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ABSTRACT 

 

Pharmaceutical drugs are commonly found in the environment due to global reliance and 

improper disposal. Diclofenac is one of these compounds that is often found in waterways 

and in wildlife. Due to its nature as a non-steroidal anti-inflammatory drug, research suggests 

it can have harmful effects on organ systems among vertebrates. The purpose of this 

experiment was to determine the impact of an environmentally relevant dose of diclofenac on 

the gastrointestinal tract of Xenopus laevis metamorphs. Thirty tadpoles were exposed to 

0.125µg/l of diclofenac for 21 days. After the exposure period, histology was performed on 

the small intestine. The experimental group showed a significant reduction in intestinal 

dimensions compared to controls. The mean epithelial cell height decreased from 42.57 ± 5.3 

µm (control) to 36.55 ± 6.51µm (p = 0.00066). The mean intestinal width decreased from 

1.31 ± 2.12 mm to 1.14 ± 2.72 mm (p = 0.02). These results indicate that diclofenac exposure 

caused measurable atrophy of the intestinal tissue in Xenopus laevis metamorphs. The 

experimental groups would have smaller intestines was supported. Further research is 

recommended to examine cellular mechanisms responsible for diclofenac-induced damage 

on the small intestine and other organ systems.    
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CHAPTER I 

 

INTRODUCTION 

 

 

Pharmaceutical drugs are a pillar of modern medicine. Thousands of these 

compounds exist to help people manage anything from relieving allergies to easing chronic 

pain. Drugs come in many forms of administration, including pills, injections, topical creams, 

and liquids, which are all absorbed into the body and eventually passed. As global reliance 

on pharmaceuticals increases, so does the concern about their presence in water sources. Six-

hundred thirty-one pharmaceutical substances have been detected in aquatic environments 

across 71 countries (Aus et al., 2016). Topical creams leaching directly into water bodies, 

compounds passing through wastewater management systems without being fully removed, 

and improper disposal by consumers are factors in this growing concern. Triclosan and 

diclofenac are two pharmaceutical drugs that are present in water systems and in aquatic 

organisms. Research indicates many harmful effects these substances can have on wildlife, 

including hormone disruption, organ damage, and interference with reproduction and 

behavior. These effects can contribute to the decline of populations, threatening biodiversity. 

The broader implications of pharmaceutical bioaccumulation highlight the urgency of how 
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these compounds entering the environment could also pose a risk to human health through 

the food chain and drinking water. 

Triclosan and Diclofenac 

 

Triclosan is a synthetic compound utilized for its antimicrobial properties. The 

chemical was introduced to the healthcare world as a surgical scrub in the 1970s. Now, it is 

used as a disinfectant, and its presence is found in antibacterial hand soap, hand sanitizers, 

cosmetics, mouthwash, and textiles (Weatherly & Gosse 2017). Triclosan’s antifungal and 

antibacterial properties include reducing Toxoplasma gondii, which creates harmful birth 

defects, and Plasmodium falciparum, which is the deadliest strain of malaria (Freundlich et 

al., 2007; Neville et al., 2015). Although triclosan has been added to products like toothpaste 

for decades, debate of the necessity of using triclosan for its antimicrobial power arises when 

discussing the potential environmental and human health-related risks. In September of 2016, 

the U.S.A Food and Drug Administration (FDA) banned triclosan in soap products, 

considering evidence of soap containing the chemical worked better than soap lacking it 

could not be supported (Weatherly & Gosse 2017). It remains in other personal care products 

and surgical grade soap.  

Vast usage of triclosan creates opportunities for the drug to enter the human body. 

Dermal exposure of the drug through creams or cleaning products leads to percutaneous 

absorption (Queckenberg et al, 2010). 2,517 participants representing the United States 

general population provided urine samples, in which triclosan was present in 74.6% of the 

samples (Calafat et al., 2008). Triclosan was found in human breast milk samples, likely due 

to exposure from personal care products (Aldoffson-Erici et al., 2002). The consistent use of 

triclosan-containing products leads to an increased concentration of the compound in 
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humans, allowing it to enter water systems through urination and being washed down sinks. 

Water treatment facilities are not able to completely remove the chemical. Research suggests 

that triclosan is present in water in low concentrations, with the amount dependent on 

wastewater treatment systems; triclosan is readily biodegradable under aerobic conditions 

and not in anaerobic conditions (McAvoy et al., 2002). Triclosan’s presence in water spans 

across the globe. In China, triclosan concentrations in surface water range from 0.06 to 612 

ng/L (Zhenyao et al., 2024).  

Previous mammalian studies support the idea that exposure to triclosan can have 

harmful effects on wildlife. Male mice were shown to have accelerated hepatocellular 

carcinoma development after eating food 0.08% triclosan (Yueh et al., 2014). After exposing 

the female wistar rat to triclosan for 21 days, an increased uterine weight was recorded and 

serum thyroid hormone concentrations were suppressed (Stoker et al., 2010). Various studies 

show the adverse effects triclosan has on the frog species, Xenopus laevis (Table 1). These 

results suggest triclosan as a potential carcinogen and endocrine disruptor. 
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Table 1. Dosage levels and corresponding effects of triclosan used on Xenopus laevis 

across 6 independent studies.  

 

Dosage Results Study 

0.6, 1.5, 7.2, or 32.3 

μg TCS/l. 

Environmentally relevant TCS concentrations 

did not alter the normal course of thyroid 

Fort, Douglas J., et al. 

2017 

1.5 μg/l  Reduction of larval growth occurred at 

exposure day 21 

10uM Decreased TMRM fluorescence in 

mitochondria 

Thomson, Alexander 

H., and Christopher 

K. Thompson. 2024 
30uM, 10uM, 1uM Increased oxygen consumption rates dose-

dependently 

20, 100, and 200 μg/l  Plasma Vg in all TCS treatment groups were 

lower than that of control group 

Matsumura, Naomi, 

et al. 2005 

benzo[a]pyrene and 

triclosan (50 ng.L-1 

35 each) 

Female tadpoles developed liver steatosis Usal, Marie, et al. 

2019 

25 μg l–1 Increased growth during the metamorphic 

stages relative to the control, but did not 

influence growth during the post-

metamorphic phase 

Fort, Douglas J., et al. 

2010 

0.15 ± 0.03 μg/L Increased hindlimb development and a 

decrease in total body weight 

Veldhoen, Nik, et al. 

2006 

0.03 μg/L Alteration of thyroid hormone receptor 

mRNA expression 

2 mg/L Death of frogs was observed on the 4th day Tenkov, Kirill S., et 

al. 2022 
 0.5 mg/L, Frogs remained viable for 11 days; triclosan 

caused damage to the liver tissue; no effect 

on the number of frog red blood cells, but 

reduced osmotic resistance 

 

 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/hindlimb
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/thyroid-hormone-receptor
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Diclofenac is a nonsteroidal anti-inflammatory drug. Synthesized in 1973, it is 

prescribed to treat mild to moderate pain and reduce swelling. Diclofenac is comparable in 

efficacy and tolerability as other pain relievers such as ibuprofen, sulindac, and diflunisal 

(Brogden et al., 1980). The global usage of the drug has allowed it to enter waterways. Its 

presence has been measured in 50 countries, with concentrations exceeding predicted no-

effect levels (Aus et al., 2016). Because of potential toxicity on aquatic life, it is considered 

an emerging environmental contaminant (Lonappan et al., 2016). Diclofenac concentrations 

in marine environments range from 0.000001 µg/L to 0.843 µg/L, with the highest levels 

detected in estuaries (Bonnefille et al., 2018).  

Although a ban has not been implemented, diclofenac is increasingly regulated. For 

instance, in 2015, the drug was reclassified as a prescription only medication as a result of 

the increased risk of cardiological events in patients with pre-existing conditions at a higher 

rate than other nonsteroidal anti-inflammatory medications (Spitz 2013). Also, diclofenac 

was banned for veterinary use in South Asia in 2006, subsequently improving vulture 

conservation efforts (Dama 2014). As vultures would feed on carcasses of animals that were 

exposed, they would suffer from kidney failure and visceral gout (Mahapatro & Arunkumar 

2014). Replacing diclofenac with other anti-inflammatory drugs, less vultures have 

succumbed to the effects. 
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In addition to vultures, diclofenac shows potential risk against freshwater organisms 

(Acuña et al., 2015). Diclofenac showed accumulation in crucian carp (Carassius auratus), 

with the maximum bioconcentration factors being 121 L kg-1 in the liver, and 52.3 L kg-1 in 

the gills after 14 days of exposure (Lu et al., 2017). Diclofenac exposure to Xenopus embryos 

resulted in promotion of teratogenicity and morphological anomalies (Chae et al., 2015). 

Other research suggests behavioral and physiological changes in Xenopus laevis after 

diclofenac exposure (Table 2). These adverse effects further suggest that diclofenac is an 

emerging environmental concern, specifically in regard to presence in water ways and that 

impact on wildlife. 

Table 2. Dosage levels and corresponding effects of diclofenac used on Xenopus laevis 

across 4 independent studies.  

 

Dosage Results Study 

125 μg L−1, 250 μg L−1 swimming distance, velocity and global 

activity decreased 

Peltzer et al. 2019 

1000 μg L−1, 

2000 μg L−1 

heart frequency and ventricular systole 

interval reduced 

22.3 and 11.1,  

25.7 and 18.7,  

47.8 mg active substance/L 

and 45.3 mg/L 

teratogenic and growth inhibitory Emre et al. 2024 

9.56 mg L− 1 malformations and death Cardoso-Vera et 

al. 2017 

10 mg mL−1 malformations and embryo mortality  Chae et al. 2015 
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NSAIDS, including diclofenac, are suggested to cause gastrointestinal (GI) injury. A 

meta-analysis of 280 randomized trials involving NSAIDs demonstrated a significant 

increase in upper GI complications across all treatment regimens, with diclofenac showing a 

statistically significant association with a p-value of 0.0106 (Coxib et al., 2013). These 

injuries arise from a combination localized toxic metabolite effects leading to cellular stress, 

induction of apoptosis, disruption of the epithelial barrier, and subsequent inflammatory 

responses (Boelsterli et al., 2012). Side effects are present across vertebrate classes, including 

mammals, birds, and amphibians. When exposed to 7.5 mg/kg of diclofenac, rats experienced 

damage to the mucosal membrane of the small intestine, along with a significant shortening 

of the villi (Zhang et al., 2009).  
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Xenopus laevis as a model organism  

Xenopus laevis, commonly known as the African clawed frog, is a commonly used 

model organism for scientific research. They are tetrapod vertebrates and have a close 

evolutionary relationship with higher vertebrates. Xenopus is useful for research as they have 

a high fecundity rate as well as large embryos (Tandon et al., 2017). They have been 

observed in multiple studies where they are exposed to pharmaceutical drugs (Table 3). 

Given the widespread presence of diclofenac in water, and the evidence supporting its 

harmful impact on wildlife, exposing this aquatic species to relevant concentrations of 

diclofenac is necessary to assess any potential adverse effects to organ systems.  

Table 3. Effects of various drug exposure to Xenopus laevis  

 

Drug Dosage Results Study 

Streptomycin 1 

μg/mL, 

10 

μg/mL 

dysbiosis in the microbiome  Ortega 2019 

Benzodiazepines 1 μg/L, 

5 μg/L, 

10 μg/L 

decreased heart rate and motility, 

induced marked cephalic and 

abdominal edema, intestinal and 

retinal defects 

Fogliano, et al. 

2022  

Fluoxetine 10 μL reduced growth at metamorphosis Conners, et al. 

2009 
Sertraline  10 μL reduced growth at metamorphosis 

Sertraline 0.1 and 

1 μL 

reduced growth at metamorphosis, 

acceleration of development 

 Ethynylestradiol 

(EE2)  

6 pM,  

60 pM,  

600 pM  

sex-reversal was implied,  

reduced fertilization rates, 

among frogs with ovaries there was a 

significantly higher percentage that 

lacked oviducts  

Gyllenhammar, et 

al. 2009 

 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/oviduct
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The organs of interest for this experiment include the gonads of female and male 

Xenopus laevis and the thyroid, both of which are endocrine glands; the small intestine will 

also be observed. The location of these organs on the chosen model organism can be seen on 

Figure 1. The thyroid gland secretes thyroxine (T4), which is converted into the biologically 

active triiodothyronine (T3) at other organs. These hormones are responsible for a wide 

variety of processes, such as brain development across all vertebrates (Fini et al., 2012).  

In amphibians and fishes, T3 triggers metamorphosis. For instance, in Xenopus laevis, 

metamorphosis includes absorbing the tail, developing limbs, and anatomical changes of 

organs and the skull. In mammals, the hormone maintains essential homeostatic processes 

including basal metabolism, thermogenesis, and heart rate (Zwahlen et al., 2024). The gonads 

of vertebrates are responsible for reproduction and hormone production. The gonadotropins, 

luteinizing hormone, and follicle stimulating hormone, are required for proper reproductive 

development in vertebrates (Urbatzka et al., 2010). They are necessary to produce gametes 

and the synthesis of sex steroids – estrogen, progestins, and androgens.  

The small intestine serves the essential function of digesting food and absorbing 

nutrients, playing a critical role in the overall digestive process of Xenopus laevis. The small 

intestine of Xenopus laevis consists of columnar epithelial cells, arranged along longitudinal 

folds that functionally resemble mammalian villi (McAvoy & Dixon 1978). These villi 

increase the internal surface area, enhancing nutrient absorption and interaction with 

substances such as diclofenac. The measured diameter of the small intestine among Xenopus 

laevis ranges between 1 and 2 mm in post-metamorphic individuals (Tamaoki et al., 2016), 

which aligns with commonly reported anatomical values for this genus. 

 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/gonadotropin
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/luteinizing-hormone
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/follicle-stimulating-hormone
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Figure 1. Digital dissection of Xenopus laevis. The organs of interest are labeled “thd” for 

thyroid and “tst” for testes. The small intestine is colored orange and labeled “smin” (Porro 

& Richards 2017, pg 188).  

 

 

Purpose of Study 

The purpose of this study is to determine the effects of diclofenac exposure on the 

gastrointestinal tract of Xenopus laevis metamorphs. Due to previous research suggesting 

potential impact on the gastrointestinal system, the small intestine will be analyzed. Because 

diclofenac disrupts the epithelial cells that line the small intestine via mechanisms such as 

apoptosis and triggering inflammatory responses, it is hypothesized that the small intestine of 

the experimental tadpoles will be smaller than the control group (Boelsterli et al., 2012). 

Observing tadpoles after exposure and analyzing tissues will give insight to the impact of 

diclofenac on essential organ systems.  
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CHAPTER II 

 

METHODOLOGY 

 

 

 Sixty albino Xenopus laevis tadpoles were purchased from Xenopus Express 

(www.xenopus.com) and organized into tanks based on developmental stage. All procedures 

were approved by the Maryville College IACUC committee (see Appendix). There were 20 

tadpoles in stage 63, 64, and 65. The 60 tadpoles were divided into 6 tanks, with 1 

experimental and 1 control tank holding 10 tadpoles per stage. Water was conditioned by 

adding 5ml of Aqueon water conditioner to 5 gallons of tap water. Four liters of conditioned 

water were added to each tank. A solution of 0.005g diclofenac dissolved in 100 mL 

dimethyl sulfoxide (DMSO) was added into the experimental tanks at 10 microliters. Ten 

microliters of DMSO was added to the control tanks. Tadpoles were fed ad lib and water was 

changed once a day; for each liter of water changed 2.5 microliters of the chemical (DMSO 

and diclofenac solution at 0.125micrograms/l concentration or pure DMSO) was added to the 

tank. The tadpoles were exposed to the chemicals for 21 days. After the exposure period, the 

tadpoles were weighed and anesthetized with tricaine mesylate (MS222). Once unconscious, 

a dissection microscope and dissection tools were used to remove the liver, gastrointestinal 

tract, kidney, gonads, and head from the organisms (see Figure 2). The organs were fixed in 

7.5 ml of Bouin’s solution for 7 days. Bouin’s was removed from tube, and organs were 

http://www.xenopus.com/
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rinsed with 70% ethanol until liquid was clear. The small intestine was separated from the 

gastrointestinal tract using dissection scissors. Histology was performed on 59 small 

intestines as (Nieuwkoop et al., 1967) described. The small intestines were oriented to obtain 

transverse cuts for the slides. Slides were stained and a cover was added. Slides were 

examined under 4x and 40x magnification on a light microscope. Per organ, 20 cells were 

measured. The diameter of the cell and microvilli height (1 per cell) were measured using an 

ocular ruler. Measurements were multiplied by respective conversion factors to obtain 

micrometer size. Statistical analysis of an unpaired t-test was performed using Microsoft 

Excel.  

 

 

Figure 2. Dissection of Xenopus laevis photographed through dissection scope lens. The 

black circle indicates the small intestine of the frog. Image obtained by author.  
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CHAPTER III 

 

RESULTS 

 

 

Quantitative Results 

The average width of the small intestine of the among the control group was 

significantly (p=0.02) larger (1.31 µm ±2.12 mm) than the experimental group (1.14 mm 

±2.72 mm; see Figures 3 & 5). The average height of the columnar epithelial cell among the 

control group was 42.57µm (±5.3µm). The experimental group had an average height of 

36.55 µm (±6.51 µm) (see Figures 4 & 6). The p-value between the two groups is 0.00066.  

Qualitative Observations 

On day 11 of the experiment, a frog from the stage 65 control group died. Throughout 

the experiment, the tanks of the experimental groups were noticeably dirtier than the control 

tanks (see Figure 7). There was no observable difference in behaviors such as activity level 

or swimming speed between the experimental and control groups. Independent of stage, all 

control and experimental groups ate the same amount of food at similar speeds 
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Figure 3. Comparison of small intestine diameter of Xenopus laevis metamorphs after 

exposure to diclofenac. The mean width of the small intestine of the control group is 

1.31mm (±2.12 mm). The mean diameter width of the experimental group is 1.14 mm (±2.72 

mm). The p-value between the two groups is 0.02.  

 

 

  

Figure 4. Comparison of columnar epithelial cell height within the small intestine of 

Xenopus laevis metamorphs after exposure to diclofenac. The mean height of the 

columnar epithelial cell among the control group is 42.57µm (±5.3µm). The mean height of 

the experimental group is 36.55 µm (±6.51 µm). The p-value is 0.00066.  
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Figure 5. Comparison of small intestine diameter of Xenopus laevis after exposure to 

diclofenac. The control group (left) is seen to have a wider diameter, as well as more open 

space within the cell compared to the experimental group (right) Photos are viewed under 4x 

magnification. Images photographed by author. 
 

 
Figure 6. Comparison of columnar epithelial cell height found in small intestine of 

Xenopus laevis after exposure to diclofenac. The control group (left) is seen to have larger 

cells compared to the experimental (right). The control group also is seen to have more space 

between plicae circularis where each cell is found. Photos are viewed under 40x 

magnification. Images photographed by author. 
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Figure 7. Comparison of water cleanliness of Xenopus laevis control and experimental 

stages during exposure period. Experimental tanks (right) have a higher concentration of 

fecal matter compared to control tanks (left).  
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CHAPTER IV 

 

DISCUSSION 

 

 

The variation in columnar epithelial cell height and small intestine diameter of 

observed Xenopus laevis metamorphs was expected due to physiological effects of 

diclofenac. The hypothesis that the experimental group would have smaller measurements 

compared to the control group was supported. Considering the tadpoles were exposed to the 

drug at stages from 63-66, it can be concluded that the drug caused atrophy or degradation of 

the structure, rather than inhibiting growth or maturation. This aligns with previous findings 

that NSAIDs disrupt the epithelial cells that line the small intestine, although total 

mechanisms are not completely understood.  

Mechanistic studies have suggested that NSAID-induced intestinal damage is 

multifactorial, following a “multiple-hit” pathogenesis; the multiple hits begin with a 

pharmacokinetic process in which glucuronidated NSAID or oxidative metabolite conjugates 

are excreted via the hepatobiliary route into the distal small intestine, where bacterial β-

glucuronidase releases aglycones that are subsequently absorbed by enterocytes and 

metabolized by intestinal cytochrome P450 enzymes into potentially reactive intermediates 

(Boelsterli et al., 2012). This inducts stress within the endoplasmic reticulum and 

mitochondria, eventually leading to apoptosis and necrosis of epithelial cells (Tsutsumi et al., 
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2004). The second hit to the intestines involves toll-like receptor 4 triggering tumor necrosis 

factor-mediated cell injury (Nadatani et al., 2018). This second hit triggers an inflammatory 

response, creating tissue injury through oxidative and immune-mediated 

pathways. Supporting this, the experimental tanks were noticeably dirtier than the control 

(see Figure 4). This observation supports histological findings and previous research, 

suggesting that the intestines were damaged from the diclofenac, leading to more waste 

output due to impaired nutrient reabsorption. 

The thyroid and gonads were not analyzed due to time constraints, however, their 

inclusion in future research would provide insight into the broader endocrine impacts of 

diclofenac exposure. The amphibian digestive tract is correlated with thyroid activity, 

specifically the influence of thyroid hormone on intestinal remodeling (Ishizuya & Shi 2005). 

Diclofenac and other nonsteroidal anti-inflammatory drugs have been identified as potential 

endocrine disruptors, including those involving thyroid hormones (Reis et al., 2024). 

Considering the findings of intestinal epithelial degradation in this experiment, it is 

hypothesized that diclofenac may exert its toxicity through both direct tissue effects and 

endocrine-mediated mechanisms. Future histological and biochemical examination of the 

thyroid and gonads in experiments could determine whether the intestinal changes observed 

are influenced by endocrine disruption as well, providing more information about the 

mechanisms of diclofenac’s developmental and physiological toxicity in Xenopus laevis. 

Beyond amphibians, these findings carry broader implications for vertebrate 

physiology. In humans, NSAIDs such as diclofenac, indomethacin, and naproxen are well-

documented to cause gastrointestinal injury, often manifesting as mucosal ulceration, 

bleeding, and even perforation of the small intestine (Wolfe, Lichtenstein, & Singh, 1999). In 
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the United States alone, NSAID-related gastrointestinal complications account for over 

100,000 hospitalizations each year, with approximately 16,000 of these cases resulting in 

fatalities (Peura, 2002). The mechanisms underlying NSAID-induced toxicity may be 

expressed across vertebrates, as the epithelial damage in Xenopus laevis is similar to injury 

found within mammalian intestines. These findings bridge ecological toxicology and clinical 

pharmacology, offering a more comprehensive understanding of how a widely used 

pharmaceutical can exert parallel effects across diverse vertebrate lineages. 

 

  

 

. 
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APPENDIX 1: IACUC APPROVAL 
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