij/download.html). Experiments
were performed with approximately 10 animals per replicate and repeated twice.

Food intake
We used two different methods to assess the food intake throughout the experiment:

o Pharyngeal Pumping Rates (PPRs): This method is considered as an indirect indicator of food intake.
Worms were measured in L4 worms following common protocols?®. Worms were exposed to the treatments
starting from the L1 stage on typical NGM plates. L4 worms were deprived of food for 60 min, and their phar-
yngeal pumping was counted for 30 s at room temperature using a hand counter. The number of contractions
was multiplied to calculate the pumping rate in pumps/minute. This process was repeated after transferring
the starved worms back to food. (Food intake) was calculated as the difference between basal pumping rate
(off food) and post-feeding rate (on food). The experiment was conducted with 10 worms per replicate, and
each treatment was tested in three independent experiments.

o Bacterial consumption rate: This method is considered as a direct indicator of food intake. The food in-
take was assessed by spectrophotometric analysis following common protocols with slight modifications®®3!.
Worms were exposed to the treatments from the L1 stage on typical NGM plates and fed with dead E. coli.
When reaching the L4, ~ 50 worms were transferred to liquid media that contains dead E. coli desired treat-
ments. Worms were incubated with shaking for ~30 h at room temperature to ensure even distribution. After
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the incubation period, the liquid media was collected, and the optical density (OD) at 600 nm was measured
using a spectrophotometer. Food intake was determined by comparing the optical density (OD) of the bac-
terial suspension in different conditions. Dead E. coli alone (without worms) served as a baseline control,
while an additional control included worms exposed to dead E. coli with DMSO but without treatment. The
bacterial consumption by treated worms was calculated as the difference in OD after 24 h relative to the
DMSO control with worms. This approach allowed for the accurate measurement of bacteria consumed by
the worms. Each treatment was tested in two independent experiments.

Lifespan

This experiment, as previously described*?involved monitoring an age-synchronized population of C. elegans
from the larval stage until death. L1 worms were initially maintained on plates without Fluorodeoxyuridine
(FUDR) until reaching the L4 stage (48 h after the L1 stage). They were then transferred to FUDR plates (33 uL of
150 mM FUDR per 100 mL NGM) with the desired treatments to inhibit reproduction. Worms were considered
dead if they did not respond to stimulation with a platinum pick. The experiments were conducted in triplicate,
with a sample size of ~30 worms per treatment group.

Statistical analysis

Data were analyzed using JASP statistics software (Version 0.19.3) downloaded from (https://jasp-stats.org/dow
nload/). All results are presented as mean = SEM. One-way and two-way ANOVA were used to assess significant
differences between groups, with Tukey’s post hoc test applied to determine specific group differences. For
survival data, Kaplan-Meier (KM) survival analysis was performed. Statistical significance was set at P<0.05.

Results

Food intake (Dose-response experiment)

The experiment investigated the effects of amitriptyline, both alone and in combination with HGD, on food
intake in C. elegans. As previously described in the methods section, food intake was assessed using two different
methods. The indirect method was based on pharyngeal pumping rates (PPRs), while the direct method
utilized spectrophotometric measurement of the consumption of E. coli by worms. Different concentrations of
amitriptyline (50 uM, 200 uM, 500 uM, and 1000 uM) were tested to evaluate dose-dependent changes in feeding
behavior under normal and high-glucose conditions.

The PPRs of C. elegans were affected by amitriptyline treatment, both in the presence and absence of HGD, as
illustrated in Fig. 1. As shown in Panel A, a dose-responsive increase in food intake was observed, with the most
significant effect occurring at 200 uM compared to DMSO. Interestingly, the 500 uM dose exhibited a reduced
effect on food intake, indicating a non-linear pattern rather than a strictly monotonic trend. This increase was
driven by elevated on-food pharyngeal pumping rates, which followed a pattern similar to that of overall food
intake. In contrast, off-food pumping rates showed a declining trend that did not correspond directly to food
intake.

As shown in Panel B, food intake increased at 200 uM and 1000 uM amitriptyline when combined with HGD,
compared to DMSO and HGD-only controls. The 500 uM dose also showed a modest increase in food intake
under these conditions, which was not observed under the standard diet. While HGD alone did not significantly
alter food intake, these data indicate that the feeding response to amitriptyline varies depending on the dietary
background.

We also evaluated the food intake by calculating the bacterial consumption of treated worms. Consistent
with PPRs, the food intake was influenced by amitriptyline, as shown in Fig. 2, both with and without a high-
glucose diet. As shown in Panel A, bacterial consumption by worms increases significantly with amitriptyline
treatment in a dose-dependent manner, as indicated by the decreasing optical density compared to the DMSO
control. Significant reductions in OD are observed at 200 uM, 500 uM, and 1000 uM amitriptyline, suggesting
increased bacterial consumption at these concentrations. Panel B demonstrates that the combination of HGD
with amitriptyline further enhances bacterial consumption. The addition of HGD alone results in a significant
reduction in OD, compared to DMSO. Combining HGD with amitriptyline across all doses (50 pM, 200 pM,
500 pM, and 1000 uM) consistently decreases OD,, indicating increased bacterial consumption. These results
suggest that both amitriptyline and HGD, individually and in combination, significantly promote bacterial
consumption by C. elegans.

Role of specific genes in Amitriptyline-Induced food intake

After establishing that different concentrations of amitriptyline enhance food consumption in C. elegans, we
opted for 200 uM as the main dose for subsequent experiments. This concentration was selected because of its
notable impact on food intake seen in the dose-response study. In addition, we decided to explore the involvement
of various relevant pathways in the effects of amitriptyline on food intake by using C. elegans mutants. Figure 3
illustrates the effects of amitriptyline treatment on food intake in wild-type and mutant C. elegans. Panel A
shows that in wild-type worms, amitriptyline significantly increased food intake, with a notable rise in the on-
food pumping rates and a concurrent decline in oft-food pumping rates compared to the DMSO control. Panels
B - G illustrate the findings for the daf-2, daf-16, tbh-1, ser-1, ser-2, and dop-1 mutants, respectively. Each of these
mutants responded similarly to the wild type, with a significant increase in food intake driven by elevated on-
food pumping rates, while off-food pumping rates showed no substantial changes. In contrast, Panel H shows
that the prdx-2 mutant did not exhibit a significant increase in food intake following amitriptyline treatment.
Both on-food and oft-food pumping rates remained largely unchanged compared to the control, highlighting a
distinct response compared to other strains. Overall, the patterns of on-food pumping rates closely align with
the trends in food intake across all mutants, while off-food pumping rates consistently show a decreasing trend.
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Fig. 1. The effects of amitriptyline on food intake in C. elegans measured as pharyngeal pumping rates. Panel
A shows food intake in worms treated with different doses of amitriptyline under normal dietary conditions.
Panel B shows the effects of amitriptyline in worms fed a high-glucose diet (HGD). Data are expressed as
mean + SEM. Significant differences compared to the DMSO control are indicated by (*), while significant
differences compared to HGD alone are indicated by (¥),.

The results highlight that amitriptyline consistently enhances feeding behavior across most genetic backgrounds,
with the notable exception of the prdx-2 mutant, which did not respond to treatment in the same manner.

We also evaluated the effects of 200 uM amitriptyline on bacterial consumption by various C. elegans mutant
strains. As shown in Fig. 4, each mutant is presented alongside its respective untreated control, separated
by dotted lines. In most mutants, a significant reduction in ODy, is observed following treatment with
amitriptyline, indicating increased bacterial consumption. However, a non-significant reduction in OD, is
seen in the prdx-2 mutant upon treatment, suggesting that the prdx-2 pathway is essential for the drug’s effect on
bacterial consumption. These results suggest that amitriptyline enhances feeding in C. elegans primarily through
pathways involving prdx-2 and other key regulatory genes.

Fat staining

Given the observed increase in food intake, we aimed to investigate whether this was accompanied by a
corresponding increase in body fat. As shown in Fig. 5, the fat content of C. elegans was evaluated in response
to different treatment conditions, including the control group (DMSO), HGD, 200 uM amitriptyline, and the
combination of 200 uM amitriptyline with HGD. The HGD group exhibits a significant increase in fat content
compared to the control group. In contrast, treatment with 200 pM amitriptyline alone does not significantly
alter fat content. Similarly, the combination of 200 M amitriptyline and HGD does not result in any significant
changes in fat content compared to the control. These results suggest that while HGD increases fat accumulation,
amitriptyline, either alone or in combination with HGD, does not significantly affect fat storage in C. elegans.

Scientific Reports |

(2025) 15:29428

| https://doi.org/10.1038/541598-025-14773-8 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

A

25 -
T

g 2.0 o T i
_az‘ T * * *
[ 1.5 o T _ -
@
o
E 1.0 o
8

0.5 <

0.0

I | | 1 1 |
Dead E.coli DMSO 50 uM 200 pM 500 pM 1000 pM
(No Worms)
Amitriptyline
2.5 -
T

2.0
8 L T 1 + T +
> * * *
@ - T
2 1.5 T T -
@
[=]
g 1.0 -
§

0.5

0.0

I | I 1 I 1 |
Dead E. coli DMSO HGD 50 pM 200 pM 500 uM 1000 pM
(No Worms) (omso) (HGD) (HGD) (HGD) (HGD)
Amitriptyline

Fig. 2. Optical Density (OD ) of E. coli after 24 h with C. elegans. Panel A shows the effects of amitriptyline
on the density of E. coli, and Panel B shows the effects of amitriptyline combined with HGD on the density
of E. coli. (*) indicates significant differences compared to the DMSO control, while (t) indicates significant
differences compared to the HGD.

Lifespan

We alsE,) wanted to examine the effect of amitriptyline on the lifespan of C. elegans. As shown in Fig. 6, the
lifespan of worms was evaluated in response to various treatments, including HGD, 200 pM amitriptyline, and
their combination on the survival of C. elegans. As shown in Panel A, the addition of glucose to the worms’
diet significantly reduces their lifespan compared to the control group (DMSO). Panel B shows that treatment
with 200 pM amitriptyline alone has no significant effect on lifespan. In Panel C, the combination of 200 uM
amitriptyline with HGD results in a significant reduction in lifespan compared to the control. However, statistical
comparisons revealed no significant difference between worms treated with HGD alone and those treated with
amitriptyline plus HGD. These results suggest that while amitriptyline alone does not impact survival, HGD
alone or in combination with amitriptyline significantly decreases the lifespan of C. elegans. Table 1 also provides
an additional descriptive summary of lifespan data.

Discussion

The present study investigates the metabolic effects of the antidepressant amitriptyline on some physiological
parameters in the model organism C. elegans. The group led by Michael Petrascheck previously showed that
amitriptyline stimulates food intake in C. elegans®. In this work, we further extended this observation by
characterizing the drug’s impact on food intake, body fat composition, and lifespan. We also identified some of
the mechanisms and genetic pathways that might mediate these effects.

To evaluate food intake throughout the experiment, we employed two different methods. The first method
was calculating the pharyngeal pumping rates. This method is considered one of the most reliable methods
to assess food intake in C. elegans®®. It also has many advantages, as it can provide insights into the general
health and behavior of the worms?*. However, this method does not measure the exact amount of bacteria
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Fig. 3. The effect of amitriptyline (200 uM) on food intake in wild type and various C. elegans mutants
compared to their respective DMSO control. The figure presents pharyngeal pumping rates (PPR/min) for
wild-type (A), daf-2(B), daf-16(C), tbh-1(D), ser-1(E), ser-2(F), dop-1(G), and (H)prdx-2 mutants. The three
measured parameters include on-food pumping, food intake (difference between on- and off-food rates), and
off-food pumping. Significant differences between amitriptyline-treated worms and the DMSO control are
indicated by (*), with data presented as mean + SEM.
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Fig. 5. Fat content of C. elegans treated with 200 uM amitriptyline, with or without HGD, compared to the
DMSO control.

ingested by worms. On the other hand, measuring food intake using the OD, technique is considered more
direct as it calculates the difference in the density of dead E. coli after and before treatments***!. Although this
technique generates accurate data on consumption rate, it requires a significant amount of time and specialized
equipment. The discrepancies observed in our study between these two assays, particularly at intermediate
doses, underscore the importance of using complementary approaches to assess feeding behavior in C. elegans.
Nonetheless, pharyngeal pumping remains the most reliable method for evaluating food intake as it evaluates
the general feeding behaviors and overall health of C. elegans®*3*.

Beyond examining food intake under normal conditions, we also explored how glucose, a known modulator
of lifespan in C elegans®>*interacts with amitriptyline’s effects. By adding 73 mM glucose to the diet, we aimed
to mimic the high-carb diet prevalent in Western societies®”. These excessive carbs and sugar consumption have
been linked to reduced human longevity*®-4°. Furthermore, patients taking TCAs, such as amitriptyline, often
demonstrate an increased craving for carbohydrates and sugars®. Hence, experimental conditions have been
designed to resemble those in humans.

Our findings reveal that amitriptyline increases food intake in a dose-responsive manner, with the most
pronounced effect observed at 200 pM compared to DMSO. This increase is primarily mediated by elevated (on-
food) pharyngeal pumping rates, accompanied by a decrease in basal pumping rates (off-food). These results
highlight the ability of amitriptyline to modulate feeding behavior in C. elegans under normal dietary conditions.
The results of increased food intake in response to treatment with amitriptyline mirror the drug’s known effects
on humans®*!. This strongly suggests that C. elegans could be a useful model to study the metabolic effects of
amitriptyline and other TCAs.

As previously mentioned, increased cravings for sweets are a regular complaint of patients on TCAs’.
These cravings are likely due to the behavioral effects of these drugs on certain neurotransmitters, especially
serotonin and dopamine’. These neurotransmitters are well-known to modulate appetite and feeding behavior
in humans'>?>%2, Thus, we wanted to further investigate the effects of amitriptyline on food intake in C. elegans
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Fig. 6. Kaplan-Meier survival curves showing the effects of HGD (Panel A), 200 uM amitriptyline (Panel B),
and the combination of 200 uM amitriptyline and HGD (Panel C) on the lifespan of C. elegans.

in the presence or absence of HGD. Interestingly, glucose stimulated a more robust effect of amitriptyline
on the food consumption of C. elegans. This indicates that there could be possible interactions between the
mechanisms of amitriptyline and glucose metabolism. In contrast, our results demonstrate that the introduction
of glucose alone had no effect on the food intake of C. elegans. This result is consistent with previous reports in
the literature®.

Given the known risks of premature death and cardiovascular issues in patients taking TCAs>>we investigated
whether amitriptyline similarly impacts lifespan in C. elegans. Our results show that 200 M amitriptyline does
not significantly impact the lifespan of worms fed a typical bacterial diet. However, adding glucose at 73 mM
concentration to the diet significantly shortened the lifespan of the treated worms in the presence and absence of
amitriptyline. These effects of glucose align with several previous studies showing the negative impact of high-
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95%

Confidence

Interval

Mean

Lower
Treatments Mode | Median | Mean | SEM | Upper SD
DMSO 22 22 21 031 |21.6 |204 |3
HGD (DMSO) |20 20 19.3* 1032 | 199 18.7 | 3.2
200 uM 22 21 20.6 0.27 | 21.1 20 2.7
200 uM (HGD) | 21 20 19.9* |0.31 |20.1 19.2 | 3.1
Descriptive Summary of Lifespan Data (*) indicates significant
differences compared to the DMSO control

Table 1. Descriptive statistics for lifespan, with mean lifespan, SEM, SD, and confidence intervals. (*) indicates
significant differences compared to the DMSO control.

glucose diets on C. elegans longevity>>3. Moreover, statistical comparisons between glucose-only and glucose-
plus-amitriptyline groups showed no significant difference, indicating that glucose alone may be the primary
driver of lifespan reduction in our data.

Glucose is known to shorten the lifespan of C. elegans by increasing oxidative stress**raising the possibility that
the lifespan reduction observed with amitriptyline and glucose co-treatment was primarily driven by glucose-
induced oxidative damage. Future studies could address this directly by measuring reactive oxygen species
(ROS) levels or antioxidant enzyme activity. In addition, indirect approaches such as co-treatment with natural
compounds that counteract the effects of glucose may be useful. Many natural compounds possess antioxidant
properties and are known to extend lifespan in C. elegans*>~*". Therefore, their inclusion as co-treatments may
help clarify whether the reduction in lifespan reflects a true pharmacological interaction or merely results from
glucose-induced oxidative stress.

Interestingly, our results of the possible combined effects of amitriptyline and glucose may indicate that a
low-carb diet could lower the risk associated with TCAs in humans, especially when considering that such diets
have been shown to benefit individuals with mental health disorders. Previous reports have shown that reduced
sugar and carbohydrate intake is associated with improvements in blood glucose levels*®**which could help in
reducing the risk of anxiety and depression®>>!. Diets low in carbohydrates could also cause elevated ketone
bodies in the blood, which have been linked to improved cognitive function, mood enhancement, and minimal
brain inflammation?->%, More research is required, but it is worth considering that low-carbohydrate diets could
theoretically serve as adjunctive measures along with standard treatments for mental disorders.

To further examine the effects of amitriptyline on C. elegans, we evaluated its effect on the fat content in
the presence and absence of glucose. Interestingly, the changes in body fat content in C. elegans in response
to amitriptyline were inconsistent with the increase in food intake. This outcome suggests that treatment with
amitriptyline may influence food intake without altering the mechanisms involved in the synthesis of fat. These
findings align with previous studies, emphasizing that food intake and fat regulation are governed by distinct
mechanisms in C. elegans®***. On the other hand, our results showed that the addition of glucose alone was
associated with a significant increase in body fat, a result consistent with previous reports**.

Our study also investigated the role of specific pathways hypothesized to be involved in amitriptyline’s effect
on food intake in C. elegans. First, we targeted the serotonergic pathway, which is known to regulate food intake
and feeding behavior in humans and C. elegans'>?**2. To achieve this, we used mutants with some defective
receptors in this pathway. Ser-1, ser-2, and ser-7 mutants exhibited responses similar to those seen in the wild
type. Thus, this result indicates that these receptors may not participate in the action of amitriptyline on food
consumption. It also indicates that the role of the serotonergic pathway might be limited in regulating the effects
of amitriptyline on feeding in C. elegans. However, the findings do not completely rule out a possible involvement
of the serotonergic pathways in the observed effect of amitriptyline. Hence, further studies should focus on other
receptors and alternative signaling components of the serotonergic pathway to clarify the amitriptyline’s effect
on feeding behavior in C. elegans.

The insulin signaling pathway is also involved in feeding regulation in humans and C. elegans®>>°. To meet
the aim of the study, food intake was examined in daf-16 and daf-2 mutants to evaluate its role in the observed
effect of the drug. We found that amitriptyline resulted in increased feeding in daf-16 and daf-2 mutants, with
similar results seen in the wild type. Hence, it is unlikely that this pathway contributed to the drug’s action on
food intake. Similarly, we examined the role of the dopaminergic signaling pathways in the drug’s action on food
intake. This pathway also contributes to the regulation of food intake in humans and C. elegans!>*>>7-%8. For
this, we used dop-1 mutants that showed an increase in food intake similar to the result observed in the wild-
type. This suggests that the dop-1 receptor may not be involved in mediating the drug’s effect on food intake.
It is worth mentioning that only the dop-1 mutants were tested in this study to assess the involvement of the
dopamine signaling pathway. The observed effects suggest that other dopamine receptors or pathways may also
play a role. Therefore, further research is needed to evaluate the contributions of additional dopamine receptors
to the effect of amitriptyline on food intake.

Oxidative stress has been linked to various metabolic changes in humans and other models. Given that some
TCAs have been reported to induce oxidative stress and increase ROS production!®*we used prdx-2 mutants,
known to protect C. elegans from oxidative damage®to explore whether redox regulation contributes to the
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metabolic effects of amitriptyline. Interestingly, the prdx-2 mutants had a different response to the treatment, as
their food intake was not significantly affected compared to the other strains. This might suggest that the actions
of the drug depend on the function of prdx-2. The prdx-2 gene encodes peroxiredoxin, an antioxidant enzyme
involved in redox homeostasis and the regulation of oxidative stress®'~¢*. This suggests that redox-sensitive
signaling pathways may mediate the effects of amitriptyline on food intake. Amitriptyline may affect oxidative
stress or redox signaling, influencing feeding behavior. The prdx-2 gene plays a key role in maintaining this
balance®. Without functional prdx-2, worms cannot trigger the feeding response caused by the drug, suggesting
that prdx-2 is a crucial link between managing oxidative stress and the behavioral effects of amitriptyline.
However, our study did not include direct measurements of oxidative stress, such as reactive oxygen species
(ROS) levels or redox-sensitive reporters, which limits our ability to confirm this mechanistic link. Furthermore,
our conclusions are based on a single prdx-2 allele, and we did not perform rescue experiments with a wild-type
transgene, which should be considered when interpreting the results. Therefore, it is important to interpret the
prdx-2 results cautiously and avoid overstating mechanistic conclusions. While the data support a role for redox
signaling, they remain correlative in the absence of direct functional validation. Future work should aim to
address these gaps to clarify the contribution of oxidative stress and prdx-2 to amitriptyline’s metabolic effects.

Our findings on the possible role of prdx-2 in the drug’s effects on feeding behavior in C. elegans highlight
the broader significance of oxidative stress in metabolic health. Oxidative stress is regarded as one of the key
factors in the regulation of obesity in humans®*. Excess fat, specifically visceral fat, is associated with significantly
elevated reactive oxygen species (ROS)%>%¢. These factors cause fat accumulation and disrupt metabolism, leading
to problems with appetite control and energy balance, which ultimately leads to overeating and weight gain®>¢”.
Moreover, it has been suggested that oxidative stress may play a significant role in the weight gain induced by the
use of PDs®. By understanding the connection between oxidative stress and obesity, we can explore new ways to
reduce the impact of amitriptyline on food intake and body weight in humans.

Despite these interesting findings in our study, several limitations need to be acknowledged. One limitation
of this study is the use of commercially available amitriptyline tablets, which contain pharmaceutical excipients
that may potentially influence physiological responses. Although this approach reflects real-world clinical
formulations, future studies should aim to replicate the findings using purified, laboratory-grade amitriptyline
to ensure reproducibility and eliminate confounding effects from non-active ingredients. A further limitation
relates to the pharyngeal pumping assay. In this assay, the post-starvation refeeding response may independently
enhance pumping rates due to hyperphagic behavior. While our design aimed to quantify the net effect of
amitriptyline by subtracting baseline activity, we acknowledge that starvation itself could modulate serotonergic
pathways and influence results. Future studies may consider including continuously fed controls to further
disentangle these variables.

Another limitation of our study is that we only assessed a subset of insulin, serotonin, and dopamine
receptor mutants, along with tbh-1, to probe octopaminergic involvement in feeding regulation. While these
genes have been previously implicated in modulating food intake in C. elegans®***°%*We acknowledge that this
selection does not capture the full spectrum of neurotransmitter signaling. Notably, key synthesis genes such
as tph-1 (serotonin) and cat-2 (dopamine), as well as other relevant receptors like ser-5, were not tested in this
study. Future work should incorporate these additional targets to better define the neurochemical mechanisms
underlying amitriptyline-induced feeding responses.

Conclusion

This study offers valuable insights into the metabolic effects of amitriptyline and highlights its capacity to enhance
food consumption in C. elegans in a dose-responsive manner. Our results also emphasize the importance of
nutritional components in affecting the effectiveness of the medication. Even with an increased food intake, the
absence of notable changes in fat storage underscores the distinct regulation between feeding and fat metabolism
in C. elegans. Genetic studies revealed prdx-2 to be a potential player in how amitriptyline affects eating behaviors,
highlighting the importance of controlling oxidative stress. The lack of substantial engagement of serotonergic,
dopaminergic, and insulin-like pathways elucidates the uniqueness of these systems. These findings confirm C.
elegans as a reliable model for examining the metabolic impacts of TCAs and provide a basis for future research
focused on alleviating their negative metabolic effects in humans.

Data availability
The datasets generated and analyzed during this study are available from the corresponding author upon rea-
sonable request.
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