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ABSTRACT: 

Chitin is most abundantly found non-digestible carbohydrate similar to cellulose. It has gained a lot of 

interest in last few years due to its wide range of applications. They are used as an alternative, dietary 

supplement. Chitin on deacetylation forms chitosan, an active component of chitin. The degree of 

deacetylation and molecular weight are the factors that elucidate varying degree of biological property of 

chitosan.  The ability of chitosan in fat and lipid excretion has obtained keen eye among various 

researchers. This property of chitosan is made use in enhancing the elimination of various harmful 

environmental lipophilic xenobiotics. Endocrine disruptors are a group of environmental pollutants causing 

various hazardous effects in living system. They are highly lipophilic, persistent and can accumulate in 

various tissues. Thus correlating the ability of chitosan to increase excretion of fats and lipophilic 

xenobiotics showed a promising positive outcome. 

Keywords: Endocrine disruptors, chitosan, dietary fiber, biomedical applications, endocrine disruptor’s 

excretion. 

1. INTRODUCTION: 

Endocrine system is a collective word, comprising of endocrine glands, hormone producing tissues, 

hormones and their corresponding receptors [1]. It is a sophisticated system collaboratively working with 

nervous system governing the body systems [2]. It presides over an individual’s growth and development, 

starting from childhood to adulthood and has pivotal role in the reproductive process. Endocrine system is 

a highly regulated system, mainly involved in maintaining the homeostasis of internal system [1]. The 

endocrine glands are mainly involved in the generation of hormones, or chemical messengers, that get 

secreted into the interstitial fluid, further diffuses into the circulatory system reaching destined organs and 

tissues [3]. The glands assigned under endocrine system include the pineal glands, pituitary gland, 

thyroid gland, parathyroid glands, thymus gland and adrenal glands [1]. Fig 1 shows the hormones 

released specific endocrine glands. Based on their molecular structure hormones are categorized as 

polypeptides, steroids, amines and eicosanoids [1]. The endocrine system is hooked up with various 

performances namely; guarantee homeostasis by regulation of nutrient metabolism, water and electrolyte 

balance, regulation of growth and cells production, control the responses of the body to external stimuli, 

control reproduction, control and integrate circulatory and digestive activities in collaboration with the 

autonomic nervous system [1]. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On release of hormones, they are delivered to their specific target cells and bind to distinct receptors 

either present on the cell membrane or within the cell walls. When the hormone molecules bind to its 

specific receptor, they induce a variety of hormonal effects, based on the type of hormone binding and the 

target cell to which it binds. Components that affect the activation of the target cell are the amount of 

hormone in circulation, the number of receptors available on the cell surface and the sensitivity of 

particular receptor to particular hormone. Maintaining hormone secretion within a particular range is very 

much essential or the target organ becomes too active, and this achieved through negative feedback [1].  

Chitin is abundantly found in nature in the form of amino-mucopolysaccharide (2-acetamido-2-deoxy-b-D-

glucose), in supporting materials of various insects, crustaceans, fungi, certain invertebrates, etc. [4]. 

Chitin is a white, hard, inflexible, nitrogenous composite and a major byproduct of fishery department [5]. 

Similar to cellulose that acts as backbone of plant cell wall, chitin acts as structural polysaccharide 

forming the exoskeleton of various organisms. The chemical structure of chitin is similar to cellulose, 

which is built by linking hundreds to thousands of glucose molecules; the only difference is that in chitin 

the hydroxyl group present in C2 position of glucose molecule is replaced by acetamide group. Chitin can 

undergo degradation by the enzyme chitinase. Chitosan is a vital component of chitin derived on N-

deacetylation of chitin, has a number of application. On deacetylation, the acetamide group of chitin is 

replaced with amine group which is the key advantage for exhibiting various biological properties [5]. Fig 

2 shows the structure of chitin and chitosan. Applications of chitin and chitosan in both biomedical division 

and pharmaceutical division has grown rapidly and recently receiving a great attention from the 

researchers worldwide due to their significant properties such as antibacterial effect, biocompatibility, 

biodegradability, non-toxicity and high humidity absorption [6]. The physicochemical property of chitin is 

an important factor that aids in exhibiting various beneficiaries. These properties include molecular 

weight, extent of deacetylation and moisture content of chitin. Molecular mass of chitin is an important 

factor in exhibiting anti-microbial and antifungal properties [5]. The polycationic property of chitosan is an 

important consideration; this property contributes in interaction of chitosan with anionic cell membranes 

which in turn results in alterations of cell permeability gradually leading to cell death [7]. 

Figure 1: Endocrine glands and hormones released 



 

 

 

 

 

 

 

 

 

 

 

In this review, we have elaborated benefits of chitin and chitosan, major dietary fiber supplement and also 

its ability to decrease the accumulation of endocrine disruptors (Bisphenol-A, Phthalates, Dioxins, 

Polychlorinated biphenyls) in the body and enhance its excretion through feces. 

2. BIOMEDICAL PROPERTIES OF CHITIN AND CHITOSAN: 

Understanding the biological properties of chitin and chitosan is very much important deal for applying 

them in medical and pharmaceutical field. Hemostatic property was studied in invitro studies, chitosan 

with sulfated oligomers are proved to show anticoagulant property due to its cationic charge [8]. Analgesic 

effect was studied in invitro studies, chitin and chitosan shows analgesic effect on inflammatory pain due 

to administration of acetic acid intraperitoneal route and have proposed a possible mechanism for 

analgesic effect as the polycationic property of chitosan aids in protonation and the resulting reduction in 

pH is the key cause for analgesic effect [9]. Anti-tumor activity was studied both in invivo and invitro, 

chitosan and its carboxymethyl derivatives are proved to show anti-tumor property by immunostimulation 

property, they show increased production of lymphokines and cytolytic T-lymphocytes. Also studies by 

Ueno et al. suggest that activation of macrophages by chitosan mediate its antitumor effects in vivo [10] 

[1]. Anticholesterolemic activity, studies proved that there is decrease in fat absorption and increased 

excretion of fats [6]. The antimicrobial activity of chitin, chitosan, and their derivatives against different 

groups of microorganisms, such as bacteria, yeast, and fungi, has received considerable attention in 

recent years [6]. Chitin and chitosan showed wound healing properties by activating inflammatory 

pathway. Minagawa et al studies showed that oligomers and monomers of chitin and chitosan showed 

wound healing properties [12]. 

3. ENDOCRINE DISRUPTORS:  

EPA, U.S Environmental protection act, defines endocrine disruptors as agents that interfere with 

the normal homeostasis of natural endogenous hormones (biosynthesis, secretion, mobilization, binding 

to specific receptors, elimination and negative feedback) [13]. The term “Endocrine disruptors” gains a 

Figure 2: Chemical structure of Chitin and Chitosan 



 

 

growing concern among mankind due to their hazardous nature. They are highly stable in environment 

ranging from months to years due to its persistent nature. Endocrine disruptors are classified into natural 

or synthetic based on the occurrence [14]. Fig 3 shows the classification of endocrine disruptors. The 

sources of endocrine disruptors are drinking of contaminated water, ingestion of contaminated food items, 

contacting with contaminated soil [15]. Commonly encountered endocrine disruptors are [16] [15]. 

 Pesticides – DDT, Atrazine, chlorpyrifos,  2,4-dichlorophenoxyacetic acid, glyphosate 

 Plasticizers - BPA, phthalates 

 Heavy metals – Lead, cadmium 

 Coolants – PCB, BFR 

 Personal care products – Triclosan, Parabens 

 Solvents – Glycol ethers, phenols, cyclosiloxanes 

 Paints – Tributylin, Nonylphenol. 

 Drugs - Ethinyl estradiol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Humans are exposed to endocrine disruptors through various routes namely oral, inhalation, dermal, 

biological transfer through placenta or breast milk. They exhibit their actions mainly thorough either of the 

following ways: mimic naturally present endogenous hormones and result in excessive stimulation or they 

may act as antagonist by binding to receptors and resulting in no signal transduction or they can interfere 

with synthesis of hormones [15].  A study on effects of Diethyl hexyl phthalate (DEHP), a plasticizer, on 

insulin resistance in adipose tissues showed that, DEHP increased oxidative stress in the adipose tissues 

which was main reason for insulin resistance which showed reduced uptake of glucose [17]. An invivo 

study on the effects of Bisphenol-A in insulin signal transduction and subsequent glucose oxidation in 

liver of albino rats showed that BPA decreased the oxidation of blood glucose which resulted in 

hyperinsulinemia [18]. This caused drastic decrease in glycogen level in the liver proving that BPA brings 

impairment to glucose oxidation. Another invivo study showed that BPA administration impairs the insulin 

signaling system leading to decreased glucose uptake in the skeletal (gastrocnemius) muscle [19]. 

 

4. BIOTRANSFORMATION OF ENDOCRINE DISRUPTORS: 

Poly-chlorinated biphenyls are chlorine containing compounds with 209 members [20]. Biotransformation 

occurs mainly in liver aided by cytochrome P450 enzyme system. Biotransformation mainly depends on 

Figure 3: Classification of Endocrine Disruptors 



 

 

the chlorination of PCB; highly chlorinated PCB are resistant to metabolism and are found to deposit in 

adipose tissues whereas low chlorinated PCBs are prone to biotransformation into respective metabolites 

[20]. In phase I they undergo hydroxylation to form monohydroxylated PCB which further forms 

dihydroxylated PBC. Due to unstable nature dihyhroxylated metabolites are less frequently observed. A 

study evidences that less chlorinated PCBs are metabolized to yield monohydroxylated derivatives [21]. 

Another study on rabbits states that insoluble highly chlorinated PCBs are found to yield dechlorinated 

metabolites [22]. In phase II they are converted into more water soluble compounds by conjugating 

compounds like glucuronic acid and sulfate conjugates assisting in easy excretion.  

Dioxin is a general term given for group of congeners like polychlorinated dibenzodioxin (PCDD), 

polychlorinated dibenzofurans (PCDF). PCDD and PCDF are released into environment naturally on 

forest fire, waste incineration and are released anthropogenic way during industrial processes [23]. 

Among dioxins tetra chloro dibenzodioxins (TCDD) are considered to be the most toxic and hazardous 

compound. Metabolism of dioxins mainly occurs in liver with the assistance of cytochrome P450 enzyme 

systems. On phase I, they are majorly converted into hydroxylated metabolites. Metabolism of PCDD 

taken place by initially adding a single oxygen molecule which forms epoxides in the presence of 

cytochrome monoxygenase enzyme system [23]. Then in phase II, they undergo conjugation with 

glucuronic acid and sulfate conjugates in the presence of enzymes namely: UDP-glucuronosyl 

transferase and sulfotransferases [23].  

Bisphenol-A (BPA) is a chemical compound which is white crystalline solids, used in production of various 

synthetic polymers [24] It is termed as xenoestrogen as it is proven to be similar to estrogen 17-β- 

estradiol [25]. They are rapidly biotransformed and excreted in urine and feces. Metabolism is taken place 

in liver assisted by cytochrome enzymes. Majorly noted metabolites of bisphenol- A are 2,2 bis (4-

hydroxyphenyl)propanol and 3-hydroxy bisphenol-A; other metabolites include 4-isopropylhydroxy phenol 

and BPA dimers [24]. Further conjugation with glucuronic acid and sulfate conjugates helps in easy 

elimination of BPA metabolites. 

Phthalates, diesters of 1,2-benzenedicarboxylic acid (Phthalic acid) are man-made chemicals with wide 

range of industrial applications [26]. Phthalates with low molecular weight are employed in the 

manufacture of solvents, varnish, plasticizers, personal care products etc., whereas those with higher 

molecular weight are used in production of highly flexible vinyl plastics which are used for medical 

devices, food contact application, flooring and other consumer products [26]. They undergo rapid 

metabolism in liver. The phase I of detoxification process yields metabolites based on their molecular 

weight. Polar and low molecular compounds are metabolized into hydrolytic monoesters whereas high 

molecular weight compounds are initially forms hydrolytic monoesters and then form oxidative metabolites 

on enzymatic oxidation. After which they are conjugated with glucuronic acid for easy removal.  

5. DIETARY FIBRE: 

According to American Association of Cereal Chemists (AACC), dietary fibres are edible parts of plant or 

analogous carbohydrates that are rebellious in digestion and absorption in the human small intestine with 

complete or partial fermentation in the large intestine [27]. The functions of dietary fiber are based on its 

physicochemical properties. They are particle size, bulk formation, surface area, hydration, solubility, 

viscosity and ability to adsorb metal ions or organic molecules [27]. Dietary fibers are ubiquitously found 

in various food items in the form of cellulose, hemicellulose, lignins, pectins, gums, mucilages. 

Supplementation of normal human diet with un-digestible carbohydrates found to bring alterations in 

population and metabolic characteristic of gut microbiota [28]. This property helps in fermentation of 

certain fibers by the gut microbes in the colon resulting in benefits like increased absorption by small 

intestine, absorption of water soluble nutrients. Dietary fibers shows a variety of therapeutic beneficiaries 



 

 

like increasing the volume of fecal bulk, decreasing the time of intestinal transit, decrease cholesterol and 

glycaemic levels, trapping substances that can be dangerous for the human organism (mutagenic and 

carcinogenic agents), stimulating the proliferation of the intestinal flora etc. [29].  Low dietary intake is 

associated with complications like irregular bowel moments, constipation, fluctuations in blood glucose 

levels, rise in cholesterol level and disturbance in normal gut microbe’s level.  

Among these rise in cholesterol level can lead to obese condition which further brings a number of 

complications like coronary heart disease, type 2 diabetes, hypertension, stroke, dyslipidemia, insulin-

resistance, glucose intolerance, metabolic syndrome [30] [31]. Chitin, a major component involved in 

building exoskeleton of insects, fungi and marine organisms like crustaceans, shrimps etc., is a major 

dietary fiber similar to cellulose. The deacetylated form of chitin, chitosan is widely used as dietary 

supplement. A substance with natural origin and non-toxic in nature that helps in anti-obesity treatments 

that has been highly recommended to control obesity is chitosan [30]. The mechanism by which chitin 

and chitosan involved in fat excretion was studied by L-K Han et al. They suggested that decrease in 

intestinal fat absorption is the possible way for increased excretion of dietary fats from the body. 

Impairment in intestinal absorption of fats was due to decrease in pancreatic lipase activity. In order to 

support this statement they performed an invitro pancreatic lipase activity study [32]. The test results were 

positively evidencing that administration of chitin and chitosan showed significant dose dependent 

decrease in lipase activity of pancreatic juice. Administration of 7% -15% of chitin and chitosan to high fat-

diet ICR mice, showed increased excretion of fat in feces. The same study showed that high fat-diet ICR 

mice, serum samples showed increased level of hyperlipidaemic condition, with increased serum 

cholesterol and triglycerides levels, and precipitation of fatty liver with triglycerides and cholesterol 

building up in liver. But this condition was managed by administering chitin and chitosan in a dose 

dependent manner [32]. 

Endocrine disruptors like (Polychlorinated biphenyls, Dioxins, Bisphenol-A, Phthalates) in environment 

are grouped as Persistent Lipophilic Organic Pollutants (PLOPs) [33]. Exposure to these chemicals is 

mainly due to accidental intake of PLOPs which contributes to 90% of total PLOPs uptake with no specific 

exposure [33]. Due to their lipophilic nature they are bound to dietary lipids, hence they are embodied 

along with dietary lipids and undergoes metabolism similar to fats/ lipids. Studies suggest that intake of 

dietary supplements with either soluble or insoluble fiber can result in decreased accumulation of 

environmental lipophilic toxins and chemicals in the body tissues and on other hand enhance the 

excretion of these toxins [34]. Considering these evidences, studies on chitosan, a dietary fiber mainly of 

marine origin, also provided positive correlation in fecal excretion of fats and environmental toxins like 

Bisphenol-A [35], Dioxins [36],[37],[38], Phthalates [35] and PCB [38]. 

6. EFFECT OF CHITOSAN INTAKE AND FECAL EXCRETION OF COMMON 

ENDOCRINE DISRUPTORS: 

 

6.1 Bisphenol A: 

A study was designed by Noriyuki Kohda [35] on intake of chitosan and fecal excretion of Bisphenol A 

(BPA) in rats. The study was employed on twenty four weeks old male Sprague Dawley rats. The rats 

were quarantined for 7 days, room temperature and humidity were maintained accordingly and the rats 

were fed with normal diet. The rats were divided into two groups: control group and test group. For 7 

days, the control group was fed with 100 g/Kg body weight of BPA and the test group (Chitosan group) 

was fed with 100 g/Kg body weight of BPA along with 5% chitosan. The degree of deacetylation and 

viscosity of chitosan was determined. Body weight and diet consumption were routinely measured. On 

termination of the study, the rats were euthanized using ether anesthesia and the feces were collected in 

sanitized aluminium foil bags. The wet weight of the feces were noted and they were freeze dried for 3 



 

 

days and used for further gas chromatographic analysis to determine the presence of BPA in collected 

feces.  

The results suggested that there were no significant loss or gain in body weight in both the control group 

and chitosan treated group. The fecal dry and wet weight of chitosan treated group were found to be 

significantly higher that the control group. Also fat excretion was increased in chitosan treated group and 

decrease in fat breakdown in the body. They confirmed that chitosan showed effective decrease in fat 

metabolism. There was increased excretion of BPA in first two days, and a significant decrease in day 3 

but again showed increased excretion in day 4-7. The chitosan treated group show a correlation between 

the BPA excretion and fat indigestibility. 

6.2 Dioxins: 

A study was designed by Noriyuki Kohuda [36-38] on intake of chitosan and fecal excretion of Dioxins in 

rats. The studied was done using eighteen 4-weeks old Sprague dawley rats for twenty days. Before the 

experiment the rats were quarantined for 7 days and maintained with appropriate humidity, temperature, 

dark and light cycle and fed with normal purified diet. After quarantine the rats were grouped two groups, 

three rats per group, based on its body weight. For the first 14 days control group was fed with normal 

diet and the test group was fed with normal diet along with 5% chitosan. Then on the 15
th
 day the rats 

were transferred into individual metabolic cages and the test group was orally administered with a single 

dose of dioxin solution containing 40ng of each congeners (1,2,3,7,8-pentachlorodibenzo-p-dioxin 

(PeCDD), 2,3,4,7,8- pentachlorodibenzofuran (PeCDF) and 3,3’,4,4’,5-pentachlorobiphenyl (PeCB)) 

along with 5% chitosan, while the control group were given only dioxin. Body weight and feed 

consumption was routinely measured and noted. The fecal dry and wet weights were noted on days 15-

20. The wet feces collected were freeze dried for three days and dried weight was measures and further 

the dried feces were ground to analyse the fat content and dioxin content in the feces. The feces samples 

were analyzed using gas chromatography for determining the concentration of dioxin present in it.  

Considering the last 5 days when the dioxins were administered, they calculated the amount of dioxin 

excreted by multiplying fecal concentration of dioxin (ng/g) by fecal weight in 5 days (g/day).  

The results suggest that there was no significant change in body weight or diet intake. Measuring the 

weight of the feces, the weight of feces in 5% chitosan treated group was notably high when compared to 

the control group. The PeCDD, PeCDF, PeCB and the total dioxins excretion was high in chitosan treated 

group that the control group. Considering the fact that dietary fiber chitosan increase the excretion of fats, 

the analyses showed increased excretion of fat in the chitosan treated group. Correlating the fecal fat 

excretion and lipophilic xenobiotic excretion on intake of dietary fibers, the chitosan treated group showed 

a positive high excretion of dioxins through feces in chitosan treated group than in control.  

6.3 Phthalates: 

A study was designed by Noriyuki Kohda [35] on intake of chitosan and fecal excretion of Diethyl-

phthalates (DEHP) in rats. Similar to Noriyuki et al study on bisphenol-A, the study was employed on 

twenty four weeks old male Sprague Dawley rats. The rats were quarantined for 7 days, room 

temperature and humidity were maintained accordingly and the rats were fed with normal diet. The rats 

were divided into two groups: control group and test group. For 7 days, the control group was fed with 

100 g/Kg body weight of DEHP and the test group (Chitosan group) was fed with 100 g/Kg body weight of 

DEHP along with 5% chitosan. The degree of deacetylation and viscosity of chitosan was determined. 

Body weight and diet consumption were routinely measured. On termination of the study, the rats were 

euthanized using ether anesthesia and the feces were collected in sanitized aluminium foil bags. The wet 



 

 

weight of the feces were noted and they were freeze dried for 3 days and used for further gas 

chromatographic analysis to determine the presence of DEHP in collected feces.  

The results suggested that there were no significant loss or gain in body weight in both the control group 

and chitosan treated group. The fecal dry and wet weight of chitosan treated group were found to be 

significantly higher that the control group. Also fat excretion was increased in chitosan treated group and 

decrease in fat breakdown in the body. They confirmed that chitosan showed effective decrease in fat 

metabolism. There was increased excretion of DEHP in first two days, and a significant decrease in day 3 

but again showed increased excretion in day 4-7. The chitosan treated group show a correlation between 

the DEHP excretion and fat indigestibility. 

6.4 Polychlorinated Biphenyls: 

A study was designed by Noriyuki Kohda [38] on intake of chitosan and fecal excretion of polychlorinated 

biphenyls in healthy human models. The study human subjects were selected based on the blood results 

and medical interview conducted by a medical doctor. Thus 6 healthy Japanese men were judged to be 

appropriate models for the study progress. The study period was planned to be 4 weeks. The study was 

designed as, on the first week there was no chitosan intake, on the second week 1g of chitosan was 

taken 5 minutes before breakfast each day. Then on the third week following the same manner 3g of 

chitosan was administered to the subjects. And the fourth week there was no intake of chitosan by any of 

the subjects. The study was started after clear explanation of the study to the subjects and after obtaining 

an informed consent form. The subjects were asked to follow the given instructions before beginning the 

study: not to smoke, avoid intake of un-prescribed diet, refrain excess eating, drinking and exercising, 

notify if they encounter any kind of illness (cold, abdominal pain etc.) and not to consume alcohol. The 

subjects were provided with prescribed diet for breakfast, lunch and dinner for the first 6 days of the 

week. Then on the second week they were provided with 20g of homogenized dried fish which contained 

high amount of PCBs. The subjects were asked to defecate in a sterile plastic container and cover it with 

aluminium foil. The samples were freeze dried for 7 days and then stored in -28
0
 for analysis of fat and 

PCB content in it. All the congeners of PCBs namely mono-, di-, tri-, tetra-, penta-, hexa-, hepta-, octa-, 

nona- and deca – PCB. PCB content in the prescribed diet (ng/period) was calculated by multiplying total 

concentration of congeners (ng/g) by the meal weight in the study period (g/period). Fecal excretion and 

diet content of PCBs were analyzed using gas chromatography. The fecal excretion of PCBs (ng/period) 

was calculated by multiplying fecal concentration of each PCB congeners (ng/g) by fecal weight 

(g/period). 

The results showed that PCB content in the prescribed diet was found to be 10,253 ng/ period (first 

week). And the excretion of PCB in the second and third week showed significant increase when 

compared to the first week. There were no significant alterations in the fecal wet weight, fecal dry weight 

and fecal fat concentration during the study period. A positive correlation between the fat and PCB 

excretion is observed, but the correlation between fat excretion and fecal dry weight showed increased 

PCB excretion when compared to wet weight. During the study period, adverse reactions were monitored 

and the only adverse event noted was headache and fatigue. But these adverse events were not due to 

intake of chitosan as they were reported during the first week.  

7. Conclusion: 

Chitosan is considered as a valuable dietary supplement, due to its unique physical, chemical and 

biological properties. Being ubiquitous in origin, they are highly biodegradable, biocompatible and non-

poisonous in nature. Chitosan is a de-acetylated byproduct of chitin, which is found in the exoskeleton of 



 

 

insects, marine organisms (crustaceans, shrimps, etc.), fungi and many more. Chitosan possess a 

number of biomedical and therapeutic applications. Chitosan being a dietary fiber enhances fats and 

lipids excretion by inhibiting the pancreatic lipase activity, essential for dietary fat breakdown. It is a 

valuable source in treating obese people. This evidence paved a path to experiment on the elimination of 

lipophilic xenobiotic entering the biological system. This intention positively proved that chitosan can aid 

in the excretion of harmful environmental lipophilic compounds from the body. The endocrine disruptors 

(Bisphenol-A, Phthalates, Dioxins, and Polychlorinated biphenyls) are persistent, highly lipophilic in 

nature and can bio-accumulate in tissues. Dietary lipids contaminated with endocrine disruptors undergo 

the same metabolic pathway as the lipids to which they are bound. But administration of chitosan showed 

enhanced fecal excretion of these endocrine disruptors. On conclusion, we have reviewed that intake of 

chitosan can decrease the accumulation of endocrine disruptors in body tissues and enhance its 

excretion. 
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